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OvJ QO O}=@ =Q ẁ[wt u}= |rY= Cra "CU= xOw@ hrDNt u=QoWywSB xHwD OQwt
O=} R Q=}U@ |Q}PB h=]av= =@ |O=wt =yl}DUq xm u}= pw= "OQm wH w CUH syt xDmv
u=UWm |=yx} Q_v xm |wLv x@ "OvDUy R}J=v Q=}U@ |Q}PB=v sm =QD p=L u}a QO w
xm pt=m w `t=H |rOt |x�=Q= u}=Q@=v@ &Ovm|tv jOY =yv; xQ=@ QO xHw I}y x@ |]N

"|QwLt uQ=kD pOt w pQOv=t |=yQDt=Q=B "5 pmW

"OvOW lvN |oDUy; x@ Qi pN=O |=wy QO w OvOQm |QBU =tO u}= QO =Q Ca=U
[28]"OW s=Hv= Ca=U 1 u=tR w 5000C |=tO QO p=wQ u}= R}v |Ut |=yxrwr |=Q@
w |vwQ}@ K]U 3 pmW j@=]t "OvO=O Q=Qk Qi pN=O =Q =yxvwtv '|R=UxO=t; R= TB
uwDU= R= xO=iDU= =@ w OvOW |t}U |Q=mTQ@ |tw}v}twr; w |Ut |=yxrwr |rN=O
xOR =H TQB Q} R Qo}Om} pN=O u=wQ w ?PH CQwY x@ xrY=iq@ w |}=OR|@ QJ
|Ut |x}qwO |=yxrwr Ca=U 1 COt w 3200C |=tO QO C}=yv QO "OvOW
|] \}Lt u=ty QO R}v =Q uOW OQU Ov}=Qi w OvDiQo Q=Qk xQwm QO |tw}v}twr; �

[29]"OvOQm
=t= OW xO=iDU= sQv u=DQw=|rB w uwm}r}U R= V}=tR; s=Hv= |=Q@ CUNv s=o QO
QO=k l}DUq 'x@vU uDiQ u}}=B R= TB OL R= V}@ |v=UWm Cr=L uDW=O p}rO x@
xH}Dv QO "Ow@v V=x}rw= u=mt x@ |Ut w |tw}v}twr; |xrwr |xawtHt uOv=OQoQ@ x@
Ow@y@ w CiQW}B V}=tR; u}= "OW xO=iDU= |U|w|B uwJty |QDCNU l}DUq R=
x@ =y|oO}mwQJ w =yG=Hwa= &CW=O QDsQv |=yl}DUq R= xO=iDU= x@ C@Uv |O=} R
|DNU =@ u=DQw=|rB R= ?wr]t |xH}Dv uDiQo |=Q@ C}=yv QO =t= Ci=} Vy=m COW
uwtR; |=yxvwtv 4 pmW QO "Ow@ x=Qty C}kiwt =@ V}=tR; u}= xm OW xO=iDU= q=@
x=oDUO "CU= xOW xO=O u=Wv x]w@ Qt QJUm}i w |O=a@= Q} wYD x=Qty x@ VWm
R= |U=}kt R}v =yxvwtv O=a@= w xOw@ s=DvU s=v =@ VWm uwtR; |=Q@ xOW xO=iDU=
R= xO=iDU= =@ =yxvwtv CU= QmP x@ sRq "OW ?=NDv= ASTM: E8-M OQ=Ov=DU=
`]kt QO |DNUwQm}t VHvU uwtR; Qo}O |wU R= "OvOQwN VQ@ C=mQ}=w x=oDUO

w Q}oQO Kw]U QO xOQwN TQ@ w xOW p}v; |Ut w |tw}v}twr; |=yxrwr "3 pmW
"sy pN=O =yv; uOR =H TBU

