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In the global automobile industry, the Hours-Per-Vehicle factor (HPV) is turning more and more into a key indicator for personnel productivity analysis of a production plant. HPV rankings are compiled and personnel goals are derived from comparison of HPV benchmarks. Besides program units and budget, HPV is advancing to be one of the dominant controlling indicators. Against this background, there is an increasing demand for effective HPV controlling. The major task of such controlling is to ensure the required transparency for the influencing variables as well as to recommend measures to improve personnel productivity. In this context, HPV controlling is not just to be incorporated in the existing target and controlling landscape but also into existing personnel productivity improvement processes. The following article takes up these requirements and demonstrates approaches to a solution. Moreover it describes the potential but also the limits of HPV applications.
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The entry of HPV into the global automobile industry

Ever since one of the best-kept secrets of the European automobile industry was revealed in January 2007, the big race for the HPV improvement at automobile manufacturing locations has begun. In its 02/2007 issue, the magazine Capital published the HPV ranking of more than 70 European production plants. According to this list, the average working hours spent on a vehicle in 2005 ranged from 12.4 hours for the Nissan Micra from Sunderland (UK) up to a substantial 101.1 hours for Audi A8 vehicles assembled in Neckarsulm (Germany) [START_REF] Hillebrand | Verdammter Wechsel[END_REF].

In a letter addressed to the participating companies Ron Harbour, author of The Harbour Report™ and therefore one of the principal analysts of the key figure Hours-Per-Vehicle (HPV), apologised at that time for the publication. The report has been compiled in Europe since 1996. However, in contrast to the U.S. where the report came out for the first time in 1991, its results are not for publication but rather exclusively for the participating and paying companies.

Particularly the public display of the large differences in productivity led to a lasting concern especially among the German car manufacturers. With the Ford plant for the Fiesta Fusion in Cologne (rank 2), the Ford Focus C-Max production in Saarlouis (rank 7) as well as the Opel Corsa assembly situated in Eisenach (rank 13) there were only three vehicles manufactured in Germany within the top 30 ranking. All the remaining listed Opel, VW and Audi production sites took mostly less prominent places in the rear ranks [START_REF] Hillebrand | Verdammter Wechsel[END_REF]. Other German car brands like BMW or Mercedes-Benz did not take part in the Harbour Report at all as they were afraid of the public impact. But even here, the HPV became a dominating control parameter.

Although the measurement of staff productivity -because the HPV is nothing elseis definitely not new, the HPV has now developed into a central control parameter in the automobile industry throughout the world [START_REF] Rumpelt | Darwinscher Prozess[END_REF]]. In addition to budget adherence as well as staff and production programme quantities, the improvement of the HPV is one of the leading figures which shows the efficiency and optimisation successes of an individual plant.

Due to this importance, executives of production sites have been developing HPV controlling that allows qualitative conclusions about the change of the HPV.

What can an effective HPV controlling look like? What difficulties and challenges may arise? What are the main advantages? What insights can be gained from an effective HPV controlling? These and other questions will be discussed in the following paragraphs.

Definition of the HPV

Already at the beginning of the establishment of HPV controlling, one of the crucial success factors will be experienced. It takes a lot of time to acquaint oneself with the characteristics of the key figure and to understand the interdependencies among the influencing factors. At first glance this seems odd as the Hours-Per-Vehicle are defined as the simple quotient of the number of hours worked in a specific time period in relation to the quantity produced in the same period. The figure below illustrates the described equation.

