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The effects of substrate thickness and scanning mode on the residual stress, microstructure, and tensile
the volume fraction of the interdendritic Laves phase are, in contrast, the smaller both the tensile strength and the

5l

property of GH4169 alloy components after laser deposition repair (LDR) are investigated. The results show that

the smaller the substrate thickness or the larger the deposition thickness is, the larger both the residual stress and
property
=]

percentage elongation after fracture at room temperature are. The experiment indicates that the short edge scanning
mode is beneficial to improving the tensile property at room temperature of GH4169 alloy after LDR.
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Table 1 Chemical compositions of GH4169 and Inconel 718 spherical powders (mass fraction, %)

Element C Mo Ni Fe Cr Al Ti Nb
GH4169 0.046 2.92 51.96 Bal. 18.16 0.48 1.04 5.02
Inconel 718 0.03 3.17 53 Bal. 19.2 0.54 0.65 5.16

MR GHA169 £ 4 W BE ST 1 (1 2 T8 451 403 45 40 4 5 A8 SRR AR 3R RUSH 2 200 mm X100 mm X 3 mm,
T RE I AR IEE H O 3 mm, AN FHE R K E L 30 mm, FYRSEW 4 14 mm , ) i5 SRR
JE S 430k 1.5,2.0,2.5 mmL 3548 0 R 30°, WA 1 () B R . BOLTIRMBER GH4169 SRS SN T 22
BONF HOEHA 1400 WL HEEEE 7 mm/s, B HR 6.5 g/min, #5458 4026, 2 H 0.5 mm, FH# 7 HR
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Fig. 1 (a) Schematic diagram of damaged non-through groove sample; (b) specimen after LDR with short edge

scanning; (c) specimen after LDR with long edge scanning

AR A 199 28 TR A7 100 4 BT 1 ke 2 1z ) A A B X 5 SRR A 45 A IXCH, TR AE B B 12 B IX 0
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il RN 2 mm/min, &M Image-Pro Plus 6.0 FR 50 M 84 %R oAl B9 1R B> Bk 78 40
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Fig. 2 Dimension of specimen for tensile property test
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Table 2 Specimen number and Laves phase volume fraction of GH4169 alloy after LDR

Substrate Deposition Laves phase
Specimen number Scanning mode
thickness /mm thickness /mm volume fraction /%
1% Long edge 1.5 1.5 6.8
E= Short edge 1.5 1.5 3.6
3% Long edge 2.0 1.0 5.5
4% Short edge 2.0 1.0 1.6
SH Long edge 2.5 0.5 2.5
6= Short edge 2.5 0.5 1.0

3 IR
3.1 BRENA
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1o BB T 38 R A A AN 5 i B A8 B X AR TN T, ¥ R R [ B A T 2 5 1R SR AR v AR O o T
T AT 4% I F7 5 o d it B 18 52 DX A7 A R B o 3 L v 0 38 B AN — 3850, 8 Yt 7 8 1 ) R A A8 PR R AR AL AN 3
T 7 A2 AH A RN 5 11T 5 ) AN 34 5 SR 78 1 T ORH 78 5% A% g 7 o A8 52 1 Je 28 ) Bl A% g ) A1 AR A& b 3k 7 b
SRS S QUL
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Table 3 Residual stress of specimen after LDR with long edge scanning

1% 3# 5#
o,/MPa o, /MPa o, /MPa c,/MPa o, /MPa c,/MPa
—379 — 337 — 365 —296 —323 —238
—423 —370 —399 —270 —274 — 188
—402 —351 — 386 —316 —342 —219
Average —401 —353 — 383 —294 —313 —215

4 B ERBOCTURE R 195 A B T

Table 4 Residual stress of specimen after LDR with short edge scanning

24 48 6H
o,/MPa o, /MPa o, /MPa o,/MPa o, /MPa c,/MPa
—378 —345 —343 —301 —253 —127
—356 —281 —313 —262 —319 —218
—410 —334 —370 —271 —315 —162
Average —381 —320 — 342 —278 —296 —169
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Fig. 3 Histogram of residual stress. (a) ¢.; (b) o,
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WA T Ca) 7 % T 5 R 3% 45 40 3R L 2R IS AR 52 82 43301 1.5,2.0,2.5 mm B, X 1y 48 52 44K 5L 2 4
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KT 88 MPa, B34 T 28.1% .0, KT 138 MPa, BIE N T 64.2% . Bl E FEARE L A0 /)N , 16 52 1A 5 3 1
A& S PR B BRI R UG S R 5 A 22 T ) IR R K AR AR N T B
32 EBRAR
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K4 KOHEMBOLTBE R GH4169 B RBMAZ OM i, () 5% 3(b) 3F;:(0) 14
Fig. 4 OM images of GH4169 alloy microstructures after LDR with long edge scanning. (a) 5#; (b) 3#; (c¢) 1#

