Welding of Dissimilar Materials ﬁgﬂluﬂﬁﬁ

I E R, HRELE, KRR, F. oot 5 FEEMNFAPEBIRER R ZHE[T]. ALE #)2H K, 2023, 66(19): 93-99.
CHEN Guoqing, GAN Zhanhua, ZHANG Ge, et al. Research progress of welding technology between niobium alloy and
stainless steel dissimilar metal[J]. Aeronautical Manufacturing Technology, 2023, 66(19): 93-99.

REESAFNEFMERITSER AR HRE

REK, HRE ik X', 4T
AREILRFASIEELEBEEREE LT, RIE 150001;
ARE T K F GRID HF2IRFE A F AR, mI] 518055)

(

N =
S
1

[HE] 5 RENEATZNEMMH, EMEMIAABFR ) 2B A R, ZF 855 & RJEEe B R
ot BaEL NIFBEAEA K, B H 5 KR TR AN RELEE REMIF RGO RIK, 2RX T B AR
5 RGN ETE G X BIEIR AR S . BRI R RS IE B L 8 (2R IR AR T
LA I BG4k BN BRI R FMA LM R A E R, BFEBELBRARE K, BERRGFLER
% Btk Nb—Fe 23 R4, F8 4k A FHRAEBAK. 447 LR P AT R—AEL REFMENIFERTTRZ: T
A TR AR TAEF SR T AL, @IFE P IS 3 UK ERES RFNGIFERE TR LS H AR LY

WK IRAL.

KHEIR : A2 REFN: HRIEIE A4P0F IR
DOI: 10.16080/j.issn1671-833x.2023.19.093

FREI R

BB, L BT ESH, MRS
181 55 HF 4 B S= Fh vt )RR F SRR R AD
R F RIS LR FIE,

S o 4 TR AR A AR
A R EAL SISO R G PERE
7 PEREDT I B AT EAE AL . Nb &
Nb £ 15 0y A 4 R B AT i A58

PE A R0 e R e DA R hn T
A, AT ZEAR e e MR A 1 T IR A%, L
T A TAERLEE &, R Az B 23
A bR Mo AR R A KA it
T R A AR AR R T RE
[FREE F TN T4 R “irae %
A B IR e AR &
SNV BE BB B G e MR
UE A SRS 2 1) 2 bt B AR5
23 R NPT R Nb 512 A4 i K
A 55 AISIT 304 A5 84 il 12 i ik # F
iz, Forh RV e Nb A4 518
SRS AR RN R B SR, BT
Nb 5 AN S AFAEAZE 22 Ak
BRI A 223K 1 JE A, 7E Nb/ A
BNk b ) A i Fe-Nb gt
SEEEY , B A7
BERAR R AN T, 3K 15 Nb— 44
SERM S ARSI B K A R
AT BN AR AR AT IR AT

I, LASEEL Nb 5 AEEH & 45 F 1Y
KA o AR SCH JEX Nb 54
BRI T 08T, FERAR AR
BITEMAFRZEE T Nb 5 A5
SR BRI IN I s N NP S
IR ER AT LA K Nb/ AN 4R AL AR
P o A DR A MR, 5 S Xk L3R )
I Nb £ 4 5 A G5 S A AR 4 e
GETFEIT I AT T

1 SeSAHNEZES

H1F Nb 5 R8N 1E 45 i ik 2
PERELE E 7 AR 255K, 2 Al
MEHEEMERE K, Nb 5 Fe 9 £
FYEPEREINZR 1 PR

1T Nb A8 s R G i
Fe, Nb (21K ZECAE Fe (14 172, H
PR S A AR R Wi Ao 41 O
3N, ZRE ST R L, Nb 5 Fe f8
P 15 5 A il 42 g [ 4k A 9 Fe,Nb Al

20234E 55665 55 190] « Bt BlE AR 93



L

SPECIAL TOPIC

%1 Nb5 FeWiBiise
Table 1 Physical properties of Nb and Fe

FREE | RIEIEREY (10 ¢ B/ | R/ (W e m' - ) | A/ (T kg - T

Nb 7.1 2468

Fe 15.2 1537

Fe,Nb, 45, B R K H Sk b, FAAIRs:
PR " et R A
R AN ) AL RIER R, #23k
W oy F- 54, Nb 78 & i & fas <ok
PR R RS TTR RN, LA
Yy, R A AR R AT RT3
FIERRIE