(1) Except for a few special cases, it generally includes all paid hours of the entire workforce of a production plant. For this reason, the key figure comprises not only the value-adding activities of the direct employees at the production lines, but also their non-productive times such as breaks or personal allowances (insofar these are paid). Even indirect employees such as logisticians, maintenance technicians or quality engineers contribute with their working hours to an increase of the HPV. The same applies to managers, planning engineers and administrative staff. One of the major innovations through the Harbour methodology is a standardized distinction between the working hours which have to be taken into account and the ones that are only partially or not included. Figure 1 provides a rough overview. Basically, the HPV comprises the direct employees of the main functions of a manufacturing plant, including maintenance and logistics. Pre-assembly activities as well as factory services are only included if they are carried out by own staff. Tasks that have been outsourced such as pre-assembled parts are not to be taken into account. The same applies to subcontracted supplies and special subjects like the time needed for the planning of new products, inter-organisational logistics services or CKD productions. The primary goal of the set definition is to provide a common basis for the HPV calculation of different sites and therefore to generate identical key figures in terms of content and composition.

Comparison of HPV

The application of the common definition as well as the calculation of the HPV as a key performance indicator for a finished product lead to a number of critical points which will be discussed in detail in the following sections.

• While comparing two or more key figures, the impression arises that it is possible to draw a conclusion about the efficiency differences of the respective production facilities. Just as one or the other interested reader of the present article may have evaluated the HPV figures mentioned in the first three paragraphs, such an undifferentiated comparison is often drawn in practice. The 18.7 HPV for an Opel Astra assembled in Antwerp [START_REF] Hillebrand | Verdammter Wechsel[END_REF] are considered to express a superior efficiency in comparison to the 37.1 HPV for a Golf vehicle from Wolfsburg [START_REF] Hillebrand | Verdammter Wechsel[END_REF]. But exactly this interpretation may lead to a wrong conclusion however it is done again and again [Newsdesk of Manufacturing Engineering 2007;[START_REF] Mayne | Chrysler Moves to Top of Harbour Ranking[END_REF][START_REF] Winter | Big 3 Efficiency Up[END_REF][START_REF] Barkholz | Harbour: Detroit 3 boost productivity[END_REF]. Mainly because the highly aggregated key figure HPV does not describe for example the differences in the level of vertical integration or which stage a product has reached within its lifecycle. o A reduced level of vertical integration does not necessarily imply a more efficient production as the costs of the outsourced range of activities will have to be analysed in comparison to the costs of an in-house production, if you pursue the more economical path. The increase in material overhead costs, caused by the outsourcing of production stages, is disregarded in the HPV. o In addition, the mere comparison of HPV figures ignores lifecycledependent changes of production volumes, because in the first half of its lifecycle, the quantities of a product are usually higher than in its second half. For calculating the HPV, all hours worked and paid during a specific time period are considered. Thus, the hours of so-called quantityindependent personnel (such as indirect employees and office clerks) carry less weight in case of high volumes than for small numbers. A fixed cost degression is existent. While the product calculation assumes a calculation of the entire lifecycle, there arise enormous variations of the Hours-Per- Vehicle by reason of natural fluctuations in the quantity needed within the product lifecycle as well as during the year.

Already these two examples show that an efficiency comparison of different manufacturing facilities as well as products on the basis of the key figure HPV is not quite simple to implement and to draw.

• Flexible production lines are the main objective of a manufacturing facility [START_REF] Womack | Die zweite Revolution in der Autoindustrie[END_REF]. Production plants in which several different models and types of products can be manufactured are desirable. This leads to the fact that when determining the HPV for a specific vehicle, shared resources must be split and allocated proportionally to the different models. In doing so, the allocation between different vehicles may vary greatly from plant to plant and is at the discretion of the responsible department. • The more different the products the more different are the organisational structures of the companies. In this context, differences may also be identified within the manufacturing process. While at some companies the development of new products, processes or technical equipment is separate from the series production, at other car manufacturers the series production plants also undertake the task of refining the product and process maturity. However, such an orientation additionally increases the number of hours needed to achieve the desired product as well as process maturity. These are valuable hours that arise at one production facility, but not at another. • Furthermore, the equipment and the quality requirements pertaining to the products differ greatly from each other. Even though both the Audi A3 and VW Golf belong to the compact class as well as a Dodge Caliber, there are clearly discernible differences for the end customer in regard to the quality of processing and manufacturing. • Moreover, the complexity regarding the product variety shows distinct differences. Many manufacturers focus on a small number of product variants, while particularly premium manufacturers seek to build customised cars for their customers (please see figure 2). The production of vehicles with many variants has a major impact on the complexity of the manufacturing process and thus on the hours worked. Due to this non-exhaustive enumeration it can only be stated that an HPV comparison between different production sites with different general conditions is only partially possible. Therefore, any conclusion derived from an efficiency comparison can only be drawn to a limited extent as well.

