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[6]"CU= xOW x�=Q= hrDNt
|m}D=DU= QDt=Q=B wO |wQ =Q OwN C=k}kLD '2000 p=U QO NHTSA u=tR=U
[8]"OQm RmQtDt |} wQOwNlD |DreV}@ hO=YD OQwt 100 000 R= V}@ w 'wQOwN
|=Q@ l@U wQOwN 26 R= 'Qo}O |k}kLD |] u=tR=U u}= '2003 p=U QO u}vJty
|UQQ@ x@ u; QO w OQm xO=iDU= xO=H |wQ |} wQOwNlD |DreV}@ |=yQwv=t s=Hv=
[9]"CN=OQB Qwv=t u}L QO xO=H |xQ=vm =@ Q}=D T=tD QF= w =yMQJ uOWOvr@ |ovwoJ
"CU= xOW x}mD |ak=w Cr=L QO wQOwN V}=tR; x@ 'xOWO=} j@=wU |t=tD QO

130

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

xrO=
@xO

}Ww
|t_

=m=[
Q

[20]"j}raD sDU}U =@ |rOt QO =ywQ}v "3 pmW

u}L wQOwN |xvO@ VDre u}vJty "OwW|t I}B GQ=N QO =yMQJ |wQ |Owta
OwW|t I}B GQ=N |=yMQJ hQ] x@ wQOwN sQH RmQt uOWp}=tDt Ea=@ 'uORQwO
Q@=Q@ QO xm OwW|t |vRw |wQ}v Qw=DWo |wR=@ Vy=m Ea=@ sQH RmQt p=kDv= u}= w
x=Qty x@ wQOwN pOt QO jwi C=QF= p=ta= |=Q@ "Ovm|t Ctw=kt wQOwN |DreV}@
R}v �Cre QwLt� s=vx@ |[Qi QwLt l} pwL wQOwN |xvO@ u=QwO 'j}raD sDU}U

"OwW|t xDiQo Q_v QO
MQJ T=tD |x]kv pwL Qw=DWo pO=aD |xrO=at uDWwv =@ w '3 pmW x@ xHwD =@

%s} Q=O 'CU= xOW QiY I}B pN=O QO MQJ |Owta |wQ}v xm |r=L QO 'u}tR =@
�2

rg
= t

2h �
1

1 +R�
�1� hr

h

� (2)

VDre |x} w=R CQwYx@ xm CU= VDre MQv R�w 'Cre QwLt `=iDQ= hr u; QO xm
|Q=O}=B OL '2 |x]@=Q j@] "OwW|t u=}@ g ?=DW ?ULQ@ VDre ?=DW Q@ s}UkD
QDsm t=2h Q=Okt R= QwmPt |xrO=at QO swO |xrtH |xR=Ov=x@ wQOwN |DreV}@

"OwW|t

|m}t=v}O |Q=O}=B XN=W
"OwW u; |vwoS=w w |DreV}@ Ea=@ CU= umtt wQOwN x@ |@v=H ?=DW uOWOQ=w
|]@=wQ R= '|}=DU}= |Q=O}=B xrtHR= '|DreV}@ x@ wQOwN p}=tD |=yxv=Wv R= |r}N
Q_v QO |DreV}@ RwQ@ pt=a =yvD u=wvax@ =Q |@v=H ?=DW xm Ov=xOW G=QNDU=
x@ |r=ta= |@v=H |wQ}v |=yxirwt R= |m} |@v=H ?=DW xm |r=L QO "OvQ}o|t
xm |@v=H |wQ}v Q@ xm CU= |Qo}O |xir-wt wQOwN |WDre ?=DW w CU= wQOwN
QO "OQ=O |Q}otWJ Q}F-=D 'OwW|t |DreV}@ RwQ@ w |WDre Qw=DWo O=H}= Ea=@

"CU= xOW xDiQo Q_v QO R}v xvO@ |WDre ?=DW QF= 4 pmW
|x]kv pwL pO=aD Cr=L QO wQOwN x@ |r=ta= |=yQw=DWo Ov};Q@ uDWwv =@
%O};|t CUO x@ 3 |w=Ut=v '|DreV}@ RwQ@ u=tR QO I}B GQ=N QO =yMQJ T=tD
t

2hCG < ay
g

+ IXXS�
mghCG

(3)

CtU |xrtH w '�SSF� �=DU}= |Q=O}=B ?} Q[� AJ CtU |xrtH u; QO xm
[13]"CU= �DSI� �|m}t=v}O |Q=O}=B XN=W� CU=Q

DSI = ay
g

+ IXXS�
mghCG

(4)

wQOwN |DreV}@ |m}t=v}O |v=@t
OwN|rw] QwLt pwL QDW}@ =} xHQO 90 wQOwN u; QO xm =Q |Qwv=t Qy 'h} QaD j@=]t
[18]"Ovt=v|t �|DreV}@� 'O@=} T=tD u}tR =@ wQOwN |xvO@ xm |Qw]x@ Ovm u=QwO
R=i '26pO=aD uOQwN syx@ w OQwNQ@ R=i %CU= |rY= R=i xU pt=W |DreV}@

