| $£49% F 21 H/2022 F 11 A/HEEE

JELF RO GH3128 $4z 3k i T 1 23 PEREDE 5

AR B BEA RK NEEN, ART, ARAT, HER
LT A A R S 0 5 OO S R % T 100124,
o 2 S A R 2 o L U 2 LB R T 0% D 48 621000

HE TR ST BCF BOIE 2938 R AR 52 T2 BT M R i IRAZ B 58 . %) GH3128 #5 He 35 Sk 47
T A EIEER UL 900 °C FL2S b B, 3 % 42 Sk 2 ZUR I B 1 | R 5 o IR 400 {7 6 5 728 r A P BB EAT T 4 T i
B GE AT VS W E L 6 GH3128 5 He48 3k i i i 0 # PERE UEAT T T4 . WROE SRR, 5 ML B RS
F, P B S A B2k =R S IR B PR RE A R TE T 35 %0 M 2006, IR AR PR RE KRR B e . HESk A B TG R R
B - AR B A e Sk ASOIR A SUTF A L R M O A5 A ROIR S 5 4 BT 0 3 B B B 2 R B L T 0 5 S R AR
7 1) — B, 2R RRRAE , BTG  RCRE0™ A 5 ik BRSO 12 3k S OB L 3R S v U A B R TR R OG5

5 PR R BRS8N 2 3k 0 AR T BE SR R B
KR
FESERS TG442 XEARERR A

1 5l G

GH3128 AR IR A& 4 B A BB M b A
AR BE 7 RV v (BT 55 R B AR L I N T &
PR A o AE R S R R b ke
PR B e R R AR TR TE LR RS AR
TE /N B Al A8 RSB v 52 it 45 1 22 000 4 76 Tl 43 45k
HR T R A R AR Y B 3 S A B B 4G
W IR A S RO T A HE N
FESh BT EE SRR E Sy i
A RS B A G AT 2% 8T 20 L I A R A T R L X
T A B 1 Sk AE 22 Y BIR A R A R R g 2
2H 2P0V AL R R A T ORT B DAL T A5 A 4 T SR PR TR AL Y
BESRE R R,

T T A A AR R ) S e R A 4 AR
Ram 21 % ik vp Nd: YAG BOGE 092 mm B R
Inconel718 il & & X FEIEAT T B i 4 80 K f1 2
PEREII . & I B[] B & Ak 3L 5 A 6 4 2 2 kAR
Bl B g IR B & A Ak, Ren 251
K, Inconel617 1 i & 4 09 & R BT B K F 500 h
B A AN 3 22 3 A i M C R ML, G Bl 16 4 19 HL
A B AR AR 2 1 2 0 8 AN T 22 ML, Cy B TE W1 19 R
M AR A ML, Co Bk £k W (8] BB B 38 i 68 £ &5 6 4%
EORULES o 2 R T YOI 1 V7 g o (AR T ) K O
AT L B RS 4 T20LI-INT18 S i 4 3k e 4

JCEF LA WO GH3128; 53k wiRPL; ARG

DOI: 10.3788/CJL202249.2106003

DX 1) 1 P % 55 2L BT TR BR 0 AS A0 BE M L 9 57 BB
MY T B A O 00 IR W T T . R R
LIS T IR E X 625 B IE R A &R LA
P SFAT MRS IR L &% B 760 °C R Y% 7 A8 T S R 3 A
e M I A IR S Y B, X
SIS TR IR A 4 DDA07/INT18 X 4 i3k 4
LR IR PR AR T AT R R B4 Sk AE 650 °C i b
Y IR R TR 5 BE AR TR A, TR A KB
GH3230 1= A 4 89 W S I 22 5 X6 2 4 3k 7 s T 4
ol v L AR AR S B W R SRS B A SR AR — B, Ay
590 Ay T R U S, AR TR T GH3128
BRI A MBS TR] L BE AR TR B7 1 i 05 AR il £
SE R IR L I AR AR R 2E . kel UL, N
Ghap B 5 ST R G A Sk R R Y IR T 2
BB L2 213 AR K K )R AR AT R . GH3128 fE M [
s o AL BRI SR A 4 H B B AR A L, & K
BT A AT BB 2 B i M C Fil ML, Gy #H. & T GH3128
FEHE 2 S A 50 U i B o A PR B AR R T M A 2 2
AAE R v T 2 e AR A B B B O A iR

FE F BB 0 1 T AR S A b 7R B N R
FEIREHME R R #8582 823k 18 32 01 07 X R IR B2k 2 5 %
PSR WO R $E RSk AR LS A b LI 24 7
SR 1) T 24 T 0T 4 e Sk T2 AR I A 4k sk sk B Ak A 1)
Wi, $4He i Sk 10 T F R S H A2 01 Oy SR g5 4 JE X
EUIMG ., BRI EE SRS T2 S5

