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ltmx@ xQ@vJs=tD CVT x@ RyHt |R=wt O} Q@}y
u=oOvQB |ywQo sD} Qwor=

�|QDmO |wHWv=O� VwNrO |@DHt
�Q=}Wv=O� �|vtwiCO=aU OwtLt

h} QW |DavY x=oWv=O 'l}v�t |UOvyt |xOmWv=O

sDU}U x@ RyHt |R=wt O} Q@}y |wQOwN |rQDvm sD} Qwor= |R=Uxv}y@� j}kLD u}= hOy
u}= |=Q@ "CU= SC03 |oOvv=Q |xNQJ QO �xQ@vJs=tD �CVT� xDUw}B CQOk p=kDv=
CNwU hQYt QO |rwtat Tm@ Q}o |=Hx@ CVT R= xO=iDU= |i}m C=QF= =OD@= 'Qw_vt
u}= x@ RyHt |wQOwN CNwU hQYt |x@U=Lt sD} Qwor= TBU "OwW|t u=}@ wQOwN

|wQOwN |=Q@ xOWV}=Q} w |rQDvm sD} Qwor= l} 'xt=O= QO "OwW|t x�=Q= sDU}U
|ywQo sD} Qwor= ltmx@ xOvvmpQDvm |=yQDt=Q=B 'C}=yv QO "OwW|t x�=Q= |R=wtO} Q@}y

w sHL Vy=m w |oOvv=Q |xNQJ QO wQOwN u}= CNwU hQYt Vy=m hOy =@ u=oOvQB
sD} Qwor= R= xO=iDU= |=R=x@ xm OwW|t xOy=Wt "OwW|t xv}y@ u; R=}v OQwt |QD=@ uRw

QO |O} Q@}y |wQOwN CNwU hQYt 'CVT CQOk p=kDv= sDU}U w xOWxv}y@ |rQDvm
w xDaQUGvB Tm@ Q}o R= xO=iDU= Cr=L QO u; Q=Okt R= QDsm �35 SC03 |xNQJ

x@ C@Uv CNwU hQYt Vy=m Q=Okt 'u}vJty "OW Oy=wN xv}y@ Q}e |rQDvm sD} Qwor=
"CU= OYQO 5 pO=at xv}y@ Q}e |rQDvm sD} Qwor= w CVT R= xO=iDU= Cr=L

m delkhosh@mech.sharif.edu
m saadat@sharif.ir

'xDUw}B p}O@D C@Uv 'CQOk p=kDv= sDU}U '|R=wtO} Q@}y |wQOwN %|O}rm u=oS=w
"xiOyOvJ |R=Uxv}y@ '|oOvv=Q |xNQJ '|rQDvm sD} Qwor=

xtOkt "1
u}= QO "OQ=Ov OwHw pmWt u}= |R=wtO} Q@}y |=ywQOwN QO [2]"CU= wQOwN R=}v
|DtUk xH}DvQO &Ov=pYDt =yMQJ x@ ,=t}kDUt |m} QDmr= w |k=QDL= QwDwt '=ywQOwN
OwW|t u}t-=D |k=QDL= QwDwt \UwD |DtUk w |m} QDmr= QwDwt \UwD sRq u=wD R=
?}a =t= "Ovm|t `iQ =Q �q=@ sHL xH}DvQO w� q=@ u=wD =@ |m} QDmr= QwDwt x@ R=}v xm
QwO QO OQmQ=m sOa w =yMQJ x@ |k=QDL= QwDwt s}kDUt p=YD= '=ywQOwN u}= |rY=
CQOk p=kDv= sDU}U R= xO=iDU= 'pmWt u}= `iQ |=yVwQ R= |m} [3]"CU= xv}y@
|k=QDL= QwDwt x@ xawtHt u}= "CU=yMQJ w |k=QDL= QwDwt u}@ �CVT� xDUw}B
|=Hx@ "OQ}o Q=Qk xv}y@ FC x@ \w@ Qt QwDwt QwO QO 'x_Lr Qy QO =D OyO|t xR=H=
"OyO|t x�=Q= =Q xDUw}B p}O@D C@Uv l} CVT 'xOvO 5 =} 4 u}@ xOvO l} ?=NDv=
10 FC 'CQOk p=kDv= |=ysDU}U u}= R= xO=iDU= Cr=L QO xm CU= xOW xOy=Wt

