pendulum tests. Also tests with production version dummies were carried out to evaluate reproducibility and certification procedures.

Chapter 4 deals with experiences gained in testing the Q10 dummy within the EPOCh project as well as in testing by third parties. Tests were carried out on 2 prototype dummies to assess the ability of the Q10 dummy to perform as a measurement tool in sled and full-scale crash conditions. A large variety of aspects were evaluated, such as belt and airbag interaction, comparison with other dummy types, repeatability and reproducibility and sensitivity to restraint system features, including pre-tensioners and load-limiters. The tests included:

- In Chapter 5 the development and first evaluation results of the prototype Abdomen Pressure Twin Sensors (APTS) in Q10 is described. Chapter 6 deals with the proposed child dummy injury criteria and injury risk functions for the Q10, which are defined based on scaling from the smaller Q-dummies and scaling on the basis of adult data.

Chapter 7 concludes this reports with a Discussion and Conclusion section including a number of recommendations for further work. It is concluded that the Q10 dummy shows a significant improvement with respect to the P10 dummy currently used in UN R44 frontal impact tests.

Based on the extensive evaluation and validation results described in this report EEVC recommends the use of the Q10 dummy in future child restraint homologation tests (UN R129).

It is recommended to implement initially five injury criteria: Head acc. (3ms), Upper Neck tension (Fz), Upper Neck Flexion and Extension bending moment (My) and Chest deflection complementary to the UN R129 excursion limits. Furthermore it is recommended, among others, to:

-Complete, with high priority, the work initiated on APTS -Review the results of the work done by the Q-series Chest and Abdomen Injury Criteria Task Force (results expected to be available in 2015) -Evaluate the changes made in the production version Q10 dummy concerning prevention of lap belt sliding into the gap between pelvis and femur flesh

INTRODUCTION

UN Regulation 44 establishes a weight-based system of classification for child restraint systems and specifies performance requirements that are assessed during front and rear impact tests with the P-Series "family" of child dummies. These dummies were developed during the 1970s and were the most sophisticated child dummies in Europe when the Regulation was introduced in 1981. The P-Series have been instrumental in improving the quality of child restraints and have proven to be extremely durable for regulatory testing. Nevertheless, the dummies are often referred to as simple loading devices with minimal instrumentation. The anatomy and behaviour of the internal structures of the body are not represented, which is one of the fundamental shortcomings of these dummies. In addition, the method used to detect abdomen loading (a clay insert between the lumbar spine and abdomen) is somewhat subjective and does not allow for a complete assessment of injury risk.

The Q-Series were developed as possible successors to the P-Series in regulatory (and consumer) testing (see Figure 1). Work on the dummies was initiated in 1993 by the International Child Dummy Working Group and continued during the European Framework Programme projects CREST (Child REstraint System sTandard, 1996[START_REF]CHEST -Child Restraint System for Cars, EC-Project number[END_REF] and CHILD (CHild Injury Led Design, 2002-2006). EEVC Working Groups 12 (Biomechanics) and 18 (Child Safety) collaborated on joint research to evaluate the Q-Series and recommended that they replace the P-Series in UN Regulation 44 (Wismans et al., 2008, [1]). They also proposed injury criteria and injury assessment reference values for use with the dummies in the Regulation. These were derived by logistic regression analysis on accident reconstruction data (from the CHILD project), supplemented with scaling, and equated to a 50% risk of AIS3+ injury. At this time, the Q-Series comprised Q0, Q1, Q1.5, Q3 and Q6 dummies only; there was no dummy to represent older children in the highest mass group specified in UN Regulation 44. In 2007, the UN Informal Group on child restraint systems was established by the Working Party on Passive Safety (GRSP) to develop a new UN Regulation on the approval of "Enhanced Child Restraint Systems". The new Regulation introduces the "i-Size" concept for child restraint to vehicle compatibility, a stature-based system of classification for child restraints, the new family of child dummies (the Q-Series) and a side impact test procedure. The first phase of the new Regulation was completed in 2011 and sets out performance requirements and test methods for integral ISOFIX child restraints. It was adopted by the World Forum for Harmonisation of Vehicle Regulations (WP.29) during its 158th Session held in Geneva in November 2012 and came into force in July 2013. The second phase is underway and incorporates non-integral child restraints. It is scheduled to be completed (in draft) for the 56 th Session of GRSP in December 2014. The final phase will consider amendments to UN Regulations 44, 14 and 16, according to the outcome of the first two phases.

The UN Informal Group based many of its decisions regarding the use of the Q-Series in UN Regulation 129 on the work carried out by EEVC Working Groups 12 and 18 [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]. A production version of a new Q-Series dummy, the Q10, was released in 2013, which provides an "upper limit" dummy for the new Regulation. The prototype of the Q10 was developed and evaluated by EPOCh (Enabling Protection for Older Children, 2009Children, -2011 [2] [2]). It has also been used by various interested stakeholders during a large programme of "third-party testing". With the introduction of this new dummy, the UN Informal Group on child restraint systems asked EEVC to provide a recommendation on its use in legislative testing. EEVC WG12 was not in a position to undertake a large programme of research on the use of the Q10 dummy. However, a great deal of experience has already been gained across Europe. Reviewing these data enabled a consensus to be reached on the use of the Q10 in front impact tests with child restraint systems, similar to that provided for other Q-Series dummies by Wismans et al. (2008) [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF] for EEVC WGs 12 and 18.

This report starts with an overview of child injury causation for older children. Chapter 2 presents a synthesis of frontal crash investigations including those performed under the CREST, CHILD, EPOCh and CASPER projects. Chapter 3 describes the development and evaluation of the Q10. Chapter 4 deals with experiences gained in testing the Q10 dummy within the EPOCh project, as well as during testing by third parties. In Chapter 5, the development and evaluation of the Abdomen Pressure Twin Sensors (APTS) for the Q10 are described. Chapter 6 deals with the proposed child dummy injury criteria and injury risk functions for the Q10, which are defined based on scaling from the smaller Q-dummies and scaling on the basis of adult data. Chapter 7 concludes this report with a Discussion and Conclusion section including recommendations for further work. Background and detailed information is provided in Annexes.

INTRODUCTION

It is essential that the measurement capabilities of a new dummy reflect the injuries that are observed in the field among occupants of the same size. This enables the dummy to be used reliably in test procedures that target specific priorities for injury reduction. As part of the EEVC report "Advanced child dummies and injury criteria for frontal impact", EEVC WG18 reviewed the European accident statistics with respect to child car occupants. A broad range of sources were examined, including: CREST (Child Restraint STandard, a European collaborative research project), CCIS (the Cooperative Crash Injury Study in the UK), GIDAS (German In-Depth Accident Study), GDV (German Insurance), IRTAD (International Road Traffic Accident Database) and LAB (Laboratory of Accidentology and Biomechanics) in France.

Although these sources used very different definitions and data collection methods, which made it difficult to merge data for analysis, sufficient information was available to classify injury causation according to the different groups of child restraint systems that were used. The EEVC findings have subsequently been updated and refined with more recent sources, such as CASPER (Child Advanced Safety Project for European Roads, a European collaborative research project) (see Kirk, 2012). Grouping the findings by child restraint type was necessary to highlight where performance improvements were needed. However, in many of these sources (including the most recent, from CASPER), restraint types that are now intended for older children only (i.e. booster systems) were also used by younger children in significant numbers (due to differences in the legislation from the time of the collisions). It is difficult, therefore, to separate the experiences of older children specifically.

A new, comprehensive analysis of the European accident data to target older children was not within the scope (and resources) of EEVC WG12 in preparing this report. Nevertheless, in developing the Q10, the EPOCh project undertook an analysis of the injury types and mechanisms experienced by older children (aged 6 to 12 years). Sections of an EPOCh deliverable that included an analysis of the United Kingdom Cooperative Crash Injury Study (for older children) are provided in ANNEX A: CHILD INJURY CAUSATION STUDY. Complimentary data from the Rhône Registry Injury Database in France are provided in ANNEX B: INJURIES TO OLDER CHILDREN IN FRANCE. The remainder of this section summarises the key findings from the EPOCh project, whilst also taking into account the original work of EEVC WG18, the work of CASPER and research carried out by TRL for the European Commission [START_REF] Visvikis | New UN regulation on child restraint systems -assessment of amendments to the new regulation, front and side impact procedures and Q-Series dummy family injury criteria[END_REF].

RESULTS AND DISCUSSION

There is limited in-depth and representative real-world data available for children of all ages [START_REF] Visvikis | New UN regulation on child restraint systems -assessment of amendments to the new regulation, front and side impact procedures and Q-Series dummy family injury criteria[END_REF]. Such data is needed to draw meaningful comparisons between the type and frequency of injuries that children experience in collisions. Although analyses of the The dummy layout of the Q10 is rather similar to that of the other Q-dummy family members except for the pelvis structure, which is similar to the design of the WordSID dummies. The design of the head, the neck, the shoulder, the clavicle, the thorax, the lumbar spine, the abdomen and the extremities attempts to represent the main features of human anatomy. The head and the clavicle are made entirely from plastics. The neck and the lumbar spine are represented by a column composed of metal and a natural rubber that allows shear and bending deformation in all directions. The thorax consists of a deformable plastic ribcage and a metal thoracic spine. The clavicle is connected to the thorax at the front of the ribcage, at the back of the sternum, and to the shoulders at the arm sides. The shoulders are made of natural rubber with metal end plates, which are connected to the upper arm on one side and the thoracic spine on the other side. The end plates are connected with steel cable for failsafe reasons. The lumbar spine is mounted between the pelvis and the thoracic spine. The abdomen is a skin-covered foam insert, which fits in between the ribcage and the pelvis. The pelvis has a central sacrum block and two iliac wings at pubic symphysis location bridged by a load cell. This structure is covered by a soft plastic pelvis flesh. Finally, the extremities are a combination of plastic flesh over a metal skeleton with representations of the elbow, shoulder, hip and knee joints.

The following sections on anthropometry, biofidelity and other aspects give more background to the Q10 dummy. In the main text of this report lateral impact performance is left out because this report deals with frontal impact only. As an exception, the lateral performance for head and neck is shown because in frontal tests the head kinematics have a 3-dimensional character. (In ANNEX C: Q10 DESIGN BRIEF and ANNEX D: Q10 VALIDATION REPORT the lateral impact biofidelity targets and performance validation can be found in full detail).
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ANTHROPOMETRY

The Q10 design brief (ANNEX C: Q10 DESIGN BRIEF) specifies the anthropometry based on CANDAT (Child ANthropometry DATabase) [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF], which has been the basis of all Q dummy family members. CANDAT comprises data from 12 different anthropometry data sets published between 1977 and 1992. In Figure 2, the Mass versus Stature of CANDAT is compared with more recent anthropometry data from The WHO 2007 (World Health Organization) and CDC 2000 (Centers for Disease Control and Prevention) [5]. It can be concluded that the CANDAT data matches with the more recently collected anthropometry. 

Discussion and conclusion

From Table 1 and Table 2 it can be seen that the actual dimensions and masses in general compare well with design brief specifications that are based on the CANDAT database used for all Q-dummies (ANNEX C: Q10 DESIGN BRIEF and ANNEX D: Q10 VALIDATION REPORT). Dimensions The deviation in Sitting and Standing Height is explained by the fact that these dimensions are measured in a full erect posture while the dummy is assembled with the head-neck system 27 degrees tilted forward. To enable comparison with an erect posture, the dimension measured via T1 is given, in which case a good match is obtained. Also, it should be noted that for the Standing Height an extra deviation is introduced by the pin-joint knee. In the human it is a joint with condyles with varying curvature due to which the human knee joint does not have a single rotation axis. The leading dimensions for the optimum knee joint location were K, L, M and N (ANNEX D: Q10 VALIDATION REPORT). In addition to the sitting and standing height, the chest and waist circumferences show deviations. Actual dimensions are smaller for the chest circumference than the specified values because the soft muscle tissue at the nipple and axilla level are not represented in the dummy. Also the ribcage is made as a single curved conic part to prevent complex secondary bending stresses that would occur in a double curved rib cage. Overall, these differences lead to a more conical shape for the trunk of the dummy (larger waist, smaller chest) than the anthropometry. 113. 1 -194. compliance with the EEVC requirement a stiffness increase was desired. Based on experience with other dummies, it seems likely that head stiffness will increase when the product ages. Therefore, it was decided to slightly increase the stiffness of the production dummy heads such that its performance will become closer to the middle of the biofidelity corridor. For the Q10 production version, the head performs in the certification corridors: Frontal between 124. 2 and 151.8 G,Lateral between 128.7 and 157.3 (see paragraph on Certification in this Chapter).

Neck

For the neck, biofidelity requirements in flexion, extension and lateral flexion have been evaluated.

Flexion

In Figure 5, the neck flexion bending performance in a Part 572 neck pendulum test is given in comparison with the flexion biofidelity corridor (ANNEX C: Q10 DESIGN BRIEF and ANNEX D: Q10 VALIDATION REPORT). The flexion response is in the rather lower range of the corridor and the stiffness increase that should occur round about 30 to 35 degrees of head rotation is slightly late; actually it occurs round 45 degrees head rotation. The stiffness gradient is in line with the corridor. An improved performance could be obtained by increasing the rubber stiffness but that would affect the fracture toughness and therefore the durability of the part. Another possibility is to change the neck mould, but this may affect the response in other directions, so this mould change was not implemented.

Extension

In Figure 6, the neck extension bending performance in a Part 572 neck pendulum test is given in comparison with the extension biofidelity corridor (ANNEX C: Q10 DESIGN BRIEF and ANNEX D: Q10 VALIDATION REPORT). It can be concluded that the extension performance fits the corridor very well. No further adjustments are necessary and there is some room to allow changes as a result of the mould change recommended by EPOCh to improve flexion performance. Neck extension moment versus head rotation and extension corridor EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 17 did not consider side impact performance tuning. It can be concluded that up to 45 degrees of head lateral flexion the response is within the corridor, and above 45 degrees, it is below the corridor.

Figure 7: Neck lateral flexion moment versus head rotation

Discussion EEVC considers the current performance of the Q10 neck, close to the lower boundary of the scaled Mertz corridor as shown in Figure 5, to be acceptable, in particular in view of the limitations of the Mertz corridors. The Mertz torque versus rotation corridor for neck flexion is rather wide. A study of Thunnissen et al. [6] showed that the response of well-trained young human volunteers (Navy staff) in sleds tests is located in the lower part of the Mertz corridor, indicating that the upper part of the Mertz corridor is not realistic and allows the application of too stiff neck designs.

Thorax

For frontal biofidelity, two pendulum test impact speeds are specified: 4.31 and 6.71 m/s. In Figure 8 and Figure 9 the pendulum test results for these two impact speeds are shown in terms of pendulum force versus average rib displacement in the impact direction. The average rib displacement for frontal impact is the average deflection of the upper and lower IR-TRACC attached to the rib cage sternum. The results are compared with the scaled biofidelity corridors (ANNEX C: Q10 DESIGN BRIEF and ANNEX D: Q10 VALIDATION REPORT). Besides the standard posture, two posture related variations are tested:

 Standard (certification) posture: Thoracic spine vertical with upper arms down along the thorax and the hand adjacent to the thighs (This posture is commonly used for Q-dummies thorax impact tests);  Arms forward posture:

Thoracic spine vertical with arms forward, supported with rods under the elbows;  Tilt forward posture:

Thoracic spine tilted forward about 12 degrees so that the sternum is parallel to the pendulum impactor face with upper arms down along the thorax and the hand adjacent to the thighs.

-20 It can be observed that the rib cage response in general meets the corridors reasonably well during the loading phase, especially for 6.71 m/s. During the unloading phase, in both test conditions, the dummy exhibits an energy dissipation lower than the target, as observed in other dummies. For the lower impact speed at 4.31 m/s, the response is somewhat above the corridor, which is in line with the performance of the other Q-dummies that have been made stiffer to prevent early bottoming out of the rib cage to the thoracic spine. The Q10, however, having more room for displacement in the chest, has in comparison to other members of the Q family, a better compliance with the corridors (ANNEX D: Q10 VALIDATION REPORT). The different postures explored show that there is sensitivity in the dummy response to this variable. This phenomenon is also observed in other dummies, such as the THOR dummy currently under development in the THORAX project [7]. However, there is no reason to deviate from the commonly used (certification) test posture for Q-dummies in thorax impact biofidelity tests.

0

Lumbar Spine

The lumbar spine is made of a cylindrical rubber column. Therefore, its flexion and lateral flexion performance are approximately the same. In Figure 10 These stiffness values are significantly smaller than the scaled requirements (ANNEX C: Q10 DESIGN BRIEF); that is 137.1 Nm/rad for flexion and 142.8 Nm/rad for lateral flexion. The actual stiffness of a Q6 lumbar spine is about 50% of its scaled requirement (103 Nm/rad) (see Figure 11). During the performance tuning phase, it was decided by the EPOCh consortium, in line with Q6, to set the target stiffness of the Q10 lumbar spine to 50% of the scaled requirements (68.6 Nm/rad for flexion and 71.4 Nm/rad for lateral flexion, ANNEX D: Q10 VALIDATION REPORT). This approach may be justified by the consideration that the abdomens in the Q-dummies contribute to torso bending stiffness, in contradiction to those of the Hybrid III dummies. The lumbar spine stiffness with this approach complies with the requirement.

Discussion and conclusion

The vertical compression of the abdomen was found to contribute about 50% of the stiffness of the lumbar region in Q3 testing (Beillas et al., 2012b) [31]. This seems to support the presented lumbar spine stiffness approach. However, in the onset of the dynamic test, up to about 20 degrees head form rotation, a stiffness of about 80 Nm/30 degr = 2.67 Nm/degr or 152.8 Nm/rad may be read from the graph in Figure 10 (see red straight line). This highlights the doubts around the judgement of an appropriate lumbar spine stiffness. In conclusion, EEVC WG12 has insufficient information to judge the lumbar spine performance.

Abdomen

ANNEX C: Q10 DESIGN BRIEF specifies a biofidelity target stiffness for the abdomen up to about 65 to 70 mm belt penetration in the 1 m/s belt penetration test (Beyond this penetration the abdomen stiffness for belt intrusion should increase significantly):

 Upper stiffness limit 1500/66.8 = 22.46 N/mm  Lower stiffness limit 500/62.7 = 7.97 N/mm The design brief indicates that extrapolation of the Q6 abdomen design is anticipated to be adequate. No specific validation data is available on the performance of the abdomen within EPOCh. For the Q10 production version, the abdomen performs in the certification corridor with an average stiffness of (8.05 kg*9.81 m/s^2) N/10.4 mm = 7.59 N/mm in a quasi-static plate loading component test (see paragraph on Certification in this Chapter). This certification condition is, however, very different from the biofidelity reference (static vs. 1m/s, plate vs. belt loading, isolated abdomen vs. in dummy) and it is difficult to conclude solely based on this information. For further information on abdominal performance see Chapter 5.

SENSITIVITY

In this chapter, the Q10 dummy sensitivity performance for the head and thorax in frontal impacts is presented (ANNEX D: Q10 VALIDATION REPORT). In this Annex sensitivity to lateral impacts is also included for the head, shoulder, thorax and pelvis. The background to this testing is that a dummy should be sensitive to parameters that relate directly to injury mechanisms (e.g. impact speed), but should not be sensitive to parameters that do not correlate to injuries, such as temperature or small angle variations.
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Head

For the head, the sensitivity to impact angle variation was investigated. In two impact conditions, the impact angle was varied ±10 degrees. In Figure 12 and Figure 13, the results are presented as the average measured peak resultant acceleration together with the maximum and minimum measured values. For the nominal impact direction, five (5) tests were completed and for the ±10 degrees impacts three (3) tests were completed. The small scatter at 18 degrees nose down impacts is not typical as a coefficient of variation of about 1 to 3% can be expected (see section on repeatability). From Figure 12 and Figure 13 it can be observed that the sensitivity found for ±10 degrees variation of impacts angle is in the same order as the variation that can be expected for repeated impact tests in a single test conditions. Compared to the variation that can be expected between two different dummies (frontal 138G±10% and lateral 143G±10%, see paragraph on Certification in this Chapter), the sensitivity is not large and is not considered to be significant. It can be concluded that the head response is not sensitive to small variations in the impact location.

Thorax

For the thorax, frontal impact sensitivity to impact speed and angular offset from the pure frontal were investigated. In Figure 14, the sensitivity of pendulum force and chest displacement (Dx) to impact speed is shown for impact speeds of 4.3, 5.5 and 6.7 m/s. For the angular offset sensitivity, the pure frontal impact test results at 4.3 m/s are compared with the results of impacts at the same speed with an angular off-set of 10, 20 and 30 degrees to the left hand side (two tests for each offset direction). It is assumed that the sensitivity will be symmetrical for both sides. The results for the pendulum force are shown In Figure 15. In Figure 16, the results for the chest deflection are given. The small scatter found in some instances is not typical, a coefficient of variation (CoV) of about 1 to 3% can be expected (see section on repeatability). For chest deflection, the resultant displacement has been taken to analyse the combined X-(longitudinal) and Y-(lateral) displacement that can be calculated from the IR-TRACC and potentiometer signals. In Figure 17, the average 2-dimensional deflection trajectory of the sternum in X-and Y-direction is plotted for all four impact directions. In Figure 14, the pendulum force and chest deflection show sensitivity to the impact speed, as desired (impact velocity would be expected to affect injury risk). For the angular offset sensitivity, the pendulum force increases slightly up to about 4% (Figure 15) whereas the resultant chest deflection decreases significantly up to about 15% (Figure 16). This may be because the 2D-IR-TRACC measures the displacement of the forward point of the chest, which is not optimal in the case of impacts with an angular offset. The X-Y displacement plots given in Figure 17 clearly show that the pure frontal impact results in a pure longitudinal chest (Xdirection) deflection. However, in the case of impact with angular offsets the lateral displacement measured at the forward 2D-IR-TRACC attachment points show an over proportional increase of the lateral sternum displacement. For 20 and 30 degrees angular offset, the 2D-IR-TRACC initially records a purely lateral chest displacement, later the deflection becomes an X-Y displacement. As a conservative approach, it is recommended to always assess the X-Y displacement to get the best possible indication of the chest deformation and to use the resultant deflection for injury assessment. 

REPEATABILITY OF THE PROTOTYPE VERSION

The analysis below is performed on prototype version test data. The level of repeatability of dummy responses is often expressed as the Coefficient of Variation (CoV = Standard Deviation / Mean value). In component and full body impactor tests, that are considered to be highly repeatable, the number of variables involved is small. In those tests, the dummy, the impact pulse and the temperature of the setup are the main variables and a CoV of maximum 5% is considered to be acceptable [9]. For a proper statistically valid CoV, the minimum number of tests is six (6). The test series performed in this dummy validation exercise comprises, in general, a maximum of five (5) and a minimum of two (2) tests of the same test configuration, so the validity of the repeatability assessment would be limited. To overcome this limitation, an alternative approach is used: for each test configuration the results are normalised to the average result of the group. For any parameter, the CoV can be determined by calculating the standard deviation of all of the normalised results for that parameter. Below, per body region tables are presented that show the test configuration considered and the CoV values obtained per composed group. The associated number of tests in the (composed) group is given between brackets. If the number of tests is smaller than six (6), the CoV value is not statistically reliable. For an assessment of the Q10 production version dummy repeatability and reproducibility performance, see the paragraph on Certification at the end of this chapter.

For the frontal test, as shown in the tables above, none of the test configurations are considered to be outliers (CoV>7%). The results presented in Table 4 to Table 7 show good repeatability of the dummy (prototype). Nearly all combined CoV values remain below 2.5%. All of the coefficients of variation for a significant number of tests (number of tests >5) are within the required 5% and most of them are considerably lower. Overall, it is concluded that the Q10 dummy can be used as a repeatable tool.

MEASUREMENT CAPABILITIES

The Q10 dummy facilitates a large number of instrumentation options. In Figure 18, an overview of the available instrumentation options is given. In ANNEX E: Q-DUMMY a more extensive description of the possible instrumentation channels is given.
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DURABILITY

The 254 tests of the validation test program were performed in a dummy laboratory environment. The evaluation of the Q10 dummy under UN Regulation 44 and NPACS test conditions revealed some durability related issues on the neck, torso, lower legs and suit. Improvements related to these issues were implemented during the EPOCh project and found to be adequate. In addition to the EPOCh testing, the two prototype dummies have been exposed to numerous sled and full-scale tests since February 2012 (see Chapter 4). Although no major issues were found, some recommendations for updates were given and implemented in the production version of the dummy. See ANNEX F: UPDATES FROM PROTOTYPE TO PRODUCTION.

CERTIFICATION

The purpose of dummy certification is to safeguard consistent dummy performance in production and during operation of the dummy. Certification tests are often based on biofidelity tests. In October 2011, provisional certification procedures and corridors, based on the prototype performance, were set for internal use by Humanetics. The first production batches were tested to comply with these internal requirement. After collecting data from 18 production version dummies delivered to the market, final procedures and corridors were proposed in February 2014. There are no significant differences between the prototype performance and the production corridors. In this chapter, the final certification procedures and corridors are summarised. The lateral tests on shoulder, thorax and pelvis are not mentioned in the main text because these are not relevant for frontal impact. The corridor is according to engineering judgement proposed as: average value ±10%, which for the tests concerns generally appears to be about 2.4 times the Standard Deviation of the measured values. The corridor width is set larger for the abdomen, which is in line with the performance corridors for the abdomens of the EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 25 other Q-dummies. Using the 18 data sets, the repeatability and reproducibility of the production version dummy is assessed and reported.

Head

The head certification test set-up consists of a complete head including the accelerometer mounting hardware. Additional to the head, a half steel upper neck load cell replacement (mass 0.15 kg, part number TE-010-1007) should be mounted to the lower side of the head base plate. The head should be equipped to record the X, Y and Z accelerations filtered at CFC1000. From these results the resultant head acceleration should be calculated. The following certification test impacts should be performed: Frontal With the head tilted 28 ± 2 degrees nose down (from pure facial impact) and a drop height of 130 mm (as standard for Q-dummies), the corridors are:

 Maximum resultant acceleration shall be between 151.8 and 124.2 G  Maximum lateral acceleration (Ay) shall be between +10 and -10 G Lateral With the head tilted 35 ± 2 degrees ear down (from pure lateral impact) and a drop height of 130 mm (as standard for Q-dummies), the corridors are:  Maximum resultant acceleration shall be between 157.3 and 128.7 G  Maximum frontal acceleration (Ax) shall be between +20 and -20 G

Neck

The necks must be certified with the standard Part 572 neck pendulum with a head form that replaces the actual head. Between the pendulum base and the neck lower plate a special interface ring should be used (part number TE-010-2015). Between the upper neck plate and the head form, the high capacity upper neck load cell (IF-217-HC) should be mounted. In the tests the pendulum acceleration (CFC180), the head form rotation obtained with the pendulum and head potentiometers (CFC600) and the upper neck moments Mx (lateral bending) and My (forward bending) (CFC600) should be recorded. Six inch honeycomb is used for the deceleration of the pendulum. The certification test procedures to be followed are: Flexion For the neck certification flexion test the pulse should be between the following boundaries:  Pendulum speed: between 4.7 and 4.9 m/s o @ 10 ms: 1.0 -2.0 m/s; o @ 20 ms: 2.3 -3.4 m/s; and o @ 30 ms: 3.6 -4.8 m/s. The pulse corridor and the pulses of the tests performed are shown in Figure 19. The corridors are:

 Maximum upper neck moment (My) shall be between 28.80 and 35.20 Nm  Maximum head form rotation shall be between 50.4 and 61.6 degrees Extension For the neck certification extension test, the pulse should be between the following boundaries:  Pendulum speed: between 3.6 and 3.8 m/s o @ 10 ms: 0.7 -1.7 m/s; o @ 20 ms: The pulse corridor and the pulses of the tests performed are shown in Figure 20. The corridors are:

 Maximum upper neck moment (My) shall be between -12.96 and -15.84 Nm  Maximum head form rotation shall be between 56.7 and 69.3 degrees 

Lateral flexion

For the neck certification lateral flexion test, the pulse should be between the following boundaries:  Pendulum speed: between 3.6 and 3.8 m/s o @ 10 ms: 0.7 -1.7 m/s; o @ 20 ms: 1.7 -2.8 m/s; and o @ 30 ms: 2.8 -4.0 m/s. The pulse corridor and the pulses of the tests performed are shown in Figure 21. The corridors are:

 Maximum upper neck moment (Mx) shall be between 14.85 and 18.15 Nm  Maximum head form rotation shall be between 45.9 and 56.1 degrees 

Thorax

For the thorax certification, a full body frontal impact test should be performed with a six wire suspended pendulum (mass of 8.76 kg and an impact plate diameter of 112 mm). The pendulum speed should be between 4.2 and 4.4 m/s. The impact should be purely frontal with the pendulum centreline in the middle between the two IR-TRACCs to ribcage attachment screws. The dummy should be sitting with the thoracic spine vertical and the legs stretched forward on two sheets of PTFE (Teflon) to minimise the friction. In the frontal test the upper arms should be along the thorax sides. The pendulum acceleration (CFC180) and chest deflection from both 2D IR-TRACCs (IR-TRACCs and potentiometers at CFC600) should be recorded. The corridors are: Frontal  Maximum pendulum force shall be between 1530 and 1870 N  Maximum average IR-TRACC deflection shall be between 31.95 and 39.05 mm

Abdomen

The abdomen test is a component semi-static compression test. The abdomen should be removed from the dummy. The abdomen test compresses the abdomen between a Q10 abdomen certification support block that matches the shape of the rear side of the abdomen (Part number TE-010-9910) and a flat plate. The support is placed on a horizontal surface, and the abdomen is placed on the block with the front outer surface facing up. A guided flat plate should be placed parallel to the horizontal base plate (300 x 250 mm, 2.05 ± 0.05 kg) on top of the abdomen. The performance of the dummy abdomen is tested with an "Additional weight" (8.05 ± 0.05 kg) applied on the top plate and the additional flat plate intrusion is measured after 2 minutes ± 10 seconds. The only instrumentation necessary to perform this test is a calliper rule or dial test indicator to measure the distance difference between the two plate heights before and after application of the additional mass.

The corridor is:  Additional intrusion shall be between 8.4 and 12.4 mm

Lumbar spine

The lumbar spine must be certified with the standard Part 572 neck pendulum with a head form mounted to the upper lumbar spine interface. A special head form central block (part number TE-2651-14) that allows for the offset in the upper lumbar spine mount should be used.

Between the pendulum and the lumbar spine lower mount a steel load cell replacement of high capacity load cell (IF-217-HC) should be used. In the tests the pendulum acceleration (CFC180) and the head form rotation with the pendulum and head potentiometers (CFC600) should be recorded. The certification test procedures to be followed are: For the lumbar spine certification flexion test the pulse should be between the following boundaries:  Pendulum speed: between 4.3 and 4.5 m/s o @ 10 ms: 0.9 -1.9 m/s; o @ 20 ms: 2.3 -3.4 m/s; and o @ 30 ms: 3.4 -4.6 m/s. The pulse corridor and the pulses of the 11 flexion tests performed are shown in Figure 22  Maximum head form rotation shall be between 45.9 and 56.1 degrees  Time of maximum head form rotation shall be between 60. 30 

Repeatability and Reproducibility of production version dummy

Based on data sets obtained from the certifications of the 18 production version dummies, the repeatability and reproducibility of the Q10 dummy is assessed. The CoV values obtained for each composed group are provided in Table 8. The composed groups are detailed below. Between brackets the associated number of tests in the (composed) group is given. In general, there are two tests (one repeated test) per test mode per dummy available (2 tests * 18 dummies = 36 tests). For lateral tests, LHS and RHS can be combined and 72 tests are available. For the Repeatability  The two tests per test mode per dummy are grouped (18 groups of 2 tests).

 The results are normalized with the average of the group.  The standard deviation of the normalized results is the coefficient of variation for repeatability. For the Reproducibility  All first tests per test mode are grouped and the second test are grouped (frontal: 2 groups of 18 tests or lateral: 4 groups of 18 tests)  The results are normalized with the average of the group.  The standard deviation of the normalized results is the coefficient of variation for reproducibility. Note: First value: all 18 tests -Second value: all tests that comply with final certification corridor

All the coefficients of variation are well within the required 5% for repeatability and 10% for reproducibility. Overall it is concluded that the Q10 production version dummy can be used as a repeatable and reproducible tool.

SUMMARY AND CONCLUSIONS

Two prototype Q10 dummies were extensively evaluated for anthropometry, biomechanical performance, sensitivity, repeatability and durability to impact loading in head drop, neck pendulum and full body wire pendulum tests. Moreover, certification procedures were developed. Later, the certification test results of 18 production version dummies were used to set final certification corridors and to assess repeatability and reproducibility.

Biofidelity

For frontal loading conditions, it can be stated that the Q10 dummy meets most of the biomechanical targets specified in the design brief developed in the EPOCh project (ANNEX C: Q10 DESIGN BRIEF). In line with the Q dummy methodology, these biofidelity requirements are mainly based on scaled adult data in component and certification-type of tests. For the abdomen, no biofidelity evaluation testing was done in EPOCh, however limited testing performed on a prototype dummy within CASPER suggests that the abdomen response is likely to be within the biofidelity corridor defined within EPOCh (see Chapter 5 and corresponding ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT concerning the abdominal response and instrumentation). EEVC recommends to evaluate the Q10 dummy, preferably side by side with other dummies of the same size, in other conditions that are relevant for the (Ash, et al, 2009, ESV) [11].  Comparisons with additional regional response (e.g. Ouyang et al., 2006 [12], Kent et al., 2011 [13], Chamouard et al., 1996[14])  Characterisation of contribution of the abdomen vertical compression to the flexion response of the lumbar region.

Sensitivity

Sensitivity studies show that the dummy is sensitive to variations in impact speeds, impact direction and alignments as desired with regards to injury risk assessment.

Repeatability and Reproducibility

Repeated tests conducted on the prototype version show generally small variations in response of less than 2.5%. All the coefficients of variation are within the required 5%. Repeated tests on 18 production version dummies show generally small variations in response: less than 2.0% for repeatability and less than 5% for reproducibility. It is concluded that the Q10 dummy can be used as a repeatable and reproducible tool.

Durability

Some initial durability issues were found and successfully solved during the prototype testing. Some further recommendations for updates were implemented in the production version dummy.

Certification

The purpose of dummy certification is to safeguard consistent dummy performance in production and during operation of the dummy. The first production batches were tested to comply with internal requirement based on the prototype performance. After collecting data from 18 dummies delivered to the market, the final procedures and corridors were proposed in February 2014. There are no significant differences between the prototype performance and the production certification corridors. 

EPOCh AND THIRD PARTY EVALUATION

Within the EPOCh project [2], sled tests according to the NPACS-protocol (task 3.1) and UN Regulation 44 (task 3.2) were performed to assess the ability of the Q10 dummy as a measurement tool. After The EC-EPOCh project, the two prototype dummies were used in a third party evaluation test program. In two meetings with third party testing participants, the results of their testing were discussed and recommendations and feedback were compiled. Recommendations and feedback from the EPOCh evaluation as well as from third party testing participants was addressed in the design of the Q10 dummy production version, see ANNEX F: UPDATES FROM PROTOTYPE TO PRODUCTION VERSION. In this chapter the results of these test series are summarised. o Relation of loading measured by the Q10 to the kinematics of the dummy. o Ability to detect differences in loading when the test set-up is varied with respect to dummy positioning.

o Ability to picking up differences in child restraint design with regards to kinematics and measured loading.

o Durability and maintenance aspect of long term dummy operation compared to P10 operation.

o Comparison of Q10 and P10 with regards to kinematics and measured loading.

Third party evaluation test program

After completion of the EPOCh project evaluation testing in September 2011, the two prototype dummies entered a third party evaluation program. Many parties from Japan, America and Europe borrowed the dummies to examine a large variety of operational aspects such as belt and airbag interaction, comparison with other dummy types, repeatability and reproducibility, robustness and sensitivity to restraint system features, including pre-tensioners and loadlimiters. The results of the third party tests are globally mentioned here. For some studies, more 

RESULTS

EC-EPOCh sled test according NPACS Protocol

The following summary was derived from EC-EPOCh testing according to the NPACSprotocol (for detailed results, see the EPOCh Project Dissemination (POCC 2011) [17]):

 The Q10 displayed different dummy readings when the installation of the dummy was altered. As an example, Figure 24  The main objective of the sensitivity to child restraint design testing was to assess whether the Q10 dummy was capable of picking up differences between child restraints. From the analysis of the results, it was concluded that the dummy produced different results, depending on the particular child restraint tested. Figure 25 highlights differences seen in the head accelerations measured by the Q10 in front impact tests to investigate sensitivity of the Q10 to child restraint design. These differences demonstrate that the Q10 dummy was sensitive to child restraint design.  The results from the NPACS durability frontal impact testing generally showed good repeatability. This was consistent with the repeatability found in the restraint loading and sensitivity to CRS design frontal impact testing. Overall, the durability of the Q10 dummy was good in the front impact testing. There were a few parts that required improved durability. Design improvements of these parts were incorporated into the production version. Some design updates to reduce the number of maintenance checks are recommended (see for the Q10 design updates ANNEX F: UPDATES FROM PROTOTYPE TO PRODUCTION VERSION).  Based on test series with test intervals of 30 minutes and shorter, it is recommended to maintain a minimum 30 minutes time interval between subsequent tests that loads the same area. If this recovery time is maintained, repeatable results can be expected.

EC-EPOCh sled test according UN R44

The following summary was derived from EC-EPOCh testing according to UN Regulation 44.

(For detailed results, see the EPOCh Project Dissemination (POCC 2011) [17]):  General Observations o The abdomen foam insert seemed to balloon and pop out of its position. This was attributed to limited air venting to cope with volume change resulting from torso flection. This phenomenon was also reported by one of the third party test participants. In the production version, six additional vent holes were applied.

o The lap belt became trapped between the pelvis and upper leg in some tests.

Patches on the suit were introduced to mitigate this effect. Hip shield were introduced later.

o The diagonal belt became trapped in the slot between the upper and lower part at the side of the ribcage in some tests. This was observed in very few instances. Several measures were considered to prevent this; however, the application of a Cordura cover at the front of the suit jacket appeared to be sufficient.

o On durability and maintenance, the following summary of problems was reported and final countermeasure was given:  The suit torn under the arms -Stitching improved  Rubbing wear of the suit -Cordura front on suit jacket  Feet were found too flexible -Tibia extended into the foot  Knee stops failed -Use of threaded inserts  Cable bay cover cracked -Material changed (higher strength)  Cracks in ribcage -Material changed (higher strength)  Some screw became loose easily -Use of self-locking Helicoils  Sensitivity to variation in dummy installation o Unexpectedly, the presence or removal of the spacer used for belt tightening did not make a significant difference. This was attributed to the fact that the Q10, like the other Q-dummies, has a rigid thoracic spine. As a result, the Qdummies remain more upright than P10 and other P-dummies (see Figure 31 and Figure 32 for illustration of this effect). o Head excursion: Horizontal and vertical head excursion seemed to be related to the particular CRS that was tested (Figure 26): Seat 1 and 4 showed repeatable results. Seat 7 tests were less repeatable but the tests showed consistently the largest vertical excursion, as expected as this seat had the tallest base-pan. The general shape of the Upper Neck force Fz signal was almost the same for all CRSs with small differences in timing and level: The peaks for Cushion occurred first (3000-3400 N) followed by Seat 1 (3400-3900 N) and Seat 4 (3500 N) and finally Seat 7 (2500-3050 N). The character of the Lower Neck moment My signal was almost the same for all CRSs tested with small differences in timing and level: The peak for Cushion 1 occurred first (190)(191)(192)(193)(194)(195)(196)(197)(198)(199)(200) followed by and finally the peaks of Seat 7 (165-200 Nm) occurred. 37 g. This followed a trend whereby this CRS had the smallest head excursion compared with the others, which meant that the chest was decelerated over a shorter distance and therefore the decelerations were higher. The Pelvis X acceleration history showed CRS specific details for all four CRSs (Figure 30): Distinct groups for the peak Pelvis X-acceleration were observed for Seat 7 and Cushion 1. The three seat-type CRSs displayed a secondary peak whereas the cushion-type did not show this trend. Seat 7 exhibited a positive acceleration in the rebound phase. These findings show that the Q10 was affected by the design of CRS in the pelvis region. for a given CRS and studying the repeatability of the setup was not the objective of the study.

 Comparison of P10 and Q10

o Figure 31 shows typical differences observed in Q10 and P10 dummy kinematics at the moment of maximum head excursion. The head excursion was smaller with the Q10 than the P10, and differences in upper thorax kinematics are visible on the figure. The EPOCh consortium concluded that this will require the current UN R44 limits to be adjusted to provide an equivalent assessment with the new dummy. This phenomenon seems similar to the observation reported by Sherwood et al. (2003) [15] who compared the response of a dummy with a rigid thoracic spine (HIII) with a paediatric cadaver as shown in Figure 32. The following studies reported in conferences are briefly summarised:

 Bohman and Sunnevang (POCC 2012) [18] In seven (7) frontal impact Body-in-White sled tests, the effect of several restraint system variations such as pre-tensioner, load-limiter, shoulder belt position, CRS (booster cushion, booster cushion with back rest and inflatable cushion) were explored using the Q10 prototype. In Figure 34, some results for frontal impact for restraint feature variations are given. The authors concluded that the Q10 was sensitive to various countermeasures in frontal sled tests, although belt geometry was found to be the most important parameter affecting the chest deflection. Although the belt moved towards the neck resulting in low chest deflection in most cases, it stayed more in the centre of the chest when the "far out" belt anchor was used, and the lower part of the belt got stuck below the lower rib. Such sensitivity to belt routing is commonly observed in frontal impact dummies.

It results from the dummy design, measurement locations used and injury criteria applied. See e.g. Kent, R., Patrie, J. and Benson, N. (2003) [19]. A benefit of the Q10 in this respect is that it has two 2-D IR-TRACCs. One located in the upper chest, one located in the lower chest. The entrapment of the lap belt into the gap between thigh and pelvis was also described in the paper and suggested to be more prominent with a pre-tensioner. The dummy was equipped with lap patches that were later replaced with a shield.

 TRL table top testing [20]

In test series performed parallel to the work done in the EC-project THORAX, the Q10 was subjected to table top tests. This work was an extension of the usual biofidelity assessment. The table test work was carried out with the Q10 to investigate the thoracic biofidelity in more detail, and in particular, the regional thoracic stiffness under diagonal belt loading in comparison with adult requirements. The results for the Q10 are reported in the EPOCh project [20]. Figure 35 shows the Q10 prototype dummy in the TRL observed that the Q10 chest meets the requirements with the exception of points 4, 5, 6 and 8. For each of these points, the dummy allowed too much displacement. These points related to the lower left of the thorax (away from the diagonal belt), the belt-loaded left clavicle and the point below the belt to the lower right of the thorax. From the results, it seems that the Q10 response showed similar trends to the responses obtained previously with adult PMHS, and in this regard, demonstrated good biofidelity. It is impossible to comment on the biofidelity of the Q10 in relation to other older child dummies as the Hybrid III 10yo and the P10 have not been evaluated under the same test conditions.

EEVC WG12 observations on table top test results

EEVC considers that the Q10 ribcage has a continuous bending stiffness all over the rib bow from spine to spine whereas the human has a significant lower bending stiffness in the sternum region. This may contribute to the overestimation of the deflection of point 4, 5, 6 and 8. The P10 dummy would not give meaningful results in table top tests because its chest is not deformable. In conclusion, it can be stated that the Q10 shows a humanlike trend, which is not at all represented in the P10 dummy. In line with the other EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 43 Q-dummies, the lack of reduced sternum bending stiffness leads to slightly overestimated deflection on 4 of the 8 points. Also, a recent study on the Q6 (Beillas et al., IRCOBI 2014) [23] suggests that the upper ribcage of the Q6 dummy is softer than the centre region in quasi-static loading (a trend that was not found in human models), which may also explain some of the overestimation on the edge of the ribcage.

 Arbogast et al. (IRCOBI 2013) Q10 belt interaction comparison with volunteer data Arbogast et al. [24] performed a series of male child human volunteer sled tests. Three of the children matched the size of the Q10 and were used to compare the shoulder belt response of the Q10 with child dummy response. The crash pulse was based on amusement park bumper car impacts. Occupant delta-V in the tests was 2.58 m/s and peak acceleration level was 4.3 g. Subjects were restrained using an automotive threepoint belt system. In the volunteer tests, it was found that the shoulder belt moved laterally toward the neck and then away from the neck (sometimes moving back beyond the starting (base) point). This response was also observed in the Q10, but the absolute movement to the neck of the belt in the Q10 was greater in comparison to the volunteer tests. Tests were also carried out with the Hybrid III 10 year child dummy and the heavier and taller 5 th percentile small female adult Hybrid III dummy. In these two dummies, the lateral shoulder belt motion to the neck was smaller than that observed with the Q10. The return to the starting (base) point was less in the Hybrid III 10 year old and not present at all in the Hybrid III 5 th percentile small female. The authors concluded that, qualitatively, the Q10 best mimics the shoulder belt motion but that the lateral motion of the shoulder belt in all tested ATDs may underestimate the chest deflection, due to the principal loading being away from the chest deflection sensor.

 Croatto and Masuda, Toyota and JAMA (ESV 2013) [25] This paper compares the sensitivity of the Q10 and Hybrid III-10yo ATDs to pretensioner and force-limiter equipped 3-point belts, and to high back booster CRS. The Body-in-White sled tests were performed with a uniaxial (no pitch and yaw representation) compact car 64 km/h ODB acceleration pulse under 4 different test situations: Without and with pre-tensioner and force limiter seat belt and without and with CRS. The Q10 was, in addition to its standard instrumentation, equipped with abdomen pressure sensors described in Chapter 5 and ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT. In line with the results of the present study, belt sliding to abdomen and neck have been reported for HIII 10yo to be less common when using CRS and chest deflection was reported to be higher when using a CRS. In this study, differences in the chest deflection sensitivity to restraint systems were observed between the Q10 and HIII 10yo dummies. These differences presumably originated from the difference in behaviour of the shoulder belt on the dummies' chest. In all tests, the Q10 exhibited a sliding up of the shoulder belt towards the neck, whereas no sliding of the shoulder belt was observed for the HIII. For both dummies, the chest deflection was decreasing as the lap belt was sliding up towards the abdomen. investigation is needed. The authors recommend using the abdomen pressure sensor when assessing restraint system performance as it seems to be able to identify differences in the phenomenon of lap belt migration.

 TRW study on rear seat protection for all occupant sizes (POCC 2013) [26] This study utilised the Q10 dummy on the rear seat, as proposed for the EuroNCAP protocol in 2016. The effectiveness of several occupant protection measures for frontal impact such as belt pre-tensioner and load limiter, inflatable belt and airbags (in several design concepts) were evaluated. Figure 37 shows the summary of the results obtained with the Q6 and Q10. The reference values used to normalise the results were the FMVSS 208 OOP reference values. EEVC concludes that the Q10 is sensitive to differences in restraint system characteristics. Moreover, no specific issues in terms of dummy response, damage or permanent deformation were reported as a result of the interaction of the Q10 with the tested airbag systems.

 Lap belt interaction experiences at ADAC, Transport Canada and BASt

The following gives information on non-published results. These results are included because of their relevance for lap belt interaction, as referred to in Chapter 5 of this report.

With the Q10 on the UN R44 bench without booster cushion, the lap belt routing is not optimal and it may be possible that submarining occurs. This could be desirable behaviour for a test designed to evaluate the protection provided by a booster CRS as such CRS have been shown to reduce the risk of abdominal injury. o ADAC tested the Q10 prototype with APTS and hip shields on the rear seat (without the seat in front) in a body-in-white. One test without and one with booster seat with backrest. Figure 38 shows stills from the video of both test conditions at 100 ms. It can be observed that in the test without booster seat, the lap belt shifts over the ASIS-points (Anterior Superior Iliac Spine) of the dummy pelvis. These tests are also described in ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT. The belt was equipped with a pre-tensioner and load limiter of about 5 kN.

Figure 41 shows two stills from the video of one of the tests at 90 and 150 ms. It can be observed that the belt is clearly shifted over the ASIS points. This effect was also observed in a repeated test in the same configuration. Moreover, these tests show that in the production version, the upper leg flesh does not shift over the femur as observed in tests with the Q10 prototype version. This suggests that the upper leg flesh restraint plugs (Figure 40), along with the hip shield are effective. A large motion of the hip shield is visible towards the end of the test (as in the ADAC rear seat test discussed before). It is unclear if this motion could be an issue in some configurations. Based on their results the final stiffness for the hip shields was selected. Lemmen, P., et al. (ESV 2013) [16] reported a comparison of the Q10 performance without and with hip shields as shown in Figure 42. This comparison shows small changes in dummy readings when using the hip shields. This was explained by small changes in the dummy kinematics when using the shields. o Effect of abdominal sensors on dummy response The sensors had marginal effects on the response of the Q10 in a non-integral ISOFIX child restraint system. Lumbar spine flexion (observed from the posture of the dummy in Figure 1) and peak head excursion may have reduced when the sensors were fitted, but the evidence for a trend was fairly weak. Belt intrusion was less pronounced with the Q10 (than that observed with other Q Series dummies); nevertheless, the belt was higher on the pelvis (with much less abdominal expansion) when hip shields were used. This is illustrated in Figure 2, which also shows that the dummy measurements tended to increase when the hip shields were used. It was unclear why they might have such an effect; no additional slack was introduced into the belt, for instance.

No hip shields

With hip shields o Other findings Other findings of potential interest were that the (draft) front impact test procedure in UN Regulation 129 did not distinguish between two non-integral child restraints with seemingly different characteristics for abdominal protection. However, it was difficult to separate the performance of the dummy in this regard from the broader test procedure (such as the severity, anchorage positions, cushion characteristics and belt tensions). It seems likely that further work will be needed to understand this phenomenon. 

DISCUSSION AND CONCLUSIONS

Tests have been carried out on two prototype dummies to assess the ability of the Q10 dummy as a measurement tool in laboratory as well real world crash conditions. A large variety of aspects were evaluated, such as belt and airbag interaction, comparison with other dummy types, repeatability and reproducibility and sensitivity to restraint system features, including pre-tensioners and load-limiters, etc.. The tests included: - UN R44 sled tests (EPOCh) confirmed the sensitivity of the Q10 dummy to initial positioning/installation. Furthermore, UN R44 tests with four different restraint systems showed that the dummy readings and head excursions were influenced by the particular CRS being tested. Comparison of the Q10 with the P10 in UN R44 testing (EPOCh) showed that the kinematics of both dummies are significantly different. Due to the thorax and shoulder design of the Q10, the interaction with the adult belt is different from the P10 dummy, which has a tendency to slide out of the belt. This results in a difference in measured loading between the two dummies. Therefore, revised limits were proposed for the Q10, for use in UN R44 testing.

A large number of tests including sled and full scale tests were carried out with the two Q10 prototypes by third parties in order to evaluate the dummy performance in a vehicle environment. The severity of most of these tests, considering the dummy readings, was in the range between UN R44 (less severe tests) and NPACS tests (most severe tests). Based on these tests (as well as the earlier EPOCh tests), recommendations were made to further improve the durability of the dummy, which were incorporated in the production version dummy.

In 3 rd party testing by Bohman and Sunnevang [27], the sensitivity of the Q10 to differences in the characteristics of primarily adult restraint systems was confirmed. Vehicle belt geometry was found to be the most important parameter affecting the chest deflection.

In TRL table top biofidelity tests that evaluated thorax regional biofidelity (stiffness) under diagonal belt loading, the Q10 dummy was compared with requirements defined from scaled adult PMHS tests. Thorax deflection was compared at 8 thorax locations. For four locations, the thorax deflection of the Q10 was within the requirements, but for four other locations a larger deflection was noted. In low severity child volunteer sled tests carried out by Arbogast at al. it was shown that the shoulder belt moves laterally toward the neck and then away from the neck. This response was also observed in the Q10, but the absolute movement to the neck of the belt in the Q10 was larger in comparison to the volunteer tests. Similar tests were carried out with the HIII 10 year and the HIII 5 th percentile small female adult. It was concluded that qualitatively the Q10 best mimics the volunteer shoulder belt motion, but that the lateral motion of the shoulder belt in all tested ATDs may underestimate the chest deflection due to the belt being away from the chest deflection sensor.

In a comparison study (Croatto and Masuda) of Q10 and H III 10 year in a rear seat body-inwhite sled tests (64 km/h ODB acceleration pulse) with four different restraint conditions, differences in the chest deflection sensitivity to restraint systems were observed between both dummies. In these tests, the Q10 exhibited a sliding up of the shoulder belt towards the neck, whereas no sliding of the shoulder belt was observed for the HIII. It was also observed for both dummies that the chest deflection was decreasing when the lap belt was sliding up towards the abdomen.

From tests carried out by TRW in a rear seat car environment, with EuroNCAP pulse, the sensitivity of the Q10 to differences in vehicle-based occupant protection measures was confirmed. No specific issues in terms of dummy response, damage or permanent deformation were reported as the result of the interaction of the Q10 with the tested airbag systems. In these tests no signs of damage or permanent deformation were noted.

The production version dummy has provisions to prevent the lap belt from sliding into the gap between pelvis and femur flesh. Unpublished tests in sled configurations with realistic crash pulses show promising results concerning the effectiveness of these design improvements. Apart from avoidance of the belt grabbing in the pelvis region, penetration of the belt into the abdomen is also observed in these tests. In view of these findings EEVC WG12 recommends to conduct tests on the UN R129 bench using the production version Q10 dummy to further evaluate these dummy improvements.

Although not intended to evaluate the Q10 dummy specifically, research carried out by TRL for the European Commission provided further experience of its use in the regulatory test environment (as proposed for Phase 2 of UN Regulation 129). The key findings from this study were that while the dummy could be equipped with abdominal sensors, and with hip shields to prevent the lap belt from becoming trapped in the gap between the legs and the pelvis, the frontal impact test procedure in UN Regulation 129 was unable to distinguish between two nonintegral child restraint systems with seemingly different features for abdominal protection. Although the dummy is a key component of the procedure, other components such as the severity of the pulse, the anchorage positions, cushion characteristics and seat belt tensions are also likely to play a role. All of these components should be investigated fully. APTS are positioned in two vertical holes in the dummy abdomen (cap down). The pressure measured in the bladder is directly related to the pressure applied by the belt through the abdominal foam. In principle, forces applied to the pelvis skin or to the thorax are only marginally transmitted to the foam (and bladder), thereby resulting in lower pressures (Beillas et al., 2012b [31], Beillas et al., 2013 [32] for Q3 and Q6, respectively). Attached to the abdomen by the bottom, the APTS can slide against the sides of the holes to prevent pressure from building up in the case of abdomen vertical compression by the ribcage during lumbar flexion (Beillas et al., 2012b [31] for Q3 and APTS V1).
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Until now, two abdomens (designated in this report: Q10_A1, used in early testing, and Q10_A2, used more recently) were prepared by drilling. A new abdomen prototype from Humanetics (Q10_B1) has not been tested yet but evolutions in the manufacturing process are expected.

TEST PROGRAM

Tests with prototypes of the Q10 with APTS were performed by Ifsttar and third parties (i.e. DOREL, JAMA, TRL, ADAC and Autoliv Research) to check the working principles, observe the response for various restraint configurations, etc.. The tests are described in detail in ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT.

RESULTS OVERVIEW, DISCUSSION AND CONCLUSIONS

DURABILITY

No failure of the APTS V2 was reported in the Q10 tests (or with other Q dummy tests). A 3 bar peak pressure was reached in one test but the 7 bar reached in a Q6 test suggest that higher loading could be possible without damage or saturation. Minor issues reported with APTS V2 include small fluid leaks making the sensor greasy to the touch, and cable output damage requiring several repairs. APTS V3 were designed to solve these issues by providing a better cable attachment and sealing (production candidate). A possible contact between APTS V2 and thoracic components during torso flexion has been pointed by Humanetics based on simulation work. The effect on durability is not clear and should be further investigated.

