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Occupant Analysis and Seat Design to Reduce the Neck Injury
for Rear End Impact
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ABSTRACT

Occupant injury in rear end impact is rapidly becoming one of the most aggravating
traffic safety problems with high human suffering and societal costs. Although rear
end impact occurs at relatively low speed, it may cause permanent disability due to
neck injuries resulting from an abrupt moment, shear force, and tension/compression
force at the occipital condyles. The analysis is performed for a combined
occupant-seat model response, using the SAFE(Safety Analysis For occupant crash
Environment) computer program. The computational results are verified by those from
sled tests. A parameter study is conducted for many physical and mechanical
properties. Seat design has been performed based on the design of experiment process
with respect to five parameters : seat-back upholstery stiffness, torsional stiffness of
the seat-back, headrest upholstery stiffness, the clearance between occupant’s head and
the headrest, and friction coefficient of the seat-back. An orthogonal array 15 selected
from the parameter study. A good design has been found from the analysis results
based on the orthogonal array. The results show that reductions of stiffness in
seat-back upholstery and joint are the most effective for preventing neck injuries.
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Neck injury

Classification
by neck motion

Flexion, extension, compression,
flexion+compression, flexion+rotatiorn,
extension+compression, lateral flexion

Classification
by injury form

Hard tissue (vertebrae) Fracture
Soft tissue Spra.ms
(muscles, ligament, disc) Strains
: L Whiplash

Nervous damage

General paralysis,
partial paralysis
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Table 32 Abbreviated Injury Scale(AlS)

AlS Severity

0 None

1 acute strain, no fracture or disc

5 ruptured disc w/0 neuro ;
verebral fracture(body or process)

3 ruptured disc w/o neuro ;
verebral fracture(arch)

4 incomplete cord syndrome

5 Critical

6 virtually unsurvivable

Table 3-3 Injury cnterion for depowered airbag

Classification

Injury
criterion

Ext. bending moment( Mg)

57 N-m

Flexion bending moment( M)

190 N-m

Axial tension force( I7y)

3,300 peak N

Axiz]l compression force(- Fz)

4000 peak N

Fore/aft. shear force( Fiy)

3,100 peak N
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E ' Headrest stiffness

=1
=]

Y

4z o
T r_lE [il

Il

JLa AR
rek
- -{01|
ok,

ot
'
iy s

-'IN' ._ll(_}a ﬂglr Ay
i Mok 2R

fa
E
E
5
1o,
b
N 2
=
5
&
2.

value) 22 &k ”7%—2“?— kgl o] 3
& 4 Qich

Find A,B,C.D.E
To minimize MgpealA,B,C,D,E)



i o
3
it
[
ot
o

i
2

Sy
flo

i £
T
5
o
)

2
&
4y

T - =

if_o,'
™

ofk
o
e

1s3

v

[

Rk

N
0: —k‘r}i
o 1

Db N P ooR o Lo

)

1o

2o

N
X
N

Sem, 7em, Scm
wo] ZAy mE @

.
o

Mo g

i e &2
O [

i
[ o
o O 4

I3
oY,

l

Table 3-5 Matrix experiment with L13(35)

R
i““mg

o I fl Bb ot Y~y oln

Column No.

™~

Mz
(peak)

-

12.936

15,5682

14112

l;blwﬂ\:l—*—-' g l

12.152

13426

[RS PN ORI (R PR (I

20.778

-

14.504

20.09

jAsB Lo o | O‘chﬂ

12.25

15.974

11.858

18.718 |

18.326

17.248

11.858

14.896

13.034

16.366

|0 03— |G Fed [ |G [0S |00 DD [ 3100 |00 [ = |20 oo = | Lo
O = ]uafeg oo oo oo os o [oo | = loy es [ oo == | o
o |~ e |[wfioi— = |w|n o~ ||~ o
oo | — e |— (pap— (w3 o = oo | pa oo L (o e = | =2
[ | [=tos|es oo o= [pa[— (o jral—= oo Lo [ca b~ | oo

W (00 L0 (0o hd |0 |0 D= T | = 00 |20 |0 |00 [ B3 1 0a i 1= |
BTS00 [ [ D00 [ [0 [0 [0 [ [ Cd f— (0] [0 [ G (03 [ {00 (03 [ | i

