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Numerical simulation study on power spinning for Nb-Hf alloy part with
thin wall and large size

Yan Jingkai', Luo Yatao®, Li Bing®, Guan Bobin', Zhou Bingying', Wu Xiangdong'
(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. Xi'an Space Engine Factory, Xi'an 710100, China)

Abstract: In order to explore the influence laws of process parameters on the power spinning process for Nb-Hf alloy part with thin wall
and large size and further guide the actual production process, based on the actual process, the finite element model of power spinning was
established by software Abaqus/Explicit, and the influence laws of process parameters such as gap between spinning wheel and core die,
feeding ratio of spinning wheel and friction coefficient between spinning wheel and spun parts were studied by the range analysis method of
orthogonal test. The results show that the feeding ratio of spinning wheel has the greatest influence on the die fittingness of spinning parts
during the power spinning process, while the gap between spinning wheel and core die has the least influence. For the thin-walled and
large-sized Nb-Hf alloy parts, when the feeding ratio of spinning wheel is 0.24 mm « ™', the friction coefficient core between spinning
wheel and spun parts is 0. 05 and the gap between spinning wheel and core die is 3 mm, the power spinning has the best die fittingness,
the average die fittingnesss gap is only 1.003 mm. The test with the obtained process parameters further verifies the correctness of the fi-
nite element simulation analysis.

Key words: NbHf10-1 Nb-Hf alloy; power spinning; die fittingness; feeding ratio; die fittingness gap

HREIEAR, H 3 SUE R, W R A XA
SRR JTRE I B AT ATYEREAT THESE, X K
EEIEH Nb521 P85 G i 5 ek T2 k4T 1 B

Pesna e g —Fhopr Bt R AR, BRI
Ao il 1 A PERE RN TR, AR B i MR AR
A B AT, AR AR GURAT R T2

b, SRESA B Bt o R A KT e s AL A I R A
FORE, AT S A AE A i il i K P45 ) 3
Tt T g KT AR R R LI
HBER IR e F BB I T, 5 I3 e AU &

KB, 2022-09-16; fEiTHHEA. 2022-12-25
EZ®AT: FWH (1998-), 55, WiLores:
E-mail; y390245543@ 163. com

BEEE: AR (1970-), 5, i+, mlHEER

E-mail; xdwu@ buaa. edu. cn

WO AR UG UE, #3645 SR B ik 6
BAFFE T Nb521 P8 455 4 DR HE A — U B PR 3 78 5 11
M AR 2 {1 R O 5 0 S ok 3 ) A B, o B
I 2k f T84T T B0, 58 )1 e R AE
e B —Fh R B i v A, X
HA TBUA R 738 BY T W8 (4R 2% BUE
WD XHE Abaqus A FRITHEK M 3547 30Cr3
BB A EAR B, # Vague HE5] AIE IR
T T ESH A, 193] T4 T LS 806 e H - hL



557 1]

IR WRER SRR & e R 5 7 e T (9 B E R U5 65

BRSNS bR Az SR 4t T H e e S
PB4 X R AT T BUE A T, X I BiE
Kt b as et AT T a5, 15 1 — g oL T IR e
A BB R 0.4 mm - v' BT BEGE A B2
HRA R AR, BRMGAED T4 oo
AU K A2 2508 S5 ) e He 1 1 ) 1 A8 S i AT T
oY, SEREN], 2598 By I3 # b FnEE fik X A% B )
HER, TELEPRSIE B G a5 H SO
ZR A5 O T X R TR 4R Xt A 3 3 i R B i AR R A T
TRUERAL, BFFE TR | BE 4 LR 32 A O
BTG EE B, 45 52 M R G P A4 Yk Ay i v 2% >
HEZE > M, I B A S B0 3 K SRR
TEAGE . AL ST X 3A21 R4 4 JE M A5 ) e
FERJE AT T A RITEL, I8 G5 00 1 ek
A 2AE . E2 E e (8] B 6 TR (R G A | e
JERFZR , A5 s R AR e e 5 A 21 A2 5 e iU A 1Y
DUABE A2 R RE JE 71T A58 /N 1Y) JE % 2 4 LU A5 245 7 1) B
WUAT Bl T4 w5 T 14 1) DU 58 8 R B JEE I ) 1, A Bt
LN DA06A MK L AR [ 37 5 e R EAT T R,
P TR OV fA . HE 25 LR 3 R BE SR Y
SIPERISENR AR 4R R TR A RN el i R 2 f BE
JEARI SIS, T HE — 8 ¥ R 3G K 45 b ) ]
I 5 42 55 . Marghmaleki TS 45 X6 e He o 2
AT TEUENISY, R T =48 8 X Rt a7 ik
R TR RIAR e e FE , FFRIFE T IREEON X H e
JESug S0P S i A T A A [E1 -9 N
B AHRESE AR Z B IR G AT R A 2 TR IE T 1Y
2, TSN 3 Abaqus 37 T 30CrMnSiA &
SR EIEAERT S E A PR AL, X Hon T A&k
TTEUERAL, YO S5 e SIE L # rh AR TN T
XIFRAr A B, AT ok TR A N R DR A R AT S
SRS T REE RS QSn7-0. 2 A A EE ATB
RE SO 5Eme , A5 BB IR AR, A G
BEREE | Brdvnm B A R B TG R, R R ek
NG MR HE ST [ B S HERS A B B R R
PEIETEA FRITIAY AU ) e BB A 4 A A
RUTESE A T T A4 I S R A AL 5347

