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|xQ
wO Oqwi |m}v=mt X=wN Q@ C} Qi xv=O xR=Ov= QF= |UQQ@

|D}=v}@ � |D} Qi |R=iwO Q=DN=U =@ AISI 4340
�OWQ= T=vWQ� � Q=}OR}= x@}]

�O=DU=� |t=Qm = Q@m =|ra
h} QW |DavY x=oWv=O 'O=wt sra w |UOvyt |xOmWv=O

=@ uOQmOQU TBU w hrDNt |=y=tO QO |}=tQo C=}rta s=Hv= R= xO=iDU= =@ j}kLD u}= QO
|=yxv=O xR=Ov= =@ C} Qi R= |}=yQ=DN=U 'AISI 4340 Oqwi |wQ Q@ 'Cw=iDt |=yCaQU
hrDNt |=y=tO QO |v=QL@ u}@ |Q=m@=D |}=tQo C=}rta =@ 'xt=O= QO "Ot; CUO x@ hrDNt
C}=v}@ � C} Qi |R=iwO |=yQ=DN=U x@ �nv} QBtDU)=� |D}vDU; CNB R=@ |}=tQo C=}rta w
u; |tHL OYQO w 'ASTM-E 112 OQ=Ov=DU= =@ C} Qi |xv=O xR=Ov= OOa "s}Di=} CUO
u}@ |Q=m@=D |}=tQo C=}rta |=y=tO xD@r= "OW u}}aD 1|Q} wYD R}r=v; VwQ R= xO=iDU= =@

u=Um} ,=@} QkD =yQ=DN=U |xty QO C} Qi R=i |tHL OYQO xm OvOW ?=NDv= u=vJ |v=QL@
�� x@ Q[ w 'VWm '|DNU Q}_v �� |m}v=mt X=wN |=yuwtR; G}=Dv "OW=@ ��34 OwOL�
V}=Ri= s=mLDU= w |DNU 'C} Qi |xv=O xR=Ov= uOWR} Q =@ 'O=wt Qo}O Ovv=ty xm O=O u=Wv
uOWR} Q =@ u}vJty "CU= Q=QkQ@ IB � p=y |x]@=Q s}rUD s=mLDU= w xv=O xR=Ov= u}@ "O@=}|t

"O@=}|t V}=Ri= pm *pw] O=}OR= OYQO w 'Vy=m CN=wvm} *pw] O=}OR= OYQO =yxv=O

tayebehizadyar@alum.sharif.edu
ekrami@sharif.edu "|R=iwO Oqwi '|m}v=mt X=wN 'C} Qi |xv=O xR=Ov= %|O}rm u=oS=w

xtOkt
C=ar=]t [14�10w3]"Ov=xO=O Vy=m =Q C} Qi |xv=O xR=Ov= '=yOqwi ẁv u}= s=mLDU=
s=Hv= C=k}kLD QFm = "OwQ|t V}B R} Q |r}N |=yQ=DN=U CtU x@ xv}tR u}= QO
|D} Qi |=yQ=DN=U QO w 'xOw@ |D} RvDQ=t � |D} Qi |R=iwO |=yOqwi OQwtQO xOW
C} Qi |xv=O xR=Ov= xm u}= x@ xHwD =@ "CU= xOW s=Hv= |mOv= C=k}kLD |D}=v}@ �
j}kLD u}= QO 'CU= |m}v=mt Q=DiQ |xOvvmpQDvm w OQ=O Q}F-=D =y|}=Hx@=v `} RwD QO
|R=iwO Q=DN=U =@ AISI 4340 Oqwi |m}v=mt X=wN Q@ C} Qi |xv=O xR=Ov= QF=

"CU= xOW |UQQ@ C}=v}@ � C} Qi

j}kLD VwQ
p}O@D p@=k xm CU= AISI 4340 Oqwi 'j}kLD u}= QO xO=iDU= OQwt |x}rw= |xO=t
QO w u}}aD |QDtwDv=wm VwQ x@ Oqwi u}= |}=}t}W R}r=v; "CU= |R=iwO |=yOqwi x@

"CU= xOW xOQw; 1 pwOH
wO 'C} Qi Cw=iDt |xv=O xR=Ov= =@ |D}=v}@ � |D} Qi |R=iwO Q=DN=U O=H}= |=Q@
|=y=tO QO |}=tQo C=}rta p=@vOx@ 'pw= |xNQJ QO "OW s=Hv= |}=tQo |xNQJ
hrDNt |xv=O xR=Ov= =@ |}=yQ=DN=U 'Cw=iDt |=yCaQU =@ uOQmOQU w hrDNt
"OW u}}aD ASTM E-112 OQ=Ov=DU= j@] =yu; |xv=O xR=Ov= xm Ot; CUO x@
xOt; 2 pwOH QO C} Qi |xv=O \UwDt Q]k w pw= |}=tQo |xNQJ C=YNWt

