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ABSTRACT

This thesis presents the indirect measurement by measuring the energy i)ut mnto the
furnace, temperature and flow rate of cooling water and temperature at the outer wall lining of the
induction furnace in order to estimate the temperature of the liquid steel in the furnace. The
technique for estimating the temperature relies on the consideration of the heat balance equation
of the furnace and the use of several parameters for the furnace during the processes in order to
estimate the losses of heat from the furnace in order to caleulate the heat balance equation. From

this method, we can estimate the temperature of liquid steel in the induction furnace accurately.
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ANANDA (%) 0.46 0.26 0.19 0.45
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Temperature Estimation of Liquid Steel in
Induction Furnace

Anuwat Pansuwan. Krit Smetpitak and Prapart Ukakimaparm

Abstracr—This article presents the indirect neasures of
temperature by measuring the energy put inte the furuace.
temperature and flow rate of cooling water and temperature at
the outer wall lining of the induction furnace in ovder to
estimate the femperature of the liquid steel in rhe furnace. The
technique for estimating the temperature rvelies on the
consideration of the heat balance equation of the furnacve and
the use of several parametevs for the furnace during the
processes in order to estimate the losses of heat from the
furnace in order to calculate the heat balance equation. From
this method. we can estimate the temperature of liguid steel in
the induction furuace accurately.

Index Terms—Induction Furnace, Heat Balauce, Heat Loss,
Lateut heat, Heat Model.

1. INTRODUCTION

This research relates to the measure of the liquid steel
temperature in the indirect electric induction furnace and the
design of heat balance equation with the objective 10 increase
the efficiency for energy saving and quality of liquid steel by
consistently controlling the melting process. The important
problem of the melting process is that we cannot measure the
temperature of the liquid steel temperatire continuously
since the direct measure of temperature by thermocouple has
some restrictions i that the measme of femperamre cannot
be performed continuously since the liquid steel has high
temperature of 1560 degree Celsius and there are some mixed
substances in the lguid steel. The life span of the temperature
meter is short if putting ir in the liquid steel for a long time.
The inability to continuously measure the remperanwe leads
to the inefficiency of the control of temperature of liquid sieel
during the melting process so the energy and the quality of
liquid steel are loss.

In order to develop the melting process, it is necessary to
realize the remperature of liquid sieel and from 1the
restrictions of the direct measure of temperature, we design
the methods for measuring the temperature of liquid steel.
This methods presented depend on the estimation of the
liquid steel temperature fromt the measure of energy put into
the fumace. the temperature. and flow rate of the cooling
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water system and the temperature at the outer wall lining of
the fumace. and we conduct the experiment to estimate the
loss heat during processes. Then. such values are used to
estimate the temperanme of liquid steel by using the heat
balance equation,

II. HEATMODEL

In order to find the heat model of the furnace. we use the
heat balanee equation of the furnace for consideration. The
pattern of heat balance equation is as follows.

Heat input = Heat output + Heat loss (1)

Eneray Egquation

Hear Input Fo

Heat Given to
Steel

(2

Heat Loss From
Elecniicity

Heat Loss during
the Cooling Water
Process

QT=4'1£\7'.RCI' (3

O =My +Cpt Ay )

Heat Loss from

the Heat Induction
of the Fumace ; 7
Wall

Orther Heat Losses | O,

Where
mg = Mass of Steel (Kg)
L = Latentheat of steel (kJkg)
a = Volume of the Heat of Steel (kI’kg *C)
M, = Flow rate of cooling water (kg/sec)

Volume of the Heat of water (kI'’kg *C)

Temperature of liquid steel (K)
= Temperarure of cooling water (K)
Melring time (sec)

Heat resistance of the furnace lining (kW/K}
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Resistance of the coli in the converter ()

I,.. = Cumrentof Inverter (A)

The heat input is the electricity enerzy input. The heat
output 1s the heat directly given to the steel consisting of the
heat for increasing the teruperanure of sreel and latenr hear of
the steel. Upon considering the loss heat of the furnace, we
have found 2 nanwes of the heat losses, namely. heat losses
(heat) and heat losses (electricity).

Upon considering the heat losses (heat), they consist of the
heat losses from transferring the heat from furnace wall to the
coil. the heat losses from radiation at the fumace. heat losses
from the heat induction of the cooling water system. and
other heat losses. The mechanism for the heat losses depends
on the temperature and upon considering the heat losses
(electricity), they consist of the hear losses in the converter,
the heat losses in the inverter, heat losses i coil. and other
heat losses. The characteristics of the losses depend on the
volume of electricity and resistance,

