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The Derivation of Simplified Vehicle Body Stiffness Equation
Using Collision Analysis
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ABSTRACT

The deformation characteristics is one of the major factors to resume the crash configuration
in collision accident reconstruction. Crash analysis are carried out using finite element method
and body stiffness equations representing force-deformation relationship are derived. Two
different crash conditions: 1) frontal barrier impact, 2) frontal impact between cars, are given
for the derivation of the equations. The stiffness coefficient of equation by method 2) is larger
than that by method 1). Crash analysis between two vehicles is accomplished with three crash
angles and three velocities for each angle condition. The deformations are measured for six
selected points and deformation energies are calculated using the derived equations. Equation
by method 2) results in better estimation of deformation energy than that by method 1). for all
crush configurations. The estimated energies can be utilized as one of indices to identify the
type of the collision accident result.

FQ7)1=80] : Collision Accident Reconstruction(FE AL ]4A), Body Stiffness
Equation(X} #) 7} A ¥} 4 4]), Force-Deformation Relationship(3-# 3 %
A), Deformation Energy(}f & o] 14 X))

Nomenclature
C : crush, mn 1. A 8

A4V : velocity variation, mm/s )
M : mass, kg X}%i}‘g’] fx}7}' %7]'3]'0:1 i]'eékﬂ'g] -1
w : width, mm Atzzb WIS 2 2 Fejrt B zhsl ol o}
gt Ao} BAL AH o 28 A7 oY
Subscripts of slo} sbm Aok ABHS FE T YL
+ final 2AR 3o £8 A AYE Jdse FE

C : crash 3 - .
A} 2] 4 (collision accident

reconstruction)oll 3+ thFEo] A3 A
A BHEH ZHAA 2AEa7E AA
= 74 dlollAM o] Foly o MyE ue g

« 314, Fquistn 7| AL A S
** 39, FAU%tn thar Y

XHisH M4z, 2000 177



ASAE gasty 2do] ¥ 181 2
219 2% ¥ 3y Y42 N0 25 A
stgol AT Yd LENUAE o] §ato]
An ATHE e HHE APHT o
U, o] e Aea) A8 A4 oE
4ol 25 A% UF UYL B AP
25 ¥ wydolelg Waz I geA

He ARYoHY ANEE X B
 AAROE 1 @A Yo Al
ol dg A7 AE FAST 4

Y

Q
A5
=

s

)
g (2

£ w9 o
e

A, AHEHIAE HPANUYAE AR
Aol o] &% A7 = Campbell ) 2 AE
2Eog FEI WPQUAE F
Ho) Ax2 AEsen? Strother
ZE AY9E T3l AF ZU|d
FAATE FAH D HYAHAE A
He 3ye Awstdnt” Prasade oA

2 oflo e oy ox

P ANMste] dTEESEZRE A
o 4 FEA FF AUAE Adsn
d 1522 uF $AF(NHTSA)S A
A% volgls} v as Ak’ ol $)aA

A A Hd AW FE W 9gd
= oAl J-HEHF AAE FIHAUT.
Ueyama & A 3¢9 FEAYE ¥ 3
E4%) o HdPYE AT Agd
g2 A=3Ych? Fonda: AB7HAY 2E
AUAE Aste 2AFR 2L AME
Azt 2o =23 A g st
At olgh 2o, AL et MR
UAE Fala JEdLY d43e ARy
Ao #2443 € A9 =Eo

B Ao s FuldA ANEHE A
A £ mdg FHA, FHILY
& o] g3l ojz) We utE A& T3l
AA Ao P-AYF A FAR -
sy AAEZ Fxstux g olE 3}
zhEFe] Mo A Alitel AR EE A
JAR Ao AFE File WHoE HA 7|E

Bort 2 {1 B ol Moot o et

N
o

2

ok

178 SIXSASEE =2

T FAEHAA AL A FELES o
Astel #¥2A HYE FHIT agn
HEsEddes 73 destd A 3
BEAAE ol&ste o 7HA 9 e =3
(FE WL FE S0 diT A#FL &
oA Ao PN E ATt AA
AFe] FRUAE et Fdas A
SIREZHY HPA e BT A4S o
g8t AdHE AdA e Aoz 7HA
i WEPAY ZPLEHNe=RH T
PR o vmsnt, 28] HAHPH F
A FEH A A H &
oz A dyH Ag=HE dvA
LAE Fol7] Astd AFL FEANHE T
A A AEHAHE GA FEG
Al R AAANAAE MUA At o &
sta, ¥ HYE FE| o3 dAE wast
o Bop U2 gestd A ANy 2
2E Fetnz s

2. Ry YLWHA R

2.1 HD HDIEE

A9 AR E Ge® 2P0 173
o Y-aFF BAZ FASE FATRA
g o, WYX E A7 HaiAE
Ao Ww AW 25 AY £ 4ol 4
Brjojof Bt B ATNAE AR FEA
@3t waste] FAHOZ TEAALG B
FRLANE 0 §F A% W AW 35

AL FPsAch
AEE FRes REe A 2Y A4
g 718 R g3, A7 ZHo 2y



A5 FEANGL AW Ve A 2 BANS f

g F AA 37 Yty Yurxe 2= A
of AFEEHE #3384 vy vns }04 B2
—‘?‘—%’:%01 ek Al P 254 A
5ol dojue AA9) oF RELe wmA z
719 JF 248 gAazen Z2E A
AAG B o 29384 A=
AE WHE, v, $Edg8 T
sle 848 A&

