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Study on process and properties of selective laser

melting forming of GH3536 alloy

ABSTRACT

GH3536 superalloy is an excellent superalloy with long working
hours, high temperature resistance, corrosion resistance and oxidation
resistance, The matrix is Ni, Solid solution elements are Fe, Cr, W, Mo,
etc, because of its excellent performance is widely used in aerospace
engines, Marine industry and special environment (high temperature,
corrosion, friction, etc.). Most of the components of aerospace engines are
complex in structure and have a variety of internal flow channels, and the
surface accuracy of the internal flow channels affects the fluid flux in the
working process. For this complex structure, traditional processing
methods such as forging, welding and casting need to use molds, and the
production of molds is difficult to form and requires high production
costs. If the expected results are not obtained after the completion of mold
production, re-manufacturing molds will also cause waste of raw
materials. Laser selective melting (SLM) technology has the
characteristics of fast manufacturing speed, good controllability and easy
modification, and is often used in the special manufacturing of superalloy
parts with complex structure. However, because SLM process has the
characteristics of rapid melting and rapid cooling, nickel-based
superalloys are easy to produce large residual stress in the internal due to

its high thermal expansion coefficient, resulting in fine micro-cracks. In
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this paper, GH3536 alloy is used as SLM forming material, and the
surface defects in SLM state of the alloy are studied under different
process parameters, mainly to explore its microstructure and mechanical
properties. The defects in SLM state were improved by solution heat
treatment, and the mechanical properties of GH3536 alloy at different
heat treatment temperatures were studied. The main contents are as
follows.

A total of 20 groups of 5>4 GH3536 superalloys with different SLM
process parameters were selected to discuss the changes of their porosity
and micro-cracks, and the alloy hardness under different process
parameters was studied to obtain the best forming parameters in this
paper, the microstructure of GH3536 superalloy formed by SLM was
observed and its mechanical properties were analyzed under the optimum
forming parameters. When SLM is forming GH3536 alloy, too low laser
power will cause that the input laser energy is not enough to fully melt
the GH3536 alloy powder, thus forming more holes and micro-cracks,
with the increase of energy density, the micro-cracks of the parts have
obvious signs of reduction, and the holes can be basically eliminated
under appropriate process parameters, and the density is improved. The
molten pool of GH3536 alloy contains equiaxed crystals and columnar
crystals. The equiaxed crystals are uniformly distributed in the molten
pool, and the columnar crystals grow in the direction of inverse
temperature gradient perpendicular to the molten pool boundary. After
obtaining a group of samples with the best technological parameters in
this experiment, solid solution heat treatment of SLM alloy was carried
out at 800, 1000, 1200 degree Celsius for 1h heat treatment, after that, the
microstructure of heat-treated GH3536 alloy was analyzed, and the

mechanical properties of GH3536 alloy were compared, and the changes
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of tensile properties and friction wear properties of GH3536 alloy were
studied at room temperature and different solution temperatures. It can be
seen from the analysis that the tensile properties and friction and wear
properties of GH3536 alloy after heat treatment at 1200 degree Celsius
are improved in different degrees, The main reason is that after heat
treatment at 1200 degree Celsius, the columnar crystals in the structure
are basically transformed into equiaaxial crystals, and the homogenization
degree is improved.

Keyword:GH3536 alloy, laser selective melting, microstructure,

hardness, tensile property, Friction and wear property, heat treatment
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FEdt—0 T, A% 1280 CHE, KPR EVIEI SR . kK &5 AP
SLM 1) GH3536 (Hastelloy X) & & ik FEBEAT VB BT, WIS
GH3536 &4 SLM 2 FAETy 1a) EROW A LA FIRFE . 45 RR & &y
A () T B MO A 2R AR AE — fE B A R X, T 3B Dy ok 2 [A] () HL
A ZZ R AT S 30 . Takaichite15: A\ %) GH3536 & & fEH i M 43k 0° .
45° . 90° A1 750°C/6h. 900°C/6h. 1050°C/6h. 1150°C/6h VAR N 17—

I
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LA TR RS A A8 3

A 3X4 AR TR SIS o BT FEACUAE 6 /N AT AR BT P A A R AR
RS RA Y Sl ey, FLIX S5 i FLA REA LU PR, IX592 GH3536 #E: i &
EARE T

\ dendrités
A/\ >
!