KRB 2022-01-11; {&E B EF: 2022-02-22; A BHE.: 2022-03-07
EEWAB.: BERALKRFIES T LWHE (51775009) | i 8 75 3 o & s AL E AR T 88 52 50 = FF iR (STSMY-KFK T-2020003)

BIE1EHE . Yjlwuqiang@bjut. edu. cn; *yangshunhua@carde. cn

2106003-1



R’

249 3% F£ 21 H/2022 &£ 11 A/RE N

JELAE PSR IO A0 A B L B 5 AR A ol 2 4 B IR
PRI U 5% = sl AR 7 4 R 1 1 4 S X o T e e R 7
TS B AT R A T T oKL T R AN [) B A Ak B VR B
T GH3128 #5 i L U 1= se i WF 55, W]
o ik IR A 25 A T 1) 32 Bl 3R B A8 P G 2R SOG4 B AR 4k
MM BETE AL $E 4 5 2%

AR SCHE TR R P S AT B OC LR SO AR 2B IR IR
KR T2, a0 B 4 Sk UE AT OR R U6 2R R B
900 C H.45 AL HH, 4347 T 42 3k 41 20 K 8 A s, 5 %)
F2 3 11 2 1 A g R A R R e AR B A M BE AT T
W T OB . 58 B T GH3128 #3243k = i
F12APERE BT

2 WRINES &
B0 B R B i 5 GH3128 AR . 1R <

200 mm X 150 mm X 1 mm, F#J< 8 200 mm X
150 mm X 2 mm , A R} 3R T8 >R H 7 22 A 25 b 3R 1 A AL

laser beam

JIES, G P PN R 0 T

TR0 BN BRI 1 s, SRR K
7 1060~1070 nm B YLS-6000 St 2F it %, Hot o
REZSHW K, =8 mm-+*mrad, B G B BN
200 pm. A RS MEEB AR 200 mm, REBH
MAEEE R 300 mm., R FH 2% Sl ms o O, AR 7 Uk
AR BRI SAE T SO Sk fE R R s 4l Ar < (f
TR 99. 999 YO /E AR AR i 28 8 L/min;
EE N2 8 mm, YES B D =2 mm, W% i
KERL=6 mm, AP HEHMAE =50, BHETZE
ST O B IR P=1500 W, BB E V=
2 m/min, BER AF=0,

Y5 7R A — il RE 1 i &5 1 2 s 19 7 24 P g 3t
REE C IR P IRRE | IR PR S G AR R L Horp
¢ ONJREE ., XFF RPN RE 5 0% AR R AE B AR
i e 3R A o Sk Ab AR RN B B (B R GH3128)
DR AT L IE B A 2 56 2k R rp AL A Ak i B R

beam-axis __nozzle-axis

NI
W <

N

nozzle

ST W =N
Fig. 1 Schematic of test device

260 ,
@ 150 _ ’
under plate(Z=2 mm
20 —l plate(. )—\
o | 1
— i
upper plate({=1 mm) LWEld sedll 150 ='J
174
(b) 15
= I O
& stretching hole —/
N strengthen patch of under plate — l
T : 1
‘i strengthen patch of upper plate
174
()
15 50
<——| [

n

IS

15
==

O

&

25 2l |
[a\]

2 PR Bt O = IR BB s (b) =R (900 CHH AR 5 (o) B A8 i A il A

Fig. 2 Drawings of tensile specimens. (a) Room-temperature tensile specimen; (b) high-temperature (900 °C) tensile

specimen; (c) creep tensile specimen
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Fig. 6 Microhardness distributions of lap joints under different numbers of heat treatment cycles. (a)At center of weld;

(b)at upper plate; (c)at under plate
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different heat treatment conditions
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Abstract

Objective GH3128 has the benefits of strong heat, pressure, and corrosion resistance, and is extensively employed in
high-temperature components of active thermal protection structures in the aerospace field. Laser welding is the primary
manufacturing process of active thermal protection components, and the lap joint is the primary joint form. The thermal
load condition of the active thermal protection components is harsh, which puts forward higher demands on the high-
temperature mechanical properties of lap joints. In this study, in view of the joint forms and high-temperature short-time
work characteristics of active thermal protection components, the microstructure and mechanical properties of GH3128 lap
joints under different vacuum heat treatment conditions are investigated on the basis of fiber laser non-penetrating deep
fusion welding process under the condition of side blowing protection.

