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ABSTRACT

An occupant analysis code SAFE (Safety Analysis For occupant crash Environment) is
utilized to simulate and improve the crash performance of an emergy absorbing steering system.
The safety standard FMVSS 203 is simulated and used for design evaluations. Segments and
contact ellipsoids are utilized to model the body blocks and the components of the stecring
system with SAFE. Spring-damper elements and force-deflection characteristics are utilized 1o
model the energy absorbing components such as the plate and the polyacetal molding. The
plate absorbs the impact energy through tensile deformation Whereas, the polyacetal molding
absorbs the impact encrgy through compression. The body block test is carried out to validate
the simulation model, and real component tests are performed to cxiract the force-deflection
curves. Afler the model is validated, the parameter study is camied out to evaluate the crash
performance of the energy absorbing components. A performance measure is defined for the
parameter study. Using the results of the parameter study and managing the orthogonal arrays,
optimum design values of energy absorbing componenis are determined to minimize the
occupant injury.

Q271589 : Energy Absorbing Steering System(®l| 1 A &< F&A)), Body Block Test(¥
A A 8), Orthogonal Arrays(Z i#] < E), Force-Deflection Characteristics(Z -
HE A SAFE(Safety Analysis For occupant and Environment)
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Table 1 Summation values of the denvatives
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Table 2 Analysis results using orthogonal arrays

Trial Design Variables Normalized Forces s 2

Number ] f ( dt ) dt
SD2 | SD4 | SD6 | SD7 | lst Peak | 2nd Peak | Valley

1 1)1 |1 |1 0.951 0.878 0.153 1.134

2 1 2 |2 | 2 0.964 0855 0.233 1.055

3 1 ]3] 3| 3 0.967 0.852 0.310 0.983

4 1| 4 | 4| 4 0975 0.864 0.379 0.943

5 1 |5 | 5 | 5 | oo 0.868 0.440 0.878

6 2 | 1] 2 | 3 0.963 0.870 0185 | 1188

7 2 2] 3] 4 0.968 0.858 0.261 1.066

8 2 | 3| 4|5 0974 0.841 0.334 0.985

9 2 | 4] 5 [ 1 0.991 0.827 0.374 0915

10 2 | 5 | 1] 2 | ooms 0.830 0.388 0918 |

1 3 1135 0979 0.9% 0.216 1238 |

12 s | 2] 4 (1 0.994 0.812 0.251 1055 |

13 3 13 | 5 | 2 0.999 0.830 0.320 0989

14 31 4 [ 1 |3 1.001 0.8% 0.345 0g62 |

15 3 5 [ 2| 4 1010 08% 0.405 0923 |

16 4 | 1] 4] 2 0.9%0 0827 0.202 1.139

17 4 | 2 | 5| 3 0.989 0825 0.284 1034

18 4 3| 1] 4 0.993 0.824 0.300 1019

19 a | a2 ]s 1.005 0.814 0.365 0966 |

w | 4 |5 | 3 |1 1.029 0.777 0410 0883

2 5 1 5 4 0.981 0899 0.238 1174

2 5 |2 | 1| s 0.985 0.888 0.258 1132

23 5 |3 | 2 | 1 1006 0.784 0.200 0oL |

24 5 | 2 3| 2 1024 0790 0.359 0.946

25 5 5 | 4| 3 1043 0.779 0.419 0.916

Table 3 Evaluation

of the orthogonal arrays for the summation of the

derivatives

DV

\\ sD2 5S4 SD6 sSD7
vel

1 4992 5.868 5167 4.9%9
2 5072 5312 5102 5.047
3 5.135 2948 5113 5.084
4 5.041 4734 5.007 5125
5 5139 4518 4,990 5185
ZAWEFEE o] 2F AURET 2G4 s 2 44
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Table 4 Evaluation of the orthogonal amays for the

1st peak
DV spe SD4 SD6 SD7
Leve
1 4539 45864 4929 1971
2 4804 4901 4948 4975
3 4983 1939 4967 4963
4 5.006 199 4976 4927 |
5 5.040 5,062 1942 | 492

Table 6 FEvaluation of the orthogonal arrays for the

valley
DY sSD2 SD4 SD6 sSD7
Levgl\
1 1515 0.9%4 1.444 1478
2 1542 1.287 1.478 1511
3 1.546 1563 1.556 1543
4 1.561 1.822 1585 1583
B 1.564 2.062 1.665 1.613

Table 5 Evaluation of the orthogonal amays for the

2nd peak

~_ DV
™. SD2 SD4 SD6 sD7

Leve\:l\\
1 4317 2,400 4246 4078
2 4776 1238 4.149 4141
3 2220 4131 1212 4152
4 4067 4130 4123 4271
5 4.149 4080 4249 4337

Al AEE olg oIS

——5L2
E ]
S |-« SD6
-— 517

Naotmalized Force
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