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Abstract: The differences of mechanical calculation models in plastic forming process were discussed from the perspectives of mechanical
models, boundary condition constraint and elastic-plastic analysis of hydroforming of composite pipe. The nonlinear distribution laws of
stress, strain and residual stress of hydroforming process of bimatal composite pipe were analyzed. The accurate finite element analysis
model and the determination method of expansion range were provided. The influence of the initial gap between base pipe and liner pipe on
the results was explored. The results show that the forming process of bimetal composite pipe is a complex nonlinear process, and the tra-
ditional model has errors in calculation of residual contact stress. The hydraulic bulging process model was established considering deform-
ation coordination and axial equivalent stress, the expansion pressure range was determined accurately using the relationship of stress
change curves. The maximum stress point of the base pipe and liner pipe after expansion is the outer wall of the liner pipe. The initial gap
of composite pipe should be reduced during pipe making.

Key words: bimetal composite pipe; hydroforming; material nonlinearity; expansion pressure; finite element method

HEETHE.: HFEARBLILAT FRITBE (51974271); ERARBEIEATEA LA RHHE (UI9A200) ; JUJII45 & AL 145 5
(2020YFSY0038) ; i £7iH CPECC ¥EHj3ii H ( CPECC2019KJ13)

BEEE: ghmf, 5, 1964 484, L, #Z, FEMNF CAD/CAE/CFD, EEMIMHII , I F RALEIHIF, E-mail: cwellzh@
swpu. edu. cn

F—1EH.: LBEMK, B, 1992 4F4:, WEARE, FEMNFIWSI T CAD, FH 245, E-mail: jlshi92@ foxmail. com

WA B 2021-12-12; fEiTEA: 2022-02-05



162 SAVE TRE 4R

%29 %

515

v JE b A R 14 R i ) AL — L IR0 O 2 4
IBATHIMERST, R A2 5 MR IR A IR IR R A
RS R RE, 7Eafl. B BRI T
RREAT A EA T W N iR

X4 I B A AR G AT 25 5 O 2 AT Rl 43 S L
AEGEMAEESE . IIBEESE Wl k
HETERIE, k8 S8 — a2 4
BT BIY 12 TS I R, WEIT N DL B
Jrze e . A RROTIT R SRR T A TR Z
A BR o

SCHR (2] ~3Ck [9] X WUZ 48 Wik & AT
THESE, ROUZEREKIEHAT 1R 70
FHES, RRIBUEmM TR A Sk [10] ~ 3CEk
[19] sy 52 56 FA BROC T i 06 W4 s 2 & 8 U
PEAT T O3MT . LIRSS RS T XS R E A4
B RIE FIE R A . SR, FEBS N, BT
FCASHRREIRTE, H BT A R R B A A8 o 2K 2k
FIREAS i 7% S5 2 R0 TR, 3 Jl 1 R R 22 B 45 2R
FEE TR BTN R R G W A
— AR EARZNE R IR, AT R 2 X B A B A
R ARG T, FeplE RS R E s, &
Fe LA B IR (AR S A7 93 A1 5 205 4 i B AR AL R A
WIefh, XIGEE A MBS RIS A7 e AR 2 iR
figh R 9 ] A

RSO B AT 1 A2 A B U OB i B A R
TR 22 5, SR Ty s A A AR L
A BRIC T F BOW WUE I et A7 1 0, it
— B oE G T AL R a7 B K o

(I SES0NEy BithoNad

L1 KEMREEILST
TEHTEGE K+ SO AN, B5Hg
TR AL T W A, SR 8 o BRAH 9
PERFRE, BET Tresca i IRVEN], 2% AR 73 i 3 H )
BB E AL E WAL KR, SRR
fil 7 3 AR B LA
BRARFERNL ST P, h
27,

P,=11- 5
E(k - 1)(Ar, + Br,)

pi — a’seqllnkl

(D)
BREZRLTT pi B XA

E\(ki = 1)(Ar, + Br)o Ik, R, (k -1)
E (6~ 1) (Ar, + Br,) - 2, *
O g0k, (2)
. klz(l_ﬂl)"'(l""ﬂl) ki(l"ﬂb)"'(l_ﬂb)
A AT e T BB
O g HEFE Y RIEIRIEE (MPa); R, NI AR
B (MPa) ; k, HREINNIEZ L, k=115 k,
RHEEIINGEZ, k) =r,/rg; n, 5288
B (mm); ry BEHHNAE (mm); r, #FE 8 IF
7 (mm); ry WEBHHNGE (mm); w MR
oy w, AEEEEMIL; E ARG (MPa) ;
E, NG HMATE (MPa)

fzl (1) FX (2) MR R AT LS 5
BAE M BOE R 6], ANk (7] shAa=tm
TEANE S A o] UR W AT i 5 S B o R A A —
EZS, HAEWT .

