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Development in Powder Metallurgy Superalloy
ZHANG Yiwen, LIU Jiantao

(High Temperature Material Research Institute, Central Tron & Steel Research Institute, Beijing 100081, China)

Abstract: PM superalloy is key structural materials applied for turbine disc of high thrust-weight ratio aeroengine. PM
superalloy development in America and Russia is mainly summarized. According to manufacturing process of PM superal-
loy, different process routes including powder atomization, powder consolidation and disc forming are compared, defects
and corresponding controlling methods in PM superalloy are analyzed. The domestic development of PM superalloy is also
summarized. PM superalloy applied for aeroengine is summarized. According to developing trend of PM superalloy, the
key technologies such as ultra fine and clean powder atomization, near net shape forming by HIP, dual microstructure heat
treatment( DHMT) are prospected in developing high-performance PM superalloy. According to current development con-

dition of PM superalloy in china, existed problems and corresponding developing direction are pointed out.
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Table 1

2.1

B4 INTI8, 1982 4F, GEAE 2\ vl A4l 4 1 28 BR 5 11 5t
WI, 7€ René95 &4kt b, @& 4 o i 4 ik
PR, T 1988 ARBF I AL FR 2 5 AR B R R
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René88DT & 4 HAT R AF I K A8 | iz A R 470 463 43 25 B 1
AE, 5% 10 Rened5 GG MM, %G & 09 hofliom B2
SRBEAR T 10% , fH 2 9% 55 2480 J il R K 1 50%
IR BE 650 CHERIE] 750 €1

KET B2 90 AEACTH B — AN =5 K sh ML A
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Characteristcs of PM superalloy in America and Europe

Compositions w( Ni bal) /%

Physical parameters

Generation Alloy Nationality o o W Vi Al . Nb B 7 W H wi‘.;n ) /Tzé . ‘p(:!/n_]
Lst PA101 USA 0.15 9.0 12.5 4.0 2.0 35 4.0 - 0.015 0.10 1.0 4.0Ta
AF115 USA 0.05 15.0 10.5 6.0 2.8 3.8 3.9 1.8 0.02 0.05 0.8 - 55 1193 8.33
IN100 USA 0.08 18.5 12.5 - 3.4 55 4.5 - 0.02 0.05 - 0.75V 61 1185 7.90
René9s USA 0.06 8.0 13.0 3.5 3.5 3.5 2.5 3.5 0.01 0.05 - - 50 1 160 8.26
Astroloy USA 0.04 17.0 15.0 - 5.0 4.0 3.5 - 0.025 0.04 - 45 1145 8.02
LC Astroloy ~ USA 0.03 17.0 15.0 - 5.0 4.0 3.5 - 0.02 0.04 - - 45 1145 8.0
MERL76 USA 0.02 18.5 12.4 - 3.2 5.0 4.3 1.4 0.02 0.06 0.4 - 64 1 190 7.95
U720 USA 0.035 14.7 18.0 1.25 3.0 2.5 5.0 - 0.033 0.03 - - 45 1150 8.10
AP1 G. B 0.03 17.0 15.0 - 5.0 4.0 3.5 - 0.025 0.04 - 50 1 140 -
2ed René88DT USA 0.03 13.0 16.0 4.0 4.0 2.0 3.7 0.7 0.015 0.05 - - 37 1135 8.26
U720Li USA 0.025 15.0 16.6 1.25 3.0 2.5 5.0 - 0.012 0.03 - - 45 1150 8.10
NI8 France  0.02 15.5 11.5 - 6.5 4.3 4.3 - 0.015 0.03 0.5 - 55 1195 8.00
3rd Renél04 USA 0.04 20.0 13.1 1.9 3.8 37 3.5 1.2 0.03 0.05 -  2.3Ta 51 1160 8.30
Alloyl0 USA 0.04 15.0 11.0 5.7 2.5 3.8 1.8 1.8 0.03 0.10 - 0.9Ta 55 1180 -
LSHR USA 0.03 21.3 12.9 4.3 2.7 3.4 3.6 1.4 0.03 0.05 -  1.7Ta 60 1160 -
NF3 USA 0.03 18.0 10.5 3.0 29 36 3.6 2.0 0.03 0.05 -  2.5Ta 55 1175 -
CH98 USA 0.05 17.9 11.6 - 2.9 3.9 4.0 - 0.03 0.05 - 2.9Ta 58 1175 -
KM4 USA 0.03 18.3 12.0 - 4.0 3.8 4.9 1.9 0.03 0.04 - - 56 1170 -
SR3 USA 0.03 11.9 12.8 - 5.1 2.6 4.9 0.015 0.03 0.03 0.2 - 49 1170 -
RR1000 G. B 0.03 15.0 14.5 - 4.5 3.0 4.0 - 0.02 0.06 0.75 1.5Ta 46 1 160 -
N19 France 0.015 12.2 13.3 3.0 4.6 2.9 3.6 1.5 0.01 0.05 0.25 - 43 1145 8.31
NR3 France  0.02 14.9 12.5 - 3.55 3.6 5.5 - 0.01 0.03 0.3 - 53 1205 8.05
NR6 France 0.02 15.3 13.9 3.7 2.2 2.9 4.6 - 0.01 0.03 0.3 - 45 1175 8.29
Notes: w(y") — Content of y'( mass fraction) , T’ — Solution temperature of y' (°C), p —density (g - ecm ™)
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FEMRE Wi R0 AR =il A 4, EPT41NP 2 i H
AN ZMMARERS S, ZAS AR EREGE
J12ERE, B TR 750 °C, EPTAINP A =i &
G 2R FH %5 85 F e 5% i B ) K ( Plasma Rotating Elec-
trode Process, PREP) + H W 4%  il{JE ( Hot Isostatic
Pressing, HIP) T. %14, Wl & M F s kshilegin
Ak B OCHEANR TR, CORTINH ToRAS -29., K
k=31, 95 -27, B -204 5 KM, KT Wrde 2l 80
AEAR LS XBFH] H EPO62P, EP975P Fl EP962NP 25 4
ERA4, HAERE R T50 CLLL, RiFJLAE, §EH
B T BBII £ % ( BB750I1, BB751I1, BB752II,