"28u}tR =@ OQwNQ@ R=i w 27VDre

?rY Cr=L QO wQOwN |=DU}=x@W |DreV}@
'O=O s=Hv= |DreV}@ u}L QO wQOwN |=Q@ u=wD|t xm |m}t=v}O p}rLD u} QD|}=OD@=
sOa p}rOx@ xm CU= uORQwO u}L QO ?rY |wQOwN Q@ OQ=w |=ywQ}v pO=aD |UQQ@
|rw "CU= ha[ |=Q=O =yQ}=D pmW Q}}eD w j}raD sDU}U |}=Hx@=H uDiQo Q_v QO
p}rLD s=Hv= |=Q@ "O=O Q=Qk Q_v Ot =Q u; u=wD|t |O}rm |=yQDt=Q=B x@ uO}UQ |=Q@
w I}B l} QO uORQwO u}L QO 29Q=oOv=t Cr=L QO wQOwN '=DU}=x@W |DreV}@

"OwW|t ZQi |WDre ?=DW uwO@
=@ wQOwN T=tD |xLiY QO w xO=H hQ] R= |@v=H |=ywQ}v 'uORQwO Qwv=t QO
|FvN =Q wQOwN |@v=H ?=DW R= |W=v |Q@tq=O |=ywQ}v =D OwW|t p=ta= u; x@ xO=H
pN=O QO 'MQJ x@ xOQ=w |Owta |wQ}v 'O@=}|t V}=Ri= |@v=H ?=DW xm |v=tR "Ovm
Q=Qk |WDre Qw=DWo CLD \}=QW u}= QO wQOwN w Ovm|t p}t QiY CtU x@ I}B
=yMQJ |Owta |=ywQ}v xm ODi=|t j=iD= |v=tR 30|OL uORQwO \}=QW "OQ}o|t
pmW x@ xHwD =@ "OwW|t R=e; |DreV}@ '\}=QW u}= QO "OvwW QiY I}B pN=O QO

%s} Q=O pO=aD |xrO=at uDWwv =@ w 2
t

2h = �2

rg
(1)

w Ovt=v|t 31|DreV}@ |xv=DU; =} �SSF� =DU}= |Q=O}=B ?} Q[ =Q t=2h QDt=Q=B
|DreV}@ ptLD OL "OwW|t R=e; |DreV}@ u; QO xm CU= |@v=H ?=DW hQat
�g� |Wv=Qo OL=w QO |@v=H ?=DW =@ xm CU= |WDre |Q=O}=B |=Q@ x}=B Q=}at '=} wB

[19]"OwW|t u=}@

j}raD sDU}U x=Qtyx@ wQOwN |=DU}=x@W |DreV}@
'OW s=Hv= p@k VN@ QO xJv; j@=]t '=yQ}=D w j}raD sDU}U |tQv uDiQo xO}O=v
QwO u}L QO =Q} R &OwW|t |ak=w Q=Okt R= QDq=@ wQOwN |DreV}@ OL u}tND ?Hwt
|wQ}v V}=Ri= w 'I}B pN=O QO =yMQJ |Owta |wQ}v Vy=m Ea=@ uRw p=kDv= 'uOR

[18]"wQOwN |}=DU}= pOt "2 pmW

131

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""QO
j}ra

DsD
U}U

|=y
QDt=Q

=BQF
=|U

QQ@

"?ka lQLt QwLt sDU}U "5 pmW

"VDre O[ xr}t sDU}U "6 pmW

"|e=vH wO j}raD sDU}U "7 pmW

"|}xtJ=U xOvO u=tQi sDU}U "8 pmW

[13]"wQOwN x@ |r=ta= |=ywQ}v "4 pmW

|Q=O}=B XN=W "OwQ|t QD=Qi SSF R= DSI |DreV}@ Qy QO '|Q_v ^=Lrx@
xvO@ |UQv}= u=tt R= xO=iDU= sy u; Cra w CU= xv=Q=mx_i=Lt |OL =D |m}t=v}O
xrO=at QO xOW xDiQo Q_v QO Qw=DWo uOw@ QDsm R}v w 'wQOwN |UQv}= u=tt |=Hx@

