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ABSTRACT

The influence of undercooling rates on the behaviour of polymer meits during
injection molding process was studied using simulation from computer. The study
involves the usage of injection molding simulation software, SimpoeWorks. The
polymer product under investigation is insulated piercing conrnector (IPC). IPC is
used for branches of service entry cable of low voltage electricity distribution line.
Material used in producing this product is Polyamide (Nylon) 6 with 30% glass fibre
reinforcement (Akulon® K224-G6). There are two plug-in modules that was used in
SimpoeWorks; FILL module for filling phase simulation and COOL module for
cooling phase simulation. For filling simuiation, polymer melt movement inside the
mold cavity was observed. In cooling simulation, the effect of different cooling times
with the product dimensjon was studied. Calculation of the percentage of shrinkage
was also done between product drawing and actual injection molding product. The
purpose of polymer flow simulation is to predict the behaviour of polymer melt
inside mold cavity and avoid defects on the molded product prior to actual injection
molding process. Polymer flow simulation can saves time and effort for development
of new polymer product. It can also reduce the manufacturing cost of a polymer

product by replacing trial and error method.



TABLE OF CONTENTS

ACKNOWLEDGMENTS
ABSTRACT .
CHAPTER 1: INTRODUCTION

CHAPTER 2:

CHAPTER 3:

1.1 Background

1.2 Problem statement,

1.3 Objectives ,

LITERATURE REVIEW/ THEORY

2.1 Melt temperature .

2.2 Injection molding .
2.2.1 Filling phase.
2.2.2 Cooling phase

2.3 Computer simttlation

2.4 Shrinkage problem

METHODOLOGY .

3.1 Methods

3.2 Material

3.3 Design

3.4 Filling simulation .

3.5 Cooling simulation

3.6 Part quality and analysis .

3.6.1 Product dimension and thickness

ifi

iv

11

14

16

17

17



CHAPTER 4:

CHAPTER 5:

REFERENCES

APPENDIX

RESULTS AND DISCUSSION

CONCLUSION

vi

18

21

22

24



LIST OF FIGURES

Figure 1: Method used in simulation of injection molding for insulated piercing

connector

Figure 2: Viscosity versus shear rate graph

Figure 3: PVT diagram

Figure 4: Two-dimensional drawing
Figure 5: Actual product picture

Figure 6: 3D drawing

Figure 7: Front view

Figure 8: Isometric view

Figure 9: Top view

Figure 10: Side view

Figure 11: Design width =B = 67.7 mm

Figure 12: Width versus time graph

vii

10

11

12

12

13

13

13

14

14

I8

19



LIST OF TABLES

Table 1: Machine specifications, material and cycle time
Table 2: Melt temperature and cooling data

Table 3: Data for injection and holding

Table 4: Data for charging and ejection

Table 5: Cooling simulation trial parameter

Table 6: Cooling simulation result

Table 7: Thickness measurement

viii

15

15

15

16

17

19

20



CHAPTER 1

INTRODUCTION

1.1 Background

Injection molding is one of the most widely employed manufacturing processes
in polymer processing industry. It is to form a plastic part by injecting hot polymer
melt into the mold before it cools off and ejected from the mold. Typically there are
three major phases in injection molding; filling, packing and cooling. In filling
phase, the hot polymer melt is injected into a cold mold of desired product shape.
The polymer melt will fill the cavity inside the mold provided proper melt volume
and injection pressure are supplied throughout the stage. As for packing phase,
injection pressure is raised and extra melt is forced into the mold cavity to balance
for the effects of temperature decrease and crystallinity development on the density
of the polymer inside the cavity during solidification process. Cooling phase starts
the moment whent no more material can enter or exit the mold impression and
holding pressure can be released. In this phase, solidification process occurs at the

cavity entrance [I}.

Established on 13" June 1985, Selia-Tek Sendirian Berhad started as a trading
company involved in the supply of electrical and electronic products and equipment
related specifically to the power and telecommunication industries in both public and
private sector. Selia-Tek Sendirian Berhad was appointed as a vendor to Tenaga
Nasional Berhad (TNB), Malaysia’a national power utility company in 1995. Selia-
Tek is responsible in manufacturing and supplying the complete range of Aerial
Bundled Cable accessories through its subsidiary, Selia-Tek Industries Sendirian
Berhad. Selia-Tek Industries Sendirian Berhad is located at No. 12, Jalan TSB 7,
Taman Industries Sungai Buloh, 470600 Sungai Buloh, Selangor. Among products
produced for TNB usage are Dead End Clamp and Suspension Clamp. Selia-Tek
Industries is also trusted manufacturers for Keretapi Tanah Melayu Berhad (KTMB)

in producing high quality railway accessories [2].

