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Abstract - Injection molding is the process of manufacturing components by injecting molten metal in to the mould cavity 
with plunger. This solidifies in to the shape of mould to fill the cavity. In 3D printing complex and intricate shapes can also 
be produced easily as there is no requirement of mould. The aim of this work is to perform a comparative study on the 
components fabricated by 3D printing  and Injection moulding process. The parameters considerd for comparison of 
injection moulding with 3D Printing process are  cost of manufacturing, dimensional accuracy and surface finish. For the 
purpose of comparison two components i.e., electronic circuit casing, automatic starter holder are considered. These  two 
components are fabricated by using both 3D printing and Injection moulding process with ABS material. In 3D printing 
electronic casing is also fabricated by PLA material. 
 
Keywords - Injection molding, 3D printing, manufacturing cost, surface roughness, dimensional accuracy, manufacturing 
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I. INTRODUCTION  
 
Injection molding is the process of manufacturing 
components with the given mold by injecting raw 
material in to the mold cavity with the help of a 
plunger.  The components are different in their shape, 
size, application and complexity.  
 
Additive manufacturing or 3D printing is the process 
of fabricating components by adding one layer upon 
another layer with computer controlled methods. 
These 3D printers can manufacture any of the 
complex shapes designed in predefined file formats  
like . STL file format. For small production runs and 
complicated shapes 3D printing is best suitable 
method. 3D printing is also used for tooling, which is 
known as rapid tooling. Build time of component 
depends on size and complexity of the object. 
Various types of 3D printing processes that are 
available are selective laser sintering (SLS), fused 
deposition modeling (FDM), sterio lithography (SLA) 
etc. In this work FDM 3D printing technology was 
used.   
 
II. LITERATURE REVIEW 
 
Mansour S.et.al [1] in their work illustrates 
comparison of Rapid manufacturing with regard to 
Injection molding. They made attempts to reduce 
build time, improve material properties, accuracy, 
surface finish.. They have also investigated its impact 
on design for manufacturing approach for injection 
molding. Concluded that theoretically RM process 
can easily accommodate  all the established  

 
guidelines. Krishna et.al [4] in their work presents the 
application of rapid prototyping in medical field for 
producing anatomical models. Connor kress et.al [6] 
presented in their paper the decreasing costs of 
production utilizing additive manufacturing, they 
assumed that injection molding will eventually 
become outdated for any operation the requires less 
than 10,000 parts.    
 
The ultimate cost between these two methods is the 
cost of the mold. For the injection mold, a typical 
price can be anywhere from $3000 to $10,000. This 
cost is circumvented in the additive process as there 
is no tooling is required. the largest singular cost of 
the operation was the cost of the mold.  
 
III. PROBLEM STATEMENT 
 
The aim of this work is to perform a comparative 
study of the components fabricated by additive 
manufacturing and injection molding process. The 
parameters considered for comparison are build time, 
cost of manufacturing, dimensional accuracy and 
surface finish.  
 
For the comparison purpose two components i.e., 
electronic circuit casing and automatic starter holder 
are considered. The dimensions of which are obtained 
from CIPET Hyderabad. 
 
IV. METHODOLOGY  
 
Fig.1. illustrates the flow chart of research 
methodology adopted. 
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Fig.1 Flow chart of research methodology 
 
3D modeling of components is performed using Solid works software. Fig.2 and Fig.3 shows the 2D sketches of 
the electronic casing and automatic starter box. Fig. 4 illustrates the 3D CAD model of electronic casing and 
starter box. 

 
Fig.2. 2D sketch of electronic casing 

 
Fig.3. 2D sketch of automatic starter box 
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Fig.4 3D CAD modeling of electronic casing and starter box 

 
4.1 Fabrication  of components by 3D Printing 
CAD models are saved as stl files, these stl files are 
loaded in to flash forge software which is connected 
to Flash forge finder 3D printer to fabricate 
components. Time taken for fabrication of electronic 
casing and starter box are 42 minutes, and 6hrs. 15 
minutes while the length of the wire consumed for 
electronic casing and starter box is  2.13 meters and 
25.4 meters respectively. Fig.5 shows the flash forge 
3D finder machine. 

 
Fig.5. Flash forge finder 3D printer 

 
Fig.6 and Fig.7 illustrates electronic casing and 
starter box fabricated by FDM 3D printer. 
 

