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A study of effect of injection molding process
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This study analyzed the major injection molding process parameters that affect the im-
pact performance of low-density polyethylene(LDPE) by orthogonal experiment method.
Response surface methodology was proposed to analyze the significant influence factors,
and then determined optimal parameters setting of injection molding process. The results
show that melting temperature and packing time are the two significant factors influence
the impact performance of plastic product. Logical process parameters combinations of
melting temperature, packing time and filling time are achieved by further analysis us-
ing response surface methodology. By using the optimal parameters, the arrangement of the
fillers is improved, as a result, the impact performance of the filler composite is enhanced.

Keywords: injection molding process parameters, impact performance, orthogonal experi-
ment, response surface methodology

AHanu3upyoTCS OCHOBHBIE ITapaMeTpPhl IIPOIlecca JIUTHS II0J JaBJIEHUEM, KOTOPbIe BJIUSIOT
HA XapaKTepUCTUKHU moanatuieHa Huskoro gasienus ([IHJI) meromom mpssmoro sxcneprumMenTa.
IIpenmosxera MeTOMOJIOTHSI TIOBEPXHOCTH OTKJMKA [UJIS AHAJIU3a BAKHEHIINX BJIMSIONIAX
axTopoB, 1mocse yero orpejeseHbl ONTHUMAJIbHBIE HAOOPHI ITAPaAMETPOB IIPOIECCa JIUThS IO
naBieHreM. Pe3ynbTaThl MOKA3bIBAIOT, YTO TeMIlepaTypa IJIaBJIEHUsT U BpeMsl YIAKOBKU
SIBJISIIOTCST BAXKHEUIITUME (DaKTOPAMHU, BJIUSIONIMMI HA XaPAKTEPUCTAKH IIOJIyIaeMOoro ILIACTHKA.
Jloruumbie KOMOMHAIINY TTAPAMETPOR — TEMIIEPATYPBI IIJIABJIEHUS, BpEMEH! YITAKOBKY U BpEMeH!
3alIOJTHEHUs — IOJIy4eHBl IIyTeM [JaJIbHEHUIero aHaJn3a ¢ WCIOJIb30BAHWEM MeTOdOJIOTHN
TOBEPXHOCTU OTKJIMKA. Vcmomb3ys omTuMasbHbIe IapaMerTphl, VJIYUIIeHO pacipeesieHue
HAIIOJIHUTEJI, B pe3yJjbTaTe IIOJIydeHBl YyJIy4lIeHHble XapaKTepPUCTUKU KOMIIO3UTA C
HAIOJIHUTEJIEM.

JocnigskeHHs BIVIMBY MapaMeTpPiB MPOIECy JUTTA MiJ TUCKOM HA XapaKTE€PUCTUKU
IUIACTHUKA, OTPUMAHOIO 3 TMOJIieTHUJIEHY HHU3bKOIO0 THCKY 3 JIpPiOHOAUCIIEPCHUM
manosuoBaueMm. Xya [[ati, Mins L]zen

IIpoanasizoBaHo OCHOBHI IapamMeTpH IIPOIECCY JIUTTS IIiJ THUCKOM, $AKI BILIMBAIOTH HA
xapakrepuctuky 1osierwiieny Husbkoro Ttucky (IIHT) wmeromom mpsavoro excrepumenty.
3arponoHOBAHO METOI0JIOTII0 ITIOBEPXHI BIATYKY JIJIsI aHAJI3y HAUOLIBII peJieBAHTHUX (PAKTOPIB,
MICJIST YOr0 BUSHAYEHO ONITUMAJILHI Ha00pH ITapaMeTpiB IIpolieccy JIMTTS I TUCKOM. Pesynbratu
OKa3yI0Th, III0 TeMIlepaTypa IIABJIEHHS Ta Yac MaKyBAaHHS € HAWBAKJIUBIIIUMEU (haKTOpamMu,
110 BU3HAYAIOTH XaPAaKTePUCTUKHU OTPUMYBAHOro miactuka. Jloriumi xoMOiHAINI mapaMeTpiB —
TeMIlepaTypy ILIABJIEHHsS, Yacy MaKyBaHHS Ta dYacy HAIOBHIOBAHHS — OTPHUMAHO ILISIXOM
TOJAJIBIIIOT0 AaHAJI3y 13 3aCTOCYBAHHSIM METOMOJIOTII IOBepxH1 BiAryky. BukropucroByioum
OITUMAJIBbHI ITapaMeTpH, JOCATHYTO KPAIUI PO3II0/I1JI HAIOBHIOBAYA, 1 B Pe3yJIbTATI OTPUMAHO
MOKPAIIeH] XapaKTepUCTUKHN KOMIIO3UTY 3 HATIOBHIOBAUEM.
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1. Introduction

