
HAR"ONIC INSTABIlITY IN CHANNEl INOUCTION FURNACES

K:_'ª-Y_~g.!:.!t?. Inductian f u rn a c e s : harmonic i n s t ab i lLt v , c i rc u i t madelling;
filters; pawer electranics

power

F1RE:-iZE 1991

INOUCED 8Y STATIC CONVERTERS

Kaiser, W; Kamatsu, W; PÓ, W.
Escola Politécnica da Universidade de S~a Paulo
Departamento de Engenharia de Energia e ~utomaç~o El~tricas
Caixa Postal 8174
CEP 05508 - S~o Paulo - S.P. - BR~ZTL

8.!:J.21J~!l.Ç_I· Th í s paper presents the analysis and p ro p o se d solutian of a harmonic
instability problem in a casting planto Current harmonics, generated by the
rectifier of a coreless induction furnace, cause disturbances in a channel
induction furnace (CIFJ circuito ~ system analysis has been dane, based on ~
madel developed for the system, through digital simulation af a dedicated
programo The results were further compared to the measurements obtained from the
planto ~ simple and economic solutian is propased cansisting in the inclusian of
inductars in the capacitive branches of the channel inductian furnace circuito
When this salution was implemented, system behaviar and measurements showed that
the salutian was effective.

INTRODUCTION

This paper describes the start-up experience
af a 500kW @ 60 Hz channel inductian furnace
(CIFJ, which canstituted a duplex installatian
with a 750 kW @ 1 kHz careless induction
furnace, already aperating in the foundry.

The duplex pracedure uses the CIF to keep the
metal, previausly melted in a coreless
inductian furnace, in the liquid state. This
procedure increases the plant praductivity,
allawing a better analysis and correction af
lhe alloys, by keeping casting and melting
sectors operations independent.

The jaint aperation af these twa types af
furnaces is aften employed in casting plants.
Nanetheless harmanic instability problems
arise in the C1F balance clrcult, due to the
careless furnace cantrolled rectifier
harmanics.
The casting plant described here Is located at
the end of a 13.8 kV dlstributian line. Due to
the llmited shart circuit capability, the
relatively high system impedance keeps the
harmanic current circulatian within the planto

THE PROBlEM
Channel induction furnaces (CIFJ have a
primary winding, a ferramagnetic core and
their secandary winding is canstituted by a
closed ring af melted metal. They operate at
mains frequency and represent a single phase
law pawer factar laad.

~s shown in figure. 1, a balance circuit is
employed both to feed the CIF from a three
pha~e supply and to perform power factar
correction. C~3nnel diameter varies as a
function of refractary material wear,
resulting in line currents asymmetry. Then
capacitors and inductor in the balance circuit
may be adjusted, permitting to adapt the
system to load parameters variation.
Tn figure 2 the plant schematic diagram is
shawn, with relevant parameters.
The rectifier feeding the coreles. furnace
absorbsheavily distorted nan-sinusoidal
currents fram mains supply. Since the balance
c i rc u i t c a p aC i t ive b ra.nc h e 5 o f f e r a low
impedance path for the higher arder harmonic
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currents, and due to the supply
circuit capability, harmonics are
within the plant, causing damage
factor capacitars elsewhere in the
This is the problem to be corrected.

low shart
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in power
faundry.
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Fig. 1: Balance circuit af a ~hannel induction
furnace (C1FJ
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Fig. 2: Installation schematic diagram

1n order to solve this problem, it was
intended to reduce harmonic amplificatian by
altering the natural frequency af low
impedancp. paths. ~n easy and ecanamic salution
turned out to be the insertion of inductors in
series with the capacitive branches of the
CTF's balance circuit, as shawn in figure 3.

SOLUT10N METHOOOLOGY
1n order to evaluate the adopted solution
performance, without actual experimentinq, an
electric madel and a dedicated program for
digital simulation was developed.

1 - 247



R

BALANCE

T

460 V
60Hz BALANCE

CIRCUIT

CF

POWER FACTOR
CORRECTION
CIRCUIT

s

LCF

Fig. 3: CIF circuit with inductive filtp-rs

Measurements at the plant where made to oblain
lhe plant electrical paramp-tp-rs for the modelo

The coreless furnace controlled rectifier was
modelled as a current source for each harmonic
of order 6n±1, where n is an integer number.
Figure. presenls the equivalent circuit per
ph~ç~1 showin~ the harmonic currp.nt gp.ner~tor5
(IH~RMn), the equivalenl line impedance
ClLINE) and lhp- CIF's circuit equivalp-nt
impedance (ZCIF).