 
Fig.6. Electronic casing fabricated on FDM    machine 

 

 
Fig.7. Starter box fabricated on FDM       Machine 

 
4.2 Fabrication of components by Injection   
       molding 
In injection molding, Mold is designed and setup as 
per requirements of the machine. Raw material in the 
form of granules of small size is kept in the hopper 
like structure (approximately 98% raw material + 2% 
additives for color) are inserted. Raw material is sent 
into the injection section and is passed through 
different zones of various temperatures in melting 
phase. To feed the material feeder is rotated in 
forward motion and sliding takes place in reverse 
motion. Different phases involved are temperature 
zone, feed zone transition zone and compression 
zone.  Pre heating of material is required for few 
materials viz., ABS, DERLIN .. etc.  After 
compression stage, the liquid material is forcefully 
pushed to the Sprue, Runner, Gate and through gate it 
enters in to the  cavity. Material is filled in the entire 
cavity and feeder moves back by sliding. 
Solidification process starts.  After solidification, 
mold is opened and product taken out with the help of 
ejection pins provided in the molding. then cycle 
repeats  The parameters like pressure, melt 
temperature, Injection time to be set with in the 
frozen layer fraction time only. Fig.8. shows injection 
molding machine setup and Table 2 shows its 
specifications. 
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Fig.8  Injection molding machine  JSW   PR/AIM/04 set up 

 
Fig.9. illustrates injection molding machine setup and 
Fig.10 illustrates the injection moulded components 
of electronic casing and automtic starter box. 

 

 
Fig.9 Core and cavity in machine for              electronic casing 

 

 
Fig.10 Injection moulded electronic casing and starter box. 

 
4.3 Dimensional accuracy 
Dimensional  accuracy and deviation from original 
dimensions are measured by using MITUTOYO 
digimatic caliper. Dimensions of components are 
measured at various locations and its deviation from 
original dimensions are tabulated .Table 1 shows the 
dimensional measurements of casing at various 
locations. The locations considered for  dimensional 
measurement of electronic casing is shown in Fig.2.  

 

 
Table 1: Dimensions of electronic casing measured by 

digimatic caliper (in mm) 

Fig.11 describes the dimensional variation plot of 
electronic casing. 
 

 
Fig.11. Dimensional variation of electronic casing 

 
Table 2 shows the dimensional measurements of 
starter box at various locations. The locations 
considered for  dimensional measurement of 
electronic casing is shown in Fig.3 
 

 
Table 2: Dimensions of starter box  measured by digimatic 

caliper (in mm) 
 
Fig.12 describes the dimensional variation plot of 
starter box as measured by digimatic caliper. 

 
Fig.12  Dimensional variation of starter box 

 
From the above two cases it is observed that for both 
the components the dimensional variation of 3D 
printing with ABS material is more than injection 
moulded components which is more than for 3D 
printing with PLA material. All the values obtained 
from measurement are within the allowable limits. 

 
4.4  Surface roughness measurement 
Surface roughness of the components is measured by 
using MITUTOYO SJ301 surface tester. and the 
corresponding values are presented in Table 5. Fig.13 
shows the surface roughness testing setup for the 
components. 

 
Fig.13. Surface roughness testing 
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Fig. 14 illustrates the surface roughness variation of 
electronic casing component at various locations.  

 
Fig.14 Surface roughness variation of casing 

 
Similarly Fig. 15 illustrates the surface roughness 
variation of starter  box at various locations. 

 
Fig.15 Surface roughness variation of starter Box 

 
From the above plots it is observed that surface is 
smoother in case of injection molding followed by 3D 
printing with PLA material. and comparatively rough 
surface is observed in case of 3D printing with ABS 
material. 
 
4.5. Manufacturing Time 
In case of 3D printing fabrication time is the sum of 
loading time, melting time and printing time.  
Loading time depends on the type of file and its size. 
Melting time depends on type of material. (For ABS 
material melting time is slightly higher than PLA), 
printing time depends on infill characteristics i.e., fill 
density, fill pattern, print speed and travel speed. For 
smoother objects print speed should be low and hence 
fabricating time will be more. Fig.16 shows the print 
time and number of layers of the starter box. 

 
Fig.16 Printing time of components 

 
For electronic casing printing time taken is 38 
minutes, loading time is 1min. and melting time is 3 
min.   Hence total printing time observed is 42 
minutes for single components.  For starter box, 
printing time is 6 hours, loading and melting time is 
15 minutes and hence the total time for fabricating is 
6hrs 15 min. The above calculations are made for 
15% infill. If we load 2 or more components then 
time taken for loading and melting time may be    
reduced. However, that depends on the size of part to 
be printed and machine capacity. 

In case of Injection molding, the total fabricating time 
is the sum of mold open time , mold closing time, 
Injection time, cooling time and ejection time. 
Number of components produced per ejection 
depends upon the number of impressions of the mold. 
In this case infill is 100%. For the selected 
components the time observed is 68 sec for casing            
(4 impressions) and 76sec. for box (single 
impression) however design of mold and its making 
will take some days to months. Setting of mold in 
machine is also a critical process. 

