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Viscous pressure forming of super-alloy super-thin
wall corrugated parts applied to ramjet engine
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(1. Dept. of Materials Engineering, Harbin Inst. of Technology, Harbin 150001, China;
2.The 31st Research Inst., Bejing 100074, China)

Abstract:  The superalloy super-thin wall corrugated parts( with thickness of 0. 3mm) applied to missile ramjet engine, made of
a lot of corrugations with smaller radius surface and nom uniform height, is complicate shape component. The qualified product could
not be obtained with conventional metal punch forming. In this paper, research resulls of Viscous Pressure Forming( VPF) of the corru-
gated component mentioned above are reported. VPF is a recently developed process using a highly viscous but flowable semfsolid me-
dium as soft punch. The experimental and numerical simulative methods are used to evaluate the shape, strain distribution. thickness
distribution of the blank and the effect pattem of interface [riction on the formability of specimens during VPF. The experimental and
numerical simulation results show that VPF specimens have a lot of advantages, such as high dimensional accuracy, good surface fine-
ness, small walkthickness reduction. Compared with simulation results with metal punch forming, the necking and walk thickness reduc
tion on smaller radius swface can be avoided or decreased with VPF, The later has an advantage over metal punch forming as respect
to super-alloy super-thin wall corrugated parts with smaller radius surface.
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Fig. 1 Principal diagram of viscous pressure forming
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Fig. 2 Super thin wall corrugated shape part
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Fig. 3 Flow stress vs. strain curve
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Fig. 4 Flow stress vs. strain curve
of the viscous media used for VPF
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Fig. 5 Longitudinal thickness
(a) and strain ( b) distribution of the specimen
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( b) Metal punch forming
Fig. 7 Finite element simulation model of
( a) VPF and ( b) metal punch forming
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Fig. 8 Simulation meshes during deformation of the
corrugated specimen with VPF
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Fig.9 Maximum principle strain of the corrugated

sheet specimen vs. piston stroke during VPF
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Fig. 10 Maximum principle strain of the corrugated

specimen vs. punch stroke during punch forming
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Fig. 11 Maximum thickness reduction of the
corrugated specimen vs. piston stroke during VPF
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Fig. 12 Maximum thickness reduction of
the corrugated specimen vs. punch stroke

during metal punch forming

(1) RAEA U F) BB IE & T AR TR RVRE ) 2
X e i £ <8 EL A SR B/ A B I 4 R v R A
A, AT AEE G I AR I 7 A 1 JR) S JE B T L AR I



88 #o# B OAR 2002 4

H2, e 1 |2 B S i 28 A0 M RN /)N ) Ok T rials| P) . United States Patent NO. 5085058, Feb 4, 1992: 12~
=, 26.
(2) ST SO0 R SR A A, KL A [3] Leonid B. Shulkin, Ronald A. Posteraro, Mustala A. Ahmetoglu
E} R A TR S e A A S A 7 R R T A L ) ;;l al.. B(Ia:']l;FI)lol;l(:th oree ( Bll'l[Fj ]Cn‘:;tr:; in \‘;.:t:nus l:;'es;ur:
ormin ( V of sheet meta : ater Process Technol
I8 7 o A T T S 0 T EEAEL A LR S

(3) BRI RERG T A 52 -5 AR 22 A1 1) T B

[4] Liu J, Ahmetogla M, Altan T. Evaluation of sheet metal form~

BORERE BE MR HBOR, 4% & 18 1 RERG A A A TR ability, Viscous Pressure Forming( VPF) Dome Test[ 1] J Ma-

FHRIE - ter. Process. Technol . 2000, 98: 1~ 6.

% 230t [5]1 E&B&, EAA BOBPRE A BT K 1 12 B AR 2 22 f) #

FARE AL T] . 2 T AR 4R, 1999, 6( 3) : 46~ 48.

[1]  Liu J, Westhoff B, Ahmetogla M, et al. Application of viscous [6] E&&, EMH1, il JE55] FE THBORDES HE A 5 hr iR
pressure formin( VPF) to low volume stamping of difficul-to JETE AR 6 0 70 0] . Bk T2 A44R, 1999, 6( 2) : 50~ 52.
forming alloysresults of preliminary FEM simulations[ J]. J
Mater. Process. Technol . 1996, 53( 1) : 49~ 58 ( Y. AL %)

[2] Roades et al. Method and apparatus for die forming sheet mate-

5

FEMRXE=FAUFEEMNE 23 BEAEERRIIEEN

HEMIRE =% W5 BMEE 23 JaboR{E B R 2T 2002 4 9 A HEZM AT, k&l B

KRB  Jm Be v s A7 MU 0t 78 B £ 00, F RO R HEEE ARG 5 R RE” . 1ESGE R

i
£

fiE

(1) A KRB B R K R B i R S e 5 45 A A AR R G 3 AR F a4

(2) 81905 K i R shATL T S A 9 3t F A SR

(3) HLHERE B AR 7L LBt g

(4) BB KRB, BHE AT 3 A 3,

S) R ENHL BB BB T AR
(6) REWLIEA AT S EES T E ) R S sl v S AR Ul v 5 0 v 5 N
(7) R A 5 WARBAR, K aHLI RS W 515 5 08 i RGushRe e o i 2E,
) RENHLA = T E G B R

ﬁlI%* 1) W B, B M, S TR, BIREM, R EEAF Tk EM RS ERR; (2)
B8 (A AN S SCER) AR 7000 5, FEBRAY 200 745 A TR EE (3) i H 3.5 P A, Bl I Email &
@ majie@ shxi. cetin. net. cn; (4) FafF LT B 40 VIR 55 L A0 B VR 408 A5 b ARG &R HELE

fESCE T 2002 4F 5 H 30 Hul&F 2: Beii B2 m+ 5 G/ +— 24, fi%: 710100, {53 EiFEH« &
SRR, BERN ATEE, HIE: 029- 5207406, ££ H: 029- 5207401 .

( AFEBIR)



