5536 & 45 6 M =sh HFR Vol. 36 No. 6
2021 4 6 H Journal of Aerospace Power Jun. 2021

XEHS :1000-8055(2021)06-1263-10 doi: 10. 13224/j. cnki. jasp. 2021. 06. 015

MEEZHNINERFRIEZETF
RS

G, REX, B W, AHEE. KR, BEE
(L. o B AR 4 A B2 ) KO IR P+ st 100081
2 ML B (LSO B R A A, I 100094
3. o IR 2 S HL I FAT LA 7R % s BULAT B AL % 7100215
4. FIERTEIOMBE BMEBEFE L JEE 100081

i B O TR AR I AT IO g A s g SRR e Sk Y R YA A BR TR L D ) R A U AR A
HEAT T RCHE AR AR T 2 Sk SR 067 B 1) B8 oy 78 DX /I 5 S 7 KU R LI 31 7 BT AT BR T L, IR
] A AR 3 % LI AR AR T 04T T LT B AR T e ok R 1 AR TR A0 R SO B I AR T i O 5 0 B A
SEFEAT XA, B T AR TR A o A e 0 A e KU I L AR 0 LB R e 1t 5 T AR L 2 S R e 3RS
TR X R LI AR S AT B e . S SRR BTSSR - Y AR T R 22 (X 10. 320, Fk [ A B AR
BRI 3D FeH e A R OTH RIS T T R B A AR IR B H - o AR AT A T 0 0% T 1R AR BN 5 KU
W AL PR 2 0 v B ) O A B B8 A R R S IR AR BE T T TE ERE AR R 2. 7 mny R S S AR 1) AR R
FAAR 30 %6 BEAE WA I WA AT AL e A28 1] SO 455 25 T2 S5 02 ML) 1) A6 A o 28 T il sl SR 4 2%

X $ iR WEENLE; REIE; Rt A N R SYSWELD A

RESES: V263.1; TG456 XERER: A

Simulation analysis and optimizatien of electron beam

welding deformation of aero-engine casing

HE Dupeng"?, ZHANG Zhanying®, YANG Li',
ZOU Weilong', ZHU Xiaowu*, CHEN Yuanhong®

(1.. Material Digital Research and Development Center,

China Iron and Steel'Research Institute Group, Beijing 100081, China;
2. Aero Engine Corporation of China-ESI Beijing
Technology Company Limited, Beijing 100094, China;

3. Xi’an Aero-Engine Limited,

Aero Engine Corporation of China, Xi’an 710021, China;

4. Strategic Research Center,

Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: In order to predict and control the welding deformation, the elastoplastic fi-

nite element model of the welded joint was established, and heat source model of the electron
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beam was checked to obtain the size of the plastic strain area of the welded joint. Then, the

3D shell element finite element model of the fan blade casing was established, and the weld-

ing deformation of the casing was simulated by using the inherent strain method, so as to ob-

tain the deformation distribution during the welding process. The accuracy of the model was

verified by measuring the deformation of the casing and comparing with the simulation re-

sults. Finally, by optimizing the welding sequence and welding pool width, the optimal

scheme of controlling welding deformation was obtained through simulation calculation. The

results showed that the average deformation error between simulation and actual measure-

ment was only 10. 3%. The 3D shell element finite element model of the center plane based

on the inherent strain method was suitable for the deformation prediction of electron beam

welding of large and complex thin-walled parts. The width of the molten pool on the weld

was reduced to 2.7 mm, and the average radial deformation after welding was reduced by

30%. Controlling the weld width can significantly reduce the radial shrinkage and deformation

of the casing, but the optimization of welding sequence has poor effect on deformation control.

Key words:

thin wall casing; welding deformation; electron beam welding;

inherent response method; SYSWELD software
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2.1.1

Table 1 Thermophysical properties of TC4 material
R EE Ve PR/
T/K (g/em®) C,/(J/(kg+K)) (W/(m=+K))
293 4. 44 611 6.8
473 4.41 653 8.7
673 4.38 691 10. 3
873 4. 35 714 12.3
1073 4.32 832 13.7
1273 4. 32 660 24.2
1473 4.28 700 27.3
1673 4.24 740 30.5
1923 4.21 790 33.7

R2 TCAMBMNZEERESH

Table 2 TC4 material mechanics property parameter

RE KRR HIRER EREE AL

T/K  (10°/K)  E/MPa  .,/MPa 4

293 113800 900 0.32
473 9.2 108000 700 0.32
673 9.5 100000 550 0.33
873 10 94000 395 0.33
1073 10.5 78000 320 0. 34
1273 8.6 68000 138 0.38
1473 9.6 61000 34 0.39
1673 10. 6 5300 26 0. 40
1923 11.5 3200 5 0.41

®3 HMRTREZESH

Table 3 Test plate size and welding parameters

T R/ R g T/ JRER R MRREE
(mm X mm ><X'mm) (m - A) u/kV  v/(mm/min)

200X 150X 2 14 125 1080
200 X150 X2.5 14 125 1080

A X Sk A AR A
Fig. 4 Mesh model of butt joint
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Fig. 9 Schematic diagram of casing weld
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Fig. 16  Strain distribution nephogram of casing
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Table 4

Table of simulation results and actual results

of the casing

A2 [ Y 46 1/ mm

fir & W/
PRUIELER LS

AR 1.27 1.18 7

B 1.14 1.27 10

C A 0. 68 0.79 14
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Table S Comparison table of welding deformation of

each scheme

A 1) i 46 e AL A5 2R/ mm
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Fh% RO HRO UES®)
A 1.18 112 0. 85 0.74
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