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Abstract 

 

Injection molding has been a challenging process for many manufacturers and researchers to produce products meeting requirement 

at the lowest cost. The quality of molded part can be classified into four categories: part design, mold design, machine performance 

and process conditions. The  development of unique technologies for high accuracy, high speed injection molding machine including 

a high rigidity, high speed driving mechanism and high dispersion, high speed plasticization mechanism through the structure 

analysis technology, flow  analysis technology and control simulation technology. The each process variable can be categorized into 

one of five main types such as speed, pressure, time, Temperature and stroke. The cooling time period is depended on the general 

shape of the component, the wall thickness of the component, and type of material being processed. The cooling time can represent 

more than 70% of injection cycle.The cycle time can be reduced by reducing the cooling time. We also perform multiple 

optimization simultaneously minimizing cycle time, wasted materials, and pressure drop. 

Keywords: Injection Molding,   Injection Mold Design, Baffle Cooling, Mold Flow, Cooling Time, Finite Element Analysis 

(FEM), Cycle Time. 
_________________________________________________________________________________________________________ 

I. INTRODUCTION 

Injection molding has been the most popular method for making plastic product due to high efficiency and manufacturability. The 

injection molding machine includes main for stage for production of plastic parts: filling and packing Stage, cooling stage and 

ejection stage. Among these stage cooling stage is a very important one because it mainly the productivity, quality and total 

efficiency of the machine.  The cooling stage taken 70% time of cycle time [7]. 

The appropriate design of cooling channel reduces cooling time, increase the productivity and minimizes undesired defect such as 

sink marks, differential shrinkage, thermal residual stress and warpage. The cooling phase, heat transfer between the molten materials 

inside the cavity and the cooling fluid flow in the cooling channel inside the mold. The rate of heat exchange is very important and 

directly related to the time taken by the cooling phase.  So it is important to understand and optimize the cooling channel design to 

optimize the rate of heat transfer in an injection molding process. 

  The optimizing convectional cooling channels (straight-drilled cooling lines) and finding architecture for injection mold cooling 

channel (conformal cooling channel).  The optimize the configuration of the cooling system in the terms of shape, size and location 

of cooling line. The cooling layout conformal cooling channel the conform to the mold cavity surface and examines the effectiveness 

of the cooling system. Solid free- form fabrication (SFF) or rapid prototype (RP) techniques have been proposed build this complex 

cooling system. The cooling quality is better than that conventional cooling channel. Along with SFF technique, milled groove 

conformal cooling channel. The conformal cooling channel in the plastic injection mold by using an array of baffles. 

The combination of analytical method, design of experiment(DOE), finite element  method, boundary element method (BEM) and 

CAE tool, especially the mold flow software were used to derive approximate equations showing the relation among cooling channel 

design variables, mold material process parameter for a given polymer [5] [7]. 

The design of injection mold is highly interactive and manual process involving substantial knowledge of multiple areas, such as 

mold design features, mold making processes, molding equipment and part design, all of which are highly coupled to each other. The 

main challenge is to design and produce a mold that is straightforward to manufacture, while providing uniform filling and cooling of 

plastic parts. At the same time the tool has to be strong enough to withstand millions of cyclic internal loads from injection pressures 

and external clamp pressures, in order to assure the target part‟s reproducibility. 
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II. LITERATURE REVIEW 

Irene Ferreira et.al  In this paper show that the cycle time of the injection molding process has five main stages. The first one, 

designated as pasting, involves the heating and melting of the plastic in the plasticator. The second stage, injection, encompasses a 

shot of melt into the closed mold. The third stage named after filling or packing, aim to prevent back flow and compensates for the 

decrease in volume of melt during solification. The forth the cooling stage, involves the molded part cooling in the mold until it is 

sufficiently rigid to be ejected. Finally the last stage release allows removal of the part by hydraulically opening and closing the mold 

to start the next cycle time 

 
Fig. 1: Main Stage of Injection Molding 

Based on this assumption, the cycle time is calculated as the sum of each of the stage times. However, plasticizing time was not 

considered in cycle time computations, since it occurs simultaneously in the cooling and packing stages of the previous part.  

