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Dr. Valery Rudnev, known as “Professor Induction”, discusses in the heat processing diffe-
rent aspects of induction heating, novel theoretical and practical knowledge related to dif-
ferent heat treating technologies accumulated in the North America and around the globe.

Induction heating of wires, cables and tubular 
products

In the past four decades, heating by means of electromagnetic 
induction has become increasingly more popular. Growing 

environmental concerns in combination with the requirement of 
increasing production with reduced equipment footprint have 
resulted in induction heating (IH) becoming the dominant method 
for heating ferrous and nonferrous wires, ropes, cables and tubular 
products in such applications as heat treatment, coating, drying, 
plating, bending, and others (Fig. 1). IH is also more energy efficient 
than most other heat sources.

The heating of tubes, pipes, and other hollow workpieces is 
somewhat different from the heating of solid bodies. With a solid 
workpiece, there is considerable conduction of heat toward the 
colder core or centre of the heated workpiece. Besides, there are 
no heat sources generated in the core regardless of the selected 
frequency when using solenoid-type coils, which are the most 
popular designs.

With a hollow workpiece, under certain conditions, there could 
be generation of heat sources not only on the outside diameter 
but also on the inside diameter. For example, this is the case when 

the wall of a heated tubular workpiece is relatively thin compared 
to the eddy current penetration depth δ. This feature appreciably 
affects a selection of the process parameters and energy consump-
tion. In the case of IH of a solid cylinder, there will be high coil 
efficiency when the applied frequency corresponds to O.D./δ > 4. 
If the chosen frequency results in O.D./δ < 3.2 (frequency less than 
F1, Fig. 2, left), the coil efficiency will dramatically decrease as a 
result of eddy current cancellation.

There is a difference in the optimal frequency for IH of tubular 
workpieces as compared to solid cylinders. The coil efficiency of 
an induction tube/pipe heater is a complex function of several 
parameters including the ratio of coil I.D. to tube O.D., metal prop-
erties, coil length, tube wall thickness, and frequency, with the last 
one being the most critical factor [1]. In tube and pipe heating, 
the frequency, which corresponds to maximum coil efficiency, is 
shifted toward lower frequencies (frequencies are between F3 and 
F2 for tubes instead of F1 to F2 for solid cylinders). The frequency 
appropriate for heating hollow cylinders typically provides larger 
δ than the tube wall thickness (except for heating of tubes with 
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Fig. 1:  Induction heating is the dominant method for heating ferrous and nonferrous wires, ropes, cables and tubular products 
(Courtesy of Inductotherm Group)
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electromagnetically small diameters). This condition can result in 
a noticeable increase in coil efficiency. In some applications, it is 
possible to gain an improvement in electrical efficiency of 10–16 % 
and even higher [1].

The total gain in efficiency when applying a lower frequency 
is not only derived from improvements in coil electrical efficiency 
but also the result of lower bus bar losses and shorter heat times 
(reduced surface heat losses). Another benefit of using lower fre-
quencies deals with improved overall system cost-effectiveness, 
since often, the capital cost of a power supply decreases with a 
frequency reduction and the ability to use lower-frequency invert-
ers can result in considerable cost savings for the user.

Numerical computer modeling is the best way to determine 
the optimum frequency for a particular application. At the same 
time, in order to obtain a quick rough estimate of the appropriate 
frequency, several simplified formulas are in use in the industry. 
One of such formula applied for electromagnetically long solenoid-
type inductors is shown below [2]:
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where
ρ – electrical resistivity of heated non-magnetic metal (Ω*m)
Am = average diameter; Am = (Tube O.D. – h) (m)
h = wall thickness (m)

In cases when induction heaters cannot be considered to be elec-
tromagnetically long coils, but electromagnetically short inductors, 
the values of the optimum frequency will be higher than the values 
suggested according to formula above.

Another factor to be considered when designing IH systems for 
tubular products is audible noise level. Tubes and pipes exposed 
to certain frequencies at high-power density could emit resonant 
sound waves of an appreciable magnitude exceeding the audible 
limit. Whenever we are dealing with tubes or pipes and, in particu-
lar, when simultaneously heating several tubes/pipes, each of them 
acts like a musical instrument (e. g. like pipes in an organ). Each tube 
has its own structural resonant frequency, which depends on the 

diameter, wall thickness, material, length, and other factors. When 
the frequency of the induction heater combines with the tube’s 
own resonant frequency (assuming that both frequencies are 
sufficiently close to each other), this could produce much greater 
combined acoustical or structural resonances, resulting in high-
amplitude vibration and potentially producing an audible noise 
level that may be a concern. Therefore, the audible noise can also 
be an important consideration potentially affecting the selection 
of frequency when IH tubular workpieces.

In the case of heating multiple wires or multi-strand cables, effi-
cient heating can be achieved using lower frequencies or smaller-
sized wires compared to the heating of a single wire. Analysis of 
Fig. 2, right shows that efficiency may increase with the number 
of wires/strands heated in the same coil. In some cases, it is pos-
sible to gain an improvement in coil electrical efficiency that can 
approach 20 % compared to the heating of a single wire. Fig. 2, 
right also reveals that the minimum frequency for efficient heating 
of multiple wires (frequency F4) is shifted toward the use of lower 
frequencies compared to heating of a single wire (frequency F1).

More information related to discussed subjects can be found 
in [1].
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Fig. 2: Coil electrical efficiency when induction heating of tubular products (left) and multi-stranded cables (right) [1]


