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Nowadays, a great number of researches are being done by scientists to provide various models
that can predict the passenger injuries in crashes. In this paper, a hybrid model of vehicle and
passenger is proposed to predict the head acceleration in the front crash. A lumped mass model
with 12-degree-of-freedom (DOF) is first used to predict the behavior of vehicle in front crash. In
this model, any member of vehicle is modeled as a lumped mass and connected to the other

K ds:

égg?{ ° members through some springs and dampers. The unknown coefficients of such model are

Vehicle obtained using genetic algorithm to minimize the deviation between the results of experimental

Optimization and suggested model. The parameters of model are established by experimental results of a real

Modeling world car, namely the HONDA ACCORD2011, in an accident velocity of 48 km/h. Also, the validity
of the proposed model is checked by experimental results of the mentioned vehicle at two other
crash velocities of 40 km/h, and 56 km/h. The results show that the proposed model is an
efficient framework for preliminary design of both structure and parameter design of vehicle to
improve its crash worthiness. Moreover, a multi-body dynamic model of driver is proposed to
predict the head injury in front crash. The seat acceleration which has been calculated using the
vehicle model is considered as input of this model.
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1- Crash worthiness
2- Head injury criteria (HIC)

68


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

Obled 9 lea Sl

o 51 BIai )3 s &g T i g s Ot s 9 99395 M ST Ude Sl kel )y disg (s

laz Ceeyuo g Sbinl (Fo,88 il log « Slins (Fo,08 loj ccas
bl ey

Bolay Ll wslsny a5 Gosee ol &l g o cplply
GAYL B 5l aS pnin Cweys ) 508 el slaciend
Sy po u,,.u.za .]a.wy 03 4\5‘)‘ 6L®JJA gjsm S SUw- 3 )‘Q)P).g
o i 55 L 35 o e 5 |, Dol ol ol 55
&S g0 Al Jue alie cpl o syl 1) Ko 855 lace o
Sl 1y wglate slace ju o Bolar Ll cm i 508

ol 51 0595 9 (Sl (Slodgs P S 41513
slace,w 3 1) 5,055 L8, Sl o5 Glosg a2 Jae 5 cnl
15 e ol 5 el Joo 05 e @) WS im0l cilie
&y 0l Jae 4 ad s Joo ool 0500 caaline 2 S
Wlg b ol oads 3Ll o] 4y ol a0 o a5 gl ol b el [1]
2 S o o ] Je 1aiS i sty e 1y ookl oo ol by
o s bgrye o] olil Sl po 5l plas ja oS el soljT am 0 12 6l s

Siloads (Byme JolS ygoas 1 Jgom jo Lacl ol il 4,055 (slacl

Ded o oolatul e ilgd 3l Jaw oSl OYolee gl 6l
2 Joro s Gl o)lgs 4 by Ly, aised lsied; i Solo Lo 4
el 0 00ls oLii (2) 5 (1) Loy,

2 S s oolaids ge ilizea (sl el b (bpee 1 Jgumr

e
@ lazsl el
2 IS s
BAR WS o 3,55 O L 9,095 o o
LBUMP 9995 Sl e o Saon
RBUMP 51055 ol a Codly Caond
RAD kel
LHOK s S b s 5l a3 (oile a3 y5ilisl, o il

RHOK  Sad S o U s 5l Ay il Cad 5o, oy 40y
LSHK (o Caom) Sgb il g BFOls (S gd S p g0
RSHK (o Coom) Sgi il g BFOls (S gd S g0

ECRDL (o7 Coon) y5390 0,505
ECRDR () o) 55590 01505
ENG P
W Fheprr g O35 oz Egeme Ol prr &S (AT o s
ol Gl Cely )0 9,005
s el ol oy o o Sl 5 eaiily 5 Jaio e
LA Kig
k
, ks 13 RSHK kay
%1 RBUM —W— RHOK . _ o
Vv K1g 15 Koz
ECRDR
—AAA—
e kg ky7 M ks
—AAN— J
kys kyz
g — AN ENG Vv
g - =
g z
Kg )
T ] Kigwa—  k 6
ks L —w&—  EcROL &
YV UM gl LHOK Koy ol
kg LSHK  ky
—AAA—
k: k:D

