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Abstract

The present study analyzes the important charatitexiof plastic injection molding machining proge$he polypropylene
(PP) material has used as a specimen and effeatedif temperature, packing pressure and injectiessure has been
investigated on the tensile modulus and elongaiiotal 20 experiments have been performed to aesli®e results. Response
surface methodology (RSM) was adopted for optinorabf injection molding process parameters. Thpegxnents were
conducted by using central composite design. Thalysis of variance (ANOVA) techniques was used $efection of
significant and non-significant parameters. Theegikpental results show that the RSM influence eltagaby 87.04%,
11.52%, 1.43% and tensile modulus by 85.35%, 113125%.
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1. Introduction

Injection molding process is widely used mantifdng process for high capacity making of plastimducts at low
manufacturing cost. The injection molding proces$igh-pressure raw material has added into thel n®lbsequently, under
high pressure, the fluid solidifies while coolinghangyuet al. (2007) have presented an artificial neural nekwanmd genetic
algorithm approach for optimization of process paeters to produce plastic parts by using an imjectholding process. The
developed hybrid algorithm model has showed therdmgment in the volumetric shrinkage and optimuntini@ing condition.
Kumaret al. (2013) and Tidket al. (2014) performed the experiments to improve thgpat by controlling the input parameters.
The design of experiment methodology was adoptedint the optimum value of input parameters. Staeelal. (2011)
investigated the injection molding process pararsdtereduce the defect. The parameters used weue velocity, displacement,
pressure, fill time, packing pressure, cooling tiemal total time. It was found that the developesteay was a very effective
method to optimize help in eliminating defects. Baat al. (2014) have reviewed the different controllingrgraeter and
optimization approaches for plastic injection molgiprocess to obtain the maximum output duringptieeluction of plastic parts.

Kramaret al. (2010) have proposed a fuzzy expert methodologylétermine the mechanical properties of partsidated by
the injection molding process. The fuzzy approaas wptimized using particle-swarm optimization tedict the mechanical
properties of molded parts. Masatbal. (2017) focused on the influence of injection niodd processing parameters on the
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dimensional accuracy of the polymer composite. duotion in shrinkage was taken into reflection hydging process parameters
on dimensional accuracy. Oliael al. (2016) performed experiments to analysis thenkage and warpage of the hip liner’s
UHMWPE, reinforced with nano-hydroxyapatite fabtagh by the injection molding process. Kavatlal. (2012) and Liret al.
(2008) applied Taguchi’s methodology to optimize thput parameters for injection molding procegsgolypropylene as the
molding material. The methodology could serve imimizing the cost to the customer by enhancing ityuaind production
aspects. Parét al. (2014) presented the relations among processnadeas and response variables, including clampngefand
warpage. The parameter was optimized by the respensface methodology (RSM) approach. Through agtsuolution
derivation, it can be observed that energy consiem@nd product quality can be simultaneously ojzi. Sorgatet al. (2017)
have analyzed the effects of ejection force onntiaehined cavity texture. For the same two cavitfases were machined by
micro milling and micro EDM process and effectefgction forces were investigated.

Rajendreaet al. (2018) developed 4 orthogonal array to perform the experiments. THiece of injection molding machining
parameters investigated on dark spot and shors gefect). It was found that the response sunfaeodology has a significant
tool to find the significant parameters. Azdaestl. (2019) has attempted to optimize the defectsndutie injection molding
machining process. The response surface methoddiagybeen adopted to analyses the volumetric slgekThe regression
model and the interaction plots between the pammmdtave also been shown in the present work. IGbydh (2020) has used
RSM approach to identify the significant and nogr#ficant parameters for advance machining proddsswufacturing of precise
components by effective utilization of the mach@process is a challenging task. The objectivere$gnt work is to analyse the
effect of melt temperature, packing pressure afeciion pressure on the tensile modulus and elémyaturing the injection
molding process by response surface methodologyoapp. The present work is focused on establishimgffective optimal
procedure for approaching the optimal process ¢immdi by using the quadratic model of responseaserimethodology. The
significant parameters were identified by the asialpf variance methodology (ANOVA).

