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|Dtw=kt |Q=mWwH R= |W=v Ov=tUB VvD Q@
sw}v}twr; |=yjQw |}x]kv

�Q=}Wv=O� �|k}OY OtLt
�|QDmO |wHWv=O� |Q=Wi= Ow=O

�OWQ= |U=vWQ� |wHWv=O� |Q_v O=WQi
u=Q}= CavY w sra x=oWv=O 'l}v�t |UOvyt xOmWv=O

|W=v Ov=tUB |=yVvD Q@ u; p=ta= u=tR w OwQDmr= |wQ}v QF= |UQQ@ VywSB u}= R= hOy
l} R= xar=]t u}= QO "CU= sw}v}twr; 6061-T6 S=}r; |}x]kv |Dtw=kt |Q=mWwH R=

|=Q@ |QwLt uQ=kD =@ |Oa@ wO |DQ=QL � |m} QDmr= � |m}v=mt OwOLt u=tr= pOt
G}=Dv "CU= xOW xO=iDU= Ov=tUB |=yVvD w VwH |xtmO |xR=Ov= '=tO `} RwD |v}@V}B

R= xO=iDU= =@ =yv; QO Ov=tUB |=yVvD xm |rta |=yV}=tR; =@ |R=Ux}@W R= xOt; CUO x@
Q=Okt u} QDq=@ OyO|t u=Wv C=ar=]t "CU= xOW xU}=kt 'xOW |Q}oxR=Ov= x |xaW= jQiD

QO w OyO|t MQ VwH |xtmO RmQt w =yjQw lQDWt pYi QO |WWm Ov=tUB VvD
=@ xm CU= u; Qou=Wv xrY=L G}=Dv "Ov@=}|t Vy=m =yVvD Q=Okt VwH `=aW |=DU=Q
u=tR Q}F-=D =t= Ov@=}|t V}=Ri= Ov=tUB |=yVvD u; p=ta= u=tR w OwQDmr= |wQ}v V}=Ri=

"CU= wQ}v Q=Okt R= QDW}@ Ov=tUB |=yVvD Q@ wQ}v p=ta=

sedighi@iust.ac.ir
dafshari@iust.ac.ir
f nazari@mecheng.iust.ac.ir

'OwOLt u=tr= pOt 'Ov=tUB VvD '|}x]kv |Dtw=kt |Q=mWwH %|O}rm u=oS=w
"wQ}v p=ta= u=tR 'OwQDmr= |wQ}v

xtOkt "1
p}rOx@ =yVwQ u}= R= xO=iDU= [3]"OwW|t s}UkD ?QNt Q}e w ?QNtxt}v '?QNt
|@=}CUO '=Pr w CU= OwOLt Q=}U@ uOw@ Q@xv} Ry w q=@ CQ=yt x@ R=}v 'uOw@ Q@u=tR
"CU= C}ty= R�=L Ov=tUB |=yVvD |v}@V}B Qw_vtx@ OwOLt u=tr= pOt l} x@
|=yjQw |wQ |}x]kv |Dtw=kt |Q=mWwH Ov}=Qi QO Ov=tUB VvD |UQQ@
Q=Okt u} QDW}@ xm O=O u=Wv [4]Tm}= |xaW= jQiD R= xO=iDU= =@ �1990� |Oqwi
|=yRQt CtU x@ CmQL =@ w OwW|t O=H}= VwH RmQt QO |WWm Ov=tUB VvD
OwOLt u=tr= pOt l} R= xO=iDU= =@ "O@=}|t Vy=m =yVvD Q=Okt VwH |xtmO
xm OW xO=O u=Wv [5]sw}v}twr; jQw |UQQ@ |=Q@ |m}v=mt � |m} QDmr= � |DQ=QL
u}= |HvUQ=@Da= |=Q@ &OwW|tv x_Lqt |v=OvJ VvD jQw sm Ct=N[ p}rOx@
l} R= xO=iDU= =@ u}kkLt Qo}O |wU R= "OW xO=iDU= VwH |xtmO xR=Ov= R= pOt
=OD@= [6]'sw}v}twr; QO Ov=tUB VvD `} RwD |R=UpOt |=Q@ |m}v=mtwtQDwQDmr= pOt
|HvUQ=@Da= |=Q@ w OvOQm x@U=Lt xa]k pN=O QO =Q Ov=tUB VvD TBU w =tQo
jQw R= xO=iDU= |HvUu=mt= |UQQ@ =@ u}vJty "OvOQm xO=iDU= VwH |xtmO R=
=@ u=wD|t xm OW xO=O u=Wv [7]sw}v}twr; |}x]kv |Dtw=kt |Q=mWwH QO u=@}DWB
u=} QH R= xO=iDU= =@ q=@ s=mLDU= =@ QDnQR@ VwH |xtmO x@ VwQ u}= |Q}oQ=m x@
Q@ |Q=mWwH |=yQDt=Q=B Q}F-=D |UQQ@ R= pY=L G}=Dv "Ci=} CUO u}}=B |Q=mWwH
|Q=mWwH u=tR w u=} QH V}=Ri= =@ xm O=O u=Wv [8]u; s=mLDU= w VwH |xtmO

