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Want Your Bar
at Uniform Temperature?

In-line induction heating, used correctly, will do just that.

n the forging process, the goal of heating
cxlindrical and rectangular shaped bars is
to provide the bar with the desired—typi-
cally pniform—tempersture across its di-
ameter/thickness as well as along its length.

Tpically, in the past gas-fived furnaces were
used hecause of the low cost of gas. However, in
recent vears, forgers are shifting their prefer-
ence toward induction-heating systems,

First, pas-fired furnaces require a very long
heating tunnel to achieve the desired tempera-
ture uniformity, impractical in many forging-
plant layouts. Also, gas-firing can result in poor
bar-surface quality due to scale, decarburiza-
tion, oxidation, coarse grains, etc. Finally, gas
heating faces environmental restrictions.

These factors resulied in in-line heating by
induction becoming the popular approach o
heating bars of both ferrous and nonferrous
metals. Power ratings of these machines vary
from less than 100 KW to 10 MW, Their success
is hased on in-depth understanding of the pro-
cess features, sophisticated design concepts,
and precise engineering, which allow one to
achieve a reasonable commercial acceptable
compromise among often contradictory pro-
cess requirements and design criteria,

When designing modern in-line induction
heating systems, a requirement for temperature
uniformity of the heated product is only one of
the poals. Additional design criteria include
maximum production rate; retention of metal
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quality by limiting scale, oxidation, burns, de-
carburization, etc.; and providing compact sys-
tems that have a high electrical efficiency. Other
important factors include quality assurance, en-
vironmental friendliness, automation capability,
reliability, and maintainability of the equipment.
The Last criterion, but not the least, is the com-
petitive cost of an induction-heating system. Fol-
lorwing are ways to oplimize crileria,

Surface-to-core Temp. Profiles

Depending wupon the process parameters, an
induction-har-heating system may consist of
one or several in-line induction coils, The chal-
lenge in induction heating arises from the fact
that surface-to-core lemperaiure profile contin-
nes to change as the bar passes through the line
of induction coils. The bar core tends to be
heated slower than its surface. AL the same time,
leading and trailing ends have a tendency to
heat faster than the body of the bar,

The main reason for heat deficit in the core
of the bar is the so-called skin effect. This effect
depends upon metal properties and frequency
of the induction heating power. Due to skin ef-
fect, 80% of the power is induced within the
surface laver, which is called the current-pene-
tration depth. Induced current decreases from
the bar surface wward its internal area. A bar
core heats due to thermal conductivity. IUis yp-
ically much easier to provide surface-to-core
temperature uniformity for metals with high
thermal conductivity such
as aluminum or copper
bars. Metals with poor
thermal conductivity, in-
cluding stainless steel, -
tanivum, and carbon steel,
require extra care in or-
der to ohlain required
temperature unilormity,
including a careful deter-
mination of the number
of induction coils, their
design, distribution of
power along the induc-
tion line, frequency

choice, and control features.

Of great use in the manufaciure of induction-
heating systems are computational methods
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hensive details of that process.

As an example of such computational meth-
ods, Figs. 1 and 2 show the resulis of the transi-
tional and final heating conditions of & 3-in.-
diam carbon steel bar and its surface-to-core
temperature profile along the induction line.
Coil parameters are:

ID—6 in.

Refractory thickness—i.5 in.

Coil length—a0) in.

Number of coils—8.

Gap between coils—12 in,

Frequency—1 kHe.

Production rite—2.50 in./sec.

Induction heating of magnetic material such
as carbon steels presents several unigque aspects
a5 compered o nonmagnetic medals.

Typically, three stages comprise the heating
cyele for magnetic materials. At the first stage
the entire workpiece is magnetic and the skin
effect is pronounced, All power induced in the
bar appears in the fine surface kaver, which wp-
ically doesn't exceed 0.25 in. for frequencies
SO0 He and abwove. Due to the relatvely low tem-
perature in this stage, the radiation losses from
the bar surface are relatively low, This leads o a
rapid increase in lemperature at the surface
with no change at the core. Intensive surface
heating results in a significant surface-to-core
temperature gradient. Fig. 2 shows a typical
temperature profile and power density (heat
souree) distribution along the radius of the bar
after exiting Coil No. 1—scales of power density
profiles are different for various coil positions.
As shown in Fig, 2, the temperamre profile does
not match the heai-source profile becavse of
thermal conductivity, which spreads the heat
from the surface toward the core.

During the first stage, the coil efficiency is
guite high—iypically 80% or higher—and
continues o improve due to an increase in steel
electrical resistivity with the raising of tempera-
ture. Since surface temperature: is still well he-