(1) FRNTECARALR T - AR, S+
Tresca Ji AiRUED, 3158 s 200 1 %l 1] 1o 7 79 52 T LA
KA | A Z R AT HhA ;

(2) PPEMEELR AR REY i IR B o
RAREAS[R) 18] BT A 85 A R 5 118 0 e 1 5
T LS B0 A A8 1 A SV AR, i 28 4 2 S
SIS I AR LR M R

TEME T4 B A A4 A IR T BUE 4 i, oz gt
SEAFA SEBR B, 38537 A R T AR 4k A A
IR | 8 Z AT MR E R
1.2 SHEEGITE-ERITLLSH

RSB WIKERIES R , W#ai i,
AT AR A A5 A5 I I 1 J S [ A A kg 8 I B2 114 52 T
JEIRIfR 2550 ) . 55 1 B B R B R e 5 5
2 B B Ry 4 AR L AR

Z N IERfE 122 BRI M BRI i A . 1/4
S TR | A AR R N = R Ak LA g A
RISy, AT LA AT 8 2, AR AR
A1~ 5 8

(1) P S AL 174 S B BR, R
WIE, 1 FXFRAH

(2) PHEIRASEA. 1/4 FHEFAR, NEZ
W, TAXFRZAR

(3) HhxFFRELAY . FHIEHRE, WERmZNIE,
VR i 2] 2 1) 7 ) 258

(4) BhxFFRELH . JHIEEE, WRmZNIE,
—UEHE, TS PR

(5) HFRBEAL . AR HEE, NREZNIE,

<p =




555 1

SRR A XUE R E AR BOE 1A O SRR 5

163

— Ui R LA, 55— I N PR 7 A AR S 5

(6) =ZEMiml. 1/4 AT, NERZHE, B
FUXTFRLTE, ik 7 16 st [ 5 el 16 240005

(7) Z4Eim. 1/4 [, WEREZHE, B
PR, Lk J5 l—3it F il 55— AR

(8) =i, 1/4 [, WEREZNE, B
FXIFRA A, LRI 16— it [ Rl 2k, 59— it
R 7= A 50U

EEXFLLE 8 AR SRS Sy 2 g
WA A Uy R A8 R O R A0 4 B 7
& (Hooke 5Ef) , sRIFGHIREIMN LR, el
(7] B S T A3 M LR 3 25

(1) WS DAL N R S, B H 5
[HI 1 Z W, B o, =0 MPa, S 7 f 45 780 25 51 Jg
L 1, T 3 AT 65

(2) PR : SAEFNA RS, 7
RIS 22, Bl & =0, X 7 AR 7 K G| R AR A 2

by

=29

BAY 4 TR 7,

(3) JERER LA B Lame A, & T H
] AR T 7%, X Ry AR RIS AR AR 5 R 8,

VARG RN YA D NN 5 oS P | DV
(o) >N Iy o.(o,) >R o,(oy) , HRIPEHE
AW e ] AT SN s, TR RS =
NS (Tresca) o, VLSS DU R F7 58 £ ( Von
Mises ) 0 » X WA ZEIE 300 -

Oy = 04 (3)

eqv3 — 03

Teqa = \/;[(0-1 _0'2)2 + (o, _0'3)2 + (o, _0'3>2]

(4)

AR PSS TR, AR 2 KA R p;