Several vanables related to the equation and that ean be
measured consist of the electricity power putinto the furnace.
the temperature of liquid stez] in the fumace. the temperature
of input and output cooling water. flow rate of cooling water,
and mass of sreel to find the heatmodel of the fumnace system
designed. We attempt to get the variables from the lieat
incwrred in the fiumace so we can measure and the estimated
temperatine is closet to the temperanue in the aciual furnace
asmuch as possible. We have found that the heat given to the
steel in the process of measwring the liquid steel temperature
is the processes that the steel in the fiunace becomes the
liquid so there is no latent heat. We have found only the heat
that increases the temperature. Hence. we can cut this part of
heat from the study. We have alsa found that the heat rthat
increases the temperature is the funetion of the liquid steel
temperattre in the fiunace (AT, 5). Upon copsidering the

lheat loss in the converter, we have found thatit is the function
of the resistance and flow, Both the jesistance and flow
depend on the electricity power input. Thus, we can
swnmarize that the heat loss i the converter is the function
of electricify power input f(F,) vegarding the heat loss in

the cooling system. This part of hear is the heat used for
transferring the heat to the coil system of the furnace, which
is the function of the flow rate of the heat induction. namely.
the heat from liquid steel in the fiunace that passing out of the
furmace wall. which is the function of the liquid steel
temperature in the fumace (AT, ) and other heat losses and

we also assume them to be constant so when replacing the
variables measured with the variables that are functions of
the heat equation, we also gzef the following equation.

T o 'AT )
i :__‘fs_sﬂ*'-‘fm o 'Arw +1(8,)

m

+ ST ) + heardoss (6)

Replacing X1 inn the heat losses from electricity. that are
the functions of enerzy input and replacing X2 in the heat
losses due to the heat induction on the furnace wall. which is

The function of the liquid steel temperature in the furnace.
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T
A
+ X2 AT + eatloss (7

+My Cpp - AL+ X14F,

Putting the constants together.

lm!‘(n +,1'21 ,

/ (o
B =———Ar +(L |- a1, - A,
u—=xn =L

heatloss ) ,
— (8)
\i1—XL Y

Replacing the constant with A1. A2, and C3 so we get the
following equation,

B = AV-AT +42-30 - AT + 43 {9
Where
m, O
( S I35, +.\':1
i 7
A=
(—x1

fearloss
A3=
: i

ay /4]
We rearange the equation as follows.

Nt T

AT M A, —td)

W (10}

4l

Where T is the liquid steel temperature during the period

of estimation. and T, is the estimated liquid steel

$4-1
temperature in the past time. In order to estimate the liquid
steel temperature in the fumace from the heat model. it is
necessary to measure the liquid steel temperatre in the actual
fiumace for at least | time,

The experiment to estimate Al,.42.43 is conducted by
gathering the information from total processes for 4 times.
During each Hme, we shall adjust the different energy input
according fo the details of each rime.

The details of the calcularion start from the measure of the
liquid steel temperature in the furnace at the first point. and
we calculate the liquid steel temperature in the furnace at the
second point by replacing the electricity energy input, flow
rate and temperature of cooling water and liquid steel
temperature in the fumace measured during the first time, and
we also assume the constant Al. A2, and A3 in equation (10).
Afterwards, we calculate again and again until we get the
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liquid steel temperanue in the finace according to the points
required in the experiment with the parern of equation as
follows.

B Al T A M "&Tn'.: —d3)

'TS.Z
Al
Bl — A M N
=
A1
('F.'m.::oo +41 T e A2 My g AT,. 2200 —43)
Tsm = ’ = =

Al

Upon calculating according to the above mentioned
method, we have found that the constant A1, A2, and A3 are
as follows,

AL=659 . A2=184 , A3=100

Therefore. the heat model of the induetion furnace shall be
demonstrated in equation (11).

(P, +659-T,_{—18.4- M, ~AT, —100)
Ts a8 f i s an
659

III. EXPERIMENT FOR THE ESTIMATION OF TEMPERATURE

From the pattern of equation (11). the abovementioned
heat balance equation when we 1ealize the liquid steel
temperature at the first point, we can estimate the liquid steel
temperature af the next point. The sompling in the experiment
takes 10 minutes and the accuracy test w the estimation of the
temperature by 6 sets of tests has the details in Table 3.1.

Table 3.1: The operations of 6 sets of experiments.

Experiment 1

Elecuicity Power Input 1500 KW
Flow Rate of Cooing Water g2 Kg/s
Point of First Measwing 1980 sec

Number of Times Measuring

the Liquid Steel Temperanue % Times

P= 1500 LW iemediate tmor = (920 sec, Duffevent Point =2 amm

T (sec)
~4#-— Eszmaton ~i- Actual

1328

Point of Measwring the | 2 3 J
Temperatre B
Liquid SFeeE "Iempemlm'e i vt | g5z | gem
from Estnnation
Licuid Steel Temperanuwe
from Measuring via 1459 1510 [ 1521 | 1532
Thermocouple
Experiment 2
Electricity Power Input 1800 kw
Flow Rarte of Cooing Water 8.2 Ke's
Point of First Measwing 2220 se¢
Number of Times Measuring ;
il = 4 Times
the Liquid Steel Temperature
P IBN0 LW Dvenmedinte wue = 1230 g2 Dafferect Powt = Joum