w |R=Up}@twD= Ovv=t hrDNt `}=vY QO u}}=B |r=oJ =@ O=wt R= xO=iDU= xRwQt=
xO}t=Hv= sw}v}twr; |=yS=}r; OQ@ Q=m V}=Ri= x@ w xOQm =O}B C}ty= Q=}U@ |}=wy `}=vY
CaQU xmCU= S=Dvwt OQ@ Q=mQB |=yVwQ R= |m} |}x]kv |Dtw=kt |Q=mWwH "CU=
xw@v= O}rwD =@ `}=vY QO p}rO u}tyx@ w OQ=O uw}U=twD= |=Q@ |@ wN p}Uv=DB w q=@

"OQ=O |v=w=Qi OQ@ Q=m =[i=wy w |R=UwQOwN XwYNx@
w |rN=O Ctw=kt p}rOx@ q=@ COW =@ |m} QDmr= u=} QH Qw@a QF= Q@ VwQ u}= QO
TB 'u=tRty Q=Wi p=ta= QF= QO w xOW ?wP |a[wt CQwY x@ Rri '=yjQw |U=tD
[1]"OQ}o|t pmW VwH |xtmO w xDiQo CQwY p=YD= 'uOW OQU w u=} QH `]k R=
|xOwOLt w CU= Cw=iDt VwH |xtmO Q]k hrDNt |=yCt=N[ =@ |=yjQw QO
|xH}Dv QO [2]"CU= xOW |@=} RQ= �jQw Ct=N[ t� 5pt w 4pt u}@ u; ut}=
QO Ov=tUB VvD |Q=Okt uOW OQU R= TB 'xa]k QO |a[wt ?wP w wQ}v p=ta=
Ovv=wD|t xm OvQ=O C}ty= |wQ u; R= Ov=tUB |=yVvD "OwW|t O=H}= VwH |x}L=v
QO lQD O=H}= w |oDUN Qta Vy=m ?@U w xO=O V}=Ri= =Q xa]k |xv}W}@ VvD
VwQ xDUO xU QO |rm Qw]x@ Ov=tUB VvD |Q}oxR=Ov= |=yVwQ "OvwW C=a]k

pw�Ut xOvU} wv �
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"""u
;p=

ta=
u=tR

wOw
QDmr

=|
wQ}v

QF=|
UQQ

@"sw}v}twr; 6061-T6 S=}r; |m}v=mt X=wN w |S=}r; QY=va "1 pwOH
s}rUD s=mLDU= |WWm s=mLDU= |DNU Cr Cu Fe Mg Mn Si Al

Mpa Mpa Vickers �Wt. �Wt. �Wt. �Wt. �Wt. �Wt. �Wt.

