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Abstract 

A system-level evaluation was used to analyze the induction furnace opera-
tion and process system in this study. This paper presents an investigation 
into the relationship between the instantaneous chemical composition of a 
molten bath and its energy consumption in steelmaking. This was evaluated 
using numerical modelling to solve for the estimated melting time prediction 
for the induction furnace operation. This work provides an insight into the 
lowering of energy consumption and estimated production time in steelmak-
ing using material charge balancing approach. Enthalpy computation was 
implemented to develop an energy consumption model for the molten metal 
using a specific charge composition approach. Computational simulation 
program engine (CastMELT) was also developed in Java programming lan-
guage with a MySQL database server for seamless specific charge composition 
analysis and testing. The model performance was established using real-time 
production data from a cast iron-based foundry with a 1 and 2-ton induction 
furnace capacity and a medium carbon-based foundry with a 10- and 15-ton 
induction furnace capacity. Using parameter fitting techniques on the meas-
ured operational data of the induction furnaces at different periods of melt-
ing, the results from the model predictions and real-time melting showed 
good correlation between 81% - 95%. A further analysis that compared the 
relationship between the mass composition of a current molten bath and 
melting, time showed that energy consumption can be reduced with effective 
material balancing and controlled charge. Melting time was obtained as a 
function of the elemental charge composition of the molten bath in relation 
to the overall scrap material charge. This validates the approach taken by this 
research using material charge and thermodynamic of melting to optimize 
and better control melting operation in foundry and reduce traditional waste 
during iron and steel making. 
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1. Introduction 

The melting unit of the metallurgical foundry requires an enormous amount of 
energy and takes a major share of the production cost. Recent technological ad-
vancement in the use of iron and steel products has made the demand for 
high-quality cast products to be on the increase. This, however, did not come 
without an increase in the overall cost of production ranging from analytical 
chemical modifications of melt to the furnace parameter adjustments. To max-
imize the running cost of production and increase marginal profit, it becomes 
expedient for foundry managers to ensure production efficiency in every unit 
operation and the process involved in steel making. A wide variety of iron and 
steel with the strict quality required in the market all over the globe increasingly 
contribute largely to the development of new technologies and approach to op-
timization, utility, and efficiency need of steelmaking [1].  

Simulation modelling development has consistently become a veritable tool 
for analyzing and predicting possible outcomes and performances obtainable in 
the foundry [2]. The induction furnace steel which contributes about 70% of 
secondary steelmaking operates by charging of cold scrap into it and melting 
takes place by the energy resulting from electromagnetic induction of the fur-
nace system [3]. This occurs when the internal energy of the solid increases, typ-
ically by the application of heat or pressure, which increases the substance's 
temperature to the melting point. At the melting point, the ordering of ions or 
molecules in the solid breaks down to a less ordered state, and the solid melts to 
become a liquid. From a thermodynamics point of view, at the melting point, the 
change in Gibbs free energy (∆G) of the material is zero, but there are non-zero 
changes in the enthalpy (H) and the entropy (S), known respectively as the en-
thalpy of fusion (or latent heat of fusion) [4] [5] and the entropy of fusion [6] 
[7]. Melting is therefore classified as a first-order phase transition. Melting oc-
curs when the Gibbs free energy of the liquid becomes lower than the solid for 
that material. The temperature at which this occurs is dependent on the ambient 
pressure in the furnace [8].  

According to Giacone and Manco, 2009 [9], improvement in systems energy 
efficiency measurement requires targeting of energy-saving opportunities in in-
dustrial processes. This is however noted to be challenging in that specialized 
knowledge of the processing system is highly required. One of the ways to 
achieve the needed optimization and reduce the production overhead in the 
melting unit of the foundry is through the analysis of the possible energy con-
sumption requirement of every heat [10]. 
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The downtime melting could, therefore, be reduced when the approximate 
time required for melting a scrap charge in the furnace is known. The actual 
melting time for successive heat can be utilized to control the loss time which is 
accrued to the overall production time and ensure proper monitoring of the 
melting shop workers to reduce operation downtime [11] [12] [13]. Since in-
creased melting time implies a corresponding increase in the cost of electrical 
consumption charges as well as the life of refractory lining of the furnace, it is 
therefore of economic and technical advantage to control the melting time re-
quirement with a view to ensuring optimization in the connecting parameters 
[12] [13] [14] [15] [16]. This would, however, require an understanding of the 
system process and obtaining a mathematical model that connects the system 
parameters for modification.  