MDD | BIDS DD DS DD | DI D3 0D [ =

274.106

7 Z4Eg Aojetm, vhgASeE g 045904
4o x4 AR we 7hsdvn BuEoex
B go® 0159 zteR AA R

AAYFIE 5ol FFEo] 39 HfolnE
o8] Jhx] e A g EES o] 88 F A
gt B mRodEe 3pEe HE(EWME2~8)7
o] WF Lo 34EL] G2 o A UF
AA = EF Hu HjdE L18(3°) AHEst
o 18319 Ao AF TEE 2AE F ok
ulety 7 dAWeE 7o) meagd FAY
ToOSeER F dydME 2IAE
(interaction)2 3&sha] gkghrl,

A W EE Lg(3%)o] 9ste] Table 3-59
ol AAMSe £FL A By Y
2REY Ho Y FHFZ ey, a2z
o] ¥of ZAsl] HH £FL TV AT &
A3k & 4t AFH 29E Table 3-6
BAEET A7 BolMe] Ry ZHMEE
&3she 74 AAESY FF0] AFREs "ok
5, A WgEy AARFYEE o] &5 FHF
sl& [A1BIC3D3EIIR Fajach o] #F &
9 Al gal FHAENGAN 2y ZHE

2 11.680] fojHr}, ol A md g9l
1568} 252%9] &8 rod, uwelM ole
7} QJAIES WEAEE FAY F = M B
Folr],

ol4te] AsatE AWRE gy e ZaE

A
a4 otk

—

Hels) e WA Aleld Ade 7

7o} g,

2. Swols) ZRE EARY Hojo} T
o,

3, $olsh tvlste) wh Al%e Aok

4, FEol £YE 37 AL Folopst

5. o8 wRHe AL Aolop Bk

AZAFHY D F4) 191



Table 3-6 Sum of sguares for the variables

D.V. A B C D E
Levee [1]203'172 311231 ]2]3]1]2]3
12.8112.21145'12.9115.6/ 141 |12.9]156/14.1| 129 156]14.1/12.9]156[14.1
15.613.4/20.1]12.2/13.4] 20.8 [20.8/12.2/134, 20.8 12.2/13.413.4|208(12.2
14.1'20.8{12.3]12.3114.5] 20.1 |145/20.1]12.3| 20.1 [12.3]14.5]12.3[14.5]20.1
116.0,18.3114.9/11.9/18.7/ 16.0[11.9118.7/16.0[ 18.716.0/11.9]118.7]16.0]11.9
111.911721130/119/183[17.2117.2/116183]18.3117.2[11.9]17.2/11 9183
187] 119 164 13.0{16.4] 15.0(16.4/14.9]13.0/ 13.0 |16.4]14.9]14.9/13.0[16.4
103. 103.
(1) total 892'93 8[91 1 74.1‘96.9 | 93.7}93.3 87.11 " 80.6/80.7(89.5/91.7/92.9
|
) sum of (10| 2741 2741 | 214l 274.1 274.1
(3) square of |795|879[R30 548930 {1062|877|870]759 |1079] 802|650 | 800|841 | 863
M 3679A“L§__740135641
(4) sum of (3)| 250554 25511.7 25071.8 25319.3 25050.8
() (/6 4175.90 4251.95 417864 4219.88 4175.13
6) (5)-CT 1.78 77.83 452 45.76 1.01
Table 3-7 ANOVA fable for the extension moment
Variables s | por : v Fy F(0.05)
A 1781008444 | 2 | 0.890504222 | 0.587055927 5.79
B 77.83188311 | 2 | 38.91504156 | 2565494196 5.79
C 4521349773 2 2.260674889 | 1.490327119 5.79
D 4576002578 2 22.88046280 | 15.08371439 5.79
E 1.012688444 | 2 0506344222 | 0.333802321 5.79
Error(e) | 7584492222 | 5 1516898444
Total | 1384923478 . 15
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Table 3-8 Results of Design

\ Design

\ Before | After | Comparison

Extension o
Moment(Nm) 156 | 11.7 |25.2%¢Down

Flexion o
_ Moment(Nm) ~-43.3 | -23.9 |47.2%Down
Shear Force(lN) 511.6 | 285.2 |44.3%Down
Head Acc. (G's) 395 | 205 |254%Down
Chebt Acc. (G's) 223 | 207 | 7.226Down
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Fig. 3-2 Moment of the sample and the
design result
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