Regarding filling time, which depended mostly on process conditions, it was assumed as a reasonable imposed value, similar to the 

proposed framework and verified by mold flow. The cooling stage, which in fact begins with mold filling and finishes when enough 

heat has been removed from the part in order to eject it without distortion, is the most important stage, since it absorbs about 80% of 

the cycle time.[8] 

Wong C. T et. al  In this paper,the analysis, simulation, mold flow provides sufficient information result, such as fill time, 

injection pressure and pressure drop. The analysis  also helps to reduce defect of plastic in actual injection such as sink marks, air 

traps, and over packing and reduce time and cost. The analysis simulation, moldfloe provides sufficient information results such as 

fill time and that also help in reduce the time of mould set up time in the machine cycle time [1] 
Hong-Seok Park et.al In this paper the represent that the baffle is a cooling channel drilled perpendicular to the main cooling line 

with a thin plate separating the drilled hole into two semicircular channels. The plate forces the coolant to flow down in one side and 

up in the other side. By changing the direction of the coolant flow in cooling channels, the baffles create turbulence around the bend 

and increase the heat transfer coefficient. Nevertheless, pressure drop increases, and more pump power are required in comparison to 

straight or smooth cooling channels. There are two kinds of baffles: normal baffle and spiral baffle. The first one is simple, but it is 

difficult to mount the thin plate (divider) exactly in the center of the channel and the temperature distributions in both sides of the 

baffle are different. The other one bit more complex, but it is easy to place the divider in the center of cooling channels; the turbulent 

effect and temperature distribution are improved. In this study; it is assumed that the flow rate of coolant is large enough to achieve 

effective turbulent flow and an increase in flow rate makes little difference to the rate of heat extraction. For this reason, both types 

of baffles are treated the same in terms of heat extraction. 

 
Fig. 2: Modeling of Array of Baffles Cooling Channels In CAE Software 
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Baffles are arranged as a two dimensional array including rows and columns. The configuration of the proposed cooling channels 

includes the pitch (x and y) between the baffles, the distance from a baffles tip to the cavity surface (z) and the diameter of the baffles 

(d) (fig2). The diameter of the main cooling line is proportional to d. The baffles tip conforms to the cavity surface in order to remove 

heat from hot polymer evenly. The baffle channels are machined by a drilling method which reduces the manufacturing cost.[5] 

P.K Bharti et.al illustrated finite element and adaptive neural network methods to the analysis of a multi- cavity injection molds. 

In order to select the optimal runner system parameters to minimize the warp of an injection mold, FEM, Taguchi method and an 

adaptive network were used. These methods were applied to train the adductive neural network. Once the runner and gate system 

parameters were developed, this network was used to accurately predict the warp of the multi-injection mold. A simulated annealing 

(SA) optimization algorithm with a performance index is then applied to the neural network in order to search the gate and runner 

system parameters. This method obtains a satisfactory result as compared with the corresponding finite element verification. A 

comparison was made between the FEM simulation mold-flow error and a model of predicted values of the optimization process. 

This comparison shows that‟s the model not only fits the FEM simulation mold flow, but also the finite element and addictive 

network predictions. The rapidity and efficiency of determining optimal runner system parameter for injection molding, can 

successfully improve the accuracy of the injection-mold design process.[6] 

Fauzan M. Handi et. al represent the Aformula based on simulation results using fluent software to determine the size and 

position of cooling channel in a plastic injection mold that yields the maximum effect on the ratio of product cooling rates and 

cooling pumping energy (CR/PE). Step by step optimization using a CR / PE parameter on the simulation results by considering 

uniformity product temperature during cooling.[3] 

 
Fig. 3: Spiral Cooling Channel 

C.H Lu and C.C Tsai et al. A Multivariable self tuning control method to improve performance of a temperature cooling system 

for an extruder barrel in the plastic injection molding process. Computer simulation and experimental results of  the feasibility and 

effectiveness of the proposed method. 

III. CONCLUDING REMARKS 

In this literature survey of  plastic injection molding machine the efficiency of the machine effected by the total cycle time of the 

machine. The 65% to 70%  time  consumed by the cooling  process,  the cooling time is reduced by proper cooling channel design  in 

mold. Following conclusion are found from the investigation. 

(1) The confermal cooling channel with the array of baffles improve the performance of the heat exchange, uniform control of 

mold temperature distribution  in the injection mold. 

(2) The  adding of fins  in injection mold that increase colling channel perimeter and  effect on cooling efficiency. From the 

simulation results, cooling time decrease when increase the number of fin in cooling channel. 

(3) The conformal cooling channel  most suitable cooling channel and better cooling properties , reduced shrinkage and lower 

sink mark and increase the quality of plastic parts. 
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