"CU=
|=y=tO u}}aD x@ C@Uv 1 \@=wQ R= xO=iDU= =@ =OD@= 'swO |}=tQo |xNQJ R= p@k

�|R=iwO |=yOqwi� =Q C}=v}@� C} Qi =} C} RvDQ=t � C} Qi Q=DN=U |=Q=O |=yOqwi
|R=iwO Q=DN=U [1]"OvDUy q=@ s=mLDU= =@ |R=iwO |=yOqwi xrtHR= xm Ovt=v|t
'CU= C}=v}@ � C} Qi =} C} RvDQ=t � C} Qi |=yR=i R= pmWDt |=yQ=DN=U ,=DQwQ[
"CW=O Oy=wN OwHw =yv; Q=vm QO ,=[a@ R}v xOv=t|k=@ C}vDU; =} C}rQB |tm =t=
"2 &|DQ=QL C=}rta "1 %OvwW|t O}rwD VwQ wO x@ |R=iwO |=yOqwi |rm Qw]x@
VwQ� pw= VwQ R= |R=iwO Oqwi O}rwD |=Q@ 'j}kLD u}= QO [2w1]"sQo OQwv C=}rta
s=mLDU= |q=@ C@Uv Crax@ =yOqwi ẁv u}= "CU= xOW xO=iDU= �|DQ=QL C=}rta
|R=Up}@twD= `}=vY QO '|Q}PBpmW ?wN |=y|oS} w R= |Q=OQwNQ@ R}v w uRw x@
|WWm s=mLDU= QO 'u}= Q@ uwRi= [3]"OvQ=O |O=} R OQ@ Q=m |UOvyt OQ=wt Qo}O w
|Q}PBpmW C}r@=k R= q=@ s=mLDU= =@ |=yOqwi Qo}O x@ C@Uv O=wt ẁv u}= 'u=Um}
w Q=DN=U x@ xDU@=w =yOqwi ẁv u}= |m}v=mt |=yQ=DiQ [3]"OvQ=OQwNQ@ |QDy@ Q=}U@
|=yR=i sHL w xR=Ov= ' ẁv Qo}O CQ=@ax@ [3]"CU= xOW VQ=Ro =yu; |}=}t}W?}mQD

[3]"OvDUy |m}v=mt |=yQ=DiQ |xOvvmpQDvm COWx@ hrDNt
sQi Q}}eD Q@ hrDNt |=yR=i |xv=O xR=Ov= w |tHL QUm Q}F-=D 80 |xyO QO
|UQQ@ u@ Qm OYQO 0 12 ?}mQD =@ |D} RvDQ=t � |D} Qi |R=iwO |=yOqwi |WWm

[4]"CU= xOW
u; *|m}v=mt X=wN Q@ C} Qi |xv=O xR=Ov= Q}F-=D x@ xHwD =@ Oa@ |=yp=U QO
QO QDW}@ V}=Ri= |=Q@ 'Q}N= C=ar=]t QO [9�5]"CU= xOW s=Hv= |QDW}@ C=k}kLD

"1388 7 1 VQ}PB '1388 3 11 |Qw=O '1387 6 3 Ci=} QO %M} Q=D
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m}v=

mt
X

=wN
Q@C

}Qi
xv=O

xR=O
v=QF

=|U
QQ@"��wt� Q_v OQwt Oqwi |}=}t}W R}r=v; "1 pwOH

Fe C Si Mn P S Cr Ni Mo

Base 0 44 0 23 0 7 0 025 0 01 0 9 1 8 0 25

|m}v=mt X=wN |=yuwtR;
|B wmUwQm =tpmWx@ 'xOW|DQ=QLC=}rta|=yxvwtv|DNU %|HvU|DNUuwtR; "1
w xOW xOR nvU CkOx@ =yxvwtv K]U '|HvU|DNU R= p@k xD@r= "OW xO}HvU
x=oDUO R= xO=iDU= =@ TBU "OvOW CN=OQB 1000 w 500 '200 |=yxO=@vU =@

"OW |Q}oxR=Ov= |DNU 'pv} Q@ VwQ x@ sQowr}m 187 5 |wQ}v CLD CQBrw
x}yDASTM-A 370B OQ=Ov=DU= =@ j@=]t VWm |=yxvwtv %VWm uwtR; "2
CaQU =@ w j=D= |=tO QO 1115 pOt uwQDUv}= x=oDUO =@ VWm uwtR; w xOW

