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Abstract—Nylon 66 is widely used in the vehicle interior, 

electronic parts and accessories. Nylon 66 as polymer 

material is added reinforce glass fiber to increase material 

properties. In parts forming process, injection mold method 
is widely used in polymer forming industry. In the study, the 

effects of injection molding process on the pseudo-static and 

high strain rate tensile properties of Nylon 66 composites are 

discussed. From the results, the tensile strength and Young’s 

modulus increase with increasing the amount of glass fibers, 

but the elongation decreases with opposite trend.  In high 

strain rate, the ultimate tensile stress, elongation of Nylon 66 

composites increases with increasing strain rate apparently, 
while elongation is almost invariant for unreinforced Nylon 

66. About fracture surface observation, the fibers in melt 

flow direction are broke and pulled out at quasi-static tensile 

test. And the fiber is breakage and the fibers are pull out 

from base material in melt flow direction are at high strain 

rate test. In this study, the results could provide nylon 66 

composite properties for design application. 

Keywords-tensile; Nylon 66; short glass fiber; injection 
molding; high strain rate 

I. INTRODUCTION 

Plastic materials with attractive features at light weight, 
low cost, colorful surface, short production cycle, and 
corrosion resistance, are often used in industrial 
applications. The injection molding method has excellent 
surface accuracy, short processing cycle, low cost, and can 
be used to molding complex shapes. Among plastics 
material, nylon 66, wear resistance, self-lubricating, 
corrosion resistance and good formability. 

Li [1] studied the factors of acid concentration, 
temperature and time affect at the mechanical behavior of 
the fibers of Nylon 56, Nylon 6 and Nylon 66. They found 
that the strength of all three nylon fibers have obvious 
decrease if treated in acetic acid concentration. Mehat [2] 
investigated the recycling of plastic products to find a 
method to manage the increasing amount of Nylon 66 with 
glass fiber waste generated by the gear industry. In the 
study, the gears’ Young’s modulus and elongation at break 
are also identified and examined with injection parameters. 
Hu [3] studied and compared three types finite element 

models, short carbon fiber reinforced nylon spur gear pairs, 
and steel and unreinforced nylon spur gear pairs. The 
research results showed that the higher strength and better 
performance nylon gear can fabricate by properly 
controlled injection molding processes. Basavaraj [4] 
investigated the influence of silane-coated short glass 
fibers (SGF) on the mechanical and wear characteristics of 
nylon 66 composites. It was found that the addition of 
glass fibers as well as MoS2 has significantly improved the 
tensile strength, tensile modulus, and impact strength of 
the nylon 66. Ho [5-6] had studied PC/ABS blend in low 
cycle fatigue and fracture toughness properties under 
injection mold conditions: filling time, melting 
temperature, mold temperature. These studies were to find 
out the optimum mold conditions for PC/ABS dynamic 
application. 

This study employed three types weight percent short 
glass fiber reinforced Nylon 66 with single parameter 
experimental design method. In order to define the 
injection molding process parameters, the mold flow 
analysis software (C-MOLD) is used for simulation and 
analysis, In the mechanical properties study, four control 
parameters: melting temperature, mold temperature, filling 
time and packing pressure was used to explore the 
influence of injection molding conditions. After the 
experiment, the specimen fracture surfaces were examined 
with the scanning electron microscope, in order to 
understand the related fracture mechanism. 

II. METHOD 

A. Materials 

The engineering plastic Nylon 66 and short glass fiber-
reinforced composite materials used in this study are 
produced from the DuPont. Three types Nylon with short 
glass fibers as a percentage of 0 wt.%, 13 wt.% and 33 
wt.%, respectively. The material brand name [7] is: 
DuPont Zytel 101L (excluding fiber), DuPont Zytel 
70G13L (including glass fiber 13 wt.%.) and DuPont Zytel 
70G33L (including glass fiber 33 wt.%.), The average 
density was 1.14 g/cm3,1.22 g/cm3 and 1.38 g/cm3. 
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B. Specimen preparation 

The injection mold layout is shown in Fig .1. The test 
specimens used in experiments are melting glue injection 
from the tail end. One specimen’s melt flow direction is 
parallel to the tensile test loading direction (P-direction), 
another specimen melt flow direction is perpendicular to 
the tensile loading direction (AP-direction). 

The molding conditions were filling time set to 
0.5/1.5/2.5/3.5 seconds, melt temperature designed for 
265/275/290/305 °C and mold temperature was set to 
60/75/90/105 °C and packing pressure was set to 
18/26/34/42 MPa. The specimen number and the detailed 
conditions of the molding are listed in Tab . I. 

During the injection molding, the material was 
preheated at 79 ℃ for 12 hours to get rid of the moisture 

before it can be used in an injection molding machine. The 
specimens were cooled to room temperature in atmosphere, 
after the specimens being ejected out of the mold. 

C. Tensile Test 

Tensile test is based on ASTM D638-00 standard [8] at 
room temperature, tensile test stroke control, the tensile 
rate of 1 mm/min. 