Using system-level evaluation, this study provides a theoretical measurement 
of the induction furnace melting time using the energy consumption approach 
via thermodynamic analysis of the material species in the furnace for successive 
heats.  

2. Materials and Method 

The first phase of steelmaking using induction furnace melting is the scrap 
charging which could be done manually or by mechanical systems depending on 
the size and type of the induction furnace [2]. To achieve the desired final melt 
composition, initial charge preparation must have been done prior to scrap 
charging. The energy consumption of the melting campaign can be increased at 
a significant level when the charging practice is done incorrectly [2] [3].  

Minimizing energy consumption requires that bulk density materials above 1 
t/m3 are first charged up to 50% of the furnace active capacity before light scrap 
materials [2] [17]. The major raw materials for induction furnace melting for 
secondary steelmaking are steel scraps, iron scraps, sponge iron, pig iron, fer-
roalloys, mill scale, and carburizers [2] [17] [18]. Using contaminated or dirty 
scraps will not only impact the overall energy consumption and melting time of 
the induction furnace but also reduce the effective diameter of the furnace mak-
ing charging a much difficult operation. This also brings about an increase in the 
amount of slag with about 10 kWh energy loss per 1% slag that is formed [18] 
[19]. 

To accurately determine the melting time of an induction furnace campaign, 
real-time analysis of the melt constituent is a key step. A numerical model to 
predict induction furnace melting time using the melt chemistry energy con-
sumption is discussed in this section. 

2.1. Melting Time Prediction Modelling 

2.1.1. Actual State Enthalpy Analysis 
The theory of steel melting in the induction furnace is a state-dependent opera-
tion which is derived from the second law of thermodynamics, which is given by 
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relationship between the amount of energy supplied, the internal energy of the 
material system and the work done within the system [14] [16]. From the equa-
tion 

d d d dE U q w= = +                          (1) 

from d dw p V=  or dV p  

d d d dH U p V V p= + +                        (2) 

if all the work is taken to be in the form of expansion, therefore,  

d dH q=                              (3) 

by differentiation of Enthalpy as a function of Temperature and Pressure, we 
have 

d d dH HH p T T p
T T

δ δ
δ δ

   = +   
   

                   (4) 

Most pyrometallurgical operations are considered to occur at constant pres-
sure, hence, ∂H/∂p is very negligible [13]. 

d d p
HH p T C
T

δ
δ

 = = 
 

 (Heat capacity) at constant temperature     (5) 

By integration, 
2

1
2 1 d

T
pT

H H C T− = ∫                         (6) 

Heat capacity is a function of temperature represented in a polynomial form 
by 

2
pC a bT cT= + +                         (7) 

2.1.2. Analysis Using Mass Composition Balance 
In a bid to ensure a measurable optimization and production planning efficiency 
an energy consumption model which is derived from the material charge input is 
proposed. This will allow the user to obtain the energy implication of the off-shop 
schedule planning activity using a charge optimization planning method which in-
cludes the amount of energy required to melt an aggregate scrap burden, the 
energy implication of the choice of scrap usage and the overall melting time. This 
route is quite beneficial as it will assist in projecting the cost implication of the 
overall production schedule of which melting time analysis is a major cost index. 
The model, therefore, takes into account the thermodynamic properties of the in-
dividual elemental composition of the overall charge meltdown.  

From Equation (7), the amount of heat energy absorbed by each elemental 
specie in the molten burden is expanded as 

( ) ( ) ( )2
25

Fe,Si,Mn,C,P,S,Cr, Ni,Al tT
m m fW a bT cT W L−+ + +∑ ∫      (8) 

where Wm is the mass density of melt in the furnace. 
Tt = instantaneous temperature of the melt at a given time and Lf is the Latent 

Heat of fusion. 
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2.1.3. Thermal Energy Consumption Analysis 
In line with the study of Arasu and Rogers [14], the energy accounting method 
should define the areas of high energy use, energy waste and should point out 
areas in which energy saving can be accomplished. Arriving at the energy con-
sumption pattern is the most important part of the energy audit. Energy con-
sumption analysis for this research is designed to consider the material species of 
melting schedule per time bearing in mind that energy consumption changes 
from one melt operation to another.  

