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Figure 6. Percent changes in predicted head and chest injuries between 
the STD helt system and the alternative systems. 

Compared with the STD belt,we can see that the PRT reduces the head 
injuries by approximately 12% for the driver and 14% for the front seat passenger. 
Corresponding reductions for the chest 1njuries are approximately 22% and 36% 
respectively. 

For the alternative FLM versus STD, however, we can see an increase in the 
head injuries for the driver of approximately 8% and for the passenger there is a 
reduction of 8%. Regarding the risk of chest injuries, there isa mark ed increase 
for both the driver and front seat passenger of 26% and 23% respectively. 

Tests at One Speed versus Tests in Several Scenarios. It can be seen clearly 
from the above analyses that a test strategy confined to laboratory testing at the 
standardized 35 mph will give quite a different picture of the relative merits of the 
three belt systems than that obtained from tests performed at several speeds and 
with several occupant sizes. This fäet should affect future test strategies for 
occupant protection systems. 
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DISCUSSIONS AND CONCLUSIONS 

Optimized performance 

We have shown that tests carried ont at only one speed mean arisk of sub
optimizing the car's safety properties. Fig. 7 shows clearly that a system (FLM) 
can be de si gned which has good performance at high speeds, but notat low speeds, 
It is also evident that itis possible to designa system (PRT) which produces 
improvements within a large range of speeds, Corresponding effects can be 
achieved for all occupant heights, 
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Figure 7. Chest acceleration as a function of crash speed for the three 
different systems, 50th percentile passenger dummy. 

If crash safety properties at several speeds are not taken into consideration 
during development work, there isa risk of investing large resources inta 
incorrect measures, and instead of achieving a reduction in injuries, the result is 
an increase in the nwnber of injuries out in the real traff'ic environment. 

Using the method described in this paper it is, however1 possible to study the 
effect offuture design and legislative proposals, through which it is possible to 
concentrate on correctmeasures at an early stage. 
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With an accuracy which up until now has not been possible, our example shows 
the magnitude of the sub-optimization which crash tests at only one speed can lead 
to. 

There are, admittedly, several approximations and uncertainties in the data 
and the medels used. However, many ofthese errors are probably of a systematic 
nature. So if, for instance, the calculated chest injury frequencies in Fig. 5 have a 
systematic error making them 20% too high, the difference between the calculated 
in jury freguencies should to a large extent be free from such errors. And it is the 
differences, which are plottedin Fig, 6, that we use for judging the relative merits 
ofthe three analyzed belt systems. 

Other shortcomings and errors in the models and the data are more difficult to 
determine. As described in the next section, work is underway to improve the 
quali ty in these areas. 

Even ifit is difficult today to give an accurate assessment of the magnitude of 
the errors involved, an engineer 1s reflection an Fig. 7 leads to a conviction that
there are actual differences between the belt systems. The relationship between 
their performance data is presumably a reality which has consequences for car 
manufacturers as well as for motorists. 

Development of the mode! 

The Injury Prediction Model has now become a tool at Volvo in the evaluation 
and design of new occupant protection systems . 

. 

The method is also applicable for comparison ofmore different types af 
protection systems, e.g. airbag versus belt. It can also be applied for different types 
of accidents, e.g. side collisions and rear end collisions. Design parameters which 
can then be analyzed are, for example, the stiffness of the padding and the 
structure. 

It is therefore important that corresponding methods are developed for other 
types of accidents, e.g. side collisions (2), and that the way of thinking becomes 
generally used by car manufacturers and legislators. 

The method's usability means that there isa need for better comp.uter 
programs for th� simulation of accidents. 

More accurate accident data needs to be collected, e.g. better parameters for 
crash severity and injury mechanisms should be developed and put inta use, 
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It could also be of great value to simplify the described rnethod so that a 
rough estimate ofthe injury reduction fora given design proposal is obtained 
quickly by using a relatively simple mathematical expression. This assumes that 
the system1s performance at various speeds is known. This can be very useful, for 
example, for manufacturers who do not have access to their own databases 
regarding speed and occupant size distribution, etc. Here, the authorities can play 
a crucial role by developing the neccessary basic information and spreading the 
acquired knowledge. 

When discussing laboratory tests for new safety systerns, the MADYMO 
simulations and the Injury Prediction Model are also helpful aids in the selection 
oftest parameters and testing matrixes. They also forma complement ta crash 
tests which cannot be performed in the laboratory for capacity reasons. 

For the readers to consider 

There is a tendency to consider any opposition from the automotive industry 
to high crash speeds in the safety standards and safety ratings as an 
unwillingness to cooperate towards improving traffic safety. This is generaDy not 
true. It is in the interests of all parties that the level of occupant safety is raised. 
Thatmust be a top priority. 

Volvo is deeply committed to safety. We therefore feel under obligation to 
optimize the occupant protection systems in our cars towards real world crashes 
and their effect on occupants. For this reason, we perform crash tests at a range of 
spe eds in order to find the optimum safety design properties of the vehicles. 
Publicity-wise, this attitude may not b8 very rewarding, since it will not 
necessarily give the best results in rating-tests. But it is what we believe in. 

The purpose of this paper is to spread the knowledge about the importance of a 
well-optimized crash protection system for the whole range of crash speeds. We 
urge the readers to consider the fäets presented in this paper in future discussions 
about crash ratings, safety standards, etc. 
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