High strain rate tensile testing method using Hopkinson 
Pressure method [9] three strain rates are 20 s-1, 60 s-1 and 
100 s-1 for high strain rate tensile test. 

After the test, specimen fracture surface was observed 
by a scanning electron microscope (SEM). 

III. RESULTS AND DISCUSSIONS 

A. Quasi-static tensile test 

In quasi-static tensile test specimens, the melt flow 
direction was divided into two injection flow P and AP 
direction. 

1) P-direction 
As shown in Fig .2. the specimen of P direction for the 

ultimate tensile strength of the fiber content was influenced 
by different injection molding conditions. It could be 
observed from the Fig .2 (a), the tensile strength of Nylon 
66 would decrease when the melting temperature increase, 
and its optimum melting temperature was 265 °C. The 
cooling rate of the molded specimens was reduced because 
of the higher melt temperature. It accelerated molecular 
relaxation rate and extends the molecular relaxation time. 
It also was reducing the surface molecules orientation and 
forward retention molecular layer thickness at the surface. 
These results had same phenomenon as Cox [10] showed. 

In Fig .2 (b) showed that the mold temperature 
conditions had little impact on the ultimate strength. As the 
result showed, the better mold temperature was 105 °C. 

About filling time conditions, Fig .2(c) showed the 
filling time of 2.5 seconds was the better injection 
condition for ultimate strength. This is due to longer filling 
time could cause thick solid layer so that the tensile 
strength of a rising trend. 

 
Figure 1.  The specimens layout in injection mold. 

TABLE I.  SPECIMENS FORMING CONDITIONS 

Specimen 

Identification 

Melting 
Temperature 

(°C) 

Mold 
Temperature 

(°C) 

Filling 

Time (s) 

Packing 
Pressure 

(MPa) 

M265 265 75 2.5 42 

M275 275 75 2.5 42 

M290 290 75 2.5 42 

M305 305 75 2.5 42 

C60 290 60 2.5 42 

C75 290 75 2.5 42 

C90 290 90 2.5 42 

C105 290 105 2.5 42 

T0.5 290 75 0.5 42 

T1.5 290 75 1.5 42 

T2.5 290 75 2.5 42 

T3.5 290 75 3.5 42 

P18 290 75 2.5 18 

P26 290 75 2.5 26 

P34 290 75 2.5 34 

P42 290 75 2.5 42 

 

  
(a) Melting temperature                 (b) Mold temperature 

  
      (c) Filling time                         (d) Packing pressure 

Figure 2.  Quasi-static tensile test in P-direction. 

  

(a) Melting temperature                 (b) Mold temperature 

  
      (c) Filling time                         (d) Packing pressure 

Figure 3.  Quasi-static tensile test in AP-direction. 
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In Fig .2 (d), the packing pressure increases helped the 
tensile strength to increase. This was due to non-fibrous 
Nylon 66 at higher packing pressure; the molecules density 
of the material was large, so that the ideal holding pressure 
was 42 MPa. 

And in different fiber content of Nylon 66 at melting 
temperature and mold temperature conditions had the same 
trend with increasing temperature and decreasing the 
tensile strength. The ideal melting temperature was 290 °C 
and the mold temperature was 60 °C. The lower mold 
temperature caused the specimen with faster cooling rates. 
In injection process, the fibers in Nylon 66 with same 
direction would form a thick and soft skin, and cause the 
tensile strength decrease. 

2) AP-direction 
Fig .3 was showed, the tensile test results of specimens 

in AP direction according to the fiber contents and 
injection molding conditions.  

It could also be seen from Fig .3, the tensile strength 
variation of the unreinforced Nylon 66 and Nylon 66 with 
glass fiber had the same trend as P-direction test results at 
melting temperature, mold temperature and filling time 
conditions.  

However, packing pressure condition had the opposite 
trend. Mainly because the AP-direction specimen’s 
packing process was start from the center area, so that the 
intermolecular could achieve higher density at lower 
packing pressure. But in Fig. 3(d), the packing pressure 
continued to increase, it made ultimate strength decrease. 
The reason was that the specimens’ large molecules 
density undermined the bonding force between molecules.  

3) Young's modulus 
Fig .4. was showed the Young's modulus of Nylon 66 

with the fiber content and injection mold direction of the 
specimens. 

Young's modulus increased as the glass fiber content 
increases. The Nylon 66 with 33 wt.% glass fiber had the 
highest Young's modulus. 

Comparison of Fig. 2 to 4 can obviously find that 
tensile strength and Young's modulus are increasing with 
the increase of fiber contain. 

4) Elongation 
Fig .5 is showed the specimens’ elongation under fiber 

content and injection mold direction of Nylon 66 specimen.  
It could be found that the fiber content increased with 

elongation decreased rapidly. 
The elongation of P-direction unreinforced Nylon 66 

and Nylon 66 with glass fiber was higher than AP-
direction. Nylon 66 in P-direction without glass fiber had 
the highest elongation; its elongation was over 300%. In 
the while, the elongation of Nylon 66 with glass fiber only 
had 1 to 10%. 