B AT 7E AR T AR r AR R A5, SRk

PiRe R 1 E PR, w B, & . &,

e JPRIONARIE SR A Rl AR, R, O I AT AR,
R, MARAIME, K NRAFRHNIMEZH, K=R,/R;,

x1 FREKRENELHEAR

Tab.1 Theoretical calculation formulas of different models

A5 SR F3 A - R AR AT Lamé 243
; R; ; R; i R;
JHIR oy ? (1+—2) . (1+7) ? (l+—2)
K -1 r K -1 r K -1 r
2up; v
S o, 0 i "
K2 -1 K*-1
. ; R; (R ; R
B o, fi . f 1 f R
K°—1 r K°—1 r K -1 r
P' 2 P RZ . 2
JARRAE &, 7'[1— ——(1+ )] : [1— —2u——-(1+ )] : [1—2 —(1+ )]
Ek-n| MR E(K- | T Ek-nl e
P 2 . RZ p 2
TRmE &, 7‘[1— +—( 1+ )] ‘ [1— 2P +—-(14 )] 7‘[1—2 +— (14 )]
E(K*-1) I E(K*-1) e E(K*-1) M
-2 . 2up:
B B . e 0 h o
E(K*-1) E(K*-1) E(K*-1)
4 4 4
o — pi | R r | R r | R
ﬂ’zﬁﬂjﬂig T eqv3 KZ_I 47(Equl) ﬁ 47(Equl) m 47(Equ1)
1 1 4
Di R, 2 R, Di R,
S VYR ST 0 g o, /3rT (Equ2) o /3r—4+1—2ﬂ2 (Equ3) o /3r—4+1 (Equ4)

MR VA LUE 1, 5 =0 IR (Tresca) it
AR (e N Equl), mFaimn o, EE25
VIR, BTAEER 2, B g Al AR AT o

U S5 (Von Mises) 111 3 71 23 38
B A8 8 KR Lame 243 (49T N Equ2,
Equ3 F1 Equd) , XJ 3 FlERLTH0 0 1i7 g 568 B2 347 0
P, TESMEE =R, Ab, FHEERORIBRE HAE N 00

(Equ2) : 0. u(Equ3): o (Equ4)=.3: /3.82:
JA [RIERAENEE r=R, Kb, TR 79 B H(E
Tops(Equ2) © 0,y (Equ3) © oy (Equd) = /3K* -

3K'+0.82 = V/3K'+1, 455 Z (A2 5 MR 12
HEA G M Equl ~Equd WATLVE H, INAME HAH
(KAH) XA U PE R, i — 2P A




164 IAVE TR AR

%29 %

IR 25 5, A% Rl 1) 37 ) 1) Lame 24 X
(Equd) 1ERFHAE, XA r 200N T #E47%F
o, 4540 1R,

1.15 F
1.10 F
1.05 b

1.00 £ ‘/‘/A——"‘_"—_—‘_‘_‘_‘_‘_‘

095

N5 8 LUAE

—=—Equl/Equ4

0.90 ¢ —e— Equ2/Equ4
—A— Equ3/Equ4
085 1 1 1 1 1 1
1.0 1.2 14 1.6 1.8 2.0

(B R 4175 18 A — AR LA R
P ORRISERIA R RS R,/r IR FR
Fig. 1 Relationship between stress ratio and R, /r of

different models

ME T HRIEH, Equl MRS R R,
HORSE, BITSEEEHEE R, /r (B INZEETE A, (AR
ARG, RL&BETRE, 4 K=21, 5 Equ4
H ELfE Ik 1. 143, P R FEXHR 225 14. 3%,

Equ2 (B2 R 500N, RIS 1 AR B A e
TR 19 g G 240 o A B R 2 SR N, ELRE TR
W, IRZEMOR,

Equ3 (158 25 B fi 23 Equd, BV 1 hiy AR 45
T Bt X A T8 1 ity i1 2 A 1) 5 ) 249 R ) AR 2 R
WEAK, HETBRIREBEN (DNF5%),

BARTE TR b AV —EiRE, MRS
FRFE A0 AT DL ZZ0W, HE R A e 45 22 1) 1) 3%
ARFEARN S TERE DA T SRAR /N, daxb 22/, i
Pl AR ZE M AT BEAR A . BRI, AR G35
TAFAER) 5% ~ 10% FY AR X5 22 ] BE S T34 A Al
ARG FEU, FES T IR AR b G AR = A R 25

LR, N T HRETFERCE, RS
JEBR AL T, ORI P R ™= A 4 1) 4555
77 BRI FRBR (B 5) R4 T P T8 6T 4 S0 A
R
1.3 ZTHEEGMHE- ST RBEEEST