Influencing Factors on HPV

A comparison between different production plants and manufacturers may be difficult. However, the HPV is more appropriate for purposes concerning the individual site than the controlling of the staff productivity improvement. Through a consistent delimitation and recording of the necessary parameters over different time periods, as well as the levelling of certain specifics of a period such as varying production programme quantities or start-up-related additional expenditures, the HPV could be a meaningful indicator of the development of the staff productivity at the selected site.

But once again, as so often, the devil is in the detail.

The influencing factors, which have an impact on the two major HPV input parameters (the hours worked and the number of units completed), are almost multitudinous. Figure 3 gives an impression of the described fact and shows the dependencies of the HPV on about 50 individual parameters.

Figure 3. Interdependencies between various Parameters to calculate the HPV

In fact, the extension of a works meeting of half an hour at a factory with approximately 5,000 employees and a proportion of direct employees of 80% already leads to an increase of the non-productive time by 2,000 hours. At the same time, there is an additional loss of production of half an hour, which is equivalent to about 30 vehicles at a cycle time of one minute. Furthermore, the annual development of the HPV shows significant peaks during the main holiday periods around Easter and in summer. Even if there are no plant holidays and hence the direct employees remain on a constant level, the above-average number of cycle time independent indirect employees and office clerks on vacation carries considerable weight. As can be seen from the development of the curve, which comprises a continuous improvement process (CIP) rate of 5%, there is by no means a continuous reduction of the HPV by 5% from January to December. Several significant curve movements are to be identified which arise by reason of the influence of numerous different parameters.

Development of HPV during the Course of a Year

• The downward-facing and therefore positive curvature in August is the most distinctive feature. It marks the time period when an above-average number of cycle time independent employees take a vacation. This means that there are fewer people working in the plant in August, although the same number of vehicles is manufactured. • The high level at the beginning of the year is also typical due to a factory shutdown over the holidays. Within the fixed period of a plant shutdown, bundled retrofitting and upgrading activities can take place which could not be carried out while the production process was running. This leads to hours worked by staff members who execute these actions, without a single car being produced. Additionally, as a result of the activities conducted and especially due to the emptying process of the surface department, the factory stock of unfinished products is reduced to avoid damage to car bodies which remain in the process. As a consequence of this procedure, the plant stock of unfinished products needs to be replenished at the beginning of the year. Eventually, the replenishment requires numerous hours worked in which no vehicles are completed. • Another distinct characteristic is the increase in the last months of the year. With the reduced production programme at Christmas, works meetings, annual stocktaking as well as the commencing factory reorganisations, there is an overlapping of several factors which have a negative impact on the HPV. The employees are engaged and deliver their working hours, but without completing any vehicles • There are also slight increases in March, June and September during which, following the presented order of events, the quarterly work meetings usually take place in addition to the previously mentioned December. • In the context of this first analysis, only a few of the influence parameters on the HPV were picked from the non-exhaustive overview of figure 4. The description of the individual effect of each of these various parameters on the Hours-Per-Vehicle is unrealisable with acceptable effort. Too many effects overlap or cancel each other out, so that an enormous controlling effort would have to be expended to identify each influencing parameter and to assess its impact on the development of the HPV. Besides, a spurious accuracy would be generated which does not lead significantly to a high quality. In conclusion, too many variables can only be estimated, or are -if ever -only recognisable after a temporary delay.

