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Determination of Crash Pulse to Minimize Injuries of Occupants and Optimization
of Crash Components Using Response Surface Method
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ABSTRACT

Traditional occupant analysis has been performed with a pre-determined crash pulse which
is produced from a test and the involved components are designed based on the analysis
results.  The method has limitations in that the design does not have much freedom.
However, if a good crash pulse is proposed, the body structure can be modified to generate
the crash pulse. Therefore, it is assumed that the crash pulse can be changed to improve the
occupant crash performance. A preferable crash pulse is determined to minimize the occupant
injury. A constraint is established to keep the phenomena of physics valid. The response
surface method (RSM) is adopted for the optimization process. An RSM in a commercial
code is utilized by interfacing with an in-house occupant analysis program called SAFE (Safety
Analysis For occupant crash Environment). Design of involved components is carried out
through optimization with the RSM. The advantages of the RSM are investigated as opposed
to other methods, and the results are compared. Also, the design under the new crash pulse is
compared with that from the pre-determined pulse.

F27]&&°] : Crash pulse(3&54341), Response surface method(¥H-$- XA 4), Design of
experiment (2 g 7] &), Gradient-based optimization(1Z+% 78k 2 2 A A)

Nomenclature

: force, kgm/s2

: mass, kg

. acceleration, m/s’
: velocity, m/s
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Table 1  Side constraints of front-end impact
Point Time Point Deceleration
Lower Bound | Upper Bound | Lower Bound | Upper Bound

2 0.047 0.170 0.366 0.494
3 0.179 0.330 0.258 0.385
4 0.340 0.415 0.873 1.000
5 0.425 0.566 0.557 0.685
6 0.575 0.755 0.732 0.860
7 0.858 1.000 0.000 0.112

Table 2 Optimum design of front-end impact
. Initial Optimum

Paint Time Real pulse Time real pulse

1 0.000 -0.003 0.000 -0.003
2 0.071 0.459 0.071 0.527
3 0.143 0.344 0.286 0.332
4 0.286 1.000 0.286 0.932
5 0.357 0.663 0.357 0.595
6 0.500 0.850 0.500 0.782
7 0.714 0.051 0.786 0.043
8 1.000 -0.048 1.000 -0.048
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Table 3  Comparison objective of initial and
optimum value
HIC Remark
Real pulse 1.000 1
Optimum 0.938 -6.15 %
Real vs. Optimum pulse
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Fig. 4 Comparison of deceleration curve for initial
real pulse and optimum pulse
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Fig. 5 Definition of design variables for rear end
impact

Table 4 Side constraints of rear end impact

Time Point Deceleration
Folnt Lower Bound Upper Bound | Lower Bound Upper Bound
2 0.001 0.015 -0.700 -0.500
3 0.018 0.030 -13.500 -10.500
4 0.032 0.045 -11.500 -8.500
H] 0.050 0.065 -11.500 -8.500
6 0.078 0.088 -7.500 -5.000
7 0.091 0.101 -7.500 -5.000
8 0.108 0.118 -5.500 -3.000
9 0.121 0.129 -5.500 -3.000
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Table 5 Comparison objective of initial and

optimum value

Extension Moment(Nm) Remark

Real pulse 13.426 /
Optimum 11.672 -13.07 %
Real vs. Optimum Pulse
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Fig. 6 Comparison deceleration curve
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Table 6 Matrix experiment and observed Extension