X

recrystallized area

b

incipient melting
of gram boundaries ym

K 1-4 SLM A% Inconel 718 &4 SLM ZS A AL PRSI : (2)SLM 7; (b) 980 C;

(c) 1030 C; (d) 1080 ‘C; (e) 1130 ‘C; (f) 1180 C; (g) 1230 ‘C; (h) 1280 C

15 REEEMRAR

AL GH3536 4k i & S E AT AN R, FEM AEMFERMAES
EET, ANRPEOCIIFRESHEEEX SLM BB AL % . R Mm ALY
SRUAJREFE A N, AEFLBR /N . R . B SR R AR, AR
REE 2 TR T LR AL, BB A F T Z S 80T il 1) 215 B AR S
B GH3536 it & i UL S 4, XA S S S HUN A 21T OM 2
A SEM RUBRWLER, ASLIGHTFUA AT ARk SLM i GH3536 & L2%
B E. FXRIL T ZZE TN GH3536 & &b T A #AbBE, 2Tt

11
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AN [ VAR T & R v e 5 EEBR IR R RE A AR AL, BT FENBWTT
(1) GH3536 &<l 5H AR i
WRMFEARRES ZET, ARREOCTIR SEHEEX SLM BIE i

FLBRZE . R A SUE I LKA r 52, AR A8 5 25 12 1R T 50 M FLBR 26

AL, FIEEAFE 2S8Rk H GH3536 il & & NIE S 4.

SHERAERESE T SLM BIEHI & A5 T MM A SN 82 5047, e tE

JRIE SRR AT AN RNR P H [ VAR EE, R AT AR 5 2 M R AT 047
(2) SLM 7 GH3536 £ 4 = il hu A 14 B 7 By
M SLM FAERIE S50 N 1 GH3536 =il & & E iR A& F R Ere, o

AR LESHo SRA R ERE s, 32207 20% 8 i M %2 5 iR hr (S50 By

FEMRALTES, HHAE L ZESHN &SR 7 NS MO A2 .

(3) FALPHAS GH3536 & 4= = i hr A ML BEAN EE B2 B 451 1M e o A

WAL FEZS GH3536 i & &£ W iR T K e e 5 BEARE it rg, )
T SR I 5 AN () ] U FE A A BB A 0] 4 e SR L 5 R R A B AR R
B, WLEERLAN T 1 5 B IR R TR, 40 b7 [ VA I FEE ol e 1 e 5 B s 4

ERZM .

=0

/-

12



LA TR RS A A8 3

£ 28T LWHERME

2.1.1 SLIG[EMRL
AN EE SIS MRER I GH3536 A&k, HALZaisr W 2-1.

%% 2-1 GH3536 FEH & &It R4k

c w Fe Mo Cr Al Ti Cu Mn Si p S (0]

005 02~ 17-2 8-10 205 <05 <0.1 <05 <03 <00 <0.0 <00 <00
~01 1 0 ~23 5 25 25 15 2
5

K 2-1 Jy GH3536 & &t RKIEMIES, LRERDNERILIIAR, BREER
o, FOBENMERIE, — &k RERVE LR A0/ RO B L2 R . 3 AR
ARLFERTIAL, K GH3536 ¥y oK Fikife sy 39.5um, M RIF& & @ H4
i 325 1) — A R B,

K 2-1 GH3536 ¥ K5 K

2.1.2 SLIGHARIRL[E]

ARG 2-2 fiR. 1 GH3536 A& NLk &4, il
BEAT FLBR A FE AR T, A3 AR IR R T2 S8, W et 80T w4
GULH K 1 VERERIR T, S BORFE 2 AN [R1R B2 ([ i P B /S R ox
HAAT A LTINS T RE R AT 7L, 13 ARSI fe R AL FRIEL R, Ny
ZJE R SR T 2SR5 5 A 7 = L

13



LA TR RS A A8 3

' |
_—— S—
——

& 2-2 sk A

2.2 MRHEITIZHE

2.2.1 GH3536 # AR 4N

H T~ 38R 1) e ol by AR BE AT e i oK, AR SRS A R VL R R B W] A
AP GH3536 G AR, fd R AR RIS, Al H 9058 GH3536 # AK
SEYPRIARTE 39.5um. ZR R FFEIREEA S SLM EASTENER, FEH SEM
DB WS RSN RIS, R R LK BT AR, BRELE T, IE
B MATERNRERTE , B KA TG, X2 B b M NBORLIE i T
TR, S A K, 7EHEIT SLM HIiE AT GH3536 mili & e AT E
100°C B2 FIRAE AT HAS T RRALEE, iR, X i TR I s S
FTENI B RANRE TR /AL, BTG RO ARSI, M T 588,

2.2.2 SLM #TED GH3536 &%
SLM SEI6 R £ K AR [E EOS ] i< & 3D 1T EINL EOS M280 otk X J&
s, Wk 2-3 fs. TEBRIR
() EEN RS ERE G TEITNIURSINY, SFHEHE, £ SLM &#
I FTED, ¥ GH3536 ¥4 AT T BNk A