MR UAR Y, #3110 07 e Fe i 4K
(AR T T ES8mplEE, Jfat—4s
T TR IE AR, SR, A OB B e KA AR
R JEL T REZ A ()58 e A BR T 45018 (5 B P9 44
it ARSCUIMRER G AR ERE RS S Ry
MRS, T sEbs T A M 360 -, FIH Abaqus
N R I E A BRITERL, IEXT eSS 5O B E B

TG 25y He e ¥ 45 T 2 20N e PR I A P ) 52 )
MEEATITTE, BRI bR = i AR — 2 5 5

1 &I EHE
ARSCITHFIE B A AR ] 1 s, I

BB R NbH10-1 885574, BARNE | 2R
THERE M RRZR IR AN

R5.03

B BRI

Fig. 1  Outer contour of spinning part
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Fig. 3 Finite element model of power spinning

2.2 HEMHRAEFGESINS

TEASCHT TS 5 1 e e # vp, R 2AF AR
B PR, hedt SR AR MO R . TR 2.1
TR RS ORI O BRI, TR SRR A
AR, R, SRAITHEARARAY LR g il 5 & |
SR i 1A 77 AR P B ] S8 B 23 A, A
TE SCIE b S I, ORE WA TR S S, AR AR K I
VRS AATHT, [ 326 P 7] 42 i A 404 fok v ] g JBE 45 5
F, FIEPIESPRIE I BIE R b TR i
LR TERS , NI LR B 0. 45 eSS
SIRREARRD G, K, FEERECE N 0. 01,

1P ST B BEE 75 4l S B e A R

600

500

400

FL3E J1/MPa
S =3
S S

—
(=3
(=}

0 0.05 010 015 020 025 0.30
FELNAR

P4 NbHF10-1 H247 5 8 A9 FLIE R ) - LSRR ih 2k
Fig. 4 True stress-true strain curve for NbHf10-1 Nb-Hf alloy

O RS R Y38 3l OC R . 7EAS ST I 53 1Y) 5
e R, SRS B B B, R
SONBE R 2E T e I Pl T e 14 2F 265 1 W 5 A I AR 3%
I, BEfeHe— & Pl a4z s F =5 R
A SE B SR e . Rk, X5 T E, 2R
H3ANPHAMEM2 M AbE, BEHLSEH
SN e S M X T EORE, AU AT 29 5
iR A ST B IR EAR Y X T e se, Al iR (e ith
LRI R Sk, R A 299 HBRSE H Bk
A MO AR, BARAIEAE 2.3 A

GIHT A B E R RE RS Tl R SEbrad f2, F8A
FEIEe AT b e 25 3 A 20, Horh ) TR S o b 2b
b, BOE OV R FE Bl A R T AR ORIV A X
WOt N A R, SE R SR g S R e 7R
AP, eSS sh P I 20 O A B
SRS YRR RS
2.3 R

TR A RS 7 2 A 73 D e PR B (S SO
FERISCHE , AT ISR e Re Bl o 45 & F M s
AN R RS et S e i I BRI . B T iede




557 1]

FIHEE AT . WEER RO RS G &

T3 3 ke s A BB AR AL 5 67

H B Le HZhess, ik, 7 THE Abaqus &
Meheiz sk, LU iz sh R AN gt i
B, ARIETUTRETAS B HESE T 0o Y — FR 9 B HLAL B s
J&, WS ——X N 5 A 2 Abaqus B9 0 {E 26
I ] 58 UBERE I8 s LI I S, PL— kg i
TR, JiEse BBl i BT IR AT