276 0 310 0 107 0 0 1 0 2 0 5 1 0 0 1 0 6 97 0

[14]"sw}v}twr; 6061-T6 S=}r; |m} R}i X=wN "2 pwOH
|r=oJ xS}w |=tQo |DQ=QL |}=v=UQ |DQ=QL \=U@v= ?} Q[ =tO

(kg/m3) (J/kg K) (W/m K) (C�1 � 10�6) (C)

2700

917 162 22 4 0
978 177 24 61 93
1028 192 26 6 201
1078 207 27 6 316
1133 223 29 6 428
1230 253 34 2 571

[15]"sw}v}twr; 6061-T6 S=}r; |m}v=mt X=wN "3 pwOH
?} Q[ nv=} pwOt s}rUD VvD =tO
uU=wB (GPa) (MPa) (C)

0 33

69 7 275 25
61 240 177
54 165 260
47 90 315
38 55 370

16 7 32 400

"wQ}v |UQQ@ |=Q@ xOW ?=NDv= |=yQDt=Q=B "4 pwOH
(Cycle) wQ}v u=tR wQ}v (Cycle) wQ}v u=tR wQ}v
(1Cycle=0 02S) (N) (1Cycle=0 02S) (N)

3 4033 7 3 3600 1
4 4033 8 3 4033 2
5 4033 9 3 4500 3
6 4033 10 3 5000 4
7 4033 11 3 5500 5
8 4033 12 3 6000 6

|xvwtv =@ G}=Dv |xU}=kt R= TB "CU= xOW V}=tR; xvwtv xU R= |Q}ou}ov=}t
=@ =yV}=tR; |L=Q] |=Q@ '|R=Ux}@W G}=Dv CLY R= u=v}t]= w xOW |R=Ux}@W
sw}v}twr; jQw |=Q@ u; p=ta= u=tR w wQ}v Q=Okt R=Ht OL AWS OQ=Ov=DU= x@ O=vDU=
|=yVvD C=Q}}eD OvwQ QDy@ V}=tv |=Q@ xm OW u}}aD 2 mm Ct=N[ =@ 6061
QO =yV}=tR; |t=tD "OW xO=iDU= R}v R=Ht xR=@ R= QDW}@ w QDsm Q}O=kt R= 'Ov=tUB
0 08� xNQJ 4 u=} QH p=ta= u=tR w 50 Hz Tv=mQi =@ 36 KA u=} QH COW
uOW =tOty R= =D OW xDiQo Q_v QO x}v=F 250 |Q=mlvN u=tR w xOW s=Hv= �x}v=F
"OwW pY=L u=v}t]= C=a]k QO Ov=tUB |=yVvD C}@FD w \}Lt |=tO =@ xa]k

"CU= xOt; 4 pwOH QO V}=tR; Qy |=yQDt=Q=B KQW

x@ |rN=O Cr=L R= CUmW ẁv w xDi=} V}=Ri= u; s=mLDU= w VwH |xtmO Q]k
|}x]kv |Dtw=kt |Q=mWwH QO Ov=tUB |=yVvD |xar=]t "Ovm|t Q}}eD |HQ=N
R= |Oa@xU pOt l} s}UQD QO =Q u}kkLt [10w9]|vwQDwv |xaW= jQiD R= xO=iDU= =@
Qta XwYNQO Qo}O |WywSB QO =yv; "Ov=UQ |Q=} sw}v}twr; jQw QO Ov=tUB VvD
|Q=}U@ Q}F-=D |Q=mWwH |=yQDt=Q=B xm OvDi=} QO 6061-T6 sw}v}twr; jQw |oDUN
"Ovvm|t =i}= |}x]kv |Dtw=kt |Q=mWwH QO |oDUN CUmW |=ypOt w Qta Q@
COW V}=Ri= =@ xm O=O u=Wv 2 mm Ct=N[ =@ sw}v}twr; jQw |UQQ@
Vy=m Ov=tUB VvD xv}W}@ w xDi=} V}=Ri= CUmW Q=@ |Q=mWwH u=tR w u=} QH
w |DNU u} QDsm |Q=mWwH R= TB xDiQopmW Q=DN=UR} Q T=U=Q@ [12w11]"O@=}|t
|xtmO `=aW |=DU=Q QO xm OyO|t MQ VwH |xtmO RmQt QO |WWmVvD u} QDW}@