Insulated piercing connector (IPC) is used for branches of service entry cable of

low voltage electricity distribution line that use insulated Aerial Bundie Cable. This
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product is still under development by Selia-Tek Industries. It is on the final stage of
development before going for mass production. Designed to withstand 6kV in water,
it is fully insulated and suitable for use on live line works. The IPC is made of two
halves. Material that will be use is Nylon 6 with 30% glass fibre reinforcement. The
use of the material is to ensure the product has high mechanical and climatic
properties and high ultraviolet radiant resistance because it will be installed outdoor
all the time on the electricity distribution cable.

Major concern in injection molding process is to minimize the manufacturing
cost and reduce as much defects as possible in the product. Among the causes of
defects are poor mold design, material properties, processing environment and
human errors. When a product mold is not design properly, the product has high
possibility to turn out as defect. The polymer melt will not properly flow inside the
mold when the design is not properly considered. Materials properties can also
contribute to the cause of defects. Wrong selection of materials will result in
undesirable properties of product. The product will not conform to quality standard
that is required for its application. Changes in processing environment such as

surrounding temperature and humidity also contribute to the cause of defects.

Before the presence of simulation software, manufacturers resort to trial and
error method to select the suitable processing parameters [3]. As simulation
softwares are available on the market, it greatly helps to reduce the research and
development time for a new product. Software such as SimpoeWorks simulates the
process base on the determined parameters and does analysis such as filling analysis
and cooling analysis on the result. Manufacturers can alter suitable parameters for
the desired part before actually producing them in the injection molding machine. In
addition they also can obtain the analysis on the behaviour and properties of the part
without wasting time and money creating mold for multiple trials and errors. When
the design and parameter of the product is verified using simulation, manufacturers
can proceed to produce the prototype and the mass production if the prototype is
satisfying,



1.2 Problem statement

Injection molding parameters such as undercooling rates plays a huge role in
determining the properties of the molded polymer part. One of the problems faced by
polymer parts manufacturers is that they are unable to predict the behaviour of
polvmer melt during injection molding process. Influence of parameter such as
undercooling rates can only be observed by running injection molding on the actual
machine. They rely on trial and error method for processing parameter optimization.
Through injection molding simulation, it helps to predict the polymer melt flow
behaviour and the outcome of the process without having to do actual injection

molding.

1.3 Objectives

The objective of the study is to simulate the mold filling of polymer part which is
insulated piercing connector (IPC) using simulation software, SimpoeWorks.
Secondly, the effect of different cooling time is to be observed using simuiation on
SimpoeWorks. In addition, the shrinkage percentage of the product is to be
calculated using thickness measurement from product drawing and the actual
product. The two thickness measurements will be compared and shrinkage

percentage is calculated using the measurements obtained.



CHAPTER 2

LITERATURE REVIEW/ THEORY

2.1 Melt temperature

It is known that the temperature of polymer melts is very important in injection
molding process. Properties of the surface and subsurface zones of a molded
polymer are largely determined by'the flow and thermal conditions prevailing during
the filling stage of the process that last typically a few seconds [4]. Injection molding
product quality depends on the processing history. In order to achieve the highest
quality, manufacturers have to pay?attention to the heating process of the polymer. It
started from the moment polyrner?peltets in solid form inserted into hopper. From
there, the pellets will be turned intc?? liquid form as result of continuous heating from
heaters inside the machine. Pellets must be heated in suitable temperature to avoid
changes in material properties dué to excess or insufficient heat. The most critical
heater is nozzle heater as it is the; last heater that the polymer melt flows through
before being injected into mold cavity. The melt temperature variations will affect
the flow properties of polymer melts and the properties of the final product [5]. Best
melt temperature allows the polymier melt to flow inside the mold and fully fill the
cavity. Insufficient polymer melt fléw inside the mold cavity will result in short shot
while excessive melt flow will cause flash. It is recognized that melt temperature is

an important parameters to considei' in injection molding thus justifying this study.