EFFECT ON DUMMY BIOFIDELTY AND RESPONSE APTS V2 were found to stiffen the abdominal response in belt compression, edging the limits of the biofidelity corridor with Q10_A1. Isolated tests with Q10_A2 suggested that the foam was lighter and relatively softer than Q10_A1. This affected the stiffness response with APTS V2, possibly bringing it towards the inside of the corridor, as well as the pressure compression relationship. It is not clear which abdomen is closer to the current production version. It is also not clear if the abdomen certification procedure currently used to monitor the abdomen foam (static plate loading) would be sufficient for an instrumented abdomen. Overall, it is suggested to repeat and expand the study on the effect of APTS on the dummy response (including biofidelity, sensitivity to flexion, effect on thorax stiffness, mass impact, repeatability, etc.) as soon as the production version Q10 is available. Currently, the sensitivity to lumbar flexion was only evaluated for the Q3 dummy equipped with APTS V1 and tested in a fixed pelvis configuration (Beillas et al., Stapp 2012) [31]. The effect of flexion on pressure was found to be limited in both static and dynamic testing. While the same design principles were used in the Q10, this result should be confirmed.
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ABDOMINAL LOADING DETECTION

Similarly to results obtained in other dummies, the APTS V2 were found to detect direct belt abdominal loading in the Q10 with a higher sensitivity in the mid abdomen than in the thoracic and pelvic regions. See ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT for details. For the pelvic region, it is an important feature to ensure that appropriate restraint conditions with high belt loads transmitted to the pelvis are separated from the loading to the soft abdomen. For the thoracic region, the problem is biomechanically different as the lower ribcage includes some of the solid abdominal organs. However, as the thorax instrumentation already provides an assessment of the loading to the region, the lower sensitivity would seem acceptable.

In sled testing, trends can be observed by looking at dummy kinematics, interactions with the lap and shoulder belt, and corresponding abdominal pressures. Results and detailed analyses based on 23 sled tests and 5 static OOP tests are provided in ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT. Overall, these results suggest the APTS are able to detect abdominal loading when it visibly occurs in the lower or upper abdomen, and that it may be possible to separate visibly acceptable from unacceptable behaviours using a pressure threshold between 1 and 1.5 bar. This is not based on a Q10 injury risk curve but the range is similar to thresholds on Q3 and Q6 based on accident reconstructions and sled testing (Beillas et al., 2012b) [31]. This conclusion should be reinforced by further testing in more diverse environments and with a Q10 production dummy to test the robustness of a candidate threshold and by work ongoing on other dummies and scaling. In the midterm, accident reconstructions could be useful in attempting to build a risk curve.

DUMMY BEHAVIOUR AND PROCEDURES

In frontal impact, the lack of CRS use has been linked to an increased risk of abdominal injuries in epidemiological studies (e.g. Durbin et al., 2003 [33]). Boosters are believed to help protect children from abdominal injuries by, among others, reducing the risk of submarining or lap belt slippage. However, when observing the prototype Q10 responses, it appeared that (see ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT for details):

-No CRS is required to restraint a Q10 on a UN R129 candidate bench and pulse (Study 2, no hip shield). Similar results were shown with Q6 tests and Q6 simulations (Beillas et al, 2014 [34]).

-Partial belt slippage into the abdomen visibly occurred in at least in one of the tests when no CRS was used (and is suspected in another one). However, abdominal loading seemed more clear with the HIII 10yo in the same test.

-No belt slippage into the abdomen occurred with an inflatable CRS used with Q10 (UN R129 candidate bench and pulse) while it did with P10 (UN R44 bench and pulse).

-Lap belt slippage into the abdomen occurred in ADAC testing without CRS (more severe pulse than UN R44 It must be noted that each of these observations was made in single tests (no repetition) with the prototype dummy. The findings need to be evaluated for the production version of the Q10 dummy, which has means to prevent the intrusion of the belt in between the femur and pelvis flesh. In general, the effects of the changes made on the production need to be evaluated as most data presented in this report (including in other sections) is based on prototype dummies. Overall, while these observations are based on a limited number of tests using prototype Q10 dummies by different parties and should be considered cautiously, they suggest that, with regards to abdominal protection, the Q10 coupled with the procedure currently considered for the future regulation:

-Could be less challenging than some other dummies (e.g. HIII 10yo) or test environments (in particular Body-in-white with harder pulses)

-May not detect future product designs that may not behave appropriately in real life. In particular, paper thin boosters without effective belt guides (equivalent to no CRS) could be used to pass a frontal impact requirement based on the UN R129 candidate bench and pulse. Also, it is unclear if very soft designs (that could let the pelvis pass under the belt in real life) could be detected in testing.

EEVC recommends that the possible consequences of such observations on future products and protection strategies should be considered. 

Q10 INJURY ASSESSMENT REFERENCE VALUES INTRODUCTION

The first comprehensive proposals for Q-Series injury assessment reference values (IARVs) in front impact were prepared by EEVC Working Groups 12 (Biomechanics) and 18 (Child Safety). They were derived from injury risk curves that were developed using accident reconstruction, supplemented with scaling (see Wismans et al., 2008 [1]). The accident reconstruction data came from a European Framework Programme project: CHILD (CHild Injury Led Design, 2002-2006). The IARVs were selected for a 20% and a 50% risk of AIS≥3 injury as this bracketed the range typically used in regulations. They were derived for the Q0, Q1, Q1.5, Q3 and Q6 dummies only; the Q10 had not been developed at the time.

More recently, two further European Framework projects have contributed to the evidence-base for Q-Series IARVs:

 CASPER (Child Advanced Safety Project for European Roads), carried out further accident reconstructions to support the development of injury criteria and reference values for the Q-Series (see Johannsen et al., 2012) [35].  EPOCh (Enabling Protection for Older Children) developed the Q10 dummy and proposed injury criteria and thresholds for use in regulatory test conditions (see Hynd et al., 2011) [17]. The CASPER project performed further accident reconstruction experiments with the Q-Series dummies (to enhance the injury risk curves derived by the CHILD project). The Q10 was not used because its development was being led by the EPOCh project. However, accident reconstructions with the newly-developed Q10 were beyond the scope of EPOCh. As an alternative, EPOCh scaled published Hybrid III adult dummy injury risk curves to make them applicable for the Q10. For further confidence, EPOCh also scaled Q3 injury risk curves developed by EEVC Working Groups 12 and 18. By way of further background, their work is presented in ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA.

METHOD DESCRIPTION

The EPOCh project proposed a series of indicative thresholds for use with the Q10 under regulatory conditions for child restraint systems. These thresholds were essentially a pragmatic solution that took account of their results from 'scaling down' the Hybrid III injury risk curves, 'scaling up' the Q3 injury risk curves, balanced with the results from a program of sled experiments with common child restraints.

The setting of performance thresholds is usually considered to be a matter for regulators. In completing this new report, we have used the EPOCh data (in ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA) to derive (where possible) Q10 IARVs for a 20% and a 50% risk of AIS≥3 injury as examples. This provides consistency with the previous EEVC report on EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 57 Q-Series dummies and allows regulators to set thresholds as needed to target any specific priorities for improving child restraint performance.

INJURY CRITERIA

The injury criteria for which IARVs are derived for the Q10 are: head acceleration exceeded for a cumulative duration of 3 ms (Head A3ms), upper neck tension (Fz), upper neck bending moment in flexion (My) and chest deflection (Dchest). These are consistent with those derived by EEVC Working Groups 12 and 18 for the other Q-Series dummies, with the exception of the Head Injury Criterion (HIC). The EPOCh project did not attempt to scale HIC for the Q10 and hence no data are available in ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA. As noted above, where possible, IARVs have been derived for a 20% and a 50% risk of AIS≥3 injury as this encompasses the range typically used in regulations and is consistent with the previous report.

Q10 INJURY ASSESSMENT REFERENCE VALUES

The Q10 dummy IARVs are given in Table 9. These are based on scaling down from the adult Hybrid III injury risk curves and scaling up from the Q3 injury risk curves developed by Wismans et al., (2008) on behalf of EEVC Working groups 12 and 18 [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]. The principal work was undertaken in the EPOCh project, as presented in ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA. These values were extracted from EPOCh data.

Many authors have published techniques for scaling biomechanical measurements to different sizes of subject. Although the general principles underpinning scaling are usually applied consistently, material properties can vary leading to different outcomes. Where different options were available for the scaling in Table 9, the properties used by Wismans et al. in the previous EEVC report [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF] were adopted. EPOCh also suggested a threshold for chest acceleration of 45 g. However, this was not derived from an injury risk curve. Instead, it was based on the results of sled experiments comparing the Q10 with the P10, and the observation that the Q10 tended to record lower chest acceleration than the P10 in the same child restraint system. Chest acceleration provides a general indication of how well a restraint system allows the occupant to "ride down", or absorb the collision force in a manner that might avoid some injury mechanisms. However, it would not detect concentrated loading through improper restraint design and was not included in the original EEVC Working Group 12 and 18 report. Furthermore, the CASPER project found that chest acceleration was unable to predict the risk of AIS≥3 injury from their accident reconstruction data (Johannsen et al., 2012) [35].

DISCUSSION AND CONCLUSION

The injury criteria and IARVs in Table 9 allow assessments to be made in the head, neck and chest of the dummy. Abdomen injury criteria and IARVs were not developed during the EPOCh project because tools for the measurement of abdominal loads in the Q-Series were still being developed (in the CASPER project) as was discussed in Chapter 5

These Q10 IARVs reflect the information that was available at the time of the EPOCh project. For instance, the 'scaled up' IARVs were derived with accident reconstruction data collected during the CHILD project. However, new reconstruction data are now available from the CASPER project (as well as new injury risk curves for the Q3, excluding the chest). In addition, the consensus regarding appropriate statistical methods for deriving injury risk curves has changed since CHILD. This explains some of the differences in the risk curves developed by CASPER, EPOCh and CHILD and implies that some of the previous EEVC Working Group 12 and 18 proposals for IARVs may also need to be updated. In the case of the Q10, updating the analysis in ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA would enable these latest data and curves to be used.

In considering further work to refine these data, it should be noted that a group of interested experts has formed a Q-Series Chest and Abdomen Injury Criteria Task Force. The task force is aiming to derive injury risk curves for chest deflection and abdomen pressure by repeating accident reconstructions from the CASPER project, or by performing new reconstructions (with the Q10, for example). It might be worthwhile, therefore, to wait for this group to report its findings (expected end of 2014), before further analyses are carried out (at least for the chest).

Introduction

Each year, 700 children are killed on European roads and 80,000 are injured [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]. This represents an unacceptably high burden on Europe's society and economy. Although it is not known exactly how many of these deaths and injuries occur in ECE approved CRSs (Child Restraint Systems), it is considered that there is significant scope for improvement in the design of CRSs.

In the European regulation, UN Regulation 44, CRSs are homologated through testing with Pdummies that were developed in the 1970s by TNO. The dummies were mainly designed to act as a loading device with appropriate dimensions and mass distribution, but with limited measurement capability. The anatomy and behaviour of the internal structures of the body are not represented, which is one of the fundamental shortcomings of these dummies. In addition, the method used to detect abdomen loading (a clay insert between the lumbar spine and abdomen) is somewhat subjective and does not allow for a complete assessment of injury risk.

In 1993 the development of the Q-series of child dummies started as successors to the P-series. Initially the Q-Series comprised Q0, Q1, Q1.5, Q3 and Q6 dummies only; there was no dummy to represent older children in the highest mass group specified in UN Regulation 44. In 2007, the UN Informal Group on child restraint systems was established (by the UN Working Party on Passive Safety (GRSP) to develop a new UN Regulation on the approval of "Enhanced Child Restraint Systems". The first phase of the new Regulation was completed in 2011 and sets out performance requirements and test methods for integral ISOFIX child restraints and includes the new family of child dummies (the Q-Series). It was adopted by the World Forum for Harmonisation of Vehicle Regulations (WP.29) during its 158th Session held in Geneva in November 2012 and came into force in July 2013. The UN Informal Group based many of its decisions regarding the use of the Q-Series in UN Regulation 129 on the work carried out by EEVC Working Groups 12 and 18 [514 document].

The prototype Q10 was developed within the EPOCh project (Enabling Protection for Older Children, 2009Children, -2011) ) and was intended to provide the "upper limit" dummy for the new Regulation (Age 10.5 years old, Stature 1443 mm, Body mass 35.5 kg). A production version of the Q10, was released in 2013. An extensive evaluation program using prototype dummies was carried out within the EPOCh project and by third parties. With the introduction of this new dummy, the UN Informal Group on child restraint systems asked EEVC to provide a recommendation on its use in legislative testing. This recommendation is given in this report which should be considered as continuation of the 2008 report [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]. Most findings are based on testing with prototype versions of the Q10 dummy.

Accident and injury causation for older children

Injuries to older children in front impact collisions tend to occur in the head, chest, abdomen and extremities. Contact with the vehicle interior appears to be the principal mechanism for head and extremity injuries, whereas the chest and abdomen are injured by loading from the adult seat belt. Injuries to the neck appear to be particularly rare, even accounting for limitations EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 60 in the availability of representative data. It should be noted that there is very limited representative data with enough depth to identify (with any statistical confidence) needs and priorities for improving the performance of child restraint systems for specific age groups.

Q10 dummy design and EPOCh evaluation

The design of the Q10 is rather similar to that of the other Q-dummy family members except for the pelvis structure, which is similar to the design of the WordSID dummies. The design of the head, the neck, the shoulder, the clavicle, the thorax, the lumbar spine, the abdomen and the extremities attempt to represent the main features of human anatomy. Compared to the USdeveloped Hybrid III 10yo child dummy, the Q10 is based on a different design approach, using plastics and high density foams. The Q10 has been primarily designed for frontal UN R44 (succeeded by UN R129) and future side impact testing, while the US child dummies are developed for FMVSS 208 (to evaluate the risk of out of position airbag deployment) and FMVSS 213.

Two prototype Q10 dummies were extensively evaluated on anthropometry, biofidelity, sensitivity, repeatability and durability to impact loading in head drop, neck pendulum and full body wire pendulum tests. Concerning biofidelity the dummy meets most of the biomechanical targets specified in the design brief developed in the EPOCh project. However, it should be noted that these requirements did not include targets for kinematic behaviour, biofidelity of the lumbar region, among others. The dummy is sensitive to variations in impact speeds, impact direction and alignments, as desired, with regards to injury risk assessment. Concerning repeatability and reproducibility, it is concluded that the dummy meets the usual requirements in this field. Some initial durability issues were found and successfully solved during the prototype testing. Some recommendations for updates were proposed and implemented in the production version dummy. Also tests with production version dummies were carried out to evaluate reproducibility and certification procedures. After collecting data from 18 dummies delivered to the market, the final certification procedures and corridors were proposed in February 2014. There were no significant differences between the prototype performance and the production certification corridors.

Q10 evaluation in laboratory, sled and car crash tests

Tests within EPOCh as well as by third parties were carried out on 2 prototype dummies to assess the ability of the Q10 dummy to be used as a measurement tool in sled and full-scale crash conditions. A large variety of aspects were evaluated such as belt and airbag interaction, comparison with other dummy types, repeatability and reproducibility, and the sensitivity to restraint system features, including pre-tensioners and load-limiters, etc. Tests included table top biofidelity tests, low severity child volunteer sled tests, sled tests under UN R44 and NPACS test conditions and Body-in-White sled tests as well as full-scale crash tests. The severity of most of these sled and full-scale tests varied in the range between UN R44 (less severe tests) and NPACS tests (most severe tests).

In biofidelity table top tests (TRL) with diagonal belt loading, the Q10 dummy performance was compared with requirements defined in the THORAX project on the basis of scaled adult PMHS tests. Thorax deflection was compared at 8 locations. For 4 locations the thorax deflection of the Q10 was within the requirements and for 4 locations a larger deflection was In different test programmes it was shown that the Q10 dummy response was affected by CRS design. The Q10 dummy was also shown to be sensitive for initial dummy positioning, indicating the need for a dummy seating procedure. Some durability issues were noted in the tests with the prototype dummies which has resulted in design improvements in the production version dummy.

Comparison of the Q10 with the P10 in UN R44 testing (EPOCh) showed that the kinematics of both dummies is significantly different. Due to the thorax and shoulder design of the Q10 the interaction with the adult belt is different from the P10 dummy, which has a tendency to slide out of the belt. This results in a difference in measured loading between the two dummies. Therefore different limits for head excursion were proposed for the Q10.

In low severity child volunteer sled test conditions as well as tests under real world crash conditions it was observed that the shoulder belt in a Q10 dummy slides into the direction of the neck. This behaviour, which is not usually observed with the HIII child dummy, reduces the thorax deflection. In child volunteer tests this belt sliding to the neck was also observed but to a less extent than in the Q10 tests. In this respect, the Q10 dummy appeared to be more realistic than the HIII for these low severity tests. The biofidelity of this phenomenon for higher pulse is however not known. Some durability issues were observed in the extensive prototype tests which resulted in some changes in the production version dummy. The production version dummy has provisions to prevent the lap belt from sliding into the gap between pelvis and femur flesh. Unpublished tests in sled configurations with realistic crash pulses show promising results concerning the effectiveness of these design improvements.

APTS development and abdominal injury criteria

Despite the presence of abdominal injuries, the standard Q-dummies do not include abdominal instrumentation. Instrumentation efforts have been conducted by third parties on smaller Qdummies. One effort has yielded promising results including an accident reconstruction based risk curves for Q3 and Q6 dummies in the CASPER project. The same instrumentation was applied to the Q10. Abdominal Pressure Twin sensors (APTS) are two soft cylindrical polyurethane bladders closed by aluminium caps and filled with liquid. The pressure in the fluid is measured by a pressure cell implanted in the cap. APTS are positioned in two vertical holes in the dummy abdomen. The pressure measured in each bladder is assumed to be directly related to the pressure applied by the belt through the abdominal foam. Until now, two prototype abdomens were prepared by drilling holes in them. Overall, the test results suggest that the APTS are capable of detecting abdominal loading when it visibly occurs in the lower or upper abdomen, and that it may be possible to separate visibly acceptable from unacceptable behaviours using a pressure threshold between 1 and 1.5 bar. This finding, which seems in line with results already available for other dummies, should be confirmed by further testing in more diverse environments and with a Q10 production dummy to test the robustness of the candidate EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 62 threshold. In the midterm, planned accident reconstructions could be useful to attempt building a risk curve.

For the abdomen, no biofidelity evaluation testing was carried out in EPOCh. However, in subsequent research, the APTS was found to effect the abdomen biofidelity performance. Initial testing in the CASPER project suggested that by proper selection of the abdomen material the performance of the abdomen can be kept within the EPOCh biofidelity corridor. There could also be some small effect of the APTS on the kinematics observed in prototype testing but the evidence was weak.

Overall, the APTS show good potential for the detection of abdominal loading (which is currently evaluated using video analysis and clay in UN R44 with P dummies) and for the evaluation of the injury risk (which is currently not evaluated). Future work should be focused in priority on APTS integration and evaluation in production dummies, and on the determination of possible limits for detection and injury risk. These limits could be based on observation of real tests and injury risk curves.

An interesting observation was made in one of the APTS sled tests: using the UN R129 bench and pulse (which is derived from UN Regulation 44), it was possible to meet the regulatory requirements without a CRS; the dummy was restrained by a regular seat belt only. If confirmed, the consequence of such a result for a regulatory test evaluating the protection provided by CRS could be very significant. This may be attributed to various factors including the poor lap belt interaction with the Q10 prototype and the test conditions. This belt interaction is significantly improved in the production version by the introduction of the upper leg flesh restraint plugs and the lap belt hip shields.

Other test conditions including the ADAC setup (hip shield, prototype dummy), the BASt setup (hip shield, production dummy), and to some extent the JAMA study (no hip shield, prototype dummy) have led to inappropriate restraint conditions including some abdominal loading when no CRS was used, and no abdominal loading by the lap belt with a CRS. However, these setups were all performed using actual car seats (front seat for BASt, rear bench for ADAC and JAMA) instead of a bench, with pulses harder than UN R44/R129. Considering the presence of abdominal injuries in the field and the positive role expected from booster seats, it may also be that the UN R129 bench and associated pulse do not represent a configuration that is challenging enough from a safety standpoint. This should be further investigated by analysing the restraint conditions and repeating some of the tests with a Q10 dummy, possibly equipped with abdominal sensors to help in assessing the loading.

Injury Assessment Reference Values (IARVs)

It is not the role of this group to select target risk (e.g. 20% or 50%) and injury severity levels (e.g. AIS2 or AIS3). However, injury criteria and IARVs are provided for the head, neck, and chest in Table 9 of Chapter 6 to assist the decision. The Q10 IARVs reflect the information that was available at the time of the EPOCh project. New reconstruction data are available from the CASPER project. These new data and risk curves were not taken into account in the IARVs in Updating the analysis in ANNEX H: Q-DUMMIES FRONTAL INJURY CRITERIA would enable these latest data and curves to be used. In considering further work to refine these data, it should be noted that a group of interested experts has formed a Q Series Chest and Abdomen Injury Criteria Task Force. The task force is aiming to derive injury risk curves for chest deflection and abdomen pressure by repeating accident reconstructions from the CASPER project, or by performing new reconstructions. It might be worthwhile, therefore, to wait for this group to report its findings, before further analyses are carried out (at least for the chest).

EEVC WG12 recommendations

The Q10 dummy described and evaluated in this report shows a significant improvement with respect to the P10 dummy currently used in UN R44 frontal impact tests. The Q10 dummy is better adapted to recent child anthropometry data and the performance is tuned to comply with more recent biofidelity requirements and introducing possibilities to measure neck loads, chest deflections as well as potentially also abdomen loading. Based on the extensive evaluation and validation results described in this report, EEVC recommends that the Q10 dummy is used in child restraint homologation tests (UN R129). It is recommended to implement initially 5 injury criteria: Head acc. (3ms), Upper Neck tension (Fz) and Upper Neck flexion and extension bending moment (My) and Chest deflection complementary to the UN R129 excursion limits. Concerning the abdomen, it is recommended that, upon completion of the work initiated on the APTS, an additional requirement on abdominal pressure is introduced. Concerning chest deflection it is recommended to review the work of the Q Series Chest and Abdomen Injury Criteria Task Force as soon as completed (expected in 2015). These recommendations are largely based on the results of Q10 prototype testing and therefore have to be confirmed for the Q10 production version dummy. The changes between production version and prototype dummy seem however limited as described in ANNEX F: UPDATES FROM PROTOTYPE TO PRODUCTION VERSION and these changes did not affect certification test result. The use of hip shields to prevent the lap belt from becoming trapped in the gap between the legs and the pelvis appears to be beneficial; nevertheless, the frontal impact test procedure in UN Regulation 129 may not encourage features that keep the belt low on the pelvis (such as a raised seating position and/or lap belt guides). Although it was outside the scope of this Q10 report to investigate this issue in-depth, EEVC recommends that every effort is made to ensure that UN Regulation 129 makes a robust assessment of abdomen protection in non-integral child restraint systems.

In summary, it is recommended to:

-Complete the work initiated on APTS by focusing, as a priority, on their integration in the Q10 production version dummy, their evaluation under various conditions (including EPOCh defined abdomen biofidelity requirements), and the finalisation of the development of an abdominal injury risk curve to assist in the selection of limits. 

INTRODUCTION

The EPOCh project investigated the injuries received by older children in collisions as part of the process for specifying the measurement capabilities of the Q10 dummy. The work was described by [START_REF] Visvikis | Literature review, accident analysis and injury mechanisms[END_REF] and was published on the project web-site (see www.EPOChfp7.org). The intention of the work was to draw primarily from previous largescale European collision studies, such as those analysed by EEVC Working Groups 12 and 18 for their Q-dummies report (see Wismans et al., 2008 [1]). However, while these studies highlighted overall trends and priorities for the protection of children in general, it was impossible to separate the experiences of older children.

In an effort to gain more detailed information on older children, the EPOCh partners performed a new analysis of the United Kingdom Cooperative Crash Injury Study (for the period 1998 -2008). This work was outside of the original scope of the project and hence a Europe-wide analysis of representative data was not feasible. Nevertheless, these UK data provided a useful insight into the types of injuries and mechanisms experienced by older children (aged 6 to 12 years). The remainder of this annex comprises sections from the EPOCh report [START_REF] Visvikis | Literature review, accident analysis and injury mechanisms[END_REF].

COLLISION DATA ANALYSIS

OVERVIEW

The European Road Safety Observatory (www.erso.eu) is a pilot web site established during the SafetyNet project (an integrated project funded by the European Commission). The web site includes basic traffic safety facts, which are delivered in a series of fact sheets. The fact sheets are based on data from the CARE (Community database on Accidents on the Road in Europe) database. research shows that a significant proportion of non-fatal injury accidents are not reported [START_REF] Ward | Under-reporting of road accidents: Phase 1[END_REF]. In addition, police may underestimate the severity of injury due to the difficulty in distinguishing severity at the collision scene (DfT, 2008). Nevertheless, Table 11 provides an overview of the involvement of older children in personal injury road accidents in a typical country in (western) Europe. In order to gain more detailed information about older children and their injury patterns, accident cases involving children aged from 6 to 12 years were obtained from the United Kingdom Cooperative Crash Injury Study (UK CCIS) database. The data span the years from mid-1998 to mid-2008. There were 277 children involved in a front impact collision for all restraint types and injury levels. Figure 47 shows the distribution of restraint type for these children. There were 127 children involved in a side impact for all restraint types and injury levels. Figure 48 shows the distribution of restraint type for these children. There is a large proportion of unknown restraint use in the CCIS database, which could affect any conclusions drawn from these data. Figure 47 and Figure 48 show that during this ten year period, which was mostly prior to amendments made to the seat belt wearing directive coming into force in the UK, the adult seat belt was the most common type of restraint for children aged six to twelve years, and there were a greater proportion of children unrestrained than there were using child restraint systems.

Injury patterns for older children in front impact

Table 12 shows the injury distribution with respect to restraint type for the older children in the CCIS database that were involved in a front impact. The adult seat belt was the most common type of restraint system for these children. Unfortunately, there were too few cases involving children in booster seats and booster cushions to comment on the performance of these devices in comparison with the adult seat belt. It is interesting to note, however that there were no AIS>2 injuries to the children restrained in booster seats. While the number of children receiving an AIS≥2 injury was low in the CCIS sample, similar findings have been reported in the literature. García-España and [START_REF] García-España | Injuries to belted older children in motor vehicle crashes (v40(6) p2024-2028), Accident Analysis & Prevention[END_REF] analysed a sample of 761 children aged 8 to 12 years with AIS≥2 injuries. They found that head injury was the most common injury (60%), followed by injury to the face (9%), upper extremity (9%) and abdomen (9%). However, the study relied on driver reports for information on injury and restraint use, etc., and did not distinguish between front and side impact.

Factors affecting injury of older children in front impact

The velocity change of the case vehicle is often associated with a greater injury severity for the occupants. Unfortunately, the velocity change was unknown for most of the children in Table 13 with serious injuries and greater (i.e. AIS≥3). For example, in Cases 14 and 15, the child received an AIS4 injury but the velocity change of their car was unknown. In Case 15, it seems likely that the collision was severe since their car struck a wide object (>41cm). This could have been a tree, a building or a piece of roadside furniture.

Intrusion into the seating position is also associated with greater injury severity. In Case 9, the child was seated in the front passenger seat of a car involved in a collision with a multi-purpose or light goods vehicle. The child received serious injuries to their extremities, which seem likely to have resulted from intrusion of the facia and footwell. Another factor associated with greater injury severity is misuse of the restraint system. Unfortunately, no information was available on the presence of misuse in the sample of cases.

Factors affecting the performance of CRS's for older children in front impact

The CCIS sample comprised 277 children aged 6 to 12 years and included all restraint types and injury levels. Twenty-three of these children were known to be using a child restraint system: 7 were in a booster seat, while 16 were on a booster cushion. Table 13 reveals that none of the children in booster seats received AIS≥2 injuries, while three children on booster cushions were injured at that level. Unfortunately, there were too few cases of children using child restraint systems to establish any clear associations or contributory factors related to the performance of the devices.

MECHANISMS OF INJURY IN OLDER CHILDREN

Injury mechanisms by body region for older children in front impact

Many studies of child injury mechanisms in front impact collisions include older children in the sample. However, very few studies describe in detail the types of injuries received by older children specifically. The previous section revealed the importance of head, abdomen and extremity injuries. While the evidence is limited, it appears that most head injuries in older children result from direct contact with the interior of the vehicle [START_REF] Agran | Injuries to a sample of seat belted children evaluated and treated in a hospital emergency room[END_REF]. This causes the skull to deform with the risk of fracture and/or local brain injury. Head contact can also induce relative motion of the brain with respect to the skull. Contact can occur for a variety of reasons. These include vehicle intrusion into the child's seating position or excessive head excursion due to incorrect or inappropriate restraint use. Non-contact head injuries are rare in older children. Nevertheless, in high severity collisions, acceleration (or deceleration) of the head can result in inertial loading that leads to brain injury. Similarly, the risk of basilar skull fracture with neck injury, which has been reported extensively in the literature for younger children, does not seem to be found in older children (Jakobsen et al., 2005).
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The most common abdomen injury mechanism in older children is (adult) seat belt loading directly at the site of the injured organ [START_REF] Arbogast | Mechanisms of abdominal organ injury in seat belt-restrained children[END_REF]. This can result from submarining (where the pelvis slips under the lap part of the seat belt) and/or from an initial misplacement of the belt, for instance, due to a slouched posture. Injuries to the lumbar spine seem to be rare in older children, particularly when the diagonal part of the seat belt is used correctly. Individual cases were discussed by [START_REF] Brown | Spinal injuries in rear seated child occupants aged 8-16 years (paper number 07-0461[END_REF] and were associated with "high severity" collisions.

Injuries to the extremities of older children are likely to result from interaction with parts of the vehicle interior. [START_REF] Jermakian | Lower extremity injuries in children seated in forward facing child restraint systems[END_REF] described the lower extremity injuries in a sample of children in forward facing child restraints. Although the oldest child was only 5 years old, some of the key mechanisms are likely to be the same for older children. Jermakian found that a loose child restraint attachment and/or intrusion of the vehicle seat back in front of the child were important contributing factors. The main injury mechanism is loading applied to the extremity from the vehicle interior resulting in fracture.

CONCLUSIONS

Limited information was available on the types of injuries experienced by older children. Traditional collision studies tend to focus on the differences in injury patterns across child restraint types and although older children tend to use certain types only, they are often also used in significant numbers by younger children. The review of representative collision data from the UK provided some information on the specific experiences of older children, but the number of cases was very low.

Nevertheless, head injury resulting from contact with the interior of the vehicle appeared to be the most common mechanism of injury for older children in both front and side impact collisions. Injuries to the abdomen were observed in front impact collisions and resulted from loading from the lap part of the seat belt. 

ANNEX B: INJURIES TO OLDER CHILDREN IN FRANCE

There is lack of representative European data providing sufficient detail about the restraint and accident configuration as well as injury patterns as a function of age. A query of the Rhône Registry Injury Database in France covering the period 1996 -2012 provided 77,608 car occupants sustaining all levels of injuries. Of these, 18 children aged 8 to 12 years received an injury at the AIS≥3 level. The distribution of injuries is shown in Figure 50. Most injuries occurred in the head (44%), Thorax (39%) or the abdomen (22%). 
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Executive Summary

The EPOCh project will develop extended procedures and a measurement tool for impact testing of Child Restraint Systems (CRSs) designed to provide protection for older and larger children [ref.

EPOCh project Description of Work]. As such the project will:

 Develop a prototype older Q dummy, representing the largest children that make use of CRSs.



Enable the extension the NPACS testing and rating protocols to include assessments of child restraints for older children  Make proposals that will allow the assessment of child restraints in ECE Regulation 44 if the Q series dummies replace the P series in the future This draft report presents biofidelity, instrumentation and functional requirements of the dummy.

It is the outcome of Task 1.2: "Development of biomechanical requirements" and will form the basis for the dummy design under WP2.

In this task all of the dummy requirements have been brought together in a comprehensive specification. The following task components have been addressed:

I.

An important aspect for Task 1.2 was to contribute to the knowledge that would inform the decision on the child size to be represented by the dummy: 10 or 12 year old (Q10 or Q12 dummy). Recommendations from this task, along with task 1.1, were disseminated to stakeholders and their feedback was taken into consideration during a requirements review meeting before making the final decision on dummy size. As such, this report provides design requirements and targets for both the Q10 and the Q12 dummy. The Anthropometric data of CANDAT, that have been the basis of all Q dummy family members, were used to provide data for this task.

II.

Biofidelity requirements (frontal and side) have been defined based on scaling in line with the procedures common for Q dummies.

III.

Instrumentation requirements have been defined based on task 1.1 results (injury priorities and loading conditions).

IV.

Functional requirements have been set in this task with regards to Biofidelity, Repeatability, Durability, Functionality (resonance, posture, etc.) Handling and Preliminary calibration / verification.

V.

Means to show compliance with the biofidelity requirements including evaluation test matrices have been defined. This Design Brief document concludes the work for task 1.2 An important aspect for Task 1.2 is the decision on the child size to be represented by the dummy: 10 or 12 year old (Q10 or Q12 dummy). To facility a fare size selection discussion and decision this report provides design requirements and target for both the Q10 and the Q12 dummy. The EPOCh consortium initially recommended to select the Q12 dummy (11.6 year old 50%ile anthropometry: mass 40.0 kg and stature 1500 mm) inline with the maximum size of children that should make use of an appropriate CRS (up to 150 cm stature according to Directive 2003-20-EC). All background information gathered by the EPOCh team to make the recommendation is given in the report. After a stakeholder forum discussion held on July 10, 2009 and the gathering of other stakeholder feedback, the EPOCh team decided to proceed with the development of the Q10 (10.5 year old 50%ile anthropometry: mass 35.5 kg and stature 1443 mm). This size is generally considered to be an appropriate representation of older children including the children with the maximum size that use a CRS (stature 1500 mm). The report summarise the stakeholder feedback that initiate the final decision. 

Introduction

Within the EPOCh project a dummy designed to represent older children in crash test environments will be developed. The dummy should complete the Q-dummy family to enable Child Restraint System (CRS) safety assessment over its full range of application. In the subsequent section the design requirements for that dummy are reported.

Background

Across most of Europe, the law requires children less than 3 years to use the child restraint appropriate for their weight in any vehicle (including vans and other goods vehicles The current Q series of dummies represents children up to the age of six only. As such, the consumer testing programmes already using the Q series and future regulatory procedures which may adopt the Q series cannot evaluate the CRSs for use by children older than six years. This all means that the Q series that currently ends at the six year old needs to be extended to represent the full range of children that use CRSs. For this reason the EPOCh project aims to complete the Q series by providing a dummy representing the largest children that use a CRS when transported in cars in the age up to 12 years old and with a stature of less than 1500 mm and to develop proposals that will extend of the test procedures of NPACS and ECE R44 to include assessment with the older Q dummy.

Current Q-dummies and running developments

The current Q series are designed as omni-directional dummies; however, they are optimised for frontal tests with the intention to make them suitable to replace the P-dummies in UNECE R44.

The extensive development, validation and evaluation efforts performed with the current European primarily frontal Q-dummies Q0, Q1, Q1.5, Q3 and Q6 is described in [ iii ]. At the moment it is unlikely that the Q series will replace the P-dummies under the current regulation as new regulations, that will include side impact testing, are under development within the new GRSP Informal Working Group on CRS testing. Consumer test programs have selected the Q series as developed in Europe in their test protocols for both frontal and side impact tests. In America special side impact versions of Q3 and Q6 called Q3s and Q6s are developed. Currently those two dummies are under evaluation at NHTSA, Transport Canada and the OSRP (Occupant Safety Research Partnership in the USA). These Q-dummies dedicated for side impact do not receive significant support in Europe where there are seen as American dummies. Document downloaded from www.eevc.org

Q-dummy family design

The dummy to be developed shall be like a Q-dummy to maintain a physical link to the current Qdummy range and thus appear as part of that group. The performance of the dummy to be developed shall also fit in the characteristics of the smaller sized members of the series. By doing so, the research results for the existing Q series, obtained in the almost 15 year development period, can be used through performance and criteria scaling. Although the development of a side impact version of the dummy is outside the scope of the EPOCh project, potential design commonality between frontal and side impact versions of the new dummy will be explored and were possible implemented.
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Objectives

This draft document presents results of EPOCh Task 1.2: "Development of biomechanical requirements and design brief". The objectives of this task are to  Define biomechanical targets and functional requirements for the development of the prototype dummy (development in WP2).



Define assessment methods to evaluate the dummy's biomechanical and functional performance against the targets and requirements defined (evaluation in WP2).

The design targets and requirements should be suitable for a dummy that represents either a 10 or 12 year old child in CRS crash test conditions, with the exact age or size to be based on consideration of regulatory requirements in Europe. For both the Q10 and Q12 the design targets and requirements will be presented as well as discussions on the size selection and biomechanical harmonisation issues. 

Approach

According to the Description of Work the dummy requirements will be specified as follows:

I.

The Anthropometric data of CANDAT [ iv ], that has been the basis of all Q dummy family members, will be used to define the anthropometry of the dummy. A decision will be taken to build a dummy representing 10 or 12 years old Q10 or Q12 dummy [referred to in this report as the 'older child dummy'] and will be justified based on regulatory requirements in Europe.

II. Biofidelity requirements (frontal and side) will be defined based on scaling in line with the procedures common for Q dummies.

III. Instrumentation requirements will be defined based on EPOCh Task 1.1 results (injury priorities and loading conditions).

IV. Functional requirements will be set with regards to Repeatability, Durability, Functionality (resonance, posture, etc). Handling and preliminary calibration / verification. Additional application related requirements input will come from EPOCh Task 3.1 and 3.2.

V. Means to show compliance with the requirements including evaluation test matrices will be defined.

This approach ensures that the new dummy remains "in-line" with the other members of the Q series. It must be noted here that Task 1.3 dealing with injury criteria will consider scaling of injury risk functions based on recent developments for EEVC. During first project meetings it was decided that a comparison will be made between the scaling of the biomechanical requirements and the injury risk functions in order to ensure compatibility. As such some modifications to the biomechanical requirements might be expected when the results of Task 1.3 are available. It should be noted the consistency with methods used for the Q dummy family remains important.

The requirements definition depends on the decision to build an older child dummy representing a suitable age of child to fit with legislation in Europe (and expected to be in the range 10 to 12 years old). This report considers both sizes to facilitate the recommendation and decision making process within EPOCh. In view of the link between the size selection and the requirements this document also includes relevant information with respect to the size selection and the recommendation from the EPOCh consortium on the size selection.

Contents

Chapter 4 provides dummy design requirements and targets. A complete set of Anthropometry and Biofidelity targets as well as Functional and Instrumentation requirements is provided together with indications for methods to show compliance. Information is provided for both the Q10 and the Q12 dummy.

Chapter 5 provides relevant background information regarding the dummy size selection and Biofidelity requirements harmonisations issues. This chapter includes a recommendation from the EPOCh consortium on the size selection to be discussed with stakeholders in month 6 of the project. The final decision on the size selection will take onboard the views of the stakeholders and will be included in the final version of this report. The dummy size discussion needs to be based on:

 Regulatory requirement in Europe  Anthropometric data from CANDAT
These aspects will be outlined in this section of the document and discussed in chapter 5 under the heading Discussion. Further information with respect to the dummy size selection as well as a recommendation on the size from the EPOCh consortium can be found under chapter 5 under the heading Discussion. The following chapter provides requirements for both options.

Regulatory requirements in Europe

Q10 age definition

For a dummy representing the 50 percentile anthropometry of 10 year old children there is an unofficial TNO report (dated 17 March 2006) that specifies the anthropometry targets as developed in April-May 2000 [ v ]. This report defines the Q10 anthropometry targets presented below. With regard to the age of the child that is represented by the data, the CANDAT report states on page 5:

ECE-Group III ranges from 22 to 36 kilograms. A CRS designed for this group should be tested with two dummies, one for each end of the range. At the low end, the 23 kg Q6 dummy is used. At the high end, a dummy should be used with a mass close to, not necessarily equal to, 36 kilograms. The CANDAT database indicates that a 10.5 year old has a body weight of 35.5 kg, while a 10.75 year old has a body weight of 36.5 kg. The 10.5 child should therefore be used. The dummy based on the anthropometric parameters of the 10.5 year old child from CANDAT will be the basis for the Q10 dummy.

Note: If necessary the CANDAT-data can be interpolated between 10.5 and 11.0 years old to tune the total body mass to exactly 36 kg.

Q12 age definition

The anthropometry values for Q12 are determined through linear interpolation of the CANDAT data. For the Q dummies developed so far (Q0, Q1, Q1.5, Q3 and Q6) the CANDAT database is used to obtain suitable anthropometry requirements. For each dummy there are official TNO reports that specified numerous target dimensional and mass properties of the 50 th percentile child size that they should represent.

• Q0 dummy with a mass of 3. The Q6 dummy dimensions remained unchanged and are therefore representative of a 50 th percentile 6 year old child.

Q10 and Q12 dummy anthropometry definition External Dimensional Requirements

In Table 1 all dimensions available for Q10 (10.5 year old) and Q12 (11.62 year old) are specified. The definition of the dimensions is given in ref.

[ xi ]. The validity of CANDAT results, according to the description in [iv], is limited to children up to 10 years of age; beyond that limit the accuracy of the CANDAT results decreases and differences between sexes becomes apparent.

The dummy dimensions should not deviate by more than five percent from the target dimensions indicated as priority 1 in Table 1. Other dimensions should be used as guideline indications.

Means of Compliance

A Computer Aided Design "Stickman" layout shall be made to establish anatomical landmarks and joints. With the "Stickman the compatibility of the data can be checked and adjusted if necessary.

In case target dimensions are in conflict with each other a deliberated choice that gives priority to the dimensions important for CRS and belt interaction will be documented as justification. This "Stickman" will be used as overlay reference in the design. Care must be observed as to the definition of these interfaces to avoid any problems when fleshing the dummy to ensure anthropometric requirements are met.

Internal Dimensional Requirements

With regards to internal dimensions there are a number of body regions that need detailed definition to establish design boundaries. The main points are listed below. It is essential to define human like bone interaction and load paths for CRS elements like harness straps and shields as well as intruding parts during impacts.

Means of Compliance

The internal dimensions are to be established from averaged human body 3D bone scans, if available, and other geometry definition sources that are available in literature. Data from scans and other geometrical definitions, if available, will be put into CAD format and used as a base template to ensure suitable dummy pelvis geometry. For the pelvis reference [ xii ] defines the 3D position of 31 landmarks (left and right hand) in the pelvis and lumbar area. This paper may provide enough data to define sufficient representative internal pelvis geometry. 

Introduction

Because of the different nature of responses under frontal and side loading the biofidelity performance targets are provided for each of these directions separately. This section starts with the frontal impact performance targets for relevant body parts followed by the side impact performance targets.

Frontal Impact

In line with the other members of the Q-family the frontal impact biofidelity will be based on scaling adult performance targets with geometrical and material property scaling factors. The geometry scaling is based on CANDAT (Child ANthropometry DATabase) dimensions. In consistency with this methodology Q10 and Q12 data is derived with help of the corresponding Q10 and Q12 dimensions given in Table 1.

Note:

In EPOCh Task 1.3 "Specification of Injury Criteria" new, more advanced scaling methods may be used for the injury criteria development. This may result in a different view on biofidelity scaling. If this is the case both methods will be compared. Based on this comparison, actions will be defined by the EPOCh consortium.

Frontal Head Biofidelity Target

The head impact biofidelity corridor is scaled from that applicable for an adult dummy based on the Q10 and Q12 dimensions p66 (head length), p67 (head breadth) and p69 (menton to vertex) and the bone elastic modulus estimate ref.

[ xiii ].

Performance Target

The head impact performance targets for Q10 and Q12, in a test with a drop height of 130 mm on a flat rigid face are defined in Table 3.

Means of Compliance

The Q10 and Q12 target performance limits for the head in frontal impact are very close to those applicable for adults. The performance tuning will be done through skin thickness or material mix variation. 

Frontal Neck Biofidelity Target

In accordance with the Q series methodology [iii], the neck flexion biofidelity corridor is scaled from that applicable for an adult dummy based on the Q10 and Q12 dimensions p74 (neck width), p91 (neck depth) and the tendon modulus. The value for p91 for Q6 is re-engineered based on the TNO neck biofidelity corridor data.

Performance Target

The neck performance targets for Q10 and Q12, in a neck flexion test are defined in Table 4 andFigure 1.

Means of Compliance

The compliance with this requirement must be seen in the light of the compliance shown by the other Q dummies as reported in ref. [iii]. The Q6s neck may well show the best compliance. A deliberated choice should be made between the Q3s and Q6s neck design with the best possible biofidelity performance [ xiv ] or use a current Q dummies neck design that fits in the Q dummies evaluated in Europe. In the later case the neck of the Q6 dummies may be compliant enough. 

Frontal Thorax Biofidelity Targets

In accordance with the Q series methodology [iii], the frontal impact thorax biofidelity corridors are scaled from those applicable for an adult dummy based on the Q10 and Q12 dimensions p5 (shoulder height sitting), p13 (torso width at axilla), p14 (torso depth at axilla), p15 (circumference at axilla) and Eb (Young's modules rib (compact bone)). Dimension p14 and the young's modulus for the rib bone for Q6, Q10 and Q12 are not given in Table 1, the value for Q6 is obtained from the TNO biofidelity corridor scaling assessment and the Q10 and Q12 values are extrapolated from Q3 and Q6 values.

Performance Target

The thorax performance targets for Q10 and Q12, in a full body pendulum impactor tests at 4.27 and 6.71 m/s are defined in Table 4, Figure 2 and Figure 3. Note that the impactor masses for Q10 and Q12 are different.

Means of Compliance

The compliance with these requirements must be seen in the light of the compliance shown by the other Q dummies as reported in ref. [iii]. CAE simulations are recommended to evaluate design options.
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Frontal Lumbar Spine biofidelity target

For Q6 lumbar spine a response target in forward bending is defined in ref.

[ xv ].

Performance Target

The target specified in [xv] is scaled from the Hybrid III and the referenced report provides detailed information about the original data, the test set-up, the instrumentation and the static lateral stiffness performance target. This target doesn't fit in the method used for Q3 as reported in [ xvi ]. The scaling method used is based on the geometrical data of the human neck, assuming that the spinal cord development during the growth of a child is consistent over its complete length. In Table 6 the scaling factors, as well as the performance targets, for frontal lumbar static bending stiffness are specified. For reference the Q6 and adult values are specified as well. The value specified here deviates from the value in ref.

[xv]: (62.1 Nm/rad). The value of 102.8 complies with scaling the methodology that is the basis of al the Q-dummy requirement (ref. [xvi]).

Means of Compliance

Because the same lumbar spine is used on Q1, Q1.5 and Q3 and the Q6 has a different one, it is anticipated that the Q6 spine can also be used on the Q10 or Q12. The relevance and the tolerance on the stiffness target are not yet established. In the design phase the targets will be further investigated to see whether the use of the Q6 spine on the Q10 or Q12 can be justified.

Frontal Abdominal biofidelity targets

The scaling methods used for the Q10/12 abdomen are based on those extensively reported in ref.

[xvi] that specifies the Q3 response targets.

Performance Target

One of the performance targets specified in ref.

[xv] and [xvi] is considered below. These reports provide detailed information about the original data, the test set-up, the instrumentation and the performance targets. The belt force versus penetration performance target corridors of Q10 and Q12 in pendulum tests are given in Table 7 andFigure 4. For reference the values for Q6 and Adults are given. The test according to [START_REF] Rouhana | Assessing Submarining and Abdominal Injury Risk in the Hybrid III Family of Dummies[END_REF] [ xvii ] penetrates a seat belt with a width of 30 to 35 mm into the abdomen at the L4 vertebrae with speed of 1.0 m/s up to a deflection of about 50% of the torso depth at waist.

Means of Compliance

This requirement issue is anticipated to be not critical for the design because the force deflection ratio below 70 mm penetration level is approximately the same for Q6 to Q12 dummy sizes. The increase of the stiffness occurs at a smaller penetration, this seems obvious because of the bottoming out effect of the belt when the penetration becomes larger than half the torso depth. Extrapolation of the current design is not anticipated to give any problem. 

Side Impact

Introduction

The Q10 or Q12 development in EPOCh should result in a dummy that fits in Q-dummy family as known in Europe. The Q-family members are developed as omni-directional dummies. However, as it appears to be difficult to comply with both requirements the focus and the first priority is put on the frontal performance. Therefore the dummies are tuned to show optimal performance in frontal impact. So the requirements defined in this paragraph are of secondary importance, where possible the requirements will be taken onboard and in line with the other Q-series dummies.

Since 2004 side impact version of the Q dummies (Q3s and Q6s) are under development at FTSS in North America working with NHTSA, OSRP and Transport Canada. The Qs dummy is outside the scope of EPOCh, however on the design level, concepts used in the Q3s and Q6s to comply with the side impact performance targets will be facilitated where possible.

The side impact biofidelity of the Q dummies is based on scaling adult performance targets with geometrical and material property scaling factors. The geometry scaling is based on CANDAT (Child Anthropometry DATabase) dimensions as given. To remain consistent with this methodology Q10 and Q12 data is derived with help of the corresponding Q10 and Q12 dimensions given in Table 1.

For the development of the Q3s and Q6s in America the ISO/TR 9790 biofidelity data [ xviii ] is used to define the target values -this approach differs from the EEVC based European Q-series biofidelity targets. For interest only, the requirements for both the European and ISO approach are reported below. The European requirements are derived in line with the requirements definition for the other Q dummy family members.

Side Impact Head Biofidelity Target

In Europe the head biofidelity is based on brain injury, with skull fracture explicitly excluded whereas in America the requirements include skull fracture data points. For interest, both requirements are given in this paragraph.

Performance Targets

Q-series methodology based values

The head impact biofidelity corridor is scaled from that applicable for an adult dummy based on the Q10 and Q12 dimensions p66 (head length), p67 (head breadth) and p69 (menton to vertex) and the bone elastic modulus estimate ref. [xiii]. The primary head impact performance targets for Q10 and Q12, in a test with a drop height of 130 mm on a flat rigid face according to the European Q-series methodology are defined in Table 8. The values in this table are base on data sets that exclude skull fracture.

ISO/TR9790 based values (for interest)

The ISO/TR9790 based values obtained from ref.

[ xix ] Table A1 applicable for tests with a drop height of 200 mm on a flat rigid face and with a drop height of 1200 mm on a padded surface are given in Table 9 andTable 10. The values in these tables are base on data sets that include skull fracture. The ISO 200 mm drop height performance targets in Table 9 should be considered as of secondary importance. With regards to ISO 1200 mm drop height performance targets are given for reference only because the specification of the padding used in the test is not clear.

Comparison of both corridors

In Appendix A the comparison of both corridors is discussed and conclusions are drawn.

Means of Compliance

The Q10 and Q12 target performance limits for the head in side impact are very close to those applicable for adults. It is recommended to follow the European Q-series methodology. 

Side Impact Neck Biofidelity targets

The neck flexion biofidelity corridor is scaled from that applicable for an adult dummy based on the Q10 and Q12 dimensions p74 (neck width), p91 (neck depth) and the tendon modulus. The value for p91 for Q6 is re-engineered based on the TNO neck biofidelity corridor data. Furthermore the ISO/TR9790 lateral impact neck performance corridor is given.

Performance Targets

Q-series methodology based values

The neck flexion target performance corridors of Q10 and Q12 according the Q-series methodology are given in Table 11 andFigure 5.

ISO/TR9790 based values (for interest)

The ISO/TR9790 ref.

[xix] neck lateral impact scaling factors and biomechanical performance targets specifies in tables 8 and B1 are given in Table 12 and Figure 6.

Comparison of both corridors

In Appendix A the comparison of both corridors is discussed and conclusions are drawn.

Means of Compliance

It is recommended to follow the European Q-series methodology. 

Side Impact Thorax Biofidelity Targets

The frontal impact thorax biofidelity corridors are scaled from those applicable for an adult dummy based on the Q10 and Q12 dimensions p5 (shoulder height sitting), p13 (torso width at axilla), p14 (torso depth at axilla), p15 (circumference at axilla) and Eb (Young's modules rib (compact bone)). Dimension p14 and the young's modulus for the rib bone for Q6 Q10 and Q12 are not 

Performance Target

Q-series methodology based values

The thorax side impact performance targets for Q10 and Q12, in a full body pendulum impactor tests at 4.27 and 6.71 m/s are defined in Table 13, Figure 7 andFigure 8. Note that the impactor masses for Q10 and Q12 are different.

ISO/TR9790 based values

With regards to the thorax biofidelity based on ISO/TR9790 ref.

[xix] specifies corridors for several test conditions. The test conditions are listed below. In order to get a first indication of the Q12 ISO requirements the 5%ile small female data is taken, it should however be noted that the thorax dimensions and bone property of the small female deviates from those of the Q12.

1. Full body thorax pendulum impact at 4.3 m/s, ref.

[xix] Table A6 Pendulum force versus time corridor (see Table 14 andFigure 9) T1 Acc versus time corridor (see Table 14) The pendulum force requirement can be compared with the corresponding Q-series methodology target (see Figure 7). However, although the test configurations are similar for both requirements, the impactor masses are different: for Q-series methodology 8.7 kg and for ISO 6.9 kg.

2. Full body thorax pendulum impact at high speed 6.0 to 6.7 m/s, ref.

[xix] Table A7 Pendulum force versus time corridor (see Table 14 and Figure 10). This requirement can be compared with the Q-series target (see Figure 8). However, although the test configurations are similar for both requirements, the impactor masses are different: for Q-series methodology 8.7 kg and for ISO 6.9 kg.

3. Full body thorax drop from 1.0 meter height on a rigid surface, ref. [xix] 

Comparison of both corridors

In Appendix A the comparison of both corridors is discussed and conclusions are drawn.

Means of Compliance

It is recommended to follow the European Q-series methodology. The compliance with these requirements must be seen in the light of the compliance shown by the other Q dummies as reported in ref. [iii]. CAE simulations are recommended to evaluate design options. 

Side Impact Lumbar Spine biofidelity target

For Q6 lumbar spine a response target in forward bending is defined in ref. [xv].

Performance Target

The target specified in [xv] is scaled from Hybrid III and the referenced report provides detailed information about the original data, the test set-up, the instrumentation and the static lateral stiffness performance target. This target doesn't fit in the method used for Q3 as reported in [xvi].

The scaling method used is based on the geometrical data of the neck, assuming that the spinal cord development through the growth of a child is consistent over its complete length. In 

Means of Compliance

Because the same lumbar spine is used on Q1, Q1.5 and Q3 and the Q6 has a different one it is anticipated that the Q6 spine can also be used on Q10 or Q12. The lumbar spines of the current Qdummies have the same stiffness for frontal and lateral bending. This is in line with what is done in the Hybrid III dummies. The relevance and the tolerance on the stiffness target are not yet established. In the design phase the targets will be further investigated to see whether the use of the Q6 spine on the Q10 or Q12 can be justified.

Side Impact Abdominal Biofidelity Requirements

For Q6 abdomen response targets for lateral impact are defined in ref. [xv]. The scaling methods used are extensively reported ref.

[xvi] that specifies the Q3 response targets. These reports provide detailed information about the original data, the test set-up, the instrumentation and the performance targets. In reference [xix] also several side impact biofidelity requirements are specified. In the design phase the targets will be further investigated to see whether the use of the Q6 spine on the Q10 or Q12 can be justified.

Performance Target

NOT FURTHER SPECIFIED see [xv], [xvi] and [xix]

This performance target is anticipated to be not critical for the design. Extrapolation of the current design is not anticipated to give any problem.

Side Impact Pelvis Biofidelity Requirements

For Q6 pelvis response targets for lateral impact are defined in ref. [xv]. The report provides detailed information about the original data, the test set-up, the instrumentation and the performance targets. In reference [xix] also several side impact biofidelity requirements are specified. In the design phase the targets will be further investigated to see whether the use of the Q6 spine on the Q10 or Q12 can be justified.