2. Materials and methodology

Injection molding process is a recurring prodessproducing identical components from a mastetdnrand most widely used
for production of plastic parts. Polypropylene (PRterial is used for present experimental work armtlimble shaped standard
specimen is used for the same. The CAD drawin@fspecimen is shown in Figure 1. The polypropyl®agerial has property
of high tensile strength, good water absorptiorgnaical resistance and low density. It is low cositerials that uses for
fabrication of plastic and fiber products in autdiv® manufacturing and aerospace sector. The sffettinjection molding
parameters such as melt temperature, packing peessul injection pressure have been analyzed. &ihgilé modulus and
elongation were determined using a universal tgstivachine (UTM). The specimens were measured/tdsgethe universal
testing machine (Tinius Olsen make and model nos8ties has used). This machine is available atxifRET itself. The
measured values were continuously recorded by aoftvirhe slow loading rate of 0.5 mm/s has apgiedl high loading rates of
900 mm/s at room temperature (25°C) has been Gi$edmeasured value of tensile modulus and % elagatas scrutinized by
using MiniTab 17 software. The selected procesamaters and their levels are presented in Table 1.

Figure 1. CAD model of a specimen

The working process of injection molding machiseshown in shown in Figure 2. RSM is a collectiof statistical and
mathematical methods that is useful for modelind analyzing engineering process. The main objedRSM is to optimize
the response surface that influenced by variousga® parameters. RSM also quantifies the relatiprsttween the controllable
input parameters and the obtained response surf@ibesrotatable RSM approach is a rotatable defigh provides response
information of the same precision at all pointsidipant from the design origin. It is eminentlynséle to gather information that
is equally good in all directions at the same distafrom the centre of the design. An effectiveralative to factorial design is
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central composite rotatable design (CCRD). It gigksost as much information as a three-level faatowhich requires many
fewer tests than the full factorial design and basn shown to be enough to describe most steatdygsiacess responses. Hence
in this study, it was decided to use CCRD to dedigm experiments. The same approach has been osethef present
experimental work. The rotatable design has bednimdd for melt temperature, packing pressure ajekction pressure to
analysis the elongation and tensile modulus.

Table 1.Range and level of process parameters

Parameters Levels

-1 0 1
Melt Temp (°C) 190| 220 25(
Packing Pressure (psi) 5( 90 130
Injection Pressure (psi) 80 120 160

Barrel

.

I Plastic
granules
1

| I_;'

Figure 2. Injection molding machine set up

3. Results and Discussion

3.1 Analysis of elongation

The orthogonal array of experimental run and meabsualues for responses i.e. tensile modulus amgation has presented in
Table 2. Figure 3 shows the surface plot of eldngats packing pressure and injection pressurdéhénpresent work, packing
pressure (X-axis) and injection pressure (Y-axig)the independent variables, and the effect dfethparameters investigated on
Elongation. It is observed that elongation decreds®arly as the packing pressure is increasedasnth case of injection
pressure, elongation achieves a high point befeedsing again as keep on increasing the injegtiessure. However, it is
known that high injection pressure (185 psi) anckpay pressures (155 psi) causes overflowing aahfl

Table 2. Design of experimental matrix and experimentaliitss

S.no | Melttemp. | Packing Injection Elongation | Tensile
(°c) Pressure (psi) | Pressure (psi) | (cm) modulus (MPa)

1 -1 -1 -1 28.79 41.88
2 1 1 -1 8.80 10.61
3 1 -1 1 15.74 16.34
4 -1 1 1 18.44 25.87
5 0 0 0 24.33 35.31
6 0 0 0 19.11 22.55
7 1 -1 -1 9.82 11.90
8 -1 1 -1 22.37 27.67
9 -1 -1 1 17.89 22.81
10 1 1 1 8.23 6.90
11 0 0 0 20.07 25.10
12 0 0 0 19.04 23.88
13 -1.63 0 0 16.88 17.27
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Table 2 (cont’d). Design of experimental matrix and experimentaliites