2.2 Injection molding
2.2.1 Filling phase

Polymer melt is a non-Newtonian fluid experiencing phase change as its physical
propertics changing with location in the cavity, temperature and time. For example,
the viscosity can vary greatly as the melt cools from several hundred degrees
centigrade to room temperature. Thus, predicting the filling of a mold cavity is
difficult and it becomes useful to computer simulate the process {6]. Before the

existence of simulation software, most of the manufacturers opted for trials and
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errors method in their product development because of the complexity of filling
phase study. In simulation, manufacturers can view the flow pattern of the product
according to the percentage of cavity fill. For example, when the flow pattern is set
at 60%, simulation will display the shape of product when 60% of material filled the
mold cavity. From the result, any defects can be observed and the parameters can be
change accordingly. By simulation, we can observe exactly how the polymer melt
takes shape and flows from the mold gate to fill the cavity. The flow can be

complicated by the presence of solid obstruction such as inserts.

2.2.2 Cooling phase

More than seventy percent of the cycle time in the injection molding process is spent
in cooling the hot polymer melt sufficiently so that the part can be ejected without
any significant deformation [7]. As stated, majority of injection molding cycle time
went to cooling phase thus great attention must be paid to cooling phase in order
produce a good output. Large temperature difference during the process is the main
concern in injection molding process. Manufacturers have to determine suitable
cooling temperature and time in order to reduce defects in parts. Trials and errors
method is available but makes the production process tedious and time-consuming.
Simulation is a good tool to estimate the optimum cooling temperature and time.
During the post-filling and cooling stages of injection molding, hot molten polymer
touches the cold mold wall, and a solid layer forms on the wall. As the material cools
down, the solid skin begins to grow with increasing time as the cooling continues
until the entire material solidifies [8]. If the cooling temperature is set too low, the
material will cool rapidly before manage to fully fill the cavity. For cooling time,
excessive cooling time will result in reduction of free channel due to increased
thickness of solid skin on mold wall and will obstruct the melt flow inside the cavity.
Cooling time estimation can also be helpful in predicting the possibility of shrinkage,
warpage and effect of costs due to long cycle time {9].



2.3 Computer simulation

Various previous works had use computer simulation software such to study the
effect of various parameters of injection molding. R.A. Tatara et. al. in their work
had use simuiation software to optimize design of a polypropylene closure having an
integral hinge [6]. At the hinge, the directional orientation of the polymer molecular
chains determines its flexibility and must last many cycles of flexing during its usage
thus makes it the critical part of the product. They use simulation as a tool to observe
the flow patterns and to ensure the hinge part is filled properly. In this work, it is
concluded that with minimal input, simulation able to perform a relatively
sophisticated analysis of plastics injection molding process. It also can perform
analysis involving other processing quality such as flow balancing, weld lines, air
traps and sink marks. In another work, Ozdemir et.al. used computer simulation to
study flow front advancement of molten thermoplastic during filling stage in
injection molding [10]. They use computer simulation results as a comparison to
experimental melt front advancements in a simple, U-shaped cavity. They finding is
that although filling time predictions differed from experiments, the software

accurately simulated the flow front profiles as the cavity was filied.

2.4 Shrinkage problem

The asymmetric thermal shrinkage, differential volumetric shrinkage, and
differential thermal strain are the main factors resulting in part shrinkage and
warpage. Also, the actual part shrinkage depends greatly on the stiffness of the part
[11]. Shrinkage results from material in-homogeneties and anisotropy caused by
mold filling, molecular or fiber orientations, curing or solidification behaviour, poor
thermal mold layout and improper processing conditions. Shrinkage is directly
related to the residual stress in a part. Residual stresses are stresses that reside in a
part afier it has been molded and cooled [12]. Reducing product shrinkage is one of
the ways to improve the quality of products. Other than part design and material
properties, process conditions are the most important factor in determining the
product quality. In injection molding process, pressure gradient exists from the
polymer entrance of the cavity to the last fill location. When polymer melt cools

down, they will shrink differently. If cooling temperatures not flow properly and
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cooling time is insufficiently long, unbaiance cooling can cause melt at the upper and
lower halves of the cavity to shrink differently because it freezes at different times.
On top of that, neat and fiber-filled materials react different to these orientation
effects, leading to different warpage. Typically, a neat material will shrink more in
the direction of the flow. Inversely, a fiber-filled material will display more
shrinking when perpendicular to the flow. Injection molded polymer products tend to
lose dimensional stability and distort immediately after ejecting from the mold. Thus
when working in fiber oriented polymer, anisotropic shrinkage affect highly to the
dimension of the part [13].