t IHARMsIHARM1

Fig .• : Installation equivalent circuit

From rectifip-r line currents oscillograph
records, firing and commutation angles were
determined in order to p-valuate the equivalent
line impedance. These parameters were
delermined at full load, since they change
with load. Parameter evaluation had to be done
without disturbing normal production. The
CIF's transformer reactance and balance
circuit parameters were obtained from name
plate data. The model adopted is shown in
Figure 5.
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Fig. 5: Installation electric mode I.
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Inductors were
inductances as a
saturation has
line currenls
transienls.

modeled as non-linear
function of current. Core

considerable influence over
waveform, especially during
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This model allowed to write a finite
difference equations syslem which could be
simulaled by a step by step procedure even in
a personal computer. The soflware was written
in order to show the transip-nt behavior. rt
also permits parameters variation during the
simulation. rn arder to avoid convergence
problems, time steps not larger than 50 ~s
were utilized.

Table shows CIF's RMS fundamental line
currents, with and without inductive filters,
oblained from lhe simulations. Table? shows
CIF's percentage line clJrrp.nl harmonir:
contents.

CUJlllOO
!lITIIOUT INDUCTIUI li

f1LTERS ( A) 1i
!11TH INlUCT IV[
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Table 1: CIF's RMS fundamental line currents
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T~BLE 2: CIF's percentage
harmonic contents

li ne current

Line currents withoul inductive filters arR
shown in figures 6a, 6b and 6c Cone
oscillogram per phase); the corresponding
simulaled waveform are shown in figures 6d, 6e
and 6f. Heavy harmonic distortion is clearly
noticeable.

RESULTS
When inductive fillp.rs are introduced, line
currents appear as shown in figures 7a, 7b ano
7c Co n e o s c i llogram per p h a s e L: thp.
corresponding waveforms obtained by simulation
appear in figures 7d, 7e and 7f.

The implemenled solulion is simple and
effective, reducing lhe harmonic levels,
permitting safe syslem operation at low cost
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Fig. 6a: Oscillogram of phase R current, with
neither inductor LCi nor Lc~.

Fig. 6b: OsciLlogram of phase 5 current, with
neither induetor LCi nor Lc~.

Fig. 6e: Oseillogram of phase T eurrent, with
neither inductor LC1 nor LCF'

EPE FIRENZE, 1991

m) 5~ 51!(, 581 m 515 518 m 524 m 538 533 lIS

649

-lZ

A

I

r

9
v

,
Q-64

Fig. 6d: Simulated waveform
current, with neither
nor Lc~.

Df phase
inductor

1(1) 583 lI!(, 569 512 111 118 121 124 m 538 533 lIS

64

-lZ

i
r
-

9
I

9 ., )
,

i
I

-64

Fig. 6e: Simulated waveform
current, with neither
nor Lc~.
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Fig. 6f: Simulated waveform
current, with neither
nor LCFo
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Fiq. 7a: OsciLLogram or phase R current, with
inductors Lc< and Lc~.

Fig. 7b: OsciLLogram e f p h a s a 5 c u r re n t , with
inductors Lc< and Lc~.

Fig. 7c: OsciLLogram of phase T current, with
inductors Lc< and LCF.
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Fig. 7d: SimuL~tF!d wavF!form of
c u r e a n t , with i n du c t o rs I.e,

philSF! R
and I.e".·
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Fig. 7e: SimuLated waveform o f
currF!nt, with inductors Lc<
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'lnd I.c"..
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Fig. 7f: SimuLated waveform of
current, with inductors I.e,

Tph~sp.
a n d l.er
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an d reducing
installation
substation.

the
cost

harmonic
at the

power
plant

filters
power

The differences between measured and simulated
line currents waveforms are a consequence of
uncertainties with values of the CIF's model
parameters.
The required inductances values resulted to be
low, and water cooling availability allowed
compact and low cost inductors assembly, by
using ordinary laminated ferromagnetic core
and hollow copper conductors. The assembled
inductors occupied volume in the CIF's panel
resulted small.

CONCLUSION
This paper presents the practical experience
of a channel induction furnace start up in a
foundry, where a harmonic generating coreless
induction furnace was already in operation.
A digital simulation model was performed to
obtain a low cost solution. This solution
consists of inductive filters installed in the
CIF's balance circuit capacitive branches in
arder to attenuate the effects of harmonic
amplification in line currents.

The solution solved technical, economical,
commercial and schedule aspects of the problem
by letting the installation to go into
operation. The results obtained have been
consider~d satisfactory, showing that the
system'model as implemented offered a good
representation of the actual physical circuito
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