S.no | Melttemp. | Packing Injection Elongation | Tensile
°C) Pressure (psi) | Pressure (psi) | (cm) modulus (MPa)
14 1.63 0 0 6.93 3.25
15 0 -1.63 0 19.58 24.76
16 0 1.63 0 14.78 16.82
17 0 0 -1.63 10.80 16.44
18 0 0 1.63 11.82 17.38
19 0 0 0 17.66 21.88
20 0 0 0 15.99 18.29

Hence, consider a value that experimentally pced an optimized elongation with no defects tosdu@ple part, i.e., packing
pressure at 130 psi and injection pressure at 3§0gjving us an elongation of 33.7%. Figure 4 esents the surface plot of
elongation vs melt temp. & injection pressure.sltnoticed that the relation between melt tempeea&irelongation and with
higher melt temperatures, the elongation tendstwahse. The optimal injection pressure value wbaldfter the peak when the
elongation starts falling. In addition, the melinfgerature can cue braking of flow and ripples ia ginoduct. Hence, the most
optimum will be with not the highest melt temperat(269C) but the second highest value, i.e., Z5@nd the value for injection
pressure is 160 psi.

Surface Plot of Elongation (cm) vs ( Packing,Injection) Pressure

Elongation (cm)

Figure 3. Surface plot of elongation vs packing pressureiajegtion pressure

Figure 5 represents the surface plot for elaagats melt temperature & packing pressure. As ofeskearlier, the increase in
packing pressure causes a linear decrease indhgation and the relationship between melt tempegaf elongation is linear for
very little time, and then elongation beginsfadl as the melt temperature increases @\lal., 2018). Based on the experimental
values, the optimum values of melt temperaturepauking pressure for least elongation is 26Gand 130 psi respectively.

Surface Plot of Elongation (cm) vs Injection Pressure,Melt Temp

20

Elongation (cm) |

0

Injection Pressure

Melt Temperature

Figure 4. Surface plot of elongation vs melt temp. & injeatipressure
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Surface Plot of Elongation (cm) vs Packing Pressure, Melt Temperature

Elongation (cm)

0
2 ., Packing Pressure

Melt Temperature

Figure 5. Surface plot for elongation vs melt temperaturpaking pressure

3.2 Analysis of tensile modulus

The response i.e., the dependent variable iseplon the Z-axis while the independent variablesplotted in Figure 6 on the x
and y-axis. In the present case, the tensile madslihe response to be, measured and packingupee§-axis) and injection
pressure (Y-axis) are the independent variablesgeffect of that is observing on the tensile mogukor an optimum setting, it
requires a sample that does not undergo deformatiaskly. Hence, the value of the tensile modulbsudd be high. Here, it is
observed that the packing pressure varies linasitly the tensile modulus and tensile modulus desmeavith an increase in the
packing pressure. Figure 7 shows the surface pltensile modulus vs. packing pressure & melt terapge. The response, i.e.,
the dependent variable is plotted on the Z-axidenthie independent variables are plotted on X araki¥. It seen that the tensile
modulus is decreasing with growth in the melt terapge and with an increase in packing pressum,teéhsile modulus is
decreasing linearly. The tensile modulus is optimatm0.51 MPa with a melt temperature of A@0and 50 psi of packing
pressure.

Surface Plot of Tensile modulus vs (Injection, Packing) Pressure

30
3 2

Tensile modulus
20

15
Injection Pressure

Packing Pressure

Figure 6. Surface plot of tensile modulus vs packing presgumnjection pressure

Surface Plot of Tensile modulus vs Injection Pressure, Melt Temp

Tensile modulus

Injection Pressure

Melt Temperature

Figure 7. Surface plot of tensile modulus vs injection puees& melt temp.
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In the given Figure 8, the melt temperature &&pand injection pressure (Y-axis) have been idmmed as independent
variables and tensile modulus as the dependerdblar{Z-axis). It is observed that tensile modukmains constant with rise in
melt temperature for the initial period before didnly tremendously with increasing melt temperatuihile in the case of
packing pressure, it increases with a steady cwitreincreasing injection pressure.