Colad Gl (st (6l ool g0 Jae 2 S5

69

Sl j ol az o os3lgs (Glodg prz Joao S s lie oyl o
Sl ahly 358 0 dl) gl 5l Bolas s 9095 18, Lt ln 905>
S5 i peN Lags 9,093 alide 1zl (liee 5 (e Jold o Joe
ol J el (Jaro il age G lb oS Wgd oo (peend Sl 4
Gl o oslil aSnlel s 998 aieS alEiylel @l b o
ey 53 2001 Jao 0,55T lise (55,05 4 bgape cJae bajtally (st
JA7] e ssi @) lign o8 15 Lawgs a5 o el jo yiagls 48
29055 185 (St sl pelre gl el L el oty Ja Sl ¢ s
Caillae a5 ol ooy ooliinl el y1ogkS 56 § 40 i s o b 5,95
o)) @l alie Geizen 3 [17] a2 50 (BileST IS b 055 b
oy ol 0 atize ple lawgd oals &l Jow b Gadss ol o ead
Sy n ) Gmiin lp eaddl] Joe azg LB 5n cnmalis
ol Dglaie (gl jus ;o 9,095
Wiz Seelid Jue oaiily j 03)ls QLS Gl (o 2 Sl asll
O iz Glociond B 5 Cal ol slgiioy saisly a5l gas
Shoasl asb sl ekl mls b a5 conl ool (ptd glisSa
15 Ao ke oy slaciand plo OlLd i i 6l olgide oo
el o ool gl 51 5,95

9995 3395 g 30 pan ShrdasLs -2
sl iee 2 o5 Solse oses s oo &5 59, 5l 20550 45 53)lse 5
5 gl i Bolar Ll ol o135 e ,._.L Ol o 0 oal 0y
SEd, Judos g Sy 30 sege 385 Bolar Ll gy cnll el Bolas o
[18] sl Golas anl 3 4o 9,095 bl

39 9,085 5l am e alads S o pkelS Glild cads o Bolas Wb
9097 J& S 9y Wi @z e abil (pl Senl )93 w18 (>
O ouiily Joio gl mhw by jsise 59, by kol G
Olyeay Solai [y Sl (i ln e slagts; [19] 052
sl a3 )54 9095 Gl e 4 ool a0y Slas 5l (5 Lne

3 it ey ol Gl U5 il el s
$9y 3 odsb 2010 JLs o 21 20] cudl 48 S O jge olas
Bolai oSy St $lp e 28l Bolar Ll sleaasis
5 e il oog un S5 [22] o5l 4l e 11 e 0 5005
s Ll Sl 5o slace w0 Jue (nl (G CoiS Sl bl poe
SN0 gy a (sl RS (BB 0 0 Wsg Lawgt oad &l Jae
ol layel )b o caloy 4l 5 e 13 cepw jo olyl azyo g0 Jow
85 5 Gimey ool 5o [23] sgr e L)) [20] ase o Sigle Loy
S Ses eizred 39 ges odalin Sl 3,00 e il (i 0 S
Oypens [ omdn gz 3 endple W Joe glagell oS
e g 1) bl g s S L s ey b i SLelS eI
[24] sl wtls Geedss (aBly (y305] (295 b Joo (255 S winS
iz ol @ Sl Joe slayll wad Slss oo ey
crogs Slp & el Sl STy S R Sl 1) S (nl 318
St ol Sl o5 s ola Sy Wig)e 4 Solar L
e« Selips (S 08 (Crymi) anile wolas sl jo ooloss,