An expansion of the application of poly-
mer has evolved through the development of
industrialization. More and more functions
are among the important requirements. Some
methods of fabricating new functional materi-
als have been presented duo to obtain this type
of materials, which includes filled composites,
fiber reinforced composites, intelligent compos-
ites and etc. Filling modification is an impor-
tant method of plastic modification, which can
not only decrease the cost, but also evidently
improve or enhance varieties of performance
of the plastic products, endow materials new
characteristics, and expend its application ar-
eas. The materials could possess different spe-
cial performances, including mechanical prop-
erties, thermo stability, resistance high electric
field, dielectric, magnetic dielectric and etc. by
adding varieties of fine fillers [1-4]. During the
injection molding process, different parameters
setting of injection molding process will have
direct and import effect on the quality of the
plastic product [5-9].

This paper majorly studies the impact per-
formance under different process parameters of
the fine filler added low density polyethylene
(LDPE). When injection molding process param-
eters were different, the impact performance of
the products are change. Furthermore, find out
the best parameters by orthogonal experiment
method and response surface methodology.

2. Experimental

2.1 Specimen design

The experiment specimen is molded by an
injection mold, which is a two-cavity mold with
single parting surface and edge gates. Figure
1 shows the configurations of the experiment
specimen and its runners. The gate is located
in two testing clamp ends, the runner cross sec-

tion is semicircle, and the cold well is “Z” type.
2.2 Simulation analysis

Software Moldflow was used to simulate
and analyze the molding process of the speci-
men[10], in which the injection temperature
was set to 180°C and the mold temperature
was set to 50°C. Simulation analysis chart of
the filling time was shown in Fig.2. It shows
that , the center of the experiment specimen 1is
filled at the last , all colors are distributed sym-
metrically and with no color missed, the best
filling time of the mold process is 2.334S. Sim-
ulation analysis chart of the cooling time was
shown in Fig.3. It shows that , the total cooling
time is 30.78S, and the last place finish cooling
is at the center of the spruce.
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Fig. 1. Configurations of the experiment speci-
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Fig. 3. Simulation analysis chart of the cooling
time

2.3 Materials and equipments

A commercial low density polyethylene made
in the polyolefin company (Singapore) pte. Ltd,
and 200 meshes short fiber made in Hangzhou
Gaoke composites Co., Ltd were used in this
study. Volume content of the filler was 5%. Me-
chanical blending machine was used to mix the
raw materials. The model of the injection mold-
ing machine used to produce the specimen was
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Haitian SZ-980. Plastic ball indentation hard-
ness tester was used to do the impact strength
test, in which the pressure was 132N, pressure
head diameter was 5mm, lasting time was 40s.
FEI Quanta 250 scanning electron microscopy
was used to observe the micro morphology of
the specimen.

2.4 Experimental parameter

The major process parameters that affect
the properties of the product is melting tem-
perature, filling time and packing time. Accord-
ing to the structure of the simulation analysis,
extend the experimental level one-level both
up and down, in order to form 3 levels 3 fac-
tors, and the specific parameters were shown
in table 1.