"OW s=Hv= �xk}kO Q@ QDt|Dv=U� 0 2
OQ=Ov=DU= =@ j@=]t x@ Q[ |=yxvwtv |x}yD R=TB w|B Q=W VwQ x@ %x@ Q[ uwtR; "3
|=tO QO 'x}v=F Q@ QDt 5 25 CaQU =@ w Avery x=oDUO =@ 'ASTM-A-370

"OW s=Hv= j=D=

EL@ w G}=Dv
|xOvQ}oQ@ QO x}rw= Q=DN=U xm O=O u=Wv |Oqwi |xvwtv |wQ |i=Qowr=Dt |=y|UQQ@
Q=DN=U w uWwQ nvQx@ C} Qi R=i "�1 pmW� CU= C}rQB Q=DN=U w C} Qi R=i

"CU= xOw@ �2 p=D}=v |m =mL pwrLt "CU= xQ}D nvQx@ C}rQB
QO xOWQmP |}=tQo |xNQJ wO s=Hv= R= Oa@ xOt; CUO x@ |=yQ=DN=UR} Q
uWwQ nvQ x@ C} Qi R=i =yQ} wYD u}= QO "CU= xOW x�=Q= 4 w 3 '2 |=ypmW

"Q_v OQwt Oqwi |x}rw= Q=DN=UR} Q "1 pmW

|xk]vt CaUw u}}aD R}v w Q_v OQwt Oqwi Ms |=tO w |v}�=B '|}q=@ |v=QL@
"�3 pwOH� OW s=Ok= |R=iwO

Ac1 = 723� 10 7Mn� 16 9Ni+ 29 7Si+ 16 9Cr+
290As+ 6 38W:

Ac3 = 910� 203 vc� 15 2Ni+ 44 7Si+ 104V+

31 5Mo+ 13 1W:
Ms = 539� 423C � 30 4Mn� 12 1Cr�

17 7Ni� 7 5Mo: (1)

uOQw; CUO x@ |=Q@ "CU= xOt; 4 pwOH QO swO |}=tQo |xNQJ C=YNWt
|xk]vt |=y=tO '�OYQO 34 ,=@} QkD�C} Qi R= u=Um} |tHL OYQO =@ |}=yQ=DN=U
OWQ w |vRxv=wH Ov}=Qi x@ xHwD =@ [15]"CU= xOW ?=NDv= Cw=iDt =yxvwtv QO |R=iwO
QDh} Q_ Q=DN=U xJQy 'C}rQB � C} Qi Q=DN=U R= C} Qi � C}vDU; |R=iwO Q=DN=U
w C}vDU; �66 Q=Okt x@ QDu}}=B |=y=tO QO w OQ}o|t s=Hv= QD`} QU xr=LDU= OW=@

"OUQ|t C} Qi �34

"pw= |}=tQo |xNQJ C=YNWt "2 pwOH
xv=O \UwDt Q]k \}Lt u=tR |xHQO� =tO h}OQ�C} Qi R=i� �uOW OQU� �xk}kO� �O=Qo|Dv=U
QDtuwQm}t 2 5 =wy 60 850 1
QDtuwQm}t 6 xQwm 60 900 2
QDtuwQm}t 13 xQwm 60 1050 3

"|v=QL@ |=y=tO "3 pwOH

|xYNWt |v=QL@ |=tO |v=QL@ |=tO ẁQW |=tO
Oqwi |xHQO� |}q=@ |xHQO� |v}�=B C} RvDQ=t p}mWD

�O=Qo|Dv=U �O=Qo|Dv=U �O=Qo|Dv=U |xHQO�
AISI 4340 768 710 286

"swO |}=tQo |xNQJ C=YNWt "4 pwOH
\}Lt CNB R=@ u=tR |v}vDU= CNB R=@ |=tO CNB R=@ xQwm xk]vt u=tR |R=iwO xk]vt |=tO xv=O \UwDt Q]k h}OQuOW OQU �xk}kO� |D}vDU= �O=Qo|Dv=U xHQO� |D}vDU)= �xk}kO� |R=iwO �O=Qo|Dv=U xHQO� �QDtuwQm}t� C} Qi
=wy 60 350 ltv s=tL 90 720 2 5 1
=wy 60 350 ltv s=tL 90 730 6 2
=wy 60 350 ltv s=tL 90 740 13 3
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|t=
Qm=

