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Abstract — Die slide injection marvelously reduces the cost and time in processing plastic products because they can
simplify the conventional process through eliminating additional process. However, this process must resolve some
defects like whitening, resin infiltration, blowhole, resin overflow, etc. In this study, the process parameters of the injec-
tion molding are optimized by using the finite element method and Taguchi method. The injection molding analysis is
simulated by employing the Moldflow insight 2010 code and the 2nd injection is by adopting the Multi-stage injection
code. The process parameters are optimized by using the L, orthogonal array and smaller-the-better characteristics of
the Taguchi method that was used to produce an airtight container (coolant reservoir tank) from polypropylene (PP) plas-
tic material. Meanwhile, the optimum values are confirmed to be similar in 95% confidence and 5% significance level
through analysis of variance (ANOVA). rooreover, new products and old products were compared by mdasuring the
dimensional accuracy, resulting in the improvement of dimensional stability more than 5%.
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(c) Mold close & Secondary
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Fig. 1. Schematic view of the die slide injection process.
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Fig. 2. Positions and types of product defects.
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Upper die

Sealing die

(b) Secondary molding

(a) Primary molding

Fig. 3. Tool layout for coolant reservoir tank injection-molding.

Table 2. Material properties of Polypropylene (PP)

Table 1. Number of finite elements for injection molding analysis of
coolant reservoir tank

Process order Model Mesh
L. Die Tetras 3D (885,660)
1st Injection
Gate Beam (69)
L. Die Tetras 3D (1,130,076)
2nd Injection
Gate Beam (71)

Fig. 4. Positions in coolant reservoir tank for measuring dimensional
accuracy.

2 Z} Q49 F3]1](aspect ratio)s F1t 9.4% A TH(Fig. 3,
Table 134%). ZekAE &A1 tEAQ] S7Ed 7419 &
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T4 Table 37} 2t}

33. 45
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SI3ATH Fig. 45 543 +Q X¢i9] X2 A 41-3)& 2
F2 AAK9 A Ao, A A@d-5 FAE ST
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TR FAsHA AE30th 13} AFEelN S8R
230 °C, H AFESEE Al W 19 75%, HYE2 8s Bt
4s ZFA O F 25 MPa, 20 MPa, YZMA|IFS 47s% H83 & 24}
Aol 85 AREE 230 °C, B AESEE ) 3 5
9] 31%, B2 0.6s E<F 16 MPa, Y2 7HS 3552 #8-3}
STt

Item Value Item Value
Commercial product name J-370 HP.C Material characteristics Crystalline
Density of solution [g/cm?] 0.687(melt), 0.913(solid) Ejected temp. [°C] 93
Viscosity [Pas] Cross-WLF Modulus of elasticity [MPa] 1,340
Recommended die temp. [°C] 20~80 Shear modulus [MPa] 4813
Recommended melt temp. [°C] 200~280 Poisson ratios 0.392
Table 3. Cross-WLF model coefficients of Polypropylene (PP)

n Tau*[Pa] D, [Pa-s] D,[K] D,[K/Pa] A, AJK]

0.4929 1248 1.03e+014 263.15 0 31.335 51.6
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Table 4. Dimensions and relative errors in the 5 circulars of coolant
reservoir tank seen Fig. 4

Measured positions

Analysis results

Measured positions Start product - - -
[mm] Dimensions Relative error

[mm] (%]