By
(F /U8

FSMRERR

%E*&E//J

BENEA

BB LR

ZRMA

(1) S IUT b 2 —BEFF s e, B
PITIEANEE 5 Pron, B, B 9 PR BEJE N A A
HWK, il SRR BE RN B kg, Re, B
SN EEJE AR 5], IO I A B AR —
TEFIFAMEET A W2, RIERRIR AN FIEIME
R AT IS, BRI A B i A ) — e RN B

K5 —BeEMoh e gt s K

Fig. 5 Analysis schematic diagram of outer contour for one spinning part

(2) 38 JLA figg B 45 248 1Y i L i Sh Bk,
BTk 6 P, B, AR e Fe o 4 5 o
TEF R W, FEF PRl AR RS 5
FRENELL, RZikLF R B BLOAL, JfF S TEs
58 Ffy A S T e e 4 it s SRR DU 12 Ak i g S A
M, PRI BT M AT AL, e AT B A B
AIARAR; e, AR5 B 5 2 AN BESE B0 0L B AT 45
FUEsE i s s

RSN m

el
Fl6 e B i s L s B A

Fig. 6 Analysis schematic diagram of motion trajectory for mass

center of spinning wheel
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process parameters

TR ARSI B SIIEN  chgdsing =R

VBRI TARGIREUE, I454 1550 R Rk 1 5 % (mm-r)  FREBRE B/
BRE AT, Sobr TRk ey L 0% 0-00 b3 !
J76~83r - min”, SRAMGHAZ G, S 2 0 ool >0 ?
HEVESE 150, 225 #1300 rad - 57 B aaE, w3 098 005 30 3
e R 0.48 . 0.32 F10.24 mm - v, i Fie  + % 0.00 2.0 3
R Z AR sh R, FER N BGE I TE > 0% 0.01 30 !
0~0.05 [ A, Wik, schigitmEsstgs ¢ %% 0-05 15 2
FEREREA M0 0. 0.01 F10.05, T 4EEmEwEy: 7 0% 000 3.0 2
B, IRk B X L RA - R REE R | ek S § 0.2 0-01 I3 3
SRR A N 1.5, 2.0 f13.0 mm, i 0 0% 0-05 2.0 !
1Y 3 K2 3 K 7 iE T L 25 2 5050 B 1E 38 i 56 L
S | %2 EXRABER
3.2 i [‘é\ ° Table 2 Orthogonal test results
. P !
o N . o e e R
PR ARG IR, MBI TR~ s VSO e U
S = PR N AHY S
SRR, TR T2 R P 2 A U i i 48 (et R
AEEEEH, FIL, A8 IE RS 56 15 O 1 0.48 0.00 L5 487
FBRRSE, JRRBEVE RSN B E S 2 0.4 0.01 2.0 7.99
A AR 1 T R o 3 0.48 0.05 3.0 2.92
ARSCR T IEAS R I8 i FH R A 262 43 B 5k 43 4 0.32 0.00 2.0 2.72
Prif R m B & B R Smiass, k2 Uin, 5 032 0.01 3.0 3.53
M2 ETLIAE, AT NBHIO-1 EAA &SR AE 6 02 0.05 L5 2.0
R, 3 TS 800 52 W 1 35 P ) 32 9k 7024 0-00 3.0 1. 44
WFH . WEASHELS LLSWERE S phim s m e 8 O 001 L3 =48
SRR, [ 7 X 3 A T S BO IE Y i 0.24 0.9 20 21
%ﬁﬂﬁﬂﬁio e %= 3.28 2.28 1.69 —
55 55
5.0 5.0 5
4.5 45
E 40 E 40 R
% 35 & 35 &
g 3.0 % 3.0 % 3
125 # 25 1
i 20 T 20 T2}
B 15 1.5 e
X 1.0 & 1.0 B
0.5 0.5
0.0 0
0.20 025 030 035 040 0.45 0.50 0.0 0.01 0.03 0.04 0.05 1.5 2.0 25 3.0
45 H/(mm 1Y) e 5 e s 1) R % IR 3 TeHS 5 AR A B /mm
(@ (b) (c)

K7 T 2SO WA B 5E 3
(a) HEEREL (b)) BEAES 1 i BE 42 15 %
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