Table 1. Injection molding process param-
eters levels table

levels Packing Filling Tempera-
time (S) time (S) ture, °C
! 20 2 160
2 30 3 180
3 40 4 200

3. Results and discussion

3.1 The orthogonal experiment method

The orthogonal experiment method was
used to experimental analyze the combination
of each process parameters [11,12], in order to
find the factor which has more effect on the im-
pact performance, and then obtain the better
process parameters combination for larger im-
pact strength. Equivalent level orthogonal ta-
ble was designed for this experiment. There are
3 factors and 3 levels, in total 9 times different
combinations of process parameters. In order
to validate error in statistical analysis, add an
empty column, in total 4 columns and 3 rows,
and an orthogonal array L, (3') was used in this
investment. To carry out experiments based on
9 different combinations of the process param-
eters. The arrangement of experiments and the
results was shown in table 2.

The experimental results shows that, factors
affecting the most was melting temperature,
the second is the packing time. The dispersion
of the empty column was less than the disper-
sion of the other two parameters, the error is
in the allowable range. The optimal injection
molding process parameters obtained based on
the orthogonal experiment method was scheme
8, but the test value is smaller than scheme 3,
which is not the maximum in the whole experi-
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ment. Other methods should be used to do fur-
ther analysis as the result is not comprehen-
sive.

3.2 Response surface methodology

For the sake of acquiring better injection
molding processing parameters, response sur-
face methodology was used to further process
the experimental data [13-14]. The factor of fill-
Ing time was not considered during developing
the model as it has the least effect on impact
performance by means of orthogonal analyzing.
Quadratic response approximation function
was shown in equation (1):

n n n-1 n
y=a,+ Zaixi + Zaﬁxf + Z Z a,xx, (1)
i=1 i=1 im1 j=i+l
Here: n is the number of design variables; o, 1s un-
determined coefficients of constant term; a, is
undetermined coefficient of first-order term; a.,
a, are undetermined coefficients of quadratic
term.

In this equation, x,, x, are first-order terms,
x, x2, x,x, are quadratic terms, set X, = x,
, X, =x,, X,=x/, X, =x, X,=xx,,
By=ay, By=a,, B,=a,, By =a,, B, =ay
, B, = a,,, equation (1) can be transformed into
pro forma multiple linear function, showed in
equation (2):

y=pB,+BX +BX,+...+B,X, =

:%+i@& @)

The sum of squared residuals between the
value of response surface function and experi-
mental value can be expressed as equation (3):

0=, 9 3

According to the principle of least square meth-
od, there comes equation (4), in which 0 has
the smallest value, in order to make all the ex-
perimental point data at the closest place to the
response surface.

00 =

0B, N _2;(% —By - BXy — =B, X,)=0
(;99 - _2an(.l/i —By =Xy~ =B, X)) =0

By =1 (4)
6—9 = 72mei(yi B —-BX ——B,X,)=0
aB,, i1

There are 5 parameters in equation (4), so m=5;
the times of tests is 9, so n = 9, equation (4)
can be transformed into a normal equation as
follows:
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To further simplify the calculation, set
x,, —30 x, —180
Xy = 5~ R —
10 20
Here x,,, x, are the packing time and in-

jection molding parameters during the experi-
ment.

Experimental data can be further consoli-
dated according to equation (6), the statistics of
major data was shown in table 3.

Take the statistics data into the formula (5),

thus the equation can be consolidated as follows:

(6)

» Xy

90 0 6 6 0 |B 70

06 0 0 0 0 B 0.08

00 6 0 -7 0 |B, -0.6 @
6 0 0 6 4 0| |B 47.1

6 0 -7 4 6 0| B, 45.3

00 0 0 0 4 |B 0.03

Solution of this equation (B, f;, Bs» Bs» By Bs)
15 (7.4,0.013, 0.3, 0.22, 0.345, 0.01). Equation(8)
as follows can be obtained by taking these data
into equation (2):

y="74+0.013X, +0.3X, +0.22X, +
+0.345X, +0.01X,

Full scale equation was shown in equation (9)

y=17.4+0.013x, + 0.3x, + 0.22x] +

+0.345x; + 0.01x,x,

In order to obtain the best value of packing
time and melting temperature, solve the par-
tial derivative of x,, x, in equation 9). Con-
sequently, the result was got, which is when
y is maximum, x,,x, in the function becomes
—0.013, —0.44 respectively. The best value of
packing time and melting temperature was
carried out, which was 29.87S, 171.2 °C re-
spectively by taking the values of x,,x, into
equation (6) .
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Fig.(4). Experimental specimen