! Outer diameter 79 7.8 1.3
Internal diameter 39 38 2.6

5 Outer diameter 44.7 44.5 0.5
Internal diameter 30.7 31.5 2.6

3 Outer diameter 8.8 8.7 1.1
Internal diameter 53 5.0 5.7

4 2.0 2.16 8.0
5 2.0 2.65 32.5

Holelo| =4 ALENHOE ABAE WS HEYAE YT
a7 915 Ao FHEAS AYsha, hEAE Fo A
Yo SRS SRt

AEE AY = 5 Y, AF-sY 5 TR S5
T, ARESE, B, WARke] 3 delel Z1R1sk, ofof whet
Ne] AARTES AL, a1 S TS Blo] 491414
0] AHA S AABIICHTable 5. %), 01714 854 &
T ARbARl Eej e adll 1] o) PR e j9] el Asisick
VIR ARESEE AR F SRR gulsielsdl, 12 AR
7N 32 3 XA 173~143, 143~103, 103~49, 49~0 mm2] A
sk Hoi&E o) 7PASEE e 1, 231 AEe] 41 3k #
FAM 26~21, 21~8, 8~0 mmS| A1) tigh HulEE Oin] 7%
S5 vpehdIth, g BOF S 0~4s 57t A5 E = muaﬂom, Bzt

Table 5. The process parameters and their levels

&5 HolERlol ] AREARe] SR &5} 267

AR 12 ARE - 220 ARRTEA] Al AR 23F Aol A AlE
HE7HA deles ARtelt) ol#f gt HANMTE v e s Je Lie
Wi F-2 Table 63} 2Tt

SRA 719} 22 RIA4TEE] AN A F4
&5 T WA5/d (Smaller-the-better characteristics)®. %2 48 <=
om, 71t =45 #4838 523kl SN ratio(Signal to noise
ratio)i= 2 (5)2+ ZTH10].

S/N ratio =—10log [l zn: y,z} 5)
n;/=

o] AoA nx 54X 7, Yaz 53t 59X YERAT). sk
1 10 lo:

524719 7HIdE FAZI7] f18k] 10 logs FHotkaL, watol =
=75 SN ratios: ZAA|A skelal 575 Fsk3lth,

42, 2 £=F IS

Table 7 L;q 2 vl el whet A8 ARE2] A8 Ak
At Azoltt, =ER 7t 5952wl e} ARo] thEr] wjitel] s/
N ratio®? &35 £33+ F2- 3} (Normalizing)”| 2 Q351t}. wehA
TR 07 ek Aol AL X5 S EE sk vEd
(Warpage)¥} 7% (Shrinkageysr S| 2 3tal, XA o] %
7} A6 et v &R %i}%} 3to] SN ratios Akl 5
3, g BARA X2 73] Minitab 132 ARE-SIATE

Fig. 55 2t AANGY 5= A5l WE SN ratiod] Wtz 2]
WuLofA ZF ARG 2= FY 59 SN ratio BHaE ©
2k o7 7F gefre] 7Rk 2 ol A 2 ovjsht), we
A SN ratiof. Al4-2] Agre HAskshs 3dx11& A4shd, 12+
AR & S8 200 °C, 3 FHUISGE tib] 1 86.3%, .91
40 MPa/35 MPa, W25 50501t 18]al 23} AREelM= 862
12200 °C, 3 Ui o] P45 30.4%, 242 24 MPa, W7t
&1z 25500t} $PA H A g BANEA s AEE 95%, 129
T 5%C14 p-valueZt 0.0552.0F &2 M= 12} Aol X3 23F

1st Injection

2nd Injection

Process parameters

Process parameters

Lv.  X;:Melt temp. X,: Ram speed Xj:Packing  X,:Cooling Lv.  X;:Melttemp. X,:Ramspeed Xj:Packing  X,: Cooling
[°C] [%, Max] pressure [MPa]  time [sec] [°C] [%, Max| pressure [MPa]  time [sec]
1 200 75-70-73-65 2520 30 1 200 2522-15 12 25
2 230 80-75-78-70 30-25 40 2 230 30-27-20 16 35
3 260 85-80-83-75 35-30 50 3 260 35-32-25 20 45
4 280 90-85-88-80 40-35 60 4 280 40-37:30 24 55
Table 6. Orthogonal array (L,4) for experiments
Process parameters Process parameters
No No