Taking a theoretical approach would mean that the values of energy con-
sumption obtained would be an incorrect evaluation. According to Chiluvera et 
al. [15], the actual power consumption values in foundry melting operation, 
when compared with the theoretical consumption, are almost double the theo-
retical energy value. This poses the need to develop an analytical model that will 
estimate the actual amount of energy consumed in peculiar foundry melting de-
vices using the principle of thermodynamics and heat transfer principles as they 
apply in the heat balance equation [16]. 

Using the principle of heat energy balance,  
Heat input = Heat absorbed by the material system 

+ Heat loss + redundant heat                (9) 
Electrical energy input channel of the induction furnace is analysed according 

to Equation (10). 

in ch e w fw rE Q Q Q Q Q= + + + +                   (10) 

inE  is the electrical energy input to the furnace (usually as a function of the 
furnace power rating) 

2
inE I RT=                            (11) 

chQ  is the heat consumption/absorbed by the charged burden. As expressed 
in Equation (12),  

( ) ( )
( ) ( )

2
25

Fe,Si,Mn,C,P,S,Cr, Ni,Al

kJ

t

bt

T
ch e

fe

Q M a bT cT

M L

−= + +

+

∑ ∫
     (12) 

where Me is the mass of elemental species in the melt composition. 
Tt is tapping temperature; 

2
25

tT
a bT cT −+ +∫  is thermal capacity of the constituent element in the melt; 

bte
M  is the mass of elemental species with melting temperature below the 

tapping temperature; 
Lf is the latent heat of fusion; 
Qe is the heat loss to hysteresis (electromagnetic induction coil). 
With reference to the study of Anuwat et al. [16] 

2 24eQ I inv R cu∗=                         (13) 
2R cu  = resistance of the coil in the converter measured in ohms. 

24I inv  is the current of the inverter measured in amperes. 
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Theoretically, 

( )24 0.16 - 0.2% of inI inv E=                   (14) 

d Δw w pQ M C v T∗=                      (15) 

where wM  is the mass flow rate of the cooling water around the induction fur-
nace (kg/sec); 

dpC v  is the volumetric thermal capacity of water (kJ/m3K); 
∆t is the melting time (secs);  

fwQ  is the heat loss to furnace wall. 

( )0.001fw m wQ T T R= −                   (16) 

where mT  is the tapping temperature of the liquid metal;  

wT  is the temperature of the flowing water jacket; 
R is the heat resistance of the furnace lining (kW/K).  
Theoretically, 

0.16fw inQ E=                        (17) 

Qr implies other heat losses (bar condenser, transformer, slag, fluxes, radia-
tion). 

2.2. Melting Time Analysis 

The theoretical values are parameters according to the working operating condi-
tions of the induction furnace. 

Solving Equations (13)-(17), we have  
Power consumption per Ton of melt 

( ) ( ) 0.28ch chQ Qε= ∗ ∗ , expressed in (kW)          (18) 

where ε  is the factor of induction heat loss = 2.898. 
Equating with Equation (14), we have  

( )Δ 0.28in ch mE t Q Wε= ∗ ∗ ∗                 (19) 

where mW  is the weight in kg of the melt in the furnace. 
From Equation (19),  

( ) ( )( )Melting Time 0.28ch m int Q W Eε ∗ ∗ ∗∆ =         (20) 

inE  is the induction furnace power rating (specification). 
Approximate furnace power rating for the induction furnace can be estimated 

using Equation (21) 
Std.in in fE E C= ∗                     (21) 

where Std. inE  is standard power consumption (depending on the type of metal 
burden) and fC  is furnace capacity. 

2.3. Experimental Investigation 

To establish the aim of the study, the theoretical model developed by utilizing 
the thermal energy consumption from specific charge composition approach 
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was subjected to test using real-time operational data at two different industrial 
sites.  