B 5 AR B E GHA169 54 M B HMAL OM B A, (a) 6% ;5(b) 4% ;(c) 2#

Fig. 5 OM images of GH4169 alloy microstructures after LDR with short edge scanning. (a) 6% ; (b) 4#; (¢) 2#
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AR A R AT Y Laves M #E 2, H Laves AH H 20 37 80K )3 L2 RCIRAE L . LR IR E 2R A
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FHRF B0 2.5 90 B FE 2 6.8 %0, 2 B4R BE U/ N B 48 52 PR PR ARUHE O, B SRR O A8 R AR B AR T e
B 214 i A7 gt T Ak ) A TR B T R Tt A B L R v (08 B R BRI, Laves AHBT A B 20

M 6.7 XTI LUA H A B S 08 S R S S R P Laves MR, YRR

A RIS RES g 1.5 mm I, Laves FHABUHi 6.8 00 (R FIRE 100 T e £ 3.6 0 LA HARE
BURE) o DO TR T A8 B2 R S0 4 0 A2 R A SRR A AR L A IR B T e O A i S A 3L JRE A
X ARG o A7 Tt A B L AR v (Y v R L ) T N TR MR AT T T Laves AHAGHT

x

Bl 6 KAHEMEICTIIRBE GHA169 A4 BMAL SEM B, () 55 ;5(b) 3%;5(0) 1%
Fig. 6 SEM images of GH4169 alloy microstructures after LDR with long edge scanning. (a) 5# ; (b) 3#; (¢) 1#

B 7 AR BOEIBEE GHA169 &4 M BMAZ SEMIBA . (a) 6% (b) 4%; (o) 2#
Fig. 7 SEM images of GH4169 alloy microstructures after LDR with short edge scanning. (a) 6% ; (b) 4% ; (¢) 2#

3.3 hufdikae

BOCTIRME S GHA169 w4 1R 10 % iR LR PR BE D E s W3R 5, Horb o, A S IRPUHISREE L0 T
Ja R, AR W B TR X ] W 8 iR, RIIE AR 5B X 2 [P AL T 80% 516 4 45
B o B IRAE Y S IR B M BEAR TR F bR Q/3B 548-1996 (6, = 1340 MPa, 6 =12%)., VIHEBE XN
() Laves M 4 7 K H T Y M v 8 ALAH I A5 400 % Nb, S8 Y A y s LA M s b . ot bR s
SRV FEE L ) TSR AGARAT . L, TOBRASAE B R B B A ) 2 BB AR T R AR KT

HH 2% 5 AL, 7E A8 S AR 2 AR [A] A1 0 o A LG T o 9 148 52 100 30 40 5L A O v A i R R
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Fig. 8 Specimen after tensile test
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S DX 2 BV AL R o 2 SR R A 4 I o 1 A 00 3 D o 5 YO 47 0 e L 451 A T 2 DR R Y A
Wi X 2 22 S AP B 7 A 2 M 2 W 5 100 6 30 40 i e A D00 3 D o) 5 B0 491 4000 P A X o o P RE ) 52 1
FEXTEE /NS ] W SR A T SR R T S O IURRE SR 9 ) 2 e

M1 5 WAl UA M TR 7 s — B W AR SR RE BE /I o 488 52 A5 B2 388 Oe TUAR B 52 GH4169
o Uk 5 4 TR A T L B B8 0 T I 1 38 Y 0 AR AT 5 AR T R 0 0 T 5 R 0 e X A S R 1Y
(R ACEIPSETE

FE A JBE BE U /N A6 A AR JEE BE S I L 1B S AR P B Laves AR 23 8088 K HLER A I 738 K 59 40 DU S 8
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Table 5 Tensile property at room temperature of GH4169 alloy after LDR

W

18 34 5% 2% 4# 64
oy/MPa 6 /% o,/MPa 6 /% o,/MPa 6 /% o,/MPa 6/% o,/ MPa 6 /% o,/ MPa &8 /%
605 2.6 682 2.5 887 8.8 852 7.5 888 8.0 956 6.7
628 3.1 717 3.3 890 6.7 831 6.7 906 7.2 943 8.2
592 2.4 664 2.5 920 6.7 850 8.3 892 7.2 905 8.3
Average 608 2.7 688 2.8 899 7.4 844 7.5 895 7.5 935 7.7
45 i

455 GHAL69 1o il A < W RE I 2 T4 4 1918 52 5 5K SR I A 048 0 0 i 1 i 2R AT OB DO IE &2
RIS M TF 7T 1A [ BE A J5E 3246 52 1 14 5 A N2 L oW 20 0 0% s s r A M RE 9 A2 L LA . DP9 R
B A48 7 AOPHOC TR G S GURE A I 7 2 SURI P RE AT W] 5 iy, 3 451 1 5 5O A T s OB DR B &2
ORI ) 22 M BE 5 R 5 B8 X488 A 1o 1 102 7 ZH ORIV BB A 52 T 5 ARDX T i 49 48 07 M 5 R 3 O
AT (A JEE B2 X A6 SR 10 R o B Oy (35
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