"CU= Qwv=t u}L QO wQOwN x@ |r=ta= |k}kL Qw=DWo =@ xU}=kt QO

ADAMS pt=m |R=Ht |R=UpOt
OQwt |O}rm |=yQDt=Q=B G=QNDU= |=Q@ \ki xO=U |=ypOt 'OW xQ=W= xm u=vJ
R= u=wD|tv 'wQOwN |]NQ}e Q=DiQ |oO}J}B x@ xHwD =@ w Ov=xDiQo Q=Qk xO=iDU=
|ak=w V}=tR; =@ |v} Ro}=H =} xaUwD |}=yv pL=Qt QO |k}kO Q=}at u=wvax@ =yv;
u=wD|t 'xOWxQ=W= |xO=U |=ypOt x@ C@Uv CkO uOQ@q=@ Qw_vtx@ "OQm xO=iDU=
x=oDUO QO =Q xOWv |Ov@ Qvi w xOW |Ov@ Qvi |=ysQH x@ \w@ Qt CmQL CqO=at
\w@ Qt |O=R; xHQO 6 pt=W � |O=R; xHQO 14 pOt w xDWwv wQOwN C=YDNt
|=ysQH |Owta |}=Hx@=H |O=R; xHQO 4 w xOW |Ov@ Qvi sQH u=QwO w p=kDv= x@
sy |O=R; xHQO 4 w Ov=j}raD sDU}U |Owta |}=Hx@=H Qou=}@ xm xOWv |Ov@ Qvi
C=HQO u}= =@ "OQm |R=UpOt =Q � OwN VNQJ QwLt pwL =yMQJ u=QwO x@ \w@ Qt
QF= u}vJty w j}raD sDU}U QF= w xvO@ C=mQL |t=tD u=wD|t xOW?=NDv= |O=R;
=} '|Q}o?=DW u}L QO QwDwt Qw=DWo R= |W=v =yMQJ |OwQw |v=QwO Qw=DWo p=ta=

"CiQo Q_v QO =Q |RtQD |=yQw=DWo
|rw OW=@ pw@k p@=k xaUwD R=i QO |v=}t |=yp}rLD |=Q@ O}=W R}v pOt u}=
wQOwN R= |QDpt=m pOt x@ |UQDUO 'xaUwD |}=yv |=yR=i QO QDj}kO p}rLD |=Q@
|m} u=wvax@ ADAMS Q=Ri=sQv QO OwHwt C=v=mt= x@ xHwD =@ xm OQ=O CQwQ[
QO xOW xO=O xaUwD |m}t=v}O |=ysDU}U |L=Q] w p}rLD |=yQ=R@= u} QD|wk R=
QF= uDiQo Q_v QO Qw_vtx@ u}=Q@=v@ "OQ}o Q=Qk xO=iDU= OQwt Ov=wD|t 'Q}N= |xyO wO
u}= QO 'u; |OQmrta |=yx@vH |xty |wQ wQOwN |m}t=v}O |=yQDt=Q=B Q}}eD p@=kDt
xOW |R=UpOt ADAMS Q=Ri=sQv QO |O=R; xHQO 105 =@ |rt=m pOt 'VywSB
|w w} T= wQOwN C=YNWt T=U=Q@ 'ADAMS |R=Ht\}Lt QO pOt u}= "CU=
'�5 pmW� 32?ka lQLt QwLt |=Q=O w CU= xOW xO=O xaUwD ML320 TOUQt
'�7 pmW� 34|e=vHwO ?ka w wrH j}raD sDU}U '�6 pmW� 33VDre O[ |xr}t
Q=DiQ |R=Ux}@W |=Q@ u}vJty "CU= �8 pmW� 35|}xtJ=UxOvO u=tQi sDU}U w

132

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

xrO=
@xO

}Ww
|t_

=m=[
Q

p�V}=tR; Qwv=t
x} w=R =@ |}xrB u=tQi |OwQw 'NHTSA u=tR=U h} QaD j@] p�V}=tR; Qwv=t QO
j@=]t u=tQi lr}@ Qe x@ x}v=F QO xHQO 1000 |@} QkD ?}W w xHQO 310 |xv}W}@

"OwW|t p=ta= 12 pmW
wQOwN VDre CaQU w |@v=H ?=DW x@ \w@ Qt G}=Dv 14 w 13 |=ypmW QO
|OwQw QO wQOwN |ak=w Q=DiQ w ADAMS QO |R=Ux}@W Cq=L |=Q@ ML320
pOt CkO uOw@ |i=m R= |m =L G}=Dv u}= "CU= xOW xO=O u=Wv p�V}=tR; u=tQi

ADAMS QO |R=Ux}@W Cq=L |=Q@ ML320 wQOwN |@v=H ?=DW "10 pmW
"|y=t ?qk u=tQi |OwQw QO wQOwN |ak=w Q=DiQ w

ADAMS QO |R=Ux}@W Cq=L |=Q@ ML320 wQOwN VDre CaQU "11 pmW
"|y=t?qk u=tQi |OwQw QO wQOwN |ak=w Q=DiQ w

"J-Turn OQ=Ov=DU= Qwv=t |=Q@ u=tQi |OwQw "12 pmW

QO xm wQOwN hrDNt |=yQDt=Q=B ,=vt[ "CU= xOW xO=iDU= =mJB Q}=D pOt R= Q}=D
ML320 TOUQt wQOwN |xOWx�=Q= |=yQDt=Q=B Q@ j@]vt 'xOW pOt |R=Ht\}Lt
|m}t=v}O Q=DiQ |x�=Q= CkO R= u=wD|t '36|Q=PoxLY s=Hv= =@ C}=yv QO [1]"CU=