CHAPTER 3

METHODOLOGY
3.1 Methods

The methods used in this study are summarized as below in Figure 1:

START

b
STUDY THE PART AND
MOLD DRAWINGS

h

FILLING SIMULATION

h

COOLING SIMULATION

vy
PART QUALITY AND COMPARISON OF
COMPUTER SIMULATION AND REAL
INJECTION MOLDING IN TERMS OF:

- Defects
- Dimension
- Shrinkage percentage

L
FINISH

Figure 1: Methods used in simulation of injection molding for insulated piercing
comnector (1PC)




First step is to study the part to be molded and the 3D drawings. All this information
is obtained from polymer part manufacturer, Selia-Tek Industries Kota Damansara
and the mold manufacturer, Namken Industries Sendirian Berhad, Sungai Buloh.
Selia-Tek Industries Sendirian Berhad had given permission to do study on a new
product that will be use by Tenaga Nasional Berhad (TNB) which is insulated
piercing connector (IPC). They provide the 3D drawings of the product for work to
be done on SolidWorks and for simulation in SimpoeWorks. Simulation on
computer wiil be started from filling simulation. This is done using FILL module in
SimpoeWorks. The flow pattern is simulated (from 60% until to complete 100%
cavity fill). The result on surface finish of the product is observed using
SimpoeWorks. Next step is cooling simulation. Using COOL module in
SimpoeWorks, the cooling time and temperature will follow manufacturer’s data.
The result, shrinkage percentage of the product, will be recorded in SimpoeWorks.
Last step is to do comparison and analysis of part quality between SimpoeWorks

simulation and actual injection molding product.

3.2 Material

Material used in this study is Polyamide (Nylon) 6 reinforced with 30% glass fibre
(Akulon® K224-G6) produced by DSM Engineering Plastics. 1t was chosen as the
material because it has high mechanical strength and superior resistance to wear and
organic chemicals. It also has more than double the strength and stiffness of
unreinforced nylons and a heat deflection temperature which approaches its melting
point. The shrinkage percentage of the material is 0.3% (parallel to the flow) and
0.9% (perpendicular to the flow). The material data is as shown in Appendix 1 and
Appendix 2.

Rheological data is important especially when doing simulation on filling phase. It
describes the viscosity of the polymer. The viscosity is used to estimate the injection
pressure where the high viscous material needs more injection pressure compared to
low viscous material. For plastic material such as Akulon K224-G6, viscosity
depends on the parameters of shear rate, temperature and pressure. The rheological
data is represented with the graph of viscosity versus shear rate as in Figure 2 on the

following page.
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Figure 2: Viscosity versus shear rate graph{14]

Pressure-Viscosity-Temperature (PVT) data of a material are useful in packing
simulation and product shrinkage study. PVT data describes the relationship of
specific volume, ¥, with temperature, 7, and pressure, . Most of the plastic
materials decrease its volume when it is cooled and expands when heated. Product
shrinkage is basically caused by loss of material volume. PVT data are also used in
simulation to determine the volumetric shrinkage of the material. Other than that,
PVT data enable the determination of linear shrinkage behaviour of an isotropic such
as non-fiber-reinforced material. It is also one of the necessary data in the study of

warpage simulation. Akulon K224-G6 PVT data is as shown on Figure 3 on the next
page.
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Akulon® K224-GE(->Akulon® K224-HG6)

09

0 kIPa
40 MPa
0 MPa

120MPa
— 1E0MPa
— 200 Pa

P

o
@

\

Spec. wlume in E-3 mYkg
[
o

.\
x%

07

0 100 200 00 400

Temperature in °C

Figure 3: PVT diagram[15]

3.3 Design

Product design and drawing for insulated piercing connector (IPC) is obtained from
the manufacturer, Selia-Tek Industries Sendirian Berhad. Mold drawing of the
product was obtaingd from the mold manufacturer, Namken Industries Sendirian
Berhad, Sungai Buloh, Selangor. Figure 4-10 are the two-dimensional and three-

dimensional drawings of the insulated piercing connector from various angles.
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Figure 4: Two-dimensional drawing