Six (6) melting campaign were obtained at the foundry-A for cast iron pro-
duction and six (6) melt campaign at foundry-B for medium carbon low alloy 
steel production at different times. A total of four (4) days was spent to obtain 
operational data for cast iron at foundry-A site and three (3) days for operation 
data for low-alloy medium carbon steel production at the site of foundry-B. 
Foundry-A induction furnace capacities are 1 and 2 tons while foundry-B induc-
tion furnace capacities are 10 and 15 tons. Real-time simulation using the same 
operational data of both foundry shops were performed using the developed 
model through a computational simulation program engine (CastMELT), writ-
ten in Java and MySQL database server to run the numerical models. The rela-
tionship between predicted data and real-time melting shop experiments were 
analysed using statistical tools in MS Excel.  

3. Results and Discussion 

3.1. Validation of Thermal Energy Consumption 

Table 1 and Table 2 show foundry operation data for cast iron production 
(foundry-A) and medium carbon steel (foundry-B). The data for foundry-A 
(Table 1) provides information such as scrap type (steel, cast iron, and foundry 
returns), ferro additive type (medium carbon FeMn, high carbon FeMn, FeCr, 
and FeSi), the weight of scrap and ferroalloy charge, tapping temperature, cycle 
time (tap-to-tap time which includes all-time losses), the furnace capacity and 
the furnace power rating which determines the melting rate. For foundry-A, 
each melting campaign had their respective target compositions (see complete 
production data in supplementary materials 1 and 2). 

Efforts were made on-site to ensure scrap selection was done closest to target 
final composition using an Excel-based, custom-made spreadsheet on site. This 
is possible since the furnace capacity was relatively small, and the weight of scrap 
needed could be easily managed for the spectro-analyzer in every melt cam-
paign. Foundry-B (Table 2) provides similar information as obtained on the op-
erational data for foundry-A. Chemical composition at any instance of spectro-
metric analyses was also provided in the production record sheet for both foun-
dries. However, aggregate scrap was utilized since the furnace capacity larger. 
The scraps were categorized into light and heavy scraps and were charged at 50% 
furnace capacity before the first sample (F1) is collected from the aggregate melt 
for analysis. An additional 30% scrap charge was made, and the next sample was 
taken for analysis before alloying (BA) at an overall furnace utilization of 80%. 
The final sample was taken before tapping and recorded as after alloy samples 
(AA). Other melt samples (based on material charge using the rule of thumb) 
were taken between BA and AA samples, depending on how further away the 
BA samples are from the final composition. 

Table 3 shows the results of thermal energy consumption modelling using  
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Table 1. Operational data for cast iron production in foundry-A. 

Melt Sample & Date Heat No 
Cast 
Prod. 

Scrap Mix (Kg) Alloy/Additive (Kg) 
Total 

Charge 

   
Steel/Cast Iron Fdr. Returns MCFeMn HCFeMn HCFeCr FeSi (kg) 

04/05/2017 105171212 NFMN128C 850 
400 (18 Mn) 

+ 
200 (14 Mn) 

80/25 50/3 25 0/3 1633 

Chemical Ana. C SI MN NI CR P 
   

Actual Melt 1.11 0.64 11.98 0.06 2.64 0.03 
   

1st Spark 1.11 0.78 12.85 0.06 2.64 0.03 
   

AIM 0.9 - 1.2 0.6 - 0.8 12.0 - 13.0 0.5 Max 1.5 - 2.0 0.07Max 
   

   
Steel/Cast Iron Fdr. Returns FeSi MCFeMn HCFeCr 

 
(kg) 

04/05/2017 105171211 NFMN-18 850 850 10 240/80 30-Oct 
 

2070 

Chemical Ana. C SI MN NI CR P 
   

Actual Melt 1.07 0.86 14.38 0.09 1.54 0.05 
   

1st Spark 1.12 0.84 16.81 0.04 1.75 0.04 
   

AIM 1.0 - 1.2 0.6 - 0.8 16.0 - 18.0 0.5 Max 1 - 2.5 0.07Max 
   

   
Steel/Cast Iron Fdr. Returns FeSi HCFeMn HCFeCr LCFeCr (kg) 