BB75311) My K m i & 4, MHEE R 650 ~750 C, 5
H AT IELE(E FH Y EPTAINP & 4 M Lk, BBII R4 41
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K E A S RGP RE LT 20 i 70 F40)E
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A FGHOL & 4 i ihhl, 6 =Ry oK w5 4 0 Lo
KAFPEINEE 3 FTR o

FGHI5 & H A s & e M R M i A 4, fesn il
T 650 °C, FBEH Tl 25 & sh ALY i 5 8P4 0 L & B
FEHUA I 56 3 RS 0 38 55 /N RS 844 . FGHOS 2 3% [
SRS N AR R RS 4, SR PREP iRy +
HIP T 208 il () FGHOS 44k & F T3/ 5 & shbl, R
H PREP il + HIP T 2819 FGHOS &4 T 4 7 F Al
SEIL L E SRR, ek e,
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Table 2 Characteristics of PM superalloy in Russia

Compositions w( Ni bal) /%

Physical parameters

Alloy

. ) . e W (y") Ty' p/
Co Cr W Mo Al Ti Nb B Zr Hf HE /% s .- R

EP962P 0.04 9.8 12.5 3.2 4.3 3.7 2.4 3.4 0.012 - 0.55 0.34V 50 1160 8.28
EP975P 0.06 12.0 10.0 10.0 3.5 7.0 3.0 3.5 - - 0.7 - 60 1230 8.47
EP74INP 0.04 16.0 9.0 5.5 3.9 5.0 1.8 2.6 0.015 0.015 0.3 0.01Ce 60 1180 8.35
EP962NP 0.04 16.2 9.0 5.3 3.8 3.8 3.7 1.8 0.015 0.015 0.4 - 57 1200 8.28

VV750P 0.055 15.0 10.0 5.8 3.3 3.7 3.7 1.8 0.015 0.01 0.25 0.02Mg 57 - -

VV751P 0.06 15.0 11.0 3.0 4.5 3.95 2.8 3.25 0.015 - 0. 05 0. 02La - - -

0.01Mg
0.005 0.001 0.05 0.001
VV752p 0.09 14.0 11.0 5.1 3.1 4.1 3.0 3.45 ~0.05 ~0.05 ~0.2 ~0.05Mg - -
®3 HEMKSEESESHES RFHE
Table 3 Characteristics of PM superalloy in China
Compositions w ( Ni bal) /% Physical parameters
Alloy  (y') Ty’ /
: g w (y y P
Co Cr W Mo Al Ti Nb B 7r Hf HE % % g+ om-d