"O@=}|t Vy=m Ov=tUB |=yVvD w V}=Ri= |DNU VwH
syt |=yQDt=Q=B R= u; p=ta= u=tR COt w OwQDmr= |wQ}v Q=Okt xm u}= x@ xHwD =@
|=y|UQQ@ QO uwvm =D xm OQm xOy=Wt u=wD|t CU= |}x]kv |Dtw=kt |Q=mWwH QO
xO=iDU= =@ xar=]t u}= QO "Ov=xOWv |UQQ@ =yQDt=Q=B u}= sw}v}twr; |wQ xOW s=Hv=
Q}F-=D 'ANSYS 12 1 Q=Ri= sQv QO |m}v=mt � |DQ=QL � |m} QDmr= pOt l} R=
sw}v}twr; jQw |wQ Ov=tUB |=yVvD Q@ u; p=ta= u=tR COt w OwQDmr= wQ}v |=yQDt=Q=B

"CU= xOW |UQQ@ 2 mm Ct=N[ =@ 6061-T6

V}=tR; \}=QW "2
6061-T6 sw}v}twr; jQw R= |}=yxvwtv 'Ov=tUB |=yVvD Q@ wQ}v Q}F-=D |UQQ@ |=Q@
CU= xDiQo Q=Qk xO=iDU= OQwt 100� 25� 2 mm O=a@= w 2 mm Ct=N[ =@
u}= |m}v=mt w |m} R}i X=wN w |S=}r; QY=va x@ \w@ Qt C=aq]= "�1 pmW�

"CU= xOt; 3 =D 1 pw=OH QO S=}r;
w xOw@ PMP11DGS pOt NIMAK xO=iDU= OQwt |Q=mWwH x=oDUO
"CU= xOW |L=Q] [13] AWS \UwD |O=yvW}B |=yQDt=Q=B T=U=Q@ V}=tR;
COW =@ V}=tR; w xOW R}tD ,qt=m xO=@vU Pe=m R= xO=iDU= =@ =yxvwtv K]U =OD@=
=@ |}=yxvwtv |wQ 4033 N |wQ}v w �x}v=F 0 08� xNQJ 4 QO 36 KA u=} QH
VwH |xtmO |xR=Ov= "CU= xOW Q=QmD xvwtv 3 |wQ w 's=Hv= 2 mm Ct=N[
Tm}= |xaW= jQiD VwQ R= xO=iDU= =@ TBU w '|Q}oxR=Ov= |i=Qowr=Dt |xr}Uwx@
T=U=Q@ xOWVQ=Ro Ov=tUB |=yVvD |xR=Ov= "CU= xOW|UQQ@ u; Ov=tUB |=yVvD

"V}=tR; |xvwtv O=a@= "1 pmW
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C}akwt w|DQ=QL w|m} QDmr= '|m}v=mt |=y\}Lt Q@ sm =L |RQt\}=QW "3 pmW
"|UQQ@ OQwt \=kv

|v=tR |=yxR=@ QO OwOLt u=tr= pOt pL "CU= Q=QmD |xNQJ |=Q=O R}v OwOLt
"CU= xOW s=Hv= xrLQt Qy QO R=}v OQwt CkO w =y|oS} w x@ xHwD =@ hrDNt
QO 'x}v=F 0 001 pO=at |m} QDmr= u=} QH p=ta= |xrLQt QO |v=UQ RwQx@ u=tR
=OH w |Q=OQ@ Q=@ u=tR QO 'x}v=F 0 001 pO=at wQ}v p=ta= w u=} QH `]k |xrLQt
Qy &CU= x}v=F 1 pO=at |Q=mlvN u=tR QO w 'x}v=F 0 01 pO=at =yOwQDmr= uOW
T=U=Q@ =yxNQJ pm O=OaD "OwW|t s}UkD QDlJwm |xkrLQ} R 10 x@ OwN xkrL
w |v=UQRwQx@ xrLQt 717 pt=W \UwDt Qw]x@ xm CU= Cw=iDt pL |=yQDt=Q=B

"CU= pL xkrLQ} R 7170
"CU= |}xv=wDU= C=YDNt QO w |Oa@ wO 'pOt u}= QO xOW xO=iDU= CqO=at
'|a=aW |xrY=i r u; QO xm CU= |m} QDmr= p}Uv=DB Q@ sm =L |xrO=at 1 |x]@=Q
pL "CU= |m} QDmr= C}=Oy � w '|}xv=wDU= x=oDUO QwLt |=DU=Q QO xrY=i z

