Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.4.17

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 4 pp. 17-25, 2022

FOHE S ANE ASAZTAC 2 I+

2 1
gz, d=E
'Solstn JIAKNSAZREZZHY, LA YA7|SH

)

A Study on the Insert Injection Molding of the Middle Cover of
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Abstract The middle surface of a mobile phone, where high-precision functional parts are combined,
is usually insert injection molding to achieve beauty and rigidity of the mobile phone's exterior. In
particular, injection molding can combine metal parts and plastic resin in the middle surface of a mobile
phone effectively. This study insert injection molded the middle surface of a mobile phone from a plastic
resin containing 40 % glass fiber as reinforcement in polybutylene terephthalate (PBT). The length of the
USB hole was used as the measure in managing dimensional changes in the molded product due to its
volumetric shrinkage. Next, two goals were set for further research after analyzing the existing process
capability. These goals include securing the stability of the USB terminal's overall dimensions and
improving productivity by reducing cycle time. Subsequently, fixing the average target value for the
length of the USB terminal to 8.49 mm minimized the average dimensional deviation. In addition,
optimized insert injection molding conditions shortened the cycle time from 55 seconds to 33 seconds
. The long-term process capability index Zlt was 4.22 ¢, the short-term process capability index Zst was
4.89 ¢, and the Zshift was 0.67 ¢ for the optimized insert injection molding. Hence, the capability of
the insert injection molding in terms of technology and management has improved with the proposed

modifications.
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Fig. 1. Middle cover of mobile phone inserted by

metal part
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Fig. 2. Schematic diagram of metal bonding process
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Fig. 3. Metal insert mold of the middle cover of
mobile phone
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Table 1& @4 & =71H 24 AAE AH9 Table 2. Length of USB terminal according to two
oS 9t AEAETA AR, 7|29 W7k A7t cycle c;iine(Cycle time 41 seconds and 55
seconds
3325 4t AlolE BHY) 55%(case 1) 9 W+ Azt
- Gr.. 41(s) 55(s) Gr.. 41(s) 55(s)
€ 1428 201 1928 W4T Alel2 B 41%(case 1 8.45 8.49 4 8.44 8.49
2)9] & 7HA] 24 ZAolt) 1 8.44 8.48 4 8.45 8.48
1 8.46 8.50 4 8.46 8.50
1 8.46 8.51 4 8.45 8.50
Table 1. Two injection molding condition for mass 1 8.44 8.50 4 8.45 8.48
production based on the present mold 2 8.46 8.49 5 8.47 8.48
2 8.44 8.50 5 8.46 8.48
Condition Case 1 Case 2 2 8.45 8.49 5 8.46 8.50
Melt temperature(C) 240 240 2 827 828 5 822 829
" 2 8.45 8.49 5 8. 8.48
Mold temperature(C) 150 150 3 8.45 .48 3 8.45 3.48
Insert temparature(C) 150 150 3 8.45 8.49 6 8.45 8.48
Injection velocity(mm/s) 65 65 3 8.45 8.48 6 8.46 8.49
Packing pressure(Bar) 120 120 3 8.44 8.49 6 8.44 8.48
—— 3 8.45 8.48 6 8.45 8.49
Packing time(sec) 12 12 Average(mm) 8.45 8.49
Cooling time(sec) 33 19 Standard deviation(mm) 0.008 0.009
Cycle time(sec) 55 41
71& FAt 3olA USB T A A1 718785
Fig 4% @4 AEe FOE S08 3% ANE  axs 2.9 9138584 2, 2 o] £ AR Hol
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Fig. 4. Dimensional standard of length of USB
terminal unit
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Table 3. Result of 2 sample t-test of 7 processing

conditions
Condition z b~ Hyp'o Significance
sample value thesis
Injection 1 o5 /100 | 0.921 H No
vel.(mm/s)
Injection | 430,150 | 0275 | m No
pres.(Bar)
Packing 80/120 | 0.433 Hy No
pres.(Bar)
Packing time(s) 6/12 0.004 Ho Yes
Mold
temp.(©) 140/150 0.737 H; No
Cooling time(s) | 20/30 0.001 Ho Yes
Cooling time by
cooling 20/30 0.752 H No
structure(s)