Implementation of HPV-controlling into the complete controlling process

As already explained, the HPV factor encounters several influences and imponderables. This results in a figure which cannot be analysed in detail or only with disproportionate effort, allowing only rough statements about the increase of personnel productivity. Therefore the figure acts as an indicator especially the upper management level, enabling them to evaluate the progress of a production plant when it comes to personnel productivity. Against this background the question arises how effective HPV controlling can contribute to sustainable improvement of personnel productivity. On the one hand, HPV controlling is to be integrated into the greater target landscape and the complete controlling process so as to ensure an integrated and consistent controlling landscape. On the other hand it is important to make HPV concrete and tangible on the operational level as to ensure that HPV targets can be realized. In the following both aspects will be examined more closely.

Objectives and target allocation

1) HPV is calculated by computing the ratio of performed and paid hours of work within a specified period of time and the number of end products produced within the same period (see equation 1). In order to create an integrated, interacting and thus accepted target system overall, it is therefore important that the HPV target can be clearly translated to the parallel unit-, personneland CIP targets. The program and personnel targets set out in the strategic objective -which are translated to strategic and operational planning -will also determine the HPV target level to be aimed at. It is also possible to go the opposite way -deriving personnel-and CIP-targets from a defined program and HPV target (usually benchmarking). Regardless of the method applied, it is important to maintain the consistency of the values which can be translated into each other. Failure to do so would result in non-acceptance of the inconsistent system within the organization. Therefore HPV targets should be discussed, approved and communicated on all three levels (strategical, tactical, operational) 2) Production departments are usually not able to reach mostly the ambitious targets on their own. Stringent implementation of lean production principles no longer leads to success. The instruments are known and implemented.

Whereas they continue to be methodically pursued they do not lead to a leapforward production any more. It is already known that especially the product design determines approximately 70% of the production costs [VDI Richtlinie 2234 1990], and thus has a significant influence on the HPV. This fact must be taken into account when breaking the total HPV target down to individual company units. Therefore proportionate targets are to be distributed among the individual company units in order to reach the envisioned total HPV [START_REF] Uludag | How To Reduce Hours Per Vehicle[END_REF]]. This also supports the joint, process-oriented and comprehensive work on joint objectives. Keywords such as DFM (Design for Manufacturing) will thus have a measurable target. 3) After distributing the overall objective into individual company units, these individual targets will be broken down to the individual departments. This method ensures not only a top-down control of the overall objectives, but also enables the persons responsible for the implementation to align their optimisation efforts with the set targets of the upper level. An integrated and consistent target system arises. 4) However it is not reasonable to break the HPV target down to specific production segments. The sum of the individual values will usually not add up to the overall value due to the large number of influencing factors (compare figure 3). Overall influencing factors which can be beyond control of a specific production unit will lead to deviations between local and overall levels. For example: the number of units produced, which refers to the number of unfinished products processed in a specific production unit while the HPV overall target considers the number of finished products. Thus a deviation can arise through production buffers, unit number fluctuations, different working hour models etc. Thus HPV controlling of each and every individual subdivision to the smallest units by HPV targets is not advisable. Nevertheless the operational level -as the executing element -must be integrated in order to reach the HPV overall target. A conflict arises, as -on the one handtargets cannot reasonably be broken down to the operational level, but on the other hand it is exactly this level which is supposed to plan and implement measures in order to reach the HPV target. Operational HPV controlling must attend to this problem.

Establishment in the operational controlling process

Besides the implementation of strategic HPV targets to the operational level, creation of the required transparency, pursuit of target achievement as well as its reporting, are also tasks of operational HPV controlling. In this respect, the following points are to be observed: 1) As with strategic and tactical levels, operational controlling must also ensure conformity between HPV targets and the targets of the individual factors contained therein (personnel and program). Therefore the above-mentioned considerations of the level of the overall company similarly apply to the operational level.