14



LA TR RS A A8 3

(2) AMEMEAAE (IR <D HETE R, BRI eHNAITERKE
200pp LA, PSR ORRE B i/ <6 J b R AL

(3) JHN 45 WHEMR, IRZZ[H e, IR R AITHRE . BhETE
1A — 2 e AR LRI 58— Uk XAk, 3T BN 38— 2 )5 &1 T R
—RERNA, HEOHS ZREEE - RE R AL, SEl— 24T,
ZJRIBRERATH, HP5e8ITHIH Prfa Tt

(4) FAHTENTERG, KH SLM Hlas, P& 2R ARTNBEELH,
EREARIH ARG TR, f2dfbi)n, SIM SIEEMF SRS, F=4
H— B 18] ATH BB R AT o

(5) fi R DI AR D) FI AR

2-3 EOS 280 WO RIE 24t

2.2.3 A& T

GH3536 il &< 7E SLM T EN G i FHZR D) FINL ] 4 A [/ T Z S 800 % Sk
WEE, TR B S . i 2-4 Bis, KA 10 mm>10 mm><10 mm
PRAERIAE SAREGEAT B TS T XRD #IAHS3 4T OM. SEM MR 52 A A5 s il 1)
WFE. SR 60mm>10mm><t.5mm [ Ax R sF AR b B T hr vk R AE . R A
20 mm>20 mm>3 mm F 1E 77 T BE 15 % 45 S He A FY T R4 B 43 S 6

|

I

60.0
) Nﬁf {
.0 ﬂ

R20.0_] — s

’_

2-4 SLM il %1

15
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2.3 ¥IFEALE S HT

(L Yo

KH X SHEATH (XRD) HHAT & &M AR S YRR 41, MR
Cu, FAFifIZH 109 955 HJLE 40 mA, HEE 40 KV, FFEEFE 49min.

SEEBRARIT UG T 75 4T B 0, KR 240 H, 320 H, 500 H, 1000 H,
1500 H, 2000 H w4t dil e alre, B T BRREEAOCE-F, Btk
HIRZE.
(2) HL I 73

{81/ DSX-1000 B! iR Je 2= WA Al S-4800 B4 4 Mo 7 AR B X 1 URE 1
AT M SO 52

SEE AT SLM BOE Ja ORI FICT , AR AT S 22 3000 H, JE 21kt
FLIE A 2R T B AR OG5 HIOG B AT HRAE, i T AR SRS
4, POOBIFIAl A 10~20min, BHERFEREAR NN . TRNEH. 25
K AR A G RE AT v, t T K v AR SR, AR Ik A SR AL,
JE5 ks ] 21 15y 2~5s.

2.4 D MEREMIK

(1) o P B I

o 2R B AR P 26 B R I B 1 HV-1102 B4k BAFRE i, T 5 30K
Y, BANMAREST 5 A0, BiIbsRie iR . ik /1% 100 mN, K 5
mN/s.
(2) hrfiPEREN

81 FH B R A SR B AX B AT R AR S5 . AR AE 1500 H % 2000 Hb4L
FT B Jo N SEI A A, PRIE IR ZVEH .
(3) EEFEEAE R

RV SE S0 R HT-1000 AL 5[ BE R BE S SC S0 HLgEAT iR BE R IR AR,
WATE 5 N5 10N XFELsEEG, HfE 220 rimin, BEEARE 4 mm, BEIER]

16
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N S3Na FBEER. SEE0 5 AE R =4 AT MR, T 5 R A T AR
TSR R, BHE W (10°%um¥pm) THEAR N (2-1) FoR, BREIH

5 B IR JE KRR B D B A B AV IR R B,

W= AV (2-1)
 P2mrRt i

ERAVAESE (mmd); P NEA (ND; r NEIREE (m); R AEHE
(r/min); t TR (min).,

17



S MW N e VAT

58 3 SLM 75 GH3536 & & 4tH 5 #h K B 4H 4R W 52

31 5|5

H AT, SLM HUE GH3536 e < 1T R 47 A eyl BB VR 2 A Tt
EMR, L) R, AR N R T A S AR,
AEMLZSHENEEERAARFENEN . AEHAEAENLESHTEE
LR SR R RIS NN, [BAALRRRLZSH, NRHLESHK
BT A SR 5 0 o B8 T AL 5 TR SO T R N s 7 vk,
RRERES TZSHZMP KRR, MES TESH MR R SRR T
SN ER PR ERE AL

ARSI ARG F BV 5 B BB A LA B ) %5 1) GH3536 A A, £k ik
KPHIRAZEA 39.5um, BEFOGEKISMIER, FH SLM B &S
NAEIE EOS AR A7) EOS M280 Bl @k A SLM ¥t . A SLEGR A 1) T
ZZH0N: AR h Oy 100um, i ZEE d N S0um, FERIFGRE T J
100°C, RIS N RET, ZEe Ay 67° , HAfEE vy 750~1150
mm/s, HOLIIE P A 240~360 w. MIEZAFE RSN 10 mm X 10 mm X 10 mm 4
FAERAA, SR 2 S8 A a0 T EFTR

