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Fig.1 Schematic diagram of specimen
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Fig. 2 Sketch of tensile testing specimen(Unit: mm)
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Table 1 Test parameter combination and deposition feature sizes of samples

Sample Experimental parameter Experimental result

No. P/W vy/(mm-s ") ve/(r-min") W/um H/pm D/pm
1 800 3 0.5 2332 207 262
2 800 4 0.4 1992 188 176
3 800 5 0.7 1819 322 101
4 800 6 0.6 1395 169 69
5 1000 3 0.6 2746 200 500
6 1000 5 0.4 2402 102 400
7 1000 4 0.7 2592 553 255
8 1000 6 0.5 2271 212 293
9 1200 3 0.7 2992 960 302
10 1200 6 0.4 2886 313 402
11 1200 4 0.6 2840 513 334
12 1200 5 0.5 2848 305 435

RD 216 101 107

KD 10088 1791 7998
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Fig. 3 Feature sizes of single-track laser deposition layer(a) and microstructure of multi-layer laser deposition(b)
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Fig. 4 Microstructures of repair zone of GH738 alloy: (a) Repair zone interface; (b) Substrate; (c) Heat affected zone; (d) Edge of

repair zone; () Center of repair zone
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Fig. 5 Morphologies and content of y' phase in GH738 alloy: (a) Heat affected zone; (b) Substrate
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Fig. 6 Carbide distribution of GH738 alloy: (a) Substrate; (b) Heat affected zone; (c) Edge of repair zone; (d) Center of repair zone
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Table 2 EDS analysis of different position in Fig. 6
Mass fraction/%
Position No.
C Ti Cr Ni Mo Co Fe
1 14.2 52.58 3.46 3.15 25.4 1.21 -
2 12.4 53.08 6.28 391 21.1 3.23 -
3 16.02 34.23 29.04 4.98 14.59 1.14 -
4 10.09 37.81 28.86 5.06 16.23 1.95 -
5 13.4 2.88 24.51 29.27 18.11 1.28 10.55

FAA A AR AR R RST IS 5 AR BRI (L P 6(a)
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Kl 6(c) T @IX), HMWrEmfmT ik, R4 200
nm, % EDS 5 i1 4%E & Cr JGH M MysCe BRI . 1
BE X AR ST W0 M & B 4R, |
EDS &R A EE S Cry Niv Mo, Fe I
#, N MC AL 6(d))-

TEEORAE S R, ARG DX P A e v
MC WAIITE R R 2 R A RS A R M3 Ce BR AL
P, AR X3, MeC B E B0 TR i T
X5 B TS R PR RECE YIRS BT
Cr. Fe JuHEMAT RECUNT 1, B T AT 70 4% i
T+

2.5 ERRIBMERE

BRI SRR RS R R 3, B 7
PR A SRR W SR . S W 35467 F GHS36
BRI, W0 EAAERIRM SRR, RISy HA
MW 2 s DTARZSAE B FE (7 35 P04 5
849.6MPa, iA%E| GH738 HfF11 66.5%, it GHS536
BAT 6.3%; “FHIWIEMHKEN 14.25%, 75K T
GH738 A 15 GH536 & F11 .

WOLTTRME F AR PURI R EE = T GHS36 4t

Cr JTREW RIS SR G S, ST FER Cr
JE 5 R AR X, P AR oA
FAUS ;RSO 8 52 R b A F XA 3 U
WICERINY BUREK!, ML T8I, CriRke®
Feor EILIHYTEE y BRI X,
Az BB AR P XN DI AR P S AT
REAER, AR T iE— AR A s ORI
2) thiE 4(e)rlHn, BEX P SAAEHI 7R
BRI EE , AER e A T R I 5, S EURAL
TR PN i PRI N, AT R P L8 AT S 4

B 7 &&im b e

Fig. 7 Room temperature tensile fracture morphologies of alloy: (a) Macrograph; (b) Microscopic morphology



2530 B 3 W

TER, % BOLUIRIBE GH536/GHT38 & &ML I )12 fe 547

®3 BRI SR TR

Table 3 Room temperature tensile properties of samples

Sample No. Condition op/MPa 002/ MPa Elongation/%
1 As-deposited 856 492 13.7
2" As-deposited 845 480 14.8
3" As-deposited 848 489 14.3
Average X 849.6 487 14.25
Wrought(GHS536) Solid solution treatment 799 380 49
Wrought(GH738) Solid solution and aging treatment 1276 780 26
SR, A TIREHGRREZ. 3) W S(DFTR, B
Fr b B2 A JURKI B, Xy BRIRAI A 3 25
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Fig. 8 Microhardness distribution of GH536/GH738

superalloy repaired by laser deposition
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Microstructure and mechanical properties of
laser deposition repair of GH536/GH?738 superalloy

BIAN Hong-you', ZHU Ming-hao', LI Ying®, YANG Guang', WANG Wei', WANG Wei'

(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China;
2. Welding Research Institute, Shenyang Liming Aero-Engine Corporation LTD, AECC, Shenyang 110043, China)

Abstract: The GH536 alloy power was used for the laser deposition repair of the GH738 damage specimen, and the
flawless specimen with a small weld depth was obtained through orthogonal test. The microstructure, room temperature
tensile properties and microhardness of the repair specimens were analyzed. The results show that the microstructure of
repair zone is columnar dendrite with an epitaxial growth. The columnar dendrite at the edge of repair zone shows an
uniform orientation, and that at the center of repair zone appears a certain angle of rotation .In the repair zone, the MyC
carbides rich in Mo, Cr are mostly at dendrite stem, and a small amount of fine M,3Cq carbides are found at grain
boundary. Compared with the substrate, the amount of ' phase in heat-affected zone decreases obviously, the size of y’
phase shows a coarsening tendency, and the MC carbides decompose. The tensile strength at room temperature of the
laser deposition repair specimens is approximately 66.5% of the GH738 forgings, and it is higher than that of GH536
forgings. The elongation of the laser deposition repair specimens is lower than that of GH738 forgings and GH536
forgings, respectively. The microhardness of repair zone is lower than that of GH738 substrate, and slightly higher than
that of GH536 forgings.

Key words: GH536 alloy; GH738 alloy; laser deposition repair; microstructure; tensile property; microhardness
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