PGB A SR R, WS TEN R
YERIT R T RKIBHASTE , T8 028 ) 25 A5 i) 5
IR PRI R

FE ANSYS B, $eS 5 FSMI E vy 52 He B £
A BROCAS R DR TR SR PR ZR M A0, PR XLk 1
RS, HJE AR JI2h 200 MPa, P& 200 GPa,

DIZ PRI D 2000 MPa, JHAREEHN 0.3,

3 A F BT AAE I 28— PR 280 — 30 28 — 145 28 1) o 8¢
FEAR T N ARAL A 2 PR, AR AR
R B IWER AT RIE W, fEmdadfd, W
BERL RT3 S e ik BE ARAE, W o s3PR,
FAE— PG, BRI S, B 4ksa
I T AE S AR NS AR R, N REAR R A7 S
JE¥EI; AEFINE B, W 6 m, B fROR A
HBLAESNEE, PBEAR R ST (BN TAMEE o

250 +

200 +

150 +

. /1/MPa

100 |+

50 +
/

In# TR EI Ik

P2 e BE IS5 ) AN [ o7 E 4 1 g

Fig.2 Stress at different positions of liner pipe in wall thickness directions

F T8 A B B T7 1) B 3 A SR AR LR PRI, Rt
TGS IR J5 (6] WO T3 50 A, BIVISLJRE T 1) ) A%
BOR B RS, RN 3~5 4, [RlmF e hn 48 /)
P SE N, BERAIEmERL R, &
BURE G, APRAESE, EiRZEL K.

2 BEEKEERARLMA RoT

2.1 BHRTH AR

ATCR IR X60-825 & 5 A% - 323. 8 mmX
(10+3) mm, PIEEEBH 1 mm, &5EEKE N
1000 mm

HRIRRTSCAMT, PEFEREAL S, SR ANSYS gty
A IRTTERL, i 3 Fros, i Z4ERXTRR 8 1
FTH LG Plane 183, A5 5 1 48 22 0] SR A% il 550
Targe169—Contal72 J-HENT 32 M X} o #1455 5 7 ] K1
O 6 ANRIKG, FEAG IR I7 R4y 8 ARG, B
4k 8430 A~ HTE,
2.2 MEEH

PR A P 2w AL Y X60 ik 8945 Fl In-
coloy825 H I A 44, HWIEFXFriE GB/T 228. 1—
2010 7E TS IR B ML AT RLMR G, K75 ELSL1
S-SR, X60 BRI S 1 A 413.79 MPa,



SR A BRI A R T ) B S L5 165

K%&ﬁ#i%ﬁﬁ%ﬁﬁfﬂ&%J)
uriagne LT

87 p X R P IPLANE 183 8%
356004 . 75,1840304N 45 /X

EI AT M 2 R A
P Targe169-Contal172 fkBERE Jip,

UY=0 mm %) 5 % 11
B3 i fi A FRIT ) A

Fig. 3 Finite element mechanical model of expansion process

SRSy 207 GPa, JAMAHK 0.3, Incoloy 825
FA B IEMRN S 275 MPa, sRPERCE Ry 195 GPa,
VI PR 1750 MPa, JARALE R 0. 26, At
TSR A ANSYS $1 A4 o XUk A B S5 Ak A RS R
2.3 hREH

TEWR I i fe b, BRI 48 Z [A] 2 B4R A
—E HARA LB, TEN R )y m R =
iy, HUWRAETE . e i b iy R
s s, HER

Peq = pymry/ (mry, — 7ry) :pi/(kil -1) (5

A po, AIKIERL ) py 51 A Rl 18] S50 15
R IME 1, R NS g ZH, Ry =r/To

NRFA R — syl % UY=0 mm, Jj
— ViR G R A B 6 UY, It ) 45
B Sy p/ (hy=1) , W 3 iR
2.4 #HiamEsK

TN ER AR 25 /A — 2, ST 3 N
BOrHT, HIENF G LA S B R B HA,
g B HE— B S, PRt mas %,

FER B MG R, It 5 K XA 4G
BRI, Rtk S g mamE il K. wik
BRI EDKAGH, mEME T gEs
A KIREE . A INEGS R IR LN, WIE B B
A5 EHATE Z AR S ERT, NEERLIN ) o 5