[4]"O@=}|t Vy=m OYQO
xOW s=Hv= |R=wtO} Q@}y |=ywQOwN |UQQ@ |xv}tR QO |Q=}U@ |=yC}r=ai
wQOwN |oOv}q; w FC |R=Uxv}y@ |=Q@ l}DvS sD} Qwor= R= '=DU=Q u}= QO "CU=
|}=y|UQQ@ QO [5]"CU= xOW xO=iDU= hrDNt |oOvv=Q |=yxNQJ QO |R=wtO} Q@}y
'u}vJty w [6]OW x�=Q= |R=wtO} Q@}y wQOwN u=wD pQDvm |SD=QDU= |R=i sD} Qwor= R}v
u; |=yCtUk |t=tD |R=Uxv}y@ ltmx@ |R=wt O} Q@}y wQOwN |R=Uxv}y@ Ov}=Qi

u=vJty u}kkLt '=ywQOwN uOQmxv}y@ |xv}tR QO xaUwD w j}kLD uQk l} R= TB
=D "OvDUy =yu; �FC� CNwU hQYt Vy=m w xOR=@ V}=Ri= |=Q@ |}=yx=Q p=@vO x@
&OW|t O=} FC pmWt |=Q@ |rL x=Q u=wvax@ |m} QDmr= |=ywQOwN R= 'QN=w= u}ty
'|SQv= |xOvvmu}t-=D `@=vt u=wvax@ =y|QD=@ |i=m =v w OwOLt |xaUwD x@ xHwD =@ =t=
xOWs=Hv= |=yC}r=ai R= |m} "OvOW p}=tDt |Qo}O |=ypLx=Q CtU x@ u}kkLt
=yCiQW}B u} QDsyt R= |m} xm CU= |O} Q@}y |=ywQOwN |xaUwD xv}tR u}= QO
wO Qy |=}=Rt R= |O} Q@}y |=ywQOwN QO "CU= Q}N= |=yxyO QO wQOwN |xv}tR QO
|=ywQOwN [1]"OwW|t xO=iDU= |k=QDL= QwDwt x@ RyHt |wQOwN w |m} QDmr= wQOwN
|=ywQOwN %R= Ov=CQ=@a wQOwN u}= syt ẁv wO =t= 'OvQ=O |irDNt `=wv= |O} Q@}y
=yMQJ x@ ,=t}kDUt QwDwt '|QU ẁv QO "|R=wtO} Q@}y |=ywQOwN w |QUO} Q@}y
"O@=}|t p=kDv= =yMQJ x@ |m} QDmr= QwDwt w |QD=@ j} Q] R= |SQv= w CU}v pYDt
=t= "Ovm Q=m xv}y@ FC x@ \w@ Qt QwDwt QwO QO Ov=wD|t |k=QDL= QwDwt 'xH}DvQO
OQwt u=wD u} QDW}@ O}rwD |=Q@ s}HL |m} QDmr= QwDwt x@ R=}v =ywQOwN u}= pmWt

pw�Ut xOvU} wv �
"1392 7 20 VQ}PB '1392 7 13 x}LqY= '1391 12 7 Ci=} QO %M} Q=D
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[10]"xQ@vJ s=tD CVT CQOk p=kDv= sDU}U "2 pmW

x@ RyHt |wQOwN CNwU hQYt |x@U=Lt sD} Qwor= "3
CVT

QO "CiQo Q_v QO wQOwN |=Q@ |oOvv=Q |xNQJ l} O}=@ 'FC sD} Qwor= |x�=Q= |=Q@
QO xm CU= SC03 |xNQJ 'Qw_vt u}= |=Q@ xOW xDiQo Q_v QO |xNQJ xr=kt u}=