Performance Target

NOT FURTHER SPECIFIED see [xv] and [xix] This performance target is anticipated to be not critical for the design. Extrapolation of the current design is not anticipated to give any problem. 

Functional Requirements

The Q10 or Q12 dummy will be designed as omni-directional dummy with the focus on frontal impact in line with the current Q-series. However in the design of this dummy, the possible development of a special side impact version in a future initiative will be kept in mind. Side impact design features or provisions for those features will be considered where possible and practical.

Test environment requirements

The dummy will be applied in tests to replace the 10 or 12 years old child size restrained with adult belt system and seated on a booster system (for example an UNECE Regulation 44 age group III Child Restraint System (CRS)).

Requirement

The Q10 and or Q12 dummy shall be suitable for application in test environments as described in the following protocols: 

Means of Compliance

Based on the experience with Q6 and Q6s it is anticipated that the Q10 or Q12 dummy areas that are challenging will be: 

Frontal Impact Severity Requirements

With regards to impact severity the design limits of the dummy cannot be specified in terms of sled or car deceleration pulse severity alone because in combination with a bad CRS it may result in load levels far beyond the human body tolerance. Therefore it is more appropriate to specify the design load requirements in terms of human body tolerance levels. 

Requirement

The Q10 or Q12 dummy shall be capable to be applied in tests that do not exceed 150 to 200% of the IARVs as specified in Table 16.

Assuming that the scaling is appropriate for prediction of the load levels the larger dummy it is anticipated that this requirement will make the Q10 or Q12 dummy robust enough for application in all current UNECE R44 homologated CRSs in frontal impact testing according to the NPACS protocol. In Europe no full scale car tests without appropriate CRSs or out of position tests are required.

Means of Compliance

It is anticipated that beyond the 150 to 200% IARV level the dummy may show permanent deformation and or failure. To prevent extensive overload on dummy parts, end stops may be built in where possible.

The use of advanced plastics and metal bones should be considered in arms and legs for durability.

An appropriate test matrix to demonstrate the robustness of the dummy will be developed and executed under EPOCh work package 3. 
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Side Impact Severity Requirements

So far there are no side impact protocols specified in European regulations. In consumer test protocols for CRSs the current Q-series is required. These protocols focus on the evaluation of head containment and load management to the head. So far these tests do not show problems for the current Q-dummies to cope with the test severity. It is anticipated that the Q10 or Q12 designed in line with the current Q-dummies will be robust enough to assess UNECE R44 homologated CRSs in side impact with pulse and intrusion severities as specified in the NPACS and ISO protocols.

Requirement

The Q10 or Q12 shall be suitable for side impact test according to NPACS and ISO protocols, in line with the current Q-series. In Europe no full scale car tests without appropriate CRSs or out of position tests are required.

Means of Compliance

Lessons learned during the development of Q3s and Q6s will be taken onboard in design option trade off studies.

Durability Requirements

Users do not expect parts to fail during standard test procedures, test time and money is lost, possible delays obtaining new parts, bad feelings with customer loss of sales and loss in confidence. Durability should be the number one priority.

Requirement

Generally Parts should stay certified for up to 30 tests at the 100% level before re-calibration. There should be no permanent deformation, dislocation or failure of any parts within the above thresholds.

External damage from impacting rigid structures like tears and surface marking would be difficult to avoid but consideration should be provided to minimise this damage.

At the limits of ROM buffered stops should be utilised to prevent parts being highly stressed.

Means of Compliance

The durability will be taken care of during the development through good design, engineering judgement, selection of materials and CAE simulations. It will be evaluated through testing.

Repeatability and Reproducibility Requirements

For the dummy to be useable as a test tool specific targets must be maintained for acceptance

Requirement

On injury assessment parameters during calibration tests the coefficient of variation (CV) for repeatability should not exceed 7% for reproducibility the CV should not exceed 10%

The sensors are expected to operate within a CV of 1% during certification tests.

There should be consistent interaction with the restraint system or CRS e.g. no grooves to trap belt.

e.g. pelvis, shoulder belt routing.

Means of Compliance

Material selection, design, controlled manufacturing processes, component certification. A trade off study between sitting and standing pelvis will be performed.
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Instrumentation Requirements

The selection of sensors may be clear cut with regard to well established and reliable products, however, new developments can be considered if suitable. In Table 17 a list of all the sensor channels that shall be incorporated in the Q10 or Q12 design is given. Sensors that are indicated with "Side impact only"

The sensors for shoulder displacement, T1 acceleration, shoulder loads, pubic load and to some extent also the femur loads are dedicated to side impact. These sensors are developed for Q3s and or Q6s in cooperation with NHTSA and Transport Canada. The full integration of these sensors is beyond the scope of EPOCh. However, where possible and practical the provisions for those sensors will be implemented. The feasibility of implementation of special side impact features or provision for it shall be studied in the design concept phase a trade-off study will be made to justify design decisions.

Channel priority

The priority of these channels is not yet ranked.

Capacity indication

Indications for the required capacity magnitudes can be found in paragraph 4.3.2: The minimal level of capacity is 150 to 200% of the Injury Assessment Reference Value level.

Data Acquisition systems

Space allocation and provisions for on board a data acquisition system (in dummy DAS) will be considered in the design. (The actual implementation in the design depends on the DAS-system selected by the customer. The design with different DAS will meet the standard dummy mass and centre of gravity specifications. The prototype dummies delivered in EPOCh will not be equipped with an in dummy DAS.

Structural replacements

Structural replacements for sensors with equivalent mass and size shall be designed to restore the configuration of the dummy in case of operation without the sensor installed.

Means of Compliance

For the implementation of these sensor channels in the design, state of the art transducers can be applied.

Methods to Show compliance

The means of compliance is indicated in the performance targets and requirement definition paragraphs in section 4. 

Comparison of CANDAT targets with existing dummies

Part of the consideration about dummy size was to investigate whether any existing dummies were appropriate for representing older children in child restraints. In Table 18 

CANDAT 10.5 yo targets versus Hybrid III-10YO dimensions

The 10.5 year old targets can be compared with the actual dimensions and masses of the Hybrid III 10 year old dummy. Below the major deviations of actual dimensions of the Hybrid III 10YO with respect to the CANDAT targets are listed (a negative value means that the Hybrid III 10YO dummy is smaller than the Q10.5): 

Dimension Description Deviation

Conclusion

The Hybrid III-10 year old is slightly shorter than the target specified for 50 percentile of 10.5 year old children. The dummy circumferential dimensions are in compliance or larger which means that the Hybrid III-10 dummy is more relatively fat. This is confirmed by the mass properties that show that the torso contains considerable more mass and overall the dummy although smaller in stature (-4.2 %) and shoulder height (-10.4 %) is comparable in mass (-0.8 %). The mass distribution over upper and lower torso has a high deviation. This may well be a matter of definition of the location of the split line. Therefore it is ignored in the overall comparison. It is recommended to design the new dummy that should represent older children with a distribution over upper and lower torso in line with Q3 and Q6 properties.

The Q10 dummy that was designed along the same lines as the other Q dummy family members would be able to make use of all the research results obtained in the previous 13 years with the Q dummies. The Hybrid III 10YO may be maintained as a dummy robust enough to be applied in out of position (OOP) testing. Experience with Q3 and Q6 has shown the OOP testing with Q dummies can result in failures and it is anticipated that this could be applicable for the Q10 or Q12 dummy as well.

CANDAT 11.62 yo targets versus Hybrid III Small Female dimensions

The 11.62 year old targets can be compared with the actual dimensions of the Hybrid III small female dummy. Below the major deviations of the Hybrid III small female with respect to the CANDAT targets for 11.62 year old are listed (a negative value means that the Hybrid III 5 th percentile female dummy is smaller than the Q11.62): The Coefficient of Variation taken over the 4 deviations mentioned is 24.2 %. The mass distribution of the SIDIIs dummy (44.1 kg) and the WorldSID 5th dummy (45.9 kg) are different and more difficult to compare. Taking into account that these dummies have no lower arms, the total body mass of these dummies confirms the trend that the small females are significantly different from the CANDAT 12 year old anthropometry.

Dimension

Conclusion

The Hybrid III 5%ile (small female) is with regards to stature, seating height and shoulder height comparable in size with 50 percentile 12 year old children. However in some details the deviations are significant. The dimensions and masses of the torso deviate the most: circumferential dimensions round about +25 % and the hip breadth over +9%. This is confirmed by the mass distribution. The total mass of the Hybrid III Small Female is 23 % higher and the torso mass even 51 %. The mass distribution over upper and lower torso seems to deviate very much. This may well be a matter of definition of the location of the split line. Therefore it is ignored in the overall comparison. It is recommended to design the new dummy that should represent older children with a distribution over upper and lower torso in line with Q3 and Q6 properties. The higher mass of a small female that is mainly due to higher torso mass indicates that the torso of the 12 year old child is far from maturity. Based on this indication it can be assumed that the shape of pelvis bone structure of 12 year old children will considerably differ from that of small females. All in all it is concluded that a 12 year old child and small females are not comparable with regards to anthropometry and as such may be significantly different in the way they interact with a restraint system.

Anthropometry development for children from 10 and 12 year old

It is not known yet if there are, besides the difference in dimensions and mass properties, significant differences in maturity between 10 and 12 year old children. In-depth data on this subject may give some insight in the development of children with regards to vulnerability on the other hand accident statistics may be helpful to select the most injured size. This is particularly important with regards to submarining performance. The question is: which child is more prone to submarining, the 10 year old ones with less mature pelvis bones or the 12 year old ones with more pelvis and leg mass?

Remark: If a 11.6 year old child submarines less easily than a 10.5 year old child (because of changes in pelvis geometry), a Q11.6 with scaled 10.5 year old pelvis geometry would be a conservative test tool (it would be a slightly more strict test than required for a 11.6 year old child).

Regulatory aspects and classification

European regulations

Current UNECE Regulation 44 on CRS testing

In the current Child Restraint System (CRS) testing regulations (UNECE Regulation 44) the dummy that represents the oldest children is the P10 dummy. This dummy has approximately the anthropometry of a 10 year old child, specified among others with mass 32.0 kg, stature 1376 mm. If the CANDAT data for 6 and 10.5 year old is interpolated for 10 year old the mass and stature indications for 10 year old become 33.9 kg and 1413 mm. This means that CANDAT specifies for 10 year old a dummy heavier and larger than the P10 dummy. Based on the UNECE R44 classification the upper limit for CRS use is 36 kg. Therefore the Q10 dummy anthropometry is based on the properties of 10.5 year old children (see paragraph 

Q10 as compromise between a stature of 1500 and 1350 mm

If the variation in local legislation remains in Europe so that statures from 1500 mm down to 1350 mm are allowed as maximum limit to use CRS, the Q10 (10.5 yo) may be a reasonable compromise. On the other hand, very few countries have adopted the lower height limit and manufacturers will develop one product that they will sell across all European countries. In the 

American view on largest child dummy

In Appendix B the American point of view as expressed by NHTSA (Matthew Craig) in answers on a short questionnaire is given.

Provisional conclusion on regulatory harmonisation

Based on the considerations on regulatory aspects as given above it can be concluded that with regards to dummy size, harmonisation between Europe and America remains open when 10.5 year old anthropometry is selected for the new dummy. In case the new dummy will be base on 11.6 year old anthropometry, harmonisation will be more difficult if not impossible. If enforcement of the Directive 2003-20-EC is only possible through the development of a 1500 mm stature dummy harmonisation between Europe and the rest of the world must be considered as a secondary issue.

Practical constraints due to limited space in cars

The current fleet of cars offer some times limited seating height at the rear seat. Several car design considerations (such as aerodynamics) can be the reason for this limited seating height. The 10.5 year old has a sitting height of 748 mm. Together with a booster cushion thickness of 80 to 100 mm the height on the bench will reach 828 to 848 mm high. This can be compared with the sitting height of a 50%ile Hybrid III dummy being 884 mm. For 11.6 year old geometry the dummy plus booster (773 mm + 80 to 100 mm = 853 to 873 mm) is almost as large as the 50%ile sitting height. The 10.5 year old geometry gives a better chance that the dummy together with an appropriate CRS can be used in small cars whereas a larger dummy will be limited in its application. However, there will be a problem in the real world where children will not be able to use the rear seats with a child restraint if the vehicles do not change. Both the 10.5 and 11.6 years old geometry are conflicting with the current UNECE R44 requirement for maximum upward head trajectory limit of 840 mm above the seat-seat back intersection point (CR point). This R44 requirement has been updated recently previously it was 800 mm. If it was necessary to relax this requirement for test with the P10 (sitting height 725 mm), a dummy with a larger geometry would Document downloaded from www.eevc.org need even higher trajectory limits. It is not know how the current 840 mm trajectory limit relates to the available space in modern cars; however it can be assumed that higher boundaries (up to 900 or 950 mm) will not reflect the space available in a vehicle. A solution to this issue would be to use a smaller dummy (10.5) and reduce the vertical excursion allowance in R44, to reflect this. In addition, a classification could be introduced for vehicles that will identify to parents when a vehicle can and cannot accommodate a child under 1500 mm on a booster system.

Optimal representation of the group of largest children

It is not known how important it is to test with the largest size or with a dummy that is close to the largest possible child in the CRS. May be accident statistics can give a justification of which child size at the high end of CRS application is the most vulnerable. If a dummy of a certain size represent a group of children scattered around that its geometry properties, than an 11.62 yo 50%ile dummy (stature 1500mm, Shoulder height 493 mm, mass 40 kg) represents also children larger than 1500 mm that should not use the CRS any more. A slightly smaller dummy than the maximum size may represent the group of large children much better than a dummy fully tuned to the maximum size.

In Figure 11 it is illustrated how Q10 (10.5 yo) and Q12 can represent the large children that make use of a CRS under Directive 2003-20-EC (with a stature up to 1500 mm). The shaded are indicates the group of CRS user that the Q10 and the Q12 will represent.

In Figure 12 the body mass versus stature for CANDAT as well that for the current Q-dummies (Q0, Q1, Q1.5, Q3 and Q6) and Hybrid III dummies (HIII-3yo, 6yo, 10yo, 5%ile and 50%ile) are given. Additionally the CANDAT envelops for 5 and 95 percentile are indicated with yellow windows for 1, 1.5, 3, 6, 10.5 and 11.6 year old. This picture provides and overview of position of the dummy sizes in the grow curve. 

Discussion in GRSP Informal Group on CRS testing

In Appendix C the discussion on the dummy size selection in the meeting of the GRSP informal Group in CRS testing is summarised.

Size selection recommendation, feedback and final decision

Main options

The two main options that are possible are:

• The dummy size represents an average of the largest children that use CRSs In this option the complete dummy will be designed against 50 percentile target for 11.1 year old children. (If this option is selected new anthropometry and biofidelity targets should be defined)

• Definition of all moulded parts (head, thorax, abdomen, pelvis, arms and legs) against 11.1 year old targets and make the shoulder height and torso mass adaptable to comply those for 10.5 and 11.62 year old targets.

From this approach two dummy configurations will appear that show small differences:

The variations possible through adaptors will be: The disadvantage of this option is that the differences of these two variants of the dummy are not easily recognisable. This makes the configuration control complex and may be a cause of errors in the application of the dummy.

EPOCh team discussion and recommendation and final conclusion

To come to a deliberated recommendation the current UNECE Regulation 44 P10 dummy as well as the Q10 and Q12 are compared with regards to several key aspects in Table 20. In Table 21 the PRO's and CON's of the Q10 and Q12 as far as generated in the EPOCh project team are listed.

After intensive discussion the EPOCh team decide to recommend the selection of Q12 (stature 1500 mm) for the dummy to be developed. The main argument for this recommendation is that Directive 2003-20-EC requires children up to a stature of 1500 mm to use a CRS. The Q12 dummy with 50%ile anthropometry of children with a stature of 1500 mm will represent the user of the ultimate height, with a 50%ile mass for the crash safety tests which would allow the Regulation for child seat type approval to be updated to be in line with the seat belt wearing Directive.

The recommendation to proceed with the design of a Q12 dummy was presented in the stakeholder forum meeting organised by the EPOCh team, presented to the informal GRSP group working on the new regulation and in subsequent contact that the EPOCh team members had with other stakeholders. 

Children on coaches

Children transport is considered up to 16 years old. Therefore a 12 yo dummy will allow a better design of CRS for coaches and buses.

Directive 2003-20-EC, the current seatbelt wearing law, required CRS use up to 1500 mm stature. Countries are allowed to go down to 1350 mm.

The majority of countries in Europe adopted the 1500 mm rule others deviate from it down to 1350 mm. The Q10 has average geometry between both practices.

The Q10 representing an average 10.5 yo child can be considered to represent a wide group of large children, the 95%ile 10.5 yo child has a stature of 1555 mm.

The Q12 dummy would allow CRS to be tested with the ultimate user size.

Submarining research

Submarining research will be performed regarding to appropriate anthropometrical dummy requirements. 

Statistical most injured size

Feedback from stakeholders

A summary of the main opinions expressed in the stakeholder feedback are as follows:

In the stakeholders forum meeting on June 10, 2009 in Paris the following three stakeholder representatives participated:

1. Francoise Cassan representing the CASPER project (project coordinator)

2. Pierre Castaing representing GRSP Informal Group on CRS testing (chairman) and EuroNCAP (board member)

3. Luis Martinez representing EEVC WG12 (member) and WG18 (chairman)

All three participants expressed their preference for the development of the Q10 dummy because it is common practice that an average size of a certain user group is used in crash testing. The Q10 can represent a large group of users smaller and larger than. The Q12 on the other hand can only represent user up to 1500 mm stature. Beyond the limit children will not use a CRS anymore.

In the meeting the pictures shown in Figure 11 were presented to illustrate the child group representation.

After the stakeholder forum meeting the EPOCh team has approached a wider group of stakeholder representatives including policy makers to collect additional feedback. Finally the EPOCh recommendations were presented in the meeting of the GRSP Informal Group on CRS testing on July 02, 2009 in Brussels [ xxi ]. The 29 experts and policymakers that attended this meeting as well as the 88 people on the GRSP Informal Group mailing list were requested to respond through E-mail on their preference and the arguments behind it.

The people that responded were:

- All respondents expressed their preference for Q10 dummy. The following arguments are mentioned to support the selection of Q10:

1. Directive 2003/20/EC can be implemented by an age limit of 10 years and based on CANDAT data the statures can vary from 1310 to 1520 mm (in line with the 2003/20/EC limits between 1350 and 1500 mm) and the masses between 24.54 and 44.71 kg.

2. The 10 yo pelvis is more adapted to highlight problems of submarining than the 12 yo one.

3. For head trajectory limitation a reduced criterion value for Q10 can be defined to account for the larger dimensions of the ultimate stature of 1500 mm specified in Directive 2003-20-EC.

4. In crash testing the worst condition is never tested. Test procedure always specify "mid seat position" and other average user conditions.

5. The gap between the dummy for the older children and the Q6 should not be too large.

6. Field studies show that the use of CRS is highly decreasing after 8 years of age. So the development of a Q12 dummy will only have a limited effect on the global protection of children even if it allows the development of new CRS adapted up to 12 years of age.

7. There is already a tool existing with very close dimensional characteristics, the Hybrid III 5 th Female, (even if the mass repartition is slightly different) that could be used for an approach of the protection of 12 years old children.

8. The height that you could take for a 10 year old dummy is around 1450 mm which seems reasonable to ensure protection of a large part of children. 9. For children approaching the stature of 1350 mm it becomes difficult to persuade to still use their CRS this is difficult to neglect.

10. The rear seat safety performance optimized for small female can tested with a Q10 that represents the smallest sizes that would occupy it.

Final conclusion on size selection

Based on the feedback received from the stakeholders the EPOCh team has decided to proceed with the design of the Q10 dummy (Age 10. 

Conclusions

In this report dummy design requirements and targets for a prototype Q dummy representing adolescents were defined. A set of Anthropometry and Biomechanical targets as well as Functional and Instrumentation requirements was defined. Moreover methods to show compliance for the prototype dummy are indicated. To support a fare size selection process the requirements for both Q10 (10.5 yo anthropometry) and Q12 (11.6 yo anthropometry) are provided.

In addition to this relevant information on the dummy size selection is provided. This includes input from regulatory requirements from different EU countries as well as from other regions.

Initial recommendation for Q12

Based on this information the EPOCh consortium recommended the stakeholders to develop a Q12 dummy. This was based on the consideration that this dummy size, representing the ultimate child height and 50 th % mass that must currently use a CRS under Directive 2003-20-EC, provides the most up to date safety benefit.

Stakeholder feedback

During the stakeholders forum meeting on June 10, 2009 in Paris the preference for the Q10 was expressed. After the forum meeting the preference for Q10 was confirmed by all approached experts and policy makers. In paragraph 5.9.1 the stakeholder feedback including the underlying arguments are summarised. The main arguments are that a dummy with 10.5 year old anthropometry is the best average representative of group of older children the make use of CRSs, it will, together with the booster seat, fit into the rear of current vehicles and has been traditionally used in R44 and ties in with the 36 kg limit in the regulation.

Final decision to develop Q10

After consideration of all feedback and underlying arguments the EPOCh team has taken on board the feedback from the stakeholders and decided to proceed with the development of the Q10 dummy with 10.5 year old anthropometry 

Thorax lateral performance targets

From the comparison of the Q-series methodology and the ISO/TR9790 scaled values are given in Figure 14 and Figure 15 it is clear that the requirements are not compatible. The Hybrid III -10YO corridors are higher with regards impactor force and shorter with regards timing than those for Q10 and Q12. The impactor mass for Hybrid III -10YO is 6.9 kg whereas that for the Q 10 is 8.8 kg. This can not justify the full difference and it is not known where these differences come from. It is clear that the two sets of side impact requirements are different although there is an area of overlap. Parallel evaluation with respect to both corridors is possible however it is recommended to use the European methodology for side impact thorax performance evaluation, in line with evaluation performed for the rest of the Q-series see ref. 
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Executive summary

The Q10 dummy was extensively evaluated on biomechanical performance, sensitivity, repeatability and durability to impact loading in head drop, neck pendulum and full body wire pendulum tests. Moreover certification procedures were developed.

Anthropometry

The dummy drawing dimensions are in compliance with the requirements. Measurements on the actual should be taken to confirm the compliance of the hardware. The Mass of several parts has to be tuned in the final design. This is the case for the upper and lower arm as well as the pelvis and lower leg.

Biofidelity

For frontal loading conditions it can be stated that the dummy correlates well with biomechanical targets specified in the Q10 design brief. It is recommended to increase the impact stiffness of the head to perform close to the middle of the corridor. For the neck it is recommended to modify the mould such that its stiffness increase in flexion occurs earlier (now at 45 degrees where is should be at 30 to 35 degrees).

For lateral impacts the dummy shows a response which is initially too stiff and at later stages too soft relative to side impact biofidelity corridors. Identical trends are found though for shoulders, thorax and pelvis meaning that the load distribution over the dummy is such that none of the regions is overexposed in case of distributed side impact loading. It is recommended to reconsider the clearance between the hip joint hardware and the sacrum block to allow more freedom for the iliac wing to deform in side impact conditions.

Sensitivity

Sensitivity studies show obvious trends to variations in impact speeds, impact direction and alignments.

Repeatability

Repeated tests show generally small variations in response of less than 2.5%. Only the T1-acceleration in the lateral shoulder impact test and the pubic symphysis load in the lateral pelvis impact tests show larger variations: 3.2% and 4.6% respectively. All the coefficients of variation are with the required 5%. It is concluded that the Q10 dummy can be used as a repeatable tool.

Durability

The durability of the dummy meets requirements as specified. Separate reports describe the durability shown in sled tests according to UNECE R44 and NPACS in detail.

Certification

The certification procedures described in this report should be followed to obtain compatible dummy performance data. It is recommended to perform these dummy certification tests with a regular interval on each dummy. After collection of this test data from several dummies the certification corridors will be established.
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Anthropometry

For the anthropometry validation the overall dimension as shown in Figure 1 are used. A comparison of the drawing dimensions with the requirements specified in the Q10 Design Brief (ref.

[iii] and [ iv ]) is given in Table 1. In Table 2 the actual mass distribution is compared with the requirements specified in the Q10 Design Brief (ref.

[iii]). 

Discussion and conclusion

From Table 1 and Table 2 it can be seen that dimensions and masses in general correlate well with design brief specifications that are based on the CANDAT database used for all Q-dummies ref. (ref. [iii]) and a publication of UMTRI (ref.

[iv]).

Dimensions

The deviation in Sitting and Standing Height is explained by the fact that these dimensions are measured in full erected posture while the dummy is assembled with the head-neck system 27 degrees tilted forward. To enable comparison with erected posture the dimensions measured via T1 are given, in which case good correlation for the sitting height is obtained. For the Standing Height, it should be noted that an extra deviation is introduced by the pin-joint knee. In the human body it is a synovial joint that produces series of involute midpoints and transverse axes. The leading dimensions for the optimum knee joint location were K, L, M and N (ref. [iii]). In addition to the sitting and standing height the chest circumferences show deviations. Actual dimensions are smaller than specified values because the soft muscle tissue at nipple and axilla level is not represented in the dummy. Also the ribcage is made as a single curved conic part to prevent complex secondary bending stresses that would occur in a double curved rib cage. This geometry assumption restricts the possibilities to comply with all chest dimensions.

Mass distribution

The mass of the prototype dummies reviled to be too small, especially for the upper and lower arms and the pelvis. With an addition of some ballast items to the upper arms: 40 gram each, lower arms 70 gram each and the sacrum block 970 gram the dummy mass was increased towards an acceptable level. The dummy design will be reconsidered to incorporate the additional mass in the regular dummy parts. 

Biofidelity

In this chapter the Q10 dummy biofidelity performance information for frontal and lateral impacts is presented per body region top down from head to pelvis.

Head

For the head biofidelity two criteria for head drops on a rigid plate can be evaluated (ref.

[iii]): 

Discussion and conclusion

It can be concluded that the head meets the frontal (130 mm) and lateral (130 mm) low in the EEVC corridors. This is in accordance with the results in ref. [ii]. In general the head stiffness will increase when the product ages. Therefore it is recommended to slightly increase the stiffness of the head such that its performance is at the lower side close to the middle corridor.

Neck

For the neck biofidelity requirements in flexion, extension and lateral flexion are evaluated below. The tests were done with a Part 572 neck pendulum and a Q-dummy head form setup as shown in Figure 4. 

Flexion

In Figure 5 the neck flexion bending performance in a Part 572 neck pendulum test is given in comparison with the flexion biofidelity corridor (ref.

[iii]). The flexion response is in the lower range of the corridor and the stiffness increase that should occur about 30 to 35 degrees of head rotation is slightly late; actually it occurs around 45 degrees head rotation. The magnitude of the stiffness raise is correct. An improved performance could be obtained by increasing the rubber stiffness but that would affect the fracture toughness and therefore the durability of the part. Another possibility is to change the neck mould, but this may affect the response in other directions. The performance is considered to be adequate for the evaluation phase in the EPOCh project. A mould change will be considered later base on final EPOCh recommendations.

Extension

In Figure 6 the neck extension bending performance in a Part 572 neck pendulum test is given in comparison with the extension biofidelity corridor (ref.

[iii]).

It can be concluded that the extension performance fits the corridor very well. No further adjustments are necessary and there is some room to allow changes as a result of the recommended mould change to improve flexion performance.

Lateral flexion

Figure 7 shows the neck lateral flexion bending performance in a Part 572 neck pendulum test in comparison with the lateral flexion biofidelity corridor (ref.

[iii]). The Q10 development in the EPOCh project so far did not consider side impact performance tuning. It can be concluded that up to 45 degrees of head lateral flexion the performance is in the right order of magnitude. 

Shoulder lateral impact

For the shoulder a lateral impact there was no requirement defined in the EPOCh project.

The shoulder full body biofidelity test is done at a speed of 4.5 m/s with a full body pendulum (mass = 8.74 kg, diameter = 112 mm, six wire suspended). In Figure 8 the test setup in shown.

Figure 9 shows the pendulum force versus time in comparison with and scaled biofidelity corridor. The corridor of Figure 9 is based on scaling factors estimated by interpolation, using the shoulder impact corridor specified in the Q6 design brief and the corridor for adults.

- 

Discussion and conclusion

It can be observed that the initial response of the shoulder overestimates the stiffness whereas the response at later times gives lower stiffness. In relation to this result it should be remarked that:

The Q10 is an omni-directional dummy and performance tuning in either direction will affect the performance in the other direction. In the EPOCh project an optimal balance was sought for the Q10 performance in both directions with the focus on frontal impact.

As will be shown below similar trends with regards to lateral impact performance are observed for thorax and pelvis region. Hence the stiffness distribution in lateral impact is balanced between these body regions avoiding dominance of a single body segment in absorbing loads.

Thorax

Frontal impact

For the frontal biofidelity two pendulum test impact speeds are specified: 4.31 and 6.71 m/s. In Figure 11 and Figure 12 the pendulum test results for these two impact speeds are shown in terms of pendulum force versus average rib displacement in impact direction. The results are compared with the scaled biofidelity corridors (ref.

[iii]). Three slightly different dummy postures are explored:  Thoracic spine tilted forward about 12 degrees so that the sternum is parallel to the pendulum impactor face with upper arms down along the thorax and the hand adjacent to the thighs (not shown in Figure 10). 

Discussion and conclusion

From Figure 11 (impact 4.31 m/s) and Figure 12 (impact 6.71 m/s) it can be observed that the rib cage response in general meets the corridors reasonably well, especially for 6.71 m/s. For the lower impact speed at 4.31 m/s the response is somewhat above the corridor, this is in line with the performance of the other Q dummies that have been made stiffer to prevent early bottoming out of the rib cage to the thoracic spine. Q10, however, having more room for displacements in the chest, has in comparison to other members of the Q family a better compliance with the corridors (see ref. variable. This phenomenon is also observed in other dummies like the THOR currently under development in the THORAX project. However, there is no reason to deviate for the biofidelity test from the commonly used for Q-dummies thorax impact (certification) tests posture.

Lateral impact

For the lateral biofidelity two pendulum test impact speeds are specified: 4.31 and 6.71 m/s. In Figure 14 and Figure 15 the pendulum test results for these two impact speeds are shown in terms of pendulum force versus time. The results are compared with the biofidelity corridors as specified in the Q10 design brief (ref.

[iii]). 

Discussion and conclusion

As for the shoulder the initial response of the thorax overestimates the stiffness whereas the response at later times gives lower stiffness. This is true for both impact speeds.

Although performance tuning might be applied, this would affect the frontal performance and introduce an imbalance with the shoulder and pelvis (result shown below) under lateral loadings.

Lumbar Spine

The lumbar spine is made of a cylindrical rubber column therefore is the flexion and lateral flexion performance approximately the same. The tests were done with a Part 572 

Discussion and conclusion

The dynamically and statically measured stiffness' are significantly smaller than the scaled requirements (ref. [iii]) that is 137.1 Nm/rad for flexion and 142.8 Nm/rad for lateral flexion. The actual stiffness of a Q6 lumbar spine is about 50% of its scaled requirement (103 Nm/rad). During the performance tuning phase in October 2010 it was decided by the EPOCh consortium to set the target stiffness of the Q10 lumbar spine to 50% of the scaled requirements (68.6 Nm/rad for flexion and 71.4 Nm/rad for lateral flexion). The Lumbar spine tested in this test series complies with the requirement.

Pelvis lateral impact

The pelvis lateral full body biofidelity test should be done at a speed of 5.2 m/s. However in the test series there are tests available at 4.5 and 5.5 m/s. To estimate the response at 5.2 m/s the signals are linear interpolated. This is allowed because the pendulum force is found to be about linear with the impact speed in this interval (see Figure 43). In Figure 19 the lateral pelvis impact performance in terms of pendulum force versus time is shown in comparison with the scaled biofidelity corridor. The biofidelity corridor shown in Figure 19 is based on scaling factors estimated by interpolation using the pelvis impact corridor specified in the Q6 design brief and the corridor for adults. 

Discussion and conclusion

The pelvis response is in line with the lateral shoulder and thorax responses showing an initial response that overestimates the stiffness whereas the response at later times gives lower stiffness. Known side impact dummies like EuroSID-2 and WorldSID show a similar response character.

With regards to lateral impact it can be concluded that all three important body regions (shoulder thorax and pelvis) show initially an overestimated stiffness with a relative low stiffness at later times. This balances out the load distribution over the dummy torso in lateral impact. As a consequence none of these body regions will be overexposed to the load in the lateral pulse. 

Sensitivity

In this chapter the Q10 dummy sensitivity performance information for frontal and lateral impacts is presented per body region top down from head to pelvis.

Head

For the head the sensitivity for impact angle variation relative to the standard impact angles was investigated (see Figure 20). In two impact conditions the impact angle was varied ±10 degrees. In Figure 21 and Figure 22 the results are presented as the average measured peak resultant acceleration together with the maximum and minimum measured values. For the nominal impact direction five (5) tests were completed and for the ±10 degrees impacts three (3) tests were done. 

Discussion and conclusion

From Figure 21 and Figure 22 it can be seen that head is not sensitive for angle variation. The sensitivity found for ±10 degrees impacts is in the same order as the variation that can be expected for the impact tests in a single test conditions. This means that the head response is, as desired, not significantly sensitive for the small variations of the impact location.

Neck

For the neck no sensitivity assessment can be reported. 

Shoulder lateral impact

For the lateral shoulder impact the sensitivity for speed, impact alignment offset and impact angular offset variation was investigated considering the peak pendulum force and T1 peak acceleration (measured on lower neck interface plane level). Figure 23 shows the sensitivity for the impact speed. Figure 25 and Figure 27 give the sensitivity for the angular offsets ±10 degrees from pure lateral impact in the horizontal plane. In Figure 26 and Figure 28 show the sensitivity for the impact alignment offsets ±15 mm from the lateral impact aligned with the centre of shoulder joint in the horizontal plane.

Figure 23: Shoulder lateral impact results versus speed

Discussion and conclusion

As can be seen from Figure 23 both pendulum force and T1 lateral acceleration increase with impact speed as one might expect. Variations in impact angle (compared to pure lateral impact, see Figure 24 left) and location (compared to impacts at centerline, see Figure 24 right) both result in a decrease of the pendulum force (see Figure 25 and Figure 26). This can be contributed to the introduction of rotation in the dummy. It appears though that the T1 lateral accelerations are insensitive to variations in the impactor alignment (Figure 28) while showing a large sensitivity to impact angle (Figure 27). The latter can be explained by the fact that the shoulder rubber is loaded in flexible bending mode when impacted from the rear, whereas for forward angle impacts the shoulder rubber becomes loaded in a compression mode which stiffens the load path in the dummy. 

Thorax

Frontal impact

For the thorax frontal impact the sensitivity for impact speed and angular offset from the pure frontal impact was investigated. In Figure 29 the sensitivity of pendulum force and chest displacement (Dx) for impact speed is shown for impact speeds of 4.3, 5.5 and 6.7 m/s. For the angular offset sensitivity the pure frontal impact test results at 4.3 m/s are compared with the results of impacts at the same speed with an angular off-set of 10, 20 and 30 degrees to the left hand side (two tests for each offset direction). It is assumed that the sensitivity will be symmetrical for both sides. In Figure 31 the results for the pendulum force are shown. In Figure 32 the results for the chest deflection are given.

For the chest deflection the resultant displacement has been taken to allow for the combined X-(longitudinal) and Y-(lateral) displacement that can be calculated from the IR-TRACC and potentiometer signals. In Figure 33 the average 2-dimensional deflection trajectory of the sternum in X and Y direction is plotted for all four impact directions. 

Discussion and conclusion

In Figure 29 the pendulum force and chest deflection show sensitivity for the impact peed as expected. For the angular offset sensitivity the pendulum force increases slightly up to about 4% (Figure 31) whereas the resultant chest deflection decreases significantly up to about 15% (Figure 32). This may be contributed to the fact that the 2D-IRTRACC measures the displacement of the forward point of the chest which is not optimal in case of impacts with an angular offset. The X-Y displacement plots given in Figure 33 clearly show that the pure frontal impact results in a pure longitudinal chest deflection. However in case of impact with angular offsets the lateral displacement measured at the forward 2D-IRTRACC attachment points show an over proportional increase of the lateral chest deflection. For 20 and 30 degrees angular offset the 2D-IRTRACC records initially even a pure lateral chest deflection, later the deflection becomes an X-Y displacement. It is recommended to always assess the X-Y displacement to get the best possible indication of the chest deformation and to use the resultant deflection for injury assessment.

Lateral impact

For the thorax lateral impact the sensitivity for impact speed and angular offset from the pure lateral impact (see Figure 35) was investigated. In Figure 34 the sensitivity of pendulum force and chest displacement (Dy) for impact speed is shown for impact speeds of 4.3, 5.5 and 6.7 m/s. For the angular offset sensitivity the pure lateral impact tests at 4.3 and 6.7 m/s are compared with the results of impacts at the same speed with an angular off-set of 15 degrees rearward and 15 degrees forward from lateral (see Figure 35). Per offset direction two tests are performed. In Figure 36 and Figure 37 the results for the pendulum force are shown and in Figure 38 and Figure 39 the results for the chest deflection are given. For the chest deflection it should be noted that the lateral line on the rib cage will always deflect in lateral and forward direction. In the graphs Figure 38 and Figure 39 the displacement in lateral directions (Dy) has been used. In Figure 40 and Figure 41 the average 2-dimensional deflection trajectory of the lateral rib cage line in lateral (Y) and forward (X) direction are plotted for all three impact directions.

Discussion and conclusion

The pendulum force and chest deflection (Dy) in Figure 34 increase with impact speed as expected. For the angular offset sensitivity at 4.31 m/s the pendulum force increases about 10% relative to pure lateral in case of rearward angular offset while decreasing about 11% in case of forward angular offset (see Figure 36). At 6.71 m/s impact speed the pendulum force increases up to about 12% in case of rearward angular offset and decreases about 7% in case or forward angular (see Figure 37). The chest deflection in lateral direction (Dy) decreases significantly in case of rearward angular offset: 42% relative to pure lateral at 4.3 m/s impact speed (Figure 38) and 49% at 6.7 m/s impact speed (Figure 39). In case of forward angular offset the measured lateral chest deflection remains almost the same as in pure lateral impact. This means that the dummy behaves stiffer for rearward direction impacts, which is due to the attachment of the rib cage to the thoracic spine.

The X-Y displacement plots given in Figure 40 (4.31 m/s impacts) and Figure 41 (6.71 m/s impacts) clearly show that the pure lateral impact results in a combined lateral and forward deflection of the lateral 2D-IRTRACC to rib cage attachment points. This is a well known phenomenon in side impact dummies and resulted in the introduction of the 2-D IRTRAC's in the WorldSID dummies (for the small female WorldSID see ref.

[ vi ]). The pronounced 2-D response in case of lateral impact is induced by the fixation of the ribcage at the thoracic spine. For pure lateral and forward angular offset impacts the lateral inward deflection of the rib is obvious. For the rearward angular offset impacts, however, the rib cage deflects initially mainly forward. The 2D-IRTRACC lateral rib attachment points seem to rotate around the rib attachment to the thoracic spine. It is recommended to always assess the X-Y displacement to get the best possible insight in the chest deformation. For the injury assessment the lateral deflection (Dy) might be used as common in side impact dummies or, once available for other dummies, like the WorldSID dummies, two criteria using X and Y displacements might be introduced. Though, this will need further biomechanical research. 

Lumbar Spine

For the lumbar spine no sensitivity assessment can be reported.

Pelvis

For the pelvis lateral impact the sensitivity for impact speed and alignment offset was investigated. Figure 43 shows results for the pendulum force and pubic symphysis loads as function of impact speed. Figure 44 and Figure 45 show sensitivities of parameters to the impactor alignment. The offsets considered in these tests are 30 mm above the H-point and 30 mm forward of the H-point (see Figure 42). The impact speed is 4.5 m/s in all these offset sensitivity cases. 

Discussion and conclusion

In Figure 43 the pendulum force and pubic symphysis force show sensitivity for the impact speed as expected. Trend lines quadratic with the impact speed gives the best fit through the data points. When impacted 30mm above the H-point the pendulum force increases about 7% (Figure 44) and the pubic symphysis load drops with about 5% (Figure 45). This can be explained because in this case not only the upper leg thigh is exposed to the impact, but also the pelvis flesh part above the thigh and behind that the most lateral upper margin of the iliac wing. In an impact 30mm forward of the H-point the pendulum force is the same as in an impact aligned with the H-point (Figure 44). In that case the pubic symphysis load rises with 4% (Figure 45). It should be note pubic symphysis loads most likely are influenced by the bottoming out of the hip joint hardware against the sacrum block. This occurs in the current dummy at pendulum impact with speed larger than 4.0 m/s. This bottoming out will be considered in a pelvis redesign that should provide more clearance between the iliac wings and the sacrum block and more stiffness in the iliac wings. 

Repeatability

The level of repeatability of dummy responses is often expressed in the Coefficient of Variation (CoV = Standard Deviation / Mean value). In component and full body impactor tests, that are considered to be highly repeatable the number of variables involved is small. In those tests the dummy, the impact pulse and the temperature of the setup are the main variables and a CoV of maximum 5% is considered to be acceptable. For a proper statistically valid CoV the minimum number of tests is seven (7), the test series performed in this dummy validation exercise comprises in general maximum five (5) and minimum two ( 2) tests of the same test configuration. Therefore an alternative approach is used: for each test result the relative deviation is calculated by: Deviation from the mean value of the group divided by the mean value of the group. All tests together 1.52% (25) 4.62% (20)

Discussion and conclusion

The results presented in Table 3 to Table 8 show a good repeatability all over the dummy. Nearly all values remain below 2.5% except the T1 Y-acceleration in the shoulder lateral impact tests and the pubic symphysis load in pelvis lateral impacts tests. The T1 acceleration (CoV=3.2%) is obtained with an provisionally mounted accelerometer, maybe the double sided mounting tape on the slightly curved lower neck load cell flange was not very consistent. The relatively large variation of the pubic symphysis load (CoV=4.6%) maybe contributed to the fact that the iliac wing and hip joint hardware bottoms out against the sacrum block in impact with a speed larger than 4.0 m/s.

Overall it is concluded that the Q10 dummy can be used as a repeatable tool in crash test environments.

Durability

The 

Certification Procedures

In this chapter the provisional certification procedures are specified per body region top down from head to pelvis. Certification corridors are not specified in this report because some parts may change in performance as a result of EPOCh-project recommendations and the results of several batches of products and of different test laboratories should be considered before corridors can be established.

Head

The head certification test set-up consists of a complete head including the accelerometer mounting hardware. Additional to the head a half steel upper neck load cell replacement (mass 0.15 kg, part number TE-010-1007) should be mounted to the lower side of the head base plate. The head should be equipped to record the X, Y and Z accelerations filtered at CFC1000. From these results the resultant head acceleration should be calculated. The following certification test impacts should be performed:

Frontal

With the head tilted 28 ± 2 degrees nose down (from pure facial impact) and a drop height of 130 mm. (as standard for Q-dummies).

Lateral

With the head tilted 35 ± 2 degrees ear down (from pure lateral impact) and a drop height of 130 mm. (as standard for Q-dummies).

Neck

The necks must be certified with the standard Part 572 neck pendulum with a head form that replaces the actual head. Between the pendulum base and the neck lower plate a special interface ring should be used (part number TE-010-2015). Between the upper neck plate and the head form the high capacity upper neck load cell (IF-217-HC) should be mounted. In the tests the pendulum acceleration (CFC180), the head form rotation obtained with the pendulum and head potentiometers (CFC600) and the upper neck moments Mx (side bending) and My (forward bending) (CFC600) should be recorded. For the deceleration of the pendulum 6 inch honeycomb is used. The certification test procedures to be followed are:

Flexion

For the neck certification flexion test the pulse should be between the following boundaries:

Pendulum speed: between 4.7 and 4.9 m/s at 10 ms: The pulse corridor and the pulses of the tests performed are shown in Figure 47. 

Shoulder (lateral impact)

For the shoulder certification a full body lateral impact test should be done with a six wire, suspended pendulum (mass of 8.76 kg and a diameter of 112 mm). The pendulum speed should be between 4.2 and 4.4 m/s. The impact should be pure lateral with the pendulum aligned with shoulder joint. The dummy should be sitting with the thoracic spine vertical, the upper arms along the thorax and the legs stretched forward on two sheets of PTFE (Teflon) to minimize the friction. In the tests the pendulum acceleration (CFC180) should be recorded.

Thorax

For the thorax certification a full body frontal and lateral impact test should be done with a six wire suspended pendulum (mass of 8.76 kg and a diameter of 112 mm). The pendulum speed should be between 4.2 and 4.4 m/s. The impact should be pure frontal or lateral with the pendulum centerline in the middle between the IR-TRACC to ribcage attachment screws. The dummy should be sitting with the thoracic spine vertical and the legs stretched forward on two sheets of PTFE (Teflon) to minimize the friction. In the frontal test the upper arms should be along the thorax sides. In the lateral test the arm at the impact side should be taped to the head the enable free impact exposure to the side of the rib cage. In the tests the pendulum acceleration (CFC180) and both 2D IR-TRACCs (IR-TRACCs and potentiometers at CFC600) should be recorded.

Lumbar Spine

The lumbar spine must be certified with the standard Part 572 neck pendulum with a head form mounted to the upper lumbar spine interface. A special head form central block (part number TE-2651-14) that allows for the offset in the upper lumbar spine mount should be used. Between the pendulum and the lumbar spine lower mount a steel load cell replacement of high capacity load cell (IF-217-HC) should be used. In the tests the pendulum acceleration (CFC180) and the head form rotation with the pendulum and head potentiometers (CFC600) should be recorded. The certification test procedures to be followed are: 

Abdomen

For the abdomen certification a component test, similar to that for the other Q-dummies, is required. The abdomen should be placed over the Q10 abdomen support block (Part number TE-010-9910) on a horizontal table. Ensure that the fit and the orientation of the abdomen on the support block are correct. The flat vertically guided top plate of the setup that is should load the abdomen front with the gravity loading of 2.05 kg. Within 10 seconds after application the "zero"-displacement point should be determined. Then the addition mass of 8.05 kg should be applied and after 2 minutes ±10 seconds the compression displacement relative to the "zero"-displacement point should be measured. 

Pelvis (lateral impact)

For the pelvis certification a full body lateral impact test should be done with a six wire suspended pendulum (mass of 8.76 kg and a diameter of 112 mm). The pendulum speed should be between 4.2 and 4.4 m/s. The impact should be pure lateral with the pendulum aligned with the hip joint (65.9 mm above the seating plane and 90.4 mm forward of the back plane). The dummy should be sitting with the thoracic spine vertical, the upper arms along the thorax with the hands on the lap and the legs stretched forward on two sheets of PTFE (Teflon) to minimize the friction. In the tests the pendulum acceleration (CFC180) and the pubic symphysis load (CFC600) should be recorded.
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Conclusions and Recommendations

The Q10 dummy was extensively evaluated on biomechanical performance, sensitivity, repeatability and durability to impact loading in head drop, neck pendulum and full body wire pendulum tests. Moreover certification procedures were developed.

Anthropometry

The dummy drawing dimensions are in compliance with the requirements. Measurements on the actual dummy should be taken to confirm the compliance of the hardware. The Mass of several parts has to be tuned in the final design. This is the case for the upper and lower arm as well as the pelvis and lower leg.

Biofidelity

For frontal loading conditions it can be stated that the dummy correlates well with biomechanical targets specified in the Q10 design brief. It is recommended to increase the impact stiffness of the head to perform close to the middle of the corridor. For the neck it is recommended to modify the mould such that its stiffness increase in flexion occurs earlier (now at 45 degrees where is should be at 30 to 35 degrees).

For lateral impacts the dummy shows a response which is initially too stiff and at later stages too soft relative to side impact biofidelity corridors. Identical trends are found tough for shoulders, thorax and pelvis meaning that the load distribution over the dummy is such that none of the regions is overexposed in case of distributed side impact loading. It is recommended to reconsider the clearance between the hip joint hardware and the sacrum block to allow more freedom for the iliac wing to deform in side impact conditions.

Sensitivity

Sensitivity studies show obvious trends to variations in impact speeds, impact direction and alignments.

Repeatability

Repeated tests show generally small variations in response of less than 2.5%. Only the T1-acceleration in the lateral shoulder impact test and the pubic symphysis load in the lateral pelvis impact tests show larger variations: 3.2% and 4.6% respectively. All the coefficients of variation are with the required 5%. It is concluded that the Q10 dummy can be used as a repeatable tool.

Durability

The durability of the dummy meets requirements as specified. Separate reports describe the durability shown in sled tests according to UNECE R44 en NPACS in detail.

Certification

The certification procedures described in this report should be followed to obtain compatible dummy performance data. It is recommended to perform these dummy certification tests with a regular interval on each dummy. After collection of this test data from several dummies the certification corridors will be established. 

ANNEX E: Q-DUMMY MEASUREMENT CAPABILITIES

This Annex gives an overview of the set of instrumentation and measurement channels per body segment forth the Q10 dummy. The type of accelerometers, angular velocity sensors and load cells are generally interchangeable for all Q-dummies except the Q10 Neck and Lumbar Spine Load Cell. Channel count per region is given in Table 14. The specification per type of sensor is shown in Figure 51 Table 15. Special mounts are available to mount the instrumentation on the dummy. 
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Executive summary

The objective of Task 3.2 was to assess the ability of the Q10 dummy as a measurement tool for the UNECE Reg.44. A test programme matrix was defined, which contributed to Task 1.2, which specified requirements for the Q10 dummy capability. The capability of the prototype Q10 dummy was physically assessed in the test program according to the test matrices specified.

Two prototype Q10 dummies were assessed. One prototype Q10 was assessed by Dorel, in 65 UNECE Reg.44 front impact tests and the other was assessed by TRL in 50 UNECE Reg.44 dynamic tests.

The testing at DOREL was split into three phases:

 Investigating the sensitivity of the Q10 dummy to restraint loading from variations in test setup  Investigating the sensitivity of the dummy to differences in child restraint design  Investigating the durability of the Q10

The testing at TRL compared the performance of the Q10 with the P10.

The main aims were as follows:

 To assess whether the Q10 dummy measures as expected for the type of impact test. This was achieved by relating the loading measured by the Q10 to the kinematics of the dummy.

 To assess whether the dummy can detect differences in loading when the test set-up is varied.

 To investigate if the Q10 dummy is capable of picking up differences in child restraint design. The kinematics of the dummy and the measured loading were assessed.

 The research objective of the durability testing was to evaluate how many tests the Q10 dummy could withstand before breakages occurred. This study included monitoring the dummy maintenance, reporting how frequently they were conducted during the test programme. Comparisons were made to the maintenance of the P10 in UNECE Reg.44 testing.

 The aims of the comparison of the Q10 and the P10 were to assess their equivalence under Reg.44 test conditions and to suggest how the Reg.44 limits may need to be adjusted to maintain the status-quo with child car seats approved to the Regulation. The kinematics and the measured loadings were compared.

The team also investigated the ability of the dummy to recover between tests.

It was concluded that the Q10 is durable in the Reg.44 front impact tests. The Q10 measures loading as expected related to its kinematic behaviour. The component testing in task 2.3 showed that the Q10 is capable of producing repeatable results and this was borne out further in the results of the sled testing. The dummy can differentiate between different child restraint designs of the same type.

Comparison with the P10 showed that the kinematics of the Q10 is significantly different. The sophisticated thorax and shoulder design of the Q10 allows it to interact with the adult belt and achieves a more realistic restraint, unlike the P dummy, which slides out of the belt. This resulted in a difference in measured loading between the two dummies. Therefore revised limits were proposed for the Q10, for use in Reg.44 testing.
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Introduction

The aim of Work package 3 was to assess the development of the dummy relating specifically to its ability to be used as a measurement device in test procedures. This document reports on task 3.2, the Q10 dummy requirements and its capability as a measurement tool for use in UNECE Reg.44 testing.

The approach taken in task 3.2 was to define test matrices for the dummy evaluation and to assess, dynamically, the dummy capability for use in the UNECE Regulation 44 (Reg.44) procedure. This included following the analysis through to the development of a proposal to expand the Reg.44 assessment criteria, to allow for the use of the new dummy in regulatory type testing.

The activities within this task will provide an insight and evidence to assist the future development of the Reg.44 and prove useful to the Q series dummy users.

Objectives

The objectives for this work package, as identified in the DoW document, are as follows:

1. Develop test matrices to assess performance of prototype for Reg.44 tests 2. Physical assessment of the prototype Q10 dummy for Reg.44 tests to include restraint loading, durability and sensitivity to child restraint design and recommendations for assessment of submarining behaviour (up to 114 assessment tests) 13. Comparison of P10 and the new Q10 dummy during Reg.44 testing

Sensitivity

The first part of this task examined what is termed as dummy 'sensitivity'; in this instance sensitivity is defined as how the data recorded by the dummy can be influenced by different testing variables. There are a number of these variables that can influence how forces and accelerations differ between tests. These include: the type of seat being tested (booster seat-booster cushion), the quality of production of the seat being tested, the way in which a seat is installed on the test bench and the method of collecting data during the tests.

Testing completed by Dorel looked to establish how changes in these conditions influence the dummy results gained from each test. The first phase of testing investigated the sensitivity of the Q10 to restraint loading. In these tests the affect of variation in test set-up on the results, measured by the Q10, was investigated.

In the second phase a range of different child restraint designs were tested using the Q10. The different child restraints represented the range of child restraints currently available on the market. The Q10 should therefore be able to detect differences in measured loading.

Further details on the changes made to assess the Q10 dummy's sensitivity can be found in Sections 4.1 and 4.2 of this report.

Durability

A major factor in assessing the Q10 dummy was to establish whether the dummy was capable of performing in place of the P10 during a routine "Technical Service's" Reg.44 assessment.

Due to the nature of dynamic testing, a dummy is required to undergo a number of impacts. Over time, impact testing can therefore cause significant damage to the dummy, or result in the dummy requiring maintenance or recalibration. During regular use, as a test house tool, a dummy is expected to last for at least 70 to 100 Regulatory type tests before parts may need replacing. The P-series dummy needs minimal maintenance. It is recommended that the neck is recertified after 10 tests; however recalibration only tends to be required at every other recertification. These adjustments follow a very simple procedure and can be made through adjustment of the neck cables (locally). All these factors must be a consideration when looking at the possibility of changing the main measuring instrument of a Reg.44 certification test.

As part of this task, Dorel conducted 40 dynamic tests with the specific aim of assessing durability of the Q10 dummy. However, all tests within this task have also noted any durability issues that were discovered during the course of testing. These issues have been collated in Appendix E and will be discussed under the durability Section 5.4.

Comparison of P10 and Q10

The work within Task 3.2 required the assessment of Q10 and P10 dummies to explore the differences in dummy behaviour and measurements under Reg.44 testing conditions. This included comparing the kinematics of each dummy in a number of booster seats and booster cushions.

The appropriateness of applying the current P10 Reg.44 limits to the Q10 was investigated. Revised limits for the Q10 were calculated where a significant performance difference was found, between the two dummies.

In addition to comparing Q series and P series dummies, a Hybrid III 10yr old dummy was included and tested for comparison. This was not part of the original task outline; however it was felt necessary to add this condition when developing the test methodology, to provide a more comprehensive picture of the dummies available. The Hybrid III dummy is accepted, in the USA FMVSS 213, as a standard impact testing measurement tool, and is reported to be more biofidelic that the current P series design.

Submarining

The aims of this task included the assessment of submarining behaviour during Reg.44 tests; this analysis was carried out by the University of Surrey. The data collected will be fully reported as part of Task 2.4. However, some of the qualitative observations made during dynamic testing are noted in this report (Section 7.3).
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The Approach

This section outlines the approach used to assess the Q10 dummy as a measurement tool for use in UNECE Reg.44 type approvals.

In total 114 front impact tests were conducted during Task 3.2 of the EPOCh project.