3.3 Experimental verification

The result obtained through the orthogonal
experiment method shows that filling time has
the least influence on the impact performance
among the three products. The products can be
filled in a short time as the volume of theirs are
small. So, in the verification scheme, the fill-
ing time was set to be 2.5S refer to the result
of simulation analysis, packing time and melt-
ing temperature was set to be 29.87S, 171.2 °C
respectively based on the analysis result done
by response surface methodology, and keep
the other parameters invariant. The verifica-
tion specimen was shown in Fig.4, which im-
pact strength is 8.62J/mm?, the result is better
than that of the initial test scheme of all kinds
of test results.

The parameters in tested scheme have the
most similarity with those in optimal scheme,
and the impact strength in testing scheme has
the biggest difference with that in scheme 6.
For further analyzing the effect of the process
parameters on impact performance, the micro
morphology was used to observe the micro mor-
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Table 2 The arrangement of experiments and the results

A C
Experimental No. (pgcking (E)rl?llr)r‘?r; (ﬁllinlgs time) (melting Impact strength
time) temperature)
1 1 1 1 1 7.72
2 1 2 2 3 7.35
3 1 3 3 2 8.43
4 2 1 2 2 7.94
5 2 2 3 1 7.44
6 2 3 1 3 7.52
7 3 1 3 3 7.46
8 3 2 1 2 8.32
9 3 3 2 1 7.8
K1 23.5 23.12 23.56 22.96
K2 22.9 23.11 23.09 24.69
K3 23.58 23.76 23.33 22.33
k1 7.83 7.71 7.85 7.65
k2 7.63 7.70 7.70 8.23
k3 7.86 7.92 7.78 7.44
dispersion(R) 0.23 0.22 0.16 0.79
Factors major—secondary C>A>Empty column>B
Optimal solution 3 | 1 2
Table 3 Statistics sheet of quadratic response analysis data
Parameter
X, X, X, X, X, y Xy X,y X,y Xy Xy
Sequence
1 -1 -1 1 1 1 7.2 | 7.7 ST 772 | 7.72 7.72
2 -1 1 1 1 -1 735 | 74 | 7.35 | 7.35 | 7.35 -7.4
3 -1 0 1 0 0 843 | -84 0 8.43 0 0
4 0 0 0 0 0 7.94 0 0 0 0 0
5 0 -1 0 1 0 7.44 0 -7.4 0 7.44 0
6 0 1 0 1 0 7.52 0 7.52 0 7.52 0
7 1 1 1 1 1 7.46 | 7.46 | 7.46 | 7.46 | 7.46 7.46
8 1 0 1 0 0 832 | 8.32 0 8.32 0 0
9 1 -1 1 1 -1 7.8 7.8 -7.8 7.8 7.8 -7.8
T 0 0 6 6 0 70 0.08 | -0.6 | 47.1 | 45.3 0.03
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e

Fig. 6. SEM of the product of optimal scheme

phology of the fillers in both scheme 6 and op-
timal scheme.

The scanning electron micrographs were
shown in Fig.5 and Fig.6, in which fillers in opti-
mal scheme showing the parallel arrangement in
Fig.6, while fillers in scheme 6 showing the dis-
ordered arrangement in Fig.5. When filling time
and cooling time didn’t change, the higher melt-
ing temperature, the lower viscosity, and the bet-
ter mobility, thus degrees of freedom of the fillers
were increased, that was the reason why fillers in
scheme 6 showing the disordered arrangement.
Disordered fillers decreased the impact strength
of the product, and ordered fillers increased the
impact strength of the product.
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4. Conclusions

By orthogonal experiment method and re-
sponse surface methodology, injection process
parameters can be effectively analyzed and op-
timized, and obtained product with good impact
performance. During the injection molding pro-
cess, melting temperature, filling time and pack-
ing time have an interaction and cooperation ef-
fect on the impact performance. The result shows
that, the impact performance can be increased by
improving the arrangement of the fillers.
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