15 o plats 14 055 1393 il o3lall3sd e Sl wdie


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

Obled 9 les e

o 51 BIai )3 s &g T i g s Oy 9 99395 HMT ST Ude Sl kel )y disg (s

L ol )b (o 395 4

' Jos s el o yenns I

J%e (sl el b s 092 o 16501 3 Sl

50

[
‘}, -50+
™ -100F
1
-150F
i
3 -200-
-250f
=300 002 004 006 008 0.1 012 014 016 08 0.2
(asl) pla;
 ywshs 48 g 0 Gilejl s b Jae g0 Jaio Sl awlie 4 o
[17] cels
200
100F
[
{ -100H\
3 \
2 2008 N
o
L =300
bt
3. -400F
3 500
600
=700
8005 u,:): 0.0 0.06 008 o o o1 .16 0.18 0.2
L) glej
2 yogkS 48 e 10 GialojT Az b Jae 98 990 wlid awlie 5 U
[17] cels

o4 IS e easly Joie olis csslcasdy slayell a4 azgi b
[17] e SERLbl 2l b o b Bl Jo <5‘f u’M
oaddhl Jowo lp Jae s Hloged S cpl jo faizmen o)l
Joe (Sols 0925l a5 el st .ol oy &1, 35 [1] LS Lags
s [17] ez 2Riolesl mls b o93 @las 5 Joo onl (JLS
2l @l b e Gl Gl nl 50 oadal)) Jas &5 iz ye
2 Joe 95 sl 5 ssige LS loged ¢ Jos 90 yiiny dnlie gly o)l
MalS el 00 L)) g yo nl alEiules] gl b awglie 5 5 JSa
o S | alas ool diiilyd Gadod (ol j0 eaddSl)] Juw aS cunl ascie
Joe &S Jlops w5 i @9 coB L) e poely Lt
olbs LS Jae oyl 1) o ot bl JWS lawgy saiasl)|
Ol oSt Al g Canl 03,8 (i Sub Ojg0d Loy 1) s
RS g ity (Soemm JS @ oo Gl o eadall)] Joe cnl b

Iy olad 45 9,095 alie glocwnd b, wlg oo i ol Ol o
el Slolis oly oS enl ssmsly ool Sb & p3¥ S e
J.:LMJ )L';_é) J..\.c Lol el o039y )JGJ B G’M s_JL..u )‘054.3 lags JAA

G Caomdd )3 A5 o (i 2954 5 |y (Heige aiile) laciensd

15 o plads 14 055 1393 il oslallgsd e Sle udiye

¥pw = [ag (x5 — Xpw) + €29 (s — Hpw) — Kio (Xpw — ¥rsux)
— c19(Xpw — Xrsuk) — K21 (Xpw — ¥rsux)
— €21 (Xpw — XRrsnx)
— ko3 (Xpw — XgcrRDR)
— €23 (¥pw — XgcrDR)
— ko5 (xpw — XgcrRDR)
— €25 (¥pw — XgcrRDR)
— kp7 (xpw — Xgng) — €27 (pw — XEnG)
— ko6 (xpw — XgcroL)
— €26 (¥pw — XgcroL)
— ko4 (xpw — XgcroL)
— 24 (Xpw — XgcroL)
— kepp (pw — X1suK) — €22 (Xpw — XLsuk)

= koo (xpw — X1.51K) (1)
= €20 (Kpw — X sur) /mew
%5 = [—kog(xs — Xpw) — €2 (Rsear — Xpw)1/ M (2)

s agl oS el Jspzme jzall 32 ol 2 IS o endadl)l e
Dogots Joe (53955 el (nl sl Sl a5 el Bl 4 o3V gl
Loy oS cele p yieglS 48 e pu jo ally )55 5l Jol> (9
b e g, cnl J1T] 050 428,811 )0 el oo &8l laign o5 15
. B3 &3 3 - e . & 1 o .
e gl 3 UK 5o el alyf (3,0l 5l aghie o )ls el 4 ole
piass S Lags 1) 2T ol 3 ospie oolizad Jae csla el
e Saeligs E¥oles o b oo o gy dolas cgla ol oS
b gy ol oomt ol 095 co dpmlime Joio i iloj gealy Jloges
WS L e Bas gl plyear (Hly 0,55 (503l 5l Jol> b
@ ap byl Wil ZeS Jod BB Jhde sl e ol ST 0s5 00
el (S5 slo Shae jl ool b &j50 ol 1 0 iailge o
aolsl Jed B slas Joa> U as > cpl g 0gd o0 Slojjs,a Jow
Al g0

g e oadlie 2 Jauz )0 (gilwaigy 3l Jol> sl 32 5olks
51l gl a5 sileae] Cassdy gligFay polie cpl ol b 4 o3V
el 00 lal:;.ﬂ asb 012 Sy ilwans