"CU= 5 76 km pO=at xNQJ Qy QO xOW|] Ci=Ut Q=Okt u;
wQ}v "OQm u}}aD =Q QwDwt R=}v OQwt u=wD O}=@ =OD@= wQOwN FC |x@U=Lt |=Q@
xNQJ R= x_Lr Qy QO QwDwt R=}v OQwt u=wD w wQOwN MQJ QU QO R=}v OQwt u=wD w

[11]%O};|t CUO x@ 3 =D 1 |=yx]@=Q R= ?}DQDx@
Ft = frmg + 1

2�airCDAv
2 +mra (1)

Pt = Ftv (2)

Preq = Pt
�t�d

(3)

[11]%CU= x@U=Lt p@=k 4 |x]@=Q R= mr Q=Okt u; QO xm
mr = m[1 04 + 0 0025(ndnt)2] (4)

\w@ Qt FC |=yQwDv=m uDW=O =@ w QwDwt R=}v OQwt u=wD x@ xHwD =@ 'xNQJ pw] QO
w QwDwt QwO j} Q] u}= R= w '?=NDv= FC u} QDsm x@ \w@ Qt QwDwt QwO 'wQOwN x@
p}O@D C@Uv 5 |x]@=Q ltm x@ "OwW|t u}}aD Tm@ Q}o x@ |OwQw Qw=DWo 'u; u=wD

%OwW|t u}}aD x_Lr Qy QO Tm@ Q}o R=}v OQwt
nt = gearbox input rpm

gearbox output rpm
= !1

vnd
Rd

(5)

%O};|t CUO x@ 6 |x]@=Q j@=]t w 'QDtwr}m 100 Q@ QD}r ?ULQ@ xNQJ pm QO FC

Q = (
X FCi (!i;Preqi)3600�fuel �ti)

100
5 76 (6)

x@ �3 pmW� wQOwN x@ \w@ Qt CNwU hQYt |=yQwDv=m |wQ R= FCi 'u; QO xm
u=wvax@ CVT R= xO=iDU= |=v@tQ@ FC |x@U=Lt |=Q@ sD} Qwor= u}= "O};|t CUO
"CU= wQOwN CaQU R= pkDUt QwDwt QwO 'u; ltmx@ xm CU= CQOk p=kDv= sDU}U
C@Uv nti 'pwOH u}= QO "CU= xOW x�=Q= 1 pwOH QO Q_v OQwt wQOwN C=YNWt

u}= |oOv}q; u=R}t Vy=m hOy =@ C}r=ai u}ty |Qo}O C=ar=]t QO "CiQo s=Hv=
QO u=wD `} RwD |xwLv Q@ xiOyOvJ |R=Uxv}y@ l} u}kkLt [7]"OW s=Hv= =yQwOwN

[8]"Ov=xO=O s=Hv= CVT Tm@ Q}o x=Qty x@ |R=wtO} Q@}y wQOwN l}
CVT CQOk p=kDv= sDU}U x@ RyHt |wQOwN FC|UQQ@ |=Q@ R}v|}=yC}r=ai
x�=Q= =QPo \}=QW QO xv}tm FC x@ |@=}CUO |=Q@ CVT pQDvm sD} Qwor= w 's=Hv=

[9]"OW
|wQOwN |=Q@ |rQDvm sD} Qwor= l} |R=Uxv}y@ w |iQat hOy 'j}kLD u}= QO
sD} Qwor= =OD@= 'Qw_vt u}= |=Q@ "CU= xDUw}B CQOk p=kDv= sDU}U x@ RyHt |O} Q@}y
|iQat CQOk p=kDv= sDU}U u}= x@ RyHt |wQOwN CNwU hQYt |x@U=Lt
C}=yv QO w '|iQat |R=wtO} Q@}y |wQOwN pQDvm sD} Qwor= 'xt=O= QO "OwW|t
u; R=}v OQwt |QD=@ sHL w CNwU hQYt Vy=m hOy =@ |rQDvm |=yQDt=Q=B