3k +1
AR p, (SR ER X5 0=

ARSI MR A KT 1 MPa, AN 2%

2

-1
E‘J%kﬁﬁii pin('r %&Ej{j: pincr = o

pi’

b, X T el A B JE A XL R A

SENTIE, SRR T RERE B D
3 4ifotrEitie

3.1 EEMHETEHA

T B vh 52 A8 B A 1) A - K 4 ) B O
FUNEL 4 P, AT L T il SR R S AR TR
PRI BT Bl NS e, FITCARIE B A S
UY (IGO0 T 3648 . AN AR e, 4. &, 1o

0.5

-05F

A N2/ Yo
=

7 AT R A A R N AR e

L A S,
B S 5 A 8 e
20F E

asp T

0 5 10 5 20 25 30
K4z 8. 71/ MPa
Bl 4 0 e A v i ) 1o A8 AR Ak 2R

Fig. 4 Variation curves of axial strain during hydraulic

expansion process

ME 4 pnf DIE Y, A2 SE RO 1 B AR E
SR TFRMARES s A EAEMKIE NIRRT,
THRALER, Mgk, “EEmarmEmT
ARSI, MR ARRN, B RRES S 2
R

B R R B ) AR AU T S o, RS A
LS, R Ak R AW, i TSI
TEFEAE A R 2 A f L4 B 7= 2R — MR T, Tl
TEBIE 3T X — B R W 1

290 40
350 4 es
300 \;280 ‘/C 435
2503860626465 o4 o8 e 30 _
125
o 200 . %
2 3
g B
= 150 =
e 100 15
2 110
i A T R - R WA
i T e ] ) —o— 2R o )
OF 4 DT bR v SR
-50 . . ) =R MEMNS 0
0 5 10 15 20 25 30
JiKHE L F3/MPa

BS  WR Ak R o R AR AL il 2%

Fig. 5 Variation curves of stress during hydraulic expansion process



166 SAVE TRE 4R %29 &

6 Sy AR b N s AR, AT AT DU
FHE RN FAEAE ST 2 S BE R ) AR A S AR —
2, BBICIUNE IR A S EE I
FHE 2 [ A4 Ak Y7 0 AN W), R B DR AT SO K
HEJG M S EAFAERRNL S, EERETRE, 1
LB NEAER, [HA 5 SNEENY 1 R T A BE R
1, BRTFRERN S, WEEA R I KAOLE,
XGPSR R AT R

ssof AR — R
: —o— R ] —— BT
30005 —e— R PO RE T —v— JEAFAMEE
s —u— B 2 A AR Sy 10
250}
b5 &
o 200} E
E 20 R
i 3
E 150 o é
100 .
£10
50
L5
0_
0’-:-—-.—;-._-_._& )
50l 6.5 432710 , , , ,
30 25 20 15 10 5 0
M2 J3/MPa

P 6 g e N T3 A 2k

Fig. 6 Variation curves of stress during unloading process

PRLHTE S B vh G SR g g AN 2, AT e & AR
MEMREECE AR, TEESmstr4edydh, N
TR RN E 2 1 L T ARG A oA B
3.2 BRENSIEMEEMEN HNT S

FETRERCAERT, w14 FIRAE 22 [ A7 e BA AT B,
Bl I L ) AN T, R S 2 B AR L,
PP NAMEESE IS S A, 7 AR IR A O] S R A R
BB, MWK EELFAE-DEIRE. B 7 A
kA R AR AS A th 2, IS Hrl LIE Y,
Aol EREAARHE A S IR 7 A R A B AR TR R I A5 TR B
FEE TS Z o] ) (B BRI s, 2 2
B IR A B AR ML 7 5 BERK A N ) Ak E
PP FNEAE [N R 280, AR TR UM — 3, I3,
TGRS A — B e Bl i A, SRR A Sk [
B R, eSS Z R EAER T,
RIBR AR A2 Al 7

] 8 AN HZIN 17 B34S N BE RIS 45 A MRE
JI-MAR Lk, B — EAATETR TSR Y, i
R—30 MR NHEA T I X, 77 T A
W, I MARRARLNE, BEHERR /BT AT
3.3 KREREHE

R#E API SPEC 5LD—2015'* % SY/T 6623—

0.8 e ___

0.7F e .
osh R —— SR A
: 7 — = WS EE N A
— - - B AR AR

35/%

Tn#k R FIE:9
B 7 WAk R R AR AR AL il 2%

Fig. 7 Variation curves of strain during hydraulic expansion process

400 !
A Py B/
E /

I L
_% 200k Mirhha
2]

