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Unification on Cooling Curves of Quenched Bars at Center

Synopsis:

Yoshio ToxinHiro and Imaoc TAMURA

Cooling curve of a specimen quenched into a still coolant varies with not only the cooling behaviour
of coolant but also other factors such as dimension, shape and material of specimen. An examination was

made to show the influence of these factors on cooling curves and the following expression was proposed.

t=k{(D-W/S)"L-a- "M}

Values of Ny and Ny were determined experimentally by using the many cooling curves obtained from
various sorts of coolants, and N and Ny were evaluated 1-31 and 0-215 respectively. Unification of the
cooling curve was made by conversion of cooling time to t/{(D. W|S)?..a~"M} for each shape, dimension

and material.
whree, ¢:

wis:
a: thermal diffusivity,

ny, nM: experimental constants.

cooling time of the central portion of a specimen during quenching,
ratio of volume to surface area of a specimen for the unit size,
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Table 1. Chemical compositions of specimens.
Specimens C Si Mn | P S Cr Ni | Cu
SK 6 0-72 0-28 0-48 tr. 0'009 — — —
SuUS 27 0-08 0-77 1-38 0-002 0005 19-08 8-56 tr.
Table 2. Dimensions of specimens.
Shape Dimensions (cm)
Sphere 1'0¢ 1-5¢ 2:0¢ 2:5¢
Cylinder 1':0¢ x3°0 1-5¢ %45 20 xX5°5 2:5¢ X6°5
Square prism 1-0x1-0x3°0 1'5%x1'5x4°5 2:0x2:'0x5'5 2-5x2:5%x6°5
5M
Silver wirc (OCmm)
Silver tube
Alumel wire (O'8mm)
2 mm Insulation

Fig. 1. Spherical specimen used.
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Fig. 2. Silver specimen used.
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Table 3. Properties of coolants used.

Coolants Temperature* Flash point Viscocity Redwood (sec)

Distilled water 20°C 60°C
N Rape seed oil 20°C 60°C 200°C 370(20°) 93 (60°)
Soya bean oil 20°C 60°C 227°0 307(20°) 8¢ (60°)
Sperm skin oil 20°C 60°C 200°C 193(20°) 64(60°)
Spindle oil 20°C 60°C 134°C 81(20°) 41(69°)
Coconut oil 30°C 60°C 203°C 179(30°) 73(60°)
Turbine oil 60°C 199°C 125(60°)

* Cooling”curves_were_measured at these temperatures.
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Fig. 3. Cooling curves of spherical silver specimens of various diameters
at surface quenched from 800°C.
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Fig. 4. Cooling curves of SK 6 square prism specimens of various dimensions
at surface quenched from 800°C.
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Fig. 5. Cooling curves of SUS 27 cylindrical specimens of various diameters
at surfece quenched from:.800°C.
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Fig. 6. Cooling curves of silver square prism specimens of various dimeusions
at center quenched from 800°C.
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Fig. 7. Cooling curves of SK 6 spherical specimens of various diameters at
center quenched from 800°C.
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Table 4. The values of np for the
various specimens.

Specimen Sphere | Cylinder Sg‘;:lre
Ag (surface) 1-14 0-88 1-01
Ag (center) ﬂ 122 | 115 122
SK6 (center) 1-45 1-26 1-30
SUS27 (center) 1-37 1-22 1-35
HEBEThEI VW vz 5.
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Table 5. Values of dimension factor exponent np for the cooling curves at

center which obey Newton’s law.

Specimens Heat transfer ratio cm~! Sphere Cylinder Squara prism
Ag 0-08 115 1-12 115
SK 6 0-2 1'15 » 1-19 1-18
SUS 27 0-2 1-15 1-15 1-17
Ag 0-16 1-35 1-31 1-42
SK 6 0-8 1-36 1-33 1-39
SuUS 27 08 1-38 1-36 1-43
Mean 1-26

dhfE o ER B <t 100, 1°5, 2°0, 2°5cm & L, A #
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Table 6. The values of ng for the specimens
of varios dimensions.

Specimens 1‘'0cm | 1'5¢m | 2°0cm | 2-5cm
Ag (surface) 1-18 0-90 0-92 0-64
Ag (center) 1-05 124 1-20 1-26
SK 6(center) 143 1-41 134 1-31
SUS 27(center) 1-48 1-63 1-43 1-23

V BREEER S LK W okt S/W oBETH
5rLTVWS. HRzoRLOWTIHSDOFHB LM T
wiswgs, S MR OREEIR, W BMRARERER
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t:kZ(W/S)ns ....................................... (2)

ky VXERL ns BEBRICEDLINEERTHSD. &
XMBELL, ERLEAO—IOEIOHFLVWHAFELIE

Table 7. Values of shape factor exponent ng for the specimens at the center

which obeys Newton’s law.

Specimens Heat transfer ratio cm~? 1'Ocm 1'5ecm 2:0cm 2:5cm
Ag 008 1-10 0-985 1-05 1-02
SK 6 02 101 1-01 1-00 1-04
SUS 27 0-2 1:00 1-01 1-05 1-02
Ag 0-16 0-958 1-06 1-03 1-03
SK 6 0-8 1:02 1-05 1-02 1-03
SuUS 27 0-8 0-989 107 106 105
Mean ‘ 1-03
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Table 8. Values of material factor exponent ny for the specimens at the
canter which obey Newton’s law.

Specimens Coolants 1'‘0¢cm 1-5¢m 2:0cm 2-5cm
Sphere Distilled water 0-222 0-261 0-275 0-284
Cylinder 4 0-238 0-248 _B -279 0°284
Square prism 4 0-240 0-286 0-320 0-321
Sphere Oil 0-404 0-415 0-432 0-441
Cylinder " 0-384 0404 | 0361 0-354
Square prism % 0-403 0-428 0-377 0-379
Mean 0-335
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Table 9. The values of ny for the specimens
of various shapes.

Specimens 1'0em | I'5cm | 2°0cm | 2'5em
Sphere 0-244 | 0°347 | 0-220 | 0-117
Cylinder 0-280 | 0-289 | 0-281 | 0-197
Square prism 0:226 | 0-141 | 0088 | 0-148

Table 10. The values of the standard deviation
and 959 confidence limit of np, ng
and ny.

Standard | 959 confidence
deviation limit

np (Ag surface) A 0-0381 1-01 40074

np (Ag center) 0-0343 1-19 4+0°067

np (steél) 0-0343 1-35 £0°067

nS,V(IAg surface) 0102 0-91 4.0-196

ng (Ag center) 0-081 1-21 :{:0'159—

ng (steel) 0-153 1-40 40-030

M 0-035 0-2154-0-069
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Fig. 9. Correcting method for the cooling curve
due to the transformation heat.
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