Moment
Expt. Columns Number and Factor Assigned HIC
No. i 2 3 3 5 6
A B c D E e
I 1 1 1 1 1 1 0.720
2 1 2 2 2 2 2 0.785
3 1 3 3 3 3 3 0.734
4 1 4 4 4 4 4 0.702
5 1 5 5 5 5 5 0.781
6 2 1 2 3 4 5 0.668
7 2 2 3 4 5 1 0678
] 2 3 4 5 1 2 0772
9 2 4 5 1 2 3 0.721
10 2 5 1 2 3 4 0.643
11 3 1 3 5 2 4 0.748
12 3 2 4 1 3 5 0.763
13 3 3 s 2 4 1 0.609
14 3 4 1 3 5 2 0.708
15 3 s 2 4 1 3 0.636
16 4 1 4 2 5 3 0816
17 4 2 5 3 1 4 0.856
18 4 3 1 4 2 5 0.720
19 4 4 2 5 3 1 0.934
20 4 5 3 1 4 2 0.577
21 5 1 5 4 3 2 1.000
2 5 2 1 s 4 3 0.780
23 s 3 2 ] 5 4 0.639
24 5 4 3 2 1 5 0.674
25 5 5 4 3 2 1 0.760
Table 7 One-Way table for extension moment
Numbe Level M
umoer Factor e eans Means
of row 1 2 3 4 5
1 A | 0745 069 0693 0781 0771 | 0737
2 B |07 0772 0695 0748 0679 | 0737
3 c | o074 0732 0682 0763 0793 ] 0737
4 D | 0684 0705 0745 0747 0803 | 0737
5 Eror | 0732 0747 0815 0667 0724 | 0.737
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Table 8 Optimum values for each design methods

Design Variables
Design Method HIC
& A B C D E
Orthogonal Array | 1.150 1.000 1.000 0.700 1.150 1.000
Gradient Mathod | 1.000 0.868 0966 1.049 0.900 0.991

RSM 0.700 0.962 0966 0.700 1.142 0.687
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Table 9 Factors and their levels
Factors (Design Variables)
A B C D E
Level Head-Headrest ~ Seatback Friction Joint Headrest
Clearance Stiffness  Coefficient  Stiffness Stiffness
1 5 cm -50% 0.30 10° -50%
2 7 cm 0 045 20° 0
3 9 cm 50% 0.60 30° 50%

Table 10 Matrix experiment and observed

Extension Moment

Columns Number and Factor Assigned Extension

Expt.
Xp! 2 3 4 5 6 7 Moment

2
e

(Nm)
13.357
15.278
14.034
18.434
15.788
11.829
16.964
11.731
18.218
13.220
20.188
12.054
12.103
14.308
19.767
14.700
12.916
16.043
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Table 11 One-Way table for extension moment

Number of Level Means
Factor Mean
row 1 2 3

1 A 14.689 15.371 15.095 15.052
2 B 17.147 14,705 13.304 15.052
3 C 15.448 15327 14.380 15.052
4 D 12332 15917 16.907 15.052
5 E 14.738 14.996 15.422 15.052
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Table 12 ANOVA table for extension moment

Number Sum of | Degree of| Mean
Factor Fo
of row Squares | Freedom | Squares
1 A 1.415 2 0.708 1.798
2 B 45.394 2 22.697 57.648
3 C 4.106 2 2,053 5.215
4 D 69.527 2 34.763 88.296
5 E 1.433 2 0717 1.820
6 Error 1.969 5 0.394 1.000

Table 13 Analysis of Table 14 Comparison of

Error results
Vg 0.611 Predicted 10.987
Yo 0.241 Experiment 19.335
20, 0.981 Error 8.349
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Fig. 12 Optimum design variables of seat design

Table 15 Optimum values for each design methods

Design Design variable Me
Method A B ) D E (Nm)
0',‘\";5‘;““ 5000 1500 0300 70000 1.500 | 11.731
Gradicnt | 5000 0500 0600 70.000 1250 | 11446
RSM | 239 0500 0600 70000 0591 | 11.250
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Table 16 Optimum values for each crash pulse of
frontal and real end impact

Initial Pulse Optimum Pulse
Before After Before After
Frontal 1.000 0.613 0.938 0.425
Impact - -38.75% | -6.15% | -57.53%
Rear 1.000 0.930 0.869 0.838
Impact - -701% | -13.07% | -16.21%
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