£ SLM SESHTH GH3536 f4E myif & & AR A 100°C EZ& TR AT H
FTEALE . SLM BB FE T TR RS BAE 200ppm LA, Gl GE I E
SRR 1 ST AR T A S o e AR R

SLM 25K H EOS M280 WOtk X I e &, FEMCK ] 45 ANFER, S5
TR 5X4 LSRN R, BEARROLTR SHMEE, EMAFEMHE
IR AN Z B R £ GH3536 A 4&idFE, JL1F3] 20 AR T2 S8 E &,
HMEXFEAEAR RO TR 5 HRE R TR AR, AL TZESH K
FT 55 1 Re % B LR 3-1,

18
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#£ 31 AFILZSET GH3536 MAE &%

75 WOt Th# (w) FAHH FA 4 A] J2 )% (um) Rb
(mm-s™) (um) (I/mm3)
1 240 750 90 30 118
2 240 950 90 30 94
3 240 1150 90 30 77
4 240 1350 90 30 66
5 270 750 90 30 133
6 270 950 90 30 105
7 270 1150 90 30 87
8 270 1350 90 30 74
9 300 750 90 30 148
10 300 950 90 30 116
11 300 1150 90 30 96
12 300 1350 90 30 82
13 330 750 90 30 163
14 330 950 90 30 128
15 330 1150 90 30 106
16 330 1350 90 30 91
17 360 750 90 30 178
18 360 950 90 30 140
19 360 1150 90 30 116
20 360 1350 90 30 98

SLM HBJa Bekr sl A D FIBCR , Rk 240 H, 500 H, 800 H, 1000
H, 1200 H, 1500 H, 2000 H#b4HT B GAH A, B 2 il RE 2R AP RO o itk
TP, MSEE T — BN 4~6min, MG R ORERIRIE, B E R R A E
DG JORIER T . fEH DSX-1000 AL SAOL T X SLM A& &K HE
SUHEAT X LG AT 00 s A DR R, TR 56 [ U b A BT HV-1102 U4 X
BEREETE, T SR A, AT 5 A e, BUREEEFIME . sa b
A SRR R T 224

K H AR e TS H A S RE T v, i K ot R 5,
RBT A SR AL, TR A 291508 2~5s. f SR OM BB I 5
ot AT LSS, T HARH L AR S-4800 Y44 i 1 2 % (SEM) KT A
B R RLHEAT LS 43 HT o

3.3 RIS
331 I Z8HXEEFTRAMIRAIE N
FHAR T2 253TE GH3536 44, L83 20 41 GH3536 &4 £ W,

SR TR T 2240 SLM ¥ GH3536 &4 R 3R K & 3-1.
19



74 RN 2R e S A0S

240w 270w 300w 330w 360w

(8]

o

O O ==

o O W =

] 3-1 SLM JJE GH3536 & 4 i EE I TH T30

ME 3-1 AT LIE H, 4EO6Th% N 240w i, RRALFERZH K, BRAM
A B BT, X2 EDYBOE IR IR, GH3536 A< K SLM id gt
AREME 7R A, AT A T 2 kB . BEEWORTh R iz i, K 3-1
T LAE BIEOEThZ 270w P B0 Th 2 gy Bk SR FLIR AL 240w I AT 7 B By /b
WG, FTRASIA SR KRRy, BOkThE p. BEd. HiN
FERIXLE T2 MM G R EEE o kR, oSpRIEHRR, 5d, MiivER
WX R, SHTZSHGESEWR 3-1 FiR:

p
P =— (3-1)

ME 3-1 FLLEH, B REE S MIEHH N, SLM ¥ GH3536 & 4k
BRI R T B IE RIS 58 2 M. ER0GT R 330w, HHEE N
950mm/s i, A1) AIFHEEREZE N 128)/mm?, i W Z iR T
SRR AL, A D BHEREG A, ik ENEROEThEN 330w, 4
9 950mm/s T it GH3536 & <& BN &R SLM L TZESH, Z ks

Re B LT, MHBL T S fLIRAF R IESEE, X2RAREFRELE, K

20
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W< R BURL S O e R IR 2 B EBE ok i, RE R mid & i < R BURLAE R
SR A A IR R, SECT —BHOUARE N L AL, RERSEE .

3.3.2 YIS R

NRFAF L SHOT b A A G A% HU A, PR S KA 25
N GH3536 &4t 1T XRD £AiF, Kl 3-2 4 GH3536 # Mk & &k R EAA
AREE T XRD K. #HE 3-2(@) 7 7%, SLM HiJE GH3536 & 4 HIAHA v-
Ni.