"VWm uwtR; s=Hv= w xOW xO=t; |=yxvwtv O=a@= "4 pmW

123



"""u
}wvO

v}=Qi
|O

Oa
w|

@QH
D|

UQQ
@"u=DQw=}rB w Tt 'sw}v}twr; |m}v=mt X=wN "1 pwOH

|}=yv s=mLDU= s}rUD s=mLDU= nv=} pwOt C@Uv |r=oJ s=v
(MPa) (MPa) (MPa) uw}U=wB (kg=m3) xO=t
68 94 27 5 70000 0 33 2700 sw}v}twr;
240 80 110000 0 37 8900 Tt

�MPa� u}rw} Q � |vwt ?}=Q[ |DNU 0 48 1300 u=DQw= |rB
D1 D1 D1 shore A

10 15 0 85

l}DUq R= xO=iDU= =@ xrwr |yOVvQm Ov}=Qi u}L QO pmW Q}}eD |x}L=v "6 pmW
"|rY= |=yQDt=Q=B x=Qty x@ |Rwr pQOv=t =@

"pmW Q}}eD |x}L=v |=yQDt=Q=B Q=Okt "2 pwOH
Q}O=kt =yQDt=Q=B
1600 �1 = �3
1400 �2
200 	1 = 	3
400 	2

12 mm R0
13=85 mm R

1=85 mm t0

Q}}eD |=yVwQ x@ xHwD =@ xm CU= |WQ@ |=yVvQm w =yVvD u=R}t |UQQ@ O}=Ri=|t
"OQ=O xrwr |yOs=mLDU= QO |}=RU x@ Q}F-=D |Q}tN O}OW pmW

x@ QHvt Q]k Vy=m w V}=Ri= R= |W=v |vwt=Q}B Q=Wi w VWm 'Ov}=Qi u}L QO
xrwr Q@ u; |WQ@ |L=wv 'xrwr |wQ pQOv=t QF= |xH}Dv QO xm OwW|t |WQ@ VvQm
pmW |Rwr pQOv=t uOt; u}}=B =@ pQOv=t |xUOvy x@ xHwD =@ "OwW|t Tmavt
|=Q@ 2 |x]@=Q "O};|t O}OB �III� w �II� '�I� |x}L=v xU QO |WQ@ |=yVvQm
pm VvQm xm ?}DQD u}= x@ "CU= G}=Q w |OQ@ Q=m |}x]@=Q =yxrwr QO VvQm |x@U=Lt
xi=[= =@ w O};|t CUO x@ 3 |xrO=at j@=]t [37]|WQ@ VvQm pt=W VN@ wO R=
O};|t CUO x@ |rm VvQm 5 w 4 |xrO=at j@] [38]|]}Lt VvQm =@ u; uOQm
uOv=t C@=F x@ xHwD =@ CU= QmP x@ sRq "CU= xOW xO=O u=Wv 6 |xrO=at QO xm
QO |WQ@ VvQm QDt=Q=B 'pmW |Rwr VN@ Q]k Q}}eD \ki w |QU xU Qy QO =}=wR
"OwW|t pm VvQm V}=Ri= ?@U |vwt=Q}B VvQm Q}}eD \ki w Ov=t|t C@=F CqO=at
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1. bimetallic materials
2. di�usion bonding
3. forming
4. centrifugal casting
5. continuous casting
6. heat a�ected zone (HAZ)
7. magnetic pulse cladding (MPC)
8. Explosive bonding
9. friction stir welding (FSW)
10. sever plastic deformation (SPD)
11. accumulative roll bonding (ARB)
12. equal channel angular extrusion (ECAE)
13. high-pressure tube twisting (HPTT)
14. equal channel angular pressing (ECAP)
15. accumulative spin bonding (ASB)
16. rotary swaging
17. rubber pad tube straining
18. MoS2
19. analytic rigid
20. deformable shell
21. kinematic contact
22. penalty method

23. Mooney-Rivlin
24. Ye-oh
25. Ogden
26. Marlow
27. tube channel angular pressing
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