04/05/2017 10517611 NF11055-O 700 
 

5/8 7-Oct 15 75 820 

Chemical Analysis C SI MN NI CR P 
   

Actual Melt 0.27 0.86 14.38 0.09 1.54 0.05 
   

1st Spark 1.12 0.84 16.81 0.04 1.75 0.04 
   

AIM 0.2 - 0.3 0.6 - 1.0 0.8 - 1.5 0.05 6.0 - 8.0 0.03 
   

   
Steel/Cast Iron Fdr. Returns FeSi MCFeMn HCFeCr 

 
(kg) 

5/05/2017 8517611 NFMN128C 800 
 

0/2 180 20/10/ 
 

1012 

Chemical Ana. C SI MN NI CR P 
   

Actual Melt 0.98 0.21 13.03 0.03 1.66 0.03 
   

1st Spark 1.05 0.59 12.89 0.03 1.9 0.03 
   

AIM 0.9 - 1.2 0.6 - 0.8 12.0 - 13.0 0.5 1.5 - 2.0 0.07 
   

   
Steel/Cast Iron Fdr. Returns FeSi MCFeMn 

  
(kg) 

8/05/2017 85171221 BS3100AW2 2000/875/ 
 

0/0/15 0/-/50 
  

2940 

Chemical Analysis C SI MN NI CR P 
   

Actual Melt 0.88 0.25 0.6 0.04 0.05 0.02 
   

1st Spark 0.51 0.1 0.35 0.03 0.08 0.02 
   

2nd Spark 0.49 0.47 1.6 0.03 0.08 0.02 
   

AIM 0.4 - 0.5 0.55 - 0.7 0.8 - 1.2 0.05 0.3 0.07 
   

   
Steel/Cast Iron Fdr. Returns FeSi HCFeMn 

  
(kg) 

9/05/2017 95171221 BS3100AW2 1900 0/150 0/14 0/30 
  

2094 

Chemical Ana. C SI MN NI CR P 
   

Actual Melt 0.06 0.001 0.1 0.01 0.03 0.02 
   

1st Spark 0.39 0.59 1.14 0.02 0.04 0.02 
   

AIM 0.4 - 0.5 0.55 - 0.7 0.8 - 1.2 0.05 0.3 0.07 
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Continued 

   
Steel/Cast Iron Fdr. Returns FeSi HCFeMn Graphite LCFeCr (kg) 

9/05/2017 9517611 NF11055-O 900 
 

05/6.5 0/5 0/4.5 105 1026 

Chemical Ana. C SI MN NI CR P 
   

Actual Melt 0.08 0.23 0.53 0.06 5.25 0.02 
   

1st Spark 0.43 0.63 0.95 0.06 5.09 0.02 
   

AIM 0.2 - 0.3 0.6 - 1.0 0.8 - 1.5 0.05 6.0 - 8.0 0.03 
   

 
Table 2. Operational data for cast iron production in foundry-B.  

Prod 
No. 

Batch 
No. 

Total 
Melting 

Time 

Starting 
Time 

End 
Time 

Light 
Scrap 
(kg) 

Heavy 
Scrap 
(kg) 

Bundle/Rebar 
(kg) 

Total 
Scrap 
(kg) 

Power 
consumption 

(kWh) 

Tap to 
Tap 

Time 
(mins) 

Tapping 
Temp 
(˚C) 

Wt. of 
Alloy 

(SiMn) 

Total Wt. 
of Billet 

(kg) 

1 1170345 102 7:18 PM 10:50 PM 6200 2270 nil 8470 9768.1 102 1886 122 8210 

2 1170346 110 11:05 PM 2:02 AM 8115 nil 1745 9860 10620.5 110 1793 149 5660 

3 2170341 97 10:50 PM 1:00 AM 4150 nil 4150 8300 8252.9 90 1804 140 8100 

4 2170342 115 1:10 PM 4:07 PM 5825 2080 2775 11400 14057.7 115 1800 85 11260 

5 2170343 99 7:34 PM 9:40 PM 4815 2755 2030 9600 8741.4 99 1782 120 9400 

6 2170345 105 12:12 PM 2:25 PM 6850 nil 2850 9700 8950 105 1799 130 9455 

NL: New Lining/F1: First furnace sample/BA: Before Alloy/AA: After Alloy. 
 
