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Abstract. Todays, there are various of optimisation methods that have been studied by many researchers in order to find the appropriate combination of processing parameters setting in the injection moulding process. From the previous literatures, the optimisation works have been proven will improve the moulded part quality. In this study, the application of optimisation work to improve warpage of front panel housing has been explored. By selecting cooling time, coolant temperature, packing pressure and melt temperature as the variable parameters, design of experiment (DOE) have been constructed by using the rotatable central composite design (CCD) approach. Response Surface Methodology (RSM) was performed in order to define the optimal processing parameters setting which will optimise the warpage condition. Based on the results, melt temperature is the most significant factor contribute to the warpage condition and warpage have optimised by 47.1% after optimisation. The findings show that the application of optimisation work offers the best quality of moulded part produced.	Comment by ASUS_Win7: Font Type: Times New Roman
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Nowadays, injection moulding technology has been widely used in modern industry activity to manufacture a complex geometry product because of the effectiveness in term of efficiency and cost. The injection moulding process consists of four main stages which are filling, packing, cooling and ejecting processes [1, 2]. However, the quality issues have become a challenge to the plastic manufacturer. One of a common problem for injection moulded products is warpage[3]. Due to the design complexity and numerous influencing factors during the moulding process, warpage is difficult to avoid and this kind of defects will affect the assembly process like uneven clearance or interference especially in the thin wall component. The appropriate combination of injection moulding processing parameters can minimise this warpage condition [4]. Previously, to overcome the warpage problem, most of the plastic manufacturers relied on trial-and-error approach in order to obtain the appropriate setting of injectionmoulding processing parameters. However, this technique consumesa lot of time and cost [5]. 	Comment by ASUS_Win7: Font Type: Times New Roman
Font Size: 10 
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Response surface methodology (RSM) is a classical optimisation approach. It was used to demonstrate the relationship between variable parameters which influence the response condition in two or three-dimensional hyperbolic surface [10]. The mathematical model function will be obtained by using the second-order polynomial regression model in this study. The necessary information to construct the response model are generally accumulated by the simulation works [11, 12]. Figure 1 shows the RSM flowchart in this study. This study wills accordingly the flow chart shown in Fig. 1.
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In this research, four factors which are coolant inlet temperature, melting temperature, packing pressure and cooling time have been chosen as variables parameters that influencing warpage in the injection moulding process. The selected variable parameters range were defined by minimum and maximum levels as shown in Table 1. Then, full factorial design was selected as a DOE in order to predict the interactions of the variable parameters and the main effects which affect the warpage condition of the moulded part by using Design Expert 7.0 software.	Comment by ASUS_Win7: Font Type: Times New Roman
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	Level

	
	Minimum
	Maximum

	Coolingtemperature, A (°C)
	25
	65

	Melt temperature, B (°C)
	220
	260

	Packing pressure, C (MPa)
	46.74
	56.74

	Cooling time, D (s)
	25
	40
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The results tabulate the warpage value for each run with the specified variable parameters condition which obtained from the DOE. The specified variable parameters condition was set and simulated in the AMI 2013 software.
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Warpage value obtained from simulation analysis was shown in Table 6. The results tabulate the warpage value for each run with the specified variable parameters condition which obtained from the DOE. The specified variable parameters condition was set and simulated in the AMI 2013 software.
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	Standard Order
	Data Source
	Variable parameters for injection moulding simulation
	Response

	
	
	Cooling temperature (°C)
	Melt temperature (°C)
	Packing Pressure (MPa)
	Cooling time (s)
	Warpage (mm)

	1
	DOE
	25
	220
	46.74
	20
	0.220

	2
	
	65
	220
	46.74
	20
	0.155

	3
	
	25
	260
	46.74
	20
	0.305

	4
	
	65
	260
	46.74
	20
	0.225

	5
	
	25
	220
	56.74
	20
	0.215

	6
	
	65
	220
	56.74
	20
	0.170

	7
	
	25
	260
	56.74
	20
	0.310

	8
	
	65
	260
	56.74
	20
	0.235

	9
	
	25
	220
	46.74
	35
	0.175

	10
	
	65
	220
	46.74
	35
	0.130

	11
	
	25
	260
	46.74
	35
	0.255

	12
	
	65
	260
	46.74
	35
	0.185

	13
	
	25
	220
	56.74
	35
	0.175

	14
	
	65
	220
	56.74
	35
	0.135

	15
	
	25
	260
	56.74
	35
	0.245

	16
	
	65
	260
	56.74
	35
	0.190

	17
	Centre
	45
	240
	51.74
	27.5
	0.215

	18
	
	45
	240
	51.74
	27.5
	0.215

	19
	
	45
	240
	51.74
	27.5
	0.215

	20
	
	45
	240
	51.74
	27.5
	0.215

	21
	Axial
	5
	240
	51.74
	27.5
	0.240

	22
	
	85
	240
	51.74
	27.5
	0.140

	23
	
	45
	200
	51.74
	27.5
	0.170
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This study is helpful in enhancing the quality of moulded parts produced where the objective is to optimisewarpage of the front panel housing moulded part have been achieved. Based on the results, the warpage has been optimised by using Response Surface Methodology (RSM) approach. The results also show that:
By using RSM, the significant mathematical model function can be obtained in order to predict warpage value with reasonable accuracy.
From the ANOVA results, melt temperature is the most significant factor influencing the warpage condition on the moulded part, follow by coolant temperature and cooling time. 
The optimal processing parameter obtained from RSM has optimisedwarpage by 47.1% which is from 0.2650mm from the simulation result to 0.1403mm after optimisation.
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