Point ef Measuring the I 5 3 4
Temperature = i

Liquid:Steel Temperature |, o 0 55l 535 || 1537
from Estimation
Licuid Steel Temperature
from Measuring via 1509 | 1528 [ 1544 | 1559
Thermocouple

Expenment 3

| Electriciry Power Input 2000 kW
Flow Rate of Cooing Warer &2 Kg's
Point of First Measiring 2220 sec
Number of Tinzes Measuring 4 Tintes
the Liquid Steel Temperature B

P EY Internedaie wie = 2220 sec Diffecent Port = 13 mm

Temperaturetoelsiusy

2o a0

Thee f5x)

e Bt e A
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Point of Measuring the 1 2 3 4 Point of Measuring the 1 5 5 4
Temperature Temperature - )
Liquid Steef Temperature | (50, | 1510 | 1534 | 159 Liquid Steel Temperatre | 151 | 15o5 | 150 | 1554
from Estimation from Estimation
Liquid Steel Temperature Liguid Steel Temperature
from Measuring via 1510 | 1527 | 1542 1556 from Measuring via 1504 | 1521 1537 1547
Thermocouple Thennocouple
Experiment 4 Experiment 6
Electricity Power Input 2200 W Electricity Power Input 2500 kw
Flow Rate of Cooing Water 82 Kgis Flow Rate of Cooing Water 8.2 Ka's
Point of First Measuring 2220 se¢ Point of First Measuring 2400 sec
Number of Times Measuring 1 Times Number of Times Measuring " Times
the Liquid Steel Temperature mmes the Liquid Steel Temperature "

3 EW Intermediie wnes 122096 Different Powe=1 Sam

R

e

re tane = 2900 3¢ Diferani Pt = I e

Tempenien celimas

=0 0 55 b = ™ % i
T ) Tae ixe)
agoe B Lamtion sedbes Armaal e Ertrmitinn, e 50080
Point of Measwring the ; 5 3 4 Point of Measuring the ) 5 5 4
Temperature 7 Teperature = o
Liquid Sfcel "[empernhlre 1505 1 15 | 1542 | 186 Liquid S?eel ’}'empemmre wsir Los2 | osar | e
from Estimation from Estimation
Liquid Steel Temperature Liquid Steel Temperature
from Measuring via 1510 1 1532 | 1550 1565 from Measuring via 151 [11530 4 1345 | 1360
Thennocouple Thermocouple
Experiment 5
Electricity Power Input 2400 KW IV. ANALYSIS OF EXPERIMENTAL OUTCOME
; ; From the 6 experiments. we conduct the experiments at
Flow Rate of Cooing Water 8.2 Kegs different elecuricity power and measure the remperanve in the
Point ofdFist M&suring 5290 (53 ﬁum\cic for 24 times and we have tot.md thar after nndl_ng the
: nnrealized parameters and caleulating back to predict the

Number of Times Measuring

I . liquid steel temperature in order 1o compare with the actual
o 4 Times
the Liquid Steel Temperatre

temperature. We have found that both are closet ro each other
from the conditions of the actual operations. The maximum
P40 B 1bce e 8 = 2220 see il rem Bo® ok emor 15 at = 9 degree Celsius so the average is at 5.08 degree
Celsius. The error of the temperature is due to the fact that
Al s the mass of sreel multiphed by the specific heat
capacity of each melting and each melting has different
mixtires and the conditions of the fumace change all the
time. Thus. it is difficult to control and standardize the
operations of furnace in every time of operations.

i
B

Temperature
g #

V. SUMMARY OF EXPERIMENT

The experiment starts from gathering the parameters
affecting the temperature in the fiumace, namely. electiicity
power input. temperature of cooling water input — output,
flow rate of ceoling water. The parameter measurad is

Tz (sec)

s Extimmting sl forsl
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caleulated in the heat balance equation and tested 1o find the
proper heat model of the furnace. Upon obtaining the heat
maodel of the furnace, such model shall be tested 1o compare
the accuracy of the estimarion when it is actualiy functioned.
In the all experiment, we have found that the estimated
temperature has the average emvor of 5.08 Degree Celsius
with the maximum error of no more than + 9 Degree Celsius.

Upon considering the eror from estimated temperanure

and the actual temperature, we can sunmmarize as follows.

(1) 4 has been changed in some experiments so the heat
mode] has some errors.

(2) The methods used to find the unrealized parameters
are simple methods so when actally applying to the
furnace with complex struchwe and operations. the
model obtained is not accurate. Thus, the estimated
temperatures have some ersors.

(3) The Thermocouple type R used to measure the liquid
steel temperature may have some errors during the
measurement. This may due to the equipment or the
persons who conduct the experiments. Hence. the
temperahue measured may have some errors anclupon
estimating the remperature, the constant has some
mistakes.
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