Methods The test materials are GH3128 plates with the solution state, the upper plates’ size is 200 mm X 150 mm X
1 mm, and the lower plates’ size is 200 mm X 150 mm X 2 mm. The light source is a fiber laser with a wavelength of
1060-1070 nm. The beam focusing parameter is K; =8 mm* mrad, the transmission fiber core diameter is 200 pm, the
output coupling collimator’s focal length is 200 mm, and the focusing lens’ focal length is 300 mm. High purity Ar gas is
employed as the protection gas, and the flow rate is 8 L/min. The nozzle’s inner diameter is 8 mm, the phosgene spacing
is 2 mm, the nozzle’s output length is 6 mm, and the protective gas output angle is 50°. The welding process parameters
are as follows: the laser output power is 1500 W, the welding speed is 2 m/min, and the defocusing is 0. After welding,
the mechanical properties of GH3128 lap joints are tested, and the GH3128 lap joints are subjected to 900 C vacuum heat
treatment with different cycles.

The weld is corroded with aqua regia (6 mL HCl+ 2 mL HNQO,), cleaned with alcohol, and used as a metallographic
sample. An optical microscope is employed to observe the weld morphology. The fracture and microstructure are observed
using a scanning electron microscope. The weld hardness is tested using a microhardness tester with a load of 100 g and
loading time of 15 s. The tensile testing machine is employed to test the tensile properties of each batch of samples at
room temperature. The tensile testing machine is employed to test the weld’s tensile properties at 900 C . At 900 C, the
equipment is employed to test the weld’s creep property. The tensile force is 800 N and the time is 6 h.

Results and Discussions The joints are typical “nail head” weld shapes in deep fusion welding, and there are circular
sporadic pores near the weld’s root at the joint surface’s lower part. The joint microstructures are primarily columnar
crystals, symmetrically dispersed along the weld center line, and the growth direction is perpendicular to the fusion line
(Fig. 4). The columnar crystals near the “nail head” at the upper part of the weld are longer compared with the columnar
crystals at the joint surface and the lower weld. After vacuum heat treatments with different cycles, the weld joint’s grain
size becomes larger and there are no microcracks around the porosity.

The microhardness of lap joints under different heat treatment cycles is higher than that of the base metal, and the
microhardnesses of the weld joints and base metal have no visible change (Fig. 6). The tensile properties demonstrate
that the GH3128 lap joints’ tensile strength at high temperatures decreases by about 50% compared to that at the room
temperature. After different heat treatments, the joint’s tensile strength at the room temperature increases by about
35%. The joint’s tensile strength increases by about 20% at 900 ‘C (Fig. 7). Vacuum heat treatment can enhance the
joints’ tensile strength, but the number of heat treatment cycles has little impact on the joints’ tensile strength at room
temperature and high temperature. The creep property test findings demonstrate that the creep curve’s slope of joints
without heat treatment is the largest. The slope of the joints’ curves after heat treatment increases slightly with the
increase in numbers of heat treatment cycles, but it is far less than the slope of the specimen’s creep curves without heat
treatment (Fig. 10).

The microstructure of lap joint faces after heat treatments with different cycles is observed and examined. The
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findings demonstrate that the microstructure at the joints’ central position without heat treatment is primarily made of
small columnar dendrites, while the columnar dendrite structure at both sides of the central line of the joints is slightly
larger in size. After the first heat treatment, the grain boundaries of coarse equiaxed grains appears at each position of the
joint interface, and the dendrite structure demonstrates the sign of melting. After heat treatments with five cycles, the
columnar dendrite structure at each position of the interface melts within the equiaxed grain. After each heat treatment,
there is no microcracks on the bonding surface (Fig. 12). After heat treatment, the joints’ coarse equiaxed grain may be
the reason for enhancing of tensile and creep properties of joints at high temperatures.

Conclusions Compared with the joints without heat treatment, the tensile properties of GH3128 lap joints at room
temperature and high temperature increase by 35% and 20 % . Simultaneously, the joints’ creep property is significantly
enhanced, and the joints’ maximum creep strain decreases from 1.08% (without heat treatment) to 0.12% ( after heat
treatments with five cycles). The analysis of the joints’ microstructure demonstrates that the joints’ grain size becomes
larger and the dendrite structure in the grain is gradually melted after heat treatments with five cycles. After heat
treatments with five cycles, the joints’ microstructure is coarse equiaxed grain, and the dendrite structure is entirely
melted. The joints’ fracture morphology demonstrates that there are “parabolic” dimples on each fracture, and the
opening direction is consistent with the direction of the tensile force, demonstrating ductile fracture characteristics
without microcracks. The number of heat treatment cycles has little impact on the microhardness, and tensile properties
at room temperature and high temperature. With the increase in the number of heat treatment cycles, the joints’ creep
properties decrease, and the joints’ maximum creep strain increases from 0.05% (after heat treatment with one cycle)to
0.12% (after heat treatments with five cycles).

Key words fiber optics; laser welding; GH3128; overlap joint; high temperature tension; creep property
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