Table 3. Thermal energy consumption for successive heat with respective bath analysis using the developed CastMELT simulation 
engine. 

Heat 
No 

Total 
Charged 

Weight (kg) 

Tapping 
Temperature 

(˚C) 

Thermal Energy 
Consumption (kW) 

Elemental Specie Mass Composition (kg) 

C Si Mn Cr Ni Cu Fe 

Cast iron production 

105171212 1633 1508 970.31 18.315 12.648 211.03 42.37 0.964 2.247 1336.16 

105171211 2070 1508 1205.5117 23.486 17.47 352.74 30.49 1.7823 2.971 1629.539 

10517611 820 1580 506.61 2.865 12.94 123.33 12.35 0.722 1.203 664.858 

8517611 1012 1520 844.988 10.499 3.642 138.299 16.599 0.2996 1.800 844.998 

85171221 2940 1575 1760.4439 26.301 18.687 54.749 1.438 1.149 2.875 2813.186 

95171221 2094 1580 1241.0137 3.3295 10.646 26.049 0.6156 0.2052 3.074 2024.375 

Medium carbon steel production 

1170345 8470 1886 9768.1 15.077 27.442 50.82 12.5356 6.6998 14.8225 8326.01 

1173046 9860 1793 10620.5 17.1564 34.7072 78.9786 1.1832 6.1526 15.776 9672.66 

2170341 8300 1804 8252.9 15.272 20.75 42.745 15.438 6.806 12.367 8208.7 

2170342 11,400 1800 14,057.7 23.484 37.62 105.108 16.416 6.9768 16.188 11286 

2170343 9600 1782 8741.4 21.12 30.816 93.216 11.616 6.1632 13.728 9484.8 

2170345 9700 1799 8950 18.527 33.659 64.02 11.737 5.529 14.453 9593.3 
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CastMELT simulations to predict the mass compositions of the final chemistry 
as obtained in the real-time foundry production with the variables recorded in 
the production record sheet (supplementary material 1 and 2). The chemical 
composition analysis was used to estimate the mass composition of elemental 
specie and calculate the thermal consumption requirements of the molten melt 
just before tapping was carried out at respective temperatures using the devel-
oped numerical model which was plotted in the simulation engine. The results of 
the analyses were used to obtain the corresponding melting time value of the 
foundry operation.  

The production record in Table 1 and Table 2 shows the possibility of a rela-
tionship existing between the weight of charged materials, total energy con-
sumption, and the melting time for various heats. This further strengthens the 
hypothesis of the model framework using the approach of energy consumption 
for elemental constituents of the melt to predict the heat energy requirement and 
obtain melting time for successive heats.  

The melting time prediction of CastMELT simulation engine and real-time 
production data are presented in Figure 1 and Figure 2 for both foundries 
within 5% standard deviation error (see real time foundry data and CastMELT 
result in supplementary material 3 and 4). Using Pearson’s correlation, squared  
 

 
Figure 1. Melting time comparison between real time operation in foundry-A and Cast-
MELT simulation engine. 
 

 

Figure 2. Melting time comparison between real time operation in foundry-B and Cast-
MELT simulation engine. 
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residential, standard error, and ANOVA statistical tools to ascertain predictabil-
ity and model accuracy, cast iron production in foundry-A was predicted more 
accurately compared with the foundry-B steelmaking plant. Overall correlation 
and standard error of the outcome of the model (using simulation engine) and 
the real-time production data were 0.95% and 0.59% for foundry-A and 0.81% 
and 4.67% for foundry-B, respectively. This result is mainly because of the cor-
rectness of the operational data presented in addition to foundry practice and 
plant scale. 

While melting was done at a more controlled scale in foundry-A to meet the 
desired target melt, foundry-B had a greater degree of randomness and flexibility 
to accommodate real-life commercial structural steel production scenario espe-
cially with large scale complex utilizing aggregate scrap charge. Other parame-
ters which controlled overall melting time from tap-to-tap includes the furnace 
operator and foundry engineer’s technical know-how, accuracy in documenta-
tion especially for the time loses to furnace recharging and variability in melting 
rate due to different power rating. Though the furnace was not switched off at 
subsequent charging above 50%, the power supply was reduced to zero to allow 
the influx of cold-scrap charge which warms before the power is increased again. 
It is noteworthy to note that operational data was documented at a close and 
precautionary range in foundry A compared to B.  

