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ABSTRACT
In this dissertation, the effects of fiber orientation on impact fatigue of polycarbonate composites reinforced with short glass fiber are studied. The specimens were prepared under various injection molding conditions, such as filling time, melting temperature, mold temperature and holding pressure. For the design research of the manufacturing process optimization in the injection molding, we use the short glass fiber reinforced polycarbonate composites materials to make the impact fatigue specimen being the goal of research. This method can replace the traditional 「change-one-parameter-at-a-time」 approach which is very inefficient, costly, time consuming and almost impracticable to yield an optimum solution. The short glass fiber orientation is perpendicular to the melt flow direction in core layer, but it has the parallel direction in skin layer. From the CAE analysis, we have gotten optimal process parameters to obtain the thicken skin layer that was our target. That is completely different form the impact fatigue specimen at the same processing conditions in the previous study. In the same way, we use the Gray System Theory and the Extensional Set Theory to replace the Experimental Design method of Taguchi and to search the best injection molding conditions, we found the results of both are nearly the same. 
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1. INTRODUCTION
In the industrially advanced countries, many industries of product design and R & D work not only has served as a very important role in advanced industrial countries, but also is one of the reasons with a number of excellent product designs, according to the technology development, the requirement for product performance is getting higher and higher. How to seek high quality, flexible and rapid production technology to meet the requirements for both the best design and economic efficiency, Products of excellent quality represent a rich profit. To design and manufacture high quality and high efficient products will be the key point for industries to keep high growth rate. 

Therefore, the optimization process is rather a method of upgrading the capability of engineering and design than that of quality improvement. The motivation and objective of this research is to improve the quality technology at nearly no cost. Is quality improvement methods as engineering or design capacity of the lifting scheme and it can hardly take on any cost consideration. The traditional manufacture of injection molding method has a number of conditions and quality control is not easy, the quality varies, that the production quality is not stable and non-robust.

Traditional experimental method requires too many experiments. When customer needs the product urgently, it is very often put into production before finding the best manufacturing parameters, causing a low yield rate. Since we have discussed the process optimization, our goal is to find the optimized process in a much shorter time than the original "try and error".

Quality engineering is a systematic subject among interdisciplinary sciences, involving engineering design, manufacturing operations and economic principles, it is often applied to improve product quality. Roughly in terms of basically quality engineering can be divided into Off-Line and On-Line in two aspects. Commonly used quality control methods, such as Pareto Analysis, Run Chart, Relation Chart, Histogram, Stratification, Fishbone Diagram, Radar Chart and Statistic Process Control and most application are mostly used in improving the manufacturing process, that is emphasize on on-line Quality Engineering not much on upgrading the product quality.

Off-Line Quality engineering has developed a systematic approach which is aimed at the developments of product design and manufacturing process design. As we focus on product and process design, the quality can be take into account in the Quality Designed-In, that is not only bringing a greater impact on product quality and for an engineer designing a high-quality, low-cost product or process is both an economic and technological challenges. "Robust design" is a design optimization method which is systematic, efficient and taking into account the product performance, quality and cost. It utilizes orthogonal table as a mathematical tool, by a small number of experiments to study a large number of decision variables, predicting the quality from the customer's point of view.
Therefore, with tolerable development cost, a product or a process design of most cost-affective, and taking into account the interests of producers and customers, can be accomplished. 
Many companies, big or small,  high-tech or general science technology, found that robust design method is very useful for making competitive low-cost-high-quality products to consumers, at the same time maintaining a considerable profit. Using "robust design engineering technology" to improve the quality is the industry's so-called "process design optimization technology."

“Process design optimization technology” plays a very important role in product design and R & D work in many industrial fields in the advanced industrial countries. It is also one of the reasons why advanced countries have a great number of excellent product designs.

Exploring optimization technology theory, Hajela has all kinds of design optimization technology been known as MDO Multi-design optimization, divided into more than 20 kinds of ways.

The classical optimization method, no matter in Operation Research or in Linear Programming, needs to find a Mathematical Model as its Objective Function, but in many cases it's not easy to establish mathematical models, so there comes an "expert opinion" or "experimental value" processing these data  and yielding the best value.