2 Nb EE&E5E5ABHRIRERE

AR

Nb A& S ANENTFEE 12
SRR AR ROV O A
HL PO SRR ik, BRT—22e
CZ S T — 2 BT RR
2.1 1BHER

FE K4 R A 20 0 e = A
) e o s BT A T G 4 T S R
SRR e SXRP RIS F 2y
AT B bk I8, o8 42 0 2 ) e g
i AE TR R A R P T A
G BEEEN 54 5SAEN T
oA b it 42 o f v R 0 1 o

R P R IERE A0
2 £ i Nb 5NN B 2 A, BF
T T PR R H SIS S
mE 1 s, Wi ERREE A5S
BT 345 Nb/304L SR 1E 5 A AR 10
JEIPEBRES Ao A F, Ak
77 A B FU ) B PR AR I O 5 A R )

K ;{; L

Bl 1 Nb/304L 52E SEM 5
Fig.1 SEM morphology of Nb/304L interface”

94 WisshEEEA - 202345 o6& S 1910]

53.7 27

133 481.5

ThiRro TR WA 20 A5 A5 S i B
A THE I , K B T B 7 AR AR 2
JEAk X T 5 i Nb FIAR S AL %
BE T K1Y Fe-Nb—Cr-Ni &4 4H i, 78
FEALIX IR I AG 48 ANGEHTURA)

Ak 45 U R R AR AR S
T Nb-1Zr Nb &4 5 316 NFaE
MR, F 5 R, A E T
LBH, Nb SARGNE S BENLES
TR 3K 100% , 7] DL 52 B AE 5 45
A3 Nb-1Zr 545 316LANENE A
BEnT 2837 800 CHYZ ks, H G
A A B, B PR R oS

SRIEIR BARBES I Nb A4 5
ANEEAN B2 (R SR FU Y vp AR T
Ty TSR P S IX 7 A A e S Bk
AN, P, DS MY X Nb-1Zr
G 45 3161 AN AN KR M A Sk o
(TG SN i T = 5 - P &0
3k WA SRR R B AE oR, T
1300 CiR X5 PiFh & @ S imss & X
BIE R EY HUZ, TEM 230 B, 1%
Y HUZ A 2 AR 7 R ERIR T
WA, KA T Z AR, BT A AR
FEBY G- (Nb, Ni) A, FEAR M (N,
Cr,Nb, C)Fe-o 54,

SRR T2 A A EA ek
PEHA, Wang %5 U R AR KRR SRR A
£ T Nb 5 316L ANFEHE S0,
FEAN, A AT HA SR (R
B (TEEHL IS et 4 g ik
HEWE), B K, KM Ry
PG, TR JCF IR R SRR, (845
16 1073 K FHUEFE 1 h AORESL OPTHL
5 3E HEAA BERE IR 21.5% , HK %
FEXT R RE S 4.5% , 18 K5 BT Y5 i
b ERE N

KBS AU A 3 s

S Nb A ) RS B
S T 2280, 5030 N 55410 i I
A, W R, RSO RATY,
A AR AT R AR i 4544
WA FLIR B AL, Wi 4 g g
BUZIEE R 5 pum, SRRk T
PRI K S 480.2 MPa, & T-RE# &),
SR BT V)R T 38 174 MPa,
X Nb G 4 5 A5 W 0 SRz ot
FEIUR AT BT T A B KR SR BB AR KR
JEE H D PR A LR Ak, AT
fifi £ Nb-Fe 42 )& [ fL & 90 1% 7= A
R LA B, DT SE B 3
AR SRR . SR, BRI A B
KAZTE TS BhobA Rk () FAR2 ik 2R 550
25 AR ARk AR BRI iR Ay
I T, T A AR S A B A AR
BRI ST, B T AR AR SR T
R 2R
22 IR
PR A SR TR SR 1
MRME TR, 0T 55Tk
L[ A EPEYA (LA R R T
0 VB RE, Bk E BRI SR A A
Y4 U, T SEBUR RH A RG22
SRR R R Nb & 4 FUR
LRSS N IS i~ i
5% Nb—-1Zr 5 1Cr18Ni9 A 455 1Y
BT, ThEAE MY AT R, AT 4R
TR EETAF] 1Cr18Ni9 4FRHE S 1Y 80%
B, Nb & 4 AN 85 B9 St 4 AL 1]
K REY BUZ SR BIBAR, AT
R A RS, B S A I
7€ "N o—FeCr f1 n—Fe (Ni) Nb, 4 J&
(G, LU S), 25 5
T4 AR R, TR
B — AT RMA R, SR ar B 5
KA BNi-5 &7 BHE S il 525 44 T
XF Nb-1Zr 5 1Cr18Ni9Ti ik 17 4
ST AR 0 I X B AR S S T A0
M, IR 2 fr s, o AT B AR 4%
XS U R I 5], I8 B TR
Pk LI R W e AT e Sl
Nb &4 —MIE A 1 NEREE K 10~15
um AHEME (Nb. Cr. Si. Ni) B9 H#L



