Ni BE&&BAE HIP - WG U2 R O BRI RIS T MT &6 o5 1701

L

O Ni AR E HIP « MRS Ll S e

DEEREIRFIE I R ET I TR0 %

RS

HIIRBIRHRnnng

HRRERR™ - BB IU™ - NR T iR

Effect of Processing Factors on Mechanical Properties of
“Pancake” Prepared by HIP and Superplastic Forging
from Nickel-Base Alloy Powder

Shizuo NAKAZAWA, Isao TOMIZUKA, Yutaka Ko1zumr and Michio YAMAZAKI

Synopsis:

Effects of processing factors on the tensile properties and creep properties at 760°C were investigated for
“pancakes” (thick circular disks) of a nickel-base superalloy prepared by procedures comprising a powder-
making by using HIP-processing a liquid-helium-cooled rotating disk technique, with or without Attritor
treatment, and a superplastic-forging developed specifically for this research. Major points of the obtained
results were: (1) The HIP-processed material prepared from under-60-Tyler-mesh powder could be forged
in a superplastic way only in a deformation rate of 0.2-0.5X10~4/s, while that from under-150-Tyler-mesh
could in a rate of 1X107/s. The product from the cruder powder had a little superior tensile performance
to that from the finer powder. (2) The product obtained by a superplastic-forging at lower temperature
and higher deformation rate was apparently softer than that at higher temperature and lower deformation
rate. The former had a larger elongation by tensile test and a shorter rupture life by creep test. (3) An
Attritor pretreatment preceding HIP-treatment facilitated the superplastic-forging but it deteriorated the

creep and tensile property drastically.
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Table 1. Nominal composition of the alloy,
TMP-3 (wt%, Ni:bal.).

Co Cr Mo w Al Ti Nb C B Zr

6.9 10.8 3.1 3.4 3.9 28 39 0.07 001 0.05
BT 70% LEHBEINRTWS.
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Table 2. Applied processes
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and conditions thereof.

Conditions Specimens
Process factor Unit A B C D E
Powder making
Procedure LHC - — - «
Classification '
Tyl. mesh —60 —150 —150 60—150 60— 150
Atlitor
Wt of balls kg 85 —
Wt. of powder kg 5 —
Rotation rpm 195—200 —
Atmosphere . —_ Ar —
Time h 1 7
HIP
Initial size
Diameter mm 130 102 — 72 —
Height mm 130 240 — 70 —
Temperature ‘C 1100 — 1000 1180 “—
Pressure kgf/cm? 1700 — 1700 1 800 —
Time h 3 - “— 1 «—
S. P. Forging
Temperature °C 1100 — 1 050 — s
Rate of str. x10~%s 0.2-0.5 1 2 — —
Initial size
Diameter mm 110 75 — 70 67
Height mm 30 56 — 64 60
Final size
Diameter mm 142 125 128 — 116
Height mm 18 20 19 — 20
Heat treatment
Step 1. Temperature ‘C 1220 - — — —
ime h 2 «— «— - -
Atmosphere — Ar — — - P
Step 2. Temperature C 1080 — - P -
Time h 4 — — — —
Atmosphere — Ar — — - —
Step 3. Temperature C 843 — — — P
Time h 16 — — — P
Atmosphere — Ar — — P —
Step 4. Temperature C 760 — — — -
Time h 24 — - P P
Atmosphere — air — — — -

LHC=Liquid helium cooling S. P. Forging:Su_perplastic forging Rate of str. =Rate of stressing

«—=Same to the left

...= Atlitor processing missing for these specimens.

— 36 —



Ni ®k&&WK%2 HIP - BEMEE L 2R B OBBMBEICRET M TEAFoRE 1703

Table 3. An example of particle size distribution
of powder.

Mesh . +80 +100 +150 4200 +250 +350 —350
Yo 3.4 25.6 42. 4 20.5 3.9 2.8 1.4

!ﬁ\ af zg \% M
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28 10

Fig. 1. Test piece for tensile and creep-rupture
testings.
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a : Before heat-treatment b : After heat-treatment
Photo. 1. Microstructures for specimen A.

Table 4. Numerical data for specimens A through E.

Testing
A B C D E
Factor Unit
Maximum superplastic deformation resistance
kgf/mm? 0.8 5.3 13.6 L5 0.5
Tensile property (before heat-treatment)
Yield stress* kgf/mm? 87.1 82. 4 82.1 76.1 66.8
Strength* kgf/mm? 118.9 103. 1 105. 7 101. 2 96.0
Elongation To 3.3 5.7 6.3 5.3 33
Reduction in area % 10.2 13.7 13.2 9.5 7.4
Tensile property (after heat-treatment)
Yield stress* kgf/mm? 87.4 86.3 83.4 78.1 =
Strength** kgf/mm? 120. 9 119.7 118.6 107. 2 69. 8
Elongation % 4.6 3.9 7.9 . 2.0 0.9
Reduction in area %o 8.2 7.6 4.2 50 4.2
Creep property (after heat-treatment)
ife h 148.0 108, 4 72.9 13.7 1.4
Elongation % 4.7 3.4 3.5 1.9 1.0
Reduction in area % 8.9 7.1 7.2 5.1 46
*(.2% Yield stress * Ultimate tensile strength
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a : Before heat-treatment b : After heat-treatment
Photo. 2. Microstructures for specimen B.

a : Before heat-treatment b : After heat-treatment
Photo. 3. Microstructures for specimen C.
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: Across pressing direction before heat-treatment for specimen D
: Across pressing direction before heat-treatment for specimen E
: Along pressing direction before heat-treatment for specimen D
: Along pressing direction before heat-treatment for specimen E
: Across pressing direction after heat-treatment for specimen D
: Across pressing direction after heat-treatment for specimen E
: Along pressing direction after heat-treatment for specimen D
: Along pressing direction after heat-treatment for specimen E

}
} Photo. 4. Microstructures for specimens D and E.
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a : Specimen E b : Specimen C
Photo. 5. Fractured surfaces of heat-treated
specimens C and E.
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Photo. 6. Array of voids seen in the specimen E
before heat-treatment.
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