As described in the preceding paragraph, process optimization methods takes advantage of this experimental results to process the data and yield the best value, it is a common fact in the application of the manufacturing process design.
2. The analysis of research design structure
In this experiment previews all carries on the formation condition simulation by the C-MOLD coverall analysis software, under the formation condition, the change formation's backfill time, the friendly rubber temperature, the mold warm cooling temperature with guarantees presses the pressure, designated that backfill time 1sec-24sec, melts the rubber temperature range for 250℃-320℃, the mold cools the temperature range for 20℃-95℃, guarantees presses the pressure is 10%~100% detailed formation condition and parameter as shown in Table1. Based on the C-MOLD analysis software is take the shell theory as the foundation, therefore does not surpass 4㎜ the limit in the simulation process preview thickness, in projects in the formation backfill process, will take shape the condition to cause the different fiber array distribution differently. The coverall simulation analysis software carries on the short fiber arrangement position using C-MOLD the forecast.

2.1   Decision quality characteristic

The quality characteristics of the experiment is thickness of the shear layer of polycarbonate, the more thick to withstand greater wear resistance.

2.2  The program and control factors
Factors that affect product quality characteristics, cooling time, injection pressure, injection speed, material properties, melt flow rate, flow rate of heat transfer, the process of filling fiber uneven changes in flow velocity, and pastes, heat transfer effects. ASMT standard specimens, the geometric shape, material, injection molding machine is fixed, processing conditions affect the filling time, melt temperature, mold temperature and heat stress as a parameter (Criteria), such as the one shown in the table 1.
Table 1 Criteria and Levels

	
	Levels

	Criteria
	1
	2
	3

	A
	filling time(sec)
	2
	5
	9

	B
	melt temperature (℃）
	270
	290
	310

	C
	mold temperature (℃）
	65
	80
	95

	D
	packing pressure(%）
	20
	60
	100


A (control factor 1) "filling time": filling time and injection speed and injection pressure injection molding process for the control of the three most important factors, when the injection pressure increases, the injection speed increases, filling time is reduced; if there was an factor contrast, other factors are the opposite.
B (control factor 2) "melt temperature": If the temperature is too high, too fast can cause plastic liquidity, so that these products will produce plastic flash, also easy to make molecular degradation, the product char; if the temperature had low, will cause plastic flow of slow, raw materials would melt less complete, will result in less plastic filled, fast curing.
C (control factor 3) "Mold Temperature": If the temperature is too high will slow cooling products; if the temperature is too low, make products in the cooling process, a sudden contraction, resulting in products produced dent, so the cooling mold temperature has general standard interval value.
D (control factor 4) "packing pressure": plastic injection causes incomplete filling is too slow, fast curing; the other hand, injection speed, a single product is also relatively shorter time, production has increased, the cost of time spent reduced.
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 the results of factor configured as shown in Table 2
Table 2 Orthogonal array and allocation 
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2.3   The Extenics theory on process optimization analysis
The establishment of the conditions set measurable matter-element is established to determine the classic field and domain. Four-dimensional matter-element
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V value of the assessment results as shown in Table 3.

Table 3  Classical Domain and data collection by Extenics Theory

	Element
	Feature value
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2.4   Determine the weights

This article will use Analytical Hierarchy Process (AHP) to calculate weights.
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Use of AHP to obtain weight coefficient vector
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Using the analytical hierarchy, if its value is less than 0.1, it that the paired comparison of consistency in a reasonable range, in the style weights obtained after the consistency by comparison, been confirmed, its value is less than 0.1, the value can be used as weights. Build correlation functions and the associated calculation.

Extension in accordance with the significance of taking away from the associated function
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To measure the value of Vij conditions were incorporated into the correlation function K1 (x), K2 (x), K3 (x), K4 (x) obtained after the correlation function value, that is, degree qualified. Its value
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2.5 Calculation and ranking priority
Measure the conditions set V of weights vector 
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 the calculation results shown as Table 4.
Table 4 Degree of equal weight and priority ranking by Extenics Theory
	Experimental program
	Degree of optimization
	Sequence

	1
	0.3904
	8

	2
	0.5936
	6

	3
	0.3016
	9

	4
	0.8940
	1

	5
	0.7437
	4

	6
	0.7582
	3

	7
	0.5644
	7

	8
	0.8097
	2

	9
	0.6629
	5


3. Design of Grey Theory in the Analysis of Process Optimization problem

3.1   Grey Theory experimental criteria
Injection molding has four indicators, denoted by A, B, C, D
   A: (1) filling time (s)
B: (2) melt temperature (℃)
C: (3) mold temperature (℃)
D: (4) packing pressure（%）
3.2   Grey Theory Experimental data
(1) Data 1 
(2) Data2
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(3) Data3
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3.3   Construction Mode and Mode of treatment
(1) Filling time
(A) Model series:
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(B) Value: Index value of 5.0
(C) Calculated measure:


[image: image44.wmf]4

.