"CU= pOt QO ' |m} QDmr= p}Uv=DB `} RwD Qou=Wv xrO=at
@
@r

�
� @'
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�
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r
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@z

�
@'
@z

�
= 0 (1)

|m} QDmr= u=} QH C=Q}}eD |xH}Dv QO =tO |m}t=v}O |UQQ@ pt=W |DQ=QL pOt
\UwD w CU= CiQty w |}=v=UQ j} Q] R= CQ=QL p=kDv= w pOt QO =tQo O}rwD w

%CU= xOW u=}@ 3 w 2 |=yxrO=at
q = '2t

R
(2)

@
@r

�
k @T
@r

�
+ k
r

�
@T
@r

�
+ @
@z

�
@T
@z

�
+ q = �c@T

@t
(3)

'|r=oJ � 'xO=t Ctw=kt R '|m} QDmr= p}Uv=DB QF= QO xOW O}rwD CQ=QL q u; QO xm
\@=wQ u}= QO "OvDUy =tO x@ xDU@=w xm CU= |DQ=QL C}=Oy k w |}=tQo C}iQ_ C
|xrO=at R= R}v VvQm w VvD |x@U=Lt |=Q@ "Ovvm|t u=}@ =Q u=tR t w =tO `} RwD T
Q=OQ@ � '|DNU T} QD=tH u; QO w CU= |U} QD=t |x]@=Q l} xm xOW xO=iDU= 4

"Ovvm|t |iQat =Q wQ}v Q=OQ@ f w |}=Hx@=H
H:�+ f = 0 (4)

Ov}=Qi Q@ sm =L CqO=at w |RQt \}=QW "3
� |m} QDmr= CQwYx@ xOW pB wm '|QwLt uQ=kDt |Oa@ wO pOt R= VywSB u}= QO
|xR=Ov= '|DQ=QL |xJN} Q=D Ov=wD|t xm CU= xOW xO=iDU= |m}v=mt � |DQ=QL
QO pOt u}= OQmrta |wor= "Ovm |R=Ux}@W =Q Ov=tUB |=yVvD w VwH |xtmO

"CU= xOW u=}@ l}D=tW CQwYx@ 2 pmW
|m} QDmr= u=} QH TBU w xOW p=ta= =yOwQDmr= x@ |Q=Wi |wQ}v Q=m |=OD@= QO
QiY |m} QDmr= S=Drw "OwW|t Q=QkQ@ q=@ OwQDmr= QO 50 Hz Tv=mQi =@ |Uwv}U
p=kDv= QO jQw w =yOwQDmr= |@v=H \}Lt "CU= xOW xO=O C@Uv u}}=B OwQDmr= x@
lvN |=Q@ xHQO 25 |=tO =@ ?; u=} QH R= w OvDUy xHQO 20 |=wy =@ CQ=QL
'|m}v=mt |=y\}Lt Q@ sm =L |RQt \}=QW "CU= xOW xO=iDU= =yOwQDmr= uOQm

"CU= xOW u=}@ 3 pmW QO pt=m Qw]x@ |DQ=QL w |m} QDmr=
QO w 'PLANE42 u=tr= R= 'OwOLt u=tr= pOt |m}v=mt p}rLD CtUk QO
xOW xO=iDU= CONTA171 w TARGE169 |=yu=tr= R= T=tD Kw]U h} QaD
u=tr= pOt QO xO=iDU= OQwt sD} Qwor= 'OwW|t xOy=Wt 2 pmW QO xm u=vJ "CU=

"pOt pL sD} Qwor= Q=Owtv "2 pmW
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"""u
;p=

ta=
u=tR

wOw
QDmr
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wQ}v

QF=|
UQQ

@

"|i=Qowr=Dt|xvwtv =@ xOW|R=Ux}@WVwH |xtmO pmW w xR=Ov= |xU}=kt "4 pmW

"Ov=tUB VvD QO |UQQ@ OQwt \=kv C=YDNt "5 pmW
"|@ QHD V}=tR; w OwOLt u=tr= pOt QO VwH |xtmO |xU}=kt "5 pwOH
=]N OYQO |@ QHD |R=Ux}@W