8%
(1 1 1) —— 270w 950mm/s
° —— 330w 950mm/s
| —— 330w 1350mm/s|
|
1500 | . (REHK
- (@900 (220) (311)
il | ) °
/—\' | | H‘ ,-\,v\,w«»,»«w\/v/‘ / “V‘«Mf\/\r«fw”\.»\»w«\/\\w\/\/j \M~
3- ferrccsimsmnd M b AN
8 1000 ‘ﬂ‘
2 o e M P
(%))
3 w
3 I
c |
500 W \'MW/ EMMMWWWWWW\WMWJA\WA
|
J‘ /\
i \ A
WW’ LW \\N-I\,WMV“'W/‘W /\ww/ \\’V\"N“’V"’\NWV'W‘V\/"’V‘V"W"'/\ S
0
40 50 60 70 80 90
26(deg.)

(a) 35°~95%i [#

21
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E— 3
270w 950mm/s
330w 950mm/s
—— 330w 1350mm/s
1000
-
=
©
A —
>
= —
()]
o
€ 50| o

50.3 504 50.5 50.6 50.7 50.8 50.9 51.0 51.1
26(deg.)

(b) 50°~51.1 i
3-2 GH3536 &< K SLM Jl i GH3536 ik FE) XRD Kl
HE 3-2()rT LAB H GH3536 & 4 (VU MITHIE5) 7128 (111) . (200). (220).
(311), EH TORIAT A% 45 M N TH 037 (FCC) Bk 450 v BRI HIER R R & 4
T IR, ARAEAT RS ATE AR, AT S A RO/ 5 T R BE ) 5 R B OG &R s
2dsin® = nl (3-2)
b, afURETREE: A AR 0ORRRATH M nhEHL.
Ni 76 =i N RIS 2 a o 0.36468nm, i T (8] FE R ks 5 B0 58 R 2 R
AR

d=rmee (3-3)

AR (3-3) Ha RESMEL: dRERBMAE: b k. DVEE KRS
TR L

2> F(3-2) P AIAT I A AR DR, HG T TR) R ek, X2 T SLM 43
T FR R T B T AR B Sk R AR AT OB AR o e )k A . B 3-
2(b)ATLAE i, SLM Z5 GH3536 && ik GH3536 Ky KA AH LL AT A M Ao

22



LA TR RS A A8 3

e, BIATHAARN, A s(3-2) AT g A Ed AR K, X2y GH3536 &4
¥RAE SLM B #Erh & iy 1 Pdiv® 1, HIE Mo Cr. W 51 [FH ik 151
IR Ni 2, HTF7E SLM B RE A, AR 1 5L A 5 AR A0 R 22 VO,
HIE LGS G TR B A IR R 7 S B Ni 7E SLM B I HY B T i
frIm AR

B 3-2(b) A &1, BEEWOLIIERH 330w /N E 270w, FHHE E H
950mm/s 3K 2 1350mm/s I, ATHS M3 R ImEe , A AT EEAR /N, 4 2((3-3)
A SRS Sa s SR A BEd 2 [A] 2 IIELEOC R, AR AR, JEAR Ni 1) A%
WA RN, X8 T EVESER Cre Mo, W T2 554K Ni (512
BMZERKR, FECNI B Eam /).

333 £HHALR DI

N T f#E SLM %I GH3536 it & MO A2, % SLM i i & i
TR, FHEH OM Je2: B A SEM M7 BT O 414U 5%,
HH AWM e GH3536 FMITES, I OM 2 B 2 mixnt & e B 7 [ 5
FTENTT A & 4 B WA AT IS . B 3-3 RJEJ7 1 GH3536 il & 44
FIALZL, & 3-4 94475 17 GH3536 il & &l 24141

50.0pm}

Kl 3-3 OM R N I 77 7] GH3536 il & < < AH 4144

23



LA TR RS A A8 3

3-4 OM fBi 43477 7] GH3536 il £ ) B AHZL 24

MK 3-3 (a) ATUUEH SLM sl 75 A48 A R AR, it & 4
100um. ¥RFEZ) 160um, H I ABRIRIEZ RN SLM $TE1T X EH R EHES K
Rl JRIESCHHATEN, MEMS, HE—EMERZ 0. RX PR E
G R AE G R FE RO R R R 2 67 el 3l XM AR T LU /L
RIEESEZ M. HE 3-3 (b) ATLAEH GH3536 I 7 Ak ith Py
FRZEL 2 B P AN [ i RS A o

HE 3-4 (&) ATLAE H SLM 94577 A1 H 2 2 AN FLIEAR 3% L8 AL TE PR
NIEE, RRMBEOtHEMS S, s EEITE TR Y, GH3536 & <6 H]
SLM Mtk ARAE (R NECRI 5, BA RIFIIBUEYE . 8K G HE 3-4 (b)
P LLE H GH3536 4714 7 1] (14438 13 p 9 b AN 7] it WS A4 i o

NEE PR FA LN RIS fEH SEM X J7 18] GH3536 & it
TIN5, B 3-5 NTEBOGIh A 330w, TR A 950mmis T R H
i) GH3536 & < i\ ke B T ) SEM .