In addition, in Fig .5, it was found that Nylon 66 with 
13 wt.% glass fiber had a minimum elongation. This is 
because the unreinforced Nylon 66 as base materials has 
the high ductility and toughness properties. While adding a 
small amount of fibers, it would destroy the bonding force 
between the molecules, so that a substantial decreased in 
ductility. 

After Nylon 66 fiber contain increased up to 33 wt.%, 
the force undertake mechanism was changed. The fiber in 
Nylon 66 was the majority factor to bear tensile strength, 
so that the elongation was slight raised. 

 
Figure 4.  The Young’s modulus at quasi-static tensile test. 

 
Figure 5.  The elongation at quasi-static tensile test. 

  
(a) P-direction                             (b) AP-direction 

Figure 6.  The ultimate tensile stress at high strain rate. 

 

(a) Nylon 66 

 

(b) Nylon 66 with 13 wt.% glass fiber 

 

(c) Nylon 66 with 33 wt.% glass fiber 

Figure 7.  The elongation at high strain rate. 

   

  (a) P-direction                                (b) AP-direction 

Figure 8.  The fracture surface of Nylon 66 with 33 wt.% glass fiber at  

melting temperature 290°C in quasi-static tensile test. 
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Figure 9.  The fracture surface of Nylon 66 with 33 wt.% glass fiber at  

melting temperature 265°C in 60 s-1 high strain tensile test. 

B. High strain rate tensile test 

It was showed the tensile strength of Nylon 66 in Fig. 
6(a) P-direction and Fig. 6(b) AP-direction under high 
tensile strain conditions. It could be found in Fig .6. 
increasing strain rate would make ultimate tensile stress 
rise. When the strain rate was 100 s-1, the three materials 
had highest tensile strength. 

Fig .7 was showed the elongation of Nylon 66 for fiber 
content and injection mold direction. 

In Fig. 7(a), the unreinforced Nylon 66 had higher 
strength at the strain rate of 20 s-1. When the strain rate 
increased to 60 s-1 ~ 100 s-1, there were small changes in 
elongation and slight decline phenomenon. From the 
trends could still be found that the elongations in P-
direction are greater than the AP-direction. 

However, the fiber reinforced Nylon 66 with increasing 
fiber content, there is a rising phenomenon as showed in 
Fig .7(b) and Fig .7(c). 

C. Fractograph 

1) Quasi-static tensile test 
Fig .8(a) in P-direction and (b) in AP-direction was the 

fracture surfaces observation of Nylon 66 with 33% glass 
fiber at melting temperature 290 °C. 

Photos could be clearly observed, when injection mold 
in P-direction, the fibers were arranged horizontally in the 
specimen tensile loading direction. As shown in Fig .8(a), 
the fracture mechanisms are glass fiber broke and fiber 
pull out. 

And in Fig .8(b), when the injection mold direction in 
AP-direction, the fibers distribution was mostly 
perpendicular to the direction of tensile loading direction. 
The fracture mode of the glass fiber was shear cut and 
fiber splicing detached. 

2) High strain rate tensile test 
Fig .9 is showed the fracture surface microstructure of 

Nylon 66 with 33 wt.% glass fiber at melting temperature 
265 °C, P-direction, and 60 s-1 strain rate. 

The figure was showed the material at high strain rates, 
the damage mechanisms mainly are the fiber breakage and 
the fibers are pull out from base material. 

The phenomenon of the base surface had been opened. 
This phenomenon is never seen in the quasi-static tensile 
test. Therefore, Nylon 66 with glass fiber and base material 
had higher plastic deformation and a phenomenon of the 
increase ductility under higher strain rates conditions. 

IV. CONCLUSIONS 

Based on the results, the following conclusions can be 
obtained: 

1. The tensile strength, Young's modulus and 
elongation of Nylon 66 and glass fiber reinforced Nylon 66 
in P-direction is greater than AP-direction. The tensile 
strength and Young's modulus are increased with the 
increasing amount of fiber containing. 

2. The best experimental parameters of Nylon 66 on 
the P-direction is mold temperature of 265 °C, mold 
temperature of 105 °C, filling time 2.5 s, holding pressure 
42 MPa. The optimum parameters for Nylon 66 with glass 
fiber are melting temperature 290 °C, mold temperature 
60 °C, filling time 2.5 s, and packing pressure 42 MPa. 

3. In high strain rate experimental conditions, increases 
with the amount of fiber contain, it helps tensile strength 
and Young's modulus to increase.  

4. The elongations of P-direction are greater than AP-
direction in quasi-static tensile test and high strain rate 
tensile test. In addition, the elongation of fiber reinforced 
Nylon 66 showed that a positive relation between fiber 
contains and strain rate. 

5. The unreinforced Nylon 66 has better elongation 
value at strain rate 20 s-1, but when the strain rate is 
increased to 60s-1 ~ 100s-1, the elongation remains 
constant with a slight decline phenomenon. 
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