6 3 5 7 6 06 (mm) VwH |xtmO Q]k
3 4 2 03 2 1 (mm) VwH |xtmO `=iDQ=

"|@ QHD V}=tR; w OwOLt u=tr= pOt QO Ov=tUB |=yVvD |xU}=kt "6 pwOH
=]N OYQO |@ QHD |R=Ux}@W

6 7 38 4 41 0 (MPa) A |x]kv
11 8 77 8 87 0 VwH RmQt R= |QDt|r}t 2 xrY=i

G}=Dv "5
V}=Ri= QF=Q@ u; Qw=Ht j]=vt w VwH |xJ[wL 'u=} QH p=ta= |x}rw= pL=Qt QO
R= Ov=xDW=Ov |O=} R |=tO V}=Ri= xm jQw Qo}O j]=vt =t= OvQ=O \=U@v= x@ p}=tD =tO
|Q=mWwH |x}L=v QO |Q=Wi VvD O=H}= ?Hwt xH}DvQO w xOQm Cav=tt \=U@v=
V}=Ri= =Q VvD u}= w OwW|t Cra Q@ O} Rt R}v OwQDmr= |Q=Wi |wQ}v "OvwW|t
Ea=@ w xOW TmaQ@ Ov}=Qi u}= 'VwH |xtmO uOW OQU w u=} QH `]k =@ "OyO|t
jQw K]U w Qw=Ht |L=wv QO w |WWm |=yVvD VwH |x}L=v QO xm OwW|t
xm 2 w 1 \=kv |=Q@ xOW u=}@ C=L}[wD 6 pmW QO "OwW O=H}= |Q=Wi |=yVvD

"CU= xOW xO=O V}=tv 'Ov=xOW XNWt 3 pmW QO
RmQt R= uOW QwO =@ xm OyO|t MQ VwH |xtmO RmQt QO Ov=tUB VvD u} QDW}@
uDiQo xrY=i =@ "OQ=O s}kDUt |x]@=Q CQ=QL O}rwD MQv =@ w O@=}|t Vy=m xtmO
s=ovy QO OwW|t Ea=@ xm O@=}|t Vy=m CQ=QL O}rwD MQv VwH |xtmO RmQt R=

"�7 pmW� OwW O}rwD |QDsm Ov=tUB |=yVvD R}v uOW OQU
wO Qy Q=@ p=ta= u=tR w wQ}v V}=Ri= OwW|t xOy=Wt 8 pmW QO xm u=vJ

h} QaD 5 |x]@=Q R= xO=iDU= =@ T=tD QO Kw]U u}@ Vv=UQ VwQ x@ =tQo p=kDv=
|}=v=UQ ?} Q[ TCC 'T=tD QO Kw]U u}@ xOWpkDvt |=tQo q u; QO xm xOW

"Ov=T=tD QO Kw]U \=kv |=tO Tc w Tt w '|DQ=QL
q = TCC � (Tt � Tc) (5)

xm CU= xOW xO=iDU= 6 |x]@=Q R= (TCC) |DQ=QL |}=v=UQ ?} Q[ h} QaD |=Q@
'T=tD Kw]U C}i}m � '=y|Q=wty=v ?}W m 'Kw]U |DQ=QL |}=v=UQ ks u; QO

[16]"CU= pO=at u=UWm pwOt E0 w 'K]U Q@ OQ=w Q=Wi P

TCC = �hc
mks

= 1 54
 p2P
mE0

!0 94
(6)

xOW h} QaD 7 |x]@=Q R= xO=iDU= =@ T=tD QO K]U wO |=Q@ |m} QDmr= X=wN
w '|m} QDmr= |}=v=UQ ?} Q[ ECC '|m} QDmr= u=} QH |r=oJ J u; QO xm CU=

"Ov=T=tD QO Kw]U \=kv QO |m} QDmr= p}Uv=DB Vc w Vt
J = ECC � (Vt � Vc) (7)

Ctw=kt � w R =yv; QO xm xOW xO=iDU= 9 w 8 \@=wQ R= ECC h} QaD |=Q@
s}rUD VvD �y;ave w T=tD |x}L=v CL=Ut Ac '=yu=tr= pw] l '|m} QDmr=

[17]"CU= u}ov=}t
R (T ) = � (T ) l

Ac
= R

�
200C

�s �y;ave (T 0C)
�y;ave (200C)