Py

26.33035

0.00 0.20 0.40 0.60 0.80 1.00
RAE/%

B8 ANIRIIKHERT ) T B8 P BE R SN RE 17 ) — 72 il 4k
Fig. 8 Stress-strain curves of inner wall of base pipe and

outer wall of liner pipe with different expansion stresses

2012 bRUERBSR, BBRE 0.2 MPa, BIskA
Bl RS BEAR /N T 0.2 MPa, A S i A BRIG T A
T R A S8 BT BBR AR S

MBS I 6 Hhla AT H ik 12 007 7 45 4 ik
RARRMEZR, B9 R A KA T W B

30

—
w
T

FRAHEALL J1/MPa
S

JUIE-7 BRE R
O T e i T SR AR M I 72 fh it 2%

Fig. 9  Variation curves of residual contact stress during hydraulic

expansion process



555 1

SRR G R A R U SRR S R 5 167

FEPER RN S A A M 2, 3 3 B AN [ B ik 4
WSy, ASENMEREI BN, RS AR B4R
Fefuh Vi 7324 0.2 MPa, Bds/NRIER J7, (A%
R MR EERZ .

AR A H A A Y A e A A I ) 2 e 2K
N RE % I A7 X 1], BV R ) — f 8 A1 BE
LSS SANPIRE S au b IVl B SE o %N
AR N F7 AR PN BE A e RN g RS 7 4 JH A s g )
BRI T

PAAE SR 00 Pl i ik o o A 4 9 25 4 i Al 5
FEU, 20 R RS B, X A R

400

- 02 ‘4 68 2
0 5 10 15 20 25 30 35
K EER J1/MPa
@
41376
] A ;;;%
300} i
£ w0 ;//'
e |
& 60 65 7 ;
100 29 :
: %/ 275 352
~Tees w7,
0 5 10 15 20 25 30 35
KR J1/MPa
(c)

R, WRESRRZER, HI AR A SO A ROGTHT
BT5, WA 0 55 A BB ET T )2 S R
AT, HERR AR UK 12 IX 1] o
3.4 AELEEES T

LA N BE S o SNBE IR 1N A7 55 KA D ) 5% AR
ZRAniE 10 fras, MIE Al DUA H, d0ih SO,
BBV EARG , IR R, Bk B[R] ) X
WL, MKRERIV TR, TR TR, DU A R P A
WEAIE, BN, DR 18] B A 3 R R T
A MRERE, FEANCI N el NI R
Z A1 A a] B o

400

300

200 280

100} N /\/
i
3 26

0 5 10 15 20 25 30 35
kBB S1/MPa
(b)
__________________________ 413.76
400 -

300

,%

B }1/MPa

28.
D ... 02488 Tz
0 5 10 15 20 25 30 35
R #ERLS1/MPa
@)

P10 T K B A v A ) 0 4 [ B AT PN BE 5 4o A SR ) B — B B g 5 3%l 2

(a) FILAAIBEA 0.5 mm

(b) WA N 1 mm

(¢) PUREEN 2 mm  (d) BIAREIKN 3 mm

Fig. 10 Relationship curves of stress-expansion stress of inner wall of base pipe and outer wall of liner pipe with different

initial clearances during hydroforming

(a) Initial gap of 0.5 mm

FESEbR N RN A AR TR, (LA 0
IR R ST AR, AR BN R L 5
B RIEHUREEE S0, % BT IS Ml it
VAT, SR SO I R TR
4 4ig

(1) XFECIIHr 1T AR A SR, BFSE R A

(b) Initial gap of 1 mm

(c) Initial gap of 2 mm  (d) Initial gap of 3 mm

Sl ) A Xt PR PSR [ AT ) R A A K
MERUAFAERT 5% ~10% FIFIXT iR 22 08 i TR R AR
B S800, HESCR FH e N 1) 8 5500 7 )l R AR
R (RSCHRERLS) , BEJE Ty [a] IS BN 22 /08 3~5
A, MBS KA AR A B K