Q@m=
|ra

wQ=}
OR}=

x@}] xHQO 350 |=tO QO C}=v}@ p}mWD Crax@ "CU= xQ}D nvQ x@ C}=v}@ Q=DN=U w
"CU= |v}}=B C}=v}@ ẁv R= xOWO=H}= C}=v}@ 'Oqwi Ms |=tO x@ xHwD =@ w O=Qo|Dv=U

|m}v=mt |=yuwtR; G}=Dv
=@ |DNU C=Q}}eD Q=Owtv "CU= xOW x�=Q= 5 pwOH QO |DNU \UwDt Q}O=kt "1
|DNU� CU= xOW xO=O V}=tv 5 pmW QO R}v C} Qi |=yxv=O \UwDt Q]k

"�CU= pv} Q@ 205 x}rw= xO=t
|DNU V}=Ri= x@ QHvt Q=DN=U uOWR} Q xm OyO|t u=Wv |HvU|DNU G}=Dv
'C}=v}@ � C} Qi |xv=ORQt V}=Ri= R= |W=v CU= umtt xO}OB u}= "OwW|t

"OW=@ C} Qi |=yxv=O pN=O QO w =yxv=ORQt QO |}=Hx@=v |r=oJ V}=Ri=
'6 pmW QO Q=DN=UR} Q ẁv xU Qy |=Q@ �|UOvyt� VvQm � VvD |=y|vLvt "2
"CU= xOW xO=O u=Wv 5 pwOH QO =y|vLvt u}= R= pY=L |WWm X=wN w
s}rUD s=mLDU= '|R=iwO Q=DN=U uOWR} Q QF=Q@ xm CiQo xH}Dv u}vJ u=wD|t
xQNq=@ w '|}=yv |WWm s=mLDU= '�VvQm OYQO 0 2 QO |O=OQ=Qk s=mLDU=�
Vy=m CN=wvm} pw] O=}OR= OYQO =t= xDi=} V}=Ri= pm pw] O=}OR= OYQO

"CU= xDi=}
xH}DvQO w OwW|t O=} R C}=v}@ w C} Qi |=yRQt '|R=iwO Q=DN=U uOWR} Q =@
O=} R sm =QD u}vJty "OQ}o|t Q=Qk =yRQt u}=CWB QO =y|}=Hx@=v R=|}q=@|r=oJ
s}rUD ẁkw ?Hwt 'pmW Q}}eD ut[ QO Qo}Om} =@ =yv; OQwNQ@ w =y|}=Hx@=v
C=Q}}eD "OwW|t 's}rUD s=mLDU= V}=Ri= |DQ=@ax@ w [16]'QDq=@ |=yVvD QO
u=Wv 7 pmW QO xv=O \UwDt Q]k swO |xW} Q Twmat =@ s}rUD s=mLDU=
IB � p=y |x]@=Q s}rUD s=mLDU= w =yxv=O \UwDt Q]k u}@ "CU= xOW xO=O

"C} Qi |=yxv=O \UwDt Q]k =@ |DNU C=Q}}eD "5 pmW

"QDtuwQm}t 2 5 |xv=O \UwDt Q]k =} xvwtv Q=DN=UR} Q "2 pmW

"QDtuwQm}t 6 |xv=O \UwDt Q]k =} xvwtv Q=DN=UR} Q "3 pmW

"QDtuwQm}t 13 |xv=O \UwDt Q]k =} xvwtv Q=DN=UR} Q "4 pmW

"Q_v OQwt |R=iwO Oqwi |WWm X=wN G}=Dv "5 pwOH
\UwDt Q]k s}rUD s=mLDU= |WWm s=mLDU= pw] O=}OR= pw] O=}OR= |DNU x@ Q[ s=mLDU=

�m�� C} Qi xv=O �MPa� |O=OQ=Qk �MPa� |}=yv ��� CN=wvm} ��� pm �BH� JK/m2

2 5 620 890 16 6 29 272 940
6 530 814 17 5 28 6 252 5 683
13 500 804 17 2 27 216 462 5
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m}v=

mt
X

=wN
Q@C

}Qi
xv=O

xR=O
v=QF

=|U
QQ@

"hrDNt |=yVvQm QO C} Qi xv=O Q]k =@ |DNUQ=m nvy; C=Q}}eD "8 pmW

"C} Qi xv=O \UwDt Q]k =@ x@ Q[ s=mLDU= C=Q}}eD "9 pmW

*Q@=Q@ ,=D}=yv w OwW|t OwOLt =yxv=O x@ x}rw= lQD |xR=Ov= %x}rw= lQD |xR=Ov= "2
x}rw= lQD |xR=Ov= 'OwW QDR} Q Q=DN=U xJQy u}=Q@=v@ "CU= C} Qi |xv=O |xR=Ov=
[17]"O@=}|t V}=Ri= |otQkJ w 'ODi=|t j} waD x@ CUmW u=tR 'OwW|t QDsm

|Q}oxH}Dv
|Ov@xv=O w C} Qi �34 =@ C}=v}@ � C} Qi |R=iwO Q=DN=U '|DQ=QL C=}rta s=Hv= =@