24



$4800.15.0kV 8.3mm x5.00k SE(M)*

BLEGU AL SR 32 X720k SE e £ I e S 54800 15.0kV 8.3mm x600 SE(M)

& 3-5 GH3536 = iH &4 SEM &
(2)SEM (EHILYIZ OFRATES (d) ek AR KT )

NEEMME GH3536 A ettt WS, i SEM & W& & & Hoi
L4 i . B 3-5(a) T LA i, GH3536 il A Y 0 il R 2 il Fh S5 2 i 5 4
IREHI R, & 3-5(b)y GH3536 S i dh A, HIES ZHRRE ), K
3-5(C) WA IR O 2, HIB S 2 BAIRE A . d & 3-5(d) W] LA
SRR R 2 A RAEREIB A, TR T B e B SR AR R T R AR G
SLM B A Hh At A B AL IR B ko, AT A B X (el %
A WS 0, G&HANAEN T RIRRERL, 15 &R E K T4,
TV AN AN I N e <R N L

334 hFEMEEDR
AT SLM IE ) GH3536 15yl & G ik 47 it i S 06 A1 == 15 Hr {5256, 3-
6 NFAHEE . EOLhEEREEZEEXT SLM B GH3536 & 44 PG AT & (1 820
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260
B
255 255.04
%~25'3'- 249 26
= 246.8
i
i 245 - 24498 244.36
24358
2406
240
e —
1 2 3 4 5 6 7
FFs

K 3-6 AIE T 2S% N GH3536 & 4 14k [ &

1:240w 1350mm/s 66J/mm?3
2:240w 950mm/s  94J/mm3
3:330w 1150mm/s 105J/mm3
4:330w 950mm/s 128J/mm3
5:270w 750mm/s 133J/mm3
6:300w 750mm/s 148J/mm3
7:360w 750mm/s 178J/mm3

Hi P8 3-6 RI AN, GH3536 < hifl i B4 b [ R B 25 52 (10 149 R Bk 52 L S 1 K
JEINES . BFS 1AL, BOGThERECR, BARX (3-1) WEHEAROL
MR E% B MEK, SEESHARINRASIEN, TR0 ST IR
EARTEBUIE AR, BB NANUR, X EeFUIR 5w R RE
SEESHE T SLM BB SR & 6 1) R ZR LA mAS, o n A
AR AL 5 VA R . HIHOGTh RN, HMERRAL, BIREE R Ry,
FRECMMER, 5L g tb 1 SR SRR R, 4l SR A ORI 58
MR T IR R PRI, B 3-6 AT AN, UG TIFy 330W, HHEE N
950mm/s i, 4k Fof 3k 3 B KAH, #{E v 255.04HV.

NIRRT . WOLTIR SRR E R EXT SLM Y GH3536 4 4 = il i fif
PERERURZMT, ATIEEGE 3-1 MFS 8. 14 5 17 Wlff, 8 SikFEBOtiRN

270w, FAMIEE N 1350mm/s, fEEFEE AN 74)mmd, 14 SilFREOE TR N
26
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330w, HHIEE N 950mm/s, FEEZFEN 128)/mme3, 17 S RFEEOLIhER K
360w, FIHHEEZ N 750mm/s, FEERZEE N 178)/mme, e AT T E IR S SL,
K 3-7 4 SLM A E L2 ZHUR ) GH3536 & 4 M 7- M A% #h 28 .

T T T T A

o— 14

[ (Mpa)

iR (%)
Kl 3-7 SLM E&AF L ZS%0 N GH3536 A4 M /7- AR i 28 I
W 3-7 fiw, 8 SIRFFIEMIREAL, 14 55 17 55 8 SEMRgHH K,
KM T 8 TR E R LR, WEFERIEEME, 14 5/ 17 Sl Cmit
64, 1M 14 55 17 SIAFESEN B IR BUR R D BUR, B IREEEART 8 5kFE,
H 14 SR EHEIT 8 55 17 Slk, HythimEEg. irel, 14 5K
FERA BRI B 1
NIRRT T GH3536 & & hifiithge, XAF TZSH T SLM & GH3536
B4R BEAE ZR T IR CT3E4T SEM $54, 73 B h i 1 T3, GH3536
&A= T HIRR BT SEM 30 B Wi 3-8 TR .
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K 3-8 SLM 7% GH3536 10 7E =35 N I hzfH il 0 SEM T30 K