FGH91 0.03 17.0 15.0 - 5.0 4.0 3.5 - Micro-scale Micro-scale - - 45 1145 8.00
FGH95 0.055 8.47 12.2 3.42 3.61 3.51 2.55 3.4 Micro-scale Micro-scale - - 50 1 160 8.27
FGH96 0.03 13.0 15.8 4.14 4.33 2.26 3.88 0.82 Micro-scale Micro-scale - - 37 1135 8.32
FGH97 0.04 15.8 9.1 5.6 3.9 5.1 1.8 2.6 Micro-scale Micro-scale 0.3 0. 008Ce 60 1180 8.30
FGH98 0.05 20.6 13.0 2.1 3.8 3.4 3.7 0.9 Micro-scale Micro-scale - 2.4Ta 50 1160 8.26

FGH98I 0.05 20.6 13.0 3.8 2.7 3.5 3.5 1.5 Micro-scale Micro-scale 0.2 1.6 Ta 55 1165 -

FGH99 0.03 20.0 13.0 4.3 2.9 3.6 3.5 1.5 Micro-scale Micro-scale 0.35 1.5Ta - - -

FGH96 (458 i 1t FGHOS & &gk, [HRLY e
RIPAL, i FHIEE R 750 °C, JEhl ek & sl i 2
SE PR 1 DG A R FGHO6 5 56 3 /4 ( PREP/AA il

B+ HIP i 55+ 38 B T 20) 5 FGH96 4 4 14 4%
(PREP {14 + HIP 506 T 2) IEAE A7 5 B
FGHOT 44 FLATTSH ABRIE . T AEhl )y . (RELEK
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P IRHCRAE I R, AR 750 °C, ek Se ik kg
PLIREEEE . . BR 21 45 P o 00 A9 SCBE A KL, R
PREP iy + HIP 88 T 2 i % . FGHOT ¥y K b3 5 £
CRTER K Pl R, BAie 2k A& 457
BBt .

FGHO1 & 4 HAT S B FUAPERC LU 4 . i TPk Re 445
AL, R E R 650 C, R E & &EBH# A, ¥
FGHO1 & 4: 4% ( PREP #i#y + HIP )£ ) 5 K418B &4t
R AR, BRI TSR SIS G R A

BExEE N R SIHLTR, BT T = AR R S R
A BT AR, WA A a6 4 N Bk BIE ST R BE 1Y
FGHI8 &4 . bt B K 5 BT 58 8 Bt 5 1 il
1 FGHOS8 T | Jbuifiiss M RIS B iy FGHOY &4 5
FHEA L, RS =AU R S A U AR MR TR
HBrB,

P4 RN S g3 B  JURR A A 5 R A 4 h fh
REFIFAPERE LB (il 45 120 PREP ByoK + HIP iUJE +
HALH) o

%4 FGH91, FGH95, FGH96, FGH97, FGHIS &4 M =R
hifl AR
Table 4 Tensile properties at RT of FGH91, FGH95, FGH96,
FGH97, FGH98 PM superalloys

Alloy oy/MPa oy ,/MPa 5/% W%
FGHO1 1410 1 000 23 22
FGHO5 1590 1210 17 19
FGHO6 1510 1080 20 23
FGHO7 1510 1080 21 22
FGHO8 1590 1150 19 20

Melt
i Crucible
_—Vacumm chamber

Atomization nozzle

Cooling tower

Water cooling
Transport tube

Powder container

(a) AA method

Power supply é é

%5 FGHY1, FGH9S, FGHY6, FGH97, FGHIS &4y
FA R

Table 5 Stress rupture properties of FGH91, FGH95, FGH96,
FGH97, FGH98 PM superalloys
Alloy T/°C Stress/MPa Life/h 8/ % Remarks
Smooth and notch
FGHI1 760 586 56 17 combined species
(R=0.14 mm)
FGH95 650 1035 180 3 Smooth species
FGH96 650 970 197 8 Smooth species
Smooth and notch
FGH97 650 980 771 5 combined species
(R=0.15 mm)
FGH98 650 1035 236 3 Smooth species
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S REMARRE, MRERG SRS TS
ZART I, CERS I RE N B T2 A
2 F, BIRASEE AL AA il + #4455 (Hot Extrusion,
HEX) +457R 458 (Isothermal Forging, ITF ) A1 LI E Ky
R PREP Hil8y + B HAAE#HE (HIP) OB T2,