"OW u�t]t ADAMS Q=Ri=sQv QO xOW |R=UpOt wQOwN

|Q=PoxLY
R= u=v}t]= ?Um |=Q@ ADAMS \}Lt QO |m}t=v}O |R=UpOt s=Hv= R= TB
'xOWx}yD pOt|=yC}r@=k w =yC}OwOLt x@|@=}CUO w xOWs=Hv= |R=UpOtCLY
xLY OQwt ML320 [1]TOUQt wQOwN |ak=w V}=tR; G}=Dv =@ pOt u}= G}=Dv
|x�=Q= Qw_vtx@ 'xDi=} xaUwD pOt CkO R= u=v}t]= ?Um R= TB w 'CiQo Q=Qk |Q=Po
s=Ok= j}raD sDU}U |=yQDt=Q=B QF= w |m}t=v}O p}rLD x@ C@Uv syt w |O}rm C=QF=

"CU= xOW
|=yCmQW \UwD xOQDUo Qw]x@ =yQwv=t |ak=w w |@ QHD G}=Dv xm OwW|t Qw;O=}
=m} Qt; |=yx=QoQR@ l}i=QD w |vt}= |rt |xUU-wt ,=YwYNt |R=UwQOwN s}_a

"CU= xOW QWDvt w x}yD �NHTSA�
|D=k}kLD |xt=vQ@ sQ=yJ R=i QOhrDNtV}=tR; |xt=vQ@ u}OvJ '2002 p=UQO
Q=Qk |@=} RQ= w |UQQ@ OQwt NHTSA |xUU-wt QO l@U |=ywQOwN |DreV}@
u} QDy@ [1]"OwW ?=NDv= |DreV}@ |=Q@ Qwv=t u} QD?U=vt =yu; u=}t R= =D CiQo
xm OvDUy |y=t?qk Qwv=t w p�V}=tR; Qwv=t '|DreV}@ |UQQ@ |=Q@ =yQwv=t
|=yQwv=t R= VywSB u}= QO u}=Q@=v@ "Ov=xOQm ?Um xawtHt u}= QO =Q R=}Dt= u} QDq=@

"CU= xOW xO=iDU= |ak=w G}=Dv =@ =ypOt |Q=PoxLY w xU}=kt |=Q@ xOWO=}

|y=t?qk Qwv=t
=m} Qt; |=yx=QoQR@ l}i=QD w |vt}= |rt u=tR=U h} QaD j@] p�V}=tR; Qwv=t
w xHQO 250 u=tQi |x} w=R u} QDW}@ =@ xm OwW|t xDio |Qwv=t x@ �NHTSA�
s=Hv= 9 pmW j@=]t |v=tQi lr}@ Qe |OwQw =@ w 720Degree/s |}x} w=R CaQU
1 5 x@ wQOwN VDre CaQU xm OwW|t s=Hv= |v=tR |Q}ou=tQi CyH Q}}eD "OwW

"OW=@ xO}UQ x}v=F Q@ xHQO
wQOwN VDre CaQU w |@v=H ?=DW x@ \w@ Qt G}=Dv 11 w 10 |=ypmW QO
|OwQw QO wQOwN |ak=w Q=DiQ w ADAMS QO |R=Ux}@W Cq=L |=Q@ ML320

"CU= xOW xO=O u=Wv |y=t ?qk u=tQi

"|y=t ?qk OQ=Ov=DU= Qwv=t |=Q@ u=tQi |OwQw "9 pmW

133

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""QO
j}ra

DsD
U}U

|=y
QDt=Q

=BQF
=|U

QQ@"`HQt wQOwN u=wvax@ ML320 wQOwN |=yQDt=Q=B "1 pwOH
OL=w Q=Okt wQOwN |=yQDt=Q=B
Kg 2010 |rm sQH
Kg 1710 xOW |Ov@ Qvi sQH
m 0 681 sQH RmQt `=iDQ=
m 1 535 =yMQJ |[Qa xrY=i
m 2 820 =yQwLt |rw] xrY=i

KN/m 30 8 wrH j}raD sDU}U |Qvi |DiU
KN/m 35 ?ka j}raD sDU}U |Qvi |DiU

KN.s/m 2 1 wrH j}raD sDU}U |}=Q}t
KN.s/m 2 3 ?ka j}raD sDU}U |}=Q}t
Kg.m2 783 xvO@ |WDre |UQv}= u=tt
Kg.m2 3495 xvO@ VJ}B |UQv}= u=tt
Kg.m2 3277 xvO@ |WOQo |UQv}= u=tt

m 0 285 MQJ `=aW
Kg.m2 1 4 MQJ |v=QwO |UQv}= u=tt
KN/m 175 Q}=D |Owta |DiU

KN.s/m 3 1 Q}=D |}=Q}t
KN.m/rad 35 wrH Cre O[ |xr}t |WDre |DiU
KN.m/rad 19 ?ka Cre O[ |xr}t |WDre |DiU