These included:

 50 tests comparing the dynamic performance of the Q10 and the P10 dummies; o 4 of these tests were conducted to provide data on Hybrid III dynamic performance under the same test conditions;

 12 tests investigating the sensitivity of the dummy to the differing restraint design;

 12 tests investigating the sensitivity of the dummy to variation in test setup;

 40 tests investigating the durability of the Q10 during ECE Reg.44 tests Further details on the exact changes in test setup for sensitivity testing can be found in Section 4.1 of this report. All dynamic testing conditions during the examination of sensitivity of restraint design and durability testing were in compliance with the Reg.44 regulation.

Further information on the impact sleds used by TRL and Dorel can be found in Appendix A.

Test conditions

Unless otherwise stated, all the tests conducted during this testing series were set up and executed according to Reg.44. A summary of the test conditions is shown in Table 1.

Prior to each phase of testing a calibration test was conducted as per the requirements of Reg.44. This pulse had to meet the Reg.44 test conditions; stopping distance 650 ± 30 mm, pulse inside corridor (Figure 1). 

Sled mass

Heavy sled to minimise dummy inertia effects on the pulse TRL -1130 kg, DOREL -752.5 kg

Test pulse

Reg 44 front impact pulse (see Figure 1)

Impact Speed 50 +0/-2 km/h

Test conditions

Pre-impact speed, stopping distance as specified in Reg 44 (650 ± 50 mm)

Set-up instrumentation

Sled Uni-axial accelerometers

Seat belt force load cells located as prescribed in Reg.44 EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Doucment No. 642 January 19, 2015 EEVC WG12 Report 218 Document downloaded from www.eevc.org 

Dummy instrumentation

The Q10 dummy has the potential to measure 71 channels, if all instrumentation is installed on the dummy. Due to the current regulation requirements, it is expected that only a selection of these will be used, if the dummy is used in Reg.44 testing. A full list of the available Q10 dummy instrumentation used in the testing during this task is shown in Table 2. The full list of instrumentation used in the P10 dummy is shown in Table 3. 

Child restraint and dummy installation

Pretesting installation trials with the child restraints were conducted to ensure that the height of the head pad and other adjustable functions of the child restraints were documented. These settings were then shared with all testing laboratories to improve consistency in child restraint set up and installation.

Target markers were placed on the dummies and child restraints to aid the submarining analysis of the test videos (for further information on submarining, D2.4). These are shown in Figure 3 and Figure 4. The exact positioning of these markers is documented in Appendix B.

Unless otherwise stated, the method prescribed in Reg.44 was used to install the child restraint and dummy to the test bench. The force load cells were placed in locations prescribed by Reg.44.

Measurements of the dummy position when installed in the child restraint were made prior to conducting each test to ensure the dummy installation was consistent for subsequent tests. 12 tests were conducted to assess how the dummy would cope with the different loading conditions as a result of differences in setup of the dummy in the CRS. The CRS used was selected based on experience of its good reproducibility in Frontal R44 impact testing. These were tests numbered LSP10-5006 to LSP10-5017.

The setup of the dummy differed in the 3 factors;

1. with additional slack behind the Q10 (2 R44 spacers used)

2. with a 100 N force (instead of 50 N) on the vehicle belt 3. with the arms in a 45 degree downward angle.

During the restraint loading testing at Dorel the following behaviour was noted:

 The abdomen foam pops out of the chest cavity during the standard test.

 The lap belt section snags in the hip joint These observations will be detailed and supported with measurements and time history diagrams in Section 5.2.

This information will be used to answer whether the Q10 dummy is capable of detecting differences in loading when tested to the controlled non standard installation of the Q10 dummy. During the testing the following behaviour was encountered;

 The diagonal belt was caught in the slit in the chest.

 The abdomen foam popped out of the chest cavity.

 The dummy suit tore at the armpits.

All three of these behaviour issues have been examined further in Section 5.1. This Section also discusses the design improvements that have been made to prevent this behaviour from occurring.

These observations will be detailed and supported with measurements, video analysis and time history diagrams in Section 5.3.

This information will be used to answer whether the Q10 dummy is capable of detecting differences in loading when tested in different child restraint designs. 

Testing to explore Q10 Durability

A major factor in assessing the Q10 dummy was to establish whether the dummy was capable of performing in place of the P10 during a routine "Technical Service's" Reg.44 assessment.

Due to the nature of dynamic testing, a dummy is required to undergo a number of impacts. Over time, impact testing can therefore cause significant damage to the dummy, or result in the dummy requiring maintenance or recalibration. During regular use, as a test house tool, a dummy is expected to last for at least 70 to 100 Regulatory type tests before parts may need replacing.

The P-series dummy needs minimal maintenance. It is recommended that the neck is recertified after 10 tests; however recalibration only tends to be required at every other recertification. These adjustments follow a very simple procedure and can be made through adjustment of the neck cables (locally). All these factors must be a consideration when looking at the possibility of changing the main measuring instrument of a Reg.44 certification test.

During these tests, the retainer of the dummy clavicle partly broke. This was noted between tests 0211 and 0219. The part still functioned well enough to transmit pushing forces and shearing forces from the chest to the collar bone. The material of this part was found to have insufficient strength. Therefore the part was remade using a stronger material. This new material was used in all subsequent tests and no further failures of this part occurred.

Dorel conducted 40 dynamic tests with the specific aim of assessing durability of the Q10 dummy. Whilst carrying out this assessment, some smaller studies were carried out for interest. The durability test programme was split into three different studies of tests. These were as follows:

 Study 2; the time dependency testing was conducted to assess if care should be taken when running tests quickly after one another. In some labs the turnaround time between tests is as short as 20 to 30 minutes. Verification is needed to see if a drift in results occurs when the dummy is not given enough time to recover itself.

The analysis will include looking at the effects of reducing the recovery time of the Q10 between tests. It is expected that the variation in results may increase as the time between test decreases.

Study 3; the dummy positioning tests were conducted to assess if the dummy was sensitive to differences in dummy positioning. A test from the previous series was substituted into series 18, to compensate for an invalid test. This information will be used to answer whether the Q10 dummy is durable enough to withstand repeated testing. The recovery time of the dummy will be analysed along with its sensitivity to installation in child restraints. 

Comparison of P10 and Q10

Table 7 shows the matrix for the testing. Five booster seats and four booster cushions were used for the assessment. These child restraints were chosen to represent a crosssection of the current market, in terms of dynamic performance. They were also all child restraints that have been on the market for some time. This means that any real deficiencies in design would have been identified in real world accidents.

Three of the booster seats were assessed three times each, with the P10 and the Q10 dummies. Two of the booster seats were assessed twice each, with the P10, Q10 and Hybrid III 10 year old dummies.

Two of the booster cushions were tested twice each with the P10 and Q10 dummies. The other two booster cushions were tested three times with both the P10 dummy and the Q10 dummy. 

Q10 results discussion

General Observations

This section describes the general observations that were recorded during the testing with the Q10 dummy. Further explanation of these observations can be found in Appendix F.

Abdomen foam

During the restraint loading testing, the abdomen foam popped out from the thorax in a number of tests. This behaviour seemed to be sensitive to the relative angle of the chest to the pelvis. If this angle becomes too small, the abdomen will pop out (Figure 6).

In a later stage of the testing, it was noticed that the abdomen foam, during testing, was moving into and up in the thorax. Whereas in previous tests the abdomen foam was actually popping out of the thorax. Post test, the foam was found close to the lower IR-TRACC. It is possible that there was contact during the dynamic phase of the test. This could have led to artificial loading of the sensor.

Humanetics have examined this problem and believe it may be due to air inside the PVC skin bulging and pushing the abdomen out. To mitigate this event, the design of the abdomen insert will be refined to include air vents in the skin. It is expected that this will also prevent the abdomen insert from getting stuck under the thorax. 

Suit moving up / into the hip joint

During the restraint loading testing, post test analysis showed that the suit is pulled upwards over the dummy's leg. This sometimes resulted in the lap section of the seat belt becoming trapped in a gap between the pelvis and the upper leg (Figure 7). Belt entrapment in the rebound phase is not considered to be important for the use of the dummy. However belt entrapment during the loading phase of the test could prevent the Q10 from submarining.

Patches were introduced on the suit during the testing at TRL (Section 6.1) to mitigate this issue. The introduction of patches on the dummy suit has reduced the severity of this belt trapping. Humanetics are currently investigating how to improve the situation further. One suggestion is to improve the fit of the suit. The suit is currently quite baggy around the hip area when the dummy is seated. The use of a stiff velcro patch is also being considered.

Belt entrapment in the chest

During the durability testing it became apparent, in some tests, that the diagonal belt became caught in the slit of the chest separating the upper and lower rib segments. In tests where there was entrapment of the belt in the chest, the interaction of the diagonal belt and the upper torso of the Q10 dummy was unrealistic and damaged the dummy suit.

The design of the ribcage has since been updated to remove the slot. This means that belt entrapment in the chest will no longer occur with the revised thorax.

Suit

The suit was found to have torn under the arms of the Q10 after a number of tests had been conducted. It was discovered that this had occurred because the durable material used in the suit under the arms was not folded when stitched. Therefore all future versions of the suit will include folded material double stitched in this area.

Feet

During the testing it was noticed that the feet were very flexible. The toes were able to bend enough to contact the shin of the dummy. Although this issue does not affect the biofidelity of the Q10, it is not visually pleasing. This could also lead to overstretching of the material and subsequent material failures after prolonged testing. This will be improved with the addition of a skeleton structure to the foot to improve the ridgity, whilst still keeping some flexibility. 

Sensitivity to restraint loading

The research aims of restraint loading were to evaluate the response of the Q10 dummy to different test set-up conditions. It is also important that the dummy can detect differences in loading when the test set-up is varied. This includes the kinematics of the dummy as well as the recorded loading.

This also included evaluating whether the Q10 is measuring as expected for a front impact test. This was done by comparing the results to previous front impact testing knowledge. It was expected that the major load direction for the accelerations would be in the X direction. It was also expected that the largest neck force in the upper and lower neck load cell would be in the Z direction and the largest neck moment in the Y direction.

The output from the Q10 sensors have been analysed for distinctive patterns showing differences in the parameters tested, compared to the standard "baseline" test. The baseline test was where the Q10 was set-up and tested to the requirments for the P10 specified in Reg.44. This means there was no 25mm spacer behind the dummy when the 3-point belt was tensioned to 50N.

Comparing tests conducted with a spacer

It was expected that the use of the Reg.44 spacer behind the dummy during the tensioning of the 3-point belt, would then create slack in the seat belt when the spacer was removed, compared to the baseline tests.

Based on previous knowledge it was then expected that this should mean that the 3point belt was slightly less effective at restraining the dummy compared to the baseline tests. This belt slack should mean the 3-point seat belt is less affective at restraining the Q10, leading to increased head excursions.

However comparing the results from the tests conducted with a spacer to the baseline tests did not show any clear distinctions between the test set-ups. This is not as expected. However the expectation was based on testing with the P-series dummies. The testing conducted at TRL found a difference between the kinematics of the Q10 and the P10 dummies (Section 6.3). During frontal impacts the Q10 dummy remains more upright in tests compared to what we are used to with the P10 dummy.

The more biofidelic shoulder of the Q10 is more effectively restrained by the 3-point belt, which therefore results in shorter head excursion measurements.

Therefore as the head excursions of the Q10 dummy are generally smaller than with the P10, then it follows that a less significant difference may be seen. As the effect of using the spacer compared to the overall excursion is reduced.

Comparing the 100N belt tension tests

The standard Reg.44 set-up with the P dummy requires 50N tension in the lap section and the shoulder section of the seat belt. However in these tests the 3-point belt was tensioned to 100N, twice the usual installation tension.

It was expected that this extra tensioning of the seat belt should result in the seat belt restraining the dummy earlier in the test. This will mean the dummy should begin to measure loading earlier than the baseline tests. It was also expected that the head excursions would also be reduced as a result of the increase in belt tension.

The Q10 exhibited a clear difference in behaviour between the tests with 100N in the seat belts compared to the baseline tests. This is demonstrated in the following four areas:

EEVC As mentioned previously it was expected that there would be a noticable difference in the horizontal head excursions of the Q10 dummy when extra tension was introduced into the belt.

Comparison of the means shows that the mean from the 100N belt tension tests (340mm) was 22mm shorter than the mean of the baseline tests (362mm). All three horizontal measurements were lower than those measured in the baseline tests. This shows that there was a general reduction in head excursion measurements as expected.

The vertical head excursion measurements were very similar between the two different set-ups. This means the kinematics of the Q10 resulting from the extra belt tension were as expected. This shows sensitivity to the change in set-up.

Chest X acceleration

Figure 9 shows a comparison of the chest X accelerations from the tests with 100N in the belts compared to the baseline tests. This shows that from 35 to 45 ms there is a difference between the baseline and 100N tests. The Q10 dummy begins to measure loading earlier in the tests with extra tension in the seat belt. This is as expected, as the tighter belt begins to restrain the Q10 dummy earlier than in the baseline tests.

The baseline tests all show smaller acceleration values than the 100N belt tension tests. This is expected as they had higher head excursions and it follows that the maximum negative values in the baseline tests also occur later than the tests with the extra belt tension. Similarly to the chest X, the Q10 dummy begins to measure loading earlier in the tests with extra tension in the seat belt. This is as expected, as the tighter belt begins to restrain the Q10 dummy earlier than in the baseline tests. This is as expected based on the fact the tighter seat begins to restrain the Q10 earlier compared to the baseline tests. Experience of neck loading in older child dummies is limited, so it is unclear whether this is expected. However there is a clear difference between the two set-ups and therefore it can be concluded that the Q10 is capable of detecting a difference in this body region as a result of the increased force in the seat belt. 

Comparing the different arm position tests

The results from the baseline tests have been compared to those from the tests where the arms were set-up in a different position. The baseline tests were where the child restraint was installed as per Reg.44.

Both arms of the Q10 dummy were placed in a different position for the test (Figure 12). Two different positions were evaluated. In Test 5012 the arms were placed at a 45 o angle pointing upwards and pushed together. In tests 5013 and 5017 the arms were extended to the end of the knees.

It was anticipated that this set-up may result in a difference in loading measured by the Q10. The arms may change the kinematics of the Q10 dummy during the loading phase of the test. This would then result in the Q10 recording a difference in loading. Analysis of the results found that the Q10 only measured a significant difference in the chest X acceleration loading (Figure 13). This shows that at ≈72 ms there was a difference in the loading of the baseline and different arm position tests. This shows that the Q10 was sensitive to the change and able to measure a difference in the loading between the two different test set-ups. 

Summary

The main aim of this restraint loading testing was to evaluate the response of the Q10 dummy to different test set-up conditions. It is important that the dummy can detect differences in loading when the test set-up is varied. This includes the kinematics of the dummy as well as the recorded loading.

From the analysis of the sensitivity to restraint loading testing it can be concluded that the Q10 dummy is sensitive to the test set-up. The Q10 was able to detect differences in kinematics and loading in different set-ups.

The Q10 was able to display a difference in horizontal head excursion when expected to. The Q10 was also able to show a difference in the acceleration loading as a result of differing kinematics. These differences between the measured loading were as expected, base on variation in test set-up conditions.

These differences demonstrate that the Q10 dummy is sensitive to changes in test setup that affects its kinematics and loading. 

Sensitivity to child restraint design

The research aims of the sensitivity to child restraint design testing were to evaluate the response of the Q10 dummy to different child restraint designs. The main aims of these tests were to evaluate whether the Q10 dummy is capable of picking up difference in child restraint design. This includes the kinematics of the dummy as well as the measured loading. It is essential that the Q10 is able to differentiate between different child restraint designs, especially in the important body regions.

For this assesment four types of child restraint systems have been tested using the Q10 dummy. The design of these four different child restraints differ in terms of structure and weight.

The output from the Q10 sensors has been analysed for distinctive patterns that show differences in the seat types used. Analysis of the results showed that the Q10 dummy was able to pick up the following differences across the different seats.

Head excursion

The tests from Seat 1 and Seat 4 show a very close grouping. This means that the kinematics of the Q10 are repeatable when the dummy is consistently well restrained.

Figure 14 shows the horizontal head excursion plotted against the vertical head excursion. This shows that there are clear grouping of tests results relating to each seat.

Seat 7 is a less repeatable product, with greater vertical excursion. All three tests produced the largest three vertical head excursion measurements. This is as expected as Seat 7 has the tallest base-pan and the Q10 sitting height is the highest in this seat.

Cushion 1 had more variable horizontal excursion, which was expected with this product, and produced similar vertical head excursions in all three tests. The vertical excursions were among the lowest vertical measurements across the products tested, as were those of Seat 4. This is as expected as Cushion 1 and Seat 4 have the slimmest seatpans, so the Q10 sitting height is relatively low, compared to the other two seats.

However in general the grouping of the head excursions means each seat could be identified from the excursion results. Therefore the Q10 has demonstrated sensitivity to the different designs of child restraint. 

Head acceleration

The head X acceleration loading measured by the Q10 in the sensitivity to child restraint design testing is shown in Figure 15. This shows that the Q10 was sensitive to the different designs, measuring unique patterns in the time histories of the loading.

Between 65ms and 85ms a plateau appears in the loading of the Q10 in Seat 7. This is not seen in the time histories of the other Q10 in the other child restraints.

The time histories of Seat 7 also peak later relative to the other two child seats and especially the booster cushion. The peaks measured are also quite broad compared to those of the other products. Based on the head excursion measurements it was expected that the peaks should occur later. As the excursion of the Q10 in Seat 7 were generally the largest horizontal head excursions. Therefore it should take longer in time for the head to come to a stop (in the X-direction), which is when the maximum head accelerations occur.

The time histories of the Q10 in Seat 7 also show that the dummy starts to measure positive head acceleration in this restraint before it does in the other three products. This is a result of contact with the side of the head pad as the Q10 begins to rebound. The head Z acceleration loading measured by the Q10 in the sensitivity to child restraint design testing is shown in Figure 16. This shows that the Q10 was able to measure some unique patterns in the time histories of the loading.

Response to product is obvious, the graph shows that the loading measured by the Q10 in Cushion 1 peaks first, compared to the other three child restraints.

The maximums of Seat 1 and Seat 4 occur later in time and are generally larger in severity, than the other two child restraints. Similar to the head X results the loading of Seat 1 and Seat 4 are similar. The Q10 head resultant acceleration loading of all four child restraints reflects the differences noticed in the head X and head Z (Figure 17).

This shows that the peaks from the head Z acceleration measured in Cushion 1 are the first significant feature. There is a large time difference between the first peaks (60-65ms) and the main peak (90-100ms) in the head acceleration resultant loading of the Cushion 1, compared to the other three child restraints. The main peak corresponds to the maximum head X loading measured by the Q10.

It was expected that Cushion 1 would have the highest accelerations in the head based on the head excursion measurements. This is because as the Q10 in Cushion 1 was restrained in a relatively short distance, resulting in a short horizontal head excursion. The kinematics of the Q10 head during these tests, were such that the X-direction acceleration and Z-direction acceleration occurred at different times. This was reflected in the overall resultant.

The head acceleration resultant measured by the Q10 in tests of Seat 7 also shows these distinct two peaks in the loading. The head Z peaks first (70-75ms) before the head X (95-105ms). The fact that the X and Z accelerations do not peak at the same time means the acceleration resultant is relatively low. This is as expected, based on the fact that the Q10 horizontal head excursions were among the largest of the four child restraints.

As shown in the graph, the head Z maximum peaks and the head X maximum peaks occur at similar times (80-90ms for head Z and 90-100ms for head X). This means the acceleration resultants are larger. It was expected that the head accelerations measured by the Q10 in Seat 1 and Seat 4 should be similar, as the head excursions were also similar. This was indeed the case, with the mean of the Seat 1 head acceleration resultant maximum 71g and 72g for Seat 4. 

Neck force

Figure 18 shows the upper neck Z-direction forces measured by the Q10 during the sensitivity to child restraint design testing. This shows that there is an initial loading that then forms a relatively flat loading plateau. This plateau corresponds to when the maximum upper neck moment M y occurs in each test. After this point a few distinct trends can be seen. The graph shows that the results from each different child restraint are grouped.

The neck force measured by the Q10 in Cushion 1, in two of the tests peak relatively low, compared to Seat 1 and Seat 4. As mentioned earlier there was a kinematic difference in one of the Cushion 1 tests, which has resulted in a difference in the loading, measured by the Q10 in the head and neck.

The loading measured by the Q10 in Seat 7 shows a delay before the loading increases to peak. This corresponds to the same pattern as seen in the head acceleration loading described earlier. The timing of the peak force corresponds to the timing of the maximum horizontal head excursion.

The upper neck force loading measured by Seat 4 was very consistent, with the peaks occurring at a similar time and with a similar magnitude.

The graph also shows that two of the tests of the Q10 in Seat 1 measured neck force loading similar to Seat 4. This shows the same trends as those seen in the head acceleration graphs. The Seat 1 test which recorded a larger force was the same test that measured a slightly larger loading in the head acceleration.

The distinct grouping of the loading measured by the Q10, shows that the Q10 is sensitive to measuring different neck loading in the different child restraint designs. 

Neck moment

The lower neck M y loading measured by the Q10 in the sensitivity tests also showed a similar pattern to the upper neck force F z loading. Figure 19 shows the loading measured by the Q10 in the lower neck M y .

The results from each different child restraint are grouped in the same patterns. The peaks of Cushion 1 occur first. The peaks of Seat 1 and Seat 4 occur at similar time.

Finally the peaks of Seat 7 occur. The maximum peak of the bending moment corresponds to the time of the maximum head excursion occurs.

Therefore the loading results from the Q10 show that the dummy is sensitive to measuring different neck moment loading in different designs of child restraint. 

Chest acceleration

Figure 20 shows the same grouping of the loading measured by the Q10 in each of the child restraints. This does not seem to show any clear difference or group of the different child restraints. This is a little surprising.

However all four different designs of child restraint do essentially restrain the chest of the occupant in the same way. The 3-point belt is used to restrain the torso of the dummy in all designs of child restraint. Therefore it could be expected that the chest measured similar loading in all the tests.

The only slight difference seems to be that Seat 1 and Seat 4 show slightly broader maximum peaks. Whereas Seat 7 and Cushion 1 seem to have extra peaks, occurring later in time. These occur around the time of maximum head excursion.

Comparison of the mean 3ms peak values also shows similar values. Seat 1 and Seat 4 had a similar value (35g). This is consistent with the loading measured in the other body regions. Both seats recorded similar values in the head, and neck as well as having similar head excursion measurements.

Seat 7 measured a slightly lower mean 3ms chest acceleration resultant maximum (34g). This shows the trend similar to the head that as the dummy travelled further it was decelerated over a larger period and therefore the chest accelerations are lower. However the difference from the other two booster seats is not that significant.

Cushion 1 had a slightly higher mean 3ms chest acceleration resultant maximum (37g). This also follows the trend that as this child restraint had the shortest head excursion that the chest was decelerated over a shorter distance and therefore the accelerations are increased. 

Pelvis acceleration

The Q10 pelvis X acceleration loading of all four child restraints is shown in Figure 21.

This shows that there are distinct groupings of the maximum pelvis X loading measured by the Q10 for Seat 7 and Cushion 1. The maximum peaks for Seat 1 and Seat 4 occur around the same point and with the same magnitude.

The three booster seats then display a secondary peak between 90ms and 105ms. The grouping of these peaks enables each of the booster seats to be identified.

Seat 7 then displays a unique positive peak, which is not measured by the Q10 in the other child restraints.

This shows that the Q10 is sensitive to the design of the child restraint in the pelvis area. The Q10 pelvis acceleration resultant loading of all four child restraints is shown in Figure 21. This shows the same patterns seen in the Q10 pelvis X loading.

There is a distinct grouping of the maximum pelvis loading measured by the Q10 for in Seat 7 and Cushion 1. The maximum peaks for Seat 1 and Seat 4 occur around the same point and with the same magnitude.

Seat 1 then shows a secondary peak. A secondary peak in the Q10 pelvis loading is also then seen in the Seat 7 time histories.

This all shows that the Q10 is sensitive to the design of the child restraint in the pelvis area. 

Seat belt loading

The seat belt loads were also recorded during the tests. This showed that the seat belt forces were able to distinguish the child restraint.

The diagonal belt force in all three tests of Seat 1 were grouped together and were separate from the other loading from the other three child restraints, from 55ms to 80ms. The diagonal belt force also showed a distinction between all three tests of Seat 4. The loading was grouped together and separate from the other signal data, from 75ms to 95ms.

The lap belt forces in all three tests of Seat 1 begin to load at the same point in time between 20 to 47 ms, before the other three child restraints.

Three distinct groups of belt loading data can be identified from the reel belt force measurements. The reel force of Seat 1 is grouped from 65ms to 80ms; Seat 4 loading is grouped from 78ms to 95ms and Seat 1 and Seat 4 loading is grouped from 95ms to 105ms.

Summary

The research aims of the sensitivity to child restraint design testing were to evaluate the response of the Q10 dummy to different child restraint designs. It is important that the Q10 is able to differentiate between different child restraint designs, especially in the important body regions. The loading of both the important body regions and the additional sensors in the Q10 were analysed. This includes the kinematics of the dummy as well as the measured loading.

From the analysis of the sensitivity to restraint design testing it can be concluded that the Q10 dummy is sensitive to the design of the different child restraints. The Q10 was able to detect differences in kinematics and loading in different set-ups. The Q10 was able to display a difference in horizontal head excursion between the different designs of child restraint. The Q10 was also able to show a difference in the acceleration loading as a result of differing kinematics. These differences between the measured loadings were as expected, based on the variation in dummy kinematics.

These differences demonstrate that the Q10 dummy is sensitive to child restraint design.
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Durability

In this section the results of the 40 durability tests will be discussed. As previously mentioned a major factor in assessing the Q10 dummy was to establish whether the dummy was capable of performing in place of the P10 during routine "Technical Service" Reg.44 assessments.

Firstly the durability over the range of 40 tests will be discussed. This includes the observations relating to the durability of the Q10 made during the testing conducted by DOREL and TRL. Further details of these can be found in Appendix E.

After this the findings of each of the three different studies conducted during the 40 tests will be discussed.

Durability of the Q10

It is important that the Q10 is robust and durable enough to be able to undergo a number of impacts without regular breakages. Typically the P-series dummies can be used during regular use, as a test-house tool, at least 70 to 100 Regulatory type tests before parts may need replacing.

The P-series dummy only needs minimal maintenance. It is recommended that the neck is recertified after 10 tests; however recalibration only tends to be required at every other recertification. These adjustments follow a very simple procedure. Due to the advancements of the Q-series dummies, they typically require a few more calibration tests. However this reflects the increase in the number of sensors in the dummies.

Q10 durability -failure of parts

Clavicle retainer

The only part showing a breaking failure was the clavicle retainer, and that failure could best be described as a partial failure, as the important functions of the part remained intact. As the part was still able to function this breakage was considered to be of minor importance to the biofidelity of the tests.

The reason for the failure was deemed to be that the material was too weak. A new material for this part was selected and a new retainer was made and used for all subsequent tests. No further failures of this part occurred.

Arm pit of the suit tearing out

As previously mentioned, during the sensitivity testing series, it was noted that the suit of the Q10 became damaged at the armpit.

This was caused by a number of effects:

 The arm was thrown forwards, pulling the material over the shoulder blade.

 The suit became wedged into the chest slit by the diagonal belt, pulling it downwards.

 The stitching of the material under the armpit was made too close to the edge of the material.

A solution has been developed to this problem. The stitching on the suit will be improved and the chest slit on the thorax will be removed. The suit also became damaged by the belt pressing on the suit over the edges on the ribcage. In later tests, this fraying of the material increased, up to the point that roughly 3 mm of material thickness was removed from the edge. This problem will no longer occur as this slit will be removed in the final version of the dummy.

Suit wear

The dummy's suit began to show signs of wear from the 3-point belt rubbing on the suit, after only a few tests. The damage increased as the testing continued and the number of damage sites also increased. This problem was solved by making a new suit with reinforced panels, which was used for later testing. This reduced the wear on the suit in the usual seat belt contact areas.

Knee stop wear

During the first few impacts it was noted that the knees were able to over-extend as the legs swing forward. Mechanical stops were fitted to the dummy to prevent this excessive movement.

There was some wearing of the knee stops over time, which allowed the knee to extend further than it should. This will be solved by increasing the size of the screws and the size of thread engagement.

Spine cable protector

The spine cable protector cover became cracked and eventually broke off the dummy. This has been solved by changing the material of the cover to improve the strength of the protector.

Ribcage cracking

Towards the end of the testing (20 tests) a crack developed at the back of the ribcage, on the side where the lower part of the shoulder belt loads the ribcage. This issue will be solved with the new ribcage, made with reinforced material in the future version of the Q10. This will maintain the same biofidelic properties whilst improving the ribcage strength.

Dummy maintenance

During the test series periodic checks of the dummy were carried out to check that it was still functioning correctly. It is important that these checks can be carried out quickly and therefore do not cause delays in test programmes. The maintenance required for the P10 was used as a benchmark for comparison purposes.

Lower arm screws

The lower arms often became loose between tests and had to be retightened. This is a minor issue as this is also a common occurrence for the P10.

Upper arm screws

The stiffness of the shoulder joint needed to be adjusted every so often. The P10 has a much simpler upper arm connecting. However the P10 ball and socket joint has a screw thread in the shoulder which needs to be constantly adjusted between tests. Therefore this adjustment for the Q10 is no more onerous than the current P10. The bolt that connects the shoulder to the spine needed to be retightened on a couple of occasions after tests, as it had worked loose. The thread of the bolt will be improved to prevent this happening in the final version of the Q10.

Abdomen readjustment

After several of the tests, mainly of the booster cushions, the abdomen insert was found to have been pushed underneath the ribcage or out to one side. The solution to prevent this from happening in the future will be to have venting holes incorporated in the skin of the abdomen insert.

Durability with different child restraints

The aim of the durability tests with different child restraints were conducted to assess how the dummy would cope with the different loading conditions as a result of the different child restraints used. The child restraints were selected across the range available in the market.

The 20 tests were conducted in a sequence that would help identify whether there was any drift in the results measured by the Q10. If drift was found it would indicate the Q10 may need recalibration. However none of the body region loadings measured by the Q10 showed signs of drift in any of the five child restraints tested.

All time histories were analysed and trends were searched to find if the four time histories from the same type of seats showed patterns such as increase or decrease of the peak values from the first to the last test, with each specific child restraint type. Also, the data was checked for the timings at which the peak values occurred. Cushion 2 was used for the analysis of the time histories, as it was expected to find drift in results earlier in child restraints that are loading the dummy to a higher extent.

Similar to the results found in Section 5.3, several of the body regions were able to show clear groupings of the loading measured by the Q10 in each of the five child restraints. The pelvis X acceleration is one of the best examples of this. As Figure 23 shows, all four data time histories in each child restraint follow very closely to each other. However there were some body regions which showed less repeatability and therefore the grouping of the loading measured in each child restraint was not so clear.

In some cases there are extra peaks leaving the group of time histories. However it was not found that these extra peaks were related to the order of testing. This is demonstrated by the loading data of the upper neck moment M y ( Figure 24). The graph shows that for the loading measured by the Q10 in Cushion 2, the 2 nd and 3 rd time histories have additional sharp positive peaks. This extra peak is also different to the loading measured in the other four child restraints.

However the fact that the loading was similar from the 1 st and 4 th tests shows that the difference is not due to drift in results, which would indicate the dummy could require recalibration. This is more likely the result of an unrepeatable product. From the above evaluations, it can be concluded that the results are consistent over extended testing (20 shots), without recalibration.

Durability time dependency testing

The aim of the durability time dependency testing was conducted to assess if care should be taken when running tests quickly after one another. In some laboratories the turnaround time between tests is as short as 20 to 30 minutes. Therefore verification is needed to see if a drift in results occurs when the dummy is not given enough time to recover itself. It is expected that the variation in results may increase as the time between tests decreases.

For the analysis of the time dependency tests, two approaches have been taken. In both cases, graphs have been studied that show differences between the four different test times; unlimited set-up time (baseline), 45 minutes recovery time, 30 minutes recovery time and 15 minutes recovery time. Three tests were conducted for each time.

The first analysis approach involved analysing the peak values and their time of occurrence have been analysed. The overview from this first analysis is shown in Table 8. This analysis did not highlight any time histories that showed any relation to the recovery time between the tests. No significant variation in the loading measured by the Q10 was found as the recovery time of the dummy was varied. No significant variation was seen in the timings and magnitude of the peaks.

The second analysis approach involved analysing the graphs where time histories show specific shapes, such as secondary peaks or dips. The graphs have been analysed by hand, looking to specific identifiers of a graph, not being necessarily the highest or lowest peak.

An example of this approach is shown in the graph of the lower neck force F z (Figure 25). When looking at the peaks of the time histories, it was expected that the peak values around 60 ms did not show any difference. The first analysis confirmed that. However the differences in the time history after 75ms are quite different. This secondary peak is when the upper neck force is at a maximum, just before maximum head excursion. There are secondary peaks that do not occur at a constant time interval to the first peak. However the time histories are all grouping again from 100ms to 105ms.

Figure 25 does not show any specific variation in the results in time or force level, i.e. the results do not drift. Therefore it can be concluded that the time histories do not have a relation to the recovery time of the dummy between tests.

In both types of analysis, no specific order was found in the results. A short or longer time between tests does not influence the analysed time histories. This shows that the dummy is not sensitive to short recovery time intervals between tests. Therefore a recovery time of 15 minutes between tests is judged to be satisfactory.

Reg.44 sets a minimum time of 20 minutes between tests. This is to allow the test bench cushion foam to recover. Therefore the recovery time of 20 minutes for the Q10 would be consistent with this when used in Reg.44 testing.
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Durability dummy positioning

The aim of the durability to dummy positioning tests was conducted to assess if the dummy was sensitive to differences in dummy positioning. Section 5.2 has already shown that the Q10 is able to distinguish between different methods of installation. However in this testing two additional poor installation set-ups were used.

For this assessment, the time histories from the Q10's sensors have been compared from the baseline tests to the two different methods of installation used; a slouched dummy and a dummy installed with additional belt slack.

Similar to the results found in Section 5.2.1, the tests with extra belt slack did not show any significant differences in measured loading compared to the baseline tests. However comparison of the time histories of the slouched dummy to the baseline tests showed that differences in time histories occur in the following sensors:

Head acceleration

A clear difference was seen in the loading of the head X acceleration from 65 to 75 ms and 110ms-125ms. The peak loading was also higher for the dummy in the slouched position.

This resulted in the overall head acceleration resultant being higher for the slouched dummy tests (75g) compared to the baseline tests (70g).

Neck force

The upper neck force F z peaks was much larger for the slouched dummy tests (5000N), compared to the baseline tests (3500N).

The upper neck moment M y for the slouched dummy shows a positive moment from 85ms-110ms, whereas the baseline tests are still negative.

The lower neck force F z peaks was much larger for the slouched dummy tests (1300-1500N) and occur later (95ms) compared to the baseline tests 900-1300N, occurring at 86ms.

Chest acceleration

The chest Z accelerations for the slouched dummy were showing positive loading between 90ms and 115ms. However in the baseline tests the Q10 dummy was measuring positive loading during the same period.

Pelvis acceleration

The pelvis acceleration resultant peak loading (25g-30g) occurs at 107 ms, whereas the baseline peak occurs earlier (95ms) and is smaller in magnitude (22g-25g) was also higher for the dummy in the slouched position.

Belt force loading

The belt force loading measured in the 3-point belt also showed a difference between the tests with a slouched dummy and the baseline.

In the slouched dummy tests the diagonal belt is loaded later compared to the baseline tests, with the peaks occurring 15ms-20ms later.

The reel belt also showed a similar trend with the loading in the slouched dummy tests occurring later compared to the baseline tests (15ms-20ms later). 

Summary

The main aim of the durability testing was to evaluate the durability of the Q10 dummy.

It is important that the Q10 is robust and durable enough to be able to undergo a number of impacts without regular breakages. It is also important that the number of maintenance checks needed between tests is at a minimum; this is to prevent delays between tests, as parts are tightened or inspected.

Only a few breakages were seen during the testing conducted by DOREL and TRL. All of these have since been addressed. The new designs to prevent these breakages from occurring will be implemented in the final version of the Q10. It is therefore envisaged that the Q10 is durable for normal use in Reg.44 testing.

The maintenance checks required between tests of the Q10 have been found to be comparable to those required by the current Reg.44 test dummy the P10.

The findings of the durability with different child restraint testing confirmed the findings of the sensitivity to child restraint design. These findings were that the Q10 is able to produce different loading in different designs of child restraint. Therefore the Q10 is sensitive to child restraint design.

The findings of the durability time dependency testing were that there was no drift in the results was found. This means there did not seem to be a relationship between the loadings measured by the Q10 and the amount of recovery time the dummy had between tests.

The findings of the durability dummy positioning testing confirmed the findings of the sensitivity to restraint loading. The slouched dummy position set-up produced consistent results that were significantly different than the baseline.

There was also no significant overall drift in the results of the same child restraint when tested over a number of tests. Therefore the results from the durability tests show that the Q10 was able to produce consistent repeatable results over extended testing (20 shots), without recalibration. Therefore it can be recommended that recalibration of the Q10 is conducted after every 20 tests. As long as the Q10 does not exceed 150% of the loading levels for each body region specified in D1. 

Initial observations that may influence results

All data and test videos were assessed to establish whether there were any subjective observations that could be identified that could result in significant differences being seen between dummy types. Seat 3 and the Seat 4 were the first child restraints to be tested with the P10 and then the Q10. Before testing continued the results from these tests were assessed and the findings were found to be consistent across each seat type.

From this analysis it was noted that the Q10 lower leg was able to rotate beyond the horizontal (Figure 26). In addition to this, the lap belt was found to disappear into the gap between the dummy's upper leg and pelvis (Figure 27). This problem occurs when testing the Q3 and Q6 dummies and therefore the Q10 dummy was designed with a much smaller gap, to minimise this issue. The testing was delayed to allow for improvements to be made to mitigate the issues detailed above. Mechanical stops were added to the knee joints of the dummy, to prevent the overextension of the knee. With the mechanical stops in place, the rotation of the knee joint has been limited to a further 4° of rotation passed the fully extended position. The typical range of motion for the knee joint is 0-135°; however, there are instances where a child's knee can extend past 0° under load (due to having more flexible tendons/ligaments that an adult, or imbalances in the development of musculature around the knee). The new range of motion is more representative, and can be reduced further if required.

To solve the problem of the adult belt becoming trapped in the gap between the abdomen and legs, a modified suit was made, that included Velcro patches for attaching rubber pads, to mitigate the entrapment. All subsequent tests were conducted using this new suit (Figure 28). Once these changes had been implemented, testing continued with the other booster seats and booster cushions. Further testing revealed the modified suit with the additional Velcro padding improved the belt trapping issue. The suit led to less 'trapping' in terms of distance the belt moved into the gap. However, any trapping of the belt is an issue to testing (influencing the dummy movement by restraining the dummy in an unnatural way). Feedback was provided to Humanetics regarding this issue and an alternative countermeasure or design change is being considered for further improvement.

Influence of testing on dummy condition

During the course of testing observations were continued, anything worthy of noting for future developments was recorded. These observations included any changes to the dummy condition; any damage patterns, and if there were changes to the condition of the dummy that may require the dummy to be serviced or repaired. These notes can be found in Appendix E. 

Dummy Kinematics

The kinematics of the P10 and Q10 dummy were compared for all frontal impacts performed within this task; this required the review of all impact test footage for each different child restraint. The key areas that were identified and used to compare the kinematics of the Q and P series dummies included:  That the Q10 has generally less upper body twist, compared with the P, at the point of maximum head excursion (Figure 29). The shoulder belt slips off the P10's shoulder and moves on to the upper arm. This allows the torso to twist as the belt restrains the dummy. This means the Q10 dummy is more effectively restrained, resulting in shorter head excursions. This improved kinematics of the Q10 is thought to be more representative of real children.



Figure 29: Example of dummy position at the point of maximum head excursion

The P10 tends to continue to twist and bend/fold around the belt (Figure 30). This movement seen in the P10 dummy results in the head coming close to contacting the upper leg. This is thought to be unrealistic of a real child. In contrast the Q10 remains more upright during the test. This is thought to be more representative of the kinematics of a real child.  The Q10 remains more upright during a frontal impact test. However this tends to result in a greater body extension and larger vertical head excursion occurring during rebound (Figure 31). This rebound may be more severe than a real child would experience. In contrast, as the P10 has folded over the belt, the P10 doesn't rebound as much. This is also not thought to be representative of a real child, as the child would not have folded as much before rebound (Figure 30).  The Q10 pelvis slides a lot further forward relative to the child restraint movement than the P10 dummy (Figure 32). This is demonstrated by a large forward movement of the Q dummy knee. The upper legs can be clearly seen pointing downwards in the figure. This kinematic is consistent with the movements seen when submarining under the lap belt occurs. Therefore it could be that the Q10 is able to display submarining kinematics, where the P10 is generally not able to do.

 In addition to the movement of the pelvis relative to the seat, the lap belt gets trapped in gap between the upper legs and pelvis of the Q10, not seen with the P10 dummy. This prevents the dummy from submarining under the lap belt, and the Q dummy abdomen insert can be seen 'bulging' during the test. This does not happen in the P10 tests. It is clear from the video evidence of the testing that during the impact, when the Q10 is placed on a booster seat, the seat is forced further into the test bench cushion than with the P10 dummy. This is likely due to the upright position of the Q10 during the impact. The P10, in contrast, folds around the belt and leans further forward.

This difference in position allows the Q10 to exert far more vertical load on the seat, resulting in the cushion been pushed downwards into the test bench to a greater extent. This more upright position, as previously discussed, means that there is no belt penetration or folding around the belt as seen in the P10 series dummy. Therefore the Q10 kinematic is more representative of a real child.

A feature of the Q10, different to the P10, is its ability to engage with the upper part of the diagonal belt. The shape and structure of the upper torso is much more biofidelic compared to the "barrel chest" of the P10. The chest strap portion of the belt remains in contact with the Q10 shoulder, unlike the P10 dummy.

As previously discussed this has significant implications for how far the dummy moves forward during the crash test. This Q10 kinematic is more representative of a real child. However this is likely to result in higher loading into the thorax area of the Q10 as the belt maintains a position across the front of the chest.

Booster cushions

When examining the kinematics for different booster cushions, there were several common observations; these observations included:

 The belt remains on the shoulder of Q10, which is restrained by the adult belt, resulting in a more symmetrical arm and leg movement. Whereas the P10 does not interact well with the 3-point belt, the belt slips off the shoulder and down the upper arm. This results in the upper torso of the P10 twisting as the belt restraints the dummy. Figure 33 shows the typical kinematics of the Q10 and P10 at the point of maximum head excursion. The Q10 kinematics is more representative of a real child.

 The Q10 torso remains more upright, whereas the P10 dummy bends towards its leg; very much the same pattern of movement seen in the booster seat testing.

 As the Q10 torso remains more upright during the impact, the child restraint is compressed further down into the test bench cushion, compared to the P10 on the same booster cushion.  The lap belt slips into the gap between the pelvis and the top of the legs in the Q10 tests. This could reduce the potential for the Q10 to submarine under the lap belt. This does not occur when testing with the P10. The trapping of the belt between the pelvis and the legs was improved by using the patches (Figure 28). However it still occurred in several of the tests.

 The shoulder belt also penetrates into the top of the abdomen insert of the P10 (Figure 34). In contrast the Q10 abdomen bulges and in some cases the shoulder belt may slip under the ribs at the top of the abdomen; this can cause the abdomen insert to be displaced. The shoulder belt becoming trapped in the dummy occurred more often and to a greater extent in the tests with the P10. However it is thought that this belt trapping in either dummy would not occur in a real child.  The Q10 dummy remains more upright which appears to create a greater rebound (Figure 35). The Q10 rebound may be more severe than a real child would experience. In contrast the P10 remains in a hunched position, wrapped around the belt, with the shoulder belt remaining trapped in the abdomen. This means the P10 doesn't rebound as much. This is also not thought to be representative of a real child, as the child would not have folded as much before rebound. The Q10 appears to rebound far more than the P10 during testing on the booster cushions. The Q10 also rebounds further on booster cushions compared to booster seats. This is probably due to the booster seats having a back rest section which may limit the backward movement of the dummy during rebound. This rebound is still significant relative to the P10 dummy. This rebound kinematics of the Q10 may be more severe than a real child would experience. However it is not thought the rebound kinematics of the P10 is representative of a real child either.

It's worth noting that if there is found to be a significant difference between the horizontal and vertical excursion between seat type (booster seat and booster cushion) it may result in this being taken into consideration when setting vertical and horizontal excursion limits for using the Q10 dummy in Reg.44 testing.

Summary

It is clear from this analysis that the differences in kinematics between the P10 and Q10 dummy are considerable and this may lead to significant differences in loading on certain areas of the dummy.

There were clear differences in the way the Q10 moved under impact conditions compared to the P10 dummy regardless of the seat type tested. These included; the more symmetrical movement of the Q10, the trapping of the belt in the lap section of the Q10 and the much greater rebound seen following the impact as the Q10 dummy moves backwards.

However it is believed that the Q10 demonstrates more biofidelic kinematic performance compared to the P10 in each of the child seats tested.

These differences in dummy kinematics are due to the design of the Q10 dummy. The Q10 has a stiffer back and abdomen, the dummy therefore maintains a more symmetrical position following during impact. This means the spine is upright in the seat with the limbs of the dummy moving out and backwards in a regular pattern and no belt penetration into the thorax area. In contrast the P10 dummy, folds around the shoulder section of the belt. This means the belt is not able to restrain the P10 dummy as effectively. This means the P10 head is able to move further forward than the Q10 dummy.

The difference in movement, combined with the greater rebound of the Q10 means the head movement of the Q10 is significantly different both in terms of horizontal and vertical head movement, compared to the P10 dummy. Therefore it is very likely that the head excursions of the Q10 will be significantly different to those of the P10. 

Repeatability of the dynamic testing conditions

The repeatability of the individual body regions of the Q10 is discussed in D2.3. However it was important to gain an understanding of the repeatability of the testing conditions when using the Q10 dummy dynamically. The results from the dynamic testing will be affected by many variables, including the repeatability of the test bench equipment, the manufacturing of the CRS, and the test set-up. It is important to have an understanding of the repeatability of these combined systems. This will enable differentiation between variation in test environment and sensitivity to changes in variables.

Originally it was intended that a statistical calculation would be used to evaluate the repeatability of the recorded results. However there was not enough comparable test data to enable this calculation to be performed. Instead the repeatability of the Q10 dummy was assessed by analysing the time history graphs of the body regions evaluated as part of Reg.44. The loading phase as well as the timing of peak loading was compared during the loading phase of the dynamic test.

Head excursion

Due to the nature of head excursion measurement it has not been possible to show a time series representation of head movement, both vertically and horizontal. However, the values recorded for head excursion seem consistent for the Q10 dummy. The results in Table 9 show that the test environment with the Q10 dummy was repeatable, both in terms of producing horizontal and vertical head excursion.

The number of identical tests does not really allow for statistical methods to be used to assess repeatability. However, we can comment on the spread of the values. The figures indicate that there was only a 14mm (2%) spread of values for vertical head excursion and 22mm (5%) spread for horizontal excursion. This shows a good repeatability in recorded measurements. This means the kinematics of the Q10 were consistent in the three tests. 

Chest acceleration resultant

Figure 36 shows the chest acceleration resultants from three Q10 dummy tests performed using Booster Seat 3. The graph shows the behaviour of the Q10 dummy is consistent across tests. The chest of the Q10 is loaded at the same point in time (≈20ms), in all three tests. The Q10 chest is then loaded at the same rate in all three tests, before peaking at very similar times.

The graph is consistent with the type of movement seen during the loading phase of the dynamic test; with the chest initially accelerating due to impact and then decelerated as the dummy chest engages with the restraint and the restraint arrests the dummy. Both phases of this movement have occurred as expected. Therefore the Q10 measured chest acceleration loading as expected. 

Chest vertical acceleration

In addition to assessing the chest acceleration resultant loading, the acceleration loading in the Z plane is also assessed in Reg.44 testing. Figure 37 shows the chest vertical loading from the three tests of the Q10 in Seat 3. The graph indicates that the tests performed produced repeatable results, with the movement of the chest in the Z plane being consistent with what is expected during a frontal impact.

The graph shows that there is very little vertical movement of the dummy during the initial phase of the impact, and then there is a negative acceleration and peak as the dummy pushes down into the test bench. Following this 'bottoming out' the graph shows how the dummy begins to move backwards and upwards. This is consistent with what would be expected. Therefore the Q10 is measuring chest vertical accelerations as expected.
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Head horizontal excursion

Analysis was conducted to assess whether the current limit for horizontal head excursion could be applied directly to the Q10 dummy. Table 12 shows the average measurement for each child restraint compared to the current Reg.44 limits.

The results for the horizontal head excursion illustrated that all of the tests were under the Reg.44 limit, with the Q10 dummy at least 19% below the limit in all tests and the P10 at least 5% below the limit.

The results in Table 12 show the horizontal excursion values were shorter for the Q10 for all restraints compared to the P10. This is not surprising based on the kinematic differences analysed earlier. This showed that the Q10 is more effectively restrained by the seat belt. This would therefore suggest that the current limit would need to be reduced to enable an equivalent assessment, under R44 conditions, with the Q10.

In general terms, it appears that the Booster Cushions tested returned horizontal head excursion values that were lower than those seen in Booster Seats. This is for two reasons. Firstly the starting position of the dummy on a booster cushion is further back on the test bench. This means the initial head position is further back, than when the dummy is in a booster seat. Secondly the 3-point belt has to restrain the booster seat and the dummy. This means there is greater force acting on the 3-point belt. This ultimately results in the dummy taking longer (in distance) to be restrained.

Booster cushions also generally showed a bigger difference between the horizontal head excursions of the P10 and Q10 dummies. This is as expected based on the kinematics of the dummies during the tests. This is because the kinematics of the Q10 means that the shoulder part of the 3-point belt remains on the shoulder of the Q10. This means the belt in much more effective at restraining the dummy. In the P10 tests the dummy folds over the belt and therefore the seat belt is not as effective at restraining the dummy. This results in the Q10 shorter head excursions.

Cushion 3 has a belt guide which keeps the shoulder belt on the P10 and Q10. The shoulder belt is able to remain on the shoulder in the P10 tests and restrain the dummy more effectively. This is why the difference between the P10 and the Q10 is smaller.

Booster seats have a belt guide in the head pad and therefore the shoulder belt typically remains more on the shoulder of the dummy. This is why the difference in horizontal head excursion between the P10 and Q10 in booster seats is smaller. 

Chest vertical acceleration

Table 15 shows the average chest vertical acceleration measurement for each child restraint compared to the current Reg.44 limits. The chest vertical acceleration results were found not to be very repeatable. However the results were more repeatable for the booster seat tests compared to the booster cushions, for both the P10 and Q10 dummies.

Even though all of the values achieved with the different seats were less than the Reg.44 limit of -30g, there was a large variation in the results, from 30-88% and 45-87% below the limit for the Q10 and P10 respectively. The higher percentage difference, i.e. the lowest chest acceleration measured, was generally within the booster seats for the P10 and the booster cushions for the Q10.

The chest vertical acceleration measurements were generally larger for the Q10 in booster seats and larger for the P10 in booster cushions, expect for one (Seat 2). This would be consistent with the kinematics described earlier (6.3). The Q10 in booster seats generally seem to compress the cushion much more and the dummy remains more upright. This would result in larger vertical loading in the chest. Whereas in booster cushions the dummy torso is not as up right and therefore the vertical loading in the chest is not as large.

It was not expected that the vertical chest loading would be significantly high, based on previous testing experience of booster seats and cushions. Therefore the Q10 has performed as expected.

All measurements were below the current Reg.44 limit; the majority of these values were very small compared to the current Reg.44 limit. Therefore it can be concluded that there is no need to change the limit, even though there is a slight performance difference between the P10 and Q10. From the analysis detailed in Section 6.4 it is clear that the Q10 is not a direct replacement for the P10 dummy. Although several of the current limits could be applied directly, it would potentially create a less stringent limit for the Q10. This would mean that child restraints that are unable to meet the current requirements of the Regulation using a P10, would then pass using a Q10. The introduction of the Q10 into the regulation should not allow this situation to occur. Therefore a method of scaling the current P10 limits to create appropriate Q10 limits was devised.

Limits

The average of the P10 results for each seat was divided by the average of the Q10 result. This was done for all the Reg.44 measurements. The results are shown in Table 16.

The resulting 'factor' was then plotted on a scatter graph using the data from the different child restraint systems tested (Figure 38). This shows that the head horizontal excursion produced very similar results, as the scatter is within a very narrow band. The head horizontal and chest resultant acceleration also produced correlated results. The chest vertical acceleration results were not considered as it was decided that the current limit did not need to be revised. A best fit line was created for each of the body regions to enable a best fit line to be drawn. The best fit lines for the head excursion and resultant chest acceleration were used to calculate a limit suitable for the Q10 dummy. The calculated limits are shown in Table 17. These limits have been calculated to allow the equivalent assessment of a CRS with the Q dummy, compared to an assessment with the P dummy. It is important to ensure that there is no degradation of CRS performance with the use of the Q dummy. The calculated head horizontal excursion limit is shorter than the current Reg.44 limit. However the Q10 head excursion measured in all the child restraints were shorter than 464mm and therefore this could be implemented.

However the calculated head vertical excursion limit is larger than the current limit. The Q10 vertical head excursion measured in all the child restraints were less than this calculated limit. However the vertical head excursions measured by the P10 were all well below the current Reg.44 limit. Therefore it should be the case that all these child restraints are able to pass the revised limit for head vertical excursion.

Applying the calculated chest resultant limit to the test results of the Q10 reveals that the two child restraints exceeded the limit. These two child restraints actually share the same booster base, one has an additional backrest. However this booster seat did also exceed the limit when tested with the P10. The booster cushion was within 5% of the current Reg.44 limit, when tested with the P10. This shows that this limit could also be appropriate as these two child restraints are only boarder-line passes with the P10 dummy. It therefore does not seem unreasonable for these child restraints to exceed the calculated Q10 limit for chest resultant acceleration. 

Q10 additional body regions repeatability

As mentioned previously the repeatability of the individual body regions of the Q10 is discussed in D2.3. However it was important to gain an understanding of the repeatability of the testing conditions when using the Q10 dummy dynamically. The results from the dynamic testing will be affected by many variables and it is important to have an understanding of the repeatability of these combined systems. This will enable differentiation between variation in test environment and sensitivity to changes in variables.

The repeatability of the Q10 dummy was assessed by analysing the time history graphs of the body regions that are not currently part of the Reg.44 performance criteria. The loading phase as well as the timing of peak loading was compared during the loading phase of the dynamic test.

Head acceleration resultant

Figure 39 shows the head acceleration resultant from three separate tests using Seat 4 and the Q10 dummy. It is clear from the overlaid data that the resultant head acceleration measurements for this dummy are repeatable. The Q10 head begins to measure loading at around the same point in time in all three tests. The loading in all three tests follows a similar pattern before peaking at a similar time.

The graph shows the expected pattern of behaviour from the head during the impact, with a large acceleration during the impact and a forward rotation; this is confirmed by the high speed test videos. 

Chest compression

When examining the chest compression sensors, which are installed on the Q10 dummy, it is clear that both tests performed on the dummy are repeatable (Figure 42 and Figure 43). This shows a slightly higher chest compression is measured in the lower sensor compared to the upper sensor. The lower sensor has a greater amount of available travel. The seat belt will apply different amount of loads to the upper and lower sensors depending on the belt path.

The upper sensors all begin to load at a similar time. However there is a slight variation in the time the lower sensor starts to load. This is possibly due to a slight variation in initial belt position. However the sensors peak at roughly the same time in all three tests.

EEVC In the tests with booster seats, the torso and head of the Q10 remain aligned at the point of maximum head excursion. This results in greater forces acting on the head trying and therefore stretching the neck. Whereas the torso and the head of the Q10 are not quite inline, in the booster cushions tests. This results in a slightly reduced neck force loading.

The neck loading measured by the HIII 10 year-old were much lower than the Q10 results in the two booster seats. It is recognised that the construction of the two dummies is different. This will contribute to the differences in measured loading between the dummies.