(8)

ECC = 1
R (T 0C)

(9)

CqO=at u}= QO xm xOW h} QaD 10 |x]@=Q R= xO=iDU= =@ |Uwv}U u=} QH u}vJty
u=tR t w �Hz� RDQy ?UL Q@ Tv=mQi f 'QBt; ?UL Q@ u=} QH xv}W}@ Q=Okt Im

"CU= x}v=F ?UL Q@
I = Imsin (2�ft) (10)

pOt |HvUQ=@Da= "4
G}=Dv =@ pOt u}= R= xOW G=QNDU= G}=Dv 'OwOLt u=tr= pOt |HvUQ=@Da= CyH
xrLQt wO QO |HvUQ=@Da= "Ov=xOW xU}=kt |y=oW=tR; |=yCUD R= xOt; CUO@
CUO x@ G}=Dv TBU w xOW xU}=kt VwH |xtmO |xR=Ov= =OD@= "CU= xDiQo s=Hv=
VwH |xtmO Q]k u}}aD |=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt Ov=tUB |=yVvD R= xOt;
'=]N OwHw p}qO R= |m} "CU= xOW |Q}oxR=Ov= xtmO w xOW |i=Qowr=Dt =yxvwtv
|=Q@ xO=iDU= OQwt \@=wQ u}vJty &CU=tO x@ xDU@=w |m} R}i X=wN Q}F-=D u=ty
QO =Q |}=y=]N T=tD Kw]U |DQ=QL w |m} QDmr= |}=v=UQ w =yCtw=kt |x@U=Lt
|xtmO |UOvy |xU}=kt 4 pmW "CU= xOw@ Q}PB=v ?=vDH= xm Ov=xOQm OQ=w pOt
QO u; G}=Dv xm OyO|t u=Wv =Q xOW |i=Qowr=Dt |xvwtv w xOW |R=U x}@W VwH

"CU= xOW u=}@ 5 pwOH
XRD3000PTS pOt SEIFERT x=oDUO R= Ov=tUB |=yVvD|UQQ@ |=Q@
QO 5 pmW j@=]t =yxvwtv K]U R= x]kv 3 xm CQwY u}= x@ 'CU= xOW xO=iDU=
QO TBU w CU= xOW |Q}oxR=Ov= j]=vt u}= QO VvD w xOW ?=NDv= VwH xk]vt
[18]"CU= xOW s=Hv= |Q}ou}ov=}t '=yxvwtv R= xOt; CUO x@ |=yVvD u}@ x]kv Qy
6 pwOH QO |y=oW}=tR; |=yxvwtv w OwOLt u=tr= pOt |xU}=kt R= pY=L G}=Dv

"CU= xOt;
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"""w
|Q=

Wi=
Ow=O

'|k
}OY

OtL
t

"VwH |xtmO Q=DN=U R} Q "9 pmW

wQ}v V}=Ri= �xNQJ 3� C@=F |wQ}v p=ta= u=tR QO "CU= xOw@ 316 MPa Q@=Q@
R= TB =t= OwW|t |Q=Wi VvD V}=Ri= Ea=@ =OD@= 'uwDw}v 6000 =D 4033 R=
xrLQt u}= QO u}vJty "O@=}|t Vy=m |Q=Wi |=yVvD R= |O=} R VN@ '|Q=OQ@ Q=@
CU= sm CQ=QL p=kDv= MQv OvwW|t lvN =wy =@ T=tD j} Q] R= \ki =yjQw uwJ
VvD Q=Okt u} QDW}@ p}rO u}tyx@ "OvwW p}OaD =yVvD R= |WN@ OwW|t Ea=@ xm
R= xm xOw@ 296 MPa Q@=Q@ xNQJ 3 |Q=Oxov u=tR w 6000 N |wQ}v QO Ov=tUB
�316 MPa� xNQJ 8 |Q=Oxov u=tR w 4033 N |wQ}v =@ Ov=tUB VvD xv}W}@