|Q=O}=B XN=W Q@ wQOwN j}raD sDU}U |=yQDt=Q=B u} QDsyt R= |NQ@ C=Q}}eD Q}F-=D
xOW xDN=OQB �|y=t?qk� w �p�V}=tR;� |=yQwv=t |] QO |m}t=v}O w |m}D=DU=
CU= wQOwN l}t=v}O QO QF-wt |=ysDU}UQ} R u} QDsyt R= |m} 'j}raD sDU}U "CU=
Ea=@ |R=UpOt QO u; Qw[L 'OW u=}@ |m}t=v}O |v=@t |UQQ@VN@ QO xm u=vJ w
w sDU}U u}= |=yQDt=Q=B QF= CN=vW u}=Q@=v@ "OwW|t wQOwN |Q=O}=B OL Vy=m
|@=}CUO w |L=Q] KqY= |=Q@ Ov=wD|t =yv; R= s=OmQy x@ C@Uv wQOwN C}U=UL
QO wQOwN R= xOQ u}= u=L=Q] Q=}DN= QO |O}it C=aq]= 'QDq=@ |Q=O}=B |xOwOLt x@
|QwQ[ xDmv u}= QmP "OyO Q=Qk '=yQDt=Q=B uOQm |}=yv xS} w x@ 'xaUwD hrDNt pL=Qt
hrDNt |=yQDt=Q=B Q}F-=D |UQQ@ x@ 'j}kO |y=ov |x�=Q= =@ 'Q=DWwv u}= QO xm CU=
DOE Q}_v |}=yVwQ CU= |y}O@ "s}=xDN=OQB wQOwN |DreV}@ QO j}raD sDU}U
Q}_v |FL=@t |=Q@ 'xOW xO=t; QDU@ |wQ Q@ w xt=O= QO u=wD|t =Q l}DvS sD} Qwor= w
=yu; QF= w Q}}eD xm j}raD sDU}U |=yQDt=Q=B 2 pwOH QO "O=O s=Hv= '|R=Uxv}y@
|Q=Okt |=Q@ 'CU= xOW xDiQo Q=Qk |@=} RQ= OQwt |DreV}@ |m}t=v}O Q=DiQ QO
w 2 pwOH R= xO=iDU= =@ "CU= xOW x�=Q= =yu; |xDi=} V}=Ri= w Vy=m hQ=aDt
QO |irDNt |=y|R=Ux}@W 'ADAMS \}Lt QO xOW |Q=PoxLY |xaUwD pOt
'xt=O= QO xm xDiQo CQwY p�V}=tR; w |y=t?qk xOW xO} RoQ@ OQ=Ov=DU= Qwv=t wO

"CU= xOW |UQQ@ w x�=Q= xrY=L G}=Dv

?ka w wrH j}raD sDU}U |Owta |DiU Q}F-=D
wO Qy |Owta |DiU xm |Dr=L QO 'OwW|t xO}O 16 w 15 |=ypmW QO xm u=vJ

ADAMS QO |R=Ux}@W Cq=L |=Q@ ML320 wQOwN |@v=H ?=DW "13 pmW
"p-V}=tR; u=tQi |OwQw QO wQOwN |ak=w Q=DiQ w

ADAMSQO |R=Ux}@W Cq=L |=Q@ ML320 wQOwN VDre CaQU "14 pmW
"p-V}=tR; u=tQi |OwQw QO wQOwN |ak=w Q=DiQ w

|ak=w Cr=L QO xOW VQ=Ro Q=DiQ =@ T=}k QO ADAMS QO xOW xO=O xaUwD
"CU= [1]wQOwN

|m}t=v}O Q=DiQ QO sDU}U |=yQDt=Q=B Q}F-=D p}rLD
|DreV}@

VN@ QO xm 'ADAMS QO xDi=} xaUwD pOt R= xOW pY=L u=v}t]= R= TB p=L
w p}rLD Qw_vtx@ 'xDi=}xaUwD pOt u}= R= u=wD|t Q]=N |oOwU; =@ 'OW x�=Q= |r@k
KQ]t |=yQwv=t QO wQOwN |DreV}@ Q=DiQ QO j}raD sDU}U |=yQDt=Q=B QF= |UQQ@

"OQm xO=iDU= '=yQ=DiQ xvwou}= lQLt OQ=Ov=DU= |=yQwv=t u=wvax@ xOW

wQOwN |=yQDt=Q=B
p}rLD w |R=Ux}@W |=Q@ xm `HQt wQOwN u=wvax@ ML320 wQOwN |=yQDt=Q=B
xOW x�=Q= 1 pwOH QO Ov=xDiQo Q=Qk xO=iDU= OQwt ADAMS Q=Ri=sQv QO '|m}t=v}O

"CU=

j}raD sDU}U QO xOW xO=O Q}}eD |=yQDt=Q=B
u; Q}F-=D |UQQ@ |=Q@ wQOwN |=yQDt=Q=B s=tD 'pOt uOw@ pt=m x@ xHwD =@VywSB u}= QO
|UQQ@ x@ 'Q=DWwv u}= QO x�=Q=C}OwOLt =@ =t= [21]"CU= xOW xO=O Q}}eD |DreV}@ Q@