2 JSs 50 oaiail)] Joe (sl odel Cowdds dinge slo el ) 2 Jgu

N/m jlage gl s, Ns/m jlaae gl o,
232/9 kiske 17 1474419 ci=c, 1
377812 ks 18 15001/4 cs 2
4719/6 ki=ks 19 3974911 co=cs 3
1/0 kesk; 20 116990  ce=cs 4
4357610  ke=ko 21 579395  ca=co 5
17 kio=kyy 22 10637/4  cio=cu 6
1976/1 ki 23 01 ci2 7
69777 kia=ku 24 3644719 cip=c 8
2403211 wis=kis 25 394419 cis=cs 9
58395  kimkie 26 34258/9 =i 10
5415613  Kkio=keo 27 4945/2 cie=co 11
5423411 ka=k 28 441413 ca=cz 12
1435711 kesmkes 29 326900  cp=cos 13
6512/5  kes=kes 30 3276913 cos=cos 14
5596/6 ka7 31 01 % 15
57520/8 kes 32 4000/5 co8 16

1- Barrier

70


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

900 51 DL )3 saw &y T i pas Gl Oais Jaw 9 99393 (5 H5 JSwo Lyl Al s

Obled 9 lea Sl
s50r
o

1

).

1 -sof

B

1 -100F

i Al gl —

3 -150) JS Jse o

) s il Jiks —am

200
() 002 003 006 008 o1 o2 013 016 o8 02
(adl) plaj
,,l;;,e5l,,540mﬂ)a&ujia@bhjanjagm?uw&asg}&&
[17] cels
100
0

]

3. -100,

%

% 200F

f‘.sun A s —

3 | JuS Jis —o—
400 / oad ) Joe -
300 002 004 006 005 01 012 003 006 018 02

(i) glaj
2 eskS 40 e o GialejT A b Joe 99 55590 olid daglie 9 S
[17] cels

sl s slp [17] ;3 o0badl)] 05 i b Jos 50 slbs aylin 3 Jgor

. A.."... Lh; A.."... Lh;
O)87 R

ks ol

I B A e C S O
oo 2590

wsal) 1937 215 46811 612

40 JLs 1948 210 2004 598

sl 24674991

wsal) 2624 1213 6854 7I8

48 JLs 23906 1909 2400 67/7

sesl 2004 7438

wsal 31900 180 98911  27/9

56 JLs  286/8 26/4 6/281 795
sl 3899 5/14

Sgliie 355 sloce w10 9,095 L8 i ©p8 4 axg L
2 oo)ls Ol pes Sl st lp e ol ) eeaddl)] Jaw Lawgs
10 JSo j0 05 o ooliul celus  y2eslS 100 60 ey 5l Joso
solie cpl 0sd e cdalin ST, e gmie b laolin ol anan
ety il L a5 el maly loads eols 55 11 ISs o oan
spboles b Gl 58 Jare @ ool Gl peyjSle jlake 595
ghS 40 sgu e 1 Grol38l ol liee wienl agie 11 IS 5l as

el olpen i@ g5 b sele

204 T Gt (ST ol g Jiho 45151 -5
oot S Sl QU e mge e loyeSl gl (S Slslas o

g0 3l (it yus

71

3,555 Gy ;3 9y055 8y i 50 edsliws Jae Uy
9 WS (sod i Joo Slaell (s Seond )3 09800 oy p S S0
S oo i (Jde (639)5) 255 e pos Juid

e 3395 9 SlACE w0 95395 HEy Jw s 4
S blgs oadail | Jaw s ools LiS g Ceand )0 a5 b len
FagkeS A8 i pus 15 5,055 hlizes slaciend 1) o 1y 29>
540 Glace o ;5 5,095 J18) it lp Jse onl 5ol el
Joe slayiell a5 598 o ST 098 oo colitul cels  yiesks 56
Joe g oudal)] Jow) Joe 93 58 a5 Ceul (aseiie alS 59 o sunlive
gt 88 JB Ojpgen 1) Cep onl o Jare ot (JbS
ez Palel Jlosei Gz cal o eadal)l Joe iz e anS
WIS e Jlis 68 gllas L 1, [17]

