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ABSTRACT Isothermal forging process design for medium size PM René 95 turbine disk(about 630
mm in outer diameter)was conducted based on thermal-mechanical finite element code FORMT. The
simulation results show that the molybdenum based die material(TZM alloy) can meet the practical
need for both close die and open die forming when the disk is isothermal forged at 1050 ‘C with
pseudo—constant strain rate of 1073 s~!; however, for die material of K21 alloy, dies might failure
due to their local temperature increasing induced by plastic deformation of workpiece and lubrication
at die/workpiece interface even when it is isothermal forged at the lower temperature of 1000 C.
Furthermore, isothermal forging at the higher temperature with TZM die material can decrease the
deformation resistance to a great extant.

KEY WORDS PM René 95 alloy, isothermal forging, thermo-mechanical finite element method,

process design based on simulation

2002 pp.1115-1120

B RS iR & el R TR R ER. H5h
EFRHRRA, EEREHEIRERERETER /
EEERE, EEFREMEERE SN M. B
M 20 42 80 ERMIT I KSR & S (FHIBTH, £
Hi¥r. S, BOBEETEHET T REM LE, BT —=

*ERARBFEESFEINA 59875071
Wb A - 2001-11-19, CEEMRE M « 2002-03-06
feERA - WEe, B, 1967 F4£, Et

mte 22, [Exfh, KR PMEABRESWEMREL
TR Z IR,

VERBE THERE S BEES, ERITE 2
WATF@E, fLH. mESRESR 7. ESRLA
BARTITESEMBM SRS EME LEMMERE.

BEFRSNEEIIRE RGO ER, L
XIEEF AR SBE AR RS FORMT AHERE, Xt
FERST (BKAIMEZH 630 mm)PM René 95 &4
YR BE CEHTEMRRIT. FEETRES &%
BREIRAE N EREA NS FREEEAMHRS


http://www.cqvip.com

1116 & B

¥ 38%

BB IR EERE, INAHRE S8V R EKE.

1 BTFTREENADBESFRTALEFFE
g Markov 24y JFFE, ERAMERA V, RE

By S, £ hHE Se berE N B, TEEEE S, B

HE . MTEHK R EENR R DR HETERERA

SRRV EE S, HEBELIREZ R

. 1 .
w:/E-EdV—/ F;uidS+—/ KeZdV (1)
2
1% Sy v

TEEE. & (1) & 7 WA AR ST K,
K HESIHE T, &v MiEBmEER.

BRI N AT E M A RaAfld) sl
&, R (1) FrRZE—NE S AR E R 8
3 [fvj g PidV + K [y, CCT#dV -

j=1

[se, Nﬁds] =0 2)

Ad, PHC ANV EEE E RIKRVEER &y
S EEERR U WRBER; N yaTRkEs F
K SRR

PSHHEE AR S E R R EHES. RA
7 PR TT 1 SRR 1 00 1 S Y A SR B R SR R 8 A
U 5 1 8 A 1 2 7 FR ) 5 107 SRR B Y
. HAREZ B — B o AR R T R

M . .
> { Jy, A MM™TaV + [, pC NNTT dV -
]=1 2 7

Jy, a(@ - é)NdV} =0 (3)

e, M kiR R B 2 (6] A B SRS 1 R B T R Y
R T, T 4r50% SRR r B R B (L
B Ao, CHRIALASHEANSHRERN, FERLR
7 o HGERAR, MBA a=0; ¥ T a=09.

EETHAR LS EERERR SRR LR &
fF, BRIDRER (2, 3) BTN RE—MEL TR &
BEAET SRMCEE RIBETR M T, #fss
Y2 i B A TR0 B T IR T i BT 4 B
BIA. BRI R R B ERS R Pl
2 ifitaniadet

R4 HATRNR A AR Y I R A, 4 Soit [2,9] 3¢
% René 95 A &R TS ENTIR AR, SRS
#ELEHER: A K21 #1 TZM HESSHE, SREE
A4 BB 1000 F1 1050 C. R4 B ARy 4h4 4%
H, PR SR BAER. SRS SRR
R Tl & IR v=10"%(Ho— AH) mm-s~!,
Hd, Ho HEWEWIHEEE, AH HigaSpas, %

EEAE R A (4 SUVASE AN 1073 s7) AR,
REH, FF René 95 5 &7 EMEHXRKRAM T
(9]

T = A;sinh™1(A4,2P)

Z = gexp(Q/RT)
A2 = exp[bo + blexp(b2€)] (4)
Q = [co + c1exp(c2E)] x 10°

p=d0+d11n E+d21nE

A, € AHHNE, Z F Zener-Holloman &%, Q
HERMBERE: R ASEE. SFESHNED 5
A1=276.3958, by=10.9592, b, =-31.5181, b,=-0.4267,
co=8.4898, ¢1=5.5479, co=-7.4108, dg=0.1799, d; =
~0.0418, d,=-0.0133 .

KRR - MBS FRTEH T L2 8T, 4
W& BT

FRESENMBRE/RGOIUEAHERTE 1. &
BT R RN B2 400 mm, & 160 mm. $E
BER~F%: H#2 700 mm, & 250 mm . 3k 5EEES
BRI 720 0.16 . R SHERMEAMYHESERTE
1000, sl SRE GRS R = TE 2 .

A

B
C

f‘———j_
4

ozl
09
ge |

|
\
A

)

" D

E

F

|
0
I

1 RRERFOILARE

Fig.1 Geometrical configuration of turbine disk forging

* 1 BRSEARIHRINSH
Table 1 The thermal-physical properties of die and mate-

rials
Parameter René 95 alloy TZM alloy K21 alloy
A, W/(m-K) 9.634+0.0132T138.46-0.0296T  22.6
C, J/(kg'K) 590.37 669.58 524
o, kg/m? 8300 10160 8530
Kw/p, W/(m? K) - 2850 1834
Ky, W/(m?-K) 11.36 - _

X, 1078 W/(m?2. K*%) 5.67 - -

Note: Kw,p— Heat transfer coefficient for workpiece/die
interface; Kjy—Heat transfer coefficient for medium;

x—Radiation property


http://www.cqvip.com

JKF % . PM René 95 & &R RFRBE LEHBRUAT

1117

10 it§
A
R i dea e
_r__i T hpT |
T I t}_éi"k*
o I 1ﬂ—11 T £ T «FT-—l—‘
L E]E[“[T] f T
SEEE ——ﬁ-‘ ™ : -I_” I —l
BiAgy Bnnan T !
anuiyy| HaRARORY I
H“ I Ly 1 T i
H}“ ~4j]ﬂ—l—j niiine i } ||
Hit
B2 THREAEMPIERELS
Fig.2 Initial mesh of block and dies
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Fig.3 Flow behavior of René 95 disk component at the end of closed die forming (from the upper to the lower

corresponding to equivalent strain g, equivalent strain rate é, s~! and equivalent stress &, MPa, respectively)

(a) TZM die materials

(b) K21 die materials
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Fig.4 Temperature contours (*C) in dies and workpiece at the end of forging of close die forming

(a) TZM die material
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Fig.6 Load curves of open die isothermal forging for René
95 turbine disk
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Fig.7 Temperature contours (C) in dies and workpiece at the end of open die forming

(a) TZM die material

(b) K21 die material
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