134

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

xrO=
@xO

}Ww
|t_

=m=[
Q "=yu; xOW xO=O V}=Ri= w Vy=m u=R}t w j}raD sDU}U |=yQDt=Q=B "2 pwOH

V}=Ri= OYQO Vy=m OYQO hQ=aDt Q=Okt |L=Q] |=yQDt=Q=B h}OQ
��45 ��50 KN/m 30 8 wrH j}raD sDU}U |Owta |DiU 1
��30 ��55 KN/m 35 ?ka j}raD sDU}U |Owta |DiU 2
��30 ��40 KN.s/m 2 1 wrH j}raD sDU}U |}=Q}t 3
��20 ��45 KN.s/m 2 3 ?ka j}raD sDU}U |}=Q}t 4
��3 ��3 m 1 213 wQOwN sQH RmQt =D xvO@ x@ wrH j}raD sDU}U p=YD= pLt xrY=i 5
��3 ��3 m 1 350 wQOwN sQH RmQt =D xvO@ x@ ?ka j}raD sDU}U p=YD= pLt xrY=i 6

"p�V}=tR; Qwv=t QO wrH j}raD sDU}U |Owta |DiU Q}F-=D "17 pmW

"|y=t ?qk Qwv=t QO wrH j}raD sDU}U |Owta |DiU Q}F-=D "18 pmW

OwaY lOv= |@}W =@ |vLvt u; hQ] wO QO w CU= xv}tm Q=Okt |=Q=O |m}t=v}O
OwW|t xOy=Wt |DN=wvm} |OwaY Q}U '|y=t ?qk Qwv=t QO 18 pmW QO "Ovm|t
|Q=O}=B 'QDt Q@ uDw}v wr}m 45 x@ 30 R= |DiU |OYQO 50 V}=Ri= =@ =yu; QO xm

"OQ=O V}=Ri= �32 |m}t=v}O |Q=O}=B w �2 |m}D=DU=
sDU}U |Owta |DiU u; QO xm xOW |UQQ@ |Dr=L R}v 20 w 19 |=ypmW QO
u}= QO "CU= xOv=t C@=F wrH j}raD sDU}U |DiU w xDi=} V}=Ri= ?ka j}raD
"OwW|t xO}O p�V}=tR; Qwv=t QO |m}D=DU= |Q=O}=B QO |@ wN Q=}U@ VyH 'Cr=L
O@=}|t V}=Ri= ?ka j}raD sDU}U |DiU xm |Dr=L QO |Q=O}=B V}=Ri= |rm Qw]x@
|OYQO 50 V}=Ri= =@ p�V}=tR; Qwv=t QO 19 pmW QO =Q} R "CU= QDTwULt

"p�V}=tR; Qwv=t QO j}raD sDU}U |Owta |DiU Q}F-=D "15 pmW

"|y=t ?qk Qwv=t QO j}raD sDU}U |Owta |DiU Q}F-=D "16 pmW

Qy QO |m}t=v}O |Q=O}=B xm |r=L QO 'OwW|t O=} R sy =@ ?ka w wrH j}raD sDU}U
OwN |x}rw= OL x@ xQ=@ wO Vy=m |tm R= TB 'p�V}=tR; w |y=t ?qk Qwv=t wO
?qk Qwv=t QO �6 5 V}=Ri=� O@=}|t V}=Ri= |mOv= |m}D=DU= |Q=O}=B 'OUQ|t
|Q=O}=B x@ |tm Ow@y@ 'j}raD sDU}U |Owta |DiU C=Q}}eD |rm Qw]x@ "�|y=t

"OWN@|t
sDU}U |Owta |DiU u; QO xm xOW |UQQ@ |Dr=L 18 w 17 |=ypmW QO
Cr=L u}= QO "CU= xDi=} V}=Ri= wrH j}raD sDU}U |DiU w xOv=t C@=F ?ka j}raD
"OwW|t xOy=Wt |m}D=DU= w |m}t=v}O |Q=O}=B Ow@y@ u=vJty |y=t ?qk Qwv=t QO
w |m}D=DU= |Q=O}=B OL wO Qy QO `HQt |x]kv 'p�V}=tR; Qwv=t QO 17 pmW QO

135

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""QO
j}ra

DsD
U}U

|=y
QDt=Q

=BQF
=|U

QQ@

"p�V}=tR; Qwv=t QO j}raD sDU}U |}=Q}t Q}F-=D "21 pmW

"|y=t ?qk Qwv=t QO j}raD sDU}U |}=Q}t Q}F-=D "22 pmW

"p�V}=tR; Qwv=t QO wrH j}raD sDU}U |}=Q}t Q}F-=D "23 pmW

"|y=t ?qk Qwv=t QO wrH j}raD sDU}U |}=Q}t Q}F-=D "24 pmW

"p�V}=tR; Qwv=t QO ?ka j}raD sDU}U |Owta |DiU Q}F-=D "19 pmW

"|y=t ?qk Qwv=t QO ?ka j}raD sDU}U |Owta |DiU Q}F-=D "20 pmW

20 pmW QO w V}=Ri= �2 |m}D=DU= |Q=O}=B 'QDtQ@ uDw}v wr}m 45 x@ 30 R= |DiU
"O@=}|t Ow@y@ �11 |DiU QO V}=Ri= u}ty =@