Figure 5: Actual product picture
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Figure 6: 3D drawing

"eont

Figure 7: Front view

Figure 8: Isometric view
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Figure 9: Top view

]

"Right

Figure 10: Side view

3.4 Filling simulation

Filling simulation was done using the manufacturer’s processing data Table 1-4 as
provided by manufacturer, Selia-Tek Indusiries. Filling simulation is done to predict
and observe the behaviour of polymer melt inside the mold cavity. Using
SimpoeWorks, the flow of polymer melt can easily be seen when in the real process,
we cannot see what is going inside the mold cavity as the mold is solid metal. With
the help of simulation software as SimpoeWorks, it facilitates the process of

predicting the flow of the polymer melt prior to real injection molding process.

14



Table 1, 2, 3 and 4 below show the actual injection molding data obtained from the

manufacturer, Selia-Tek Industries.

Table 1: Machine specifications, material and cycle time

PART NAME Insulated Piercing | MACHINE Haitian
Connector 6 NAME HTF150XB
PART MATERIAL | Akulon® K224- | MACHINE 150 tonne
Gé6 CAPACITY
TOTAL CYCLE | 47.5 seconds
TIME
Table 2: Melt temperature and cooling data
. MELT TEMPERATURE . . COOLING .
Heater B Temperature("C) - Coolmg Cooimg'l‘lme .
| Tempenature (°C) | (sec)
“Nozzle 275 | 15 | 200
H1 265
H2 260
H3 260
H4 260
H5 260
Table 3; Data for injection and holding
© STEP - INJECTION 3 ~~ "HOLDING -
Pressure Speed | End Pbsiton Pressure Speed Time
(%) (%o) (mm) (%) (%) (sec)
1 70 60 30.0 20 15 3.0
2 70 60 20.0 20 15 1.0
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3 70 70 15.0 20 15 1.0
4 50 40 10.0 20 15 i.0
5 40 35 8.0 - - -
6 30 30 5.0 - - -

Table 4: Data for charging and ejection

CHARGING P . EJECT.
Step ' Pressure | Speed E'nd . .Step P'ressure Sp.eed End
(%) (%) | Position %) (%) Position
(mm) (mm)
Chrgl 100 80 8.0 Fwdl 60 60 40.0
Chrg2 100 80 15.0 Fwd2 50 50 40.0
Chrg3 100 80 20.0 Bwd 25 25 -
Back1 5 - -
Back2 5 ~ -
Back3 5 - R
Suck 10 10 -

3.5 Cooling simulation

Cooling simulation will also be done on SimpoeWorks based on the processing data
given by manufacturer, Selia-Tek Industries. The manufacturer is using water chiller
for cooling system measured at 15 °C. In this simulation, the cooling time was varied
while other parameters are being constatnt as per in manufacturer’s data. This is
done in order to study the influence of undercooling rates to the polymer product
during injection molding. The thickness of the product was measured for different

cooling times for comparison purpose. The trial parameter is as in Table 5 next page:
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Run | . Cooling time (seconds)
1 T 3%
2 38
3 40
3 42
5 44
6 46

Table 5: Cooling simulation trial parameter

3.6 Part Quality Analysis
3.6.1 Product Dimension and Thickness

This study shows the influence of undercooling rates through the relationship of
various cooling time with the shrinkage of the product. The shrinkage of the product
is quantified by measuring the dimension of the product. Thickness measurements
were taken on the actual product, product drawing on SolidWorks and results from

simulation on SimpoeWorks.

On the actual product, the thickness was measured using digital vernier calliper. For
product drawing, thickness measurement was taken using dimension options in the
software. Several measurement points were considered for these two thickness
measurements, Result from these two was compared and tabulated. Calculation was

done to calculate the shrinkage percentage of the product during injection molding,.

In another case, dimension of the width of the object was compared between the
actual product and simulation while the cooling time is manipuiated. This is to
observe the influence of different undercooling rates on the shrinkage of the product.
Percentage of shrinkage is calculated and plotted on a graph to observe the influence

of different undercooling rates (cooling times) on the thickness of the product.
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CHAPTER 4

RESULT AND DISCUSSION

Cooling simulation was done on six different cooling times with the interval of 2
seconds. For the result, measurement of width of the product was taken. The design

width is B = 67.7 mm. Product dimension can be referred to below.