BT, SERESEPE T EZ R AA H# + HIP jUE T
THTPHIEAE . MR E AU N RIS, R AA §lR
+ HEX + ITF T 2042 7= RASEEAT; % 7% A PREP il
¥y + HIP 247235k L BRREAF, FRE o T K
RIBE AL B A 45 R B 5, 456 BN Y SRR
M BRI A T 20A 2 B, HISR A PREP ik + HIP
LA BAE . WA TEAE, R AA/PREP il #3 +
HIP + ITF T2 A P A
3.1 MRHAFEIZE

HATTE S bR AR 7™ v £ 2R R A5 i (AA) 4
BT TR ik 55 ek (PREP) , I BRANIET 1 FT7i o

.
Water cooled

1,
"-3_4— Powder
tungsten

Rotating
electrode

(b) PREP method

Bl 1 AA FI PREP il ¥ s B E

Fig. 1

Schematic of AA and PREP for powder making
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Table 6 Characteristics of AA and PREP Powder atomization process

Atomization process

AA

PREP

Character of powder

Wide size

Contamination from

Size distribution
Degree of purity
Oxygen content
Powder size controlling parameters

Production efficiency

Mainly spheroidal ;
More hollow powder content

Higher inclusion content;

High oxygen content( > 150 x 10 %)
Nozzle design; Argon air pressure;
Molten metal flow speed
High

Completely spheroidal ;
Smooth and clean surface;
Trace hollow powder content
distribution Narrow size distribution
crucible and nozzle; No contamination from crucible and nozzle ;
Lower inclusion content;

Less oxygen content( <70 x 10 ~%)
Rod diameter size;

Rod rotating speed

Lower than AA process

36 fE b 20 70 4R AR R AA B R R JE K
~250 pm(ARK T 250um) , 1980 4 [H Y F-18 KR HLTE
o [ v PR L A e S, B RORE B ~ 250 wm A
~100 pm(AKTF 100 pm) , A E1H2E 90 4EIRER, kK
R HE— Ak, HATHR ~53 wm (R KT 53 wm) Al
~45 um (R K F 45um) 2 FioR 4k T 0
PREP M ACRLIE K A8 A 710, 1981 4E M R 5 08
F B AR J7 70 ~ 315 um, A G RAKT 0.01%,
WA e e AT PR AR 5 I 1982 45 ] (14 493 A< b 18 oy
70 ~200 pm, EHHAKT 0.007% , 45K e
e BT RIBR A N AR £ T 100 ;M 1986 45 {fi J (g 4
AALSE H7 50 ~ 140 pm, A HEAKTF 0.007% , HAFT
WA I 2 W 4 AR E R 22 T 50 J5; B 1988 4Ffii
PR AR BE H7 50 ~ 140 pum, 4 &5 A KT 0.007% ,
BRI R T e 22 3 bR HE AR 2 T 20 Fii,

H i = 948 9 PREP 32K 322545 50 ~ 100 pum F1 50
~150 pm 2 Ffr, Hrh 50 ~ 100 wm 83 A o Je Ze bR
10 Fi/kg, 50 ~ 150 wm A8 K H e Z4 b5 78 SR 20 i/ kg
NI AA By ARRLEE S ~T75 pm CRRTF 75 pm) .
3.2 MK E 4L (consolidation)TE

BTG SRR SA Cr, Ti, Al SEHERSS T
F, R TR AR T AL AL, XS T
T AW AR AN e R 8 H 0 LRSS T 2R . X T
ARG AR U, TE AR SR TE 5 I R B K
o BiE HA B2 B BIE (Vacuum Hot Pressing) |
PEE R % JE (Hot Isostatic Pressing) | F, K £F b8 25
(Spark Sintering) . #% /% ( Extrusion) . %1% ( Forging ) %5 i,
Wik, fE LB KBS T 2%, RS GRE
HY R RAEE R BUE FREY R . R 7 A mik G S H R
[ 45 T 2 W st b

®7 AEABERAEMRELZIZNES
Table 7 Characteristics of different powder consolidation process

Consolidation process Advantages

Disadvantages Microstructure character

Vacuum Hot Pressing  Simple, no powder contamination

Hot Isostatic Pressing No shape limitation, low cost

. Grain refining completel
Extrusion g comp ey,
sound hot working character

Forging Simple, low cost

High cost, shape limitation
Additional process are required

Higher cost than HIP,

shape limitation

Non-uniform deformation

Not full densification, uniform microstructure
Full densification, isotropic structure
relatively coarse grain size
Full densification, fine DRX grain, sound

mechanical properties along extrusion direction

Full densification, fine DRX grain,
anisotropic structure

1E L IRBIARE LS T 20, PR R AT o 22
BB SE T2 X R SRR A — i A A ) T Y
AR BIEPEAR L ARG Sl e, (HR AR T 2 ik R
AR B AV IE AR R
3.3 #BUMEIZ