H FEHNAY 24 Ao o
ol Z+z} 20 mph(32.2 km/h), 25 mph(40.2 knm
/h), 30 mph(48.3 kn/h), 35 mph(56.3 km/h),
40 mph(64.4 km/h)e] =7|&x g A 2
8= Folth oA Al WA A #4
& T8 2 2o g A PF W
FFE Adsta, dPuA2 Axsr) 9
& FA-HYF BAS T Hob Fig. 19
W

2

oft 4r (& rlo I
Az ofk
=

_EEFK_;
g oy
g, o

on MY

E4%e AT F988 2US Uy

Aol A de B Wy

U g4l FES
5

7 254599 BAS 4y ”3*—1-91 3
B2 7bgsta UeiR A3 go] 4
g % el
AVC=b0+b1C/ (1)
ANA, aV, & F50 dojus Eot

SEWsolT, by, 5 & 27 w1
AZol Mo HHzt 712718 Y, c,
= BT ¥ F(residual crush)e FFz =
HeEbdoh Jelm 39 Wy g Bz A
FHolgtn 7HAEE 4 (2) o 2ol Uy
T Arh.

Flw= A+ BC, )

A7NA, Fi wzwaom, wE z,;i

A71€ YetlEe ddoln, B Ao 3
BATE oJnlste 71g7)olth 28o] Yo
He B 27 LEAYA} BE Aoy
AR ARG FE2 AT FFoYx
o BAZFH g9 48 7 5 g}

B= Mb|w (4)

o714, M (1233 kg)&
Epbdi o},

Aol A

~Jbarrier

Fig. 1 Finite element model of a car
for frontal barrier impact

Y
+200,
X 100

1 S
1000 800 800 430 200 O 200 400 800 600 1000

Fig. 2 Measuring location of deformation
(solid-dot
solid : deformed shape)

Undeformed  shape,

Fig. 20 478928 A8 9 shel
MALE 2HsE BRI 2sE wyo)
JEY o wdE A334eN ez
22 3709 Aol N Wy A el Yabw

HMBA M4z, 2000 179



ko] ¥y g
HdAS FHsd F 6719 HEFS H
S Ztzte] oM FFHIHFoR
51, 5o e 5719 32
kph : 246 mm, 40 kph : 325 mm, 48 kph @ 402
mm, 56 kph : 482 mm, 64 kph : 582 mn)& ©]&
ate] S ez HeH(fitting)dHH  theH
Zo APUAAE 4 F ok

A Mool AAe] y-

AV,=8.88+0.09%67C, [kn/k] 6))

2G9N A by, b &S A(A), (4

g ol g3t F-VFF AAE ToE ts
A

o2 vEhd £ o

F/w=57.82+0.63C; [ N/mn] (6)

iy

tat
e
o to & o

Table 1 oA R%o] ¥
B9 FEra s o& A
oz 3tH destd
o] &3t Axtel FHFE AlEH o]
#7} X wEa Aol Y
11%2 A48 7HA %
AW ZEHY A BEFS 954 A
s °11L121 AMNE e Aoz A

o i
ol

N
2 N tr o
oL
olt
o
1

F AFE U
Table 1 Comparsion of deformation energy for
barrier impact
Velocity {| LS-DYNA3D | force-deform | Error
(mph) (N-nn) (N-mm) (%)

20 4.2595E+07
25 6.5173E+07
30 9.4403E+07
35 1.2805E+08
| 40 1.6482E+08

4.3592E+07 2.3
6.8072E+07 4.3
9.6939E+(07 26
1.3224E+08 3.2
1.8383E+08 | 103
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Table 2 Comparsion of deformation energy for
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Velocity | LS-DYNA3D | force-deform | Error
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40 1.3349E+08 | 1.2687E+08 | 5.0
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Fig. 5 Three kinds of crash configurations
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Table 3 Comparison of deformation energy for
different crash configurations using
barrier impact equation

Ene b, Energy b
Crash | Velocity '8y by &y Error
f (k) F.EM force-deform %)
config.
& (N-mm) (N-mn) ’

20 3.1118E+07 | 2.899E+07 | +6.8
1 30 7.1062E+07 | 5.6881E+07 | +19.9
40 1.2817E+08 | 1.0092E+08 |+21.3
20 2.6785E+07 | 2.5493E+07 | +4.8
2 30 5.9362E+07 | 6.3993E+07 | -7.8
40 1.0995E+08 | 9.8607E+07 |+10.3
20 2.631SE+07 | 2.3247E+07 |+11.6
6.0939E+07 | 7.6124E+07 | -24.9
40 1.1000E+08 | 1.2039E+08 | -9.4
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Table 4 Comparison of deformation energy for
different crash configurations using

head on collision equation

Energy by | Energy b
Crash | Velocity nerey oy Error
. /) F.EM force-deform %)
config. °
& (N-mm) (N-nm)

20 3.1118E+07 | 3.1815E+07 | -2.2
1 30 7.1062E+07 | 6.1718E+07 | +13.1
40 1.2817E+08 | 1.0848E+08 | +15.4
20 2.6785E+07 | 2.6897E+07 | -0.4
2 30 5.9362E+07 | 6.2654E+07 | -5.5
40 1.0995E+08 | 9.8381E+07 | +16.6
20 2.6315E+07 | 2.4828E+07 | +5.7
3 30 6.0939E+07 | 7.4158E+07 | -21.6
40 1.1000E+08 | 1.0721E+08 | +2.5
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