X, X, X, X, X, X, X, X,

1 1 1 1 1 9 3 1 3 4

2 1 2 2 2 10 3 2 4 3

3 1 3 3 3 11 3 3 1 2

4 1 4 4 4 12 3 4 2 1

5 2 1 2 3 13 4 1 4 2

6 2 2 1 4 14 4 2 3 1

7 2 3 4 1 15 4 3 2 4

8 2 4 3 2 16 4 4 1 3
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Table 7. Simulation result associated with the experiments
1st Injection 2nd Injection
No Warp. [mm] Shrink. [%] S/N ratio No Warp. [mm] Shrink. [%] S/N ratio
1 1.819 9.681 1.111 1 1.816 9.828 0.382
2 1.983 9.591 0.869 2 1.825 9.918 0.318
3 1.975 9.587 0.891 3 1.829 9.806 0.359
4 1.935 9.586 0.961 4 1.832 9.829 0.341
5 1.952 9.682 0.878 5 1.883 10.063 0.118
6 1.942 9.623 0.927 6 1.861 10.007 0.198
7 1.934 9.627 0.934 7 1.822 9.889 0.341
8 1.933 9.607 0.949 8 1.853 10.034 0.202
9 2.139 9.748 0.511 9 1.884 10.223 0.052
10 1.864 9.623 1.064 10 1.885 10.250 0.035
11 2.280 9.712 0.279 11 1.871 10.240 0.074
12 2.045 9.693 0.709 12 1.871 10.217 0.083
13 2373 9.604 0.158 13 1.879 10.260 0.048
14 2425 9.689 0.026 14 1.891 10.260 0.017
15 2.287 9.602 0.316 15 1.837 10.250 0.148
16 2.150 9.566 0.582 16 1.899 10.250 0.004
100 1 Melt temp. [C] Ram speed [%, Max] Packing Pressure [MPa] Cooling time [sec] Warpage [mm] Vol. Shrinkage [%]
) . - -
085 ". o Lm.
-4
s 055 1029
m z;o z;c zlso z'n 7ls s‘o n's ;o 25}20 so}zs 35/30 40;35 ;ln 4lo s'o slo 4 “ml
Level Ist injection
(a) 1st Injection Warpage [mm] Vol. Shrinkage[%]
Melt temp. ['C] Ram speed [%, Max]  Packing Pressure [MPa]  Cooling time [sec] S—_ - ra
- “1 ~n
030 e / e
5 | ssn
5 0.20 1190 ‘ 1.748
0.10 nmul ng,I
0.00

Level

(b) 2nd Injection

Fig. 5. Means of S/N ratios and optima of design variables (circles).
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(b) 2nd injection

Fig. 6. Analysis results in optimal conditions.
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Table 8. Dimensions and relative errors in the 5 circulars of coolant reservoir tank seen Fig. 4 (unit: mm)
Measured positions
Measured positions New product Old product
Ideal [mm] - - - - - -
Dimensions [mm)] Relative error [%)] Dimensions [mm)] Relative error [%]
i Outer diameter 7.90 8.08 2.3 7.59 39
Internal diameter 4.00 391 23 3.12 22.0
Outer diameter 4437 44.67 0.7 42.08 52
Internal diameter 3148 30.65 2.6 2731 13.3
3 Outer diameter 8.74 8.78 0.5 8.64 1.1
Internal diameter 4.83 5.28 9.3 4.75 1.7
4 2.00 1.97 1.5 1.84 8.0
5 2.00 1.98 1.0 1.88 6.0
ootk TS g FAXAES AR Yolx H2s5} AREE R 0% A= YL
Sh= Zlo] 7ksaitt
e
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BEE AL AN 430 TGS A
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() A s
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200 °C, & &% tiH] HtE5E 30.4%, B2 24 MPa, W42k
= 25s% A4sisioh.

() #FAsh xS 288t FAIslMe 3% A3t 12
AFzEollA B]E3 (Warpage) 1.764 mm, <% (Shrinkage)> 9.586%
o]a1, 22} Aol BIEH (Warpage)> 1.805 mm, <75 (Shrinkage)
2 Ah 10.23% T 9.76%)= Hof 3143191 3 mm, 20% ©|<]
E'E]oil‘/_]— QXS §l—1;_16‘1——‘l §]—0 ]-Oﬂ]:]-
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