Celo yr fashS 56 5,55 5 e ps (glp psige lid 5 T IS o
oniall ) Jae & Canl Laseine SlS JSE ol 5l cpiznan 135 oo odalive
ot 5 JLS e 4 Cend VL Sl 2l Sl BB al o
@l Jol> sllas 3 Jgaz 50 o)l gige talS b eeySle
el o @)l Jas 53 50 (sl [17] 020 (2Bslel @l 5 (53luarns
Ll a8 s j5ige DLl (6l

2 s Slid 5 Jato Clid Jlogel i ia 559 58 la s o
slacdl b alie 5,8, a5 coul ol &l el aglS 40 cee yu
D)0 i

S0

-S0F

-100F

i ECIPp

-150F

2
=
T

Al gl —

JuaS Jie —o-

(4l jeiaa ! s
R
2

s ) e o

350F
400 . . . . . . . . . ;
0 002 004 006 005 00 002 014 016 018 02
(adl) ylaj
52 7eskS 56 ey 50 ialejTazei b Jae 50 Jaro Sl auglie 6 JSCi
[17] cels
600r
400f
y
1
N
% 200t
N
3, 400t
g. 600+
o
2 s00f Aol s —
ﬂt I 1
< -1000f Jof s com
-1200f swalf Juaies
1400 L L L L L L L L )
0 002 004 006 008 01 002 013 016 018 02
(adl) yloj
2 yeskS 50 e 0 LiulesT A b Jowe g9 ygige ol duglie 7 JS
[17] cels

15 o plads 14 055 1393 il o3lallgsd e —Sle udiyo


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

Obled 9 les e

o 51 BIai )3 s &g T i g s Oy 9 99395 HMT ST Ude Sl kel )y disg (s

SRl S5 )0 oS haz wile ol (5551 D3 4 Jate prr Sy
2 shog prr Sy Sygonr pladl s oF o 5w pladl a3l
W09 9)395 (Sl e Bpre oS jed g 8 SG L AT A i8S s
ool )| bl s slp a5 Koo Jow [11] cl oo Jate 9,045 a0
Jl o Jod .]a.we; o..x.i}df:l)l Joawe Sl 03,5 0,08 ;B g L_glao}? e )l &S
Sl Hs lp &S Ggae pair Swlus laJos 51 .[25] el 1973
sl Jas rizen [26] o5 ojltl g Se Joo 4 Glgige ab )
55,5 il 5 n slo e & s S8 slo e gl 3 [27] e

oaslive 12 JSo jo alie opl jo olusl G @l esdasl)l Jow
Jols el oas oolo ylis JS& 50 aS bz piees op! [29] 04
Bl Mz p > by g0 ol o 4 S 4l e mip > cil ) o>
S M g Magslae > ol (050 5 ds Gile 4 b g Sl i @
W eed g B S b Cwed el e g 08 & Bl G
AW g o8 oo By ool B 01 g Kl 0ald Jaie Koo (glacl
S50l Bl g S8 o B Cogke g (X 4l (el 0 oS (655
as F a0 a0 20 381 L Jaro agly el i 4l eyl 0 yeS
oo 5 i Gl Sl Gl Jas ol e [29] el ous
Gl cwl oo a8 3 by o 381 gliwly j0 s 0 peS Sl wads Hlaidd o
H1L8Y aYolee 5l sgae iz Jde &Sy WSl SYolee Cl).é:;:...:l
Ll 00l solazul

ool 3 U 0 o]yl ool 5l SV gpme sdwliwnsas (gl
5! iy Comnd )0 00 mls tS]M Sl (Jae &)"‘ 6999 Sl 00
eyl el el el 48 Cepn o 505 Jae )
Ll 00 45|)| 4 Jsb B JAA 6]14 O\AA-“wodﬁ’