(2) ARYERE F178 1k b 26 1 2 W K I ), ik
T 7 A5 HIRE 13 T 28 5 422 107 ) — FE A8 PN B i



168 SAVE TRE 4R

%29 %

TIHER I AE A5 B /NI L T, R A RE ) st I i
T3 IS A A T T ) e R KA T T

(3) EEEMELRRE PR AARL LR,
TEROE AT, WE A EBIEIRES, hT2E
PR, TR BOE W R R AE AN Sy B R
T, RPN B BUCIN R ORI S B RO
(ERONTFIR A P BER A B4 P RE, BN SR &
TR, WAl e S 2R 48 T i 2Rk, e R
b 14 TR R W 18 SN TN S P |55 4
FHIE

(4) BRI FRNLS) p/ (ky=1) , FBG LS
TR A2 UY 19728 TE DA ) X6 T 2 5 A TR
HeRKFAT BROCHE T, ] DL e fy [z W 2 aed P AR 2
PER I B AR AR, SRR SRR TR B2
FEARE RSB, IRSR N S IR I

S0k

(1] &l mEMIERZEE [M]. duat: A Talkh
AL, 2018.

YANG Zhuanzhao. Bimetallic composite pipe for oil and gas gath-
ering and transportation [ M]. Beijing; Petroleum Industry Press,
2018.

[2] UPDIKE D P, KALNINS A, CALDWELL S M. Residual stresses
in tube-tube sheet joints with grooves [ J]. Journal of Pressure
Vessel Technology, 1992, 114 (2). 249-251.

[3] Bk, Xl 206 2EE AR08 0% a0 [T].
KIFRERIHEFRe2A R, 1995, 16 (2): 103-108.

LU Jianbin, LIU Yan, GUO Huiguang. The mechanics analyses of
compositily forming double-deck pipes [ J]. Journal of Taiyuan
Heavy Machinery Institute, 1995, 16 (2). 103-108.

(4]  E2d, W, BHT, & WEME G 8RN
SRt L1 KIN TR 24, 2001, 22 (1): 33-35.
WANG Xuesheng, WANG Yahui, LI Peining, et al. Analysis of
stress and strain for clad pipe manufactured by hydraulic expansion
[J]. Zhengzhou Journal of Zhengzhou University of Technology,
2001, 22 (1). 33-35.

[S]  MemE, ¥4, BREFER, & WUEIKEHISTH bR

WXL (1], MUblBi 5058, 2018, 34 (1): 199-
202.
HONG Ying, WANG Xuesheng, CHEN Qinzhu, et al. Bilinear
simplification of material model in theoretical calculation of hydrau-
lic expansion [ J]. Machine Design and Research, 2018, 34
(1): 199-202.

[6] LIU F J, ZHENG J Y, XU P, et al. Forming mechanism of doub-
le-layered tubes by internal hydraulic expansion [J]. International
Journal of Pressure Vessels and Piping, 2004, 81 (7): 625-
633.

(7] XIEH. SZEHEERAELZ 2 EERORVIR [D]. it
I WK%, 2005.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LIU Fujun. Research on double-layered pressure pipes and their
on-line safety monitoring technology [ D]. Hangzhou; Zhejiang U-
niversity, 2005.

XIEH, AHE, SN, 5. SURE WA A Y R
b (1], HULBGREE, 2006, 28 (1): 99-103.

LIU Fujun, ZHENG Jinyang, GUO Xiaolian, et al. Principle and
miechans analysis for bimietalle tube formied by hydraulic expanson
[J]. Journal of Mechanical Strength, 2006, 28 (1). 99 -
103.

AKISANYA A R, KHAN F U, DEANS W F, et al. Cold hydrau-
lic expansion of oil well tubulars [ J]. International Journal of
Pressure Vessels & Piping, 2011, 88 (11-12). 465-472.
FRVERS, MR, Bk, . O WERE A BEBE A RO
Bl [J]. KRR T, 2008, 28 (9): 64-66.

DU Qingsong, ZENG Dezhi, YANG Bin, et al. Finite-element
simulaton on plastic formng of bimetal composite pipe [J]. Natu-
ral Gas Industry, 2008, 28 (9):. 64-66.

MR, B, IR, . SR E A E BRI A R
B SRR (1], #RIZ, 2010, 33 (6): 78-79.
ZENG Dezhi, YANG Bin, SUN Yongxing, et al. Finite element
simulation and experimental study on hydro-forming of lined steel
pipe [J]. Drilling & Production Technology, 2010, 33 (6):
78-179.