SEAFROY T2 A B 55 T R 08B 1 A

B, X T B AAE R OB AR RO BEAT, B A [ 44
FIEE AR Y 2 AR ] — HIP T hod s o HB ok K
A G SR T 200 B # T (As-HIP) lUE,
TEFAAE 1 AR v BRI A8 AR RS B9 2 B
TR DU B BT 45 7 I e ARG 81, 2ead pa 4y
ER AR, HIP ROE T HBEEE . S|P HHi, 5€
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FEDB R BT 1 O TR E 5, 35 As-HIP
. PR, ITF (SR ) 25 T 20 3B A8 R i &
G TR B4 A5 0 TR U RN 8 3 U 2 b 2
#o FGHOT By R M F Wl & T2 W& 5%
EP741INP & 4 58 AR, R HHEASERIE T 2808
4 MERBJIEEEPRERMEKZIERK

S/ T2, MoK & T AW T
WUAmAT, M%7 A e HS, e TR B2,
T MR ) T 200 BRI R 1 — S AN ] S A 1 R B
KR e A 4 v %) S S A A TG UK 1 5 ( Prior Parti-
cle Boundary, PPB) . #4i/5 5 %5l ( Thermal Induced Pole,
TIP) #1192 2% (Inclusion) ,

4.1 [REEtin S (PPB)

PPB M R S & & i F BB Z —, KT PPB 1)
B, AIRZIEE, il PPB I e AT A AR
BRI, Bk, A3 AFEER, BREGEHR R LaAE
SEAFRAH LA I o PPB 74 A 45 1B (1) 34
RS R IR, SR, B RS A R b 2
WA FEREE R TR AWM, Rk 25 2F il— e B 1y A Ak
W B R T, DRI SR BORE A I R
HAMFRSEAL, HAREKE EENITRSIE AR E NS
ARAORL, R AR 1 A B R R X — i A
WIREAT, TR AR URL 120 5 Ak T80 A7 1 K 4k 575 — AR R
FEHE I AP R RS M, A TR R R, B
L GG P IR A R R AR BORIE A, R R
T 0 J5 GR WOk 1 FL(PPB) , PPB N ZH i 5 v A . Bk
A LY . PPB BELAG 1Ry A UKL [H] i 4 BICRIT TG 4 245
G, I H— B s AR METE B A Pah B B e s R
JUHL Y PPB 43 L E FRARG & B AR 57 Fdr, HE G
ARG P 7 vh A B R A e gl [N Ah
18 PPB JE UMLH LA R B 4 it 45 J T ik 17 R et A 9 T
Ve, FROB 5 s B PPB Y7 M R D
BE Ay, BEARC AT & &, A HE, Nb, Ta
R IE O ER . @ RAVBARIHAE I T 25, HR
O A SEAERAR Y My, Cg BYBR AL W RS T B8 30 BBl N 547
TRARAL T, LEORL PN FRA AL [B]JE 5 Mo, Cg BRI,
T2 B w1 MC B g A6 ) £ R 2 78 4T HIP 51,
DAV /D HIP I 7ERy AURL R T AT Hh FSE 19 MC B RAE ) .
@ KM HIP T2, ekt B v e B B
PR, ARG PRI ) HIP R RS 5, ) e RS AR T [ AH
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Table 8 Application of PM superalloy in aeroengine

