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Abstract: The fatigue performance of dissimilar metal welded components has an important influence
on the service reliability of spacecraft. The fatigue life and fatigue fracture mechanism of dissimilar
metal welded joints of QCr0. 8 copper alloy and 1Cr21Ni5Ti stainless steel were investigated. The
copper-steel composite plate was properly prepared by electron beam welding. The microstructure and
composition of welding seam were characterized and analyzed by metallographic microscope.
Mechanical properties of welded joints were tested using electronic tensile testing machine and fatigue
testing machines. Scanning electron microscopy was used to observe the fatigue fracture in different
cycles. The results show that the overall metallurgical bonding of the two metals is good, however,
the local fusion zone on the steel side has a large area and extends into the weld from the steel base.
The tensile specimens of the copper-steel electron beam welding all fracture at the minimum section of
the weld, and the average fatigue limit of the fatigue specimens is 48. 04 MPa and they all fracture at
the minimum section of the weld. In the high cycle fatigue sample, a single crack source is observed at
the endpoint of the weld top surface, while in the low cycle fatigue sample, more crack sources are
observed on the top and bottom surface and inside of the weld. The final fracture zone of both samples is
located in the copper alloy matrix. It can be seen in the process of fatigue fracture, the number of crack

sources is different between high and low cycle fracture, but in both cases, the cracks are easy to
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initiate at the minimum section of the weld and spread to the copper alloy matrix.
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Table 1 Chemical compositions of QCr0. 8 copper alloy
; Silvalima % - (mass fraction/ %)
Sample  Zn Sn Mn Fe Si Cr Cu
QCr0.8 0.0123 0.0158 0.0387 0.111 0.0284 0.582  Bal
o ,
2 1Cr21Ni5Ti ( /%)
Table 2 Chemical compositions of 1Cr21Ni5Ti stainless steel (mass fraction/ %)
Sample C Cr Ni Si Mn Ti Al Fe
1Cr21Ni5Ti 0.104 21.07 5.63 0. 700 0. 536 0.452 0.0374 Bal
1.2
GB/T 2651—2008 , ’ , ’
2 o
INSTRON 5500R
1 - ° ’
Fig. 1 Diagram of weld thickness of copper-steel 2 mm/min, 3

electron beam welding .
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Fig. 2 Diagram of copper-steel electron beam

welding tensile specimen
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Fig. 4 Diagram of copper-steel electron beam

welding fatigue specimen
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Fig. 5 Photos of copper-steel electron beam welding fatigue specimens

(a)before fracture; (b)after fracture
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Fig. 6 Weld macroscopic feature of copper-steel electron beam welding s _ S-N
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Fig. 7 Microstructure of steel matrix-weld interface in copper-steel electron beam welding

Results of low stress fatigue test of copper-

steel electron beam welding specimens

Sample  omax/MPa N/10° cycle || Sample  omax/MPa N/10% cycle
1 50.0 Unfaulted 9 45.0 Unfaulted
2 52.5 4695 10 47.5 1119

50.0 2880 11 45.0 Unfaulted
4 47.5 2093 12 47.5 Unfaulted
5 45.0 Unfaulted 13 50.0 1123
6 47.5 Unfaulted 14 47.5 Unfaulted
7 50.0 6481 15 50.0 4611
8 47.5 917

38 _
Fig. 8 Lifting figure of fatigue specimens of

copper-steel electron beam welding

4

Table 4 Fatigue limits of fatigue specimens under

different survival rates

Survival rate/ % omax/ MPa
90 43.25
95 42.10
99 39. 90
99.9 37.38
5 —
Table 5 Results of high stress fatigue test of copper-steel
electron beam welding specimens
Sample  om/MPa N/10° cycle || Sample omax/MPa N/10° cycle
16 170 8.5 21 110 38.7
17 160 10. 6 22 95 27.7
18 150 32.4 23 80 62.1
19 140 33.1 24 65 604.5
20 130 28.8 25 60 361.9
’ 9 ° -
s Omax > 48. 04 MPa
) Crmax N :
Omex =— 58. 691gN + 390. 79 (D
2.3
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Fig. 9 S-N curve of fatigue sample of copper-steel , ,

electron beam welding
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Table 6 Number of crack sources of fatigue specimens of copper-steel electron beam welding under different stresses

