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Abstract 

 

Plastics are certainly most versatile of all known materials today and have therefore, established themselves in enviable position 

from where are not even possible to replaced. Injection molding machine is one of the most  widely used method of conversion 

of plastic into various end products application to wide range of plastic materials  from plastic commodity to specialty 

engineering plastic. In injection molding machine platen play a very important role. During the process generally compressive 

stress generates at particular regions. As load varies with fast rate there is chance to failure of tie bar rod. Due to heavy mould 

shape, size of platen also change, that’s increase its weight as well as stress level at certain region and this is not good in practice. 

This leads to failure of platen or failure of tie rod due to stretching by nut and platen. The aim of this research is study about 

those areas where stress can affect the failure of tie bar due to heavy weight of platen the deflection or misalignment with 

movable platen. Finally redistribution of stress so that uniform stress achieve (optimization of platen). This project is including 

Finite Element Analysis and Optimization of a Typical Structural Component of a Plastic Injection Molding Machine. The aim 

of project is to optimize a typical structural component (platen) by using finite element analysis after checking induced stresses 

with allowable design stress. Optimize design of platen with the use of removing material from them. Hence design modification 

of platen is carried out to achieve good strength and cost effectiveness. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Plastics are certainly the most versatile of all known material today and have, therefore, established themselves in an enviable 

position from where they are not even possible to be displaced. Injection molding is one of the principle methods of conversions 

of plastics into various end-products using a very wide range of plastics materials from commodity plastics to specialty 

engineering plastics. The products range covers from simple house wares to very specialized products  from electronics, 

telecommunication, automobile and defence industrial segments. The machines in use are from inexpensive manually operated to 

the very expensive state-of-art machines which produce components in quality that matches the best in the world thereby 

opening-up the exports market. A large variety of molding machines are manufactured in the country with the indigenously 

developed technology as well as in collaboration with the world leaders to indigenously manufacture machines of world 

standards. Clamping force, low pressure molding machines, gas injection molding machines, multi component molding 

machine’s co-injection molding machines or some very special tailor-made machines dedicated to specific end-uses and 

polymers. The facilities for mold making have also developed over the years and even the most difficult and sophisticated molds 

are now being designed and fabricated in India. The potential for the injection molded products is tremendous in our country. 

 
Fig. 1: Plastic Injection Molding Machine 
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The most common methods of conversion of plastics are:  

 Compression Molding  

 Injection Molding  

 Blow Molding  

 Extrusion And Thermoforming   

The injection system consists of a hopper, a reciprocating screw and barrel assembly, and an injection nozzle, as shown in 

Fig.2 This system confines and transports the plastic as it progresses through the feeding, compressing, degassing, melting, 

injection, and packing stages. Thermoplastic material is supplied to molders in the form of small pellets. The hopper on the 

injection molding machine holds these pellets. The pellets are gravity-fed from the hopper through the hopper throat into the 

barrel and screw assembly. 

II. LITERATURE REVIEW 

[1] Sasikumar, C et all analyze that premature failure of a tie bar in an injection molding machine. The tie bars are subjected to a 

pulsating cyclic loading during the plastic molding process. The failure was found to occur at the root of the first thread by 

transverse fatigue fracture induced by a pulsating tensile stress with multiple points of high stress concentration. The tie bar of 

the injection-molding machine has failed at the root of the thread by fatigue fracture induced by a combination of pulsating 

cyclic tensile stress and a component of torsional stress with multiple points of high stress concentration. High stress 

concentrations have been introduced by a combination of improper molding parameters resulting in uneven tensions in the four 

tie bars and significant amount of material defects. The uneven load has resulted in a torsional component of stress, 

misalignment of thread and consequent gouging at the threads. The fatigue crack has initiated at the root of the final thread at an 

inclusion and propagated through the inclusions and fine cracks inherently present in the material. Once the diameter of the tie 

bar is reduced due to the propagation of fatigue fracture and reaches the critical diameter, the final failure has occurred by ductile 

fracture due to overload. 