- |
: B
- | —— iy
i -
| _F

Figure 11: Design width =B = 67.7 mm

Cooling simulation was done using SimpoeWorks with the cooling times varied
while the other parameter following the manufacturer’s data. Width measurements
from six different cooling times were recorded using measurement options in the
software and tabulated in Table 6. The resulf is then showed in graph form as in
Figure 12.
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Table 6: Cooling simulation result

| Run’ Time = | = Width
e (seconds) - C ()
1 36 68.117
2 38 67.902
3 40 67.721
4 42 67.692
5 44 67.407
6 46 67.135
Width vs Time
68.2
68.1 iLA% 68117
68 S
67.9 >tﬁssz
-é- 67.8
£ 67.7 \ﬂ-ﬂ.ﬂ.\&fﬁgiwmmmg%
T 67.6
T 675 ™~
2 67.4 7 e
67.3
67.2 N
67.1 N67.135
67
36 38 40 42 44 46

Time {seconds}

Based on the graph shown above, the best cooling time is 42 seconds. This is
because it will produce the nearest width measurement to the design width desired
(67.7 mm) for the product. We also can see that the width of the product decreases
when the cooling time increases. This is because when a polymer melt have longer

cooling time in the mold, it will have more opportunity to shrink. The shrinkage of

Figure 12: Width versus time graph

the polymer will increase thus resulting in smaller dimension.

19




Product thickness measurements were taken on several same points on the actual

product and from product drawing. This is to compare and calculate the shrinkage

percentage of the material without manipulating the processing parameter.

Measurements were taken in two modes; parallel to meit flow and normal

(perpendicular) to polymer melt flow. Thickness measurement on the actual product

was taken using digital vernier calliper while product drawing used measurement

options in the SolidWorks CAD software. Result is as in the Table 7 below:

Table 7: Thickness measurement

| " Parallel to melt flow ~ _
Measurement | Actual | Product | Differcnce | Shrinkage
" poit | podut | drawing |  (mm) | percentage (%)
| thickness | thickness |l
Cfmmy. | (mm) Co
1 2360 2368 0.008 0338
2 2.050 2.054 0.004 0.195
3 1850 1855 0.005 0.269
- - Perpendicutar to melt flow (Across flow) o
T 2530 | 2549 0.019 0.745
2 1400 1412 0.012 0.849
3 1360 1268 0.008 0.631

Based on the result above, the percentage of shrinkage is within the value given in

the Akulon K224-G6 properties in Appendix 1 and 2. However, more measurement

points can be added to increase the integrity of the data.
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CHAPTER 5

CONCLUSION

The influence of undercooling rates during injection molding is that the dimension of
the product will decrease when the cooling time is increases. Longer cooling time
will allow meore shrinkage to happen thus the smaller dimension. Simulation result
also soggests the best cooling time based on the manufacturer’s processing
parameter is 42 seconds. The manufacturer should consider changing the cooling
time from 40 seconds to 42 seconds. It can produce better dimension of the product.
In this case, 42 seconds cooling time produces width of 67.692 mm which is the
closest to the design width of 67.7 mm. Simulation also verifies that the shrinkage
percentage of the actual product is within the material properties data which is 0.3%

for parallel to the flow and 0.9% for normal to the flow.

Study on the influence of undercooling rates help manufacturers to predict the
defects and shrinkage percentage of the product prior fo actual injection molding
process. From the simulation, manufacturers can change the processing data in order
to determine the optimum operating range. As a result, they will have a product with
the desired properties and quality. Injection molding simulation assists
manufactarers to improve understanding of molding process and to support critical

decision in a production of a product.

Although it is one of the effective aids in decision-making process in production,
manufacturers must not solely rely on simulation result to make decision as it only
works as a supporting tool, not a total solution. This is because simulation software
does not consider the other causes of product defects such as processing environment
and human errors. In real manufacturing process, we also have to take account on
economic feasibility aspect where manufacturer will want to reduce as much as

possible the production cost to gain larger profit.
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APPENDIX

Appendix 1:
Akulon® K224-G6 Properties
(source: http://prospector.ides.com/datosheet.aspx?FMT=PDF&E=36848)
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Appendix 2:
Akulon® K224-G6 Rheological Data, Mechanical Properties, Thermal
Properties and Electrical Properties
(source: http://prospector.ides.com/ODMViewer. aspx ?DOCID=60941& E=36848)
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