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Fig.1 Research content flow chart
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Table 1 Chemical composition of material

(=% Ni Cr | Fe | Nb |Mo | Ti | Mn| C Al

WAy | B | 5325 18.79 | 18.57 | 522 | 3.01 | 1.00 | 0.15 | — | —

HE% | K | 52.6 | 18.75 | Ayt | 5.25 | 3.03 | 0.97 | 0.03 | 0.042 | 0.63

2 RS
2.1 RE%

15 AR BRI REE i B = B e %
1900W , 14 34 B 2 8mmy/s, BB R 4D 1ok A5 v 478 3l Uk B ik
FIINTI8 G A vl IR Y 2 B B IR 19 L BB
TR, A5G e RAE e a5, L sl i o TRLEE O 1585°C
P 2R FH e Tl 2 ] 44 50, BB RS s AR AR, HL
A PO A DOAZ AR B 0, T2 OGRS SA
FRRE A, BRI 2 B P BB AR /N, DTT ARG ) DX 457N o
2.2 BRRNA

FEBOCTURGS R b, KA TR RS2 I K T A2V 22
R X PP IAIE I 2 R BER AN 17 A, B RT T
Higmm R SR, BE S Z BT, &6 AT
PILIAT W aR RN S A . LR AR AR R
HEA T TR H) 1000s J5 FER AN 13 3 A Fl A K, 3242



K A AR T KA SOE DUB 53 0 1) B BEIAIE 5E

63

(a) =0.5s (b) =2s (c) =3.5s

(d) £=5s
Ks IES =k
Fig.5 Temperature field nephogram

(e) =6.5s

S, Mises

(F14:75%)
+6.847¢+02
+6.276¢+02
+5706e+02
+5.135¢+02
+4:563¢+02
+3994¢+02

+3.9 02
+3.423¢+02
+2.853¢+02
+2.282¢+02
+1.712e+02
+1.141e+02
+5.707e+01
+1.680e-02

(b) M
El6 SEEREEINGRRN 1~ Rl

Fig.6 Nephogram of residual stress distribution after

complete cooling

AFEVTRUZ B | 0N AL R T e 2040 , o /g S 8ok
LERHFAETE HEEEARRIGR, HAEE—E RN S5
PG, BT IO 1 S AE M.

435K 100~500°C FUHA T () SEAATEA IG5 348 01 #  5
ERLRL, 25 T nlEl 7 firm . dr I 7 AT, AR T SR A
BRARIN 143 A G 8 R 450, 389 B2 A L R s 4
P ENFLRRTIE o X LA HES T IR AR A S AT AR Sl NI AR
SYATE R, H AT AT BR IO 1 38 5 AR S 3 A 1 S e
MG ki AT LI D TR R R T RUZ MRS
A AT R VA1V T A0 T 8 /N P s 2 o A 48U 7 1)
AYATEE NS AT B R X 3y 3 4 v [ B 3 4 1y
S TR R B P 4313 A KA ) B T A DX 8, i A 4 v
FEDTRUZ BT, SR 1 ) i A Py R/ [T, 7 T
ST MRV ) & A SR AR T RN Ty At ARV AR
WS 5 kAR BBV A, B S AR D URR )2 B A 1 ) 43 AT
T RN

PRPOR R FHEE TR EERIGSH AR 1 LN
T AL, WNE 8 BT/ . R 8 AT LAFE H , IR U5 WY
IRV J5 1) 55 A% o7 3 88 A TR A 1 K, ZE TR Z B O o 2