(a) 8 FiRFE AEEZE 74)mm3 (b) 14 SikFE  REE%E 128)/mm3
(c) 17 56k BEE®E 178)/mm?
WK 3-8 fin, SLM #& GH3536 4 4 = i v f 7 B30 S IR AR
K MIA HE 2 LIRS R5E, XEZBTHNHMHAR D mALL, NHBEH
Bz, NEEWEINNEHMAL, #iTmEM SEM AL, K 3-9 4
GH3536 I FEF i 1 =14 SEM TR K]
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K 3-9 SLM 4 GH3536 il FE7E =i T FHLH B 0 SEM HOW 250 K

() 8 5FE RERMSE 74)mm? (b) 14 FiAFE AEEZE 128)/mm3
(c) 17 5k RERTE 178)/mm?

HE 3-9 FTLAE H, Fra RAERERT 1A 2 mT DUYLEE 21 W 52 1) [3 T Akt
T3 50 50 An S R, XN SRS, X R FTAT ERES A)
PEWrE . WIS ALBEI B R AW EMIUAYE, H 14 Sitts 17 SileEds
B8 SRS R /N, R T e B B T e AR B RR-T E, IX SR
1455 17 SRR 8 T il LA B R 28 1.

3.4 KEINE

AEATH GH3536 &4 NEMEL, KM SLM BUtEX A7, AR T
S T 5X4 HSEORFER) SLM & GH3536 &4, 28 T AR T 25%
W% E SRS . WAL O S AL K 1R fsem, S UUR

45k

W
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(1) SLM HiJE GH3536 &<, HotThHR L Ra S EmAREOLREE A
VAT GH3536 & &k, TERERZ I, BE&ReR % T, 4
RIFLBR RIS, B AT B

(2) %t SLM HUE M GH3536 A4 5 GH3536 & &t ARAHLL, ATl
FEAw%, SEREEEAR K. X2 WSS MR 3801, FEEZE SLM Spid i,
R A R LA A SN R B AN B K WO T 330w, I HEHE
>y 950mm/s & A SERG RSB R ) L2540

(3)  ReE RIS, WEAAERGERMG, SREAN 2D 52m 2Rk SOE
Yo BEREE LRGN, A0 SR AL I SR OR BRI S S0 (O BRAIG, RO TR
4 330W, FHIEE Y 950mm/s I, REERE LA 128)/mme, 4 IRAE I B AR,
N 255.04 HV.

(4)  SLM RJE GH3536 &4y, VAU T [ 424 8 ARt R A
W, FEAREMES . SO L S AR SRR, S A AT AR AR K
AR ity A b i 5 ) L P A I (K 7 T AR . IR T SLMY BRI s i
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(5)  GH3536 4 < R F 25 P (1 18 R B AR Al B A | 52 3 2 384 0K s 93/
A, REEEEN 128)/mm? 5REE R 178)/mme ik LA BRI & &
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T BN J I AP, bRl A BORIRIEZE, 5 HAME G TZMLE,
SLM SR MM 2 Rk E, FEFLHEREE. AT RHA 800C.
1000°C. Az 1200°CIAEEXS GH3536 HAFHEAT — /NS VA TAALBE, 73 B Ak PRIR
JEXT SLM &6 & ALUEI I, WA B R aRE TS s, JFxs #t
B2 5 GH3536 &< BT . R e A B 2 BE i e iR AR AL HEAT 0 BT o

4.2 T LI FTRAE

SLM fill# GH3536 &P HR, KM, (H SLM SR EIF 7L —
BEgREG, ANREGRME . IR RS ) e, XA AT SLM BEH] GH3536
4 USRI BR ], R AR B 7 AT LA 20 B SLM il & (R S R A R 22 Ak
K 4-1 NEEHE. 800°C. 1000°C. 1200°C#AbHEE N 1h KFERSESE

HYH . SRR IG5 188 ) R T SRR B B, W R K
HE 4-1 (b) %1, 800°C F#ULHE 1h 5, T msmy BURTRAR M J1ih T3
Ba R A, DIRRESREIBA TR, SRR, ARSI & AR
ALK, TEARD MRS, HEMALR PR SRS ARG, &F
— LD A AL, X T A S BRI, B 4-1 (o
A%, 1000°C FHALHE 1h J&, &5 800°C Y By SJ AR E IR, IR HERR 5 6
SR RS, AR R, BT SRR A BTN, A
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RHE GH3536 A4-@EH rial, AN -5 A FHAC R Z T F) GH3536
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MRS, X AT RE S T30 A HR R A R S i, IR AR OB AR, AR
ZUREL S M. fE 1200°CHF, GH3536 il & &R A 7T EIEK, X2EH

