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Abstract- Injection molding is one of the most common 
plastic part manufacturing processes from both 
thermoplastic and thermosetting polymers. Nowadays 
injection molding has been a challenging process for 
manufacturers to make products as per customer 
requirements at minimum cost for existence in 
competitive market. Various researchers have tried to 
determine optimum process parameters affecting 
productivity, quality, and cost of production to 
accomplish this task. Heater is an important part of 
injection molding machine. As insulating material affects 
working of heater critically, use of proper insulation 
material can increase efficiency of heater which leads 
reduction in overall production cost. In this article, 
performance of different thermal insulating materials 
like ceramic, fiber glass, mineral fiber, glass wool and 
perlite were checked in terms of machine starting time 
for heater. It was found that combination of ceramic & 
glass wool material can retain more heat inside the heater 
& reduce machine starting time up to 6 minutes.   
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I. INTRODUCTION 

Injection molding is a versatile industrial process which 
allows us to produce high quality, simple or complex plastic 
parts such as bottle caps, mobile phone parts, electronic 
housings, toothbrushes, small toys, containers, valves, 
syringes, automotive interiors and many more. Figure 1 
shows plastic injection molding machine with different parts. 
As use of plastic products are increasing day by day and for 
existence in today’s competitive market, it is necessary to 
produce high quality products at low cost. To achieve this 
goal, researchers have conducted different researches like 
optimization of process parameters, modification of various 
systems of machine, analysis of mold flow, etc. Ahamed et al. 
[1] investigated the effects of melt temperature, injection 
pressure, cooling time on the tensile strength of 
polycarbonate plastic material and found melt temperature is 
the most significant factor. Effect of melting temperature, 
injection pressure, packing pressure and packing time on the 
shrinkage of polypropylene and polystyrene is studied by 
Akbarzadeh and Sadeghi [2] and Invasive Weed 

Optimization (IWO) algorithm was applied to find optimum 
input parameters to minimize shrinkage. A comparative 
analysis of gate locations for a EMF load cell component 
used in weighing machines was performed by Madhukar and 
Reddy [3] using mold flow analysis. With change in melting 
temperature, the thermodynamic properties of the molten 
plastic such as viscosity, enthalpy, specific volume, etc. 
change simultaneously. So, it is necessary to maintain a 
constant melting temperature in the molding process [4]. 
Mathivanan et al. [5] studied the effect of process variables 
like melt temperature,  mould temperature,  injection time,  
packing time,  packing pressure,  rib-to-wall ratio and rib 
distance from gate on sink marks using Taguchi approach. It 
was concluded that rib distance from gate is most influential 
parameter. Four different types of cooling channel layouts 
were studied by Khan et al. [6] for reduction of cycle time in 
injection molding process as uniform cooling is very 
important especially in case of complex parts. Mohajernia [7] 
utilized topology optimization methods to decrease the 
weight of plastic injection mold and the results showed 8% 
reduction in weight between original and optimized structure. 
In this paper, different insulating materials are evaluated to 
increase performance of heater in plastic injection molding 
machine. 

II. HEATER 

Heater is an important element of thermal system in 
plastic injection molding machine (PIMM), mounted on the 
barrel as shown in Figure 1. Barrel is one type of device in 
which heat is produced by electric resistance. This barrel is 
made up of stainless steel. In the barrel, one coil is provided, 
with the help of which heater is heated at required 
temperature. The band heaters are divided into 4 heating 
zones along axial direction of the cylinder for each melting 
process. If molten metal is required high temperature then 
this heating zones are varies from 4 to 8. At the outside of 
heater, one insulation cover is provided which made up of 
stainless steel. In this cover insulating material are filled 
down. Generally, for this purpose, 1 to 2 cm thick insulation 
sheet is provided. This thickness are varies, according to 
requirement of heating temperature. For temperature 
measurement and control purpose, a hole is provided in 
which temperature sensor and controller are fitted. Internal 
view of heater is shown in Figure 2. 
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Fig. 1. Heater in injection molding machine 

 

Fig. 2. Inside view of heater 

 

III. INSULATING MATERIAL 

To retain heat in barrel for maintaining constant 
temperature, a layer of insulating material is provided in 
heater. In this work, different insulating materials like 
ceramic, mineral fiber, fiber glass, glass wool, perlite as well 
as combination of ceramic and glass wool are used in heater 
to check their performances. 

