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The Study of Influence Factor of Head Restraints on the
Whiplash by using DFSS
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ABSTRACT

Whiplash is the most frequent injury among occupants in low speed rear-end car collision. The aim

=),

of

this paper is to analyze thecorrelation between influence parameters of head restraints and whiplash injury

criteria.In this paper, DFSS (Design for Six Sigma) method is used for optimum design of head restrains.

Four control factors of head restraints have selected by function matrix method. The effects of the control

factors have been experimentally evaluated by using a sled pulse from 16km/h relative velocity which
suggested by KNCAP (Korean New Car Assessment Program). In order to reduce the noise factors
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dynamic tests, whiplash tests were repeated twice. By using DFSS, the correlation between control factors

and injury criteria has been comprehended.
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Table 1 H|0of 2l XHcontrol factor)2t ==(level)

S174Ad N . No. | Parameters | Level 1 | Level 2 Level 3
g
2. UL AXEH(Parameter design) A | Foam Depth | ~10mm | Nominal | 10mm
B Backset -10mm | Nominal 10mm
3l Lo
wEA el A4 A7 (control factor), 5] C Height | ~10mm | Nominal | 10mm
ZHnoise factor), YA Z(input signal) =8 EAA Angle of
(output response)E AAg T [9AWH|ARE o] & D HCA 10 Nominal 10
sto] HAA Y AJAE =ESA T
2.1. HEIX|X|CH =4 £= M5 Xt PEEEY oA
= Foam Depth = NIC
- Ba§kset ] ’ = Nkm
J:]E]'}H }‘]'BHOH 6“3—% vzr 1}13]2 = foam : iglgglztof : E(c;gl; Fx.Fz
depth, foam hardness, foam elastic, backset, height R * ARV
T Tde AAF EAS w0 tefet 212 A (Noise factor)
= 5 v Dummy
A& Xﬂoi» 1A} (control factor) 241 A3t oH o 7 Dummy
of 3t %2 EAX(output response)= AHEAFeHA igg;;f;gmm
ATA(KATRDA Aetst ou]e] AR s 7|&&
MR 59T} Fig. 2 P-Diagram
2.2. HwH P E(Orthogonal array)
Dummy Injury Criteria
e e AA MAH 47EA 9] AARJMAF T FE ATl
%’ : §j mAE GFe Fohur] 918HelL97) wn) d H(orthog -
Py 3} oml amnE olgsel ARAde Ay, o
i ! i i 2z} Q1zte] F& I (main effect) & H7] $istoln 72 u
24 &3 (interaction effect)= #<lslr] IdErie
Form depth + [t SAZE ok dubH o R JAA =Bl A= Aoz}
Form Hardness +
Form Elastic + +
Table 2 L9 & W8 ¥ 3 (orthogonal array)
Hoad Backset + + ++
Restraints Height + ++ Run | Foam Depth | Backset Height |H/R Angle
4way/2way + 1 1 1 1 1
Angle of Head Contact Area ++ + 2 1 2 2 2
Mald + + 3 1 3 3 3
Fig. 1 Mo{ X} (Control factor) MA S 2|8+ function matrix 4 2 1 2 3
5 2 2 3 1
Fig. 12 Aofda A4S 9138 function matrixE 6 2 3 1 2
UEeRdith o] & o]&3ste] AoRIAE MAAS AT Fe 7 3 1 3 2
AAZA Hu|, F4 FAH(seat tolerance), A8 7IEE 8 3 2 1 3
H 2~ (acceleration pulse)E AAston, 39179 9 3 3 2 1
6 NSAetESS| X M4R, H25, 2012
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Table 3 Hof2lX}

£ 54 Aof i

7ol&E 3 70T

N

2, olo ofN &

Zt AojdAte} s 71EAel S/N v 4

2 28 Z(response plot)E YERATH AZ

AFE Hate AodAt HA =Hg zheron ‘?l

gz o FASAT ole AR 4

upgl sl WetE st 4 itk 74 5 &JJH
q

710 m ol FoAS vlotalr] Yate] 7 Alojelate] &
g 54 o i3k EAHEM(ANOVA; Analysis of

variation)& A3l #AHEA A3 Table 391+
7 AoldA &8 EA A5 Oidt 94 2 Vo=
7F Ueht otk 2E AAA a=006% skelth NIC
= AR backset €] 71 E7F 67%= eSO
o8& (p-value)7F 00 7FEA YERS T Nkm< Al
o]z} head restraints angle © thd 7]o=7} 42%
2 YEsoH %Qﬁe g 00142 A et
Neck Fz9] 739 AlojQlA} backset, height o th3l 7]
== 747 35% 3B%E HEEkaL frolgE2 0.005,
00042 YElstth Neck Fx9 2% EE #Fo&E9]
p>0.062 YERge™, HRVEY A9 AlYJAA head
restraints angle o tlg 2] &&o| 0.034= YE T
HCTY 749% Aol <A backset o gk 7]ed %7}
84% frelgEol 0o 7HaAl JErTE & =EeAe

Rt | Control factor | Pvalue | CMEXEN 11z 200gel gl sk AojelAe FE 544
Foam Depth 0,034 19 o F2 AoAAZ ATt S/NHE o] &3]
Backset 0576 3 KNCAPY A3l 7]Fo] Haudel H+= F+ HAs)
Nkm Height 0.259 9 (optimization)® =% o 54 H7} A5 Table
H/R Angle 0.014 42 49} 7o) UERIQTH
Foam Depth 0.037 11
NIC Backset 0 67 Table 4 Fojelxjoll w2 mofelx 2xzst
Height 0.145 6
H/R Angle 0.152 6 Ao} 12k Baseline Opt. 1 Opt. 2
Foam Depth 0.249 5 - - -
ek Backset 0.005 5 Foam Depth Nominal Nominal Nominal
Height 0.004 33 Prediction Score 7.0 7.3 7.3
H/R Angle 0.17 7
Foam Depth 0.342 15 A = -
Neck Fx Backset 0.708 4 3. SHE A3 Az
Height 0.321 16
H/R Angle 0.543 8 3.1. #3 AIE A
Foam Depth 0.065 22
Head Rel.DOLlnd Backset 0.245 10 Fig 62 Zg3 BAS 23 gu) e o= gt}
Velocity Height 0.171 13 Ze Y e was g zolr. H= AAuiy
H/R Angle 0.034 29 SoEe Sm A8 3o UehlE 0= 814wy
Foam Depth | 0213 3 ToomT e e S
Czlr?:‘it Backset 0 34 afzE A Y] A Ao sidskE A5 gs o
Time Height 0473 1 EpdiT}
H/R Angle 0.151 4
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Table 5 =& F

Parameters Baseline

Prediction Score 7.0

Actual Score 6.9
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