?ka w wrH j}raD sDU}U |}=Q}t Q}F-=D
V}=Ri= =@ "OwW|t s}_vD wQOwN |Q=wU X=wN T=U=Q@ ,=DOta j}raD sDU}U |}=Q}t
|Q=O}=B OL 'p�V}=tR; QO 21 pmW QO wrH w ?ka j}raD sDU}U wO Qy |}=Q}t
|Q=O}=B OL Q=Okt u} QDsm QO R}v `HQt |x]kv w O@=}|t Vy=m |mOv= |m}D=DU=
�2 w |m}D=DU= |Q=O}=B OL QO V}=Ri= �1 R}v 22 pmW QO "OQ=O Q=Qk |m}t=v}O
|}=Q}t '24 w 23 |=ypmW QO "OwW|t xOy=Wt |m}t=v}O |Q=O}=B OL QO V}=Ri=
QO &O@=}|t V}=Ri= wrH j}raD sDU}U |}=Q}t w xOv=t C@=F ?ka j}raD sDU}U
|Dr=L QO "CU= xDi=} V}=Ri= ?ka j}raD sDU}U |}=Q}t 'R}v 26 w 25 |=ypmW
"OvDU}v O=} R u=OvJ |Q=O}=B OwOL C=Q}}eD 'CU= Q}eDt wrH j}raD sDU}U |}=Q}t xm
'|}=Q}t |OYQO 40 Vy=m =@ '?ka j}raD sDU}U QO |}=Q}t Q}}eD Cr=L QO |rw
XN=W QO Vy=m �2 w |m}D=DU= |Q=O}=B QO Vy=m �1 'p�V}=tR; Qwv=t QO
|Q=O}=B OwOL QO Vy=m �1 w �2 ?}DQDx@ |y=t?qk Qwv=t QO w |m}t=v}O |Q=O}=B

"OwW|t O=H}= |m}t=v}O w |m}D=DU=

xvO@ x@ ?ka w wrH j}raD sDU}U p=YD= pLt Q}F-=D
j}raD sDU}U u}}=B w q=@ |rQDvm |wR=@ p=YD= pLt |@Uv |xrY=i '|UQQ@ u}= QO
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"p�V}=tR; Qwv=t QO xvO@ x@ wrH j}raD sDU}U p=YD= pLt Q}F-=D "27 pmW

"|y=t ?qk Qwv=t QO xvO@ x@ wrH j}raD sDU}U p=YD= pLt Q}F-=D "28 pmW

"p�V}=tR; Qwv=t QO xvO@ x@ ?ka j}raD sDU}U p=YD= pLt Q}F-=D "29 pmW

"|y=t ?qk Qwv=t QO xvO@ x@ ?ka j}raD sDU}U p=YD= pLt Q}F-=D "30 pmW

"p�V}=tR; Qwv=t QO ?ka j}raD sDU}U |}=Q}t Q}F-=D "25 pmW

"|y=t ?qk Qwv=t QO ?ka j}raD sDU}U |}=Q}t Q}F-=D "26 pmW

Ctqa =@� V}=Ri= u; ?Yv |rY= Cr=L x@ C@Uv xvO@ sQH RmQt w |e=vHwO
?Yv pLt Q}F-=D j} Q] u}= R= =D CU= xOW xO=O �|ivt Ctqa =@� Vy=m w �C@Ft

"OwW |UQQ@ wQOwN |Q=O}=B OL Q@ xvO@ x@ j}raD sDU}U p=YD= \=kv
w 27 pmW j@=]t "OwW|t xOy=Wt |Dw=iDt Q=DiQ wrH j}raD sDU}U QO
xvO@ sQH RmQt CtU x@ 'xvO@ x@ wrH j}raD sDU}U p=YD= \=kv xm |v=tR '28
w O@=}|t Vy=m p�V}=tR; Qwv=t QO wQOwN |m}D=DU= |Q=O}=B 'OwW|t l}ORv
sDU}U ?Yv xrY=i Vy=m �3 QF= QO "O@=}|t V}=Ri= |y=t ?qk Qwv=t QO
|Q=O}=B OL QO Vy=m �2 'p�V}=tR; QO 'sQH RmQt =D xvO@ x@ wrH j}raD
�1 '|y=t ?qk Qwv=t QO w |m}t=v}O |Q=O}=B OL QO Vy=m �5 w |m}D=DU=
xOy=Wt |m}t=v}O |Q=O}=B OL QO Vy=m �1 w |m}D=DU= |Q=O}=B OL QO V}=Ri=