[2] Patel Niral et all  has been consist the detail design of clamp cylinder for 1000 ton injection molding machine with 

topology optimization. The design is carried out based on calculated diameter and thickness. Modeling and FEA is carried out 

for newly designed 1000T clamp cylinder and to be verified with theoretical calculation and acceptance criteria. The topology 

optimization of clamp cylinder is also carried out using CAE tools to reduce weight with the constraints of standard operating 

condition. Topology optimization is a mathematical approach which optimizes the material layout within a given design space, 

under given set of loading and boundary condition. For the purpose of optimization, clamp cylinder material is taken 

homogenous, iso-tropic, linear and temperature independent. The topology optimization of the component is carried out and 

substantial reduction in weight about 70 kg is obtained.  

[3] Dheeraj Mandliya et all has study about those areas where stress can affect the failure of tie bar due to heavy weight of 

stationary platen the deflection or misalignment with movable platen.  In injection molding machine stationary platen play a very 

important role. During the process generally compressive stress generates at particular regions. As load varies with fast rate there 

is chance to failure of tie bar rod. Due to heavy mould shape, size of platen also change, that’s increase its weight as well as 

stress level at certain region and this is not good in practice . This leads to failure of platen or failure of tie rod due to stretching 

by nut and platen.  This paper is including Finite Element Analysis and Design Optimization of a Typical Structural Component 

of a Plastic Injection Molding Machine. The aim of paper is to optimize a typical structural component (stationary platen) by 

using finite element analysis after checking induced stresses with allowable design stress. Hence design modification of platen is 

carried out to achieve good strength and cost effectiveness. FE analysis of existing stationary platen is carried out by using 

ANSYS software.  Finally In optimization design modification has been carried out in Pro/E model and checked for its feasibility 

with respect to stresses and weight. The aim of the optimization is reduce the weight and make it cost effective. Existing model 

of stationary platen has dome type shape. Dome type shape is converted in to box type which resulted in reduction of overall 

thickness of platen to the tune of 5 %. 

[4] Shu Huang Sun et all has main objective is to design the structure of the stationary platen with optimized stiffness at 

minimal raw material cost. Tie bars are key components of a plastic injection machine. They very easily fatigue in periodically 

long term operations due to the bending moment transferred to them by the bending of the stationary platen. This problem can be 

easily overcome by reducing the deflection of the stationary platen through topology optimization of the platen structure by 

applying a cost or weight constraint. In this paper, the self-organization method was introduced to optimize the topology of the 

stationary platen. This method is to modify the Young’s modulus of each element according to the ratio of its stress and the 

average stress of the entire model after each FEM analysis. By applying this method to the stationary platen design, the 

deflection of the platen could be reduced, which correspondingly reduces the bending load of the tie bars and thus extending 

their operating life. The proposed stationary platen design was almost identical to that used in a commercial machine Also, the 

proposed method herein, proved the effectiveness of the existing platen design through a simple and systematic scientific way. 



Finite Element Analysis and Design Optimization of Platen for Injection Molding Machine  
(IJIRST/ Volume 1 / Issue 12 / 056) 

 

 
All rights reserved by www.ijirst.org 325 

III. FE ANALYSIS 

Static FE analysis has been carried out on Platen for checking stress and weight. Here shown in figure four faces of hole are 

fixed and force 160 ton applied on toggle part. Then automatic tetrahedral mesh generation generate nodes-42252 , element-

160862. 

    
 

  
Fig. 2: Static Structure Analysis of Platen 

 Result of Standard Model From Test Report: A.

 Generated Stress: 181.62 Mpa 

 Total Deformation:0.1965 mm 

IV. METHODOLOGY 

 Taguchi Method: A.

A scientific approach to plan the experiments is a necessity for efficient conduct of experiments. By the statistical design of 

experiments the process of planning the experiment is carried out, so that appropriate data will be collected and analysed by 

statistical methods resulting in valid and objective conclusions. When the problem involves data that are subjected to 

experimental error, statistical methodology is the only objective approach to analysis. Thus, there are two aspects of an 

experimental problem: the design of the experiments and the statistical analysis of the data. These two points are closely related 

since the method of analysis depends directly on the design of experiments employed. 

 Selection of Process Parameter: 1)

The three input parameters in platen for material revoval  are hole size, lateral & linear distance. 
Table - 1 

Range of Process Parameters 

Input parameters 
Level 

1 2 3 
Hole Size (mm) 40 42 44 

Lateral Distance (mm) 250 270 290 

Linear Distance (mm) 250 270 290 

While we take other data for this parameter stress can increase on platen. We also perform on hole size 38 ,45 , both distance 

249,291 but stress can increased. So, we cannot take consideration this level of parameter 

 Analysis of Variance (ANOVA): 2)

In design of experiment the results are analyzed due to one or more of the following three objectives. 