INEAR, WS, FULE, % Fe/Al BEEBRUEKIE BRI
Fekgubise [J]. #IESA, 2010, 35 (3): 66-70.

SUN Xianjun, TAO Jie, GUO Xunzhong, et al. FE simulation
and practice of the hydro-bulging process for Fe/Al clad tube T-
shape [J]. Forging & Stamping Technology, 2010, 35 (3):
66-70.

g, 00, BBIE, . WAEE A B S
FABRIOEE, [J]. (AU, 2011, 38 (6): 749-752.
PEI Zhongtao, LI Jianmin, WEN Buzheng, et al. Elastoplasticity
analysis and finite element simulation of thermometal composite
tubes [J]. Chemical Engineering & Machinery, 2011, 38 (6):
749-752.

BT AR, SRR, R, A IIEAR XA 8 A T it 2k
MTFE [J]. BPELREed, 2021, 28 (2): 154-161.

TAN Dingsen, ZHANG Jianxun, QIN Qinghua. Research on
buckling failure of bi-material metal pipes with girth weld [J].
Journal of Plasticity Engineering, 2021, 28 (2). 154-161.
M, XNEAR, AEEE WERZGEREE [J]. Bk
TRE%AR, 2022, 29 (1) 26-34.

YUAN Lin, LIU Haowei, YU Zhibing. Hydroforming of bimetallic
composite pipes J]. Journal of Plasticity Engineering, 2022, 29
(1):26-34.

GU TP, ZHANG Q, LIAN Z H, et al. Research and application
of equivalent pipe model in stress analysis of lined pipe systems
[J]. International Journal of Pressure Vessels and Piping, 2021,
192.

AT, BEbR S, R, S ONEEE A S BUERUE A R
TURLI R B A e s 038 [T]. 4848, 2016, 39 (7): 1-
6, 10.



555 1

SRR A XUE R E AR BOE 1A O SRR 5

169

[18]

[19]

[20]

CHAO Lining, XIAN Linyun, YU Han, et al. Finite element sim-
ulation and residual contact pressure calculation for bimetal com-
posite pipe hydraulic forming [ J]. Welded Pipe and Tube,
2016, 39 (7): 1-6, 10.

PRRSC, T, skEW, & NEEHEEAERELRE
RS ME R [T]. AhBLR, 2021, 49 (2): 133-
142.

CHEN Junwen, YU Hao, ZHANG Yuming, et al. Study on the in-
fluencing factors of compactness of bimetal-lined composite pipe
during forming process [J]. China Petroleum Machinery, 2021,
49 (2): 133-142.

Yripte, 20, RSTF, & WE TR HE A IR K %
FABRTE o (1], EZ S BaAsoAR, 2020, 16
(11): 53-58.

LIAN Zhanghua, LI Shuai, MOU Yisheng, et al. Finite element
mechanical analysis on surfacing and butt welding of bimetal lined
composite pipe [ J]. Journal of Safety Science and Technology,
2020, 16 (11): 53-58.

WA, XUEF, WoBrk. BHEREN S [M].
2 ERRE AL, 2017

2 .

[21]

[22]

[23]

[24]

XU bingye, LIU Xinsheng, SHEN Xinpu. Applied elastoplastic
mechanics [ M]. The Second Edition. Beijing: Tsinghua Universi-
ty Press, 2017.

WA, Wik, DR TR MY B = i 4 B T 1A 2
e 56l Y 3 A RO e M [T, R HOR, 2020, 45
(3): 101-108.

HUANG Jinjie, YANG Lianfa, MA Jianping. Contact finite ele-
ment analysis on assembled camshaft with isometric-trilateral sec-
tional profiles based on hydraulic expansion [J]. Forging & Stam-
ping Technology, 2020, 45 (3). 101-108.

GB/T 228.1—2010, &J@Arkt Hifiils 55 1 #5: iRk
Jrik [8].

GB/T 228. 1—2010, Metallic materials—Tensile—Testing—Part
1: Method of test at room temperature [ S].

API Specification 5LD-2015 (R2020), CRA clad or lined steel
pipe [S].

SY/T 6623—2012, P s wof Bl i ok & 4 52 & 08 LY
[S].

SY/T 6623—2012, Specification for clad or lined corrosion resist-
ant alloy clad steel pipe [S].