The average upper neck force values measured by the Q10 were compared to those calculated in Task 1.3a [START_REF] Carroll | Extension of biofidelity and injury risk curve development for the Q10[END_REF], 3300N. This showed that only one booster seat was below the calculated value for upper neck force. However all four booster cushion results were below the limit. As there are very few neck injuries reported from real world accidents for older children in booster seats we would not recommend this value of 3300N to be used as a limit for Reg.44 assessment.

The Q10 measured upper neck forces that exceeded 3300N in 9 (out of 23 tests). The maximum loading measured in a test was 4552N. These measured loadings are very high in this body region. The levels suggest children should be being injured because they exceed the adult levels (3300N). However we don't see neck injuries to older children suggested by the readings, on this scale in the field. Therefore this is a dummy design issue and a limit needs to be proposed from a broader dataset of tests. Therefore further work is needed. The average upper and lower chest compression values for each child restraint are shown in Table 21. The results show that booster seats generally measured a higher loading in the lower chest compression than the upper chest compression. For the booster cushions, two cushions measured higher upper and two measured higher lower chest compression.

There was a range measured by both the upper and lower IR-TRACCs for booster seats and booster cushions. For booster seats an 8mm range was seen between the best and worst compression measurements in the upper chest compression. A 15mm range was seen in the lower chest compression. For booster cushions the range in chest compressions was similar; 6mm for the upper chest compression and 14mm for the lower chest.

These recorded chest compressions were compared to the injury limits calculated in Task 1.3a [START_REF] Carroll | Extension of biofidelity and injury risk curve development for the Q10[END_REF], 56mm. This shows that four restraints exceeded the proposed limit, with a highest recorded displacement of 66mm.

It is important that child restraints that position the 3-point belt across the torso of the dummy, thus to engage the belt correctly, are not penalised by failing harsh chest compression criteria. Consistent positioning of the seat belt is required. As Figure 44 shows a slight difference in initial seat belt position can result in different chest compression load measurements (Figure 45). Further work has been conducted into this area, to understand the relative stiffnesses of the Q10 Thorax, when loaded with the adult belt. This is reported in D3.2a. 

Submarining

Currently as part of the dynamic assessment of Reg.44 a clay insert is placed inside the P10 dummy to assess submarining. If, after the test there are signs that the lap section of the 3-point belt has applied enough pressure to mark the clay insert, then it is deemed that abdominal penetration may have occurred.

It is also important to review the film footage of the test to check whether the position of the lap section of the 3-point has indeed moved up over the abdomen and caused the marking in the clay.

The Q10 contains more instrumentation than the P10. However it does not have a direct way to measure abdominal loading. Analysis of Submarining during the tests conducted at TRL will be reported in detail in D2.4. This analysis will explore whether it is possible to propose new techniques for assessing dummy Submarining in a CRS.

Comparing the P10 and Q10

For the purposes of this report a brief analysis has been conducted to compare the ability of each dummy to measure submarining.

It has already been discussed that the kinematics of the P10 and Q10 are different. The Q10 behaves much more biofidelically than the P10 and therefore more representative of real children.

From the tests of both dummies in booster seats there was no conclusive proof from the videos that the P10 submarined in any of the tests. The clay was marked in several tests but analysis of the video and photos showed that this was most likely due to the twisting of the dummy and the shoulder belt penetrating into the foam insert above the clay.

There was one test where the clay could have possibly been marked by the lap belt. In these tests the lap belt was found over the pelvis after the test. However the videos show that the lap belt was in the correct position while restraining the dummy (Figure 46).

In the tests of the same booster seat using the Q10, a similar upper body angle is seen.

The pelvis looks well restrained by the lap section of the 3-point belt. However the lap belt was found to have slipped in the gap between the pelvis and the thighs. This could mean that the pelvis may have been prevented from demonstrating submarining kinematics. However the Q10 dummy did not show any other signs of submarining. Therefore it is unlikely submarining would have occurred in this test even if the belt had not become trapped. In the tests with the booster cushions the kinematics of the two dummies is very different. Figure 46 shows that in the tests with the Q10, the booster cushion is able to move further forward, away from the back of the test bench. The booster cushion is also pushed further down into the test cushion.

This allows the pelvis of the Q10 to slide forward, while the shoulder of the Q10 is well restrained by the shoulder section of the 3-point belt. This kinematic is consistent with submarining. However the lap belt became trapped between the pelvis and the upper leg, preventing the full submarining motion from occurring. This also seems to cause the abdomen to bulge. However this bulging was common across a number of tests using the Q10.

In contrast the P10 folds around the belt and the head remains in front of the pelvis. The pelvis does not slide as far forward on the booster cushion as the Q10. There was also no marking of the clay to indicate submarining had occurred. There was therefore no clear visual indication that submarining had occurred in tests with either dummy.

Figure 47: Cushion 2 lap belt position

However further analysis of the submarining behaviour of the two dummies was conducted by UniS. This analysis found [START_REF] Girard | Assessment of Submarining[END_REF] that both dummies had displayed submarining characteristics in three of the tested child restraints; Seat 3, Seat 4 and Cushion 2.

The submarining criterion was based on 2D motion analysis of the lower limb excursion.

The criteria compares the times that the maximum X-direction displacement and the maximum Z-direction excursion.

None of these seats were found to have clear indicators of submarining in the clay insert when tested with the P10. The clay was marked in several of these tests. However it was unclear what had caused the markings. It seemed more likely that the clay had been marked by the shoulder belt or the twist/collapsing of the P10 dummy during the test. Similar marking of the clay were also found in several other tests which were not found to display submarining kinematics by Girard's analysis.

Conclusions

It is recognised that only a short analysis has been conducted as part of this report.

Although no firm conclusions have been made, it seems that kinematically the Q10 has the potential to submarine under the 3-point lap belt during a dynamic test. This has occurred in some child restraints where the P10 did not display similar kinematics. The Q10 dummy has been designed to be more biofidelic than the P dummy, so they are not expected to produce the same kinematic motion.

However further in depth analysis of the Q10 dummy relating to submarining has been carried out by UniS. This found that both dummies displayed the kinematics of submarining, in three different child restraints. However the Reg.44 assessment for belt penetration would not necessary highlight this in current Regulation testing.

Therefore the criteria devised by UniS should be a more robust and consistent way of assessing submarining of the Q10. The complete submarining analysis and findings are reported in D2. The Q10 dummy can be used after 15 minutes. However, for carrying out Reg.44 testing, other limitations on time will be required, from the Regulation. These limitations currently state that the test bench foam must have a recovery time of at least 20 minutes.

The Q10 has demonstrated that is capable of recovering quickly and would not cause any additional delay to Reg.44 testing.

Durability dummy positioning testing

The findings of the durability dummy positioning testing confirmed the findings of the sensitivity to restraint loading. No damages were noted, and the results of the tests remained consistent. The slouched dummy position set-up produced consistent results that were significantly different to the baseline.

Comparison of P10 and Q10

The work within Task 3.2 compared the Q10 and P10 dummies, to assess the differences in dummy behaviour and measurements under ECE Reg.44 testing conditions. This included comparing the kinematics of each dummy in a number of booster seats and booster cushions.

The results of the observations within this study showed clear differences between the two dummies.

The testing identified where it was appropriate to apply the current P10 Reg.44 limits to the Q10 and where equivalent limits need to be set.

Limits Directly Relevant to Reg.44

It should be noted that any suggested changes to the current Reg.44 limits are to maintain an equivalent assessment for seats as they are currently assessed with the P dummy. This is to ensure that the current safety levels are maintained.

There are differences in:

 the P10 and Q10 head results. New horizontal and vertical excursion limits were proposed to achieve an equivalent assessment with the Q dummy.

 the resultant chest acceleration. A new chest resultant acceleration limit was proposed to achieve an equivalent assessment with the Q dummy.

There was no clear relationship for the negative Z chest acceleration. The difference in the chest Z acceleration of the two dummies is due to the variation in their construction.

Limits if new body regions are added to Reg.44

Introducing the Q10 dummy as a testing tool would allow additional body regions to be assessed.

WG12&18 recommended that the addition of assessments of head acceleration, upper neck force F z and moment M y and chest compression would be of benefit.

The Q10 was able to produce repeatable results in these body regions, in at least one child restraint.

Head acceleration assessment criteria could be implemented for the Q10 in a Reg.44 test.

The upper neck forces limits (calculated in Task 1. 

Recommendations

Based on the findings of this report the following recommendations are made for the use of the Q10 in Reg.44 severity front impact tests:

 It is recommended that recalibration of the Q10 is conducted after every 20 tests.

Assuming the 150% (or 200%) of the loading level specified in D1.2 has not been exceeded.

 The Q10 will require the following revised limits if it is to provide an equivalent assessment to the P10 under Reg.44 conditions.

Proposed Q10 limits

Body region Revised Limit

Head horizontal excursion 465 mm

Head vertical excursion 885 mm

Chest resultant acceleration 45 g  Chest vertical should not be assessed for the Q10.

 Head accelerations limits can be introduced for the Q10, with 80g set as the limit.

 The upper neck moment limit (125Nm flexion) specified in T1.3a seems to be appropriate for the Q10.

 For consistency with the cushion recovery time specified Reg.44, the dummy should be allowed to recover for a minimum time of 20 minutes between tests. 
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A.2 Dorel

Dorel's Laboratory in Cholet, France is equipped to conduct homologation, COP and research testing and facilitates state of the art research; enabling Dorel's to be a leading producer of the safest child restraint systems.

Acceleration system

The acceleration of the sled is arranged with a compressor, building up air pressure, and a pressure release valve. The compressed air drives a cylinder thought a pipe along the side of the track, pulling along a steel cable that is attached to the back of the sled. Just before the contact of the deceleration device, the device is running without any coupling to the accelerator.

The acceleration device is capable to take a sled of 700 kilogram up to 72km/hour. A maximum initial run up acceleration of 1,2 G is realized in a typical R44 frontal impact pulse.

Deceleration device

Deceleration is realised with a piston being pushed into a hydraulic cylinder (Figure 49). The wall of the cylinder is drilled with many holes, each hole containing thread to accept a bolt type plug to restrict the flow of oil. The holes are spread over the cylinder and over a length of approx 1.2 meter, allowing tuning of the pulse by inserting more or less bolts in certain places in the cylinder wall.

The deceleration device is capable of produce decelerations up to 80G. As can be seen from Figure 50, the pulse is not entirely inside the corridor. A slight deviation at 85 ms is visible, where it is dipping just below the corridor. It is however very constant, and deemed to be acceptable for R44 homologation testing by UTAC.

Figure 50: DOREL sled pulses

Sled

The sled used for the R44 frontal impact test has a total mass of 752.5 kG.

T-zero trigger

The data acquisition is storing data from before the impact event is starting. The Tzero is defined from the moment where the sled deceleration is exceeding 0,5 G.

Sled deceleration measurement

The deceleration of the sled is measured with a sensor on the sled, located at the rear.

Data acquisition system

The sled contains an onboard data acquisition system, requiring post test connecting to the computer system to upload the data recorded. The data acquisition system is the limiting factor in the number of channels to be recorded. (32 max)

For the used sensor list used during testing see 

Head

The locations of the markers to be placed on the head are shown in (Figure 52).

There will be a total of 5 markers, located:

 1 on the top of the head, centred between the 4 holes ( 1)

 1 on a line perpendicular to face centreline (apex to chin) on foremost protrusion forehead, 5 cm to the right (right temple) ( 2)

 1 on a line perpendicular to face centreline (apex to chin) on foremost protrusion forehead, 5 cm to the left (left temple) (3)

 1 on the chin, on line perpendicular to face centreline 5cm to the camera side ( 4)

 1 on lateral camera side on the centre of gravity (CoG) of the head (5)

From the top view camera, 3 markers should be visible (apex, right and left sides of the face) in a triangle shape. [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]2,3) From the lateral view camera, 3 markers should be visible forming a triangular shape (chin, CoG and left temple). (3,[START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF]5) The triangles formed will allow tracking of the head trajectory as a solid (checking rotation and displacement) from both camera views and hence will help validate the model produced in LS-Dyna. 

Torso

The locations of the markers to be placed on the torso are shown in Figure 53.

There will be a total of 3 markers, placed at the following locations:

 1 10 cm to the right from the sternum, along the rib line ( 6)

 1 10 cm to the left from the sternum, along the rib line ( 7)

 1 on centre of abdomen equidistant between the sternum and the pubic crest (8)

The markers will be used with reference to CRS and sled marker to check for displacement differences. 

Upper limbs

Upper arms

The locations of the markers to be placed on the upper arms are shown in Figure 54.

There will be a total of 9 markers on the upper arms, placed at the following locations:

Dummy arm on the camera side:

 1 on lateral centre of shoulder joint (if feasible with the suit) ( 9) The locations of the markers to be placed on the upper arms are shown in Figure 55.


There will be a total of 6 markers on the lower arms, placed at the following locations:

Dummy arm on the camera side: From the top view camera 5 markers should be visible on each arm (when arm is straightened). From the lateral camera view 5 markers should also be visible (Figure 56).

The lines will show the upper and lower arms as a rigid body segments and hence will allow for model validation by determining extremities of the segment and displacement and rotation as a solid. 

Top view Side view

Lower limbs

Thigh

The locations of the markers to be placed on the thighs are shown in Figure 57.

There will be a total of 6 (or 7) markers on the thighs, placed at the following locations:

On the camera side:

 1 close to knee joint, on a line between the centre of knee joint and the centre of hip joint (screw hole) ( 24) There will be a total of 12 markers on the lower legs, placed at the following locations:


Camera side leg: 

Foot

The locations of the markers to be placed on the shanks (lower legs) are shown in Figure 59.

There will be a total of 12 markers on the lower legs, placed at the following locations:

Both feet:

 1 on the seam, 5 cm from the edge (47 & 48) From the top view camera 9 markers should be visible on each leg (when leg is straightened) (Figure 60).

From the lateral camera view 7 (or 8) markers should be visible (Figure 60).

The lines will show the upper and lower legs as a rigid body segments and hence will allow for model validation by determining extremities of the segment and displacement and rotation as a solid. The most common maintenance that was required was the tightening of the lower arm friction screw located near the elbow. This screw often required tightening between tests as the lower arm was too loose. This screw can be easily adjusted using an allen key. The screw is always accessible as it is not hidden by the Q10 suit.

This sort of adjustment is not uncommon when compared to the P10. The lower arm of P10 also often needs adjusting between tests. Therefore this adjustment is no more time-consuming than the current P10.

 Upper arm screws

The upper arm is fixed to a ball and socket joint using three screws. The friction of the shoulder joint is controlled by these three screws. Similar to the lower arm screws the stiffness of the shoulder joint needed to be adjusted every so often.

The P10 has a much simpler upper arm connecting. However the ball and socket joint has a screw thread in the shoulder which needs to be constantly adjusted between tests. Therefore this adjustment is no more onerous than the current P10.

 Shoulder attachment screw

Another screw that needed to be adjusted during the side impact testing was the shoulder attachment screw. However this screw needed to be adjuster on a less frequent basis than the lower arm screw.

The P10 has a screw thread shoulder joint, which as mention above, often needs to be adjusted. However it is much simpler to tighten. This screw will be improved in the final design so that it does not become loose during tests. Therefore this problem will not exist.

 Abdomen dislocation

As previously mentioned, after several of the tests, the abdomen insert was found to have been pushed up underneath the ribcage. To adjust the abdomen insert the suit needs to be pulled down over the thorax. The abdomen can then be moved back into position.

The P10 has a foam insert behind which clay is placed for assessing seat belt penetration. This means the abdomen insert is always removed after every test.

A design amendment to the final design, will incorporate a vent in the insert to allow air to be removed from the insert. Therefore the insert should not be pushed under the ribcage. 

E.2 Dummy damage

The dummy suffered damage to certain areas during the testing

 Suit wear

The dummy's suit began to show signs of wear from the 3-point belt rubbing on the suit, after only a few tests. The damage increased as the testing continued and the number of damage sites also increased. A new suit with reinforced panels has been developed and was used for later testing. This reduced the wear on the suit in the usual seat belt contact areas.

 Knee stop wear

Over time one of the knee stops began to wear. This allowed the knee to extend further than it should be able to do. The screws will be increased in size and the thread engagement increased to prevent this from occurring.

 Lower ribcage accelerometer detachment

After one test the lower accelerometer was found to have been removed from the inside of the ribcage. The sensor is only held in place by tape. It is assumed that the abdomen inside pushing in under the ribcage dislodged the sensor. Allowing the abdomen to vent air should prevent the insert from pushing up under the ribs.

 Spine cable protector

The spine cable protector cover became cracked and eventually broke off the dummy. This has been solved by changing the material of the cover to improve the strength of the protector.

 Ribcage crack

Towards the end of the testing a crack developed at the back of the ribcage on the side the lower part of the shoulder belt loads the ribcage. A new ribcage with reinforced material will be used in the future version of the Q10. This will maintain the same biofidelic properties but improve the ribcage strength. 

Appendix F DOREL Testing Observations

F.1 Abdomen foam

During the restraint loading testing, the abdomen foam popped out from the thorax in a number of tests (Table 22). Looking at the results from the first two series it is not clear whether a relationship exists between this behaviour and any change in the measured parameters. This behaviour only occurred in the tests with the arms extended forward, and not in the tests where the belt tension was increased, it seems that the forward rotation of the upper torso influenced this behaviour. When the arms are already partially extended forward upon installation, the upper torso is directly pulled forward by the arms being thrown forward. The upper torso therefore rotates more in the series 4 tests compared to the series 3 tests, where the dummy is more upright, due to the tighter installation. Another way of describing the sensitivity is the relation of the angle of the chest to the pelvis, if this angle becomes too small, the abdomen will pop out. This has not been studied, but in case the problem is not easily solved this may be a more accurate method to analyse the abdomen effect.

As the angle seems important, also the tests from the sensitivity to CRS design are studied. It was expected that a seat that may induce or allow submarining, will show this effect more than seats that keep the dummy better seated in an upright position.

Analysis of tests 5018 to 5029 (Table 23) also showed a trend in the relationship between the abdomen foam popping out and the seat type used. With the pictures included below (Figure 61), the differences in abdominal behaviour are demonstrated. 

F.2 Abdomen foam moving up and into the thorax

In a later stage of the testing, it was noticed at test LSP11-0226 that the abdomen foam during testing was moving into and up in the thorax (Figure 62), whereas in previous tests the abdomen foam was actually popping out of the thorax.

In the following 14 tests it occurred again at tests -0232 and -0233. The intrusion in the thorax is not so much a problem, as that may even be realistic. However it should be prevented that it influences the IR-TRACC signal. These are shown in Figure 64 and Figure 65. During the restraint loading testing, post test analysis showed that the suit is pulled upwards over the dummy's leg (Figure 66). This was made visible by drawing a line on the flesh of the leg pre-test and measure the distance the suit slid over the leg towards the pelvis. Post test, the patches move upwards towards the armpits; excess material folds over on top of the reinforcement patch as can be seen on the picture below, right. The interesting aspect of the testing is the timing of this occurrence.

In the test analysed below, LSP10-5014, up to 90 ms, the belt is running normally over the upper leg as can be seen from Figure 67. Also it can be seen that the 1 st and 2 nd marker on the leg of the suit are still visible. There is no suit being pulled into the hips.

Only during the rebound phase, when the dummy is travelling in an upward direction (around 210 ms) the suit is moving upwards over the leg.

In the below right picture it can be seen that the belt is keeping it's location on the reinforcing patches. However, also visible is the fact that the suit is pulled into the hipjoint. Of the two markers only one is visible, the other marker is buried nearly entirely into the hipjoint. Further analysis of all 65 test showed that this phenomena is difficult to detect. The visual difference of the movement of the belt is small, making positive identification difficult. Also the belt entrapment is difficult to separate from legs.

We have not been able to find a positive identification method for belt entrapment.

In Table 24 results are presented from subjective analysis (visual observation) of the video images.

Only 5 tests show some level of belt entrapment in the hip joint, 2 tests show during the impact phase and 3 test show belt entrapment in the rebound phase.

Belt entrapment in the rebound phase is considered not to be important for the biofidelity of the dummy. As the detection of the belt entrapment is difficult, and thus the above table 10 is not undisputable, no conclusion can be drawn on the presumed phenomena of belt entrapment in the hip joint.

For further study it is perhaps a possibility to track the movement of the suit relative to the knee joint (distance travelled) as an indicator for the belt entrapment in the hip joint.

F.4 Belt entrapment in chest

During the durability testing it became apparent that the diagonal belt became caught in the slit of the chest separating the upper and lower rib segments (Figure 68). This was not noticed in the previous testing series, although later analysis proved it to be present there as well (LSP10-5021) The entrapment of the belt in the chest caused an unrealistic interaction of the belt and the upper torso of the Q10 dummy.

It also leads to additional wear of the Q10 dummy suit, as the chest is held by the belt, causing high pressures and shear forces between the suit material and the rib segment.

The high frictional forces between the belt and the chest can also be seen in the rib segment, at the end of the chest slit near the sternum, were the brown skin material of the chest was abraded. (approx 4 mm deep after 40 tests)

Analysis of all test revealed that full belt entrapment in the chest occurred 4 times, and 5 times partially. Of these 9 occurrences, the child restraint types cushion 1 and cushion 2 were responsible for 6 of them. In Table 25 below a summary is given of the tests that showed partial or full belt entrapment in the chest. The tests not in the below enclosed list showed no belt entrapment at all. Upon further study of the cushion 1 and cushion 2, it was noted that in some case also no entrapment was occurring, for example test 5029 does not show entrapment, where 5021 and 5025 do show full entrapment.

Pre test pictures of the installation revealed that the position of the belt in test 5029 was substantially higher and located further away from the "Q" logo on the dummy suit, then on the tests 5021 and 5025 where there was full belt entrapment (Figure 69). From this it can be concluded, that the vertical belt position is dictating the belt entrapment as can be seen in the pictures below of the tests 5021 and 5029.

It has been verified that the position towards the C-pillar was constant in all 3 tests. From this analysis, it can be concluded that the child restraint design is influencing the effect of belt entrapment in the chest.

F.5 Feet

The feet are very flexible. This can lead to overstretching of the material and subsequent material failures after prolonged testing. This is a minor issue and is not expected to have any concern for the biofidelity of the regions equipped with sensors. The issues on durability of the Q10 prototype in the 65 Dorel conducted R44 tests reported in his paragraph. At the start up of the tests, there have been some small modifications to the dummy, mostly related to a non up to date build status of the dummy. This has been corrected as the tests continued at Dorel.

Full entrapment

Most parts showed some degrading of functions, but did stay intact. A summary per part is given below.

G.1.1 Elbow joint

After the first test at Dorel, it was noted from video analysis that the arm was moving in a non fluent way. Inspection of the joint revealed that the screw which limits the flexion and sets the appropriate friction had cut into the circular groove of the elbow (Figure 70). The correct screws were inserted before the start of the second test. The chest is constructed from a single part, with an upper and a lower section. The upper and lower rib sections are separated from each other by an opening consisting of a slit of approx 10mm wide, running across the side of the chest in a ~45 degree angle upwards towards the sternum. During testing the diagonal belt is caught in the slit in the forward motion of the dummy, thereby effectively fixing the dummy in a Z direction (up/down).

The most severe effect of catching the belt is the non realistic kinematics. A secondary effect is that is causes high pressure and shearing forces on the suit and chest, giving abrasion marks on the chest, and cut marks in the suit. It is believed that removing the slit to improve the biofidelity of the dummy will reduce the wear of the ribcage near the slit. The wear of the chest and tears in the suit at the top of the ribcage however will only change with a reduction of the forces, either by spreading them over a larger area, or by increasing the wear, tear and shearing resistance of the ribcage and suit in that area. This is caused by a number of effects:

 The arm is thrown forwards, pulling the material over the shoulder blade.

 The suit is wedged into the chest slit but the diagonal belt, pulling it downwards.

 The stitching of the material under the armpit is made to close to the edge of the material, pulling the warp from the left.

Figure 71 above shows an example of this in test. This effect may be partially solved by the removal of the slit in the chest, which is under consideration for reasons of abnormal biofidelity.

An improved stitching together with the removal of the chest slit may be enough to keep the suit intact in this aspect.

G.1.4 Suit damage due to belt loading and Chest interaction

During the first testing it was noted that the suit is damaged by the belt pressing and pulling the suit over the edges on the Chest. In Figure 72 this is shown in a post test photo of one of the first tests (LSP10-50009). Some fraying of the brown material can also be seen. In later tests, this fraying of the brown material increased, up to the point that roughly 3 mm of material thickness was removed from the edge.
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EEVC WG12 Report 330 Document downloaded from www.eevc.org The only part showing a breaking failure was the clavicle retainer, and that failure could best be described as a partial failure, as still the important functions of the part remained intact (Figure 73). The part is intended to couple the upper part of the chest to the collarbone. This function remained intact, as for forces transmitted in X are taken by the screw (intact) and the forces in Y are transmitted by the black cylinder around the screw (remained intact as well. It is considered to be of minor importance to the biofidelity of the tests. 

ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT

This section is partially based on recent publications Beillas et al., (2012aBeillas et al., ( , 2012b) ) combined with recent data. This text is the basis for the summary provided in Chapter 5 of this report

DEFINITION OF APTS AND ABDOMENS

BACKGROUND Numerous abdominal injury criteria have been proposed in the past (as reviewed by [START_REF] Kent | Biomechanical response of the pediatric abdomen. Part 2: injuries and their correlation with engineering parameters[END_REF]. For example, based on tests performed on a porcine specimen selected to represent a 6 years old (YO) paediatric population, [START_REF] Kent | Biomechanical response of the pediatric abdomen. Part 2: injuries and their correlation with engineering parameters[END_REF] found that peak belt force, mechanical work up to maximum compression and abdominal penetration were the best injury discriminators. More recently, based on ex-vivo liver tests and full body PMHS tests, [START_REF] Kremer | Pressure-based abdominal injury criteria using isolated liver and full-body post-mortem human subject impact test[END_REF] found that pressure related variables such as vascular pressure velocity, maximum vascular pressure and their product were correlated with liver injury risk. Most of these criteria cannot be used with a dummy without specific instrumentation. Belt force can be measured but specific instrumentation is needed to separate forces applied to pelvis and thorax from forces applied to the soft abdomen. In the past, Antero Superior Iliac Spine (ASIS) force transducers have been used to assess pelvic loads (e.g. Hybrid III 3yo., [START_REF] Ono | Method of Evaluating Abdominal Injury in Japan's Child-Restraint-System Assessment Program[END_REF] but deriving abdominal loads can be difficult as belt and iliac loads may have different directions. Also, this approach does not allow assessing abdominal loads from the diagonal belt below the ribs. Multiple abdominal instrumentation principles have been proposed and implemented in dummies (as reviewed by [START_REF] Rouhana | Development of a reusable, rate-sensitive abdomen for the Hybrid III family of dummies[END_REF]. Recent efforts include the rate sensitive abdomen for adult and 6 YO Hybrid III dummies [START_REF] Rouhana | Development of a reusable, rate-sensitive abdomen for the Hybrid III family of dummies[END_REF][START_REF] Elhagediab | Development of an Instrumented Rate-Sensitive Abdomen for the Six Year Old Hybrid III Dummy[END_REF], the Force Matrix Sensor, and the Abdominal Pressure Twin sensors (APTS) developed for the Q-dummies by Ifsttar. This chapter focuses on the recent introduction of APTS in Q10.

ABDOMEN PRESSURE TWIN SENSORS (APTS)

APTS were developed for Q-dummies during the Child EC project and improved during the Casper EC and Proetech projects. They are two soft cylindrical polyurethane bladders closed by aluminium caps and filled with liquid. The pressure in the fluid is measured by pressure cells implanted in the cap. Three versions of APTS (V1, V2 and V3) were developed successively. APTS V1 were retired in 2011 approximately. Only APTS V2 were used in the Q10 up to now. Transitioning to V3 (minor evolution affecting mainly non-deformable components) is expected in the future. The same APTS (V2 or V3, 50 mm nominal diameter, Figure 52) can be used Q3, Q6, Q10 and Thor dummies [START_REF] Hanen | A pressure-based abdominal insert for THOR-NT[END_REF]. ABDOMEN APTS are positioned in two vertical holes in the dummy abdomen (cap and pressure sensor down, cable output in the back, Figure 53 left). Up to now, the holes are drilled in an intact abdomen but the transition to abdomens where the holes are included in the mould is considered. A first prototype was developed for the Q10 by Humanetics (Figure 53 right). The APTS are attached to the bottom of the abdomen using Velcro (Figure 53). In the current version, baby powder is used to control friction between the bladder and the foam but the use of a sock between the bladder and the internal skin is considered in the future versions. Until now, two abdomens were prepared by drilling and significant differences were observed between them (weight, stiffness). The prototype from Humanetics has not been tested yet but evolutions in the manufacturing process are expected. To avoid confusion in this and further reporting, the following naming convention will be used when reporting test results:

-APTS described by version (here: V2) -Q10_A1: First Q10 abdomen drilled and used in early testing.

-Q10_A2: Second Q10 abdomen drilled and used in recent testing -Q10_B1: First prototype of Q10 with moulded holes (not used yet)

WORKING PRINCIPLES AND RESULTS FOR OTHER DUMMIES

The pressure measured in the bladder is directly related to the pressure applied by the belt through the abdominal foam. In principle, forces applied to the pelvis skin or to the thorax are only marginally transmitted to the foam (and bladder), thereby resulting in lower pressures. This was verified with APTS V2 for the Q3 (Beillas et al., 2012b), Q6 [START_REF] Beillas | Abdominal Twin Pressure Sensors for the Assessment of Abdominal Injuries in Q-dummies: Status update[END_REF].

Results with Q10 will be detailed below and testing is ongoing for APTS V3 with Q1.5.

The APTS can slide inside the holes to prevent pressure from building up in case of abdomen vertical compression by the ribcage during lumbar flexion. This behaviour has only been verified for the Q3 using APTS V1 so far (Beillas et al., 2012a).

Most of the past work related to abdominal loading detection and injury prediction capability in belted configuration has been conducted using the Q3 and Q6 (APTS V1 and then V2, drilled abdomens). This will be detailed in another report but, in order to provide some context, a few results reported in Beillas et al. (2012b) are summarized hereafter:

-APTS had little effect on the Q3 biofidelity in abdominal belt compression tests, and pressure was linearly related to belt force and belt penetration. -In Q3 and Q6 sled testing and accident reconstructions, proper restraint conditions without visible abdominal loading led to pressures below 1 bar, while visible loading led to higher values (up to 2 to 3 bars in extreme conditions). -Based on a set of 19 accident reconstructions with Q3 or Q6 (APTS V1 or V2), maximum pressure, pressure rate and their products were found to be injury predictors. Using previously described methods [START_REF] Johannsen | Estimating Q-Dummy Injury Criteria Using the CASPER Project Results and Scaling Adult Reference Values[END_REF], tentative AIS3+ risk curves were built for various metrics, filters and dummy scaling assumptions. For a filter CFC180 (which also seemed appropriate to plot the signal), a 50% risk of AIS3+ corresponded to maximum pressures between 1.09 and 1.32 bar depending on age scaling assumption. The filter had limited effect on the pressure threshold. -Repeatability of peak pressure in sled tests was limited to a series of 6 tests with Q3 and APTS V2 with the belt on the mid abdomen. The coefficient of variation for this series was 4.4% (Average maximum pressure: 2.32 bar).

There are notable differences between Q3/Q6 (which have similar abdomen dimensions) and Q10 (larger and heavier dummy). Therefore, results from smaller dummies should not be transferred directly to the Q10 without verification. 

TEST PROGRAM

The testing effort with Q10 with APTS has been limited compared to Q3 and Q6. Tests were performed by Ifsttar or third parties to check the working principles, evaluate the effect on biofidelity, observe the response for various restraint configurations, etc. Some tests have not been published but their results are reproduced here with authorization. Some additional third party testing may have been performed but was not available at the time of writing. The studies used for this report (Table 16) will be detailed (not necessarily by chronological order) in three sections:

-Abdominal compression with static dummy: studies 1 and 6, -Sled tests on UN R44 or proposed UN R129 bench, UN R44 pulse: studies 2, 4 and 7 -Sled tests on Body-in-white, all with more severe pulses than UN R44: studies 2, 3 and 5 [START_REF] Rouhana | Assessing Submarining and Abdominal Injury Risk in the Hybrid III Family of Dummies[END_REF] define the biofidelity target of the abdomen of Q-dummies. A prototype Q10 dummy was tested with same abdomen before drilling the holes (Q10_A1) and after (APTS V2, Q10_A1). The abdomen was mainly loaded with 32 mm belt held on a yoke mounted on the piston of the testing machine. Different strokes and loading locations were tested. In particular, the belt was moved from below ASIS up to the thorax in order to evaluate the sensitivity of the APTS to loading location. Results APTS V2 increased the compressive stiffness of the abdomen by as much as 20 to 25% (Figure 54). The response was still within the corridor for most of the stroke but it was close to the limit. The stiffening visible at the end of the corridor was not present in the dummy response, with or without APTS. Pressure varied almost linearly with both force and penetration (Figure 54). When changing the belt location (Figure 55), the pressure vs. force response remained mostly linear but the slope changed with the position. The highest slope (maximum pressure for a given force) was obtained in the mid abdomen (Z= 0 and Z= 25 mm on Figure 55). The slope was then reduced when moving away from this location, with the belt starting to engage the thorax (Z= +50 mm) or the pelvis (Z= -35 mm). The slopes were even smaller for positions of the belt directly on the thorax (Z= +100 mm) or below the ASIS (Z= -60 mm). 

Discussion and conclusion

The APTS V2 were found to stiffen the abdominal response of the Q10 in compression. They were also found to detect abdominal loading on the Q10 with a higher sensitivity in the mid abdomen than in the thoracic and pelvic regions. This behaviour was expected considering the design of both dummy and APTS. Some dissymmetry between sensors was visible even though the setup appeared to be symmetric (Figure 54, bottom). The reason for this is not clear currently but is currently being investigated for other dummies.

Isolated abdomen bar loading (study 1)

Tests were performed on a similar setup on an isolated dummy block. The objective was to compare the first (Q10_A1) and second (Q10_A2) abdomens using a simplified setup that could possibly be used in further calibration efforts. The isolated abdomen (Q10_A1, Q10_A2) was positioned face up on the fixed side of the testing machine. A 50 mm bar inserted in the lumbar spine location and spacers positioned on the sides were used to provide a uniform contact on the posterior aspect. The abdomen was loaded with a 25 mm bar mounted on the impactor side. Displacements, impactor force and accelerations as well as pressures were measured. Additionally, in order to compare the two abdomens (Q10_A1, Q10_A2) independently from the effect of the sensors, tests were performed on the central part of the abdomen in the region including only foam.

Results

Using a rigid bar of 25 mm provided a similar stiffness response on the isolated abdominal block as on the whole dummy for Q10_A1 (Figure 56). However, the response from the first abdomen (Q10_A1) was stiffer than the second (Q10_A2, Figure 56). The reason for the mismatch between the abdomens was attributed to a difference in foam density: after drilling. The Q10_A1 weighted 1410g while the Q10_A2 weighted 1050g, and there were significant differences in foam stiffness (Figure 57). Discussion and conclusion This isolated test condition could provide an interesting setup to characterize the response of an abdomen with APTS in conditions that could be related, perhaps after scaling, to the biofidelity reference (Figure 56). The tests highlighted differences between abdominal blocks (Figure 56) before confirming these in foam only testing (Figure 57). It was hypothesized that future abdomens would match the response of Q10_A2 but this would need be verified. In that case and based on Figure 54, it seems possible that the response of the APTS V2 with the Q10_A2 would still be within the biofidelity corridor, perhaps on the lower side. However this hypothesis was not verified in physical testing.

Static OOP with pre-tensioner (Study 6)

Tests were performed by Autoliv Research to assess the effect and possible risks associated with the use of pre-tensioners on child dummy occupants. Static tests were performed with a prototype Q10 dummy equipped with APTS V2 and most likely with the Q10_A2 abdomen.

The study is not currently published but the authors have agreed to share some of the results obtained during Q10 static tests for the current report while a publication is under preparation.

Therefore the views expressed in this section are not necessarily the view of the authors of the study. In these tests, the Q10 was seated on the rear left seating position of a large family vehicle Body-in-white and the pre-tensioner was triggered (static test without pulse). Tests were conducted with the Q10 in four configurations described in Figure 58. 

Results

An example of pressure response curve is provided in Figure 59 while the peak values for the five tests are provided in Table 17. (Beillas et al., 2012b) or values that will be presented in subsequent sections for inappropriate loading of the Q10. The pressure on the buckle side (right) was consistently higher than on the other side, which has also been observed in testing with other dummies and configurations. The three configurations without CRS had virtually identical pressure peaks. Their values were values slightly above the OOP position with CRS, and above the normal CRS case for which the lower belt path could be expected to lead to less abdominal involvement and reduced pressure sensitivity based on Figure 55. Overall, while this would need to be confirmed with further testing and should be interpreted with caution (as pressure values are very low), these results could suggest a sensitivity of the system to the belt loading path in case of pre-tensioner loading.

SLED TESTS ON TEST BENCH

Effect of CRS type and presence (study 2)

Seven tests were performed at DOREL on an NPACS bench with a UN R44 pulse (Q10 configuration 1 reported in Beillas et al., 2012a). The Q10 dummy (prototype equipped with jacket reinforcement designed to prevent the lap belt penetration in the space between the pelvis skin and the thigh, APTS V2, Q10_A1) was tested with a normal belt path on four different booster seats (two ISOfix, one backless booster cushion, one inflatable), one misuse configuration (shoulder belt under the arm, ISOfix booster), and one configuration without CRS (directly on the bench). Illustrations of the test setups are provided 

Results

Tests performed with three-point belts and normal belt paths did not lead to visible abdominal loading (Figure 61). This was true for the four booster seats, and also for the test performed without CRS (dummy directly on the bench). Pressures were all at or below 1 bar (Table 18). The value of 1 bar was reached for the only backless booster tested while all other values were below 0.78 bar. For the test with misuse (diagonal belt under the arm), loading of the upper abdomen by the diagonal belt under the ribcage is visible in Figure 61. Compared with the test with the same CRS but without misuse, this was associated with an increased abdominal pressure on the left side, with a maximum 1.8 bar (Figure 62 Left). The pressures often were dissymmetric with higher peaks (Table 18) on the buckle side (where both lap and diagonal belt can contribute to the loading). In most tests, the lap belt had a tendency to migrate between 

Discussion and conclusion

No submarining or lap belt sliding into the abdomen occurred for any of the configuration tested. While this could seem appropriate for cases with CRS usage, this was also true for the test without CRS for which a proper restraint kinematics was observed. Such test result would seem to suggest that no CRS is needed for a Q10 dummy in this test procedure and raises the question of the ability of the dummy/test procedure to evaluate the benefit brought by a CRS. Also, results for the inflatable booster (test 1726) have been compared with tests performed on the UN R44 bench with a P10 dummy and an inflatable booster (result provided by Britax, with authorization). While the restraint kinematics seems adequate with the Q10/NPACS bench, submarining/abdominal loading is visible with the P10/UN R44 bench. This result should be considered with caution as there could have been undocumented differences in the test methods. However, it seems to suggest that the Q10/NPACS bench provides a less challenging environment than the P10/UN R44 bench for soft CRS that could let the pelvis slide under the belt. As a consequence, such CRS could be acceptable with the Q10/NPACS bench. Regarding abdominal pressures, in the absence of visible abdominal loading, all pressures were below 0.78 bar except for the only backless booster tested which was around 1 bar. Reasons for variations between boosters are not certain but diagonal belt and dummy flexion (which depends on the CRS as shown in Figure 61) could play a role. In contrast, in the case of misuse, there was visible abdominal loading and pressures around 1.8 bar. 

Effect of APTS, hip shields, ISOfix and procedure (Study 4)

A programme of 7 sled tests with Q10 was carried out under the support of the EC (Visvikis et al. 2014, TRL Report). It aimed to investigate the effect of various parameters on the Q10 response in a configuration that could be similar to a future UN R129 regulation Phase 2 (UN R44 pulse, UN R129 candidate bench). APTS V2 with Q10_A1 were used in 6 of the 7 tests. The full test matrix and detailed results can be found in [START_REF] Visvikis | New UN regulation on child restraint systems -assessment of amendments to the new regulation, front and side impact procedures and Q-Series dummy family injury criteria[END_REF] and only a brief summary will be included hereafter. The report is not public yet the views expressed in this section are not necessarily the view of the authors of the study. 

Results

Comparing the responses with and without APTS (V2, Q10_A1), it was suggested in the report that "the sensors did not influence the kinematics of the Q10 greatly or its interaction with the three-point seat belt. However, the images from the side view […] suggest there was slightly less lumbar spine flexion with the sensors." Head excursion was reduced by about 7% after the APTS V2 and Q10_A1 were installed (Figure 64) "although the difference (in head excursion) was within the level of variation reported in (some of) the repeat experiments …". The largest effects on dummy measurements seemed to be associated with lumbar spine loads and pelvis acceleration. All results for this and other tests of the series are proposed in Table 19. In all tests with APTS, the pressure was highest on the buckle side (right) than on the other. The diagonal belt was seen close to the limit between ribcage and abdomen, with visible compression of the region (Figure 64). Regarding other parameters (Table 19): -Hip shields did not seem to create large kinematic changes, and resulted in limited variations of abdominal pressure (within 6%). -Belt guides resulted in limited kinematic changes but quoting from the report "may have kept the belt lower on the pelvis." (as illustrated Figure 65). Corresponding abdominal pressures may have been reduced (1.06 bar, 17% reduction) -Quoting from the report: "The main effect of ISOFIX was to reduce the lap belt force. The rigid attachments held the child restraint firmly in place and prevented it from loading the dummy and contributing to the belt forces." The case without ISOfix was the configuration with the highest pressure. -Reduced bench angle had limited effect on dummy kinematics / belt interaction and measurements (including for abdominal sensors) -Change in seating procedure (using UMTRI guidelines) also had limited effects on kinematics: belt interactions were very similar in the two tests (Figure 66) with perhaps the diagonal belt slightly higher in the UMTRI procedure. However, the test resulted in some changes for dummy measurements. Abdominal pressure (0.75 vs. 1.06 bar with belt guides and 1.22 bar or more in all other tests) and chest deflections were the lowest in the series (close to the case with belt guides for chest deflection). In contrast, head acceleration was the highest (92.3g).

In general, all values were below the limits proposed by EPOCh with the exception of head acceleration in the case of the UMTRI procedure. 

Discussion and conclusion

The APTS V2 with Q10_A1 potentially limited reduced the lumbar flexion and head excursion of the dummy. This should be further investigated, perhaps with further testing with production versions of components and tests to quantify the repeatability (this will be discussed further). Regarding other parameters, abdominal pressure was always higher on the buckle side, which may be related to a contribution of the diagonal belt (which was compressing the region near the lower thorax/upper abdomen) or a contribution of the dummy forward flexion. However, few kinematic differences were visible between the tests, and most tests had similar abdominal pressures, which makes it difficult to determine possible causes. If considering the case with APTS and hip shield as the reference, three cases had larger variations in abdominal pressure: [START_REF] Waagmeester | Biomechanical requirements and design brief[END_REF] The UMTRI seating procedure led to a lower pressure (0.75 bar) without obvious changes in dummy kinematics. However, it was associated with the smallest lower and upper thoracic deflections (32.7 mm and 42mm respectively, vs. 39.7 and 47. 

Effect of CRS type (ADAC like setup, study 2)

Besides tests on the bench previously described, four Q10 tests performed at DOREL in a VW Golf VI Body-in-white with an ADAC pulse are also reported in Beillas et al. 2012a. Q10 dummy and equipment were identical (prototype, APTS V2, Q10_A1) and four boosters (three ISOfix and one booster cushion) were used with a normal belt path.

Results

The tests did not lead to visible abdominal loading (Figure 67). The lap belt had a tendency to move to the gap between pelvis and lower extremities (despite the jacket reinforcement) and the shoulder belt moved towards the neck. Pressures measured during these tests were all at or below 0.7 bar (Table 20).
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Effect of CRS presence (ADAC procedure, Study 5)

The study is not currently published but the authors have agreed to share some of the results obtained with the Q10. Therefore the views expressed in this section are not necessarily the view of the authors of the study. ADAC performed two tests with the Q10 dummy equipped with APTS V2 and most likely Q10_A2. The tests used the ADAC setup (Body-in-white of a Golf VI, ADAC pulse representing a Golf VI EuroNCAP pulse). In the first test, the Q10 was seated on the rear bench without any CRS while in the second, it was seated on a non-ISOfix booster seat with backrest. Illustrations of the two setups are provided in Figure 68. Hip shields were used in both tests. For the test with CRS, the lap belt remained on the pelvis of the dummy (deformed hip shield can be seen on the illustrations Figure 70). However, the diagonal belt of the dummy is seen penetrating the upper abdomen just below the ribcage on the buckle side (right) and it remains pushing on the abdomen as the dummy flexes forward. The resulting pressure (Figure 70) reached almost 3 bar on the buckle side (right) and 1 bar on the other. Some early peaks are and initial shift are visible on the right pressure curve (curves are not filtered). Discussion and conclusion Abdominal loading due to lap belt penetration is clearly visible on the buckle side for the case without CRS. It seems to correspond to a sliding of the lap belt rather than clear a rotation of the pelvis (so it is unclear if the term submarining could be used). No misuse was created in this test setup and it can be therefore expected that the issue comes from the lack of CRS (as no such behaviour was observed in Q10 testing reported in the previous section). Resulting peak pressure is around 1.9 bar, which is also much higher than the tests with CRS. However, for the case with CRS, the abdominal pressure was also high (near 3 bar). A possible cause could be the loading of the abdomen by the diagonal belt which is clearly visible just below the ribs, perhaps combined with some contributions of the forward flexion of the dummy and a possible sensor malfunction (as a shift on the pressure curve is visible early in the time history). Repeating this test in the future (perhaps with belt force measurement) could help better understanding the exact source of the pressure.

In both cases, very brief peaks are visible on some of the unfiltered curves. These peaks have been already observed and possible reasons (electrical issue, hard contact on the aluminium cap of the APTS) have been discussed for other dummies in Beillas et al. (2012b). Applying a filter (e.g. CFC180 as suggested in Beillas et al., 2012b) would allow removing them.

Effect of pre-tensioner and load limiter in a compact car (Study 3)

The tests presented in this subsection were performed by JAMA and published in [START_REF] Croatto | Q10 and HIII-10yo in frontal impact: sensitivity to restraint systems[END_REF]. Q10 and HIII 10yo were tested in parallel on the rear bench of a "compact vehicle bodyin-white" mounted on a sled. A compact car 64kph ODB acceleration pulse was used (Figure 71). 

Results

An illustration of the kinematics results is provided in Figure 72 for the Q10 and HIII dummy. Corresponding pressures for the Q10 are provided in Figure 73. Croatto et al. stated: "During the tests without CRS, the lap belt moved upwards on the buckle side (left side) and then migrated towards the left area of the abdomen. This phenomenon of lap belt migration towards the abdomen did not occur in case a CRS was used and the abdomen pressure sensors were able to identify this difference." The pressure on the buckle side (left) was higher without CRS (1.39 bar in the case with P/T+F/L, 1.19 bar without) than with CRS (0.66 bar in the case with P/T+F/L, and 0.87 bar without). In all cases, the belt remained on the pelvis on the non-buckle side (right) and the pressure was lower (the maximum being 0.62 bar). The authors also state that "in case no CRS was used, the usage of P/T and F/L seat belt appeared to increase the left abdomen pressure […]. From the Pressure vs Time graphs […], it can be confirmed that this increase is not due to the early tension from the pre-tensioner, but occurs after the belt migration towards the abdomen. The difference of abdomen pressure in that case might be explained by the shoulder belt path passing more on the abdomen in the case of P/T and F/L seat belt […], and therefore adding to the pressure from the lap belt only." Regarding the HIII kinematics, a clear migration of the lap belt towards the abdomen is visible in Figure 72 when no CRS is used (but not when a CRS is used).

Discussion and conclusion

Results provided by Croatto et al. seem to suggest belt kinematic differences between configurations (belt migration towards the abdomen on the left side for Q10 without CRS vs. belt on pelvis with CRS) and dummies: without CRS, the belt visibly slips completely to the abdomen of the HIII. From the kinematics standpoint, the HIII seem therefore more able to detect situations (no CRS usage) that have been suggested as increasing the risk of abdominal injuries. The APTS seem able to detect the belt slipping to the abdomen on the buckle side even though it can be difficult to see on the picture in the case of no P/T+F/L. Without CRS, the higher pressure with P/T+F/L (about 0.2 bar more than without) is similar to OOP P/T test values in a previous section. The shoulder belt passing more on the abdomen could be (as suggested by the authors) a reason for this pressure difference. Another explanation could be that, due to the pre-tensioner, the buckle moves up higher early in the deceleration (70ms visible on Figure 72). This later (80 and 90 ms) results in the belt loading the abdomen higher, in a zone where the sensor may be more sensitive to applied force (as reported in a previous section).

DISCUSSION, CONCLUSIONS AND PERSPECTIVES

Based on the reviewed data, repeatability, reproducibility and characterization of manufacturing variability is very limited for APTS in Q10. Besides some results for repeatability in Q3 (e.g. Beillas et al 2012b), the issue is common with APTS in other dummies, it would need to be assessed prior to use in standard assessment procedures. This needs to be considered when analysing and comparing results presented in this report as most test conditions were not repeated and that abdomens used in the studies (Q10_A1, Q10_A2) have somewhat different characteristics. However despite these limitations, general trends can be 

Durability

No failure or opening of the APTS V2 was reported in any of the tests with Q10 (or Q3, Q6 and Thor). A 3 bar peak pressure was reached in one tests but 7 bar were reached in a Q6 test with a major sled issue, suggesting that higher loading would still be possible without damage or saturation. Minor issues reported with APTS V2 include small fluid leaks making the sensor greasy on the touch, and cable output damage requiring several repairs. The new APTS V3 were designed to attempt solving these issues, in particular by having a better cable attachment and better sealing. Effect on dummy: biofidelity and response APTS V2 were found to stiffen the abdominal response in belt compression, edging the limits of the biofidelity corridor with Q10_A1. Isolated tests with Q10_A2 suggested that it was less dense and much softer than Q10_A1. It could bring the response towards the inside of the corridor. The foam change also affected the pressure compression relationship. Beyond the need to know which abdomen is closer to the current production version or other versions, this highlights the need to repeat this testing once an abdomen designed to integrate the APTS is available (Q10_B). Also, it is not clear if the abdomen certification procedure currently used to monitor the abdomen foam (static plate loading) would be sufficient for an instrumented abdomen. Based on current results, an isolated abdomen testing (static or dynamic, for example with a 25 mm bar) could be useful for that procedure. In these tests, some dissymmetry between sensors was visible even though the setup seemed symmetric (Figure 54). Recent tests for other dummies seem to suggest that small geometrical differences could affect the response in a fixed setup (compressing two sensors in parallel between two rigid surfaces). It is however unclear if this would affect real life testing where the dummy can orient under load.

Based on study 4, the APTS V2 with Q10_A1 potentially limited lumbar flexion and head excursion. This should be further investigated, perhaps in further testing with production versions of components. Important aspects to consider include the fact that the tests were conducted with the Q10_A1 abdomen, which was stiffer than the Q10_A2 and that in Qdummies, the vertical compression of the abdominal block contributes to the flexion of the lumbar region. In the Q3, Beillas et al. (2012b) have shown that the vertical compression of the abdominal block contributed for about half of the flexion stiffness of the lumbar region. However, this stiffness is currently not characterized by testing (only the lumbar spine is), to the contrary of the HIII dummies for which a torso flexion test is performed. Similar tests may be meaningful with Q-dummies. Also regarding the flexion response:

-While bladder sliding is expected to prevent pressure from building up during dummy lumbar flexion, this was not evaluated for the Q10 but only in a simplified Q3 setup. It must also be noted that, in reality, some coupling between pressure and flexion could be expected through the action of the diaphragm and perhaps the action of the ribs but no quantification seems available for impact conditions. -From a design standpoint: simulations performed by Humanetics suggested that there could be an internal interference between spine components and APTS in some flexion cases. The APTS length could be reduced if needed but this would affect the stiffness response. This will be further investigated.

Overall, it is suggested to repeat and expand the study on the effect of APTS on the dummy response (including biofidelity, sensitivity to flexion, effect on thorax stiffness, mass impact, repeatability, etc.) once production candidate components are available.

Abdominal loading detection

Similarly to results obtained in other dummies, the APTS V2 were found to detect direct belt abdominal loading in the Q10 with a higher sensitivity in the mid abdomen than in the thoracic and pelvic regions. This was expected considering the design of both dummy and sensors. For the pelvic region, it is an important feature to ensure that appropriate restraint conditions with high belt loads transmitted to the pelvis are separated from the loading to the soft abdomen. For the thoracic region, the problem is biomechanically different as the lower ribcage includes some of the abdominal solid organs. However, as the thorax instrumentation already provides an assessment of the loading to the region, the lower sensitivity would seem acceptable.

In sled testing, trends can be observed by looking at dummy kinematics, interactions with the lap and shoulder belt, with regards to the abdominal pressure. Three pressure zones can be separated (labelled A, B and C, Figure 74):

-Zone C (high pressures, above 1.5 bar): in cases with obvious abdominal loading by lap (one case only) or shoulder belt (due to position or misuse), large abdomen penetrations are visible and associated with high pressure values -Zone A (low pressure, below 1 bar): no abdominal loading is visible. The lap belt remains on the pelvis (or in the gap between thigh and hip). When the diagonal belt slides towards the neck, pressures are similar on both sides (point group 7). Otherwise, pressures are higher on the buckle side. In the group, static P/T tests have the lowest pressure. -Zone B (intermediate pressure, 1 to 1.5 bar): in cases without CRS from Study 3, the lap belt slides into the abdomen on the buckle side visibly in one case and possibly in the other (it stays on the pelvis on the non-buckle side). Other cases (study 4) correspond to loading of lower ribcage (or higher abdomen) by the shoulder belt.

From a protection standpoint, if using the criteria of visible penetration currently used in UN R44, points from C would most likely correspond to fail, and points from A to pass. For B, lap belt slippage points would fail (one of them being difficult to see) while Study 4 cases with shoulder belt loading near the upper abdomen may be more questionable. While there are many differences between dummies, this transition zone between 1 and 1.5 bar corresponds to the tentative thresholds found when analysing accidents reconstructions on Q3 and Q6, and also to the separation between appropriate and inappropriate loading in Q3 and Q6 restrained by a belt. The test results also highlight that with Q10, upper abdomen loading seems possible without belt misuse depending on booster seat and belt path. Such behaviour was not observed with smaller dummies for which the shoulder belt is often higher on the chest and has a tendency to slide towards the neck. Overall, these results suggest the APTS are able to detect abdominal loading when it visibly occurs in the lower or upper abdomen, and that it may be possible to separate acceptable from unacceptable behaviours using a pressure threshold between 1 and 1.5 bar. This conclusion could be reinforced by further testing in more diverse environments in order to test the robustness of a candidate threshold and by work ongoing on other dummies. In the mid turn, accident reconstructions could be useful to attempt building a risk curve and scaling between dummies could be attempted too. 