IV. EXPERIMENT SETUP 

An experiment was carried out in existing heater 
available in plastic injection molding machine (PIMM) at 
Shree Laxmi plastic works, Surat. The experimental setup is 
shown in Figure 3. In this experiment, internal surface 
temperature of heater was measured using in-built 
temperature sensor in PIMM while external surface 
temperature of heater and atmospheric temperature was 
measured using external temperature sensor. Figure 4 shows 

heater with combined insulation of ceramic and glass wool 
material. 

   

Fig. 3. Experimental setup 

 

 

Fig. 4. Heater with ceramic & glass wool material 

 

V. RESULTS AND DISCUSSION 

For each insulating material, four readings of temperature 
were taken at one hour interval in running production line. 
Table 1, 2, 3, 4 & 5 shows temperature of internal and 
external surface of heater as well as atmospheric temperature 
for ceramic, mineral fiber, fiber glass, glass wool and perlite 
respectively. Readings of temperature shows that the heat 
retaining capacity of ceramic and glass wool are more 
compared to other three materials while fiber glass has 
lowest heat retaining capacity. Then, performance of 
combination of ceramic and glass wool was checked and it 
showed highest heat retaining capacity among all materials. 
Table 6 shows temperature readings for combination of 
ceramic and glass wool. Different insulators were also 
evaluated for attaining a temperature required to start 
injection molding process.  Table 7 shows comparison of 
different insulating materials for starting time of 
machine/injection molding process. From that, it can be said 
that combination of ceramic and glass wool takes 18min and 
16sec to start a machine which is lowest among all insulating 
materials.   
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Table: 1 Readings of Ceramic 

Reading 
No. 

Internal surface temp. 
of heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 58.7 33.7 

2 278 59.4 34.3 

3 274 58.9 34.1 

4 270 57.9 33.3 

 
 

Table: 2 Readings of Mineral Fiber 

Reading 
No. 

Internal surface temp. 
of heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 61 34.2 

2 278 64.8 34.5 

3 274 62.2 35.1 

4 270 59.9 33.9 

 
 

Table: 3 Readings of Fiberglass 

Reading 
No. 

Internal surface temp. 
of heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 68.4 36.9 

2 278 71.9 38.7 

3 274 70.2 37.4 

4 270 67.7 37 

 
Table: 4 Readings of Glass wool 

Reading 
No. 

Internal surface temp. of 
heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 58 33.6 

2 278 59.7 34.7 

3 274 58.2 34.4 

4 270 57.5 32.9 

 
Table: 5 Readings of Perlite 

Reading 
No. 

Internal surface temp. of 
heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 65.3 36.6 

2 278 69.2 37.5 

3 274 65.4 36.8 

4 270 63.9 34.3 
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Table: 6 Readings of Combined Ceramic & Glass wool 

Reading 
No. 

Internal surface temp. of 
heater (°c) 

External surface temp. 
of heater (°c) 

Atmospheric 
temp. (°c) 

1 273 56.8 32.4 

2 278 57.5 33.7 

3 274 56.8 32.9 

4 270 55.9 32.1 

 
Table: 7 Comparison of different insulators for starting time of machine 

Sr. No. Insulation Material Starting time of PIMM 

1 Ceramic 21 min & 04 sec 

2 Mineral Fiber 24 min & 11 sec 

3 Fiber Glass 29 min & 07 sec 

4 Glass wool 21 min & 29 sec 

5 Perlite 29 min  

6 Ceramic + Glass wool 18 min & 16 sec 

 
VI. CONCLUSION 

To reduce overall cost of production in plastic injection 
molding process, performance of heater was tested in 
running production line using different insulating materials 
like ceramic, mineral fiber, fiber glass, glass wool, perlite 
and combination of ceramic and glass wool. Results showed 
that combination of ceramic and glass wool has highest heat 
retaining capacity compared to other materials. For starting 
of injection molding process in machine, certain temperature 
is required to achieve for melting of raw material. This 
starting time was also noted down for all insulating materials 
and it was found that combination of ceramic and glass wool 
has lowest starting time of 18 min and 16 sec while fiber 
glass has highest starting time of 29min and 7 sec. These 
results can be useful in selection of proper insulating material 
for heater in injection molding machine. 
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