Surface Plot of Tensile modulus vs Packing Pressure, Melt Temp

30

20
Tensile modulus.

10

Figure 8. Surface plot of tensile modulus vs packing presgumelt temperature

Figure 9 shows the interaction effects of thetoar plots showing the interaction effects of tagmelt temperature and packing
pressure for the elongation response and (b) meipérature and packing pressure for the tensileumsdesponse, while the
remaining parameters are at their respective cealtees These plots are graphic representatidheofelationships among three
numeric variables in two dimensions which correspom elongation and tensile modulus as a functibtwe independent

variables.
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Figure 9. Contour plots showing the interaction effects lo¢ {a) melt temperature and packing pressure fretbngation
response and (b) melt temperature and packing ymeésr the tensile modulus response, while theaieimg parameters are at

their respective centre values.

The optimum values of various parameters artqaian ramp function graph and shown in FigureTlfere is a dot mark in the
ramp function graph that indicates the optimal lefeprocess parameter. The highest desirabilityesés close to the unity and
all values lies between 0 and 1. The graph of &atersus predicted DI values was plotted and shimwiRigure 11. It is clearly
visible in the graph that most of the values off@l proximity to the centre line indicate the legtfitness of model.



22 Goyal et al. / International Journal of Engineering, Science and Technology, Vol. 12, No. 3, 2020, pp. 16-25

I L T

-1 1 -1 1

AdMelt temp. = -0.397503 B:Packing pressure = 0933188

T |

-1 1 693 28.79

Q

Cilnjection pressure = 0.985373 Elongation = 20.1792

(@]

Desirability = 1.000
3.25 4188 Solution 1 out of 100

Tensile modulus = 29.2675

Figure 10. Ramp function graph of desirability
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Figure 11.Predicted vs. actual DI values for elongation emile modulus

3.3 ANOVA analysis of elongation and tensile modulus

Table 3 reveals the ANOVA analysis for the elatngn response. In order to analyse the resulthefexperimental designs,
analysis of variance (ANOVA) has adopted. The ANOMAIsed to investigate the relationship betweessponse variable and
one or more independent variables. It can be datednf the difference between the average of géwelk is greater than what
could reasonably be expected from the variatiohdbaurs within the level. As for a model P valifehe model P value is very
small (less than 0.05) then the terms in the mba@ek a significant effect on the response. It itest that compares a term
variance with a residual variance. If the varianaesclose to the same, the ratio will be closerte and it is less likely that the
term has a significant effect on the responsepréisent work as results shown in Table 3, a modallfe of 9.08 with a model P
value of less than 0.0002 suggested that the sdletiodel is significant. A P value for the modeinteA (the melting
temperature) also is less than 0.0001, indicatiag the model term A is significant. Similarly, thedel terms packing pressure
(B) is also significant. In summary, the terms Aldh are significant and C is the nonsignificantgraeters. The Table 4 shows
the ANOVA analysis for tensile modulus. It is sdbat the only melt temperature has found the sicanit (p less than 0.05)
parameter and packing pressure and injection pre$ss found the non-significant parameters.
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Source DF | AdjSS AdjMS| F-Value| p-Value Significan
Model 11 565.8 51.436 9.08 0.002 Significant
Blocks 2 82.346 41.173 7.27 0.016 Significant
Linear 3 322.161| 107.387| 18.95 0.001 Significant
Melt temp.(A) 1 280.417| 280.417] 49.49 0 Significant
Packing pressure(B) 1 37.138 37.138 6.55 0.034 ifRignt
Injection pressure(C)| 1 4.606 4.606 0.81 0.394 gimficant
Square 3 109.474| 36.491 6.44 0.016 Significant
A*A 1 51.915 51.915 9.16 0.016 Significant
B*B 1 0 0 0 0.994 Insignificant
C*C 1 64.257 64.257 11.34 0.01 Significant
2 -way interaction 3 51.818 17.273 3.05 0.092 Im§icant
A*B 1 0.88 0.88 0.16 0.704 Insignificant
A*C 1 50.909 50.909 8.98 0.017 Significant
B*C 1 0.029 0.029 0.01 0.945 Insignificant
Error 8 45.329 5.666
Lack of fit 5 29.815 5.963 1.15 0.484 Insignificant
Pure error 3 15.514 5.171
Total 19 611.129
R2 = 92.58%, R2(ad]) = 82.38%
Table 4. Analysis of variance for tensile modulus
Source DF| AdjSS| AdjMS| F- p- Significance
Value | Value