"OwW|t |R=Uxv}y@

xDUw}B CQOk p=kDv= sDU}U "2
|=}=Rt R= |m} "CU= Q=OQwNQ@ |v=w=Qi |=}=Rt R= xDUw}B CQOk p=kDv= sDU}U
\w@ Qt QwO QO wQOwN QwDwt R= u=wD|t u; ltmx@ xm CU= u}= xawtHt u}=
QwDwt QwO C=Q}}eD l}D=tW Q=Owtv 1 pmW QO "OQm xO=iDU= xv}tm FC x@
xOW xO=O u=Wv wQOwN CaQU ?ULQ@ 'xDaQUGvB Tm@ Q}o x@ RyHt wQOwN

"CU=
"CU= |mJwm OOa [!1; !2] QwDwt QwO xR=@ QO wQOwN FC 'pmW u}= QO
sDU}U R= xO=iDU= CQwYQO "ODi=|t j=iD= !optimum QO FC Q=Okt u} QDsm =t=
w CW=O xov C@=F !optimum Q=Okt QO =Q QwDwt QwO u=wD|t 'CVT CQOk p=kDv=

"O=O Q}}eD CVT ltmx@ hrDNt |=yCaQU QO =Q p}O@D C@Uv
R= ẁv u}= "CU= CVT CQOk p=kDv= sDU}U `=wv= R= |m} 1|}xQ@vJ ẁv
2 pmW QO "OQm s}UkD xQ@vJs=tD w xQ@vJ hYv ẁv wO x@ u=wD|t =Q CVT

R= xawtHt 'pmW u}= QO "CU= xOW xO=O u=Wv xQ@vJ s=tD CVT l}D=tW
u=QwO |}=ywR=@ ltmx@ =ylDre u}= xm xOW p}mWD lDre 6 w lU}O 3
CmQL '=ylDre w =ylU}O u}@ T=tD w |OwQw |=ylU}O u=QwO =@ "Ovm|t
pkDvt |HwQN lU}O x@ CmQL ?}DQD u}tyx@ w xOW pkDvt =ylDre x@

"OwW|t

"hrDNt |=yxOvO QO wQOwN CaQU ?ULQ@ QwDwt QwO C=Q}}eD Q=Owtv "1 pmW
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"|R=wtO} Q@}y |wQOwN l}D=tW "4 pmW
Q}O=kt w Q_v OQwt |wQOwN x@ xOW xi=[= |=yCtUk u=wD w xOR=@ Q}O=kt "2 pwOH

[17�15]"|rQDvm sD} Qwor= QO xOW |iQat |=yQDt=Q=B
15 kW PM 200 kJ (EBmax) |QD=@ C}iQ_
�70 �Gen �90 �M
�75 �rb �90 �SR

2 2 kW PEmin �95 �TC
2 m/s VL 0 1 toff
0 9 HSOC 0 1 LSOC

0 75 �rb 0 5 Initial SOC

|Q}oRtQD C=_Lr QO |m} "OwW|t s=Hv= Cr=L wO QO |QD=@ SQ=W sD} Qwor= u}= QO
wQOwN R=}v OQwt u=wD xm |D=_Lr QO |Qo}O w '�hr= Cr=L� ?=} R=@ RtQD ltmx@
s}Ovtxkqa w CU= QDW}@ (VL) |OL R= wQOwN CaQU w CU= PEmin R= QDsm
'R=}v OQwt u=wD =@ u=wD u}= hqDN= w Ovm Q=m OwN |xv}y@ u=wD u} QDsm QO QwDwt
"�? Cr=L� OwW |QD=@ SQ=W hQY �|QwD=QvS Cr=L QO� |m} QDmr= QwDwt ltmx@
VL R= QDsm wQOwN CaQU =} 'toff � PEmax R= QDsm wQOwN R=}v OQwt u=wD Qo =
R= "CU= |m} QDmr= QwDwt w |QD=@ ltmx@ wQOwN u=wD u}t-=D ?wr]t Cr=L 'OW=@
|D=_Lr QO u}vJty "Ovm Q}}eD OwN R=Ht u}}=B w q=@ u=Qm u}@ SOC s}r}=t |iQ]
|iQat sD} Qwor= QO "CU= Vwt=N |k=QDL= w |m} QDmr= QwDwt CU= um =U wQOwN xm
QO w CU= u=wD |rY= |xOvvmu}t-=D |k=QDL= QwDwt 'BCS sD} Qwor= Ovv=t 'xOW
x@ R=}v xm |D=_Lr QO u}=Q@=v@ "O};|t u; ltmx@ |m} QDmr= QwDwt |QwQ[ `k=wt
R=}v OQwt |i=[= u=wD R}v |m} QDmr= QwDwt 'CU= |k=QDL= QwDwt u=wD R= QDW}@ |v=wD
QO uwv=k u}= '|rQDvm CQ=Jwri uOW QDxO}J}B R= |Q}owrH |=Q@ "Ovm|t u}t-=D =Q

