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Some Properties of Work Rolls for Cold Rolling Mill, Hardened

by Progressive Double Frequencies Induction

Yosimasa XUBO, Taira NAKANO, Masao IKENO, and Yasusiro HAvast

Synopsis:

The increment of hardened deptl:x is effective as one of the means for prolonging the life of work
rolls for cold rolling. From this point of view, efforts have been made to increase the hardened depth.
In the case of induction heating, the depth depends mainly upon its frequencies. Recently, lower fre-
quencies have been applied rather than higher frequencies.

This paper reports some properties of work rolls for cold rolling hardened by progressive induction
hardening method using double frequencies of 60 and 1200 cycles.

(Received Aug. 31, 1970)
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Photo. 1. Apparatus of progressive induction harde-
ning of rolls for 60-1 200 Hz/s=c frequen-
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Fig. 1. Schematic illustration of the method of
progressive induction hardening with the
frequency of 60-1 200 Hz/ sec.

Table 1. Specification of 60-1200 Hz/sec progrcssivc
induction hardening equipment.

o Heating apparatus
60 Hz/sec inductor : 1 000KVA
1 200 Hz/sec inductor : 600KVA

o Capacity of quenching apparatus
Diameter : 850 mm max.
Total length : 6000 mm max.

Weight : 15t max.
Rotation rate : 8-50 rpm
Traveling rate : 0-2mm/sec
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(a) Conventional furnace hardening method
(b) Static induction hardening method
(¢) Progressive induction hardening method

Fig. 2. Schematic illustrations of various hardening methods

of cold work rolls,
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Fig. 3. Some examples of temperature distribution
below roll surface with 1200 Hz/sec and
60-1 200 Hz/ sec progressive induction heat-
ing for hardened roll.
(roll diameter : 450 mm)
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Fig. 4(a) Comparison of cooling curves with 1 200
Hz/sec and 60-1 200 Hz/sec progressive
induction hardening. (measured at the
point of 10 mm below surface for 450
mm diameter roll)

Fig. 4(b) Some cooling curves for conventional

furnace hardening and progressive in-
duction hardening in various depths be—
low surface. (rell diameter : 450 mm)
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b) 60- 1200 Hz/sec heating,
0°'85C-1-99Cr-0-18Mo steel

¢) 60-1200 Hz/sec heating,
0°85C-2-40Cr-0'30Mo steel

Photo. 2. Macro structures of cross section of hardened rolls for 1200 Hz/sec
and €0- 1200 Hz/sec progressive induction hardening.
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Fig. 7. Effect of pre-heat treatment and quenching
temperature on distribution of residual car-
bide in quenched structure (steel composition
: 0-85C-1-99Cr-0" 18Mo).
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Fig. 8. Effect of pre-heat treatment and quenching

temperature on hardenability of specimens
taken from test rolls (steel composition : 0-85
C-1-99Cr-0'18Mo).
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b) 10mm below surface
Photo. 3. Micro structures of variable positions of 60- 1200 Hz/sec induction hardened
d roll (0-850-1-99Cr-0-18Mo).
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Photo. 4. Macro structures for vacuum casted conventional roll and electro slag remelted roll.
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Table 2. Comparison of oxide inclusion and cleanness in the cold work rolls.

. Oxide inclusion (ppm) Cleanness (%) (d60x 400)
Ingot making -
Si0, ALO;, FeO i Crs0O3 | MnO | 3)Sand| Sulfide Oxide Total
Vaccum casting 27 14 14 7 — 62 0058 0-029 0-067
Electro slag remelting 16 10 9 8 — 43 0008 0-017 0-025
Note : Experimental charge number : 5 charges
Steel composition : (0°8~0'9) C-(1'8~2-4) Cr-(0°1~0"4)Mo
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Fig. 9. Effect of austenitizing on bending properties
of hardened subzero treated and 160°C tem-
pered specimen of roll material.

(Bending test were carried out by the three
point loading with the supporting distance
of 80 mm with 5x10x 100 mm specimen)
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Influence of sub-zero treatment on fracture
properties of roll material with bending
test. The mothod of bending test is the
same as shown in Fig. 9.
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Fig. 12. An example of the distribution of residual
stress in induction hardened roll.
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Fig. 13. Schematic model indicating relation bet-
ween tempered zone and crack depth.
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