2) In order to control a specific location, periodic comparison of target and actual values are to be made. For this purpose, a target value must be set up for the executing levels. By comparing target and actual values, deviations can be found and accounted for (see figure 5).

Figure 5. HPV target-performance comparison

3) As mentioned the HPV is calculated by computing the ratio of performed and paid net hours of work within a specified period of time and the number of end products produced within the same period (see equation 1). The operational units also know these figures. Hence it seems to be logical to control the implementation via these figures. Based on the overall HPV target of the location and -if possible -of a complete production unit (such as assembly departments in the automobile industry), the overall net hours of work which are to be broken down to the individual production units are taken as a target. As described, creating numbers which are mutually convertible 1:1 cannot be guaranteed, since when adding up the individual figures to an overall value, it must be taken into account that the overall system is subject to several influencing factors (see point 4 of the above listing) which do not necessarily have an effect in detail. Management must be aware of this breach as there can be no claim to complete translation. A parallel examination of the development of the applied hours of work and the HPV is required. Both developments must show the same tendency and significant deviations between target and actual values must be explainable. It is advisable to control the applied net hours of work, resulting number of units as well as deviations between target and actual values every day. In this context, it is not advisable to check the HPV on a daily basis, as the influencing factors can offset or reinforce each other over a longer period of time. A monthly control and report seems to lead to the desired result. The operational HPV controlling can draw on the reasons for deviations in the number of program units as well as the work force involved which have been documented every day when explaining deviations. The HPV controlling should have a degree of aggregation that on the one hand allows a user to go further into the topic, but on the other hand, does not lose sight of the big picture by providing unnecessary details to the user. One approach could be to combine rough data clusters of similar influencing factors (such as output fluctuations or production shutdowns) with individual factors that have a significant effect (such as strikes, work meetings or miscellaneous projects). Figure 6 again illustrates the implementation of HPV controlling. 

Continuing improvement of personnel productivity by HPV controlling

The task of HPV controlling is not just limited to creating consistency with other target systems or to reactively ensure transparency in the HPV development. The task is rather to ensure an improvement of personnel productivity. The main effort lies with the active organization of the system according to HPV principles. This includes the following activities:

1) Deviations demonstrated by the operational HPV controlling are not just made transparent. In fact, recommendations are made which could impede negative HPV development. The operation mode of a plant for example has a decisive influence on the HPV. Number and length of shifts, clock speeds, rescheduling of cycle times or even the timing of shift cancellations and plant shutdowns have significant impact on the Hours-Per-Vehicle. In case of a replanning of the production line operation, for instance due to new quantity scenarios, there needs to be an assessment of the HPV change through the possible alternatives. The previous example reflects an active control and steering function of the HPV controlling which has to design an HPV-compliant line operation in connection with the aggregate planning. 2) Measures or projects awaiting a final decision must withstand an evaluation by HPV controlling. As a rule, measures which will not improve the ratio between required hours of work and number of units produced on a long-term basis cannot be recommended by HPV controlling. 3) Due to the different spheres of responsibility aimed at reaching the targets (see point 2 under "target definition"), it is even more important to establish a common basis for the cross-functional cooperation between product development and production as well as other HPV-influencing departments. By designing the new product according to manufacturing requirements, the company will often achieve far more success with one appropriate action than with a large number of improvement projects and activities within the production. The tasks of HPV controlling lie in the promotion of this exchange as well as the control of DFM implementation (Design for Manufacturing). 4) In order to underline the importance of HPV and to promote a continuing improvement of the HPV indicator, it is essential to create a strong statement of managerial intent. Through a system of regular reports in hierarchically ascending, partly interdisciplinary committees (please see point 3 of the list) as well as scheduled on-site inspections of individual optimisation examples by the management, the importance of the topic should be made clear.