%OyO|t u=Wv |m}v=mt |=yV}=tR; G}=Dv "OW O=H}= Cw=iDt
"Ot=Hv=|t |R=iwO Oqwi |DNU V}=Ri= x@ 'C} Qi |xv=O xR=Ov= QO Vy=m �

w s}rUD s=mLDU= QO V}=Ri= ?Hwt '|R=iwO Oqwi C} Qi |xv=O xR=Ov= QO Vy=m �
s=mLDU= w C} Qi |xv=O xR=Ov= u}@ xm |Qw]x@ 'OwW|t |}=yv |WWm s=mLDU=

"CU= Q=QkQ@ IB � p=y |x]@=Q s}rUD
w |DNUQ=m nvy; V}=Ri= Ea=@ '|R=iwO Oqwi C} Qi |xv=O xR=Ov= QO Vy=m �
pm pw] O=}OR= OYQO V}=Ri= w CN=wvm} pw] O=}OR= OYQO Vy=m xH}DvQO

"CU= xOW
OL =D =Q =yxvwtv |x@ Q[ s=mLDU= '|R=iwO Oqwi C} Qi |xv=O xR=Ov= QO Vy=m �
|O=} R u=R}t x@ CUmW |otQkJ Cio u=wD|t |DQ=@ax@ 'xO=O V}=Ri= |O=} R

"CU= xDi=} Ow@y@

"CU= Q=QkQ@ 2 |x]@=Q j}kLD OQwt |R=iwO Oqwi QO w 'CU= Q=QkQ@
�y = 465 + 344 827 d�0 5 (2)

C=Q}}eD|vLvt '|R=iwO Q=DN=U uOWR} Q =@|DNUQ=mnvy; C=Q}}eD|UQQ@ |=Q@
|=yxv=O xR=Ov= QO �" = 0 08; 0 09; 0 1� XNWt |=yVvQm |=R=x@ u;
l} QO xm OyO|t u=Wv Q=Owtv u}= "CU= xOW xO=O u=Wv 8 pmW QO 'Cw=iDt
"CU= xDi=} V}=Ri= |DNUQ=m nvy; '|R=iwO Q=DN=U uOWR} Q =@ u}at VvQm
V}=Ri= =@ xm |Qw]x@ 'OQ=O OwHw |}x]@=Q uOW|} wro w |DNUQ=m nvy; u}@
�QDq=@ |}=yv |WWm s=mLDU=� QDq=@ |=yVvD QO uOW|} wro '|DNUQ=m nvy;
|}=yv |WWm s=mLDU= '|R=iwO Q=DN=U uOWR} Q =@ u}=Q@=v@ [16]"OyO|t MQ

"CU= xDi=} V}=Ri=
|=yxv=O\UwDt Q]k =@ x@ Q[ s=mLDU= C=Q}}eD w 5 pwOH QO x@ Q[ uwtR; G}=Dv "3

"CU= xOW xO=O u=Wv 9 pmW QO C} Qi
xm O};|tQ@ u}vJ 9 pmW |xOy=Wt R}v w 5 pwOH QO xOW xO=O C=aq]= R=
=Q Q=DiQ u}= Cra &CU= xDi=} V}=Ri= COWx@ x@ Q[ s=mLDU= 'Q=DN=U uOWR} Q =@

%OQm wHwCUH OQwt wO QO u=wD|t
=yxv=ORQt u}= w OwW|t =yxv=ORQt V}=Ri= Ea=@ xm Q=DN=U uOWR} Q %=yxv=ORQt "1

"CU= |QDq=@ |SQv= x@ R=}v lQD OWQ |=Q@ w xOQm |Q}owrH lQD |xa=W= R=

"�|UOvyt� VvQm � VvD |=y|vLvt "6 pmW

"1/
p

d =@ s}rUD s=mLDU= C=Q}}eD "7 pmW
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|t=
Qm=

Q@m=
|ra

wQ=}
OR}=

x@}] CWwv=B
1. leica microsystems image solutions, 2000, version 3.

`@=vt
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2. Speich, G.R., Fundamentals of Dual-Phase Steels, The
Metallurgical Society of AIME, pp. 43-45 (1981).
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