0

5

2

}

2

,

5

max{

}

2

,

5

min{

}

1

,

max{

}

1

,

min{

1

=

=

=

=

A

A

a

       
[image: image45.wmf]0

.

1

5

5

}

5

,

5

max{

}

5

,

5

min{

}

3

,

max{

}

3

,

min{

2

=

=

=

=

A

A

a



[image: image46.wmf]556

.

0

9

5

}

9

,

5

max{

}

9

,

5

min{

}

9

,

max{

}

9

,

min{

3

.

=

=

=

=

A

A

a


 (2) Melt temperature
(A) Model series:
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(B) Value: Index value of 290
(C) Calculated measure:
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(3) Mold temperature

(A) Model series:
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(B) Value: Index value of 80
(C) Calculated measure:
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(4) Holding pressure
(A) Model series:
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(B) Value: Index value of 100
(C) Calculated measure:
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3.4  Indicators measure the model compounds

[image: image59.wmf]0.2)

 

0.813,

 

0.93,

 

(0.4,

)

,

,

,

(

1

1

1

1

1

=

=

d

c

b

a

x



[image: image60.wmf]0.6)

 

1.0,

 

1.0,

 

(0.4,

)

,

,

,

(

2

2

2

1

2

=

=

d

c

b

a

x



[image: image61.wmf],1.0)

 

0.889

 

0.935,

 

(0.4,

)

,

,

,

(

3

3

3

1

3

=

=

d

c

b

a

x



[image: image62.wmf]1.0)

 

1.0,

 

0.93,

 

(1.0,

)

,

,

,

(

3

2

1

2

4

=

=

d

c

b

a

x



[image: image63.wmf]0.2)

 

0.889,

 

1.0,

 

(1.0,

 

)

,

,

,

(

1

3

2

2

5

=

=

d

c

b

a

x



[image: image64.wmf]0.6)

 

0.813,

 

0.935,

 

(1.0,

 

)

,

,

,

(

2

1

3

2

6

=

=

d

c

b

a

x



[image: image65.wmf]0.6)

 

0.889,

 

0.93,

 

(0.556,

 

)

,

,

,

(

2

3

1

3

7

=

=

d

c

b

a

x



[image: image66.wmf]1.0)

 

0.813,

 

1.0,

 

(0.556,

 

)

,

,

,

(

3

1

2

3

8

=

=

d

c

b

a

x



[image: image67.wmf]0.2)

 

1.0,

 

0.935,

 

(0.556,

 

)

,

,

,

(

1

2

3

3

9

=

=

d

c

b

a

x


4. Manufacturing Reference Model and Case Study
Processing to measure the polarities of the target set for the expected goals, indicators model for the reference model set out the maximum
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4.1  Difference sequence
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4.2  The process of the gray relational coefficient and gray relational grade
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AHP weights ranging from weights and gray correlation coefficient comparison:
(1) Equal weight
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Calculation mode 1 to 9 sort of gray relational grade.
(2) The weight range
AHP:
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Calculation mode 1 to 9 sort of gray relational grade.

4.3  Grey Sequence
(1) Gray sequencing under equal weight
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The best option for the first 4 mode, 
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(2) Weights ranging from gray
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The best option for the first 4 mode, 
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Grey relational analysis through the above, we can determine the best combination of indicators and programs. From this gray correlation analysis method to improve the contribution of the manufacturing process, the calculation results shown as Table 6.

Table 5  Degree of equal weight              Table 6 Degree of unequal weight
and priority ranking by Gray Theory          and priority ranking by Gray Theory
	Experimental program
	Degree of optimization
	Sequence

	1
	0.5438
	9

	2
	0.6960
	6

	3
	0.7303
	4

	4
	0.9243
	1

	5
	0.7479
	3

	6
	0.7300
	5

	7
	0.6259
	8

	8
	0.7573
	2

	9
	0.6402
	7

	Experimental program
	Degree of optimization
	Sequence

	1
	0.5521
	9

	2
	0.6620
	5

	3
	0.6330
	7

	4
	0.9654
	1

	5
	0.8993
	2

	6
	0.8625
	3

	7
	0.6223
	8

	8
	0.6823
	4

	9
	0.6508
	6


4.4  Used C-MOLD maximum thickness of the epidermis
In the C-MOLD simulation test, core layer of epidermis polycarbonate fiber arrangement with the case. Molding conditions in the processing, combined with the orthogonal array experimental design, to do 9 of the experiment, the maximum thickness of the epidermis obtained fibers arranged in the 4th experiment, as mentioned above the epidermis thicker fiber arrangement, the specimen stronger impact fatigue resistance ability. the results shown as Table 7.