 
4.6 Manufacturing cost 
In case of FDM 3D printing process the 
manufacturing cost of a component is the sum of the 
material cost and printing cost.  
Material cost is equal to Volume of the material 
consumed multiplied by  density of the material and 
the cost of 1 Kg of material. 
For electronic casing, Volume of the material is equal 
to Length of the wire required for one component 
which  is 2.13 m multiplied by cross sectional area of 
the wire. Volume of the material required per 
component   =    휋 ∗ . ∗ 213  i.e., 5.125 cm3 
Density of ABS material  is 1.07 g/cm3. Mass of one 
ABS component (density*volume ) is     5.482 g. 
Cost of 1kg ABS filament is Rs.1800/- . Length of 
1kg filament   is 330 meters. Material cost of one 
component   is calculated as     2.13*1800/330 = 
Rs.11.62/-. Printing cost per hour (which includes 
operation, running and power charges)   is  Rs.54/-. 
Time required for 1 component production    is   42 
minutes. Hence printing cost per component = 
54*42/60 = Rs.37.8/-. Hence total cost per one 
electronic casing component made of ABS  material 
is the sum of Material cost and printing cost  which is 
obtained as Rs.49.42/- Similarly manufacturing cost 
per component of starter box with ABS is found to 
beRs.498.6/-   and for Electronic casing with PLA 
material it is found to be Rs.39.83/-. The cost of FDM 
Machine with PLA material  is  Rs. 50,000/-  and 
FDM Machine cost for ABS  is  Rs. 65,000/- 
 
In injection molding process manufacturing cost of a 
product includes raw material cost, cost of mould, 
machine cost, set up cost and operating cost. In 
injection moulding, mould is designed for 60,000 
components and Mould making cost is  Rs.3,00,000/-, 
hence Mould cost per component is Rs. 5/  Total 
volume of the cavity to be filled is     6.95 cm3. 
Density of material ABS  is 1.07 g/cm3                                 
Mass of component is 7.45 g.                                           
Cost of 1kg ABS granules is Rs.250/-                                
Coloring material cost per component  is Rs.1/-                  
Material cost per one component is                                 
Rs 250 x 7.45 / 1000 = Rs. 1.86/-                           
Machine operation and running cost per component is 
Rs.6/- Post processing cost per component (gate 
cutting and finishing ) is Rs. 2/-. Total cost of making 
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one electronic casing by injection moulding is  
material cost  plus mould cost  plus Operation cost 
plus post processing cost   i.e. 2.86 +5 +6 +2 = 
Rs.15.86/-. Similarly the manufacturing cost of starter 
box by injection moulding is calculated as Rs.148/-. 
Injection moulding machine cost is 12,50,000/-                                                               
 
In injection moulding, machine cost, mold making 
cost and set up costs are high and are one time 
investment cost. The product making cost depends 
upon type of material, cooling required and operation 
costs. Whereas, in 3D printing initial investment is 
less compared to injection molding to buy the 
machine. and material cost is based on its type and 
properties. If the products to be fabricated are in bulk 
quantity with solid dense making them in  Injection 
molding is preferable and if the products are in less 
quantity and are of prototypes then it is better to 
fabricate by using 3D Priting as it allows to fabricate 
any complex shapes. Table 3 illustrates the cost 
analysis of Injection molding and 3D printing 
methods. 
  

Particulars Injection 
molding 

3D printing 
PLA ABS 

Part volume in 
cm3 

6.95 5.125 5.125 

Raw material 
cost/kg in Rs. 

250/- 1800/- 1400/
- 

Cost/part of 
electronic casing 
in Rs. 

15.86/- 39.83/- 49.42/
- 

Cost/part of 
starter box  in Rs.  

148/- - 498.6/
- 

Table 3 Cost analysis of the components 
 

CONCLUSIONS 
 
From the comparative study of 3D printing with 
injection molding, it can be observed that for 
electronic casing, the dimensional accuracy of 3D 
printing with PLA material is better than injection 
moulding with ABS, which is better than 3D printing 
with ABS. The respective average variations 
observed are 0.066mm, 0.068mm and 0.13mm. For 
starter box, 3D printing and Injection molding with 
ABS material are 0.198mm and 0.165mm 
respectively. With regards to surface roughness, it 
was observed that surface is smoother in case of 
injection molding with average surface roughness 
value of 0.45 microns, followed by 3D printing with 
PLA material which is 2.34 microns. and 
comparatively rough surface is observed in case of 
3D printing with ABS material which is 3.53 
microns. Manufacturing cost of electronic casing and 

starter box per piece in Injection moulding  is found 
to be Rs. 15.86/- and Rs. 148/- respectively when 
produced in large quantity. However the initial 
investment on purchasing the injection moulding 
machine, machine die and running cost are very high, 
when compared with 3D printing process. 
Manufacturing time of components in injection 
molding involves mould making, set up time also. It 
will take 3-4 months for mould making and setup. 
Once setup is done, the fabrication time per 4 pieces 
(4 impressions) of electronic casing and 1 piece of 
starter box was found to be  68 seconds and 76 
seconds respectively. In 3D printing process total 
fabrication time includes part loading time and 
printing time. As it is slow process because of 
addition of one layer over another layer, time taken 
for production of 1 part of electronic casing and 
starter box was found to be  42 minutes and 6 hours 
15 minutes respectively. 
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