Dummy behaviour and procedures

In frontal impact, the lack of CRS use has been linked with an increased risk of abdominal injuries in epidemiological studies (e.g. [START_REF] Durbin | Belt-positioning booster seats and reduction in risk of injury among children in vehicle crashes[END_REF]. Boosters are believed to help protect children from abdominal injuries by, among others, reducing the risk of submarining or belt slippage. However, when observing the Q10 responses, it appeared that:

-No CRS is required to restraint a Q10 on a UN R129 candidate bench with a UN R44 pulse (Study 2, no hip shield). Similar results were shown with Q6 [START_REF] Beillas | Abdominal Twin Pressure Sensors for the Assessment of Abdominal Injuries in Q-dummies: Status update[END_REF]. -Partial belt slippage into the abdomen visibly occurred in at least in one of the tests from Study 4 when no CRS was used (and is suspected in another one). However, abdominal loading seemed more clear with the HIII 10yo in the same test. -No belt slippage into the abdomen occurred with an inflatable CRS used with Q10 (UN R129 candidate bench, UN R44 pulse) while it did with P10 (UN R44 bench, UN R44 pulse). -Belt slippage occurred in ADAC testing without CRS (more severe pulse than UN R44) Overall, while these observations are based on limited number of tests (tests are not repeated) from different parties and all use the prototype version of the dummy, they suggest that, with regards to abdominal protection, the Q10 coupled with the procedure currently considered for the future regulation:

-could be less challenging than some other dummies (e.g. HIII 10yo) or test environments (in particular Body-in-white with harder pulses) -could detect future product designs that may not behave appropriately in real life. In particular, paper thin boosters without belt guides (equivalent to no CRS) could be used to pass a frontal impact requirement based on the candidate UN R129 bench and a UN R44 pulse. Also, it is unclear if very soft designs (that could let the pelvis pass under the belt in real life) could be detected in testing.

The possible consequences of these observations on future products and protection strategies should be considered prior to deciding on a test procedure.

INTRODUCTION

The concept of the EPOCh project is to drive the improvement of safety for older children travelling in vehicles. To enable this, the EPOCh project has produced a 10.5 year old dummy, the Q10.

It is necessary to specify injury risk functions and accepted thresholds or criteria for use with this new dummy, which are appropriate to this age and size of occupant. With adult humans the conventional approach taken to derive injury risk functions has been to conduct representative tests around the injury threshold with Post-Mortem Human Subjects (PMHSs). These tests are then repeated with the dummy and the relevant dummy output compared against the observed risk of injury for the PMHS. By following this process, dummy-specific injury risk functions are defined directly relating a dummy measurement with the risk of injury for a human. Unlike the adult situation, there is very little biomechanical data from which specific injury risk functions for children can be derived. As alternatives, two approaches have been used recently (Wismans et al., 2008):  Perform accident reconstructions using the child dummy under development.

 Scale adult injury risk functions and/or criteria to be relevant to the child size (dummy) being investigated. According to the first of these approaches, The European Enhanced Vehicle-safety Committee (EEVC) Working Groups 12 and 18 used the accident reconstruction data developed within the European Commission (EC) CREST and CHILD projects to help develop risk functions for the Q3 dummy (Wismans et al., 2008). The CREST (1996CREST ( -2000) ) and CHILD (2002CHILD ( -2006) ) projects included a program of 98 real world accident reconstructions using P-and Q-dummies. Wismans et al. used information from these tests to propose injury risk functions for the Q-dummies available at that time. For that purpose, the injuries observed in the real world accidents were paired with Q-dummy measurements from around 70 validated reconstruction tests. As the reconstructions were performed with dummies from 0 to 6 years old, all data were scaled to the Q3 dummy size/age in order to normalize the data for a single age whilst maintaining the size of the dataset to be analysed. Risk curves for injuries with an Abbreviated Injury Scale score of at least 3 (AIS ≥ 3) for the Q3 were then developed using both the Certainty Method and Logistic Regression. Resulting injury risk curves were drawn for the head, the neck and the thorax. Accident reconstructions with the newly developed Q10 were beyond the scope of the EPOCh project. As an alternative, the investigation reported here (comprising Task 1.3 of the EPOCh EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 358 project) has taken the second approach and scaled adult injury risk functions in an attempt to make them relevant for the older child dummy. Consideration has also been given to scaling up the risk functions developed for the Q3 by EEVC WGs 12 and 18.

SCALING APPROACH

Previously, many authors have published techniques for scaling biomechanical measurements to different sizes of subject. While the general principle behind the scaling remains consistent, each of the publications seems to adopt different specific detail. For instance, slight differences in the formulae used by each author can be observed alongside differences in the material properties considered to be the most appropriate. Also different authors may be considering slightly different injury priorities, when developing their scaling strategy. The equations used in the following precedents were considered and compared throughout this work:

 van Ratingen et al. (1997) in the development of biofidelity requirements for the Q3 dummy  NHTSA (1996) in the development of injury assessment values for child dummies  [START_REF] Irwin | Biomechanical basis for the CRABI and Hybrid III child dummies[END_REF] in their biomechanical basis for the CRABI and Hybrid III child dummy families  [START_REF] Mertz | Biomechanical and scaling basis for frontal and side impact injury assessment reference values[END_REF] in the development of injury assessment reference values for frontal and side impacts  Wismans et al. (2008) output from the joint EEVC Working Group (WG) 12 and 18 activity reviewing the Q-dummy family of dummies, based largely on the work done in the CREST and CHILD project [START_REF] Palisson | Estimating Q3 dummy injury criteria for frontal impacts using the child project results and scaling reference values[END_REF]) These approaches include both behaviour scaling and injury risk scaling. In general, the behaviour scaling factors include stiffness (Young's modulus) and characteristic length scaling factors, whereas the injury risk scaling factors include maximum failure stress or strain and length scaling factors. For some criteria the Young's modulus factor also contributes to the injury risk scaling factor. As such one could consider that the behaviour scaling approaches could be equated to an injury risk scaling approach which includes stiffness scaling but where the failure stress factor was set to one. In the following sections of the paper all of the available scaling methods have been reviewed for each body region and dummy measurement, regardless of their original application. The review considered whether there are any new material property data available to aid the scaling process and if the output is reasonable for injury risk scaling.

Head acceleration

The scaling ratio used for head acceleration differs between that published by [START_REF] Van Ratingen | Biomechanically based design and performance targets for a 3-year old child crash dummy for frontal and side impact[END_REF] that used by [START_REF] Irwin | Biomechanical basis for the CRABI and Hybrid III child dummies[END_REF] and the EEVC WG12 and 18 (Wismans et al., 2008). van Ratingen et al. assumed that the head impact test condition could be represented as a single spring-mass system, whereas the EEVC equated the force applied to the head in terms of Newton's second law (F=ma) and the failure stress (F=σS, where σ is the failure stress and EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 359 S is the cross-sectional area). Both of these approaches seem reasonable in principle; noting that one would need to consider the failure stress behaviour under dynamic conditions, rather than quasi-static, to match with the motion implied by the head acceleration. However, the approaches will give different scaling values.

van Ratingen et al.

Where R a is the scaling ratio for the head acceleration; R K is the ratio of head linear stiffness; and R M is the ratio of head mass.

Irwin and Mertz

Where λ E is the ratio of the elastic moduli of bone; and λ x is the ratio of head length.

EEVC WG12&18

Where λ σt is the ratio of calcaneal tendon failure stress; and λ x is the ratio of head length. Also, there is the issue as to from where the head compression stiffness data will come. Irwin and[START_REF] Irwin | Biomechanical basis for the CRABI and Hybrid III child dummies[END_REF][START_REF] Van Ratingen | Biomechanically based design and performance targets for a 3-year old child crash dummy for frontal and side impact[END_REF] used cranial bone bending stiffness data. However, Irwin and Mertz demonstrated that head stiffness was dominated by the bulk modulus of the brain. This agrees with the finding from the modelling work conducted by [START_REF] Coats | Parametric study of head impact in the infant[END_REF], which identified that the compressibility of the brain significantly affected bulk modulus and varied the principal stress in the skull. Ideally, the ratio of head compression stiffness would, therefore, reflect the bulk modulus of the brain. The bulk modulus for adult brain tissue has been reported in the literature; however, an appropriate value for children has not been determined empirically, as far as could be determined at the time of this study. In the absence of a bulk modulus scaling ratio, [START_REF] Mertz | Biomechanical and scaling basis for frontal and side impact injury assessment reference values[END_REF] and the EEVC (Wismans et al., 2008) both used calcaneal tendon failure stress as a proxy for the brain failure property. The appropriateness of using either the elastic modulus of cranial bone or tendon failure stress is not clear and alternatives were sought from the literature. Post-mortem human paediatric specimens were used by [START_REF] Prange | Mechanical properties and anthropometry of the human infant head[END_REF] to determine the static and dynamic properties of the whole infant head. The biomechanical tests were conducted using three un-embalmed fresh-frozen human infant specimens of ages one, three, and eleven days after birth. By comparing the stiffness value of the new-born child with the adult stiffness reported by [START_REF] Hodgson | The develoment of a model for the study of head injury[END_REF] a new stiffness ratio was obtained. Using this new stiffness ratio in the van Ratingen et al. head acceleration scaling formula, a good agreement was obtained between scaled down adult head accelerations and the new-born drop test data. To determine the head stiffness for a 10.5 year-old, it was necessary to interpolate between the adult and new-born. The curve applied for this interpolation was that used with bone elastic bending modulus [START_REF] Mertz | The Hybrid III 10-year-old dummy[END_REF]. The head anthropometry measurements related to the heads of children, six years old and Q10 age (10.5 year-old), and adults are shown in Table 21. These values have been taken from the EPOCh Task 1.2, Deliverable 1.2 (Waagmeester et al., 2009) As implied above, the head stiffness and anthropometry information was used in the van Ratingen et al. calculation for the head risk curve factor. This calculation using interpolated stiffness from an adult and new-born [START_REF] Prange | Mechanical properties and anthropometry of the human infant head[END_REF], produced a scaling ratio that was very close to 1 (0.991 for the Q10). Even with the EEVC approach the ratio was 0.913. The implication of this is that the tolerance of the older child's head is very close to that for the adult. Based on this information, the adult head injury risk function could be used without incurring a significant error. The probability of skull fracture for an adult, based on average acceleration, drawn using survival analysis and a log-logistic distribution assumption, is shown in Figure 75. The data supporting this function are those as used by [START_REF] Prasad | The position of the United States Delegation to the ISO Working Group 6 on the use of HIC in the automotive environment[END_REF], in the development of the HIC. The scaled Q10 risk curve estimate based on the EEVC scaling is also shown in this figure.

It should be noted that this is not the same function as was proposed by Prasad and Mertz. Therefore, adopting this injury risk function (as shown in Figure 75) would be a deviation from what has been adopted for use with other dummies. Despite the statistical validity of this function, for consistency with previous dummy limits it would be more appropriate to adopt the existing adult head acceleration limit(s). This first method used to calculate head injury thresholds for the Q10 scaled down the peak acceleration injury risk from adult data. For comparison, an alternative method was used, which involved scaling up from the 3 year old (Q3) 3 ms head acceleration threshold values reported by the EEVC (Wismans et al., 2008). The van Ratingen scaling method using the stiffness values from [START_REF] Prange | Mechanical properties and anthropometry of the human infant head[END_REF] and [START_REF] Hodgson | The develoment of a model for the study of head injury[END_REF] (interpolated with a curve of the shape reported by [START_REF] Mertz | The Hybrid III 10-year-old dummy[END_REF] was used again to calculate the head acceleration ratio for the Q3 to Q10 (Table 22). These ratios were then used to scale the EEVC 3 year old head injury thresholds to obtain values for the Q10. The resulting head injury (AIS 3+) values from scaling up the EEVC Q3 thresholds are not directly comparable with the values derived from scaling down the adult peak head acceleration injury risk curve. The adult head injury risk is for an unspecified severity of injury and relates to the peak acceleration value rather than the value exceeded for 3 ms. The EEVC 20 percent risk of AIS 3+ head injury coincides with a 116 g, 3 ms exceedance; whereas the adult risk curve suggests a peak value of 138 g for a 20 percent risk of head injury. The 3 ms head acceleration values scaled up from the three year old (as shown in Table 23) could be compared with the adult value of 80 g, used in Regulation (R94). However, the risk of injury associated with the adult 80 g limit is not known. It is known from sled tests with the Q10, carried out within the EPOCh Project (Task 3.2), that modern booster seats and cushions should be able to limit the measured 3 ms exceedance to within 80 g, under Regulation 44 conditions. As 80 g would be a more conservative criterion than suggested from the scaling work, it is recommended that this is taken forward for use with the Q10. This would promote consistency between the older child and adult criteria.

Head excursion

Within the Q10 testing evaluation reported by EPOCh Task 3.2 head excursion limits were proposed (Table 24). The proposal was based on back-to-back testing of CRS with the P10 and Q10; changing the limits to achieve an equivalent assessment with the Q dummy, compared to that of the P. The limits used currently in UN Regulation 44 with the P10 were adjusted by a factor accounting for the difference in mean excursion between P10 and Q10 dummies. The EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 362 calculated head horizontal excursion limit for the Q10 is shorter than the current Regulation 44 limit for the P10, whereas the vertical limit is larger than the current limit. These changes reflect the differences in dummy kinematics observed with the two dummies. While these excursion limits are not linked directly with any particular risk of injury, they are an obvious way to manage the likelihood of a head contact through CRS design. It seems sensible to keep such a limit for use with the new Q10 dummy in order to at least maintain the status-quo relating to product performance. (1997), [START_REF] Mertz | Biomechanical and scaling basis for frontal and side impact injury assessment reference values[END_REF], and the EEVC WGs 12 and 18 (Wismans et al., 2008) are being considered as previous examples of scaling relationships within this report. The formulae published by these authors with regard to neck loading measurements are shown below.

For the neck, the authors of previous scaling studies agree on the terms to be used in the formulae for neck tension and bending. The tensile strength of the neck is governed by a ratio of soft tissue tensile strength (e.g. tendon failure strength) and the ratio of cross-sectional area.

For the bending moment, an additional term is added to reflect the ratio of the moment arms.

The neck anthropometry measurements related to the necks of six year old children, Q10 and adults are shown in Table 25. As with the head anthropometry, these values have been taken from the EPOCh Deliverable 1.2 (Waagmeester et al., 2009). The data for the child sizes are taken from the CANDAT anthropometry study (for the six and ten year olds). The adult measurements are taken from the Hybrid III 50th percentile adult dummy. Where t x and T x , or t y and T y are the resistive moment to neck bending for the adult (upper case) or child (lower case) about the x-or y-axis; R E is the scaling factor for the elastic modulus; λ x or λ y are the length scale factors in the x-or y-axis.

Irwin and Mertz

R M is the ratio of neck bending moments.

Where λ x is the scale factor of the necks.

Mertz et al.

Where λ F is the ratio of neck force, either compression or shear; λ σ is the ratio of calcaneal tendon failure stress; and λ C is the ratio of neck circumferences.

EEVC WG12&18

Where λ M is the ratio of peak neck flexion moment; λ σf is the ratio of calcaneal tendon failure stress; and λ x or λ y are the length scale factors in the x-or y-axis. The work of [START_REF] Ouyang | Biomechanical assessment of the pediatric cervical spine under bending and tensile loading[END_REF] provides an important source of information concerning the scaling of cervical spine tolerance to tensile loading. This ought to be incorporated in the tensile force criterion, and is used in the following analyses of scaling techniques. However, the limited dataset of Ouyang et al. did not have the statistical power to derive tensile stiffness changes with age (only failure force). Therefore, other sources of cervical spine stiffness ought to be used in setting biofidelity response requirements. For compressive properties, the stiffness data of [START_REF] Nuckley | Developmental biomechanics of the cervical spine: tension and compression[END_REF] could be incorporated.

The different approaches for calculating neck injury thresholds were evaluated. The [START_REF] Irwin | Biomechanical basis for the CRABI and Hybrid III child dummies[END_REF] formula uses the ratio of neck circumference to calculate the neck force scaling ratio. The bending moment scaling ratio is calculated using the cross-sectional area of the neck and the neck depth perpendicular to the axis about which the bending is defined. The EEVC WGs 12 & 18 refined the Irwin and Mertz method to include the calcaneal tendon failure strength in both the force and moment scaling calculations (Wismans et al., 2008). For comparative purposes, the equations for the force and moment modulus were also calculated using the stiffness data reported by [START_REF] Nuckley | Developmental biomechanics of the cervical spine: tension and compression[END_REF] derived directly from experimental testing. 

0.422

These calculated ratios were then used to scale the EEVC adult injury limits for neck tension and shearing force and extension and flexion moment. The calculated values are shown in Table 27. The injury thresholds calculated for the Q10 have been scaled down from adult data. To validate this approach an alternative method was used, involving scaling up from the 3 year old. The EEVC WG 12 & 18 method was used to calculate the ratio of the Q10 to the 3 year old (Table 28). These ratios were then used to scale the EEVC (Wismans et al., 2008) Comparing the values between Table 27 and Table 29 indicates that the 20 percent risk of injury values scaled up from the three year old are greater than the values scaled down from the adult, using any method. The level of injury risk associated with the adult threshold values are between 3 and 5 percent or correspond to IARVs (Injury Assessment Reference Values).

Therefore it was to be expected that the scaled up values are greater.

In the EPOCh Task 3.2 tests with the Q10 the results for the upper neck force on the Q10 ranged between 2,055 and 2,932 N for the booster cushions, where all but one booster seat produced a larger result up to 4,239 N. These results suggest that the neck force thresholds derived above are not feasible for modern CRS to meet under Regulation 44 test conditions. The Regulation 44 test conditions are intended to represent the typical severity for frontal impact accidents, in cars from the 1970s. Therefore if scaled injury threshold values are being exceeded regularly in this test, one might expect to see neck injuries (relating to a tension mechanism) in the child accident data. However, the neck has not been identified as a frequently injured body region for older children when restrained [START_REF] Visvikis | Literature review, accident analysis and injury mechanisms[END_REF]. On the basis that the accident data would not support the need for a substantial improvement in tensile loading to the neck, a pragmatic threshold could be chosen to prevent any future degradation of safety in this area. The adult neck tension threshold is 3,300 N. Adopting this limit would lead to a failure for three of the five booster seats tested for EPOCh Task 3.2. As such a stringent threshold is not desired it is recommended that further testing should be carried out before defining the exact neck tension limit. Accompanying any tensile value, a neck extension limit of 37 Nm and a flexion limit of about 125 Nm seem feasible and can be supported by the scaling approach.
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Thorax

The scaling relationships used before, for the thoracic body region, specifically chest deflection, are reproduced below. Further scaling formulae have been reported for impactor type testing of the shoulder, thorax, abdomen, and pelvis. Based on the expected use of the older child dummy developed within EPOCh, it is not likely that impactor type events will be used in evaluating injury risk. Therefore, based on relevance, only the chest deflection scaling formulae are reproduced. The EEVC approach seems most appropriate to this study as it includes terms accounting for geometric, stiffness, and failure ratios.

Irwin and Mertz

Where R D is the ratio of chest deflections; and λ x is the ratio of chest depth.

WG12&18

Where λ σ is the ratio of peak sternal deflection; λ y is the ratio of rib length; λ σf is the ratio of calcaneal tendon failure stress; and λ Eb is the ratio of bone modulus. Assuming the thoracic organ modulus ratio, λ E , is equal to 1, then;

The thoracic anthropometry measurements related to six-year-old children, the Q10, and adults are shown in Table 30. As with the head and neck anthropometry, these values have been taken from the EPOCh Deliverable 1.2 (Waagmeester et al., 2009). Regarding material properties for the thorax, [START_REF] Mertz | Biomechanical and scaling basis for frontal and side impact injury assessment reference values[END_REF] used both the parietal bone elastic modulus and calcaneal tendon failure stress in scaling the Injury Assessment Reference Values for the shoulder, thorax, abdomen, and pelvis. The reason for using material property scaling values from other body regions is likely to be due to the absence of scaling properties from the correct region. However, there was some, limited, information available with which to try and validate the scaling proposed by Mertz et al. and this has been added to in recent years. This has provided some interesting and novel areas of pediatric research, such as quantitative chest compression data from cardiopulmonary resuscitation of children.

A relationship between the risk of significant thoracic injury (AIS ≥ 3) and Hybrid III dummy sternal deflection for shoulder belt loading was developed by [START_REF] Mertz | Hybrid III sternal deflection associated with thoracic injury severities of occupants restrained with force-limiting shoulder belts[END_REF]. This relationship forms the basis for the thoracic compression criteria in US and European regulation, as well as other regions of the world. Based on the data points underlying this adult risk curve, it has been, and is, possible to scale the relationship for other sizes of occupant. In the [START_REF] Van Ratingen | Biomechanically based design and performance targets for a 3-year old child crash dummy for frontal and side impact[END_REF] relationship for scaling thoracic response to impactor tests, femoral bone elastic moduli are used. These data are taken from the summary paper of Stürz (1980), although the original source is [START_REF] Currey | The Mechanical Properties of Bone Tissue in Children[END_REF]. Using the femoral modulus data instead of the skull bone modulus data would have the effect of increasing the scaling rates. It is not known whether the femoral or skull bone moduli are more closely related to the moduli of rib bone. However, adopting the EEVC approach, of not scaling the modulus, will give more conservative tolerance values for children. Therefore this approach is used subsequently in this paper. The EEVC equation for calculating the chest scale factor incorporates the ultimate tensile strength of the calcaneal tendon for the Q10 and Q12. This was calculated from data provided by [START_REF] Yamada | Strength of biological materials. 428[END_REF]. Having the tendon failure strength values allowed the EEVC equation to be applied, with the thoracic organ modulus ratio ( ) assumed to be 1. This equation results in a chest scaling factor of 0.653 for the Q10. These chest injury scaling factors were then applied to data from [START_REF] Mertz | Hybrid III sternal deflection associated with thoracic injury severities of occupants restrained with force-limiting shoulder belts[END_REF] to generate injury risk curves for chest AIS 3+ injuries for the Q10. The data from [START_REF] Mertz | Hybrid III sternal deflection associated with thoracic injury severities of occupants restrained with force-limiting shoulder belts[END_REF] measured the average sternal deflection from sled tests (accident reconstructions) using the Hybrid III 50 th percentile dummy. As mentioned in the Introduction, since preparing the original report for Task 1.3, the Q10 dummy has been designed, made and tested within other work packages of the EPOCh Project. It is now known that the design and biofidelity performance of the dummy is in keeping with other dummies in the Q-series. Knowing the relationship to the other dummies in the Q-series, it seems appropriate to try and relate the risk functions to those reported by Wismans et al. (2008) in a similar way. This is particularly important where deviations from the scaled biofidelity targets for the Q-series dummies means that effective stiffness would need to be incorporated when scaling down from adult humans. An example of a body region where stiffness may be important would be the thorax, where the Q10 biofidelity performance has the same relative stiffness with respect to the biofidelity corridor as the smaller Q-dummies (e.g. Q6 and Q3). The data used by Wismans et al. to Based on these data Wismans et al. (2008) drew injury risk functions for the Q3 dummy. Those authors used the Certainty Method and logistic regression to derive the functions. Since publication of the EEVC Q-dummy document, ISO WG5 has issued advice that injury risk functions should be developed primarily using survival analysis. The following figure (Figure 76) presents a risk curve generated using these data and survival analysis. The survival analysis shown assumes a Weibull distribution for the underlying data. As shown in Figure 76 the survival and logistic regression curves are similar, but not the same, up to about 50 mm of deflection and a 40 % risk of AIS ≥ 3 injury. From this point onwards, the curves diverge slightly with the survival function predicting a lower risk of injury for a given chest deflection.

EEVC Based on the scaling values provided by XT, it is possible to scale the injury risk curves to make them relevant for the Q10 dummy. In practice this means multiplying the Q3 data by 0.67 and the Q6 data by 0.75. The survival analysis injury risk curve based on the CREST and CHILD data scaled for the Q10 dummy is shown in Figure 76, "Survival (Q10)", again a Weibull distribution is assumed for the analysis. In order to compare the function developed by scaling up from the Q3 with the other approach of scaling information down from the adult size, scaling factors are needed for the Q10. As described above, using the rationale of Wismans et al. and some further interpretation of the available material property data, scaling factors have been developed. Using the Q10 scaling ratio as proposed earlier in this section, the Hybrid III 50 th percentile adult sternal deflection injury risk function was scaled down to make it appropriate for the Q10. The resulting curve is also shown in the following figure (Figure 77). A log-normal distribution assumption was used in the survival function. It can be seen from Figure 77 that the scaled down adult risk function predicts a lower risk of injury for a given chest deflection. The two curves diverge with increasing deflection. This means that the difference between the scaled up CREST and CHILD data and the scaled down Hybrid III data for a 20 percent risk of an AIS ≥ 3 thoracic injury is between 23 and 28 mm. Whereas the difference is greater for a 50 % risk of injury, and is between 37 and 56 mm. From the EPOCh tests with the Q10, results for the upper and lower chest compression measurement points have been obtained. The smallest peak value from either IR-Tracc was 44 mm and the highest value was 60 mm. Based on these results all of the CRSs would have exceeded a 50 percent risk of AIS ≥ 3 thoracic injury using the risk function scaled from the CREST and CHILD data. Some CRSs would also have exceeded the 50 percent risk level based on the function scaled down from the adult (Hybrid III) data. As with the neck tension values described in the previous chapter, the high estimates of potential injury risk call into question the relationship between the dummy values measured in laboratory tests and real world injury rates. Again thoracic injuries have not been identified as a priority for prevention for restrained older children in frontal impact accidents. Therefore, it may not be necessary (or perhaps even advantageous) to implement a stringent chest deflection criterion. It is important that child restraints that position the 3-point belt across the torso of the dummy, thus to engage the belt correctly, are not penalized by a chest compression criterion. Instead it seems appropriate to maintain a similar level of performance for future restraint systems. On this basis it is suggested that a chest deflection threshold of about 56 mm is used with the Q10 initially. With a multi-point chest deflection measurement system there is some scope for combining data from the two sensors to give more information about potential injury risk. For instance, it may be that loading one part of the chest in isolation is more injurious than distributed loading over the whole chest. In this case, there may be benefit to using an advanced criterion which accounts for force distribution somehow. The appropriateness of such a proposal would need further research and validation than has been possible within the EPOCh Project. However, work has been carried out investigating the response of the Q10 thorax to hub or diagonal seat belt loading in table-top test conditions. This work should help understanding of the regional stiffness of the Q10 thorax and perhaps inform later discussions on the balance of importance given to either the upper or lower chest deflection measurement. In the meantime it is suggested that the deflection limit is applied to either sensor.

Thorax acceleration

Real world accidents involving both child car occupants (seated in Römer-Peggy I or II restraints) and pedestrians were recreated by [START_REF] Stürtz | Biomechanical data of children[END_REF] using VIP 3c and 6c dummies. On the basis of nine cases (including six reversible or non-injury cases) Stürtz proposed limits of 105 g for the peak resultant thoracic acceleration and 85 g when exceeded for 3 ms. Apparently these values represented protection criteria covering 75 percent of the reversible injuries and 25 percent of the irreversible injuries. Alternative limits of 55 g for both acceleration measures were also suggested for representing 50 percent of reversible and irreversible cases. The current UN R44 chest acceleration criteria is also 55 g (3ms exceedance) It is not known how the biofidelity of the VIP child dummies would compare with the Q-series. It is unlikely that a dummy-specific injury risk function developed for the VIP series could be reliably transferred to the Q-series. However, the use of only nine cases to develop the proposed thresholds for the VIP dummies means that the tolerance values can only really be considered as indicative. On the basis of providing a general guide to a child's tolerance, rather than a specific risk function, the values suggested by Stürtz provide some information. These values, reported by Stürtz, are around the level proposed for use in US regulation with adult subjects or surrogates of 60 g; although the Stürtz child values are slightly higher than the adult, when looking at the 75:25 risk values. There is no clear basis as to why the child tolerance would be expected to be higher than for adults. Also, if the adult value was maintained it should provide a conservative estimate of injury risk for a child. Therefore it is proposed to maintain the European 55 g limit. The data recorded in EPOCh Task 3.2, for resultant chest accelerations indicate lower values for the Q10 dummy tests compared with those seen in the P10 for all child restraints. Therefore, there is some scope for this value to be reduced for use with the Q10 dummy. A limit of 45 g is suggested based on the EPOCh test results.

Summary and discussion

Previously published scaling approaches for use with child biofidelity and the development of injury risk functions have been reviewed. Data needed to be used in these scaling formulae, concerning biomechanical material properties have been sought from previous sources and the latest published literature. These data have been used together with anthropometry information, as reported alongside the design of the Q10 dummy, to provide scaling ratios. These scaling ratios have been set so as to provide a means of relating established injury risk functions from either the adult or Q3 to the Q10 dummy. The scaled injury risk functions have then been compared with initial test results with the Q10 dummy under Regulation 44 conditions. Associated with this comparison has been an assessment of the feasibility for CRS manufacturers to meet prospective criteria. This has also been balanced with pragmatic expectations of how well the criteria may relate to current CRS performance and real world EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 372 accidental injury incidence. As a result of this work proposals have been made as to the criteria which should be used with the Q10 in regulation 44 type conditions. As is usual in this area of research there are several caveats to be taken into consideration: Each scaling approach makes numerous approximations to keep the formula relatively simple to calculate. As an example geometric similitude is often cited as an assumption, so that the smaller body is the same as the larger in all aspects but size. Such assumptions and approximations will affect the scaling ratios and results. However, it is hoped that those effects are relatively small to the other aspects being taken into consideration. Material property data for child subjects is limited. This means that alternative, hopefully related, data are often used in scaling and sometimes these data have to be interpolated for the age of interest. From a research perspective, it would be ideal if this lack of information could be resolved in the future. As with the material property data, it is also uncommon to have child subject test data with which to validate scaling values. It is recognized that there have been recent efforts to address this at least in terms of providing some child related biofidelity information. Child injury information is certainly not prolific amongst the accident investigation and biomechanics literature. This means that injury risk functions developed for children are usually based upon a small number of data points and therefore have poor robustness (wide confidence intervals). The functions reviewed or derived above certainly fall into that category. This means that care must be taken when using those risk functions to set an injury criterion. The level of confidence offered by the data needs to be kept in mind during any process using such a function. There has been no direct relationship identified between injury assessment values for child dummies, a particular test severity and real world injury incidence. Any pragmatic decisions based on an expected real world performance of CRS should be considered knowing such a link has not yet been established. However, that is not to say such a link does not exist, only that the exact relationship is unknown to date. It is now known that the Q10 thorax biofidelity responses seem to be slightly closer to the biofidelity corridor than other Q-dummies (see Chapter 3, DUMMY DEVELOPMENT AND EVALUATION IN CERTIFICATION TYPE TESTING on page 17). The consequence of this variation in behaviour could be investigated in the future with respect to its impact on scaled injury risk curves. However, this small behaviour change is unlikely to change the pragmatic threshold level selection suggested above on the grounds of feasibility.

Conclusions

As a result of this injury risk function investigation, it is proposed that the following limits are used with the Q10 under Regulation 44 conditions. 

Figure 1 :

 1 Figure 1: Q-series of child dummies (left to right Q0, Q1, Q1.5, Q3, Q6 and Q10)

Figure 2 :

 2 Figure 2: Comparison of CANDAT with more recent WHO 2007 and CDC 2000 data

  2 g; o The average measured value is 120.0 g;  Lateral 130 mm drop height: Biofidelity corridor limits based on EEVC scaling are: 116.1 -200.0 g; o The average measured value is 133.7 g.  Lateral 200 mm drop height: Biofidelity corridor limits based on ISO TR9790 scaling are: 107 -161 g; o The average measured value is 179.5 g. The head drops were performed with a half upper neck load cell replacement attached to the head base plate. In Figure 4 the resultant head accelerations versus time are shown together with the corridors specified above (Note: the corridor is an acceleration range and not timing requirements).
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 4 Figure 4: Head drop biofidelity results

Figure

  Figure 5: Neck flexion moment versus head rotation

  Figure 8: Thorax frontal pendulum impact 4.31 m/s Figure 9: Thorax frontal pendulum impact 6.71 m/s

  , test results obtained in dynamic and quasi-static tests are presented. The stiffness (computed as straight lines, shown as dashed lines) in the dynamic tests is higher than the static tests:  Dynamic: 80 Nm/58 degr = 1.38 Nm/degr or 79.0 Nm/rad;  Static: 80 Nm/74 degr = 1.08 Nm/degr or 61.9 Nm/rad.
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 10 Figure 10: Lumbar spine stiffness (dynamic and static)
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  Figure 12: Frontal angle variation, 130 mm drop height

Figure

  Figure 14: Thorax frontal impact results versus speed (total 12 tests)
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 18 Figure 18: Q10 Overview of instrumentation options
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  Figure 19: Pendulum pulse for neck flexion test

Figure 21 :

 21 Figure 21: Pendulum pulse for neck lateral flexion test

  and 11 lateral flexion tests performed are shown Figure 23. The corridors for both flexion and lateral flexion are:

Figure

  Figure 22: Pendulum pulse for lumbar flexion

  shows the pelvis acceleration versus time in NPACS tests with a belt tension of 100 N compared to baseline tests with 50 N belt pretension. The signals show, in the case of increased belt pretension, an earlier onset and a lower maximum pelvis acceleration (100N: 59 G instead of 50N: 68 G). The results of both test setups show good repeatability.

Figure 24 :

 24 Figure 24: Pelvis acceleration in NPACS tests with belt pretension variation Blue: Baseline pretension (50 N) Red and Yellow: Increased pretension (100 N)

Figure 25 :

 25 Figure 25: Head resultant acceleration in NPACS tests with five CRS types Seat 7: Red, Seat 1: green, Seat 4: blue, Seat 2 orange and Cushion 1: purple

o

  A clear difference between tests with 50 N (standard for UN R44) and 100 N belt pretension was exhibited with respect to head excursion (Comparing the means of three tests at 50 N: 362 mm, and of three tests at 100 N: 340 mm), chest X acceleration (High pretension results in earlier and higher peak values), Pelvis X acceleration (High pretension results in earlier onset of the pelvis acceleration) and Upper Neck moment My (50 N: 14 Nm 100 N: 11 Nm) o Different arm positions resulted in significant differences in chest X acceleration at 60 to 72 ms (Hands on lap: peak 31 G, Lower arms up or arms stretched to knee: peak 37 G).  Sensitivity to child restraint design (four different CRS designs)

Figure 26 :

 26 Figure 26: Vertical versus horizontal head excursion for four CRS types o Head acceleration The head X-acceleration time histories showed a character that was specific to the particular CRS that was tested (Figure 27, top): The cushion-type CRS reached the maximum head acceleration earliest, as expected. The Seat 7 tests showed three remarkable phenomena compared to the other CRS: an acceleration plateau between 65 and 80 ms, flattened peak and early contact with head rest padding. The character of the signals of Seat 1 and 4 were similar.The Head Z-acceleration time histories also showed characteristics that were specific to the CRS that was tested (Figure27, mid): The cushion-type CRS reached the maximum head acceleration earliest, as expected. The Seat 7 tests show a domed peak during the period of time that their X-accelerations show a plateau (between 65 and 80 ms), flattened peak and early contact with head rest padding. The peaks for Seat 1 and 4 occurred relatively late while the character of those two was similar.The CRS specific characters of the X-and Z-acceleration history show up in the Head Resultant acceleration with less or more pronounced double peaks.

Figure 27 :

 27 Figure 27: Head acceleration history for four CRS types Top: Head X-acc, Mid: Head Z-acc, Bottom: Head resultant acc Seat 1: green, Seat 7: Red, Seat 4: blue and Cushion 1: orange

Figure 28 :

 28 Figure 28: Neck load history for four CRS types Top: Upper neck force Fz, Bottom: Lower Neck moment My Seat 1: green, Seat 7: Red, Seat 4: blue and Cushion 1: orange o Chest acceleration The general shape of the chest acceleration history did not show much difference between the CRSs (Figure 29): Extra peaks were observed for Seat 7 and Cushion 1 and one of the tests with Seat 4 had a lower acceleration in the period 50-80 ms than all other tests. The values for the chest acceleration 3ms were: Seat 1 and 4: 35 g (one Seat 4 test: 31 g), Seat 7: 34 g and Cushion 1:37 g. This followed a trend whereby this CRS had the smallest head excursion compared with the others, which meant that the chest was decelerated over a shorter distance and therefore the decelerations were higher.

Figure 29 :

 29 Figure 29: Chest resultant acceleration history for four CRS types Seat 1: green, Seat 7: Red, Seat 4: blue and Cushion 1: yellow

Figureo

  Figure 30: Pelvis X-acceleration history for four CRS types Seat 1: green, Seat 7: Red, Seat 4: blue and Cushion 1: yellow o Seat belt loadingThe diagonal belt force versus time for all three Seat 1 tests were grouped together, separate from the loading obtained for the other three CRS's at 55 to 80 ms. The lap belt load for all three Seat 1 tests started the loading curve at 20 to 47 ms before the other three CRS's. This showed that the seat belt loads were sensitive to the particular child restraint. Overall, variations between repeat tests were sometimes of a similar amplitude as those between different CRSs, but the shape of the signal seemed consistent
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 3132 Figure 31: Q10 and P10 position at moment of maximum head excursion
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 34 Figure 34: Side and frontal impact results for restraint feature variations
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 36 Figure 36: Chest relative deflections on eight thorax points in belt loading table top test compared with THORAX-project requirements and Hybrid III results.

Figure 37 :

 37 Figure 37: Q6 and Q10 dummy loads and kinematics in EuroNCAP 64 km/h sled tests Left: Q6 in "full size" group 2-3 ISOfix CRS (yellow), Mid: Q10 in "full size" group 2-3 ISOfix CRS (light brown), Right: Q10 on ISOfix booster cushion only (dark brown)

Figure 38 :

 38 Figure 38: ADAC Q10 prototype tests on the rear seat without seat in front in a BIW, without (left) and with booster cushion (right) (Stills from videos at 100 ms) o Transport Canada conducted paired comparison tests with the Q10 and Hybrid III 10yo seated in the outboard positions of the rear in five full width full scale tests in 2013/2014. The hip shields were not used. In these tests it was observed that the upper leg flesh shifted forward 15 to 30 mm at the level of the knee.The trochanter appeared to protrude from the flesh by approximately 60 to 80 mm. In Figure39the shift of the upper leg flesh during one of the tests is illustrated. As a result, the gap between the pelvis and the thigh flesh opens up, exacerbating the lap belt intrusion and contact with the upper femur hardware.In the Q10 production version, a plug to restraint the upper leg flesh to the femur is introduced in the upper femur region as shown in Figure40. Transport Canada will repeat these tests in the future to evaluate the effect of the femur modification and hip shields.
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 39 Figure 39: Q10 prototype version -Upper leg flesh shift along the femur

Figure 41 :

 41 Figure 41: Q10 production version tests in a car front seat with footrest at BASt  Takata Japan Takata Japan was the first third party that performed tests with the hip shields, in 2012.Based on their results the final stiffness for the hip shields was selected. Lemmen, P., et al.(ESV 2013) [16] reported a comparison of the Q10 performance without and with hip shields as shown in Figure42. This comparison shows small changes in dummy readings when using the hip shields. This was explained by small changes in the dummy kinematics when using the shields.
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 42 Figure 42: Peak dummy reading comparison for without (green) and with (blue) hip shields [16]

Figure 43 :

 43 Figure 43: Effects of abdominal sensors on Q10 belt interaction and other sensor measurements o Effect of hip shields to prevent lap belt intrusion on dummy responseBelt intrusion was less pronounced with the Q10 (than that observed with other Q Series dummies); nevertheless, the belt was higher on the pelvis (with much less abdominal expansion) when hip shields were used. This is illustrated in Figure2, which also shows that the dummy measurements tended to increase when the hip shields were used. It was unclear why they might have such an effect; no additional slack was introduced into the belt, for instance.
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 44 Figure 44: Effect of abdomen sensors and hip shields on Q10 kinematics and belt interaction

Figure 45 :

 45 Figure 45: APTS and Q10 abdomen. Left: APTS V2 or V3 are available in 50 mm diameter for Q3, Q6 and Q10. Right: APTS inserted into the Q10 abdomen A1.
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 47 Figure 47: Restraint type for children aged 6 to 12 years in front impacts (n=277)
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 48 Figure 48: Restraint type for children aged 6 to 12 years in side impacts (n=127)

  injuries among the 15 children. The distribution of injuries is shown in Figure49. Most injuries occurred in the head (n=4), upper extremities (n=4) or the abdomen (n=6).
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 49 Figure 49: Distribution of AIS≥2 injuries (n=18) among restrained children (front impact)
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 50 Figure 50: Distribution of AIS≥3 injuries (n=18) among children aged 8 -12 (front impact, all restraint conditions) Data derived from the Rhône Registry, described by Laumon et al., 1997
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 78 Figure 7: Thorax impactor force versus time biofidelity corridors for 4.27 m/s
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 10 Figure 9: Thorax lateral impactor force versus chest deflection biofidelity corridors for 4.27 m/s impact
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 1112 Figure 11: Q10 and Q12 child group representation (not to scale) 1400 1519 stature 1643

  Definition of a Q10 dummy representing children of 10.5 year old with the anthropometry targets as presented in paragraph 4.1.4.2. (CANDAT 10.5 year old: Stature 1443 mm, Sitting height 747 mm, Shoulder height 473 mm, Mass 35.5 kg) Note: If necessary the CANDAT-data can be interpolated between 10.5 and 11.0 years old to tune the total body mass to exactly 36 kg.

  Figure 14: Thorax performance targets at 4.27 m/s impact comparison Q-series methodology versus ISO/TR9790
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 1 Figure 1: Q10 Overall dimensions

Frontal

  130 mm drop height: Biofidelity corridor limits based on EEVC scaling are: 113.1 -194.2 G. The average measured value is 120.0 G. Lateral 130 mm drop height: Biofidelity corridor limits based on EEVC scaling are: 116.1 -200.0 G. The average measured value is 133.7 G. In Figure 2 the frontal and lateral test setup are shown.
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 2 Figure 2: Head drop test setup Left: frontal test Right: lateral test
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 3 Figure 3: Head drop biofidelity results
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 4 Figure 4: Q10 neck mounted on standard Part 572 neck pendulum with Q-dummy head form
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  Figure 5: Neck flexion moment versus head rotation
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 89 Figure 8: Q10 dummy in shoulder impact pendulum test setup



  Thoracic spine in vertical position with upper arms down along the thorax and the hand adjacent to the thighs. (This posture is commonly used for Q-dummies thorax impact (certification) tests so far and standard in this test series.  Thoracic spine vertical position with arms forward, supported with rods under the elbows. (see Figure 10 right)
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  Figure 10: Q10 dummy positioning in thorax frontal impact tests Left: Spine vertical posture (standard) Right: Arms forward posture

  [ v ]). The different postures explored show that there is sensitivity in the dummy response to this

Figure

  Figure 13: Q10 dummy positioning in thorax lateral impact tests

  Figure 16: Q10 lumbar spine mounted on standard Part 572 neck pendulum with Q-dummy head form. Left: In flexion mode Right: In Lateral flexion mode
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 1819 Figure 18: Q10 dummy positioning in pelvis lateral impact tests
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 20 Figure 20: Head drop test setup Left: frontal test Right: lateral test
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  Figure 24: Q10 dummy positioning in shoulder impact sensitivity tests Left: 10 degrees rearward offset Right: 15 mm forward offset
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  Figure 25: Impact force sensitivity for angular offset
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  Figure 29: Thorax frontal impact results versus speed
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 4243 Figure 42: Q10 dummy positioning in pelvis lateral impact tests Alignment offset: 30 mm above purple oval, 30 mm forward red dashed oval
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  Figure 44: Impact force sensitivity for alignment offset
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  Figure 47: Pendulum pulse for neck extension test
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 48 Figure 48: Pendulum pulse for neck lateral flexion test

  and the pulses of the 11 flexion tests performed are shown in Figure 49.
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  Figure 49: Pendulum pulse for lumbar flexion
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 51 Figure 51: Q10 Overview of instrumentation options
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 1 Figure 1: Front impact pulse corridor requirement -Reg.44
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 2 Figure 2: Reg.44 testing apparatus
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 3 Figure 3: Targets placed on the dummies

  Study 1; tests 0204 to 0222 = durability across a range of child restraints.  Study 2; tests 0223 to 0234 = time taken for Q dummy to recover between tests  Study 3; tests 0236 to 0243 = further assessment of dummy sensitivity to positioning Study 1; the durability tests with different child restraints were conducted to assess how the dummy would cope with the different loading conditions as a result of the different CRSs used. The child restraint systems were selected across the range available in the market.

For the Study 3

 3 testing, a slouching spacer element was used to create a consistent slouching position of the Q10 dummy. This is shown in Figure5. It is dimensioned at a thickness of 65 mm, close to twice the spacer described in R44 for regulatory testing. It has the ability to hinge in the middle to which allows removal sideways from behind the dummy once installed.
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 5 Figure 5: Seat with the slouching spacer in position
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 6 Figure 6: Example (left) showing the foam popping slightly out of the thorax and (right) showing the foam popping entirely out of the thorax
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 9 Figure 9: Comparing the tests with 100N belt tensioned and the baseline tests -Chest X acceleration
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 10 Figure 10: Comparing the tests with 100N belt tensioned and the baseline tests -Pelvis X acceleration

Figure 11 :

 11 Figure 11: Comparing the 100N belt tension tests to the baseline tests -Upper neck moment M y
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 13 Figure 13: Comparing the tests different arm position tests and the baseline tests -Chest X acceleration
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 14 Figure 14: Sensitivity to child restraint design -Head excursion
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 15 Figure 15: Sensitivity to child restraint design -Head X acceleration

Figure 16 :

 16 Figure 16: Sensitivity to child restraint design -Head Z acceleration
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 17 Figure 17: Sensitivity to child restraint design -Head acceleration resultant
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 18 Figure 18: Sensitivity to child restraint design -Upper neck force F Z
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 19 Figure 19: Sensitivity to child restraint design -Lower Neck Moment M y
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 20 Figure 20: Sensitivity to child restraint design -Chest acceleration resultant
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 21 Figure 21: Sensitivity to child restraint design -Pelvis X acceleration
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 22 Figure 22: Sensitivity to child restraint design -Pelvis acceleration resultant
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 23 Figure 23: Durability with different child restraints -Pelvis X acceleration
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 24 Figure 24: Durability with different child restraints -Upper neck moment M y
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  Figure 26: Example of abnormal knee movement during a test impact using a Q10 dummy (Hyperextension of the knee)

Figure 28 :

 28 Figure 28: Image of the neoprene suit developed for the Q10 dummy (left) and the Velcro pad designed to prevent seat belt trapping (right)

  Forward movement of the child restraint  Twist/rotation of the child restraint  Head movement of the dummy  Torso twist of the dummy  The amount of torso collapse (head towards the legs)  Lap belt position in relation to the pelvis throughout the test  The dummy's knee position relative to restraint and to its original position  The pelvis movement relative to the child restraint and lap belt  Shoulder belt position 6.3.1 Booster seats Several common observations were made from reviewing the video footage of the five different booster seats tested in this part of the task. The observations of the dummy kinematics were:
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 30 Figure 30: Images demonstrating the kinematic differences between the Q10 and P10 dummy
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 31 Figure 31: Images showing the rebound characteristics of the Q10 and P10 dummy
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 32 Figure 32: Illustration of Leg angle differences during impact between the Q10 and P10 dummy
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 33 Figure 33: Example positions of maximum head excursion during impact for the Q10 and P10 dummy
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 34 Figure 34: Images depicting seat belt interaction with the Q10 and P10 dummy
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 35 Figure 35: Images of the rebound of a Q10 and P10 dummy following a frontal impact
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 36 Figure 36: Q10 Chest acceleration resultant, Seat 3
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  Figure 37: Q10 Chest vertical (Z) acceleration Seat 3
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 38 Figure 38: Revised factor limits
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 39 Figure 39: Q10 Head Resultant acceleration from Seat 4 tests
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 40 Figure 40: Q10 Upper Neck Force Z from Seat 4 tests

Figure 41

 41 Figure41shows the upper neck moment (Y-axis) during the same two tests performed using the Q10 dummy as illustrated in Figure40. This also shows that the Q10 dummy produces repeatable results when testing the same seat.
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 41 Figure 41: Q10 Upper Neck Moment Y from Seat 4 tests

Figure

  Figure 42: Q10 upper chest compression from Seat 4 tests
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 46 Figure 46: Seat 5 lap belt position
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 49 Figure 49: Detail picture of the deceleration piston (in front) and cylinder (to the rear) The steel cable running over the blue wheel is pulling the sled.
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 52 Figure 52: Head markers

Figure

  Figure 53: Torso markers

  Figure 54: Upper arms markers
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 155 Figure 55: Lower arms markers
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  Figure 56: Arm markers

1 or 2 (

 2 Figure 57: Thigh markers

 1

 1 Figure 58: Shank markers

Figure

  Figure 59: Foot markers
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 61 Figure 61: Example (left) showing the foam popping slightly out of the thorax and (right) showing the foam popping entirely out of the thorax

Figure 62 :

 62 Figure 62: Q10 Dummy, post test upright on the R44 bench (left), with the foam element displaced up and into the chest cavity. Picture (right) showing the abdomen foam replaced in its natural position

Figure 63 :

 63 Figure 63: Detail picture looking into the chest cavity from above in the Q10 post test, still in seating position, post test, on the CRS on the bench

  www.eevc.orgThe IR-TRACC signals at Dorel are not calculated into mm's of displacement, so relative displacement must be taken, measured in milliVolts.The angle graphs of the lower IR-TRACC, does not show any difference in tests with and without foam intrusion as can be seen from the signals below.

Figure

  Figure 64: IR-TRACC angular rotation showing no difference in signals of tests with and without abdomen foam intrusion

Figure

  Figure 65: IR-TRACC displacement signal for test with abdomen foam intrusion and test without abdomen foam intrusion

Figure 66 :

 66 Figure 66: Picture (left) shows the post test position of the suit and the initial position drawn with a blue line. Post test (right), the patches have moved

Figure 67 :

 67 Figure 67: Loading phase showing OK belt routing over the hipjoint (left) and belt entrapment in rebound phase (right)

Figure 68 :

 68 Figure 68: Picture (left) showing test LSP11-208 with diagonal belt entrapment. Picture (right) showing the approximate diagonal belt routing over the chest of the Q10

Figure 69 :

 69 Figure 69: Pre test belt position in 3 tests (5021, 5025 5029; left to right) and their subsequent belt entrapment

Figure 70 :

 70 Figure 70: Detail of damaged elbow joint; a burr can be seen just before the black end stopper G.1.2 Chest

Figure 71 :

 71 Figure 71: Belt being caught in the opening between the upper and lower rib segment

Figure 72 :

 72 Figure 72: Wear of the suit and chest due to belt interaction

Figure 73 :

 73 Figure 73: Broken clavicle retainer (2 nd particle was missing after test)
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Figure 52 :

 52 Figure 52: APTS V2 or V3 are available in 50 mm diameters for Q3, Q6 and Q10. A smaller V3 is available for the Q1.5. Up to now, only APTS V2 were used in Q10.

Figure 53 :

 53 Figure 53: APTS V2 in Q10 abdomens. Left: current integration approach. The holes receiving the bladder are drilled. Right: Prototype abdomen developed by Humanetics: the holes are in the mould.

Figure 54 :

 54 Figure 54: Abdominal compression by a 32mm belt at 1m/s vs. reference corridor (top). Pressure vs penetration or force (bottom). (APTS V2, Q10_A1) (Beillas et al., 2012a)

Figure 55 :

 55 Figure 55: effect of belt location on pressure (32mm belt, 1m/s, 40mm stroke). Left: belt location. Right: force vs. pressure responses as function of location. For clarity, right and left pressure were averaged. Note: Z=0mm corresponds to mid abdomen. (Beillas et al., 2012a)
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Figure 56 :Figure 57 :

 5657 Figure 56: Isolated test setup with a 25 mm bar at 1 m/s: comparison of the response with the corridor (just for order of magnitude as protocols are different) and mean pressure with the two abdomens. For legend: old=Q10_A1; new=Q10_A2 (From Beillas 2013)
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Figure 58 :

 58 Figure 58: Configurations used for the static pre-tensioner tests. From left to right: BC_PII (On booster cushion), BC_PII_OOP (On booster cushion with belt above guides), Bench_PII (on the seat without CRS, repeated twice), Bench_PII_OOP (on the seat without CRS and in "slouched position")

Figure 59 :

 59 Figure 59: Example of pressure response for pre-tensioner loading

Figure 60 :

 60 Figure 60: Illustration of sled test setups

  pelvis skin and thighs even with the presence of reinforcements of the dummy jacket (Figure62Right). This solution was later abandoned for the Q10.

Figure 61 :

 61 Figure 61: Dummy position at peak pressure (test number@peak pressure time). 1724 and 1729 were with the same CRS, without and with belt under arm, respectively.

Figure 62 :

 62 Figure 62: Pressure curves for tests with or without misuse (same booster) and typical lap belt position after the test (jacket reinforcements coloured white) (APTS V2. Q10_A1) 0 0.05 0.1 0.15 0.2 Time (s) 0

Figure 63 :

 63 Figure 63: UN R44 pulse sled tests on inflatable booster seats: P10/UN R44 bench (top) and Q10/NPACS (bottom). The zoom in the lap belt region shows submarining/belt sliding into the abdomen for the P10 and proper kinematics restraint for the Q10.

Figure 64 :

 64 Figure 64: Kinematic change associated with the use of APTS V2 and Q10_A1 abdomen. Left: normal dummy. Right: dummy equipped with APTS V2 and Q10_A1 (with detail of the compression of the lower ribcage).

Figure 65 :

 65 Figure 65: Effect of CRS belt guide: Left: lap belt without (top) and with belt guide (bottom). Right: corresponding pressures (from figure in Visvikis et al., 2014).

Figure 66 :

 66 Figure 66: Visible belt interactions in UN R129 seating procedure (left) and UMTRI procedure (right) were very similar

Figure 67 :

 67 Figure 67: Dummy position at time of peak pressure (APTS V2, Q10_A1)

Figure 68 :

 68 Figure 68: Tests with Q10, APTS V2 and Q10_A2 performed by ADAC. Left: Q10 without CRS. Right: Q10 on booster

Figure 69 :

 69 Figure 69: Lap belt interaction and pressure response on the left (none buckle) and right (buckle) sides. Curves are not filtered.

Figure 70 :

 70 Figure 70: Overview of the test results with CRS. Top: belt interaction timeline (time in ms) including dummy flexion. Bottom: superimposed pressure responses on the right (2.96 bar) and left (1.03). Curves are not filtered.

  Figure 71: Pulse used in the sled tests and Q10 dummy installation (without or with CRS). Illustrations from Croatto et al. (2013)

  a) Q10 without CRS and with P/T+F/L (top) or without (bottom) (0, 70, 80 and 90 ms) b) Q10 with CRS (no P/T+ F/L) at 90ms c) HIII kinematics for without and with CRS (no P/T, no F/L).

Figure 72 :Figure 73 :

 7273 Figure 73: Right and left pressure response curves provided by JAMA

Figure 74 :

 74 Figure 74: Overview of maximum pressures on the buckle and non-buckle side in the 28 tests from studies 2-6, with possible interpretation for specific points/groups. Points corresponding to tests on a bench (candidate UN R129, UN R44 pulse) are not filled while tests in Body-in-white (ADAC or other, with a harder pulse) are filled.

Figure 75 :

 75 Figure 75: Head injury risk curve for an adult and the Q10 (scaled using the EEVC formula) based on peak acceleration

Figure 76 :

 76 Figure 76: CREST and CHILD data points and AIS ≥ 3 logistic regression and survival analysis injury risk curves for Q3 chest deflection.