"CU= xOWv xO=O u=Wv CQ=Jwri
wQOwN hrDNt |=yCtUk pOt x@ |UQDUO '|rQDvm sD} Qwor= uOQmxO=}B |=Q@
\UwD xOWx�=Q= pOt R= xO=iDU= OQwt CVT xOR=@ u}}aD |=Q@ "CU= |QwQ[
|a@=D CQOk p=kDv= sDU}U u}= xOR=@ 'pOt u}= j@=]t "OwW|t xO=iDU= [14]u}kkLt
�� u; p}O@D C@Uv w |OwQw QwO w Qw=DWo xrtH R= �� |Q=m \}=QW w u; |xUOvy R=

"CU=
|rN=O Tv=OBt= |=Q=O xm CU= Qt}rB uw} � sw}D}r ẁv R= xO=iDU= OQwt |QD=@
Q=Okt x@ xHwD =@ "CU= Ca=UQBt; 10 C}iQ_ w 'Crw 14 8 |t=v S=Drw '15 m


"Ovm|tv |v=OvJ Q}}eD SQ=WO w SQ=W Ov}=Qi pw] QO u; xOR=@ '|QD=@ u}=Tv=OBt= u}}=B
xDiQo Q_v QO �98 Q@=Q@ w C@=F |Q=Okt u; xOR=@ '|QD=@ |=yxO=O uDiQo Q_v QO =@

"OwW|t
w |O} Q@}y |wQOwN |=yCtUk Qo}O u=wD w xOR=@ Q}O=kt 2 pwOH QO
u}= ltmx@ "CU= xOW x�=Q= |rQDvm sD} Qwor= QO xOW |iQat |=yQDt=Q=B Q}O=kt

[12]"QwDwt u=wDhrDNt Q}O=kt |=R= x@ QwDwt QwO?ULQ@ FC Q=Okt Q=Owtv "3 pmW
[12]"Q_v OQwt wQOwN C=YNWt "1 pwOH

1 23 kg/m3 �air 0 013 fr

1300 kg m 0 325 CD

0 3108 m Rd 2 26 m2 A

719 7 kg/m3 �fuel 2 2 kW PEmin

�90 �d 4 529 nd

1 85 nt2 3 46 nt1
0 97 nt4 1 28 nt3

3500 rpm !2 0 74 nt5
4000 rpm !4 4000 rpm !3

4500 rpm !5

xOvO Z} waD s=ovy x@ wQOwN QwDwt QwO !i u}vJty "CU= wQOwN Tm@ Q}o p}O@D
"CU= s=i xOvO x@ i� 1

Q@ QD}r 9 5 Q@=Q@ SC03 |xNQJ |=Q@ xOvR=U \UwD xOW x�=Q= FC Q=Okt
Tm@ Q}o =@ Q_v OQwt wQOwN |=Q@ 'pOt u}= ltmx@ FC Q=Okt "CU= QDtwr}m 100
w CU= �1 Q@=Q@ pOt |=]N [12]"CU= QDtwr}m 100 Q@ QD}r 9 57 Q@=Q@ xDaQUGvB

"CU= pw@k p@=k FC |x@U=Lt pOt 'xH}Dv QO

|R=wtO} Q@}y |wQOwN |rQDvm sD} Qwor= "4
"CU= |R=wtO} Q@}y wQOwN l} x@ Q_v OQwt |wQOwN p}O@D hOy 'CtUk u}= QO