1) To establish the best or the optimum condition for a product or a process. 

2) To estimate the contribution of individual factors. 

3) To estimate the response under the optimum condition. 
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V. EXPERIMENTAL RESULT AND DISCUSSION 

The experiment was conducted in company to measures the value of stressand deflection for the various combination of input 

parameter. 
Table - 2 

L9 Orthogonal Array with Experimental Readings 

Experiment 

No. 

Hole Size 

(mm) 
Lateral Distance (mm) 

Linear Distance 

(mm) 

Stress 

(MPa) 

Deformation 

(mm) 

1 40 250 250 185.36 0.2094 

2 40 270 270 183.72 0.2096 

3 40 290 290 184.57 0.2098 

4 42 250 270 186.01 0.2097 

5 42 270 290 185.25 0.2094 

6 42 250 250 185.72 0.2097 

7 44 290 290 187.06 0.2101 

8 44 250 250 184.13 0.2094 

9 44 270 270 185.15 0.2108 

 Main Effects Plot of Stress: A.

Fig.2 shows that better stress will meet at hole size 40 mm, lateral distance 270 mm and linear distance 270 mm. The graph 

generate by use of minitab-16 statistical software for stress. It has been conclude that the optimum combination of each process 

parameter for stress will meet at hole size [A2], lateral distance [B2], linear distance [C2]. 

 
Fig. 3: Effect of Input Parameter on Stress 

 Main Effects Plot of Deformation: B.

Fig.7.4 shows that better Deformation will meet at hole size 40 mm, lateral distance 270 mm and linear distance 270 mm. The 

graph generate by use of minitab-16 statistical software for Deformation. It has been conclude that the optimum combination of 

each process parameter for deformation will meet at hole size [A2], lateral distance [B2], linear distance [C2]. 

 
Fig. 4: Effect of Input Parameter on Deformation 

 

444240

-45.32

-45.34

-45.36

-45.38

-45.40

290270250

290270250

-45.32

-45.34

-45.36

-45.38

-45.40

HOLE

M
e

a
n

 o
f 

S
N

 r
a

ti
o

s

LATERAL DISTANCE

LINEAR DISTANCE

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Smaller is better

 

444240

13.58

13.57

13.56

13.55

290270250

290270250

13.58

13.57

13.56

13.55

HOLE

M
e

a
n

 o
f 

S
N

 r
a

ti
o

s

LATERAL DISTANCE

LINEAR DISTANCE

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Smaller is better



Finite Element Analysis and Design Optimization of Platen for Injection Molding Machine  
(IJIRST/ Volume 1 / Issue 12 / 056) 

 

 
All rights reserved by www.ijirst.org 327 

 Analysis of Variance for Stress: C.
Table – 3 

ANOVA Table for Stress 

Source DF Seq SS Adj SS Adj MS F P 

HOLE 2 2.0816 2.0816 1.0408 3.86 0.006 

LATERAL DISTANCE 2 4.7583 4.7583 2.3791 8.82 0.002 

LINEAR DISTANCE 2 0.7664 0.7664 0.3832 1.42 0.000 

Error 2 0.5394 0.5394 0.2697   

Total 8 8.1457     

S = 0.399305   R-Sq = 93.38%   R-Sq(adj) = 73.51% 

From ANOVA result it is observed that the hole size, lateral distance, linear distance are influencing parameter for stress. The 

confidence level (CL) used for investigation is taken 95% for this investigation. The parameter R-Sq described the amount of 

variation is explained by the input factor. R-Sq= 93.38% which indicate that the model is able to predicate the response with high 

accuracy. 

 Analysis of Variance for Deformation: D.

From ANOVA result it is observed that the hole size, lateral distance, linear distance are influencing parameter for deformation. 

