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Abstract

This research investigated the appropriate parameters in the Austempering
process for cold-work tool steels using the Taguchi method with an L9 orthogonal
array. Cutting tool materials are required to possess both hardness and toughness, as
relying on hardness alone can result in premature failure under non-uniform loading
conditions. In this study, three factors were considered: austenitizing temperature
(1000, 1020, and 1050 °C), tempering temperature (300, 250, and 200 °C), and tempering
time (120, 90, and 60 minutes). The results indicated that the optimal condition was
an austenitizing temperature of 1050 °C, a tempering temperature of 200 °C, and a
tempering time of 60 minutes. This condition produced a hardness value of 62.60 HRC.
Analysis of variance with a 95% confidence level confirmed that this hardness value is
within the acceptable range for cold-work tool steels used in cutting applications.

Keywords: Austempering process, Cold-work tool steel, Taguchi method
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sold Tudumouillavewsiuazgnifadslufindadeu (Shear cutting blade) vesiaTasdaindn
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3.2 35015110% (Taguchi method)
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S y
— =10log= (1)
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Smaller the better characteristics

S 1
N —10Iogﬁ(2y2) (2)

Larger the better characteristics

i=—10Iogl(zi2j (3)
N n y
3.3 N1989ALUUNIINAaBY (Design of experiment)
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A5197 1 @ UNAUNIALVBITUINUNAGDY

Chemical composition

AlSI D2 C Si Mn p S Ni Cr Mo V Cu
(%wt.) 1.55 031 042 0.02 0.012 0.10 11.80 1.00 0.30 0.04

A15199 2 Javsnarseauvasladenldlunisnnasy

Experimental factors Level 1 Level 2 Level 3
Austenitizing temperature (°C) 1000 1020 1050
Tempering temperature (°C) 300 250 200
Tempering time (Minute) 120 90 60

M157199 3 Orthogonal Ly (3%) array 984350139110 %

Experiments Austenitizing Tempering Tempering
temperature temperature time
1 1000 300 120
2 1000 250 90
3 1000 200 60
il 1020 300 90
5 1020 250 60
6 1020 200 120
7 1050 300 60
8 1050 250 120
9 1050 200 90
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nageumULllagnImAdeuANLTaLUUSoALIa (HRC) % ESEWAY U 305R/RB #nu

HRIFIUVBY ASTM E18 éﬁ'qmwﬁ 3

A.T. = Austenitizing temperature

AT.

T.T. = Tempering temparature
A.C. = Air cooling

Temp.

Hardening

Time

AT 2 LHUAINNTZUIUNTEREMNNLUBSSS

AN 3 LASEINAFRUAMULTILUUSDALIE (HRC)
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4. Nan1538
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e < P A A = A Yo a A a oo
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= a o 1 dy
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Orthogonal Arrays Ly (3°) lsienaanuuds (HRC) winiu 62.50

A13797 4 NANTVINABINITVAABUANANNKIETUINULAEIEN1IN)T

Experiments Austenitizing Tempering Tempering Hardness

temperature temperature time (HRCO)
1 1000 300 120 58.90
2 1000 250 90 60.20
3 1000 200 60 61.50
il 1020 300 90 59.75
5 1020 250 60 61.00
6 1020 200 120 61.90
7 1050 300 60 60.40
8 1050 250 120 61.25
9 1050 200 90 62.50

4.2 NaN1SATIEIANULUTUSIU

a 13 Q%’ o (Y a Y P
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v a1
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Y [
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A151991 5 MTIATIzANLLUsUTIUEmSUT e NdanararauL

Source DF Adj SS Adj MS F-Value P-Value
AT. 2 2.1172 1.05861 952.75 0.001
T.T. 2 7.8206 3.91028 3519.25 0.000

T.Time. 2 0.1206 0.06028 54.25 0.018
Error 2 0.0022 0.00111

Total 8 10.0606
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