"OwW|t
x@ 'xvO@ x@ ?ka j}raD sDU}U p=YD= \=kv xm |v=tR '30 w 29 pmW j@=]t
Qy QO wQOwN |m}t=v}O w |m}D=DU= |Q=O}=B 'OwW|t l}ORv xvO@ sQH RmQt CtU
Vy=m �3 QF= QO 'R}v =Hv}= QO "O@=}|t Vy=m 'p�V}=tR; w |y=t ?qk Qwv=t wO
Vy=m �5 p�V}=tR; QO 'sQH RmQt =D xvO@ x@ ?ka j}raD sDU}U ?Yv |xrY=i
?qk Qwv=t QO w |m}t=v}O |Q=O}=B OL QO Vy=m �6 w |m}D=DU= |Q=O}=B OL QO
\=kv xJ Qy '|rm Qw]x@ "OwW|t xO}O |m}t=v}O |Q=O}=B OL QO Vy=m �11 |y=t
V}=Ri= wQOwN |Q=O}=B 'OwW ?Yv xvO@ x@ 'sQH RmQt R= QDQwO j}raD sDU}U p=YD=
V}=Ri= p}rOx@ VDre Q@=Q@ QO sw=kt |=yQw=DWo V}=Ri= Q=DiQ u}= Cra "O@=}|t

"CU= |Qw=DWo |wR=@
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QQ@j}raD sDU}U |}=Q}t V}=Ri= QF= QO |Q=O}=B OL wO Qy '|y=t ?qk Qwv=t QO �
"O@=}|t V}=Ri=

"O@=}|t Vy=m |Q=O}=B OwOL '?ka j}raD sDU}U |}=Q}t Vy=m =@ �
wQOwN|WDre |Q=O}=B QO |R}J=v Ow@y@ 'j}raD sDU}U|}=Q}tV}=Ri= '|rm Qw]x@ �

"OQ=O
|WDre |Q=O}=B QO '?ka QO xvO@ x@ j}raD sDU}U p=YD= |x]kv C}U=UL �

"CU= QDTwULt
|Q=O}=B 'OW=@ QDW}@ sQH RmQt =@ xvO@ x@ j}raD p=YD= |x]kv |xrY=i xJQy �

"O@=}|t V}=Ri= wQOwN
QO xDi=} xaUwD pOt uDW=O =@ xm OUQ|t Q_vx@ |QwQ[ xDmv u}= QmP u=}=B QO
'|Q=O}=B OwOL Q@ =yvDxv � =yQDt=Q=B |t=tD QO |QDpt=m p}rLD u=wD|t 'ADAMS

|L=Q] Ov}=Qi l} QO w O=O s=Hv= � |m}t=v}O Cq=L |=yQ}eDt |t=tD Q@ xmr@
|R=Uxv}y@ 'xv}y@ G}=Dv x@ |@=}CUO Qw_vtx@ =Q =yQDt=Q=B |R=Uxv}y@ VwQ =@ '|ak=w

"OQm

|Q}oxH}Dv
CUO x@ j}raD sDU}U syt |=yQDt=Q=B R= |NQ@ Q}}eD R= xm xrY=L G}=Dv x@ xHwD =@
OQwt |w w} T= wQOwN |m}D=DU= w |m}t=v}O |Q=O}=B OwOL Ow@y@ |=Q@ 'CU= xOt;
C} wrw= ?}DQDx@ =Q Q} R C=Q}}eD u=wD|t '|DreV}@ RwQ@ =@ |v=QL@ \}=QW QO |UQQ@
wQOwN |xaUwD R=i QO KQ] uOQm |}=yv xrLQt QO u=L=Q] x@ '|L=Q] |=yQDt=Q=B QO

"O=O O=yvW}B
|yHwD p@=k V}=Ri= |Q=O}=B OwOL 'j}raD sDU}U |Owta |DiU V}=Ri= =@ �

"O@=}|tv
Ow@y@ |m}D=DU= w |m}t=v}O |Q=O}=B 'wrH w ?ka j}raD sDU}U |DiU V}=Ri= =@ �

"O@=}|t
"CU= QDTwULt ?ka j}raD sDU}U |DiU V}=Ri= QF= QO |Q=O}=B OwOL Ow@y@ �
|Q=O}=B QO Q}}eD sOa ut[ 'p�V}=tR; QO |m}t=v}O Q=DiQ QO |}=Q}t V}=Ri= �

"OwW|t QHvt |m}t=v}O |Q=O}=B QO TwULt=v Vy=m x@ '|m}D=DU=

CWwv=B
1. roll over
2. sport utility vehicles(SUV)
3. �shhook and j-turn
4. ground vehicle
5. national highway tra�c safety administration (NHTSA)
6. fatality analysis reporting system (FARS)
7. pickup
8. static tip-over
9. ramped rollover
10. soil trip rollover
11. dynamic science
12. outrigger
13. Malibo
14. failure analysis associates (FAA)
15. tripped rollover
16. load transfer distribution (LTD)
17. dynamic stability index (DSI)
18. curb-tripped rollover
19. vehicle dynamic analysis, nonlinear simulator
20. advanced dynamic vehicle simulation
21. rollover prevention energy reserve
22. kalspan tire model
23. tire lag
24. static stability factor (SSF)
25. multi body dynamics
26. tripping phase
27. roll phase
28. ground impact phase
29. steady state
30. critical cornering condition
31. rollover threshold
32. rear wheel drive (RWD)
33. anti-roll bar
34. double wishbone

35. rack & pinion
36. validation
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