Sample omax/ MPa N/10% cycle Number of crack sources Location of crack source(in minimum section of weld)
2 52.5 4695 1 Endpoint of weld top surface

16 170 8.5 More Surface and interior of weld

21 110 38.7 More Surface and interior of weld

22 95 27.7 More Surface and interior of weld

23 80 62.1 More Surface and interior of weld

24 65 604. 5 4 Endpoint of weld top surface (1) and around (3)

25 60 361.9 5 Endpoint of weld top surface (1) and around (4)

10 -

(@) Omax =50 MPa; (b)6max <65 MPaj; (¢)omax >80 MPa
Fig. 10 Diagrams of crack source location in copper-steel electron beam welding fatigue specimens under different stresses

(@) omax =50 MPa; (b) 6 <<65 MPaj; (¢)omax >80 MPa
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Fig. 11 Scanning images of fatigue fracture of copper-steel electron beam welding high-cycle fracture specimen
(a)crack source; (b) crack propagation zone near crack source; (¢)crack propagation zone

in the middle of fracture; (d)transient area above fracture
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Fig. 12 Macroscopic feature of high-cycle fracture AK s ,
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Fig. 13 Scanning images of fatigue {racture of copper-steel electron beam welding low cycle {racture specimen

(a)top surface of weld; (b)bottom surface of weld; (c)internal crack source; (d)transient zone in the middle of fracture
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Fig. 14 Analysis of two different types of fatigue fracture mechanism

(a)high cycle fracture mechanism; (b)low cycle fracture mechanism

3 (2) 100~120 Hz,
1X10" , -
@YD) - , U 48. 04 MPa;

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

0.1,



96

2023 3

(1]

[2]

[3]

[4]

[5]

[6]

[7]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Omax =— 58.691gN -+ 390. 79

(3)
o 65 MPa
80 MPa ,
(
) ,

0.
LIU Y,YAO Y.ZHOU G S. Study on properties and numerical

,2019,48(13) :5-8.

simulation of dissimilar metal welded joints for aerospace[ J]. Hot
Working Technology,2019,48(13) :5-8.

’ ’ ’

0.
XIE M R, ZHANG Y K, WANG W, et al. Study and application

,2015(1) : 1-4.

of heterogeneous metal EBW in aerospace products[ J]. Aerospace
Manufacturing Technology, 2015(1) ;1-4.
. QCr0. 8

’ ’ ’

(1] .2016,42(6) :57-61.
MA J S,MENG X G, YU H P, et al. Research on dynamic me—
chanical properties of QCr0. 8 copper alloy[ J]. Journal of Rocket
Propulsion.2016,42(6) :57-61.

s s ., . QCr0.8 [l

,2012,33(5):95-100.

WANG Q S,HUANG G X,LOU H F,et al. Microstructure and
properties of QCr0. 8 copper alloy[J]. Transactions of Materials
and Heat Treatment,2012,33(5):95-100.

s . 1Cr21 Ni5Ti
0l

YUAN A M,REN X P. Effect of solid solution and aging on the

.2021,35¢( 1) :443-446.
microstructure of 1Cr21Ni5ATi duplex stainless steel[ J]. Materi-
als Reports.2021,35(Suppl 1) :443-446.
s . . 1Cr21INi5Ti
0JJ.
CAO Z K, ZHU B, ZHANG Q X. Embrittlement tendency of

,2021,16(5):309-313.

1Cr21 Ni5Ti duplex stainless steel aged at different temperatures
[J]. Failure Analysis and Prevention,2021,16(5):309-313.

. Ta/GH3128 [D].
,2020.

SANG 8. Study on the dissimilar joints of Ta and GH3128 welded

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

by electron beam welding[ D]. Shanghai: Shanghai University of
Engineering Science,2020.

