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Abstract: This technical note focuses on the evaluation of a procedure for positioning crash test
dummy in rail environment before physical testing. Through physical implementation, a
simple approach consisting in adjusting the location of the dummy on the seat was
evaluated and validated. The data collected was used to accurately align a virtual
dummy with real life information demonstrating that the procedure, coupled with virtual
modelling, provides a powerful research tool by which to improve the passive safety of
passengers travelling in rail vehicles.
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ABSTRACT

This technical note focuses on the evaluation of a procedure for positioning crash test
dummy in rail environment before physical testing. Through physical implementation, a
simple approach consisting in adjusting the location of the dummy on the seat was
evaluated and validated. The data collected was used to accuratelyaalignal
dummy with real life information demonstrating that the procedure, coupled with virtual
modelling, provides a powerful research tool by which to improve the passive safety of
passengers travelling in rail vehicles.
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1 BACKGROUND AND OBJECTIVES

In case of a crash, railway occupamisy be subjected to sudden displacements of large

amplitude leading to violent secondary contacts with various surfaces. The resulting

injury risk is usually evaluated by reproducing the event in test facility: environment of

the railway passengers is reconstructed on a test sled on which appropriate crash-test
dummies are seated and submitted to a deceleration corresponding to the crash scenatrio.
The mechanical response of the dummies allows an estimation of the injury risks.

For research purposes, the dummies have to be installed in a precise, recordable,
repeatable and reproducible manmRESB developed a protocol to physically position
dummies in a seated position prior to dynamic testing [1]. The procedase



implemented during the European SAFEINTERIORS project - focusing on the link
between interior design for railway vehicles amglpassengers’ safety - in order to:
- evaluate, improve and validate the protocol;
- give additional guidance regarding informattorbe measured and recorded;
- transfer relevant data to a virtual modelling environment and assist validation
allowingin-depth study while reducing number and costs of physical testing

2 TEST METHOD AND MATERIAL

2.1 Procedure

The procedure describes how to define a reference position of the occupant on a rail
seat.

At first the position of the H-point (the midpoint between the hips) for a fiftieth
percentileoccupant relatively to the considered seat is defined. The devoted tool, an H-
point machine (figure 1), is installed on the seat as required in the SAE J826 automotive
procedure [3]. The position of this H-point is measured in a reference frame by using
physical points of the seat. This data can be used for test repeatability and transferability
to the virtual environment.

The second step consists in installing the crastdtesimy so that its H-point mateg

within a predefined toleranctéje location obtained here above. For this, the dummy is
installed with its medin line correspondingo the midline of the seat. Its legs are
extended horizontally and pushed so that the dummy makes contact with the seat back.
In the absence d footrest, the heels are placed on the floor; otherwise the insteps of
the shoes are plad on the footrest. Afterwards, a flat rigid surface is pressed
horizontally against the dumrisytorso at a load of 250N. Then, the elbows are placed

on the armrest with hands resting on the thighssutiie feet are adjusted so that they
have the same longitudinal coordinates. Finally, the knees are separated by 170mm,
keeping the knees and ankles in the same vertical plane.

Then, the positioning of the dummy has to be validated: its H-point postioeasured

and compared to the value obtained in the first step. The procedure is repeated if
deviation is outside a tolerance envelopet6£20mm in the longitudinal and vertical
directions. If not possible, the dummy is seated as close as possible to this envelope and
its position recorded.

As a final step, information relative to the dummy’s posture and test arrangement
(seat geometry, seat and table juxtaposition...) may be recorded with coordinate



measurement equipment. Additional information may also be derived by data streaming
this equipment over the required surfaces

2.2 Physical implementation

The procedure was implemented at Ifsttar by installing a regulatory frontal crash-test
dummy (Hybrid 111) in a SIRIUS Compin train seat. Measurements were taken using a
FARO arm. The reference frame was the anchorage plate of the seat on the floor. The
fixing bolt location of the armrest was also used, as it is easily identifiable in physical
and virtual environments, and its position recorded. Each procedure (SAE J826 and
positioning of the dummy with the feet on the floor) was repeated twice.

2.3 Numerical implementation

The seat was numerically reproduced at SNCF thrauggtibrated finite-element

model (Altair HyperCrash® environment). A numerical model of the Hybrid Il dummy
was provided by Altair. Numerical implementation was carried out by adjusting the
position of the seat and the posture of the dummy ubégference points and

scanned envelopes recorded during physical positioning.

3 RESULTS

The H-point machine positi@a on the seat is shown in figure 2.
Measurements with H-point manikin and Hybrid Il are given in Table 1.

Table 1: Comparison of H-point position measured after SAE J826 procedure and pasihing of
the dummy

Longitudinal (X Vertical
H-Point Procedure ongitudinal (X) ertical (2) Mean X Mean Z
mm (mm)
H-Point SAE J826 (1) 172.7 469.9 173 470.1
mannikin [~ e 5%6 ) 173.2 470.2
After
155.4 464
Hybrid 111 Positioning (1) 155.3 464.4
ATD After ' '
Positioning (2) 155.1 464.8
Difference 17.7 5.6




Figure 3 represents the final posture of the dummy after positioning with the feet on the
floor. Positions of specific points and envelopes of the head, torso, upper and lower leg
were recorded.

Positioning of the numerical dummy with reference points and scannedslisieswn
in Figure 4.

4 DISCUSSION

Thefeasibility of the procedure for installing a physical dummy on a seat was validated.
This was very repeatable and precise in terms of H-point position: a difference less than
1 mm in both longitudinal and vertical directions was found when the procedure was
applied twice. The H-point position of the dummy compared to the reference value
(measured with the H-point machine) was shdwrbe within the tolerance box +/-
20mm.

The arm positions has a great influence on the final kinematics and hence on injuries.
Keeping the elbow on the armrest with the lower arm on the thigh was considered to be
the most realistic position.

It was found useful to reference a set of common physical datum points on the seat in
order to enable transferability between physical and virtual environments.

The data collected validates the initial positioning of the numerical dummy, improving
correlation between virtual predictions and physical tests. However particular care is
required on contact interfaces to avoid initial penetrations, edge intersections and
numerical errors, especially between thighbones and pelvis foam. Thigh positioning
could be achieved by a pre-calculation activating contact interfaces, including distortion
and stress of the pelvis foam.

Limitations of this study concern the low flexibility of the dummy and access to it on
the seat with coordinate measurement equipment. In trains, seats are often installed side-
by-side or facing other seats or tables, complicating set-up of the dummy and associated
measurements. A careful sequential assembly of the test scetatl aid the
application of this procedure.

This paper focuses on the Hybrid Il dummy, the positioning procedure can also be
applied to the RSSB developed Hybrid Il RS dummy, specifically built for testing in
the rail environment [4



5 CONCLUSION

The proposed protocol incressrepeatability, reproducibility and precision of crash
testing, making easier comparison of test results between test houses and going beyond
physical testingto numerical simulation. It could be relevant for designers of rail
transportation or be used as an input for future recommendations in railway standards
relative to the interior passive safety.
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