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Alloy Steel for Structural Purposes
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ABSTRACT

In this study, the specimens of SCM 22 H steel were quenched in oil and water baths at

various agitation conditions in order to investigate the effects of quenchants and agitation

conditions on the quench-hardening. A multi-channel temperature measurement apparatus was

employed to obtain the cooling curves at several predetermined positions of specimens.

Microstructural observation and hardness test were also carried out.

Computer simulation of heat treating process was carried out using the modified finite

difference method. Prediction of thermal history and hardness distribution by 2-dimensional

computer analysis was in good agreement with the experimental results.

It was found that

the quantitative design of heat treating process can be made by the computer aided heat

-treating analysis.
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Fig.1. Modeling of quenching process for computer
simulation,
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Fig.2. Flow diagram for heat-treating simulation.
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Table 1. Thermal and physical properties used in
computer simulation.

9% (g/cm’) 7.84
300C °lsl 0.059
300 - 400°C 0.139
400 - 500°C 0.140
LI | 500 - 600°C 0.156
(cal/g-C) | 600-700C 0.176
700 - 800°C 0.206
800 - 900°C 0.206
300C olat 0.206
300 - 400°C 0.088
400 - 500°C 0.108
dALE 500 - 600C 0.104
(cal/cm-s-C)| 600 -700CC 0.100
700 - 800C 0.093
800 - 900C 0.090
0-4 = 0.0267
23 A2 4-8 % 0.1710
8-12 % 0.0458
12 & o} 0.0458
0-4 % 0.0541
PR 4-8 % 0.1711
8-12 = 0.0466
o kA4 122 o4 0.0459
(cal/cm?-s-C) 0-4 2 0.0063
2 AR 24 4-8 = 0.0185
8-20 = 0.0365
20 % ol 4 0.0160
0-4 = 0.0066
20 ) 4-8 = 0.0512
8-16 = 0.0365
162 oj4 0.0228
o £4x = Table 13} 7},
3. HE 4

* ATl A4 13& 2t A5Ae AEAnE,
Aok, UL 7o}, EdlA
u] 4 7] o2 4»3—54% SCM 22 H(JIS SCM 420 H &
) e Ausde.
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Table 2. Chemical composition of SCM 22 H steel
in weight percent.

C Si Mn P S Cr Mo
0.22 | 0.33 | 0.87 | 0.014  0.018 | 1.12 | 0.17
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Fig.3. Schematic of experimental apparatus.

1: furnace 2 specimen

3 : multi-channel temperature measurement

apparatus

4 . personal  computer 5 . thermocouple

(CA type)
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Table 3. The characteristics of quenching oil (Voluta

C.
. flash point|pour point | viscosity | viscosity
density & ) (cst) index
0.872 229 -15 [40C[36.2] 103
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Fig.4. Experimental cooling curves of SCM 22 H
steel for oil quenching without agitation.
1: center for ¢ = 10 mm
2 : center for ¢ = 25mm
3 . center for ¢ = 40 mm
4 : center for ¢ = 55mm
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‘Fig,5, Experimental cooling curves of SCM 22 H

steel for oil quenching with agitation.
1: center for ¢ = 10 mm
2 . center for ¢ =25mm
3 center for ¢ = 40 mm
4 : center for ¢ = 55mm
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Fig.6. Variation of cooling rate at 550C as
changing the diameter of step-machined
specimen under various agitation conditions
in oil quenching.
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Fig.7. Variation of cooling rate at 550C as
changing the diameter of step-machined
specimen under various agitation conditions
in water quenching.
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Fig 8. Cooling curves of SCM 22 H steel(step
machined specimen)superimposed on CCT
diagram for oil quenching with agitation.

1: center for ¢ = 10 mm
2 : center for ¢ = 25mm
3 . center for ¢ = 40mm
4 : center for ¢ = 55mm
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quenching without agitation.
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Fig.11 Comparison of experimental cooling time and
hardness distribution with calculated cooling
time and hardness contour line for oil
quenching without agitation.

» Cx?drimt
-  oultulotion

Fig.12. Comparision of experimental cooling time
and hardness distribution with calculated
cooling time and hardness contour line for
oil quenching with agitation,