Model 11 | 1353.39] 123.03% 5.14 0.014  Significant

Blocks 2 246.22 123.112 5.14 0.037  Significant

Linear 3 799.02 266.34 11.13 0.008 Significant

Melt temp. (A) | 1 681.98 | 681.979 28.5 0.001 Sigmifit

Packing 1 91.06 91.057 3.8 0.087 Insignificant

pressure (B)

Injection 1 25.98 25.985 1.09 0.328 Insignificant

pressure (C)

Square 3 239.36 79.787 3.33 0.077 Insignificant

A*A 1 216.98 216.977| 9.07 0.017  Significant

B*B 1 0.15 0.146 0.01 0.94 Insignificant

C*C 1 32.13 32.131 1.34 0.28 Insignificant

2 -way 3 68.78 22.926 0.96 0.458 Insignificant

interaction

A*B 1 0.02 0.022 0 0.977| Insignificant

A*C 1 58.34 58.339 2.44 0.157 Insignificant

B*C 1 10.42 10.418 0.44 0.528 Insignificant

Error 8 191.46 23.932

Lack of fit 5 102.82 20.563 0.7 0.663 Insignificant

Pure error 3 88.64 29.546

Total 19 | 1544.84

R2= 87.61%, R2(adj) =70.57%

Finally, confirmation experiments have been ganied using predicted optimal process parameteigjettion molding to
confirm the feasibility of the predicted processditions. The outcomes of the confirmation experitnor optimal packing
pressure, melt temperature and injection pressaites have been depicted in Table 5. The optimdaesaf predicted injection
molding parameters show an improvement in elongaiial tensile modulus by 7.92% and 3. 22% respsgtiv
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Table 5. Confirmation experiments

Process Melt Packing | Injection | Elongation | Tensile
Parameters | temp. | pressure | pressure | (cm) modulus

(’C) | (psi) (psi) (MPa)
RSM 130 250 160 7.28

50 190 160

50 190 80 30.55
Experimental | 130 250 160 8.92

50 190 160

50 190 80 29.57

4. Conclusion

In the present work, optimal process parametere determined for minimum elongation and maxintansile modulus using
rotatable response surface methodology approachn¥iting temperature, packing pressure and injeqiressure were selected
as input parameters to analyses the elongatiomesisile modulus during injection molding process.

The following points are drawn as conclusions:

1. Response surface methodology is an efficient opéitiim methodology in minimizing elongation, maximig tensile

modulus of plastic part manufactured by injectioslding process.

2. RSM indicates that melt temperature, packing presamd injection pressure, influence elongation BY4&%, 11.52%,
1.43% and tensile modulus by 85.35%, 11.4%, 3.2&8pactively.

3. Similarly, the most optimum values of the injectimlding process parameters were chosen basedlwesvaredicted by
RSM and it was concluded that, the most optimuntese parameters for elongation is packing pressut80 psi, melt
temperature at 2580C and injection pressure at 160 psi to achievergravement in elongation of 7.92 %. Similarly, the
percentage improvement in maximum values of temaeulus is 3.22% for the corresponding valuesptinaum process
parameters 50 psi, 19C and 80 psi for packing pressure, melt temperatnckeinjection pressure.

4. The melt temp and packing pressure has found gméfisiant parameters for the elongation responsefantensile modulus
only melt temperature is found the significant paeter.

5. Further study can be performed on the other gragéastic material to analyses the mechanical pttgseby other advance
optimization techniques such as artificial neuetivork, fuzzy approach, ANFIS etc.
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