@l e ey Jsb Cld o glmlie 13 Ko o
Sgd o odnlive JSi opl 5l 4 jsbilen 0gi e saaline Lol
S s 1) alanlesl @l ogidr sl Aty (gwyp 3590 Jie
35 goges ol 5 ALl gl s slawslie 14 IS5 50 (rizmen
7o 58y (Al ol & S Jgd BB slas b g o954 eniasl)|
&S oo Je 1) Bolar o

bownd plo )8, (cpie o Joe Sl aSnl Gl mizeen
e 5l a8 A oo)ly Clid o (slamlie 15 S8 0 05 gy
3,1 9929 gulis

Sk jlely s9ye B 3 oy Sy9e e Sla el (S
Al So,u8 Jlade Gioiw glp gilee a5 cul ain 4 eyl wnyeS
Sool dias 4y (hogl aippeS Bl 5105 (6550 Arslons (sl sl i
el oals oolaul (3) d..]a.:‘) )‘
Fseatpelt = Kz (xchest - xseat) + Cz(xchest - xseat) (3)
85 ilesl 5 oo 50 a4y 0o ly (595 (e Amlie 16 JSC2 o
o Sle Jloges 93 50 sl Wl (293 Sl Bl 45 3580 ounlin

a4 32 Jolaz 10 a5 e ool )b polis a5 conl ol oLLs

15 o plads 14 055 1393 il oslallgsd e Sle udiye

100~

0

-100
-200/
-300

-4001

-5001

(0l ygidomel yie) Jaio ols

-600[
0 002 004 006 008 01 012 014 016 018 02
(@) ooy
el 0 505k S 100 60 (s sloce ju 0 9,095 il 5l Joe e 10 s

0

—
=3
=]

0
=]
=)

& '
8 &
=] =]

=
=]
=]

(s piomel ji0) iio gesjSle bt
3

10 20 30 40 50 60 70 80 90 100
(s j2esliS) 53553 Cas s

ol 6L®;AN)QJMQLMJWWW11 S

o

S
= ZOW\ a
\—

i yos LS‘)'.’ n_x.f;dl;é)f)ﬁi)d J_\.a 12JS..»

12 U8 45 ensasl) Jow slo ol polie 4 Jga

bl JJade o>l
Ki 139678/7 (N/m)
C1 544/16 (N.s/m)
Kz 4020 (N/m)
C2 1384/95 (N.s/m)
K1z 20 (N/m)
Ci 20 (N.s/m)
Kza 0/49 (N/m)
Cos 7168/63 (N.s/m)
Kaa 165/75 (N/m)
Cas 25 (N.s/m)

PG ol 5 oS aulow ) Glis pl liee Wlgis a5 AW &l el plo
N Y ST L 3
Moy93 5 Gl 95 5l Glislar o Gludl g (Rl laJae

72


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

Obled 9 lea Sl

o 51 BIai )3 s &g T i g s Ot s 9 99395 M ST Ude Sl kel )y disg (s

MalS (5,5, Bolas 5 5,095 lakad alad a5 el (59,0 a5 ol ol
ol b sl b ey b pladse jl plgiees 9 W) (b e
@ osyly it e e bdae onl ol SUly o8 eolinul lakd
e 5 09 oo auST el Bolas )0 9095 aliis slacaand 5 Joio
A o b layes 5 ayid i ond )l [1] JLoS' bawg a5 Bgyme
by Kilgy oS Wgdi oo et (laigTa b el )ly polie g conl oal a8 S

S S e Iy 0,95 2 30 9,045

& o5 4omii -6
By St Sl e 5 5955 3l eSS Joe S dlie Gl o
4z 50 033lg0 (glodgi pyz Jaw G sl ol &l ol 5l Bolar o it s
<)) sl 5l Bolas o 9,065 )8, (L slp 50095 Lo 5l o]
@l b Bldail sl Sets w5 bawgs (Joe nl b el )ly (g 10l
48 cep 0 2001 Joo 5,657 s (55,053 4 bgye oKyl

polre olo el )l b edslewsa Jow jl diaslcassay cele jo jieglS
2 ragkeS 56 5 40 e 50 L 05 0 5p095 8, it Gl
oalsdil)] Jae 50 i (pl jo a5 al eols lid g al eolatwl celu
WS 4B A pdipe Gh Glp & Gpas Wy Sl Juae S

S G 1) (el S yeS (6950 5 (i pe A 9 e SIS

&be -7

[1] P. Bois, C. Clifford, B. Chou, B. Khalil, A. King, F. Hikmat, Vehicle
Crashworthiness and Occupant Protection, Automotive Applications
Committee American Iron and Steel Institute Southfield, Michigan,
(2004).