Welding of Dissimilar Materials ﬁ&ﬂluﬂﬁﬁ

2, M) R A PR AR S X, R
R T2 S HOR D 80 BR X
HY U2, WnT DR HAE 2 BNi-S
EFRRHGEET ALY 55 M TR
R HCOR R Lk B
N Nb &4 5 AWK 25
255 MR E T AR R R AR T

7 A SR A [R) A AT R
Nb 5 0Cr17Ni4CudNbAFEHIEAT T
FLAS TR R 9T K IR TRV BT AL 4T A5 422
SLBEM S EFAE R B H LT Fe,
Nb )25 PIRR R Sk i = TR
5 JE ARG, Cu—Ti SFRHE L 3R
JE AR T Cu—Co-Ti £F B4 3k 5 Co Y
TS Cu ) AN 55 9 A 4™ 5% 45 o
a0, 9/ T Ti-Fe e Pk AH 09 B AR
M TR

Kumar %5 " Jf % 73 F T S
SRS B NDAE-316L A5 500k = 4T
SRR T2 RIS BVAg-

8, RTF AL L LUNE 3 (a) Fi;

LT B RS Y, A
$2 3 W 11 XRD 3R 560 30E 1A 35 g
PYEG B A, Wi 0 2 T T
24, 3 (b) iR,

WA 0 3 FRAR AR 4 T8 FTAN T
1) T 3 B WA 3 ) % e ], T AR
RMESA 4 I 5 AR I 2 fak = 1w 1%
4 IS (A6 A 2 A Budkin
25 US 7E Nb 5 RS s TSR 4T
SR T2 R E bR ) g il
REMNREE BN T &R Rk S e
B, R AR — BB o pr 748
BRGSO AR R e T
B T 2285,

Xif LI BURHEA T 4B T
Nb &4 SRS NERRHE L5 | A4T
RLRENS R S0 — o I B, T B
FR AT BHA R BB 0kt e JE e 2 ey
FEAE . SR ARSI AFFARBETE 4
TH R a4 R e A P A, I 5
B AR AR DX AE TR R I AR i Ay
N7, Bk R AT R B AL,
T X RHMA R TR BT, B
EFAELH Y B M ek 124 et

2.3 IBLIE
2.3.1 4548 ZIRE

AR T AR DL A ) sl
) 4 MR R , 76 18 T SRR
T TR R EERIREAAY
HoAthy iy A A= SO BT, TIG
TR X — M, DU AR e e
i HLIFE A 4 T (o AN 32 J&]
U AR A m AN S 2
SPBYA AR

Kuchnir %5 " % H] TIG 4 %}
TESLA Jill 3 #% B Nb % F1 A 45 494 4
TN RS, 5T 210, 24 Nb #
JINFEN 25 400 CHE, 43758 5 WIC4R
P HENEE AR Rk Al
JE, Y SR F A PR SRR DABH 14
o FIMERSORTR Y, RIIEEE AT
TE /DR ] 22, X 2 S 5 E R M AR
Ko FRHPK MR REAS AR A
B G5 BRI A AL,
FEHAR, Jae e m JC R s <FL 20
232 #kE

ORI L R R e 2 S g
SRS TR SRR Iz N TR

=
=5

SPEpLE, ) 1CHI8NIOTH
; 20 um

T2l

P R SE RO CRE RS
B AT AR Nb 1) KR4 X KA AL
3 Nb SRR AT
AN TRl H5 42 2 B0 T Nb 5 304
AN B OISk O K Ty 2k
Rely e EmEgm P AR,
WA JHE R AR R, S iR 5 W
WA s it T R 1) 9 0 i 7% 2 34
TN, 5K 0t W T i 5 OC AR
AR A 42 Sk R RO AR /N, T 4
R B KA X S B G Nb 1Y
4R AL G P DX AREE PO AR i
D5 i B M R RS A X 3 NI IX
IREELH S 2 1Y v QAR A 5
43 Fe,Nb A K /bt i1 6 — SRR AL
o 4 AL A P TR IR 2 3k i
JEEBEARG A S S5 PR g o A 4 T
pae i O U R A g/ pN e
JG, AT R e Sk
AR I, 7R R4 D 5 I R
GBI G, 1805 5 P AT
Nb 5RO hfE it & 30,
H1 T GE L3 A1 1) G [R5 )
Fe,Nb, 7EW ) i /E I R 2 AR5