, s . .Ti/Cu

,2019,40(8) :26-32.

0l

GUO S,LUO T Y,PENG Y, et al. Interface behavior of Ti/Cu
dissimilar metals by electron beam welding[ ]J]. Transactions of
the China Welding Institution,2019,40(8) :26-32.

. Ti40/TC4
[D].
JIANG C. Electron beam welding procedure of Ti40/TC4 dissimi-

,2017.

lar titanium alloy joint and microstructure and properties of wel-
ded joints[ D]. Nanchang: Nanchang Hangkong University,2017.
NIU H,JIANG H C,ZHANG M J,et al. Effect of interlayer ad-
dition on microstructure and mechanical properties of NiTi/stain-
less steel joint by electron beam welding[ J]. Journal of Materials
Science &. Technology,2021,61;16-24.
s , , .ZL101A/SiCp/20p
[l 52004(12) :16-20.
GUO S Q,YUAN H,GU W H,et al. Investigation on electron
beaming welding of ZL101A/SiCp/20p[J]. Journal of Materials
Engineering,2004(12) :16-20.
SILVALIMA C V, VERDIER M, ROBAUT F, et al. Evolution
of a low-alloy steel/nickel superalloy dissimilar metal weld dur-
ing post-weld heat treatment[ J]. Welding in the World,2021,65
(10) . 1-15.
LI S,HU L,DAI P,et al. Influence of the groove shape on weld-
ing residual stresses in P92/SUS304 dissimilar metal butt-welded
joints[ ] ]. Journal of Manufacturing Processes, 2021, 66 376-
386.
.3161./S32101
0l
SUN Z,YANG T,YU Z H, et al. Investigation on microstruc-

) ’

,2021,13(6) :138-144.

tures and mechanical properties of 3161./S32101 dissimilar lap
joints[ ] ]. Journal of Netshape Forming Engineering, 2021, 13
(6):138-144.

TiNi/TC4
,2021,13(6):130-

[yl

137.
MENG F G,WANG Y,XIE J L,et al. Effect of high-entropy al-
loy interlayer on microstructure and properties of TiNi/TC4
electron beam welded joints[ J]. Journal of Netshape Forming
Engineering.2021,13(6) :130-137.

, .Al/Ti TIG

[l
WANG Y, WANG J. Microstructure and mechanical properties

22017,42(2) :44-48.

of TIG welded-brazed joint of dissimilar Al/Ti alloy[]]. Heat
Treatment of Metals,2017,42(2) :44-48.

GU S D.ZHAO ] P.OUYANG R J.et al. Microstructural char-
acterization and tensile behavior of TA1 titanium alloy sheet wel-

ded by electron beam welding [ J]. Materials Science Forum,

http://www.cnki.net



51

97

[18]

[19]

[20]

2021,6244:149-154.
MOKHTARISHIRAZABAD M, SIMPSON C,KABRA S. et al.
Evaluation of fracture toughness and residual stress in AISI 3161
electron beam welds[ J]. Fatigue &. Fracture of Engineering Ma-
terials & Structures,2021,44(8) :2015-2032.

QCr0. 8
[l ,2003(4) :40-42.

1Cr21Ni5Ti

CHEN X H. Electron beam welding of copper alloy QCr0. 8 and
stainless steel 1Cr21Ni5Ti[J]. Journal of Rocket Propulsion,
2003(4) :40-42.
, . 0l
,1998(2) :40-41.
WANG S G,WANG L. Preparation of metallographic sample of

dissimilar metal welded joint[ J]. Research and Exploration in

[21]

Laboratory,1998(2) :40-41.

[l .2021,43(3) :38-44.
LIJ Q.SHEN H J. Analysis method of life shape parameter and
fatigue threshold of composite laminates[]]. Journal of National

University of Defense Technology.2021,43(3) :38-44.

(201805064ZD15CG48)

ming(@sina. com

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

:2021-12-18; :2022-11-14
(1970—)., s s
s : (710100) , E-mail ; zhquan-
( )

http://www.cnki.net