3.2. Relationship between Energy Consumption and Material  
Charge 

To establish the importance of melting time prediction, the relationship between 
the mass compositions of Fe as an elemental species with the high percentage 
mass contribution to the melt was measured against the weight of the overall 
scrap charge. This relationship is presented in Figure 3 and Figure 4. 

Earlier in Table 1 and Table 2, a correlation between the weight of scrap 
charged and the overall melting time was observed. In a simple analysis, an in-
creased material charge will result in more melting time at a steady melting rate.  
 

 

Figure 3. Effect of mass composition on the melting time for cast iron production in 
foundry A. 
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Figure 4. Effect of mass composition on the melting time for medium carbon steel pro-
duction in foundry B. 
 
Therefore, if the material charge is controlled very closely, it will not only result 
in production cost savings in materials but consequently energy savings through 
reduced melting time. Figure 3 and Figure 4 show the relationship between the 
mass compositions of the (melt using Fe as representative of elemental specie) 
and melting time for foundry A and B, respectively. It was observed that the 
melting time for an ongoing heat in the induction furnace is a function of the 
mass composition of the melt chemistry which is currently treated in the furnace 
bath. This remains valid for both cast iron in Figure 3 with R-squared value of 
0.84 and medium carbon steel melts in Figure 4 with R-squared value of 0.79 
that were investigated in the two foundry sites. The deviation in this result was 
due to operational shutdowns during melting due to power outage.  

The implication of this relationship between melt composition (elemental and 
mass constituents) and melting time is that the more time spent in balancing the 
material composition of an existing charge to achieve target melt, the more 
energy is consumed in a real-time foundry operation. Having established this 
relationship from this study, foundry shops will be able to do more in reducing 
their melting time from material balancing and charge preparations which could 
be from virtual simulation engines such CastMELT [20] used in this study or 
others such as (NovaCast, OPTI Melt, Cloud Foundry, and MKW). These simu-
lation programs are foundry melting support tool to assist foundry and produc-
tion engineers to plan their melting campaign ahead for material charge and op-
timization. CastMELT simulation engine used in this research is a step ahead as 
it can be used to predict the expected melting time against the choice of scrap 
and ferroalloys and other additives. 

4. Conclusions 

In this study, theoretical modelling and experimental validation of induction 
melting time using real-time operational data are presented. The simulation 
program from previous study was used to engage mass balance composition 
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analysis of successive melt chemistry, the elemental mass composition of consti-
tuent chemical specie, thermochemical requirement, furnace power rating/usage, 
electric and heat energy losses and attainable temperature as an approach to ob-
taining energy consumption requirement of scrap melting in the induction fur-
nace. Thermochemistry parametrization was obtained using the final melt anal-
ysis and tapping temperature of the cast.  

The validation study using a total of six melts each were obtained from cast 
iron and medium carbon steel foundries showed that thermal energy consump-
tion for batch melting operation could be estimated and controlled using specific 
charge balancing approach. The comparison between real-time tap-to-tap time 
(less the charging time loses) and the model predictions for both foundries re-
sulted in overall correlation and standard error of 0.95% and 0.59% (cast iron 
foundry) and 0.81% and 4.67% (medium carbon steel foundry) respectively. A 
further analysis which compared the relationship between the mass composition 
of a current molten bath and melting time showed that energy consumption can 
be reduced with effective material balancing and controlled charge.  

Melting time was obtained as a function of the mass composition of the mol-
ten bath in relation to the overall material charge. Therefore, a controlled melt-
ing campaign would be an important approach to minimize production costs 
through reduced energy consumption. The use of the simulation engine used in 
this study from previous studies to run the developed melting time prediction 
model is considered to be useful program tool that will be able to support foun-
dry men in achieving better control, flexibility, and prediction for induction 
furnace melting with reduced operation time and cost. 
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