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Development of New Testing Device “Quality Processing Simulator”
for Prediction of Microstructures and Mechanical Properties

Takuji OTAKE, Atsushi SUGINO and Takuma OKAJIMA

Synopsis

When designing the forging and rolling process, a small forging simulator was used to obtain material databases on such
characteristics as flow stress and recrystallization behavior. By installing the databases into FE analysis, the microstructure in the
actual forging and rolling process was predicted. On the other hand, it has been difficult to predict mechanical properties such as
ASTM standards. Therefore, it was desirable to develop a new testing device that could reproduce the microstructure resulting from
the complex forging and rolling process of products, and collect test pieces for mechanical properties such as ASTM standards.
In this study, a new testing device named "Quality Processing Simulator" was developed. Using this device, tests were conducted
to reproduce the temperature and strain history of the free forging process of disk products in Alloy706 and Alloy718, Fe-Ni based
superalloys. It was confirmed that the reproducibility of grain size was within +#1.0, and 0.2% proof stress and tensile strength was
within £5%. Similarly, tests were conducted to reproduce the temperature and strain history of the finishing rolling process of bar
products in Alloy718. The reproducibility of microstructures and tensile properties were confirmed to be within +#1.0 and +5%.
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Fig. 1. Shape of test piece.
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Fig. 2. Overview of testing method of “Quality Processing Simulator”.
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(b) Test piece during heating.

Fig. 4. Exterior of “Quality Processing Simulator”.

Table 1. Specifications of “Quality Processing Simulator”.

Drive system Servo motor
Maximum load 200 tf
1200 C

Maximum temperature (Induction heating)

Pressing speed 0.001 mm/s — 65 mm/s

Stopping accuracy +0.01 mm
Minimum time between

blows 30s
Maximum number of 10

blows

Rotation angle of test

piece 0, 90, 180, 270

$50 X 170L — []15X270L

Shape of test piece (Maximum cogging size)

Example of
supported tests

Tensile test (ASTM A370)
Creep test (ASTM E292)
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Table 2. Chemical composition (mass%).
Alloy Ni | Fe | Cr [Mo|Nb | Ti | Al | C
Alloy706| 40 |Bal.| 16 - 3 |1.6]0.3]0.01
Alloy718| 53 |Bal.| 20 | 3 5 |1.0] 0.5 |0.01
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Fig. 6. Comparison of forging microstructure between
product and simulation results.
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Fig. 7. Comparison of forging 0.2% proof stress and
tensile strength between product and simulation
results.
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Fig. 8. Comparison of rolling microstructure between
product and simulation results.
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Fig. 9. Comparison of rolling 0.2% proof stress and
tensile strength between product and simulation
results.

5. & &

AWFFETITFEE GO E RO A & MR I L2
JEREZ BB L, ASTM 7% & OB IZHE L 72 B il B
FaRICE 5, Fi-2dgEsE [Ty ol —
¥ 3L ZOREEHWT, Fe-Niki#l &4
Alloy706, Alloy718 7 14 A 7 #i @ H s TAEICBT
5, WEOTAEREY BB L -3 FE0 L 7R, &
b E O BRI = #1.0 DIN, 02% M0 & 5 1RRE
OFBEET+ 5% UNTI 7 ol EEEZE
B BE 2 T AN L7z, F 72 AARIC Alloy718 8 34
O FEETRIC BT, WEVT AEREY L7
RER A FEME L oA R, MM, KM Ehenizon
T, MR EOMIEHRET £ #1.0 DN, 02% 171 5]
R OHBMAEIT £ 5% LINT I 7 oMk & 510RE
A FHE R LR L7

(T #h)

1) =iifEHh: BRI, 83(2012), 35

2) FHEHLH, BB, SR, BRI, FHgs—:
BRENE, 78(2007), 267.

3) BIEWEL, HEEME, BHE: kLM, 86(2000),
801.

4) FEDI%, BHFER, BREHE, (P X638
3, 4(2021), 751.

5) RUrhE, BB, WERE: BN LEFHES
AR OUEE, (2022), 193.

6) KYhE, WEBRKE: BEXEM, 90(2019), 115.

83