"CU= QDsm
s=Hv= VwH |xtmO |wQ GQwi C=}rta |awv wQ}vV}=Ri= =@ |Q=DN=UR} Q Q_v R=
s=mLDU= xH}DvQO w O@=} Vy=m VwH QO ?w}a w =yxQiL OwW|t Ea=@ xm OwW|t
V}=Ri= Ea=@ Ov=wD|t xv}y@ OL =D wQ}v V}=Ri= TB [19]"O@=} V}=Ri= VwH |xtmO
OwW|t ?@U wQ}v p=ta= u=tR V}=Ri= 9 pmW x@ xHwD =@ =t= 'OwW VwH C}i}m
VwH |xtmO QO |vwDU |D} QOvO |=yQ=DN=U CaUw uOW OQU CaQU V}=Ri =@

"O@=}|t Vy=m VwH |xtmO QO VvD RmQtD w s=mLDU= xH}Dv QO w O@=} V}=Ri=

|Q}oxH}Dv "6
R= |W=v Ov=tUB |=yVvD Q@ u; p=ta= u=tR w OwQDmr= |wQ}v QF= xar=]t u}= QO
"CiQo Q=Qk |UQQ@ OQwt sw}v}twr; 6061-T6 S=}r; |}x]kv |Dtw=kt |Q=mWwH
|v}@V}B |=Q@ |DQ=QL � |m} QDmr= � |m}v=mt OwOLt u=tr= pOt l} R= Qw_vtu}O@
jQiD VwQ w |}x]kv |Dtw=kt |Q=mWwH pL=Qt |] Ov=tUB |=yVvD w =tO `} RwD

"jQw K]U w RmQt QO VvD C=Q}}eD OvwQ "6 pmW

`=aW |=DU=Q QO jQw wO lQDWt K]U QO Ov=tUB VvD C=Q}}eD OvwQ "7 pmW
"VwH |xtmO

p=ta= u=tR w OwQDmr= |wQ}v V}=Ri= |xH}DvQO Ov=tUB |=yVvD C=Q}}eD "8 pmW
"u;

|QDW}@ Q}F-=D wQ}v p=ta= u=tR V}=Ri= =t= OvwW|t Ov=tUB |=yVvD V}=Ri= Ea=@
p=ta= u=tR V}=Ri= =@ �4033 N� C@=F |wQ}v QO "OQ=O Ov=tUB |=yVvD V}=Ri= QO
OvDUy T=tD QO |QDW}@ COt jQw =@ |Ut |=yOwQDmr= uwJ 'xQwO 8 =D 3 R= wQ}v
|xr}Uwx@ uwQO R= =yOwQDmr= xm =Hv; R= R}v w 'CU= O=} R Tt CQ=QL p=kDv= MQv w
?@U u}ty w OwW|t OQU CaQU x@ VwH |x}L=v 'OvwW|t lvN ?; u=} QH
w xNQJ 8 u=tR QO Ov=tUB VvD Q=Okt u} QDW}@ &OwW|t Ov=tUB |=yVvD V}=Ri=
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@Oy=wN Ov=tUB |=yVvD V}=Ri= ?@U u; p=ta= u=tR w OwQDmr= |wQ}v V}=Ri= "3
CQ=QL p=kDv= MQv x@ uO}WN@ CaQU p}rOx@ wQ}v p=ta= u=tR V}=Ri= =t= OW

"CU= |QDQF-wt QDt=Q=B wQ}v x@ C@Uv
Ea=@ wQ}v p=ta= u=tR V}=Ri= |xH}DvQO |vwDU |D} QOvO Q=DN=UR} Q VQDUo "4
VwH |xtmO QO VvD RmQtD O=H}= w |oDUN Qta Vy=m 's=mLDU= Vy=m

"OwW|t

R= xrY=L G}=Dv "CU= xOW xO=iDU= Ov=tUB |=yVvD |Q}oxR=Ov= |=Q@ Tm}= xaW=
%xm OyO|t u=Wv xar=]t u}=

w QDQwO |L=wv QO w |WWm u; h=Q]= w VwH |xtmO QO Ov=tUB |=yVvD "1
"CU= |Q=Wi xa]k K]U

QO CmQL =@ w CU= xv}W}@ VwH |xtmO |RmQt |x}L=v QO Ov=tUB |=yVvD "2
"O@=}|t Vy=m xa]k pw] |=DU=Q
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