WA, I I SR T AR, S B TR Z A R AR I T P B 30T 0, 53X
B T IS A SR UR 2 TR B4 o TR AR
JEE AR XA /N AFLIR] S 2 T AR AE IR RS B il R b 25 46
SR P I A AR |, S 08 K AR 1 B R TR sk Ay
B IER , FBLE S 100°CHT 5% 43 1V 7108 {8 e e ik 5]
610MPa, Fi L &y 200°CH 5% 4% I 104 {H [ % 550MPa,
TR A 300°CH 5% 4 1 g W {f 11— 20 [ % 476MPa, T
L 2 Sk 400°C B 35 4% o7 g 06 {1 5 7048 32 300°C T &
527MPa, TR A 500°CHFEE 43 F1IEAE N 550MPa. %
AR UEAE R T e N R AR AR AL O B
Wit 5 T AT AR o, s b 5 ) B R 19 LB 25 (R B 22 %
I FEAA VS HD R DR | BE A8 T4 1 35 7 TTORR 2 R R
(A58 A% 17 W (LR /1 5 P Bt o FIUEAGIR B 0 — 26 T v &l
S, SRR TE R R 7= A SR A K | [ e
AR5 JBE HE— 208055 , B0 S BRI FEVS 205 7
rhOT AR TR AN ) Y S A R AR N WA S T 43 75
W, PRI TR S A 300°C T IEAATR A3 10 1 W (B e fIK
Sy AT RN TR BS, TR TORR 2 AT (4 7 7 478 A i 2
PSR BRSNS , o Hh BRI BN Jy S e, i
DRI TR S S5 50/ N A T o 3 2 (o R ) A SR AR P
TUBUZ N 43 A 5 15, DI (5 Jey o 1 3 4 bt /b, 3 )
F 0B/ NGOG 52 Xt M £ B 18T 7 2 R T A I R
R

PEPOR R R E TR EERIGSH A2 FrN
T Aol ME 9 PR, 7% 8845 2 L F AR TR S Y 1
SitEh i E . B ORI LA M W IRy I i AR I T B R
BN, HL O Fh AR R S A R A 0 (B R
THCRZS FA , 2 I TR T LU R/ N B R
O TS SRR B 25 5 e A SR I, 1L
TR TR PRI 3 46 v b Ry A2 1) e 4 17 7 v BB AR T R0 T
AR 43 B, DT 28 B0 40 FUHIRAS T A AR 1o ) e (.
PN o R THCIR AR Z 5 AR R 7% 42 1 F1ME R 654MPa, Tl
100°CHT (5% 43 1 J11E K 576MPa, Fil #4 200°CHT (5% 4%
I3 J1 {8 M 517MPa, T 300°C I 1 5% 43 b7 77 35 2 f A A1
436MPa, Fil 1 400°CHT Y 5% 4% i 1 {8 7% 1 7+ 155 %2 441MPa,
Tl 500°C Hif 5% 4% 1 7 W Ay 450MPa, FiLHIEL B2 2y 300°C
5 A T RACR AR B3 4% 02 T (BB /N 33.3% , 7 A/ N T KU
AT BE T JRE B2 5 1] BB AR IV 0, A ] DR I i T e
F I 12 BE

Ry itt— U T O GO URUS 58 A T 43 A A5 L
SO, BUR TRACIR S 5 A 300°CHR AR AT JZ R i



64 i 2t BEE B

Dec. 25 2024 Vol. 35 No.12

150°C 200°C 250°C

K7 ANE B EE T 195k N T A B

Fig.7 Residual stress distribution at different preheating temperatures
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Fig.8 Residual stress distribution curve on reference path 1
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Fig.9 Residual stress distribution curve on reference path 2
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Numerical Simulation of Influence of Preheating Temperature on Laser
Deposition Quality in Flame Tube

Zhang Ying', Liang Shuai', Luo Ruimin'-2
1. Civil Aviation University of China, Tianjin 300300, China

2. COMAC Civil Aircraft Test Flight Centre, Shanghai 200232, China

Abstract: The flame cylinder of aeroengine is prone to various kinds of damage, so it is of great significance to study
its repair technology. In order to study the effect of preheating temperature on the inner wall quality of flame tube
repaired by laser deposition, a finite element analysis software was used to conduct sequential thermal coupling
numerical simulation of flame tube model. The results show that preheating matrix can effectively reduce the
distribution range of residual stress and eliminate the phenomenon of local stress concentration. After preheating, the
peak value of residual stress on the surface of the matrix increases, the distribution range increases, but the local
stress concentration decreases. The peak value of residual stress along the radial direction decreases, and the
residual stress along the radial direction decreases with the distance. By studying the residual stress after laser
deposition of flame tube model at different preheating temperatures, the optimal preheating temperature for laser
deposition repair of flame tube is 300°C, which provides a reference for the preheating temperature in the actual repair

process.
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