E 4 AR A A R S, AR RIREE, RN aR T A 4 1 A i
P HE 4-3 (b) & EkRE, HE 4-3c)r T &Ehthimmi. M
K 4-1 FIA1, SLM 255 <0 IR 5 B s 1 s T Ve B S )5 48, 800°C A
1000°C FAKLFRAS 5 45 1) JiE IR SR BE AN HRL B EE 43T, 177 1200°C # b FEAS & 4 e IR
SRITAE T WIRIEC, PR A /MERIC. HAaX 4-1 AR SLM S F#E
HAWERLL, HEERTA SLM &5 a1 E Lty 0.66, 800°C A 1000°C #vib
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£ 4-1 SLM ZSHIAS R AL FRIR R & & pr i fe

SLM & 800°C 1000°C 1200°C
JiE AR 5 /M Pa 502.49 456.37 487.23 294.26
Pihram g /MPa 757.28 827.65 864.26 704.80
JEBER L 0.66 0.55 0.56 0.42
442 BRI MO9S

T EM GH3536 & & AE ML I 1O & SR, X SLM 25 FIR R HUb B,
FE R [ GH3536 & 4 {8 Ik 1 T 55 3E 4T SEM W82, 45 K 4-4 Ffim.
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RIEM AT, fFEBRZILN SR, Zid 800°CHI 1000°C [ F# AL HE 5 rFE
R, 4it 1200°C B AbH G, GH3536 & 4 iff i 40 gLk e 3k
T-PH, fLIFASROCERE R, KA T 1200CHALILZ 5, HARSHEA
FACH SR, ORGSR H s, RN S 5. hit—b
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EreES ek,

4.5 ZimEEESILRE
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AE R TOE FIHES . X[ BOIL SR 5 IR S JEE I I TR He N\ HR R R T T
TS, BN, B S SRAREMmAAEIE K, B R R S
HETHEY, X BOVHES TAF, BEEAREIRA KR . £ 2 B 6 7P,
PEVE R BRI — AN SO T R R, X ik R T AN N BE R I S B
PR RS A VR 2 B JE e DO B T, el AR DG B AR, 72 6 20 o AR
B AR IERT R HIE 4-6 FTLUE W, 5%iE SLM &SHHE, AEFA TR
GH3536 & < il ie 1 BEHE RS BEE R BB /), /£ 1000°C 5 1200°C AL BE
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MK, pAAKL, RFHTEHESIERAE. HE 4-7 AT, 1000CH
1200°C I T B BESE 250 9 0.70 5 0.67, BIRART SLM ZEEHERE, Frbh
£ 1000°C 55 1200°C #AbF )5 () GH3536 & & EEHEEE ik RE R 1 W B2

4.5.2 RACIRX BIR S R AR A7

RTRFUHE R SLM A FIFAE PR T BRI R P (R B R ARAY,, A0 R 4
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B Wi KB [ AR R4 2
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AL, XU R RGN, HAL NN, 756575 B IIRHE.
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U i JE REE TR Xk
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PFIA RO E TREERS, ALl BEREE )R, il S E i
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(4) 1200°C #AbFEZS GH3536 &4 E LI 2 SLM 7 & 800°C A1 1000°C #4
WHEESEMRNZ, A 042, MEESERIEK, L&, dit
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Gt S, RS BRI, (H LR B UK TH URE S B o T, B
RLEE BN, BT ARIERD FHHTEL, BRSSO L 7 8BS 45
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5N #ff 25 fFo 10N g 564 N & & BN 0.39103um?*/um, ¢ 5N #2544
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(5) 1200°C #ALFEZS GH3536 &+ stz SLM 5 f 800°C Al 1000°C
RS EEEMM L, MEENERIEE, a8, hital e
1200 C R [H# 1) GH3536 i & a4 A 1 7 1 281

(6) 1000°C5 1200°C#HALHE 5 1) GH3536 A 4 BEE M RERL SLM 25 F1
800°C4AF R4 1 W AR E . FEAIAE 1200°C AL (MR R EEH AN 0.09x10°
Sum®/um, T SLM ZSAHEL, 1200°C H b B (KR FR BE SR/ 1) 65.4%, JBESE %
PR BRI 58 . 7E SLM 25+, B85 U DURG A B0 o5 R Ay, B
PUONIRE AR . SIS, K& B ISR RS, Ui B4 07 KBS
SLM ZHHIF, FEEGR T SONRE B, BRI ONIRE, BT ARERST
REATSESG, BRSO AR 35 B T L BB L

(7) PACBEAAEIE, FEA R & AF T, B S mamtie, 54
BERL SRR . FS B e, AR S s, I BLBTRRIR 2 o L
kb, AN F R BT B ARG R B R 2, I A AE B LI 45 R 4R
BT o
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B+ F AR E) E Z AR

FilsgE, R/NE SLM Y GH3536 & <eHA S IRTTT, 2R TR K74k
(2D
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