Table 7 Enhanced polycarbonate in different injection molding conditions and

Normal thickness of the fiber arrangement

	Regular thickness
	Experimental times

	
	1
	2
	3
	4
	
5
	6
	7
	8
	9

	0.000
	81
	82
	81
	81
	81
	82
	82
	82
	81

	0.123
	82
	86
	87
	121
	81
	82
	82
	86
	82

	0.243
	92
	90
	90
	131
	83
	82
	84
	153
	92

	0.360
	108
	96
	92
	142
	85
	145
	86
	162
	98

	0.474
	166
	108
	98
	153
	155
	165
	92
	171
	102

	0.583
	170
	112
	102
	161
	161
	168
	151
	171
	170

	0.685
	172
	172
	108
	165
	164
	168
	172
	171
	171

	0.779
	172
	172
	170
	172
	167
	171
	172
	171
	170

	0.864
	171
	171
	170
	172
	170
	171
	172
	171
	170


4.5  Results
Process optimization results:
1. Experimental design method 9 C-MOLD simulation experiment, when the melt flow direction is parallel with the fiber arrangement, the thickest epidermis, the most resistance to impact fatigue test.
2. Extenics and Grey Theory in the various forming conditions, filling 5 seconds, melt temperature 270 ℃, mold temperature and packing pressure 80 ℃ 100% impact fatigue specimen with the thickest epidermis
3. Optimum process parameters and using C-MOLD to obtain the maximum thickness of the epidermis have the same result
4. Extenics theory and process optimization of gray theory, at least the number of experiments can be obtained under the optimal configuration.
5. FUTURE RESEARCHS
Although this study has successfully get a specimen of better impact fatigue strength, In order to enhance competitiveness and production quality, excellent products, while promoting economic efficiency, industrial advanced countries continue to develop new process design optimization technology to achieve a leading position in the industrial fields. Below we list some potential further developments:

5.1 Application of PICO 7 tools

Use PICO 7 tools to replace the traditional seek the thickest surface layer of short-glass fiber reinforced polycarbonate.
5.2 Multi-targets and restrictions

In this study there is only one goal field. Practical problems often have multiple targets at the same time with mutual restraints and limitations. How the trade-off of these restraints and limitations affect the evolutions is another subject worth for further study. 

5.3 Establishment of key regulating factors 

The parameters of the production process are the experience of time value. These parameters ,"key control parameters", if the apparent improvement in relations between the value of the parameters and performance can be observed. Most of the time, to improve performance while consuming too much time or wasting computer resources. However, this fact gives us a research direction: to find the best design or the best parameter selection, in considering the better performance and waste of resources, use of CAE software package with short glass fiber reinforced polycarbonate composite fibers arranged to verify its consistency.
6. CONCLUSIONS
This study points out a new approach in optimization of Injection Molding Process in Impact Fatigue Specimen of Short Glass Fiber, we applied separately Extension theory and gray theory to build model, with Analytic Hierarchy Process (AHP) and orthogonal table of experimental design method to obtain the thickest surface layer of reinforced plastic material. When the short glass fiber parallel to the melt flow direction, we can get a specimen of better impact fatigue strength The main contribution of this research is as follows: 
 (1) Use Extenics Theory and gray theory to replace the traditional "change-one-parameter-at one-time" to seek the thickest surface layer of short-glass fiber reinforced polycarbonate

 (2) Use CAE software package to analyze the arrangement of short glass fiber-reinforced polycarbonate compound material and verify its consistency.

In order to enhance competitiveness and production quality, excellent products, while promoting economic efficiency, industrial advanced countries continue to develop new process design optimization technology to achieve a leading position in the industrial fields.

It is a major problem to study and develop a more efficient, more time-saving, and of better quality from existing manufacturing processes. Usually we can obtain some results from a comparative analysis of various methods. 

For example: we can find many related guidelines that affect manufacturing process by quality control, Taguchi quality engineering. Through those guidelines and experimental design, we can find related guidelines and obtain the best manufacturing process by mathematic relevance function. It is more easy and convenient than traditional methods.

Using extenics and grey theory analysis’s, we can find important guidelines and plans directly from manufacturing process. Compared with other methods, extension and grey theories in manufacturing process optimization better hit the essentials.

But in real world, there still exist many incomplete or unknown messages waiting to be explored.

And extenics theory and grey theory are exactly for predicting and making decisions for those uncertainties. Therefore, the developments of extenics theory and grey theory is still very promising.
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