The confidence level (CL) used for investigation is taken 95 % for this investigation. The parameter R-Sq described the amount 

of variation is explained by the input factor. R-Sq= 94.65% which indicate that the model is able to predicate the response with 

high accuracy 
Table – 4 

ANOVA Table for Deformation 

Source DF Seq SS Adj SS Adj MS F P 

HOLE 2 0.0000005 0.0000005 0.0000003 5.77 
0.148 

 

LATERAL DISTANCE 
2 

 
0.0000006 0.0000006 0.0000003 7.00 0.125 

LINEAR DISTANCE 
2 

 
0.0000004 0.0000004 0.0000002 4.92 0.169 

Error 2 0.0000001 
0.0000001 

 
0.0000000   

Total 8 0.0000016     

S = 0.000208167   R-Sq = 94.65%   R-Sq(adj) = 78.60% 

 One-Way ANOVA: Hole, Lateral Distance, Linear Distance, Stress, Deflection: E.

In this method result it is observed that the parameter R-Sq described the amount of variation.  R-Sq= 78.60% which indicate 

that the model is able to predicate the response with high accuracy. With use of this method optimized result has been predict. 
Table – 5 

One-Way ANOVA Table 

Source DF SS MS F P 

Factor 4 576727 144182 1193.52 0.000 

Error 40 4832 121   

Total 44 581559    

S = 10.99   R-Sq = 99.17%   R-Sq(adj) = 99.09% , Pooled StDev = 10.99 

 Interaction Plot for Stress and Deformation: F.

    
Fig. 5: Interaction Plot for Stress and Deformation 
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VI. RESULT AND DISCUSSION 

In this chapter the combined approach of taguchi and ANSYS is discussed. After this nine  analysis is carried out of platen for 

taguchi selected array. This result is used in taguchi analysis and from that analysis it can be concluded that case 2 which has 

hole size 40mm, lateral distance 270mm, linear distance 270mm gives the nominal  Stress, Deformation of platen is and this 

combination can be utilized to optimize platen.  

Optimized Results based on  factor level for prediction on ANOVA 
Table – 6 

Hole size(mm) Lateral distance (mm) Linear distance (mm) Stress (Mpa) Deformation (mm) 

40 270 270 183.72 0.2096 

 

In design of experiment perform on different level design with use of minitab software 9 experiment introduce. This factor 

level prediction analysed by ANSYS and get the value of stress and deformation. When performing factor level for prediction 

parameter Stress, Deformation of platen is nominal for hole size 40mm, lateral distance 270mm, linear distance 270mm. With 

use of this combination material remove from platen, weight and cost optimized. 

VII. CONCLUSION 

In this research, three parameters:  hole size, lateral distance, linear distance were analyzed for material removal from platen. 

Taguchi method  was used in this research to conduct an experimentation plan to determine the optimum parameters settings that 

affect the output characteristic responses as proposed in this study such as stress and deformation 

Optimization of all responses has been carried out with help of ANOVA method and the best factor setting obtained is hole size 

40mm, lateral distance 270mm, linear distance 270mm. This parameter gives optimum value of  material removal from platen. 

Hence, with use of this parameter we get 5% cost can optimized. 

Future scope: In present work, optimization of  three  responses viz stress and deformation considered for platen. Due to time 

constraints, we optimized only platen of injection molding machine although clamping assembly optimization may be carried out 

in future. Moreover in this work kinematic analysis of clamping system of injection molding machine, linear elastic fracture 

mechanics analysis of platen also carried out in future 

REFERENCES 

[1] Sasikumar, C and Srikanth, S and Das, S K, “Analysis of premature failure of a tie bar in an injection molding machine”, Engineering Failure Analysis, 13 

(8). pp. 1246-1259, Jan 2006. 

[2] Patel Niral , Mihir Chauhan “FEA and Topology Optimization of 1000T Clamp Cylinder for Injection Molding Machine” , Nirma University International 
Conference (NUiCONE 2012), Procedia Engineering 51 (2013)617-623. 

[3] Dheeraj Mandliya, Yogesh Agrawal, G.V.R Seshagiri Rao “Design Optimization of Stationary Platen of Plastic Injection Molding Machine Using FEA”, 

International Journal Of Engineering Sciences & Research Technology,May-2014. 
[4] Shu Huang Sun “Optimum topology design for the stationary platen of a plastic injection machine”, Computers in Industry, Volume 55, Issue 2, Pages: 147 

–158, Oct 2004.  


