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Research on laser spot-welding technology of

Nb-Hf alloy nozzle extension section

WANG Yingjie, YANG Weipeng
(Xi’an Space Engine Factory, Xi’an 710100, China)

Abstract; The laser spot-welding technologies in a circular path motion mode of NbHf10-1 alloy
lapped structures with §, =1 +1 mm and §, = 1 +0. 7 mm thickness combinations are studied in this
paper. The laser spot-welding process specifications were obtained based on the study of the relations
between weld penetration and welding speed, between weld penetration and welding power, as well as
between weld shear resistance/heat input and test serial number. The engines with welded NbHf10-1
alloy nozzle extension sections adopting the above process specifications have passed the high-altitude
simulation tests.

Keywords: laser spot-welding; Nb-Hf alloy; lapped structure; nozzle extension section

0 3= PYOLE, XUnREE, “UGRZh, =BV
BN 70, JRbe 2 M T B EL O 12 (9 2 8

BERSHARKEG RSP0 H B B gk BERP AR AT 5, AT R e J2 e o v A 45
L, RIS PN R G HIR TR A 15 WU AR L 12 ~ 70 B WA 2 fij BRI 4R
TEER, SRR R SRR g, Ak ST, RIARER ALK, WA AL B RE RS
ks, KEPlE, RIREPRMAEES  vdeiaad (NDHII0 -1, #ri82 310 C, Y

WK B4 2016-10-31; f&EIHHEE: 2017-02-07
EHERN: THA, B (1986—), TR, W4, #FFT40CA M R R S AR T A HAR



5543 4 5 6 1)

ERA, A BV BOEOE AR T ST 89

L), WUESEMBIA, SRR W m EPTR
IRIZ, DA R e A A < WA A8 A B i A7 4w
W A 1 B 5 9 ) 2 R AR 2 )R A 22 i 4
AT A0 fof B3 ph SEE AP BEZHL 65 11 R0 = A T it 5y 45 2%
B, ERAARIR S e A, S B SRS
AR SR O R R — R A

1 R R A R R

i
‘%l_

WA S e B3 2 A5 2 pl 2 e BRI 58 737 28 30
SRR AL, B 1 WA S Be ] G R 45 F
HEIERETE, LRI, = AN A A A A
BRI, SIE e B A = ANk i 24 5% I 45 4%
SERTERE, SRR PR A4 (NDHII0 1),
TSRS 1 AR 2 A EH AR S, =1 +
Lmm, JIS& A 3 AWM BHAGEES =1+
0.7 mm, JsEAG 1 AEOESAEE N, =36 4~ (W
Jgr A ), g 2 A OSSN, =42 4>
BRI E T ¥4 ) , JnsE s 3 Aot s AR g N, =
46 A~ (WEBIFATT 1034940 ) , BWOCSEEE N =N, +
N, +Ny =124, OGS4 ) F=4 500 N,

(]

fnsRig1, #ok
N,=36

JnsE2, #ot

SRR
N,=42

TSR3, ot
R R
N;=46

Bl BELMRAGHFNTERERE

Fig.1 Structure diagram of nozzle extension

section assembly
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welding power of Nbhfl0 —1 alloy laser spot — welding
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Tab.2 Laser spot — welding test parameters and measured weld shear resistance values of
NbHf10 -1 alloy standard specimens
g VPR OB 3/kW e /N
2R H A2/ mm (m-s” l)
1# 6 0. 001 200%C, 1+10%C, 0.95 8 700
24 6 0. 001 200%C, 1 +10%C, 0.95 9 000
3# 6 0. 001 200%C, 1+10%C, 0.95 9 300
4# 6 0.002 200%C, 1+10%C, 0.95 8 200
S5# 6 0. 002 200%C, 1 +10%C, 0.95 8 500
1# 7 0. 004 100% C, 1+90%C, 0.95 9 500
2# 7 0. 004 100% C, 1+90%C, 0.95 8 000
3# 7 0.0018 200%C, 1 9 300
4# 7 0.0018 200% C, 1 9 300
S# 7 0.002 200%C, 1 9 000
6# 7 0.002 200% C, 1 9 300
1# 8 0. 004 70%C, 1+30%C, 0.9 7 484
2# 8 0. 004 80%C, 1+20%C, 0.9 8 161
3# 8 0. 004 85%C, 1+15%C, 0.9 9 780
4# 8 0. 004 85%C, 1+15%C, 0.9 8 926
S# 8 0. 004 85%C, 1+15%C, 0.9 8 926
6# 8 0. 004 85%C, 1+15%C, 0.9 8 693
1# 10 0. 004 120% C, 1+70%C, 0.95 10 920
2# 10 0. 004 120% C, 1+70%C, 0.95 11485
3# 10 0. 004 120% C, 1+70%C, 0.95 11234
1# 8 0. 004 60%C, 1+40%C, 0.9 5414
2# 8 0. 004 60%C, 1+40%C, 0.9 5541
3# 8 0. 004 55%C, 1+45%C, 0.9 7 126
4# 8 0. 004 55%C, 1+45%C, 0.9 6 802
1# 10 0. 004 40%C, 1+30%C, 0.95+50%C, 1, +60%C, 0.95 9135
2# 10 0. 004 40%C, 1+30%C, 0.95+50%C, 1, +60%C, 0.95 9284
3# 10 0. 004 40%C, 1+30%C, 0.95+50%C, 1, +60%C, 0.95 9 830
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Tab.3 Process specifications for laser spot — welding of nozzle extension section assembly
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S A AP BE A5 UF RN T2k, DR A e SO R 4
T A7 AR T, A AR T, R T 3T
fai, SRR I X BN REOE AR
SEVEAT XOUKEI, DAKG A AR SE N B A

PO R S8 AR A I B A B S 25 R
FHHBFAEEEE, WIE RS B, W B
WANEBR RS LIR 2, Lk NDHI0 - 1
PR & GV I M B =i T I RIZ R L, KR
A AW AR B 0y fd H A7 4w, NbHI10 - 1 FR45
B A WUE AP B SE AL, BRI A2 AT K 3h
ML, ZEA 06 S NDHILO — 1 4R48 A 4 WiAS 4E
B A SIHLEST T R 4, 4 TAERR A
1, =200s, REMLED, CHPLIER, FLEEES
B, ReE . IR R ARESR, XHUE &
BIHLWEAE HE AR B e 4, M R W Ok AR
NbHf10 - 15B47 A & WiiE G Br i T. 22 IERA 11 |
A TR R

5 #it

WATAFSE S, =1 +1 mm F1 8, =1 +0.7 mm 7
FRIELREZH A9 NDHIL0 — 1 445 & & 15451 B K
iz 2l Ot SRR SR IA TR SR L AR
IR IR G IR R UL SR aE YUY )/ A i
RIGF5 Z E KR, S8 THOLAEETZM
i, R AIEDEP0L 2 3 7 06 AR, R
MHULEREA N O8 mm, EEE Z=0, HEH
BEH .V, =0.004 m/s, fisEA 1 FUINGE A 2 LAY
B AERE S, =1 +1 mm, 1% 5 &[T 85% J
K= P, =1 kW, Ha R EE 15% JE
KBOCIREDIFR P, =0.9 kW sk 3 Abpyise
HAIERES, =1 +0.7 mm, 154 [R JE§T 60% J& K
WOCKREDIZ Py =1 kW, JR42[F JH )5 40% JA K
BOCKEEIFE P, =0.9 kW, ZRARHIZ T Z
FIERAE 8 U NDHELO — 1 8455 4 Wi 45 46 fift Bt
By R SMLE TR, IR ot
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