Figure 77 :

 77 Figure 77: AIS ≥ 3 survival analysis injury risk curves for Q10 chest deflection derived from the CREST and CHILD data or from scaling of the adult 50 th percentile Hybrid III sternal deflection.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Table top tests -Low severity child volunteer sled tests -Sled tests under UN R44 and NPACS test conditions -Body-in-white sled tests as well as full-scale crash tests

Table 2 : Q10 production dummy mass versus anthropometry target

 2 This in some instances deviates from earlier published drawing dimensions. The actual mass distribution requirements are established after measuring 18 production dummies EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

			Actual mass and tolerance
	Description	Anthropometry target in [kg]	of production dummies (see note)
			in [kg]
	Head	3.59	3.695 ± 0.100
	Neck	0.60	0.495 ± 0.050
	Upper torso	(incl. suit partly) 5.15	4.482 ± 0.200
	Lower torso	(incl. suit partly) 9.70	9.798 ± 0.300
	Suit	(none)	(monitoring 0.570 ± 0.100)
	Upper arm (each)	1.09	1.090 ± 0.050
	Lower arm + Hand (each)	0.90	0.900 ± 0.050
	Upper leg (each)	3.71	3.710 ± 0.100
	Lower leg + Foot (each)	2.52	2.530 ± 0.120
	Total body mass	35.5	35.500 ± 0.600
	Note:		

Thorax Fontal Impact at 6.71 m/s Pendulum Force vs Rib Displacement
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			forward
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  and 73.70 ms EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

		January 19, 2015
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Pendulum Pulse corridor Speed versus Time Lumbar Lat. Flexion tests between 4.3 and 4.5 m/s
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Table 8 : Repeatability and Reproducibility of production version in certification tests Test configuration Mode Parameter Repeatability CoV = StDev / Mean Reproducibility CoV = StDev / Mean

 8 

	Head impact			
	Frontal	Max Resultant acceleration	0.40% (36)	2.29% (36)
	Lateral	Max Resultant acceleration	1.39% (72)	3.76% (72)
	Neck pendulum test		
	Flexion	Max D-Plane Rotation	1.50% (36)	4.16% (36)
		Max Occipital Moment	2.20% (36)	3.74% (36)
	Extension	Max D-Plane Rotation	1.51% (36)	2.83% (36)
		Max Occipital Moment	3.51% (36)	5.16% (36)
	Lat. flexion Max D-Plane Rotation	1.45% (72)	2.49% (72)
		Max Occipital Moment	0.91% (72)	1.72% (72)
	Thorax frontal impact (full body)		
	Frontal	Max Pendulum Force	1.70% (36)	3.32% (36)
		Max Sternum Deflection	1.14% (36)	5.15% (36)
	Lumbar pendulum test		
	Flexion	Max D-Plane Rotation	1.82% (36)	3.56% (36)
		Time at Max Rotation	1.33% (36)	2.97% (36)
	Lat. Flexion Max D-Plane Rotation	1.48% (72)	3.58% (72)
		Time at Max Rotation	1.58% (72)	2.67% (72)
	Abdomen test (static intrusion)		(see note)
		Deflection at 10.1 kg	No repeated tests available	11.11% (18); (10.10% (17))
	All modes together	1.61% (684)	(3.64% (701))

  dynamic performance of CRS and restraint conditions on a bench or in vehicles, and in particular, evaluation in the following tests is suggested: Comparisons with tests from (Kallieris 1976) [10], which have been reproduced with HIII 10yo dummies
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TEST PROGRAM EC-EPOCh sled test according NPACS Protocol

  Both prototype Q10 dummies were used in an extensive test program at IDIADA (Spain) and TRL (UK) (see ANNEX G: EPOCh EVALUATION TESTS):

	o Q10 sensitivity to restraint loading from variations in test setup
	o Q10 sensitivity to differences in child restraint design
	o Q10 durability
	o Q10 ability to recover between tests
	 TRL performed 50 tests comparing Q10 and P10 (four of these with Hybrid III 10yo)
	to investigate:

 IDIADA and TRL performed 115 tests (in general three repeats) to investigate: o Q10 sensitivity to restraint loading from variation in test setup o Q10 sensitivity to differences in child restraint design o Q10 durability EC-EPOCh sled test according UN R44 Both prototype Q10 dummies were used in an extensive test program DOREL (France) and TRL (UK) (see ANNEX G: EPOCh EVALUATION TESTS):  DOREL preformed 64 tests (in general three repeats) to investigate:

  EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact details are given because these are considered to complement the data reported in Chapter 3, DUMMY DEVELOPMENT AND EVALUATION IN CERTIFICATION TYPE TESTING

		January 19, 2015
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Figure 35: Q10 dummy in TRL table top test

  Figure 36 presents the chest deflections relative to the displacement of point 1 on eight thorax points in belt loading table top tests compared with THORAX-project requirements and Hybrid III results. The THORAX-project requirements [21] for table top diagonal belt tests are based on work of Cesari and Bouquet (1994) [22].

table top test set-up at TRL. EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 42

  Some test results relevant for the issue of submarining are mentioned here (unfortunately these results are not published yet):

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
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However, in several tests with the Q10 prototype in this condition no submarining was observed (one setup is described in ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT).

EEVC WG12 Report
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  EPOCh) according to the NPACS protocol found that the Q10 dummy was sensitive to the way it was positioned and installed in the CRS. Due to this sensitivity, EEVC recommends that a seating procedure is developed for future use in sled and full-scale testing. In these tests, the Q dummy readings was affected by child restraint design. The repeatability of the dummy in NPACS testing was good (CoV smaller than 3%).

		Table top test
	-	Low severity child volunteer sled tests
	-	Sled tests under UN R44 and NPACS test conditions
	-	Body-in-white sled tests as well as full-scale crash tests
	Sled tests (

the P10 and appropriate restraint kinematics for the Q10. Figure 46: Kinematic results from tests without CRS and comparison with other dummies

  

	January 19, 2015 b) In the same test condition (no CRS, no P/T F/L, Body-in-Document No. 642 white, Study 3), while the abdomen is possibly (not clear) loaded by the lap belt in the test with Q10, the belt seems to slip more visibly in the abdomen with the HIII 10yo dummy c) UN R44 pulse sled tests on inflatable booster seats: P10/UN R44 bench (top) and a) No CRS seems required to obtain an apparently appropriate restraint kinemetics on the UN R129 bench / UN R44 pulse (Study 2) Q10/NPACS (bottom). The zoom in the lap belt region shows submarining/belt sliding into January 19, 2015 the abdomen for EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Document No. 642
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Table 9 : Examples (at 20% and 50%) of IARV's for Q10 dummy by scaling method Unit Scaled down from Hybrid III Scaled up from Q3 20% AIS≥3 50% AIS≥3 20% AIS≥3

 9 

	50%
	AIS≥3

Table 1

 1 because they were not available at the time of the principal work being carried out.
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Table 10

 10 

	shows that 735 older children were killed in police-reported
	collisions across the European Union (EU-19) in 2006 (ERSO, 2008).

Table 10 : Fatalities by gender and age in EU-19 in 2006 (reproduced from ERSO, 2008) Age (years) Female Male Both sexes

 10 

	5 -9	102	155	257
	10 -14	164	314	478
	Totals	266	469	735
	While the CARE data presents European-wide information, more detailed analysis is
	impossible. The information was supplemented, therefore, with data from the UK. Table 11
	shows that there were 4,193 older child casualties reported to the police in Great Britain in 2007
	and the killed or seriously injured casualties amounted to 157. All of these children were car
	passengers. The data were obtained from Road Casualties Great Britain 2007: Annual Report
	(DfT, 2008). While it is likely that very few, if any, fatal accidents are not reported to the police,

Table 11 : Older child casualties by age band and severity in 2007 Age (years) Killed Seriously injured Slight All severities

 11 

	5 -7	6	60	1,443 1,509
	8 -11	6	97	2,581 2,684
	Totals	12	157	4,024 4,193

Table 12: Injury distribution with respect to restraint type for children aged 6 to 12 years (front impact)
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	were moderate to severe in severity. Six children were seated in the front passenger seat and 9
	children were seated in the rear outboard seats.					
	Restraint type	Total	MAIS0 n %	MAIS1 n %	MAIS2 n %	MAIS≥3 n %	Unknown n %
	Booster seat	7	1 14.3	5 71.4	0	0.0	0	0.0	1	14.3
	Booster cushion	16	1	6.3	8 50.0	1	6.3	2 12.5	4	25.0
	Adult seat belt	149	20 13.4	107 71.8	8	5.4	5	2.7	9	6.0
	Other restrained	6	1 16.7	2 33.3	0	0.0	1 16.7	2	33.3
	Unrestrained	29	6 20.7	15 51.7	4 13.8	3 10.3	1	3.4
	Unknown	70	17 24.3	36 51.4	4	5.7	3	4.3	10	14.3
	Total	277	46 16.6	173 62.5	17	6.1	14	5.1	27	9.7
	Fifteen restrained children (aged 6 to 12 years) received AIS≥2 injuries. Details about these
	children are shown in Table 13. The average age of the injured children was 9.3 ± 2.0 years.
	Where reported, the average velocity change (Δv) was 48 km/h, indicating that the collisions
	EEVC WG12 Report						Document downloaded from www.eevc.org
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Table 13 : Cases of AIS≥2 injury in restrained children aged 6 to 12 years (front impact) Case Age Restraint type Seating position MAIS (Body region) PDOF/Δv (km/h)

 13 

	Object
	hit

ANNEX C: Q10 DESIGN BRIEF EPOCh Deliverable D1.2 Biomechanical Requirements and Design Brief (public version) This deliverable is published September 17, 2009 Enabling Protection for Older Children SEVENTH FRAMEWORK PROGRAMME THEME 7 Transport (including AERONAUTICS) EPOCh 218744 DRAFT PROJECT REPORT Work Package 1 Task 1.2 D1.2 -Biomechanical Requirements and Design Brief by Kees Waagmeester, Mark Burleigh and Paul Lemmen

  

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015 January 19, 2015 January 19, 2015
			Document No. 642 Document No. 642 Document No. 642
	Contents	
	Executive Summary		i
	1 Introduction	
	1.1	Background	
	1.2	Current Q-dummies and running developments
	1.3	Q-dummy family design	
	2 Objectives	
	3 Method		
	3.1	Approach	
	3.2	Contents	
	EEVC WG12 Report EEVC WG12 Report EEVC WG12 Report	77 78 76	Document downloaded from www.eevc.org Document downloaded from www.eevc.org Document downloaded from www.eevc.org

4 Dummy Design Requirements and Targets

  

	4.1	Anthropometry for a 10 and 12 Year Old dummy
		4.1.1	Regulatory requirements in Europe
		4.1.2	Q10 age definition
		4.1.3	Q12 age definition
		4.1.4	Anthropometry data from CANDAT for Q10 and Q12
	4.2	Biofidelity Performance Targets
		4.2.1	Introduction
		4.2.2	Frontal Impact
		4.2.3	Side Impact
	4.3	Functional Requirements
		4.3.1	Test environment requirements
		4.3.2	Frontal Impact Severity Requirements
		4.3.3	Side Impact Severity Requirements
		4.3.4	Durability Requirements
		4.3.5	Repeatability and Reproducibility Requirements
	4.4	Instrumentation Requirements
	4.5	Methods to Show

compliance 5 Discussion on Q10 or Q12 size selection

  

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
			Document No. 642
	5.7	Discussion in GRSP Informal Group on CRS testing
	5.8	Size selection recommendation, feedback and final decision
		5.8.1	Main options
		5.8.2	Derivative options
	5.9	EPOCh team discussion and recommendation and final conclusion
		5.9.1	Feedback from stakeholders
		5.9.2	Final conclusion on size selection
	5.1	Introduction
	5.2	Comparison of CANDAT targets with existing dummies
		5.2.1	CANDAT 10.5 yo targets versus Hybrid III-10YO
			dimensions
		5.2.2	CANDAT 11.62 yo targets versus Hybrid III Small Female
			dimensions
	5.3	Anthropometry development for children from 10 and 12 year old
	5.4	Regulatory aspects and classification
		5.4.1	European regulations
		5.4.2	American view on largest child dummy
		5.4.3	Provisional conclusion on regulatory harmonisation
	5.5	Practical constraints due to limited space in cars
	5.6	Optimal representation of the group of largest children
	EEVC WG12 Report	Document downloaded from www.eevc.org
			81

6 Conclusions List of Figures Figure

  1: Neck flexion moment versus neck flexion angle biofidelity corridors ............. Figure 2: Thorax impactor force versus chest deflection biofidelity corridors for 4.27 m/s impact ........................................................................................................ ........................................................................................... Figure 10: Thorax lateral impactor force versus chest deflection biofidelity corridors for 6.71 m/s impact ........................................................................................... ................................................................................................Figure 13: Neck performance targets comparison Q-series methodology versus ISO/TR9790 ................................................................................................

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
	Document No. 642	
	Figure 3: Thorax impactor force versus chest deflection biofidelity corridors for 6.71 m/s
	impact ........................................................................................................
	Figure 4: Abdomen biofidelity corridors .................................................................
	Figure 5: Neck lateral moment versus neck lateral angle biofidelity corridors ..............
	Figure 6: ISO Neck lateral moment versus neck lateral angle biofidelity corridors ........
	Figure 7: Thorax impactor force versus time biofidelity corridors for 4.27 m/s ............
	Figure 8: Thorax impactor force versus time biofidelity corridors for 6.71 m/s ............
	Figure 9: Thorax lateral impactor force versus chest deflection biofidelity corridors for
	4.27 m/s impact Figure 11: Q10 and Q12 child group representation (not to scale) .............................
	Figure 12: Body mass versus stature for CANDAT and the current dummies. Additionally
	the CANDAT envelops for 5 and 95 percentile at 1, 1.5, 3, 6, 10.5 and 11.6 year old
	are indicated Figure 14: Thorax performance targets at 4.27 m/s impact comparison Q-series
	methodology versus ISO/TR9790 ....................................................................
	Figure 15: Thorax performance targets at high speed impact comparison Q-series
	methodology versus ISO/TR9790 ....................................................................
	EEVC WG12 Report	Document downloaded from www.eevc.org
	83	

Table 1 :

 1 Dimensions in [mm] for Q10 and Q12 (Q6 given for reference) ......................

Table 2 :

 2 Masses in [kg] for Q10 and Q12 (Q6 given for reference to justify the extrapolation for Q12) ...................................................................................

Table 3 :

 3 Q10 and Q12 Head frontal impact targets (Q6 and adult values are given for reference) ...................................................................................................

Table 4 :

 4 Q10 and Q12 Neck forward flexion targets (Q6 and adult values are given for reference) ...................................................................................................

Table 5 :

 5 Q10 and Q12 Thorax impact targets (Q6 and adult values are given for reference) ...................................................................................................

Table 6 :

 6 Q10 and Q12 Lumbar spine performance target (Q6 and adult values are given for reference) ..............................................................................................

Table 7 :

 7 Q10 and Q12 Abdomen performance targets (Q6 and adult values are given for reference) ...................................................................................................

Table 8 :

 8 Q10 and Q12 Head side impact primary targets, Q-series methodology Test: Impact on flat rigid face, drop height 130 mm, (Q6 and adult values are given for reference) ...................................................................................................

Table 9 :

 9 Q10 and Q12 Head side impact secondary targets, ISO TR9790 method, ref. [xix] Test: Impact on flat rigid face, drop height 200 mm, (Q6 and adult values are given for reference) ......................................................................................

Table 10 :

 10 Q10 and Q12 Head side impact targets (for reference), ISO TR9790 method, ref. [xix], Test: Impact on padded surface, drop height 1200 mm, (Q6 and adult values are given for reference) .......................................................................

	Table 11: Q10 and Q12 Neck lateral flexion targets, Q-series methodology (Q6 and
	adult values are given for reference) ...............................................................
	Table 12: Q10 and Q12 Neck lateral flexion targets, ISO TR9790, ref. [xix] (Q6 and adult
	values are given for reference) .......................................................................
	Table 13: Q10 and Q12 Thorax lateral impact targets, Q-series methodology (Q6 and
	adult values are given for reference) ...............................................................
	Table 14: Q10 and Q12 Thorax lateral impact targets, ISO TR9790, ref. [xix] (Q6 and
	adult values are given for reference) ...............................................................

Table 15 :

 15 Q10 and Q12 Lumbar spine performance target (Q6 and adult values are given for reference) ......................................................................................

Table 16 :

 16 Q10 and Q12 required load levels based on scaled IARV's together with ECE Regulation 94 Hybrid III IARV's ......................................................................

Table 17 :

 17 Q10 and Q12 instrumentation requirements .............................................

	Table 18: Comparison of CANDAT target dimensions with Hybrid III-10YO and Hybrid III
	5%ile (small female) dimensions (For shaded rows see notes at the bottom of the
	table) .........................................................................................................
	Table 19: Comparison of CANDAT target masses with Hybrid III-10YO and Hybrid III
	5%ile (small female) dimensions ....................................................................

Table 20 :

 20 P10, Q10 and Q12 comparison ...............................................................

Table 21 :

 21 Q10 and Q12 PRO's and CON's ..............................................................

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
	Document No. 642	

  EEVCReport -Advanced Child Dummies and Injury Criteria for Frontal Impact 

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015 January 19, 2015
	Document No. 642 Document No. 642	
	EEVC WG12 Report EEVC WG12 Report	Document downloaded from www.eevc.org
	85 86	

  ). Recent seat belt wearing laws in Europe changed with the submission of European Directive 2003/20/EC(published September 10, 2007). In vehicles where seat belts are fitted, the law now also requires children up to the age of 12 years and less than 150 cm in height to use an appropriate child restraint. Child restraints sold in the EU must comply with UN-ECE Regulation 44 (R44). This regulation currently relies on the P series child dummies as restraint loading devices. In previous Framework Projects CREST and CHILD new, more advanced dummies, representing 0, 1, 1.5, 3 and 6 YO children, were developed (ref.[ i ] CREST-project and [

ii ] CHILD-project). In comparison to the P-series these so-called "Q" series dummies stand out by:  Accurate anatomical representation of relevant body parts;  Use of advanced, deformable materials such as plastics and high dense foams to provide more realistic biomechanical response;  Interchangeable (modular) instrumentation relevant to the injuries observed with children;  Usable in both front and side impact testing. An Informal Group on CRS testing was established in January 2008, by the UNECE Working Party on Passive Safety (GRSP). GRSP stands for Global Road Safety Partnership. This group is likely to recommend the use of the Q series dummies in a new Regulation for the assessment of CRSs. Consumer testing programmes have already opted to use the current Q dummy family dummy. The NPACS research resulted in test procedures that specify use of the Q dummies. Future (Euro)NCAP-test procedures under development are also likely to use Q-dummies in the rear seat of cars in full scale crash tests.
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Dummy Design Requirements and Targets 4.1 Anthropometry for a 10 and 12 Year Old dummy
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  It is not yet clear what the size of the largest child dummy will be. At least two options are open at the moment:1. A Q10 to replace the current P10 dummy as specified in UNECE Regulation 44. If this regulation will stay in place for years this occupant size may be driving for the requirements.

2. Q12 to represent the child with a stature of 1500 mm. In Europe Directive 2003-20-EC requires adult seat belt use with an appropriate CRS up to a stature of 1500 mm. Countries are allowed to reduce this limit to 1350 mm, as derogation. So far many European countries (Sweden, Germany, Austria, Italy, Luxembourg, Ireland, Greece, Hungary, Poland, Portugal and Switzerland) enforced the 1500 mm rule. It is essential to know the reasons behind the selection of a certain maximum occupant size. This issue is under consideration by the GRSP informal group on CRSs

4 Anthropometry data from CANDAT for Q10 and Q12

  The stature of 1500 mm as required in European Directive 2003-20-EC (see paragraph 4.1.1) requires the anthropometry for a Q12. According to linear interpolation of stature in CANDAT between 11.5 and 12 year old children (1494.3 mm and 1518.8 mm respectively) the stature of 1500 mm is reached at an age of 11.62 year.

	4.1.4.1	Design targets used for Q0, Q1, Q1.5, Q3 and Q6

Formula: age = 11.5 + (1500 -1494.3) /

(1518.8-1494.3) * (12.0 -11.5) 

The 50 th percentile mass associated with a stature of 1500 mm is about 40kg, so Group III products approved under ECE R44 will not be appropriate for most children with a stature of 1500 mm.
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  4 kg represents a new born child of 6 weeks old. Its design targets are specified in TNO report: 03.OR.BV.003.1/KDJ [ vi ] • Q1 dummy with a mass of 9.7 kg represents a child of 1 year old. Its design targets are specified in TNO report: 99.OR.BV.014.1/DT and Addendum page 16 [ vii ] • Q1.5 dummy with a mass of 11.0 kg represents a child of 1.5 year old. Its design targets are specified in TNO report: 99.OR.BV.014.1/DT [vii] • Q3 dummy with a mass of 14.5 kg represents a child of 3 year old. Its design targets are specified in TNO report: 95.OR.BV.047.1/DT [ viii ] and 96.OR.BV.027.2/MSC [ ix ]

• Q6 dummy with a mass of 23.0 kg represents a child of 6 year old. Its design targets are specified in report 98.OR.BV.022.1/DT [ x ]. The target mass of the 6 year old dummy has been increased from 21.3 for to 23.0 that corresponds with a 50 percentile at 6.75 year old. On page 11 the TNO report gives the following rationale: ECE-Group II ranges from 15 to 25 kg and Group III from 22 to 36 kg. The dummy would therefore not fit properly in the one of the ECE groups. It is therefore advisable to make the dummy heavier than the 22 which is the lower boundary of ECE group III. It is proposed to make the dummy slightly heavier than the 21.3 kg indicated by CANDAT and the 21.3 of the Jensen regressions. 23 kg appears to be a good value as this weight is compatible with ECE regulation groups.

  Note: see under means of compliance for a reference to additional data on the pelvis and lumbar spine landmark positions

	4. Pelvis bone shape
	5. Positions of OC, C7/T1, T12/L1, L5/S1
	6. Joint positions and ROM's

1. Head-neck (OC and CG location) 2. Neck-shoulder EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Document No. 642 January 19, 2015 EEVC WG12 Report 94 Document downloaded from www.eevc.org 3. Rib cage lower edge shape.

Table 1 : Dimensions in [mm] for Q10 and Q12 (Q6 given for reference)

 1 

	Description	Priority Age in years	CANDAT code	Q6 6	Q10 10.5	Q12 11.62
	General					
	total mass in [kg]			p1	21.3 (increased to 23.0)	35.5	40.0
	stature		1 p2	1173	1442.5	1500.0
	sitting height (to top of head)	1 p3		
	eye height sitting		3 p4		
	shoulder height sitting		1 p5		
	elbow height sitting		3 p6		
	Torso					
	biacromial distance		1 p8		
	shoulder breadth (maximum)	1 p9		
	suprasternal height (standing)	3 p10		
	torso height at axilla		3 p12		
	torso breadth at axilla		2 p13		
	torso circumference at axilla	2 p15		
	torso depth at nipples		2 p18		
	torso circumference at nipples	2 p19		
	torso height at waist			p20		
	torso breadth at waist		2 p21		
	torso circumference at waist	2 p23		
	Hip and Pelvis					
	iliocristal height		3 p28		
	iliospinal height		3 p29		
	bispinious breadth		2 p30		
	trochanter height		3 p31		
	hip breadth (standing)		3 p32		
	hip breadth seated		3 p33		
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Table 2 : Masses in [kg] for Q10 and Q12 (Q6 given for reference to justify the extrapolation for Q12)

 2 

	Description	CANDAT	Q6	Q10	Q12
	Age in years	code	6.75 (see note 1)	10.5	11.62 (see note 2)
	Head	m1			
	Neck	m2			
	Upper Torso	m3			
	Lower Torso	m4			
	Torso Total	m5			
	Upper Arm (each)	m6			
	Lower Arm (each)	m7			
	Hand (each)	m8			
	Upper Leg (each)	m9			
	Lower Leg (each)	m10			
	Foot (each)	m11			
	Total	m12	23.00	35.50	40.00
	Note 1: The Q6 dummy is increased in mass corresponding with 6.75 year old while the dimensions
	correspond with 6 year old				
	Note 2: The Q12 mass distribution is extrapolated from Q6 (6.75 yo) and Q10 (10.5) so the total
	mass is 40.0 kg (CANDAT dimension p2). If the Q12 is selected a more accurate
	distribution can be obtained through application of the Jensen distribution regression.
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Table 3 : Q10 and Q12 Head frontal impact targets (Q6 and adult values are given for reference)

 3 

	Description	CANDAT	Q6	Q10	Q12	Adults
	Age in years	code	6.0	10.5	11.62	-
	head length in [mm]	p66				
	head breadth in [mm]	p67				
	menton-vertex in [mm]	p69				
	bone young modulus in [Pa]	-				
	Scale Factor		0.8747	0.9663	0.9753	1.00
	Head peak acceleration between				
	Upper limit in [G]		176	194.2	196.0	201
	Lower limit in [G]		102	113.1	114.1	117
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Table 4 : Q10 and Q12 Neck forward flexion targets (Q6 and adult values are given for reference)

 4 

	Description Age in years	CANDAT code	Q6 6.0		Q10 10.5	Q12 11.62	Adults -
	neck breadth in [mm]	p74							
	neck depth in [mm]	P91							
	Tendon modulus in -	-							
	Scale Factors								
	Flexion angle		1.00		1.00	1.00	1.00
	Upper neck moment	0.4964	0.6621	0.7094	1.00
	Neck moment versus flexion							
		Degr.	Nm	degr.	Nm	degr.	Nm	degr.	Nm
	Upper limit	0	0.00	0	0.00	0	0.00	0	0
		15	30.3	15	40.4	15	43.3	15	61
		45	30.3	45	40.4	45	43.3	45	61
		66	43.7	66	58.3	66	62.4	66	88
		70	94.3	70	125.8	70	134.8	70	190
	Lower limit	35		0.0	35	0.0	35	0.00	35	0
		55	13.4	55	17.9	55	19.2	55	27
		76	43.7	76	58.3	76	62.4	76	88
		80	94.3	80	125.8	80	134.8	80	190
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Table 5 : Q10 and Q12 Thorax impact targets (Q6 and adult values are given for reference)

 5 

	Description Age in years	CANDAT	code	Q6 6.0	Q10 10.5	Q12 11.62	Adults -
	shoulder height at axilla in [mm]	p5						
	torso width at axilla in [mm]	p13						
	torso depth at axilla in [mm]	p14						
	circumference at axilla in [mm]	p15						
	Young's modulus for rib bone Eb in [kN/mm 2 ]								
	Scale Factors								
	Mass		0.2255	0.3742	0.4193	1.00
	Displacement		0.6802	0.7459	0.7629	1.00
	Impact force		0.3315	0.5016	0.5496	1.00
	Thorax impactor force versus deflection					
	Impactor mass in [kg]		5.28	8.76	9.81	23.4
			mm	kN	mm	kN	mm	kN	mm	kN
	4.27 m/s impact								
	Upper limit		4.4	0.87	4.8	1.31	4.9	1.44	6.4	2.62
			17.3	0.81	18.9	1.22	19.4	1.34	25.4	2.44
			25.9	0.81	28.4	1.22	29.1	1.34	38.1	2.44
			36.3	0.96	39.8	1.45	40.7	1.59	53.3	2.89
			43.2	0.66	47.4	1.00	48.4	1.10	63.5	2.00
			39.7	0.07	43.6	0.11	44.6	0.12	58.4	0.22
	Lower limit		4.4	0.60	4.8	0.91	4.9	1.00	6.4	1.82
			17.3	0.54	18.9	0.82	19.4	0.90	25.4	1.64
			25.9	0.54	28.4	0.82	29.1	0.90	38.1	1.64
			32.0	0.63	35.1	0.96	35.9	1.05	47	1.91
			29.4	0.07	32.2	0.11	33.0	0.12	43.2	0.22
	6.71 m/s impact								
	Upper limit		4.4	1.22	4.8	1.85	4.9	2.03	6.4	3.69
			17.3	1.28	18.9	1.94	19.4	2.13	25.4	3.87
			25.9	1.37	28.4	2.07	29.1	2.27	38.1	4.13
			42.3	1.58	46.4	2.39	47.5	2.62	62.2	4.76
			52.7	1.25	57.8	1.90	59.1	2.08	77.5	3.78
			56.2	0.81	61.6	1.22	63.0	1.34	82.6	2.44
			50.1	0.07	55.0	0.11	56.2	0.12	73.7	0.22
	Lower limit		4.4	0.89	4.8	1.35	4.9	1.48	6.4	2.69
			17.3	0.90	18.9	1.36	19.4	1.49	25.4	2.71
			25.9	0.96	28.4	1.45	29.1	1.59	38.1	2.89
			39.7	1.10	43.6	1.67	44.6	1.83	58.4	3.33
			41.5	0.81	45.5	1.22	46.5	1.34	61.0	2.44
			35.4	0.07	38.9	0.11	39.7	0.12	52.1	0.22
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Table 6 : Q10 and Q12 Lumbar spine performance target (Q6 and adult values are given for reference)

 6 

	Description	Q6	Q10	Q12	Adults
	Age in years	6.75	10.5	11.62	-
	Scaling factor see Table 4	0.4964	0.6621	0.7094	1.00
	Lateral bending stiffness in [Nm/rad]	102.8 (note)	137.1	146.8	207

Note:

Table 7 : Q10 and Q12 Abdomen performance targets (Q6 and adult values are given for reference)

 7 

	Description	Q6		Q10		Q12		Adults
	Age in years	6.0		10.5		11.62	-	
	Scale Factors (extrapolated from Q3 and Q6 factors)					
	Belt force	0.375	0.515	0.550	1.00	
	Belt penetration	0.700	0.836	0.869	1.00	
		mm	kN	mm	kN	mm	kN	mm	kN
	Upper limit	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0
		56.0	1.1	66.8	1.5	69.5	1.6	80.0	3.0
		66.5	1.9	79.4	2.6	82.6	2.7	95.0	5.0
		73.7	3.2	87.7	4.4	91.3	4.7	105.0	8.5
	Lower limit	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0
		52.4	0.4	62.7	0.5	65.2	0.5	75.0	1.0
		70.0	0.9	83.6	1.3	86.9	1.4	100.0	2.5
		77.2	2.6	91.9	3.6	95.6	3.8	110.0	7.0
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Table 8 : Q10 and Q12 Head side impact primary targets, Q-series methodology Test: Impact on flat rigid face, drop height 130 mm, (Q6 and adult values are given for reference)

 8 

	Description	CANDAT	Q6	Q10	Q12	Adults
	Age in years	code	6.0	10.5	11.62	-
	head length in [mm]	p66				
	head breadth in [mm]	p67				
	menton-vertex in [mm]	p69				
	bone young modulus in [Pa]	-				
	Scale Factor		0.9173	0.9951	1.0014	1.00
	Head peak acceleration between				
	Upper limit in [G]		184	200.0	201.3	201
	Lower limit in [G]		107	116.4	117.2	117
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Table 9 : Q10 and Q12 Head side impact secondary targets, ISO TR9790 method, ref. [xix] Test: Impact on flat rigid face, drop height 200 mm, (Q6 and adult values are given for reference)

 9 

	Description	Q6	Q10	Q12	Adults
	Age in years	6.0	10.5	11.62 (see note)	-
	Scale Factor	1.09	1.07	1.07	1.00

Head peak acceleration between Upper limit in [G] 164 161 161 150 Lower limit in [G] 109 107 107 100

  

Note:

Q12 assumed to be equal to 10YO because ref.

[xix] specifies same figures for 10YO and Small Female.
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Table 10 : Q10 and Q12 Head side impact targets (for reference), ISO TR9790 method, ref. [xix], Test: Impact on padded surface, drop height 1200 mm, (Q6 and adult values are given for reference)

 10 

	Description	Q6	Q10	Q12	Adults
		Age in years	6.0	10.5	11.62 (see note)	-
	Scale Factor	1.09	1.07	1.07	1.00
	Head peak acceleration between			
	Upper limit in [G]	303	297	297	277
	Lower limit in [G]	224	220	220	205
	Note:	Q12 assumed to be equal to 10YO because ref. [xix] specifies same figures for 10YO and Small
		Female.			

Table 11 : Q10 and Q12 Neck lateral flexion targets, Q-series methodology (Q6 and adult values are given for reference)

 11 

	Description Age in years	CANDAT	code	Q6 6.0		Q10 10.5	Q12 11.62	Adults -
	neck breadth in [mm]	p74						
	neck depth in [mm]	P91						
	Tendon modulus in -	-							
	Scale Factors								
	Flexion angle			1.00		1.00	1.00	1.00
	Upper neck moment		0.3710	0.5082	0.5406	1.00
	Neck moment versus flexion						
			Degr.	Nm	degr.	Nm	degr.	Nm	degr.	Nm
	Upper limit		0		5.2	0	7.1	0	7.6	0	14.0
			10	15.2	10	20.8	10	22.2	10	41.0
			35	15.2	35	20.8	35	22.2	35	41.0
			40	20.0	40	27.4	40	29.2	40	54.0
	Lower limit		40		0.0	40	0.0	40	0.0	40	0.0
			50	20.0	50	27.4	50	29.2	50	54.0
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lateral moment in [Nm] Neck lateral angle in [degrees] Q-Neck lateral Mx vs lateral angle

  

	Q12
	Q10
	Hybrid III
	50%ile
	Q6
	Figure 5:

Neck lateral moment versus neck lateral angle biofidelity corridors EEVC
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Table 12 : Q10 and Q12 Neck lateral flexion targets, ISO TR9790, ref. [xix] (Q6 and adult values are given for reference)

 12 

	Description Age in years	CANDAT	code	Q6 6.0		Q10 10.5	Q12 11.62 (see note)	Adults -
	Scale Factors								
	Flexion angle			1.00		1.00	1.00	1.00
	Upper neck moment			0.327	0.420	0.501	1.00
	Neck moment versus flexion						
			Degr.	Nm	degr.	Nm	degr.	Nm	degr.	Nm
	Upper limit		0		5	0	6	0	5	0	10
			15		15	15	19	15	23	15	45
			40		15	40	19	40	23	40	45
			55		23	55	29	55	35	55	70
			75		43	75	55	75	65	75	130
	Lower limit		50		0	50	0	50	0	50	0
			80		5	80	6	80	8	80	15
			90		43	90	55	90	65	90	130

Note:

Q12 assumed to be equal to 10YO because ref.

[xix] specifies same figures for 10YO and Small Female.

  in Table1, the value for Q6 is obtained from the TNO biofidelity corridor scaling assessment and the Q10 and Q12 values are extrapolated from Q3 and Q6 values.
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Table A8

 A8 

	Force versus time corridor	(NOT FURTHER SPECIFIED)
	and	
	Peak rib deflection	(NOT FURTHER SPECIFIED)
		A10
	Force versus time corridor	(NOT FURTHER SPECIFIED)
	and	
	Peak upper spine acceleration (NOT FURTHER SPECIFIED)
	and	
	Peak lower spine acceleration (NOT FURTHER SPECIFIED)
	and	
	Peak rib deflection	(NOT FURTHER SPECIFIED)
	This test is very severe with peak rib deflection that are beyond the measurement
	capability of the dummies.	
	6. Full body shoulder and thorax sled test at 8.9 m/s onto a padded surface, ref. [xix] Table
	A11	
	Force versus time corridor	(NOT FURTHER SPECIFIED)
	and	
	Peak lower spine acceleration (NOT FURTHER SPECIFIED)

4. Full body thorax drop from 2.0 meter height on a padded surface, ref. [xix] Table A9 Force versus time corridor (NOT FURTHER SPECIFIED) and Peak rib deflection (NOT FURTHER SPECIFIED) 5. Full body thorax sled test at 6.8 m/s onto rigid surface, ref. [xix] Table

Table 13 : Q10 and Q12 Thorax lateral impact targets, Q-series methodology (Q6 and adult values are given for reference)

 13 
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				Document No. 642				
	Description Age in years	CANDAT	code	Q6 6.0	Q10 10.5	Q12 11.62	Adults -
	shoulder height at axilla in [mm]	p5						
	torso width at axilla in [mm]	p13						
	torso depth at axilla in [mm]	p14						
	circumference at axilla in [mm]	p15						
	Young's modulus for rib bone Eb in [kN/mm 2 ]								
	Scale Factors								
	Mass		0.2255	0.3742	0.4193	1.00
	Displacement		0.8782	0.9630	0.9849	1.00
	Impact force		0.2568	0.3886	0.4257	1.00
	Thorax impactor force versus time						
	Impactor mass in [kg]		5.28	8.76	9.81	23.4
			ms	kN	ms	kN	ms	kN	ms	kN
	4.27 m/s impact								
	Upper limit		0.0	0.26	0.0	0.39	0.0	0.43	0.0	1.00
			8.8	0.80	9.6	1.20	9.8	1.32	10.0	3.10
			26.3	0.80	28.9	1.20	29.5	1.32	30.0	3.10
			39.5	0.33	43.3	0.51	44.3	0.55	45.0	1.30
	Lower limit		4.4	0.00	4.8	0.00	4.9	0.00	5.0	0.00
			8.8	0.26	9.6	0.39	9.8	0.43	10.0	1.00
			26.3	0.26	28.9	0.39	29.5	0.43	30.0	1.00
			30.7	0.00	33.7	0.0	34.5	0.0	35.0	0.00
	6.71 m/s impact								
	Upper limit		0.0	0.10	0.0	0.16	0.0	0.17	0.0	0.40
			4.4	1.16	4.8	1.75	4.9	1.92	5.0	4.50
			22.0	1.16	24.1	1.75	24.6	1.92	25.0	4.50
			39.5	0.46	43.3	0.70	44.3	0.77	45.0	1.80
	Lower limit		4.4	0.00	4.8	0.00	4.9	0.00	5.0	0.00
			13.2	0.67	14.4	1.01	14.8	1.11	15.0	2.60
			22.0	0.67	24.1	1.01	24.6	1.11	25.0	2.60
			35.1	0.00	38.5	0.0	39.4	0.0	40.0	0.00
			39.5	0.00	43.3	0.0	44.3	0.0	45.0	0.00
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Table 14 : Q10 and Q12 Thorax lateral impact targets, ISO TR9790, ref. [xix] (Q6 and adult values are given for reference)

 14 

	Description	HIII 6YO	HIII 10YO	HIII 5 th	Adults
	Age in years	6.0		10		Small female	-	
	Scale Factors								
	Mass	0.1239	0.2944	0.5970	1.00	
	Impactor mass in [kg]	2.9		6.89	13.97	23.4	
	Thorax impactor force and T1 acceleration versus time for 4.27 m/s impact		
	Pendulum force	ms	kN	ms	kN	ms	kN	ms	kN
	Scale factors		Not specified in ref. [xix]		1.00	
	Upper limit	0	0.5	0	0.8	0	1.2	0	1.7
		6	1.1	7	1.8	8	2.7	10	3.7
		19	1.1	22	1.8	25	2.7	30	3.7
		28	0.6	32	1	37	1.5	45	2
	Lower limit	0	0	0	0	0	0	0	0
		6	0.5	7	0.8	8	1.2	10	1.7
		19	0.5	22	0.8	25	1.2	30	1.7
		25	0	29	0	33	0	40	0
	T1 acceleration	ms	G	ms	G	ms	G	ms	G
	Scale factors		Not specified in ref. [xix]		1.00	
	Upper limit	0	2	0	2	0	2	0	2
		9	16	11	18	12	18	15	15
		31	0	36	0	41	0	50	0
	Lower limit	4	0	4	0	5	0	6	0
		9	9	11	9	12	10	15	8
		23	0	27	0	30	0	37	0
	Thorax								

impactor force versus time for high speed impact
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			Document No. 642					
	Impact speed	6.0 m/s	6.0 m/s	6.7 m/s	6.7 m/s
	Pendulum force	ms	kN	ms	kN	ms	kN	ms	kN
	Scale factors		Not specified in ref. [xix]		1.00	
	Upper limit	0	0.3	0	0.5	0	0.8	0	1.2
		3	1.4	4	2.3	4	3.4	5	5.2
		16	1.4	18	2.3	20	3.4	25	5.2
		28	0.7	32	1.1	37	1.6	45	2.5
	Lower limit	0	0	0	0	0	0	0	0
		9	0.8	11	1.4	12	2.1	15	3.2
		16	0.8	18	1.4	20	2.1	25	3.2
		28	0	32	0	37	0	45	0
	EEVC WG12 Report								
			114						

Document downloaded from www.eevc.org

Table 15 : Q10 and Q12 Lumbar spine performance target (Q6 and adult values are given for reference)

 15 The value specified here deviates from the value in ref.[xv]: (81.5 Nm/rad). The value of 104.2 complies with scaling the methodology that is the basis of al the Q-dummy requirement (ref.[xvi]).
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Table

15

the scaling factors, as well as the performance targets, for frontal lumbar static bending stiffness are specified, for reference the Q6 and adult values are specified as well.

  1. UNECE Regulation 44 age Group III and Directive 2003-20-EC or equivalent regulations to represent the largest occupant size. In the current UNECE R44 Group III upper limit with regards to occupant size is 36 kg. In the R44 sled test set-up there is no seat in front of the dummy. Currently a GRSP informal group on CRSs is developing a new test procedure for ISOFix Group I, in the future when the new procedures are extended to all types of CRSs the new procedures will supersede UNECE Regulation 44. It is not known how the occupant classification and the test setup(s) in future new regulation will be defined. It is likely that that the occupant size will be defined, in line with Directive 2003-20-EC, in terms of maximum stature or shoulder height.

2. EuroNCAP (European New Car Assessment Program)

In this full-scale car crash protocols for frontal and side impact the child dummies are in a complete car interior including airbag interactions. Currently the old P1.5 and P3 dummy are prescribed for application on the back seats of the car. At this stage it is not known if and how, future EuoNCAP procedures will apply the Q-series. 3. Consumer test programmes such as NPACS (New Programme for the Assessment of Childrestraint Systems) established protocols in April 2008 on methods and assessment and the group agreed to the implementation on the research work completed together (ref. www.npacs.com). The actual implementation is to be decided by local organisations. Test programs based on the NPACS protocols are effective in the United Kingdom. 4. Research tests including real world accident reconstruction tests. Note: In Europe there is no Out of Position (OOP) testing required in any regulatory or consumer test protocol. No special OOP-testing requirements will be set for the Q10/Q12. It is known that OOP tests are sometimes rather severe and the Q3 dummy suffered failures when exposed to them.

  . important feature: pelvis bone shape and torso-leg configuration Detailed requirements on this aspect will be formulated by EPOCh Task 2.4 during the submarining research activities.
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	1. Shoulder and neck area	
	a. correct representation of the shoulder belt interaction is essential	
	b. neck shroud will be required	
	2. Chest area	
	a. top and bottom chest displacement to be measured	
	3. Pelvis area	
	a. correct representation of the lap belt interaction is essential	
	EEVC WG12 Report	
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  The specification below is based on scaling of the Injury Assessment Reference Values (IARVs) developed for the Q-series and published in ref.[iii]. The values are valid for AIS3+ 50% risk. Within EPOCh Task 1.3 IARV's will be considered in detail, the values given below should be seen as a ball park level. Exceedance limits are established based on the UNECE R44 test experience with the Q-dummies described in ref.[iii]. The test data base available contains 152 Q-dummy tests on 30 CRS types, 74 CRSdummy combinations with Q0 to Q6. It is assumed that tests with a Q10 and or Q12 dummy will result in the same level of IARV exceedances. The exceedance percentage, specified in Table16, vary depending on the parameter considered. For reference the Q6 (AIS3+ 50% risk ref. [iii]) and Hybrid III-10YO and Hybrid III 5%ile and 50%ile are given based on UNECE Regulation 94 values ref. [ xx ]. The Hybrid III 50%ile values are the values on which the scaling is based.

Table 16 : Q10 and Q12 required load levels based on scaled IARV's together with ECE Regulation 94 Hybrid III IARV's
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Table 17 : Q10 and Q12 instrumentation requirements

 17 

					Channel
					count
	Sensor Type	Location	Direction	Remark	(x) side impact
					if
					different
	Displacement Transducer	Upper rib cage	X or Y (and angle	in impact direction Two deflection transducers oriented	1 (2)
		Lower rib cage	for side impact)	For side impact 2D-sensors are desired	1 (2)
				Side impact only	
		Shoulder	Y	(application depend on Q3s and Q6s	0 (1)
				evaluation results)	
	Linear	Head CG	X, Y, Z		3
	accelerometer	Thoracic spine T1	Y	Side impact only	0 (1)
		Thoracic spine T4	X, Y, Z		3
		Upper rib cage Lower rib cage	X or Y	Accelerometers in impact direction	1 (1) 1 (1)
		Pelvis	X,Y,Z		3
	Angular rate sensor (ARS)	Head Pelvis	ωX, ωY, ωZ		3 3
	Load cells	Upper Neck			6
		Lower Neck			6
		Lower Lumber	6 axis	Side impact only	6
		Femur		Similar to Q6s design, evaluation results to	0 (6)
				be considered	
				Side impact only	
		Shoulder	X, Y, Z	(application depend on Q3s and Q6s	0 (3)
				evaluation results)	
		Pubic	Y-force on hip cups	Side impact only	0 (1)
		Iliac crest (if necessary)	X, Y, Z	To measure submarining	3
	Pressure sensor	Abdomen	Internal foam pressure (INRETS) or Surface contact force (TUB) sensor system	Depending on availability of such a system, mature enough for direct application	Multi channel or 2 (not in total)
	Positioning sensor	Head Thorax Pelvis	X and Y angle	These sensors shall be static only	2 2 2
	Total number of channels	Frontal		46
			Side		(60)

Table 18 : Comparison of CANDAT target dimensions with Hybrid III-10YO and Hybrid III 5%ile (small female) dimensions (For shaded rows see notes at the bottom of the table)
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19

a comparison of the CANDAT target dimensions and masses with the actual dimensions and masses of the existing Hybrid III-10YO and 5%ile (small female) is given. The comparison brings significant differences to light; these are discussed in the following paragraphs.

Table 19 : Comparison of CANDAT target masses with Hybrid III-10YO and Hybrid III 5%ile (small female) dimensions

 19 

				CANDAT target values	Actual dummy dimensions
	CANDAT description	CANDAT	code	Q6 6.75 (see note) year old	Q10 10.5 year old	Q12 11.62 year old	Hybrid III-10 year old	Hybrid III 5%ile
			See paragraph 4.1.4.2 Table 1	Ref. dummy manuals
	Head Assembly	m1				3.73	3.73
	Neck Assembly	m2				0.80	0.91
	Upper Torso Assembly with Jacket	m3				8.15	12.02
	Lower Torso Assembly	m4				8.72	13.25
	Torso total	m5				16.87	25.27
	Upper Arm, Left or Right	m6				0.81	1.18
	Lower Arm, Left or Right	m7				0.61	0.90
	Hand, Left or Right	m8				0.17	0.28
	Upper Leg, Left or Right	m9				2.68	3.13
	Lower Leg, Left or Right	m10				2.23	3.27
	Foot, Left or Right	m11				0.41	0.79
	Total Dummy Masses	m12	23.00	35.50	40.00	35.21	49.00
	Note: The Q6 dummy is increased in mass corresponding with 6.75 year old while the dimensions
	correspond with 6 year old						

  Historically, children have ceased to use child restraints much beyond the age of 5 years. However, recently the Directive for seatbelt wearing has changed so that children of a height up to 1500 mm and younger than 12 years must use a child restraint. This regulatory limit is adopted and has become mandatory in Sweden, Germany, Austria, Switzerland, Italy, Luxembourg, Ireland, Greece, Hungary, Poland and Portugal. The 1500 mm stature corresponds with anthropometry of 50 percentile 11.62 year old children (CANDAT 11.62 yo: Stature 1500 mm, Shoulder height 493 mm, Mass 40.0 kg). This has led to consumer confusion, as there are no child restraints on the market approved to restrain children who are heavier than 36kg. The directive allows countries to deviate from the 1500 mm stature rule down to a minimum stature of 1350 mm. This stature corresponded with a 50%lie CANDAT stature at an age of 8.95 year old.

		January 19, 2015
	Document No. 642	
	Directive 2003-20-EC Seat belt wearing law	
		4.1.2). The 36 kg body mass
	corresponds approximately with anthropometry of 50 percentile 10.5 year old children (CANDAT
	10.5 yo: Stature 1443 mm, Shoulder height 473 mm, Mass 35.5 kg).
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Note:

If necessary the CANDAT-data can be interpolated between 10.5 and 11.0 years old to tune the total body mass to exactly 36 kg.

It should be noted that the Q-series dummies are no longer expected to replace the P-series in UNECE Regulation 44; instead, a new regulation is being developed specifically for ISOFix EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

  table below an overview of the main dimensions is given.

		CANDAT age	Stature	Shoulder height	Total body mass
	Stature 1.35 m allowed minimum:			
	Q9 dummy:	8.86 yo	1350 mm	444 mm	29.6 kg
	Q10 dummy:	10.50 yo	1443 mm	473 mm	35.5 kg
	Stature 1.50 m regulatory maximum:		
	Q12 dummy:	11.62 yo	1500 mm	493 mm	40.0 kg

  If both boundaries, 36 kg body mass (UNECE Regulation 44) and 1500 mm stature (Directive 2003-20-EC), remain as they currently are for the assessment of child safety for older children two design options are possible:• Definition of a Q11 dummy representing large children of 10 year old and lean children of 12 year old.

			January 19, 2015
	5.8.2	Derivative options
		(CANDAT: 11.1 year old: Stature 1471 mm, Sitting height 760 mm, Shoulder height
		483 mm, Mass 37.7 kg)
	• Definition of a Q12 dummy representing children of 11.62 year old with the anthropometry
		targets as presented in paragraph 4.1.4.2.
	EEVC WG12 Report	Document downloaded from www.eevc.org
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(CANDAT 11.62 

year old: Stature 1500 mm, Sitting height 773 mm, Shoulder height 493 mm, Mass 40.0 kg) This dummy size represents the ultimate height of children that use CRSs EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Document No. 642

Table 20 : P10, Q10 and Q12 comparison

 20 
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Table 21 : Q10 and Q12 PRO's and CON's

 21 Not known maturity of 10-12 yo children. Vulnerability development of children. The dummy size can be advised through the statistical most injured size, however 12 yo children are not in CRSs at the moment.
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  5 years old, Stature 1443 mm)
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is the situation in America and how do you think it will develop in the future? What is your view on what dummy should be the high end Q-family member

  This paper describes the design and development of the Hybrid III 10-year-old crash test dummy. The size of the dummy was chosen to fill the gap between the Hybrid III 6-yearold and the Hybrid III small adult female dummy which is also about the size of a 13-yearold teenager.NHTSA (Matthew Craig) has been approached by E-mail with a few questions with regards to their view on the final largest child dummy size, NHTSA experiences with current Q dummies in frontal testing, problems etc, HIII 10YO size and maximum expected loading. Below the answers given by E-mail in July 2008 are quoted: 1. In Europe there are two streams the Europe the directive 2003-20-EC requires CRS use up to 1.50 meter. Countries are allowed to go down to 1.35 meter. The 1.50 meter boundary is applicable in Sweden, Germany, Austria and Swiss. The GRSP informal group on CRSs currently collects information on the reasons why countries select a certain boundary occupant size. What
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	3. The anthropometry of a 10.5 year old child (target to replace current UNECE R44 P10
	dummy) is on average 7 to 8% larger than the actual Hybrid III 10YO dimensions.
	(Stature/mass for example Anthropometry: 1443 mm / 35.50 kg and Hybrid III 10YO:
	1297 mm / 35.21 kg).	
	How	
	EEVC WG12 Report	
	140	

Document downloaded from www.eevc.org ? NHTSA: I don't think there is an official NHTSA position on this Most state laws saw 8 years or 80 pounds (36.3kg), and I think the height of 4'9"(1448 mm) is has been referenced. I'm not sure what is meant by "high end Q-family member" If the meaning is "what should be the biggest Q dummy I would say the Q-10. 2. In America there are some experiences with Q-dummies in frontal impact especially in OOP-test. What are the lessons learned from the American Q-dummy frontal experiences? NHTSA: We have not conducted OOP testing with the Q3s. Earlier testing with the frontal Q3 dummy conducted several years ago exposed many structural weaknesses of the dummy, in particular, the shoulder.

is the Hybrid III 10 YO size and mass positioned relative to the current data in American data? What is the actual 50%ile age of the Hybrid III 10YO dummy? What do you think about the required size and mass of a high-end CRS test dummy? NHTSA

  The H3 design represents an 8.5 YO in overall height and 10.5 YO in Weight, according to 50%ile male/female data in CDC growth charts from 2000. The original design targets for this dummy were determined byMertz et all (Stapp 2001) using scaling methods The SAE H3 dummy family task force used these targets to develop the original prototype in 2000. Some compromises had to be made to the overall dimensions/mass of the physical dummy due to the need to match the individual segment dimensions/ masses with the basic construction techniques used in the Hybrid III family of dummies. As a result, the scaled segments and the final design did not perfectly match the anthropometry targets (it was shorter by roughly 3" (76.2 mm) from head to toe and about 2.7 kg heavier than the targets). However, even with these discrepancies, the dummy was determined by SAE and NHTSA to be sufficient for the purpose of testing booster seats in the intended weight range. One other thing to note is that there are tolerances of the individual segment dimensions/masses of . Dummies are meant to replace humans in tests. The dummy integrity should be guaranteed significant beyond the Injury Assessment Reference Values. Our proposal would be that the dummy should not show failure or permanent set up to loads equivalent to 150 to 200% of the IARV's. What
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: The term "10 year old dummy" is really a misnomer. Think of this dummy instead as a "large child" of a stature/mass to test booster seats for weights up to 80 lbs

(36.3 kg)

. the dummy, which do encompass a wider range of the 8 -10YO child population (overall dummy 35.2 +/-0.91 kg). There fore the dummy cannot be said to represent a specific age. Also note that there is no specified external dimension for the overall stature in the proposed NPRM -this is dictated by the individual segments.

Document downloaded from www.eevc.org 4

do you think is reasonable with regards to the maximum loads that a dummy should be capable to take without failure or permanent set?