[2] J.L. Traets, The effect of adaptive car structures on the crash behavior in
different crash scenarios, Rapport: MT 05.47, MSc. Thesis, Eindhoven
University of Technology-Department of Mechanical Engineering Vehicle
Safety, Eindhoven, (2005).

[3] A. Gavelin, Seat integrated safety belts, a parametric study using finite
element simulations, a Licentiate Thesis in Mechanical Engineering, Luled
University of Technology, Sweden, (2006).

[4] Engineering, Manufacturing and Motorsports FMVSS Test Summary and
Estimated Costs, Automotive technology group, (2009).

[5] K. Hamza, K. Saiou, Design Optimization of Vehicle Structures for
Crashworthiness using equivalent mechanism approximations, Journal of
Mechanical Design, ASME, Vol.127, pp 485-492, (2005).

[6] X. Liao, Q. Li, X. Yang, W. Zhang, W. Li,Multiobjective optimization for crash
safety design of vehicles using stepwise regression model, Journal of
Structural Multidisciplinary Optimization, Vol. 35, No. 6, pp 561-569, (2008).

[7] H. K. Ibrahim, Design optimization of vehicle structures for crashworthiness
improvement, PhD dissertation, Concordia University, Canada, (2009).

[8] L. B. Ibsen, M. Liingaard, Lumped-parameter models” Aalborg University
Department of Civil Engineering, DCE Technical Report No. 11, (2006).

[9] EEVC WG 19 Primary Secondary Safety Interaction, European enhanced
Vehicle Committee final report (2006).

[10] M. Burke, Forensic Medical Investigation of Motor Vehicle Incidents, CRC
Press, ISBN 0-8493-7859-1, USA, (2007).

[11] A. Elmarakbi, J. Zu, Incremental harmonic balance method for analysis of
standard/smart vehicle-to-rigid-barrier frontal collision, International
journal of Vehicle Safety, Vol. 2, No. 3, pp 288-315, (2007).

[12] A. Elmarakbi, J. Zu, Mathematical modeling of a vehicle crash with
emphasis on the dynamic response analysis of extendable cubic
nonlinear dampers using the incremental harmonic balance method,
Proceedings of IMechE, Part D: Journal of Automobile Engineering, Vol.
221,No.1,pp 143-156, (2007).

[13] A. Elmarakbi, J. Zu, Crash analysis and modeling of two vehicles in
frontal collisions using two types of smart front-end structures: an
analytical approach using IHBM, International Journal of
Crashworthiness, Vol. 11, Issue 5 pp 467-483, (2006).

73

S 5 Jao (9,5 om slad a5 cul snelcassa GlaisSa cul ool
gae Ol 383 alie 5 (s sline @ gl 5 398 araS aKELS]
4 9)39% lodgi oz (LA sladae jl Bus 4S5 S ax g Wb e
St s )3 9,355 )1 (e g oo Al Solai gilwand ln
9995 lbide lacend (Ll sl b e cnl jl s col 5,55 5 Sglite
el 5l ool b Yaans Joe ol sla ol )b [14-110] 555 cas oolicta
Joo 5l e ighise Gl 53 Cepe Sy o ARSI
b 8y55 0 50 9,095 ,l8) (miier lp polae loyially b odsliamsa,

Ded oo oolaiul Ko slace pu

Ot e J

(al pioref yio) yu b LD

300 " L " " L " " L " )
002 004 006 008 01 012 014 016 018 02
@) o
Gl aily pe3] @l b o dob bt anylin 13 S
2001
3 100
! o
3-100
1200
4 200
~§ Alajl ol —
‘%.400- iy e o
+3~5uo-
< son ) " . " " . . ; . P
0 002 004 006 008 01 012 014 016 018 02
@) oy
olas aBly 5031 i b (50508 Ll duglie 14 JSCi
3
).
3
g -
1
- -
5
R
= 250 ,