"CU= xOW xO=O u=Wv wQOwN u}= R= |}=tW 4 pmW QO
Tm@ Q}o wO '|k=QDL= QwDwtl} R= Q_v OQwt |wQOwN 'OwW|t xOy=Wt xm u=vJ
p}mWD|rwtat Iqm wO w Qw=DWo |xOvvm`tH 'QwD=QvS/QwDwt '|QD=@ 'xDUw}B w|rwtat
SQ=W Cr=L QO QwD=QvS x@ p}O@D p@=k |m} QDmr= QwDwt 'Q=DN=U u}= QO "CU= xOW

"CU= |QD=@
pQDvm |xDi=} Ow@y@ pOt l} 'wQOwN u}= hrDNt |=yCtUk pQDvm sD} Qwor=
QO "CU= xOW xO=O u=Wv sD} Qwor= u}= CQ=Jwri 5 pmW QO [13]"CU= 2�BSC� x}=B
"EBmax w toff 'LSOC 'HSOC R= Ov=CQ=@a |rQDvm |=yQDt=Q=B 'sD} Qwor= u}=
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"|R=wt O} Q@}y |wQOwN |rQDvm CQ=Jwri "5 pmW

|a@=D |Q}oQ=mx@ xv=oOvJ hOy `@=wD |R=Uxv}y@ |=Q@ pw=ODt |=yVwQ R= |m}
x@ \w@ Qt CqmWt xrtH R= �� hrDNt p}qO x@ xm CU=yv; uwRwt |]N ?}mQD R=
�� |Q=m |=[i hrDNt \=kv QO |vRw ?}=Q[ C=Q}}eD w `@=wD uOQm p=tQv |xwLv
"CU= xOW xO=iDU= PSI VwQ =@ x@=Wt |WwQ R= w xOWv xDiQoQ=m x@ VywSB u}= QO
xOW xDiQo Q_v QO O}k u=wvax@ R=Ht Q=Okt l} |QD=@ C}iQ_ |=Q@ ODt u}= T=U=Q@
TBU "OwW|t pL hOy `@=D u=wvax@ FC uDiQo Q_v QO =@ |R=Uxv}y@ |xr�Ut w
FC |vLvt 'OvwQ u}= Q=QmD =@ w xDi=} V}=Ri= |QD=@ C}iQ_ Q@ xOW p=ta= O}k Q=Okt

[18]"OwW|t sUQ |QD=@ C}iQ_ hrDNt Q}O=kt T=U=Q@ xv}y@
xO=iDU= 3�PSO� |�RH C=Q}}eD |R=Uxv}y@ sD} Qwor= R= |R=Uxv}y@ |=Q@
|x@U=Lt |=Q@ xOW xO=iDU= pOt u=ty p}O@D `@=D 'sD} Qwor= u}= QO [19]"OwW|t
C=Q}}eD OwOL "CU= xQ@vJs=tD CVTTm@ Q}o x@ RyHt |R=wtO} Q@}y |wQOwN FC

C=Q}}eD xR=@ 'pwOH u}= QO "CU= xOW x�=Q= 3 pwOH QO |R=Uxv}y@ |=yQDt=Q=B
"CU= xOW u}}aD xOvR=U |=yxO=O x@ xHwD =@ HSOC w LSOC

[21w20]"|R=Uxv}y@ |=yQDt=Q=B C=Q}}eD OwOL "3 pwOH
VL

toff HSOC LSOC
|QD=@ C}iQ_

(m/s) (kJ)

[12� 2] [0 6� 0 1] [0 9� 0 6] [0 3� 0 1] [500� 5]

|rwtat |xDaQUGvB Tm@ Q}o =@ Q_v OQwt |wQOwN C=YNWt |=R=x@ w sD} Qwor=
100 Q@ QD}r 6 67 Q@=Q@ SC03 |oOvv=Q |xNQJ QO FC Q=Okt '�2 w 1 |=ypwOH�
|O} Q@}y Q}e Cr=L QO Q_v OQwt |wQOwN FC Q=Okt xm |r=L QO "CU= QDtwr}m
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