  NHTSA: Again, there is not any official NHTSA requirement on the amount of load a given dummy must be able to withstand. To a certain degree it will depend on which body part you are considering For example with a skull and it HIC requirement, the skull will likely withstand 500-800% of the IARV before you see any damage. Chest compression is usually a different story. Many dummies cannot measure more than maybe 125% of the IARV because of physical space limitations -There simply isn't enough room in a dummy thorax to measure 2x the IARV. When VRTC evaluates a dummy, we typically conduct durability tests that we sometimes call "high energy" or increased severity tests. We conduct pendulum impacts in which we increase the KE of the impactor (either by dropping from greater height or adding mass) by 20 -40%. We expect the dummy to survive this type of testing with no structural damage.The topic of dummy size selection has been discussed in the GRSP Informal Group on CRS testing. According to the minutes of their meeting on the 18th of June 2008 in Paris the discussion can be summarized by:

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
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	Appendix C Discussion in GRSP Informal Group
	EEVC WG12 Report	Document downloaded from www.eevc.org
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See Minutes of Meeting Paris, June 18, 2008:

  Farid Bendjellal mentioned directive 2003/20/EC where prescriptions on child stature are given. Limit in the Directive is 1.50 metre but for some countries, 1.35 metre is tolerated. It was added that in Directive limits on weight are found, and in countries limit on age is tolerable too.Chairman concludes that the group must define applicable limits to avoid problems with so many restrictions. He requested automotive manufacturers regarding limit of age above which they guarantee that children without CRS are in safety in their vehicles.There is no firm conclusion given in the minutes. Kees Waagmeester noted the following during the discussion in meeting in Paris(June 18, 2008) the personal notes read as follows:
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	http://www.unece.org/trans/doc/2008/wp29grsp/CRS-04-09r1e.pdf
	Mr Waagmeester requested the group on anthropometry item and point of view of the group
	regarding pertinence to develop a Q10 dummy (stature/weight). Indeed, Sweden, due to evolution of
	child anthropometry, requests higher dummy, equivalent to Q12. Mr Waagmeester takes advantage of
	this meeting to consult members about future and dummy needed.
	High end dummy size 10 or 12 year old	
	I brought up the question with regards to the size of the high end dummy. A lengthy discussion was
	the result. In Europe the directive 2003-20-EC requires CRS use up to 1.50 m. Countries are allowed
	to go down to 1.35 m.	
	Adriaan Siewertsen (Teamtex):	1.50 applicable Sweden, Germany, Austria and Swiss.
	Heiko Johannsen (TUBerlin):	It is important to know why countries limit the size to 10 YO.
	Philippe Lesire:	Public acceptance and potential mis-use are arguments.
	Robert Laupp (FAIR)	Proposed to make an overview of countries and the reasons
		they have for their position. The interaction between mass,
		stature/sitting height and age should be made clear.
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Mister Horn mentioned that sled tests are conducted with different dummy sizes, including the P10 with booster. Submarining is one of the key issues that are considered. Action Daimler Pierre Castaing summarizes dummy situation: To conclude dummy item members need to clearly define a work field, and limits that our group imposes. Exact limits in stature/weight and acceptable loadings in vehicle seat anchorages will be key parameters for the new regulation. In a first step the chairman will contact commission to know why and how limits, in Directive 2003/20/EC are defined. Action Chairman In a second time, chairman hopes to receive information from each country represented in the group regarding the usage or local regulation regarding child seats, as far as age limit, weight limit and/or stature limit are concerned. Action All See Minutes of meeting Vienna, September 02, 2008: http://www.unece.org/trans/doc/2008/wp29grsp/CRS-05-06e.pdf The Minutes were adopted with following changes: Doc. INF GR / CRS-4-9_Final Page 4 Daimler did not promise to perform tests with the P10 (with and without booster). Also the background for this request was unclear. Consumers clarified that the discussion at the time revolved around P10 and P12. Britax added the question was what is the largest dummy used. Daimler then replied that submarining is looked at with the different dummy sizes. Daimler confirmed but said it makes no sense without a CRS as indicated in the minutes. The minutes were amended to read: 'Mister Horn mentioned that sled tests are conducted with different dummy sizes, including the P10 with or without booster. Submarining is one of the key issues that are considered. He proposed to present some results from tests with P10, with and without CRS during next meeting.' Pierre Castaing (chairman) will initiate a review over Europe. He indicates the 1.35 m will be mandatory for use of CRS and 1.50 m optional. EEVC WG12 Report Document downloaded from www.eevc.org 144 ANNEX D

: Q10 VALIDATION REPORT EPOCh Deliverable D2.3 Q10 dummy Validation Report This deliverable is published December 19, 2011 Contents
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  Report -Advanced Child Dummies and Injury Criteria for Frontal ImpactFor the testing of Child Restraint Systems (CRS's) in Europe, that are currently performed under UNECE Regulation 44, the Q dummies are ready to replace the P dummies. The Q-dummy family currently consists of Q0, Q1, Q1.5, Q3 and Q6. To complete the Q-dummy family a dummy that represents older children, who make use of CRS's in cars, is needed. The Q10 dummy is currently under development in the EU funded FP7 project called EPOCh (see www.epochfp7.org) coordinated by TRL.Following the presentation in the 2009 conference on size selection and design requirements and in the 2010 conference on the hardware realization and performance tuning, this report deals with the Q10 dummy validation test results. The dummy has been validated for anthropometry, biofidelity, sensitivity, repeatability and durability. Moreover the development of certification test procedures is presented. The validation tests were performed at component and full body level, using standard dummy certification test equipment like head drop table, neck pendulum and full body six wire suspended pendulum. Results for front and side impact are presented.The UNECE R44 and NPACS sled testing evaluation work done in EPOCh will be presented in separate reports prepared under work package 3.In 2009 [ i ] EPOCh disseminated the specifications for the Q10 dummy and presented the prototype Q10 dummy in 2010 [ ii ]. This report presents results of the dummy validation, it includes component and full body level evaluations using standard certification test equipment like head drop table, neck pendulum and full body six wire suspended pendulum. The objective of this report is to show compliance with requirements [ iii ] on anthropometry, biofidelity, sensitivity to impact conditions, repeatability and reproducibility, handling and durability. Results for front and side impact are presented.The Q10 dummy performance will be compared to the requirement definition specified in the Q10 DesignBrief [iii] to show level of compliance. A summary of the requirements definition was presented in the Conference Protection of Children in Cars,Munich 2009 [i]. Before the first two prototype Q10 dummies were released for evaluation within the EPOCh consortium in November 2010 their performance was tuned to obtain the best possible compliance with the requirements. This work was reported in the Conference Protection of Children inCars, Munich 2010 [ii].The Q10 dummy performance was tested with standard dummy test equipment: Head Drop Table, Neck Pendulum and Full-body Pendulum (mass 8.76 kg, diameter 112 mm, six-wire suspended). The test matrix executed at Humanetics in Watering, The Netherlands (Head drop and full-body pendulum tests) and in Heidelberg, Germany (Neck pendulum tests) comprised in total of 254 tests:The test matrix was developed to examine the dummy biofidelity, research the dummy sensitivity for impact speed and offsets, to assess the repeatability and to establish provisional certification test procedures.

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015 January 19, 2015 January 19, 2015 January 19, 2015 January 19, 2015 January 19, 2015 January 19, 2015 January 19, 2015
			Document No. 642 Document No. 642 Document No. 642 Document No. 642 Document No. 642 Document No. 642 Document No. 642 Document No. 642
	1 2 3	Introduction Objectives Method
		 58 Head drop tests	: 12 Frontal, 46 Lateral
		 64 Neck tests	: 23 Flexion, 21 Extension, 20 Lateral flexion
		 21 Shoulder lateral tests
		 55 Thorax test	: 33 Frontal, 22 Lateral
		 29 Lumbar Spine tests	: 15 Flexion, 14 Lateral flexion
		 27 Pelvis lateral tests
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Table 1 : Q10 dimensions drawing versus requirement Description Requirement ref. [iii] or [iv] in [mm] Drawing dimension in [mm]

 1 

	A1 -Sitting Height (head tilt)	747.6	733.7
	A2 -Sitting Height (via T1)	747.6	748.4
	B -Shoulder Height (top of arm)	473	472.5
	C -Hip Pivot Height	65.9	65.9
	D -Hip Pivot from Back Plane	90.4 (1)	90.4
	-Hip Joint Distance	130.0 (1)	132.0
	F -Thigh Height	114.0	114.0
	G -Lower Arm & Hand Length	374.7	374.2
	I -Shoulder to Elbow Length	292.9	291.6

iii] or [iv] in [mm] Drawing dimension in [mm]

  

	J -Elbow Rest Height	189.6	181.0
	K -Buttock Popliteal Length	417.5	414.9
	L -Popliteal Height	405.7	405.7
	M -Floor to Top of Knee	445.6	446.0
	N -Buttock to Knee Length	488.4	485.4
	O -Chest Depth at Nipples	171.2	171.0
	P -Foot Length	220.0	220.0
	-Standing Height (head tilt)	1442.5	1441.2
	-Standing Height (via T1)	1442.5	1455.5
	R -Buttock to Knee Joint	(none)	445.7
	R2 -Floor to Knee Joint	(none)	414.0
	S -Head Breadth	143.9	144.0
	T -Head Depth	187.4	186.5
	U -Hip Breadth	270.4	271.5
	V -Shoulder Breadth	337.8	337.8
	W -Foot Breadth	86.0	86.0
	X -Head Circumference	534.5	534.0
	Y -Chest Circum at Axilla	687.3	604.6
	-Chest Circum at Nipples	684.9	633.6
	Z -Waist Circumference	593.5	664.6

Note 1: The data of ref.

[iv] 

are transformed form standing to sitting and scaled from 10 YO stature 1374 to 1442.5 for Q10.

Table 2 : Q10 mass actual versus requirement Description Requirement ref. [iii] in [kg] Actual Mass in [kg]

 2 

	Head
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  Taking the standard deviation of the relative deviations of a number tests over group boundaries results in a statistical significant CoV values. Below per body region, top down from head to pelvis, tables are presented that show the test configuration considered and the CoV values obtained per composed group. In brackets the associated number of tests in the (composed) group is given. Tests that deviate more than 7% from the mean result of the group are excluded from the calculation.

Table 3 : Head impact repeatability Test configuration Head acceleration

 3 

	Frontal impact 130 mm	1.59% (12)
	18 degrees	0.31% (3)
	28 degrees	1.53% (6)
	38 degrees	2.83% (3)
	Lateral impact 130 mm	2.50% (22)
	25 degrees LH-and RH-side	1.29% (6)
	35 degrees LH-and RH-side	3.59% (10)
	45 degrees LH-and RH-side	1.19% (6)
	Lateral impact 200 mm	2.65% (20)
	25 degrees LH-and RH-side	2.11% (4)
	35 degrees LH-and RH-side	2.24% (10)
	45 degrees LH-and RH-side	3.88% (6)
	All tests together	2.35% (54)

Table 4 : Neck bending repeatability Test configuration Upper neck moment Head form rotation

 4 
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	Flexion	2.04% (11)	0.67% (11)
	4.7 m/s	1.62% (3)	0.27% (3)
	4.8 m/s	2.46% (5)	0.99% (5)
	4.9 m/s	2.47% (3)	0.48% (3)
	Extension	4.03% (11)	0.80% (11)
	3.6 m/s	4.81 % (3)	0.75% (3)
	3.7 m/s	5.31% (5)	1.11% (5)
	3.8 m/s	1.79% (3)	0.43% (3)
	Lateral Flexion	1.59% (11)	1.10% (11)
	3.6 m/s	1.71% (3)	1.01% (3)
	3.7 m/s	2.15% (5)	1.36% (5)
	3.8 m/s	0.67% (3)	0.48% (3)
	All tests together	2.67% (33)	0.87% (33)
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Table 5 : Shoulder impact repeatability (lateral impact)

 5 

	Test configuration	Pendulum force	T1 Y-acceleration
	Lateral impact	(see below)	(see below)
	4.3 m/s	2.10% (3)	3.03% (3)
	4.5 m/s	2.30% (7)	3.90% (7)
	4.7 m/s	1.76% (3)	1.29% (3)
	4.5 m/s 15 mm rearward	2.66% (2)	2.01% (2)
	4.5 m/s 15 mm forward	0.10% (2)	2.36% (2)
	4.5 m/s 10 degr rearward	0.64% (2)	Excluded >7%
	4.5 m/s 10 degr forward	0.44% (2)	2.47% (2)
	All tests together	1.97% (21)	3.23% (19)
	Table 6: Thorax impact repeatability
	Test configuration	Pendulum force	Rib deflection
	Frontal impact	1.90% (24)	1.50% (24)
	4.3 m/s	3.26% (5)	0.66% (5)
	5.5 m/s	2.79% (3)	0.80% (3)
	6.7 m/s	1.67% (4)	0.84% (4)
	4.3 m/s, fwd 10 degr	0.70% (2)	0.54% (2)
	4.3 m/s, fwd 20 degr	0.40% (2)	2.58% (2)
	4.3 m/s, fwd 30 degr	0.50% (2)	5.10% (2)
	6.7 m/s, fwd 10 degr	1.01% (2)	2.21% (2)
	4.3 m/s, tilt 12 degr	0.80% (2)	1.04% (2)
	6.7 m/s tilt 12 degr	1.03% (2)	1.97% (2)
	Lateral impact	1.49% (21)	2.16% (19)
	4.3 m/s	1.62% (5)	0.97% (5)
	5.5 m/s	1.89% (3)	5.07% (3)
	6.7 m/s	1.69% (5)	2.61% (5)
	4.3 m/s, rearward 15 degr	2.18% (2)	0.60% (2)
	6.7 m/s, rearward 15 degr	3.28% (2)	Excluded >7%
	4.3 m/s, forward 15 degr	0.17% (2)	0.35% (2)
	6.7 m/s, forward 15 degr	0.14% (2)	1.04% (2)

All tests together 1.61% (45) 1.77% (43) Table 7: Lumbar Spine bending repeatability Test configuration Lower lumbar moment Head form rotation
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	Flexion	1.15% (11)	2.52% (11)
	4.3 m/s	1.20% (3)	0.49% (3)
	4.4 m/s	0.52% (3)	1.00% (3)
	4.5 m/s	1.57% (5)	3.76% (5)
	Lateral Flexion	1.68% (11)	1.69% (11)
	4.3 m/s	2.45% (3)	0.21% (3)
	4.4 m/s	1.55% (5)	2.63% (5)
	4.5 m/s	1.81% (3)	0.55% (3)
	All tests together	1.40% (22)	2.11% (22)
	EEVC WG12 Report	Document downloaded from www.eevc.org
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Table 8 : Pelvis impact repeatability (lateral impact)

 8 

	Test configuration	Pendulum force	Pubic symphysis load
	Aligned with H-point	1.70%(19)	4.62%(14)
	4.5 m/s	2.04% (13)	4.99% (8)
	5.5 m/s	0.55% (3)	0.85% (3)
	6.5 m/s	0.91% (3)	5.95% (3)
	30 mm above H-point 4.5 m/s	0.77% (3)	5.07% (3)
	30 mm forward H-point 4.5 m/s	1.08% (3)	5.67% (3)

Table 14 : Q10 dummy instrumentation and measurement channels per body segment. Body segment Instrumentation Direction # of channels Q10 dummy Total 44 + (24)

 14 

	Head	accelerometers angular velocity sensors	Ax, Ay, Az Wx, Wy, Wz	3 3
	Neck	load cell (upper neck) load cell (lower neck)	Fx, Fy, Fz, Mx, My, Mz Fx, Fy, Fz, Mx, My, Mz	6 6
		T1 accelerometer	Ay	1
		T4 accelerometers	Ax, Ay, Az	3
	Thorax	T4 angular velocity sensors T12 accelerometers	Wx, Wy, Wz Ax, Ay	3 2
		2D-IR-TRACC (upper)	Dx and ϕz	2
		2D-IR-TRACC (lower)	Dx and ϕz	2
	Lumbar spine	load cell	Fx, Fy, Fz, Mx, My, Mz	6
		accelerometers	Ax, Ay, Az	3
		angular velocity sensors	Wx, Wy, Wz	3
	Pelvis	pubic symphysis load	Fy (side impact)	1
		sacro-iliac load cells (to be	Fx, Fy, Fz, Mx, My, Mz	(2 x 6)
		designed, provisions only)		
	Abdomen	Twin pressure		
	Upper leg	femur load cell (to be designed, provisions only)	Fx, Fy, Fz, Mx, My, Mz	(2 x 6)

Table 15 : Specification per type of sensor.

 15 

	Sensor type	Manufacturer	Specification
	Accelerometers	ENTRAN	EGAS-FS-50
		KYOWA	ASM-200BA
			7267A-1500 (not in head)
			7264-2000
		ENDEVCO	7264C-2000
			7264A-2000
			7264B-2000
		MSC	126M/CM
	Angular velocity sensors	DTS	DTS ARS-12K
	Displacement sensors	Humanetics	2D-IR-TRACC IF-372
	Load cells	Humanetics	IF-217-HC (350 Ohm)

  Figure 32: Illustration of Leg angle differences during impact between the Q10 and P10 dummy ........................................................................................................Figure 33: Example positions of maximum head excursion during impact for the Q10 and P10 dummy ..................................................................................................
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Table 1 : Test conditions for dynamic performance testing Condition Details

 1 

	Test bench	Reg 44 test bench & specified cushions
	Anchorages	Belt anchorages A, B 0 , C Rearmost ISOFIX anchorages

Table 2 : Q10 instrumentation 2

 2 
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	Body part	Description	Channels	No. of channels	Dummy 1 (TRL)	Dummy 2 (DOREL)
	Head	Accelerometers at CG	A x , A y , A z	3	Y	Y
	Head	Angular Rate Sensors	ω x , ω y , ω z ,	3		ω y
	Neck	Upper Neck Load Cell	F x , F y , F z , M x , M y , M z	6	Y	F x, F z , M y
	Neck	Lower Neck Load Cell	F x , F y , F z , M x , M y , M z	6	Y	F x, F z , M y
	Thorax	Accelerometers at T4	A x , A y , A z	3	Y	Y
	Thorax	Accelerometers on ribcage near IR-TRACC	2 x A x or 2 x A y	2	Y	
	Thorax	Angular Rate Sensors	ω x , ω y , ω z ,	3	Y	ω y , ω z
	Thorax	Rib Deflection through 2D IR-TRACC (2 off)	2 x D and ψ	4	Y	Y
	Lumbar Spine	Accelerometers at T12	A x , A y	2	Y	
	Lumbar Spine	Angular Rate Sensors at T12	ω x , ω y	2		
	Pelvis	Accelerometers at CG	A x , A y , A z	3	Y	Y
	Pelvis	Angular Rate Sensors	ω x , ω y , ω z	3	Y	ω y , ω z
	Pelvis	Lower Lumbar Spine Load Cell	F x , F y , F z , M x , M y , M z	6	Y	F x , F z , M y , M z
	Pelvis	Sacro-Iliac Load Cells (x2)	F x , F y , F z , M x , M y , M z	12		
	Pelvis	Pubic Symphysis Load Cell	F y	1		
	Upper legs	Upper Femur Load Cells (x2)	F x , F y , F z , M x , M y , M z	12		
	Total number of channels to be recorded during the test	71	41	28
	EEVC WG12 Report				
			220			
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Table 3 : P10 instrumentation

 3 

Figure 4: Targets placed on the child restraint system (CRS)
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	4				
	Body part	Description	Channels	No. of channels	Dummy (TRL)
	Head	Accelerometers at CG	A x , A y , A z	3	Y
	Thorax	Accelerometers at CG	A x , A y , A z	3	Y
	Abdomen	Clay insert	Visual Inspection	-	Y
	Total number of channels to be recorded during the test	6	6
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Test matrices 4.1 Sensitivity to Restraint Loading

  

Table 4 : Restraint loading test matrix Series identifier

 4 

			Test order		Set-up	Total No. of tests
					Baseline,	
	1	5006	5009	5014	Standard R44 installation,	3
					(50N belt tension , without spacer)	
	2	5007	5010	5014	Installation with additional spacer (50N belt tension)	3
	3	5008	5011	5016	Installation with 100N belt tension (without spacer)	3
	4	5013	5012	5017	Installation with different arm position	3
	Total					12
	All tests to be carried out using Seat 1		

Sensitivity to different child restraint designs 12

  tests have been conducted to assess if the dummy could distinguish the different loading conditions as a result of the different CRSs used. The child restraint systems were selected based on their ability to generate different dummy loadings. These were tests numbered LSP10-5018 to LSP10-5030. No other failure of dummy parts occurred during these tests.

Table 5 : Test Matrix -Sensitivity to child restraint design

 5 

	Series			Total
	Identifier	Test order	Set-up	No. of
				tests
			Seat 7	
	5	5018 5022 5026	Booster seat with head pad, side wings and additional attachments that connect to the ISOFix	3
			anchorages in a vehicle	
	6	5019 5023 5027	Seat 1 Booster seat with side wings and head pad	3
			Seat 4	
	7	5024 5028 5030	Booster seat with small side wings and flexible	3
			head pad	
	8	5021 5025 5029	Cushion 1 Booster cushion	3
	Total			12
	Test LSP10-5020 was deemed not successful, as the installation of the child proved to
	be incorrect during the post test inspection. The test was been repeated and is shot
	number LSP11-5030.		
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Table 6 : Test Matrix -Durability

 6 
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	Series Identifier		Test order		Set-up		Total No. of tests
	Study 1-Durability with different seats			
						Seat 1	
	9	204	209	214	219	Booster seat, with side wings and head	4
						pad	
	10	205	210	215	231	Seat 2 Booster seat, flexible head pad		3
						Seat 4	
	11	206	211	216	220	Booster seat, small side wings and	4
						flexible head pad	
						Cushion 1	
	12	207	212	217	221	Booster cushion, no side wings or head	4
						pad	
						Cushion 2	
	13	208	213	218	222	Booster cushion, no side wings or head	4
						pad	
	Study 2 -Durability time dependency testing		
	14	223	227	231	Seat 2		3
						Seat 2	
	15	224	228	232	Test conducted 45 minutes after	3
						previous test	
						Seat 2	
	16	225	229	233	Test conducted 30 minutes after	3
						previous test	
						Seat 2	
	17	226	230	234	Test conducted 15 minutes after	3
						previous test	
	Study 3 -Durability dummy positioning			
	18	236	239	5024	Seat 4 Baseline		3
	19	237	240	242	Seat 4 Slouched dummy		3
	20	238	241	243	Seat 4 Extra belt slack		3
	Total							40
	EEVC WG12 Report					
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Table 7 : Comparison of P10 and Q10 test matrix Series Identifier

 7 
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		Test Matrix Number	CRS	Dummy	Total No. of tests
					Booster Seats	
		1	2			P10	2
	1	3	4		Seat 1	Q10	2
		5	6			Hybrid III	2
		13	14			P10	2
	2	15	16		Seat 2	Q10	2
		17	18			Hybrid III	2
		7	8	9		P10	3
	3				Seat 3	
		10	11	12		Q10	3
		19	20	21		P10	3
	4				Seat 4	
		22	23	24		Q10	3
		25	26	27		P10	3
	5				Seat 5	
		28	29	30		Q10	3
					Booster Cushions	
		31	32			P10	2
	6				Cushion 1	
		33	34			Q10	2
		35	36			P10	2
	7				Cushion 2	
		37	38			Q10	2
		39	40	41		P10	3
	8				Cushion 3	
		42	43	44		Q10	3
		45	46	47		P10	3
	9				Cushion 4	
		48	49	50		Q10	3
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	5.4.1.2.3 Shoulder-spine readjustment	
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Table 8 : Durability time dependency testing -Summary of peak values and time of their occurrence Head Acceleration Head Acceleration

 8 

							Chest Acceleration	Chest X	Upper Neck	Upper Neck	Lower neck	Lower Neck
								Resultant	Acceleration	Fz		My		Fz		My	
			peak	X	peak	Z	peak		peak	X	peak		peak		peak		peak	
	Batch	test	g	ms	g	ms	g	ms	3ms(g)	G	ms	N	ms	Nm	ms	Nm	ms	Nm	ms
	Std	223	-60,3	94	42,8	86	35,6	62	34,7	-35,1	62	3520	94	-14,0	63	1132	61	209,0	
		227	-57,0	97	41,4	89	36,5	88	33,3	-30,6	70	3375	96	-13,0	68	1178	60	208,0	
		231					36,1	67	35,0	-35,3	67	3051	97	-14,6	101	1108	62	192,8	
	45 min	224	-56,5	96	66,5	96	33,2	63	32,7	-31,5	66	3382	95	-15,5	98	1170	93	200,0	
		228					43,9	90	33,2	-31,2	58	3614	97	-14,6	65	1246	60	215,0	
		232	-54,2	100	38,4	82	34,5	84	32,5	-26,6	84	2594	99	-14,0	65	1198	60	161,0	
	30 min	225	-55,1	97	37,6	89	36,2	88	33,0	-32,4	68	3183	95	-14,6	68	1205	59	196,1	
		229					33,9	93	30,0	-29,3	70	2760	95	-12,4	63	1082	59	175,5	
		233	-52,5	93	37,5	78	34,2	92	33,9	-31,5	67	2708	93	-14,8	101	1127	63	162,0	
	15 min	226	-63,8	97	49,5	87	41,5	86	37,6	-37,0	66	3833	95	-14,0	69	1284	94	229,6	
		230					36,2	67	35,4	-35,7	67	3245	96	-13,0	70	1108	59	202,7	
		234	-51,5	95	36,2	80	36,6	95	34,2	-27,8	81	2717	96	13,1	65	1142			

25: Durability time dependency testing -Lower Neck Force Fz EEVC
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	6 Comparison of P10 and Q10	
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Table 9 : Horizontal and vertical head excursions -Seat 3, Q10 dummy tests CRS Matrix Test No. Dummy Head Horizontal (mm) Head Vertical (mm)

 9 

		10	Q10	441	890
	Seat 3	11	Q10	428	878
		12	Q10	450	876
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Table 14 : Chest acceleration resultant (test values and deviation from limit)

 14 

Suitable limits for the Q10 dummy in Reg.44 assessment 7.1 Current R44 assessed body regions
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	7					
				Test Results (g)	
	Chest Resultant Acceleration	Reg.44 Limit = 55 g	
			P10	% of	Q10	% of
				Limit		Limit
		Seat 1	52	-5%	42	-23%
		Seat 2	50	-9%	38	-32%
	Booster Seats	Seat 3	47	-15%	41	-26%
		Seat 4	46	-16%	37	-33%
		Seat 5	56	1%	48	-12%
		Cushion 1	50	-10%	35	-36%
	Booster	Cushion 2	51	-7%	36	-35%
	Cushions	Cushion 3	53	-4%	47	-14%
		Cushion 4	39	-30%	31	-43%
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Table 16 : Reg.44 P10/Q10 factors

 16 

	EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact	January 19, 2015
		Doucment No. 642		
	Head Horizontal Excursion (mm)	P10 Average	Q10 Average	Factor
		Seat 1	485		1.11
		Seat 2	508		1.17
	Booster Seats	Seat 3	521		1.18
		Seat 4	484		1.09
		Seat 5	486		1.11
		Cushion 1	438		1.32
	Booster	Cushion 2	415		1.33
	Cushions	Cushion 3	491		1.10
		Cushion 4	441		1.25
	Head Vertical Excursion (mm)	P10 Average	Q10 Average	Factor
		Seat 1	799		0.98
		Seat 2	787		0.97
	Booster Seats	Seat 3	801		0.91
		Seat 4	796		0.92
		Seat 5	795		0.95
		Cushion 1	774		0.90
	Booster	Cushion 2	790		0.96
	Cushions	Cushion 3	781		0.98
		Cushion 4	797		0.94
	Chest acceleration resultant 3ms (g)	P10 Average	Q10 Average	Factor
		Seat 1	52	42	1.24
		Seat 2	50	38	1.33
	Booster Seats	Seat 3	47	41	1.14
		Seat 4	46	37	1.26
		Seat 5	56	48	1.15
		Cushion 1	50	35	1.31
	Booster	Cushion 2	51	36	1.42
	Cushions	Cushion 3	53	47	1.12
		Cushion 4	39	31	1.23
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Table 17 : Calculated Q10 limits

 17 

	Body region	Best Fit	Calculated
		Factor	Limit
	Head horizontal excursion	1.19	464 mm
	Head vertical excursion	0.95	888 mm
	Chest resultant acceleration	1.24	44 g

Use of limits for Reg.44 Assessment with the Q10 and additional body regions EEVC

  WG 12/18 (EEVC (2008)) recommended that if the Q-series dummies were to be introduced into the Regulation then a number of additional body regions should be included into the dynamic assessment criteria. These body regions were:
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	7.2  Head resultant acceleration	
	 Upper neck force Z	
	 Upper neck moment Y	
	 Chest compression	
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Table 19 : Average upper neck force, F z CRS Average upper neck force

 19 

	Fz	
	Q10	HIII10
	(N)	(N)

Figure 44: 3-point belt positioning Seat 1 Figure 45: Seat 1 chest compression loading
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  3) are not appropriate for the Q10. A revised injury level needs to be developed, as these types of injuries are not commonly reported in the field.The injury limits set for the chest compression of the Q10 may need further investigation. Further work investigating the loading of the thorax has been conducted and is reported in D1.3a and D3.2a.
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2 Sensitivity to child restraint design Test Set-up Series Identifier Test No. CRS Head Horizontal (mm) Head Vertical (mm) Chest Resultant 3ms (g) Chest Z neg 3ms (g)
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			Doucment No. 642 Doucment No. 642	Doucment No. 642 Doucment No. 642 Doucment No. 642		
	C.1.3 Durability of the Q10 Dummy positioning	Series Identifier	Test No.		CRS	Head Horizontal (mm)	Head Vertical (mm)	Chest Resultant 3ms (g)	Chest Z neg 3ms (g)
	Different child restraint design Standard installation	Series Identifier 18	Test No. 236 239		CRS Seat 4 Seat 4	Head Horizontal (mm) 410 390	Head Vertical (mm) 769 767	Chest Resultant 3ms (g) 26 29	Chest Z neg 20 3ms (g) 10
					204 5024		Seat 1 Seat 4		368 362	790 796	36 38	10 7
	Booster seat, with side wings and head pad Slouched dummy	9 19		209 237 214 240 219 242		Seat 1 Seat 4 Seat 1 Seat 4 Seat 1 Seat 4	26	360 350 362 369 355 375	784 757 794 755 788 754	37 30 37 32 35 28	11 7 8 6 10 9
					205 238		Seat 2 Seat 4		362 402	765 761	33 35	9 7
	40 Booster seat, flexible head pad Extra Belt slack	20 10		231 210 241 215 243	36	Seat 2 Seat 2 Seat 4 Seat 2 Seat 4	372 25 375 411 366 401	773 769 766 767 765	34 38 30 37 30	22 12 12 10 10
					206		Seat 4	24 366	769	28	9
	41 Booster seat, small side wings and flexible head pad	11		211 216	37	Seat 4 Seat 4	36 367 364	765 775	34 35	8 8
	40				220		Seat 4		361	778	32	8
	Note: Markers 43-46 Cushion 1	42	12		207 5011 5016 212 217	38	Cushion 1 Seat 1 Seat 1 Cushion 1 Cushion 1	268 37 352 348 270 274	777 811 807 780 779	39 33 35 39 40	8 11 9 14 8
	located in matching				5012 221		Seat 1 Cushion 1		353 259	812 784	40 43	17 7
	39 Installation with diff.arm pos. positions on other leg (not shown) Cushion 2	4 13		5013 208 5017 213 218	35	Seat 1 Cushion 2 Seat 1 Cushion 2 Cushion 2	347 266 38 358 254 247	812 778 811 781 779	40 37 40 38 39	9 10 9 13 14
	Figure 60: Leg markers 5018 222 Series Identifier Test No. 223 C.1.Booster seat with head pad, side wings Time dependency testing and additional attachments that 5 5022 Standard installation 14 227	47	Seat 7 Cushion 2 CRS Seat 2 Seat 7 Seat 2	35 402 272 Head Horizontal (mm) 374 402 375	834 774 Head Vertical (mm) 769 847 774	37 37 Chest Resultant 3ms (g) 34 35 33	19 10 Chest Z neg 3ms (g) 17 18 15
	connect to the ISOFix anchorages			5026 231		Seat 7 Seat 2		358 372	822 773	29 34	8 22
	Booster seat with side wings and head after 45 minutes pad	6 15		5019 224 5023 228 5027 232		Seat 1 Seat 2 Seat 1 Seat 2 Seat 1 Seat 2		361 383 372 371 372 400	817 769 819 776 818 778	36 33 35 33 34 33	18 11 11 19 13 24
	Booster seat with small side wings and after 30 minutes flexible head pad	7 16		5024 225 5028 229 5030 233		Seat 4 Seat 2 Seat 4 Seat 2 Seat 4 Seat 2		362 385 348 378 368 394	796 775 802 773 796 776	38 33 30 31 36 34	21 7 7 22 8 24
					5021 226		Cushion 1 Seat 2		268 373	803 770	36 38	8 13
	Booster cushion After 15 minutes	39	8 17	47	5025 230 5029 234		Cushion 1 Seat 2 35 Cushion 1 Seat 2		254 375 273 416	798 771 803 777	36 36 40 34	9 19 5 21
	47								
	EEVC WG12 Report EEVC WG12 Report EEVC WG12 Report									Document downloaded from www.eevc.org Document downloaded from www.eevc.org Document downloaded from www.eevc.org
							308 309 310			
	EEVC WG12 Report EEVC WG12 Report				Document downloaded from www.eevc.org Document downloaded from www.eevc.org	
				306 307						

Table 22 : Indications of abdomen foam popping out of the thorax Installation method Shot number; foam exiting the chest cavity Seat type Series Identifier

 22 

	Standard Installation	5006, slight	5009; slight	5014, not	Seat 1	1
	Installation with spacers	5007, not	5010, outside	5015, slight	Seat 1	2
	Installation with					
	100N instead of	5008, not	5011, not	5016, not	Seat 1	3
	50N					
	Installation with					
	arm in 45 degree	5013, slight	5012, slight	5017, slight	Seat 1	4
	downward angle					

Table 23 : Further indications of abdomen foam popping out of the thorax Installation method Shotnumber; foam exiting the thorax Series Identifier

 23 

	Seat 7	5018, outside	5022, outside	5026, outside	5
	Seat 1	5019, not	5023, slight	5027, not	6
	Seat 4	5024, slight	5028, slight	5030, slight	7
	Cushion 1	5021, outside	5025, outside	5029, outside	8

Table 24 : Belt entrapment in hip joint

 24 this belt entrapment occurring in some tests and not in other test was not found. Pre installations pictures taken of the belt position over the patches did not reveal any clues. Dynamic video image also did not produce any hints to what could be the cause of this effect.

	Test	Seat type	Entrapment	Time of
				entrapment
	5014	Seat 1	Slightly	175 ms (rebound)
	212	Cushion 1	Slightly	200 ms (rebound)
	213	Cushion 2	Slightly	80 ms
	218	Cushion 2	Slightly	200 ms (rebound)
	241	Seat 4	Slightly	100 ms
	A reason for			

Table 25 : Tests showing partial or full belt entrapment in the chest

 25 

	Test number	Belt entrapment	Seat type
	5021	full	Cushion 1
	5022	partial	Seat 7
	5025	full	Cushion 1
	5026	partial	Seat 7
	208	full	cushion 2
	213	partial	cushion 2
	217	partial	cushion 1
	222	full	cushion 2
	241	partial	Seat 4

  EEVC 
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Table 16 : List of studies used for this report. All APTS are version V2.

 16 

	Study number and summary	Abdomen	Performed by
			(References)
	1 Effect of APTS on Q10 response and biofidelity,	Q10_A1	Ifsttar (Beillas et al.
	comparison of abdomen versions	Q10_A2	2012a, 2013)
	Setup: static dummy belt or bar compression		
	2 Effect or booster or test configuration	Q10_A1	DOREL (Beillas et
	Setup: sleds with various or no CRS, NPACS bench		al. 2012a)
	& UN R44 pulse or Golf body & ADAC pulse		
	(n=11)		
	3 Effect of pre-tensioner & force limiter	Q10_A1	JAMA (Croatto et
	Setup: sleds in compact car 64km/h OBD pulse,		al., ESV 2013*)
	with or without CRS (n=4)		
	4 Effect of sensors and hip shields, etc. (TRL study)	Q10_A1	Visvikis et al.
	Setup: UN R129 bench, UN R44 pulse, bench angle		(2014), (TRL
	(n=6)		Report)
	5 Effect of presence of CRS	Q10_A2	ADAC**
	Setup: Golf VI and ADAC pulse CRS (n=2)		
	6 OOP pre-tensioner test	Q10_A2	Autoliv Research**
	Setup: static dummy test. (n=5)		
	* Results partially public. Additional information included with authorization of the owner.
	** Personal communication. Result included with authorization of the owner.
	ABDOMINAL COMPRESSION WITH STATIC DUMMY
	In dummy abdominal compression by belt loading (study 1)	
	Methods		
	Belt compression tests (derived from porcine tests from		

  More details are available inBeillas et al. 2012a. 
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Table 17 : Summary of peak pressures for the pre-tensioner tests (Filtered CFC180)

 17 

		Abdominal	Chest	Belt force	Chest rate
		pressure	deflection			
	Description	left right lower upper	shoulder lap lower upper
		bar	bar	mm	mm	kN	kN	m/s	m/s
	BC_PII	0.03 0.06	7	8	2.8	0.4	1.6	0.3
	BC_PII_OOP	0.05 0.14	6	11	2.2	0.5	1.7	1.5
	Bench_PII	0.09 0.18	6	8	2.1	0.7	1.2	2.7
	Bench_PII	0.1 0.18	5	6	2.3	0.5	0.6	2.6
	Bench_PII_OOP 0.08 0.17	2	4	2.2	0.3	0.8	2.3
	Discussion and conclusion						
	Peak pressure values were lower than 0.2 bar in all configurations, which is much smaller than
	tentative tolerance values for Q3/Q6 obtained through accident reconstructions
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Table 18 : Summary of peak pressures (APTS V2, Q10_A1) Seat Test number Peak pressure (bar)

 18 

	Left	Right	Overall

Table 19 : Summary of dummy results (Q10, APTS V2, Q10_A1) and corresponding biomechanical limits proposed by EPOCh. Based on Visvikis et al. (2014). Pressure values filtered CFC 180.

 19 

			Test configurations and results		
	Abdomen sensor	No Yes Yes Yes	Yes	Yes	Yes	
	Hip shields	No	No Yes Yes	Yes	Yes	Yes	
	CRS Attachment	Isofix Isofix Isofix Isofix Isofix 3-pt belt Isofix	Epoch
	CRS Lap belt guide	No	No	No	No	No	No	Yes	limits
	Seat cushion angle	15	15	15	5	15	15	15	
	Seating proc.	R129 R129 R129 R129 UMTRI R129 R129	
	Max Head Excursion (mm)	350 326 346 400	368	334	336 465*
	Head Res. Acc. 3ms (g)	62.9 66.3 78.6 65.9 92.3	65.8	62.2	80
	Max Upper Neck FX (kN)	-0.98 -1 -1.17 -0.93 -1.26	-1.05	-0.9 n/a
	Max Upper Neck FZ (kN)	3.63 3.79 4.8 3.94	5.84	3.8	3.48 n/a
	Max Upper Neck MY (Nm)	-16.7 -13.5 -18.5 -18.9 -20.9	-15.3 -17.7 125
	Chest Res. Acc. 3ms (g)	34 32.8 35.4 37.3	38.3	34.3	33.8	45
	Max Upper Chest Def. (mm)	49.1 47.9 47.3 44.7	42	47.1	42.6	56
	Max Lower Chest Def. (mm)	47.2 42.4 39.7 35.8	32.7	40.2	32.7	56
	Pelvis Res. Acc. 3m (g)	37.3 45.3 45.2 44.9	45.3	40	36.1 n/a
	Max Lumbar FX (kN)	1.42 1.44 1.41 1.44	1.23	1.36	1.42 n/a
	Max Lumbar FZ (kN)	0.89 0.51 0.97 0.69	1.51	0.55	0.29 n/a
	Min Lumbar FZ (kN)	-0.29 -0.26 -0.36 -0.48 -0.21	-0.7	-1.05 n/a
	Max Lumbar MY (N.m)	7.95 8.03 9.24 6.9	26.4	11.2	2.48 n/a
	Min Lumbar MY (N.m)	-38.4 -50.5 -45.6 -49.7 -34.5	-48.5 -66.8 n/a
	Max Left Abdo pressure (bar)	n/a 0.72 0.68 0.71	0.56	0.79	0.74 n/a
	Max Right Abdo pressure (bar) n/a 1.22 1.27 1.25	0.75	1.37	1.06 n/a
		*Not a biomechanical limit				

  3 mm in baseline) which could suggest reduced loading in that region. Overall, all upper body parameters (head, neck, chest acceleration) increased while chest, abdomen and lap belt parameters decreased, suggesting a possible change of balance between lower and upper body in the restraint. Another test, i.e. the test with belt guide, had similar lower (32.7 mm) and upper (42.6 mm) thoracic deflections as well as a lower position of the lap belt on the pelvis and may have had a reduced abdominal pressure. The test without ISOfix had the highest
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abdominal pressure

(1.39 bar) 

which may be attributable to the increase in belt force associated with a lack of restraint of the CRS.

Table 20 : Summary of peak pressure results for the Q10 sled testing (APTS V2, Q10_A1) in ADAC test setup. Values were corrected as some errors were present in the original study (mainly case 1735, reported value of 0.96 bar instead of 0.66 bar). Seat Test number Peak pressure (bar)

 20 Pressures were lower than 0.7 bar and were almost balanced between left and right side in most cases. These values are typically lower and more symmetric than tests performed in the same study (Study 2) using the same booster/Q10/APTS/abdomen on the test bench with a lower severity pulse. A possible explanation for the difference could be the motion of the EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact diagonal belt which had higher tendency to slide towards the neck in the Body-in-white tests than in the corresponding bench tests.

	Left	Right	Overall
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Table 21 : Geometric (anthropometric) measurements relating to the head

 21 and are based on measurements in the CANDAT anthropometry database.EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

	January 19, 2015

Table 22 : Q10 head data 3 year old Q10

 22 

	Stiffness (N.mm -1 )	516	1332
	Head Mass (kg)	2.84	3.59
	Head Length (mm)	177	187
	Ratio	1	1.43 (van Ratingen scaling) 1.71 (EEVC scaling)

Table 23 : Head injury data scaled from 3 year old, 3 ms exceedance values 3 year old Q10 (van Ratingen scaling) Q10 (EEVC scaling)

 23 

	20% Head Injury Risk (g)	81	116	138
	50% Head Injury Risk (g)	99	141	169

Table 24 : Head excursion limits proposed for use with the Q10 for equivalence with P10 limits in the current Regulation 44

 24 NeckAs noted in Chapter 6, the scaling formulae used by[START_REF] Van Ratingen | Biomechanically based design and performance targets for a 3-year old child crash dummy for frontal and side impact[END_REF],Irwin and Mertz 

	Criterion	Q10 limits
	Head horizontal excursion (mm)	465 mm
	Head vertical excursion (mm)	885 mm
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	bending moment about the	
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Table 25 : Geometric (anthropometric) measurements relating to the neck

 25 

	Measurement	6 year old	Q10	Adult
	Neck circumference (mm)	260.0	288.4	383.0
	Neck length (mm)	95.0	110.0	142.0
	Neck width (mm)	78.0	85.6	118.0
	Neck depth (mm)	75.0	81.0	84.8

Table 26 : Neck force and moment scaling factors (or ratios)

 26 Table 26 shows a comparison of the equation results. The formulae used to derive the scaling factors are shown in each case. The values used to derive the geometrical scaling ratios are taken from Table 25. For the Nuckley and Ching equation it should be noted that the equation only provides the stiffness value for a particular age. The scaling factor will EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact January 19, 2015 Document No. 642 EEVC WG12 Report Document downloaded from www.eevc.org 364be that result divided by the stiffness value for the age from which the response is being scaled. In preparing these values, an adult age of 25 has been used.

	Method	Formula												Q10 factor
	Force																		
	Mertz et al.													Ϝ					0.556
	WG 12 & 18										Ϝ							0.679
	Nuckley and Ching		0	.	0032	(	Age	)	2		0	.	304	Age		3	.	452	0.695
	Ouyang et al.	Failure = 372.7 ln (Age+1) + 72.9	0.763
	Moment																		
	Irwin & Mertz																			0.662
	WG 12 & 18																			0.649
	Nuckley and Ching			0	.	010	(	Age	)	2		0	.	599	Age		2	.	702

Table 27 : Neck injury values

 27 

	Method	Q10	Adult	Method	Q10	Adult
	Tension (N)			Extension (Nm)		
	Mertz et al.	1834	3300	Irwin & Mertz	38	57
	WG 12 & 18	2241	3300	WG 12 & 18	37	57
	Nuckley and Ching	2294	3300	Nuckley and Ching	24	57
	Ouyang	2521	3300			
	Shear (N)			Flexion (Nm)		
	Mertz et al.	1723	3100	Irwin & Mertz	126	190
	WG 12 & 18	2105	3100	WG 12 & 18	123	190
	Nuckley and Ching	2155	3100	Nuckley and Ching	80	190

Table 29 : Neck injury data scaled from 3 year old Risk percentage and neck load

 29 accident reconstruction 3 year old injury thresholds data, to calculate neck injury values for the Q10 (Table29).EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

	January 19, 2015

Table 30 : Geometric (anthropometric) measurements relating to the thorax 6 year old Q10 Adult

 30 

	Shoulder width (mm)	282.0	337.8	429.0
	Thorax width (mm)	180.0	217.4	305.5
	Thorax depth (mm)	134.8	153.9	230.0
	Thorax Circumference (mm)	570.0	687.3	950.0
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Table 31 : Q3 Chest deflection and injury data (as used by Wismans et al., 2008)

 31 draw up the Q3 injury risk functions are shown in Table31. Here it should be noted that all of the test data have been scaled to make them appropriate for the Q3 dummy.EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact

	January 19, 2015
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Table 32 : Proposed injury criteria for use with the Q10 dummy in Regulation 44 frontal impact conditions Measurement Threshold

 32 EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact It is recommended that a pragmatic neck tension limit is set after further testing with the Q10.

	January 19, 2015
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Assessment submarining behaviour was completed in this task, however the analysis and reporting of this data is reported in Task

2.4 EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Doucment No. 642 January 19, 2015 EEVC WG12 Report

*= Tests 231/232/233/234 (much) lower, but no relation to std, 45, 30 or 15 minutes. EEVC Report -Advanced Child Dummies and Injury Criteria for Frontal Impact Doucment No. 642 January 19, 2015 EEVC WG12 Report
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Head lateral performance targets

The European-and ISO/TR9790 performance targets are not compatible. The European approach excludes the skull fracture cases in the data set because the dummies should operate in the severity level below skull fracture. The ISO/TR9790 performance targets are based on both facture and non-fracture head drop tests. This fundamental difference makes it rather difficult to harmonize both performance target definition methods. For the Q10 or Q12 head it is recommended to use the European methodology for side impact head performance evaluation, in line with evaluation performed for the rest of the Q-series see ref. [iii].

Neck lateral performance targets

From the comparison of the Q-series methodology and the ISO/TR9790, scaled values are given in Figure 13, it is clear that the requirements are not compatible. Only the upper limits of the corridors up to 35 degrees lateral flexion are more or less compatible. This reflects the difference in basis of both sets of requirements. European requirement are based on low severity volunteer test whereas the ISO/TR9790 data make use of the older cadaver test data in more severe test conditions generated by Mertz [xix]. It may be possible to extrapolate the child dummy side impact developments in America. The Q3s and Q6s have improved neck biofidelity that have been optimised and evaluated against ISO frontal flexion and extension as well as lateral flexion targets. However this approach would result in a Q10 or Q12 dummy that is not inline with the rest of the dummies in the Q-series. It is recommended to use the European methodology for side impact neck performance evaluation, in line with evaluation performed for the rest of the Q-series see ref.

[iii]. 

Appendix B American view on largest child dummy

The paper that describes the developments of the Hybrid III 10 year old dummy [xiii] states in its abstract: 

SEVENTH FRAMEWORK PROGRAMME THEME 7 Transport (including AERONAUTICS)

Analysis of Existing Limits and Body Regions within Reg.44

The dynamic testing conducted at TRL focussed primarily on comparing the dynamic performance of the P10 and Q10 dummy during Reg.44 testing. In addition to this evaluation, the results have fed into the research of the kinematics of Submarining, which will be reported as part of Task 2.4.

The test programme for this task examined whether there were performance differences between the two different dummy types using the different performance criteria specified under Reg.44. It was important to understand if the behaviour of the Q-series dummy was sufficiently comparable with that of the P-series, with respect to Reg.44 performance criteria.

This comparison was to be used to inform whether, if the intention was to maintain a status-quo, the P-series could be replaced with the Q-series and provide an equivalent assessment for Reg.44.

Past experience of similar comparisons between the smaller P and Q dummies suggested that there would need to be some revision of the R44 performance criteria to achieve an equivalent assessment with the Q series dummy.

If the Q10 is found to have a similar performance to the P10 in all the child restraints tested, then the current Regulation limits could be applied directly. The dummy measurements and limits assessed by Reg.44 are shown in Table 10.

However analysis of the dummy kinematics has already shown a significant difference in dynamic movement between the Q10 and the P10. It is therefore expected that this kinematic difference should result in a difference in measured loading between the two dummies. The following sections (6.5.1-6.5.4) present the results gained during Reg.44 testing, which followed the standard protocol; these tests were different to those conducted to examine sensitivity to restraint loading, sensitivity to child restraint design and dummy durability.

The tables in the following sections use a colour code, shown in Table 11, to show the values which are above the Reg.44 limits, and within 5% lower than the current limits. 

Head vertical excursion

Table 13 shows the average head vertical excursion measurement for each child restraint compared to the current Reg.44 limits. The results of the analysis conducted on the vertical head excursion values recorded during testing indicate that the Q10 vertical head excursions were all greater than those of the P10 for all child restraints tested. The vertical head excursion measurements for both dummies were very repeatable for all restraints.

When examining the results from the P10 dummy however, only one of the child restraints tested came within 5% of the current limit.

Whereas the average vertical head excursion recorded for 4 of the 9 child restraints tested with the Q10 dummy exceeded the current Reg.44 limit of 840mm. The remaining 5 child restraints returned values that were all within 5% of the current limit.

There are a number of kinematic differences between the two dummy types which explain these differences. These differences result in a larger rebound of the dummy, increasing the vertical head excursion. This may mean that the current limit may not be appropriate for the Q10. The Q10 is also about 23mm greater in sitting height compared to the P10. 

Chest acceleration resultant

Table 14 shows that all the Q10 chest acceleration resultant values were below the Reg.44 limit (55g). Only one booster seat exceeded the Reg.44 limit when tested with the P10.

The values for the chest acceleration resultant differ between the P10 and Q10, where the majority of the results for the Q10 were under the 55g limit by 36%, and one at 43%. The P10 however had a larger deviation in the results, from 1% over the Reg.44 limit to 30% below the limit at 39g. The lowest values (the largest percentage) for both the P10 and the Q10 dummies resulted from booster cushion 4.

The data recorded for chest acceleration resultants indicate lower values for the Q10 dummy tests compared to those seen in the P10 for all child restraints. This shows that the improved kinematics of the Q10 is also producing lower acceleration loading in the Q10 dummy.

Examination of the X-axis and Z-axis accelerations shows that the X-axis accelerations were generally lower for the Q10 compared to the P10. In contrast the Z-axis loading was larger for the Q10 compared to the P10. The maximum also occurred at a different time to the X-axis. This would result in reducing the resultant.

Because the Q10 upper torso is restrained more effectively, the timings of when the Xaxis, Y-axis and Z-axis maximums occur have been changed. This has resulted in them occurring out of phase helping to reduce the chest acceleration resultant maximum. 

Head acceleration resultant

The average resultant head accelerations of the Q10 in each child restraint are shown in Table 18 along with the limited results from the tests with the Hybrid III 10 year-old (HIII10). The results for the HIII10 were between 50-60g while the results for the Q10 in the same CRSs were 60-73g. The overall results with the Q10 were in the range of 43-73g.

It should be noted that these values ignore the rebound phase of the test. This is because during the rebound phase the Q10 typically made contact with parts of the test sled. This rebound phase is also common to other dummies, such as the HIII10.

This usually resulted in the Q10 recording higher values in several of the child restraints. This was a particular problem for the booster cushions. This contact is not representative of what would happen in real vehicles and therefore it was decided that the loading during this part of the test would not be assessed.

All of the Q10 results were lower than the 80g calculated as the 20% risk of injury for the Q10 in Task 1.3a [START_REF] Carroll | Extension of biofidelity and injury risk curve development for the Q10[END_REF]. This limit is therefore appropriate for a regulatory pass/fail criterion for use with the Q10, in a Reg.44 assessment test. Comparing the HIII 10 year-old results to the Q10 shows that the HIII measured higher neck moments. It is recognised that the construction of the two dummies is different. This will contribute to the differences in measured loading between the dummies.

The Q10 measured loading was compared to the recommended ranges identified by the Task 1.3a report [START_REF] Carroll | Extension of biofidelity and injury risk curve development for the Q10[END_REF]; Extension 37Nm, Flexion 125Nm. This showed that all the results were within the limits. Therefore a limit of 125Nm could be appropriate to the Q10 for this severity of test. 

Chest compression

The P10 does not have the capabilities to measure chest compression; however, unlike the other Q-series dummies the Q10 contains two IR-TRACCs which also includes an angle sensor. One IR-TRACC is located in the upper ribcage and the second in the lower ribcage. There is also an angle sensor on the IR-TRACC to measure the loading direction. The X displacement is then calculated using a formula to factor the IR-TRACC reading by the change in angle.

This calculation is based on an equation used to calculate the chest compression in the World 5 th , a side impact dummy. However the calculation didn't seem to calculate any significant differences (≈1mm) from the actual compression the IR-TRACC measured. As it was designed for a side impact dummy, its applicability could be questioned. Therefore for the purposes of this analysis it was decided that only the compression measured by the IR-TRACC would be analysed. Further work would need to be conducted to ascertain whether the equation can be appropriately applied to the Q10 in front impact testing.
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Conclusions

Sensitivity to restraint loading

From the analysis of the sensitivity to restraint loading testing it can be concluded that the Q10 dummy is sensitive to the test setup. The Q10 was able to:

 detect differences in kinematics and loading in different setups  display a difference in horizontal head excursion when expected to  show a difference in the acceleration loading as a result of differing kinematics.

These differences demonstrate that the Q10 dummy is sensitive to changes in test setup that affects its kinematics and loading.

Sensitivity to child restraint designs

From the analysis of the sensitivity to restraint design testing it can be concluded that the Q10 dummy is sensitive to the design of the different child restraints. The Q10 was able to:

 detect differences in kinematics and loading in different restraints  display a difference in horizontal head excursion between the different designs of child restraint  to show a difference in the acceleration loading as a result of differing kinematics These differences between the measured loadings were as expected, based on the variation in protection provided.

Durability of the Q10

Only a few breakages were seen during the testing conducted by DOREL and TRL. All of these have been investigated and addressed. The newly designed parts, to prevent the breakages from occurring in the future, will be fully implemented in the final version of the Q10. It is therefore envisaged that the Q10 is durable for normal use in Reg.44 testing.

The maintenance checks required between tests of the Q10 have been found to be comparable to those required by the current Reg.44 test dummy the P10.

There was no significant overall drift in the results of the same child restraint when tested over a number of tests. Therefore the results from the durability tests provide confidence that the Q10 is able to produce consistent repeatable results over extended testing (20 shots), without recalibration. Therefore it can be recommended that recertification of the Q10 is conducted after every 20 tests, as long as the Q10 does not exceed the 150% of the design loading levels for each body region (specified in D1.2).

Durability different child restraint designs

The findings of the durability with different child restraint testing confirmed the findings of the Q10 dummy sensitivity to child restraint design.

Durability time dependency testing

The findings of the time dependency testing were that no significant drift in the results was found. Therefore it can be concluded that the Q10 was able to recover within 15 minutes, after a Reg.44 front impact test. 

Glossary of terms and abbreviations

Submarining

Submarining is name given to the slouching motion occurring in frontal impacts consisting of a backward pelvis tilt, rounding of the spine, and slipping forward of the pelvis, resulting in poor routing and interaction of the seat-belt with the body, potentially causing injuries to the abdomen.

Sensitivity

The term sensitivity is used to describe if the dummy is capable to detect differences in it's loading due to parameters that are controllably changed.

Durability

Durability is a term used to describe the ability of the dummy to withstand the tests conducted. High durability is favoured by test labs using the dummy, as it reduces operating costs due to broken parts or required re-calibration.

Durability can be limited by the breaking of parts (instantaneous effect), or by a gradual effect such as metal fatigue. Durability in this report is also seen as the ability to produce trustworthy results when tests are spaced close to each other, without giving the dummy time to recover. 

Appendix A Test Sled Information

A.1 TRL Sled description

The test facility described in this document is defined as a deceleration sled rig. The facility consists of a rail-guided sled, operated by a bespoke control system, which is accelerated to the required impact velocity by elastic bungee cords. An impact event is created by arresting the sled using a defined deceleration method.

The sled rig consists of a track comprising two parallel rails. The sled is propelled using between 1 and 12 elastic bungees depending on test requirements. This bungee configuration, patented by TRL, can provide a lower initial acceleration and higher velocity than a conventional bungee rig.

The impact head at one end of the sled rig, is anchored to a concrete foundation block, and consists of a vertical machined steel face prefabricated with a pattern of holes to allow for the mounting of test fixtures or deceleration devices. Contained in the impact head are five steel sleeves which are used to hold polyurethane deceleration tubes.

The sled itself is guided on the parallel rails by three wheels at each corner. The sled has a flat top surface with machined holes allowing for test fixtures to be mounted and a front plate to hold deceleration spears. These spears will have olives, a rounded segment, attached to the exposed end.

The number of spears used and the size of the olives can be varied to achieve the appropriate deceleration pulse required. This pulse can also be dependent on the polyurethane tubes used, of which the inside hole tapers from the exposed front away from the impact face. For a front impact, two polyurethane tubes are used: a short leading tube and a long trailing tube which, when combined, form a continuous taper. 

Appendix B Markers on the dummy

The positions of the markers to be placed on the Q10 dummy are shown in Figure 51.

The exact positions of these markers are described in the following paragraphs. The design of the markers to be placed on the dummy is the choice of the individual test house laboratory.

Note the markers on the side of the dummy should be placed on the side that the side view camera is placed. If the test will be filmed from both sides, the markers should be placed on the same side as the B-pillar is located on the sled, e.g. Left-hand B-pillarmarkers on left side of the dummy.

All measurements are taken from the centre of the targets.