Company Engine Thrust-weight ratio Alloy Components and Number Process Application
GEAE T700 . Renéd5 Disc etc, 6 parts As-HIP AH-64
F101 7.7 René95 Disc etc, 4 parts HIP + ITF B-1A, B-1B
F110 7.3~9.5 Renéds Disc ete HEX + ITF F-14, F-15, F-16
F404 7.5 Renéds Disc ete, 7parts HIP + ITF F/A-18, F-117A
CF6-80C2 - Renéd5 Disc ete HIP + ITF A300, B747 etc
CFM56 - René9s Disc etc, 9parts HIP + ITF B737, A300, A320 etc
F414 9~10 René88DT Disc etc HEX +ITF F/A-18E/F
CF6-80E1 - René88DT Disc ete HEX +ITF A330, B767 etc
CFM56-5C2 - René88DT Disc ete HEX +ITF A340
GE90 - René88DT Disc ete, 6 parts HEX +ITF B777, A330
GEnx - René88DT/Renél04 Disc ete HEX + ITF B787
P&WA F100 7.4~9.5 IN100 Disc, 11 parts HEX + Gatorizing F-15, F-16
TF30 5.0 LC Astroloy Disc, 1 parts As-HIP F-14, F-111
JT8D-17R - LC Astroloy Disc, 1 parts As-HIP B727
JT9D-7R4G - MERL76 Disc, 2parts HIP + ITF B747, B767, A300 etc
PW2037 - MERL76 Disc, 5 parts HIP + ITF B757
PW4084 - MERL76 Disc ete HIP + ITF B777
F119 10 DTP IN100 Disc, 2parts HEX + Gatorizing F-22
GEAE Fil PRKWA GP7200 - Renél04 Disc ete HEX + Gatorizing A380, B787
RR RB199 8.0 AP-1 Disc etc HIP + ITF “Tornado”
RB211 - AP-1 Disc ete HIP + ITF B747, B757, B767 etc
Trent 882 - Waspaloy Disc etc HIP + ITF B777
Trent 900 - U720 Disc etc HIP + ITF A380
Trent 1000 - RR1000 Disc ete HEX +ITF B787
SNECMA M88 - II 8.0 N18 Disc ete HEX +ITF “Rafale Air”
M88-1II 9.0 N18 Disc ete HEX + ITF “Rafale Air”
Euro Jet EJ200 10 U720 Disc ete HIP + ITF EF-2000
T1AE V2500 - MERL76 Disc, 5 parts HIP + ITF A320, MD-90
IIOK D-30F6 6.4 EP741P Disc ete, 21 parts As-HIP MiG-31
(Russia) D-30KP - EP741NP Disc ete, 4 parts As-HIP IL-76 etc
PS-90A - EP741NP Disc ete, 4 parts As-HIP 1L96, IL-76, TU-204 etc
BIIK“ MATIO” RD-33 7.8 EP741NP Disc ete, 9 parts As-HIP MiG-29
(Russia) TV7-117 - EP741NP Disc etc, 4 parts As-HIP IL-114
HITO“ Catypu” AL-31F 7.2 EP741NP Disc etc, 13 parts As-HIP SU-27, SU-30
(Russia) AL31FP 8.2 EP741NP Disc ete, 13 parts As-HIP SU-30, SU-35
China - - FGHO95 Disc etc, 4 parts As-HIP Helicopter
- - FGH95 Disc ete, 2parts As-HIP Fighter
- - FGH97 Disc ete, 9 parts As-HIP Fighter
- - FGH97 Disc etc, 2parts As-HIP Fighter
- - FGH96 Disc etc, 6 parts As-HIP Fighter
- - FGH96 Disc etc, 2 parts HIP + ITF Fighter

Notes: HIP — Hot Isostatic Pressing, ITF - Isothermal Forging, HEX - Hot Extrusion,

[K — Ilepmckuit [lsuratenecrpoutensubiit Kommaekc, BIIK“MAIIO” — Boenno — [Ipombitiennsiit Kommieke“ MATIO” ,

HITO“ Catypu” — Hayuno — IIpoussopcrsennoe O6benunenue’ Catypu” .
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Fig. 2 Microstructure in different region for FGH96 superalloy dual property disc
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Table 9 Tensile test result at different temperature of
FGH96 dual property disc

(' Specimen used for tensile test is taken from different region in
tangential direction)

o,/MPa o, ,/MPa  §/% v/ %

Sampling location 7/°C

Rim 20 1 480 1 040 23.0 28.5
Web 20 1570 1150 21.5 29.0
Bore 20 1610 1210 22.5 30.5
Rim 650 1420 975 21.0 21.5
Web 650 1 440 1 050 16.0 17.5
Bore 650 1 460 1 090 17.0 21.0
Rim 750 1140 915 11.0 14.5
Web 750 1 140 1010 13.0 15.5
Bore 750 1 160 1 040 13.0 16.0

F10 AEEETEREERABANE DA HIERIER
Table 10 Tensile test result at different temperature of
FGH96 dual property disc
( Specimen used for tensile test is taken from web region in

radial direction)

T/ C o /MPa o ,/MPa 5/% W%
20 1520 1 090 18.0 26.5
650 1 440 1 000 11.0 18.5
750 1 140 915 13.0 14.5
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BITiZHEA
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