Si-422

Cr-686

Fe-1112

Ni-631

Nb-2371

2 Nb-1Zr/BNi-5/1Cr18Ni9Ti 13 F 588 B 'S
Fig.2 Scanning electron microscope of Nb—1Zr/BNi-5/1Cr18Ni9Ti"*!

Stainless steel

10 pm

(a) ARk

(b) KO SEMBE H

3 Nb/BVAg-8/316L REFMEFIR#E Sk K HET K SEM B "
Fig.3 SEM photo of Nb/BVAg—8/316L SS brazing joint and its fracture'"”

20234E 66 5101 - it hiEHAR 95



L

SPECIAL TOPIC

P AT, N 5 B R
6 ARAM il 400 Nb 995 Ak &, 7]
PLs/ 3k Fe,Nb 1942 i, RERS 4
T A il 42 Sk R 24 A 1), A
55 R MW Rk &R LAY 2
Ib KRR, itk — bk k
TS, AT 5 P R 1E AR )
JZH 5 547 T Nb 5 304 A5
R, 5 43k 2R E Y AT, 6
BRBE A B Ag ]2 R Y
TN, FRBE L SR A R R G 1Y
Ag FEE AR, T T MEE Fe,Nb JE
N, 23k 5 R 2 4

Nb SNG4 T
AR AL TR R 2 0 2 S JR B R A I
7 FEE N, 2 KRR AR A
TSR = R e R A
RR TR EE AR o A e 42 3k S i
F150 A TR A P9 R F SYSWELD
BAEXT Nb 55 304 RN TR0 4 a8
TR BRI T S AL, STk 5
WM P BRI ) 43T, 25 SRR, B
T Nb 5 A8 94 78 $4) BV 6E O 1
H 22 5, ARk IR 5 5 0 T 4k
HULD R X FR. T Nb Y 544 R 5L

)

F_—IMCZ

50 um

(L]

NG, W 2 KA B A
A, Nb WA B il 26 38 21 10 1 1
TR T ANEIM Wy L,
o 1) B A% 7 RV ) B A B P FE
B X AR A AR B KR AR PN T
T L TAREE T 0] b B B AR A
I 1) 5 A% 7 A e T LT X 35
I 3 H BE R FL B K, B 5 M7 AR S
Mo G FRA N I e AR EE X R K
FL R A7, TR ) R A N ) AE KR4 s
A FEI R HE R ST -

i AR A A iy Oy AT DL
A5 4E 11 4 2145 14, Baghjari 45 *
9T T 3 HiAs IR 2 )22 51 Nb 5 410
AN AN S PO AR A A )
LIRSy YRR R ik o
Nd : YAG ¥ B 2 R A Y
T G SR E 2 25% . 50% Fil
100% fY Nb AR FOEKEEE] 410 A5
W E. B 6™ BoR T R R )
B SJe J2 T LAY Nb—410 A5 40 53 Fil
WO R, A2 I 2 1 5
PO R4 T A% N 410 AEENM
A1 50 4= W 24, T 7E I8 2 S 0.25
mm [RE i AR DX B A )

HE G

X

WAL

50 pm

S

4 304 TEESH -Nb MBI ENTHE R BHMAR ™

Fig.4

96 Wiz MG A - 202345 o6 S 1910]

Macro morphology and microstructure of cross section of 304 stainless steel-Nb joint”"
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Research Progress of Welding Technology Between Niobium Alloy and
Stainless Steel Dissimilar Metal

CHEN Guogqing', GAN Zhanhua', ZHANG Ge', LENG Xuesong’

(1. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China;
2. Special Environmental Material Science Research Institute, Harbin Institute of Technology (Shenzhen),

Shenzhen 518055, China)

[ABSTRACT] As important structural materials, niobium and stainless steel are widely used in the aerospace. However,

brittle intermetallic compounds are easily formed, and high residual stress is distributed within the joint, which easily leads

to cracking. In this paper, aiming at the current research status of niobium alloy and stainless steel welding, the main joining

methods of niobium and stainless steel are reviewed: Explosive welding, brazing and fusion welding. Although explosive

welding and brazing can suppress welding cracks, the complex welding process of explosive welding and the low joint

strength of brazing are difficult to meet the application requirements of niobium/stainless steel composite structures. High

residual stress distributed in the fusion welded joint, and many brittle Nb—Fe intermetallic compounds formed in the weld,

resulting in poor mechanical properties of the joint. In view of the above problems, the fusion welding of niobium alloy

and stainless steel is prospected: Conducting finite element simulation to guide welding process optimization, introducing

a third component into the weld to improve the weldability of niobium and stainless steel, and exploring reasonable heat

treatment processes to improve the mechanical properties of the joint.

Keywords: Niobium alloy; Stainless steel; Explosive welding; Brazing; Fusion welding
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