0 002 004 006 008 0.1 012 014 016 018 02
@) o

Salay adly (05T gl b atpw olid anylie 15 S

" " "

0 005 0.1 015 02 025

(@) ooy

Pl s 5 spae iz Joe )0 a4 3l (595 aylie 16 IS

15 o plads 14 055 1393 il o3lallgsd e —Sle udiyo


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1393.14.15.38.5]

Obled 9 les e

900 51 D3La3 )3 saw &y T i pasg Gls Oalis pJaw 9 99393 S »5 JSw Lyl Al s

[22] W. Pawlus, J. Nielsen, H. Karimi, G. Robbersmyr, Mathematical Modeling
and Analysis of a Vehicle Crash 4th European Computing Conference,
(2010).

[23] W. Pawlus, H. Karimi, K. Robbersmyr, A. Fanghol, The performance
investigation of viscoelastic hybrid models in vehicle crash event
representation, 18th IFAC World Congress Milano (Italy) August 28-
September 2, (2011).

[24] Q. Lu, H. Karimi, K. Robbersmyr, “A Data-Based Approach for Modeling
and Analysis of Vehicle Collision by LPV-ARMAX Models”, Hindawi
Publishing Corporation, Journal of Applied Mathematics, Article NO.
452391, pp 1-9, (2013)

[25] Lobdell T.E., Impact response of the human thorax, Measurement and
simulation, pp 201-245, Plenum Press, New York, 1973.

[26] Mc Hennry, EU compatibility project, European Commission, Brussel,
Final report for publication, 2000.

[27] Shugar, T.A., A finite element head injury model, Final report Vol 1
Contract DOT HS 289-3-550-1A, NHTSA, Washington DC, July 1977.

[28] Bruijs, W.E.M., Subcycling in Transient Finite Element Analysis. MSc
Thesis, Department of Mechanical Engineering, Eindhoven University of
Technology, Eindhoven, Netherlands.

[29] B. Torandaz, Determining the optimal parameters for the vibrational
model of car in crash using genetic algorithm, PhD thesis, unversity of
Guilan, 2014, in persian.

15 o plats 14 055 1393 il o3lallgsd e Sl uwdie

[14] H.G.Mooi and JH.AM. Huibers, Simple and effective lumped mass
models for determining kinetics and dynamics of car-to-car crashes,,
International Journal of crashworthiness, Vol. 5, Issue 1, pp. 7-24, (2000).

[15] M. Balike, Enhancement of crashworthiness in car-truck collisions using
damped under-ride guard and composite crush elements, PhD
dissertation, Concordia University, (1998).

[16] R. Schram, F. J. W. Leneman, C. van der Zweep, J. Wismans, W. J.
Witteman, Assessment criteria for assessing energy absorbing front
under-run  protection on  Trucks, International Journal of
Crashworthiness, Vol. 11, Issue 6, pp 597- 604, (2006).

[17] 2001 Honda accord 4-door sedan NHTSA, Transportation Research
Center Inc. Test Number: 011015, (2001).

[18] M. Huang, M. Lawson, G. Powell, J. Walker, Characterization of Vehicle
Deceleration Time Histories in the Analysis of Impact Dynamics, SAE
770013, SAE International Automotive Engineering Congress and
Exposition, February 28 March 4, Detroit, Michigan, (1997).

[19] B. Seo, S. Han, W. Kim, S. Kim, Performance Analysis Methodology Based
on Crash Pulse Severity and Vehicle Occupant Packaging for Full Frontal
Crash Event , NHTSA, Hyundai Motor Co. & KIA Motors Corp Korea,
Paper No. 09-0173, (2009).

[20] M. Huang, Vehicle Crash Mechanic, CRC PRESS, Chapter 1, pp 10-53
(2002).

[21] A. Linder, M. Avery, Change of Velocity and Pulse Characteristics in Rear
Impacts: Real World and Vehicle Tests Data, The Motor Insurance Repair
Research Centre Thatcham, United Kingdom, NHTSA, Paper No. 285,
(2003).

74


https://dorl.net/dor/20.1001.1.10275940.1393.14.15.38.5
https://mme.modares.ac.ir/article-15-9252-en.html
http://www.tcpdf.org