Prospects / fields of action

The key performance indicator Hours-Per-Vehicle (HPV) establishes itself as a meaningful and hence widely accepted parameter of the staff productivity in the automobile industry throughout the world. It only provides a very limited possibility of comparing different production sites, but the HPV can be used to control the improvement in staff productivity of a site over time. In summary, it can be stated that while implementing an HPV controlling, various prerequisites should be taken into account to allow for an effective management.

In this context, cooperation and joint understanding of the objective of different divisions still seems to be problematic. As already mentioned, production can no longer reach the ambitious objectives of personnel productivity on its own. Although the result in the form of an HPV reduction can only be seen in production, the corresponding levers are scattered among the different departments within the company. One of the most important factors for reduction lies with production departments. Design for Manufacturing is the keyword. However, development is also subject to strong influencing factors such as production strategy, design and purchasing.

One problem associated with these different sources of HPV influencing factors lies with the distribution of target shares to the individual departments. Although they can roughly be defined by benchmark evaluations and disassembly of competing products, contrary strategies and targets can pose an obstacle. Design instructions, purchasing strategies, different variants in strategy or also differences in quality render the comprehensibility and acceptance of targets. A methodical distribution of the target shares is definitely one of the fields of actions to be analyzed.

Even if it is possible to distribute the HPV target "top-down" to the individual departments, control of target achievement and distribution of target shares is not easy. The reduction of the HPV factor is calculated by computing the ratio of the amount of net hours of work in production involved and paid for and the number of finished end products (compare equation 1). However, this reduction as a rule does not result from individual measures which can be clearly traced back to a cause, but to several small and interacting optimization measures, all leading in sum to a reduction in the number of employees deployed. For example, routes of employees directly working at assembly lines and thus net hours of work -can be reduced by providing small load carriers instead of big ones (compare figure 7).

Figure 7. Comparison of a working station with a big and several small load carriers.

But which department is responsible for a reduction in HPV? One answer could be the assembling departments, implementing HPV reduction by reorganizing their department. It could also be the logistics department which ensures the provision of small load carriers at the envisioned section of the assembly line. Purchasing departments are involved, negotiating with suppliers over the small load carriers. But the development department is also involved in the matter, laying the basis for downsizing carriers by means of modular developed parts. The example clearly shows that the part played by individual departments in HPV reduction cannot easily be illustrated. Therefore it will be difficult to determine the target achievement rate of the individual departments and thus to control the consistent pursuit of the HPV target by every single department. The consequence: The overall achievement of HPV targets is watered down and made more difficult. It is therefore the main task to create a joint understanding of the target and to develop a new cooperation model for the individual departments. The common objective is far more important than the specific individual targets. A cooperative business culture is definitely the basis in this respect. It is a field of action to be tackled, for example in case of large company groups which can usually be found in the automobile sector. All big departments with more than 1000 employees usually have their own "subcultures", which must be checked internally and externally and modified if necessary, rendering the whole situation more difficult, as the HPV objective is only one of the numerous targets of a target system. The HPV factor is definitely one of the most important indicators in production, but it seems to be very doubtful whether design, development or other departments accept HPV as one of the central controlling features. In this context, the emphasis of the company is decisive. While Toyota lays greater focus on production within its business activities, a lot of European automobile manufacturers focus on development, marketing and design.

Even if the importance of production departments is seen differently by individual companies, it is one of their main tasks to increase their productivity. In the past, this was more possible on their own than it is today by the implementation of lean production systems. Nowadays these methods are known nearly everywhere and continue to be applied. However they will usually not cause a leap in production. The new challenge is to incorporate all departments in such a way as to ensure that a common understanding of the objective to increase productivity in production departments is created and implemented. This will be more and more important and one of the main challenges when setting targets, measuring HPV and evaluating HPV target achievements. 
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Subcontracted Supplies

Parts from Suppliers (Fuel Tank, etc.) Tool Design and Construction Pre-assemblies (Car Seats, etc.)