Table 4= 2-AE-T 24 B9 AAFH X9 QA+
Q1 B} ARt @7k Ajztol] s ARAEH 5 291
A 3529 GRS 48T JRzdolt
Table 4. Full factorial experimental condition of 3

levels
Level
Factor
2 3
Packing time(sec) 8 10 12
Cooling time(sec) 10 15 20
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Fig. 5. Main effect according to packing time and

cooling time
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Table 5. Experimental condition for the analysis of
process capability index

Condition Unit Value
Melt temp. C 240
Mold temp T 150
Injection vel. mm/s 65
Injection Pres. Bar 150
Holding Pres. Bar 120
Holding time sec. 10
atciz?elgtli%)rinﬁjne sec. 10
atc gg:)ilrilrglgtigie sec. 6
Cycle time sec. 33

Table 63} Zo] USB ©@A}9] WA 2|0 tist A5
< XPstg o, Hatol tist A2 P-ValueZ} 0.001
2 0.05 olstolnz 7hA A3t /HM Fo] §A7F Y=
Ao =ZEQich /HA & USB T A% 2|49] 4
7} 8.48+0.008 mmZ 71&F 249 8.49+0.04
mme} Blwste] HgkolA 0.01 mme] HAE HY
t}. ol 374 M A B AR X4 8.45 mmet ¥l
3199 ol BHgko] 0.03 mm A= o, A% 4
9] 714 W& BAA7} olEd A &

& Qg

22

Table 6. Verification of the length of USB terminal
before and after improvement of processing

conditions
Std. Group
Sample| N Mean Dev Std. T DF P

’ Dev.

Before| 30 |8.4519(0.0069 |0.0013
-17.34 56 0.001

After 30 8.4851 | 0.0079 | 0.0014
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Fig. 7. Schematic diagram of dimension standard of
8 assembly positions
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Table 7. Dimensional standard of 8 assembly positions

Pos. #1 #2 #3 #4 #5 #6 #7 #8

8.18 | 8.18 | 9.46 | 9.94 | 4.87 | 2.69 | 3.72 | 11.58

SPec. | 40.04] +0.04| £0.04| £0.04| £0.04| £0.04| £0.04| +0.04

8.18 | 8.17 | 9.45 | 9.96 | 4.88 | 2.69 | 3.73 | 11.57

8.17 | 8.17 | 9.46 | 9.94 | 4.88 | 2.70 | 3.74 | 11.58

8.17 | 8.18 | 9.45 | 9.94 | 4.89 | 2.71 | 3.75 | 11.58

8.19 | 8.18 | 9.46 | 9.94 | 49 | 2.70 | 3.73 | 11.57

8.18 | 8.18 | 9.45 | 9.94 | 4.89 | 2.71 | 3.74 | 11.57

8.17 | 8.18 | 9.45 | 9.93 | 4.88 | 2.71 | 3.74 | 11.58

8.18 | 8.17 | 9.47 | 9.95 | 4.88 | 2.69 | 3.75 | 11.59

QO[O |\ [ [ || —

8.18 | 8.18 | 9.45 | 9.93 | 489 | 2.71 | 3.74 | 11.59

9 8.18 | 8.19 | 9.44 | 9.94 | 4.89 | 2.69 | 3.75 | 11.59

10 | 819|817 | 946 | 9.93 | 4.89 | 2.69 | 3.74 | 11.58

11 8.19 | 8.18 | 9.45 | 9.93 | 4.87 | 2.70 | 3.75 | 11.58

12 | 817|819 | 945|993 | 487 | 2.70 | 3.74 | 11.58

13 818819 | 945|993 | 488 | 2.69 | 3.74 | 11.58

14 819|819 1945|993 | 488 | 2.69 | 3.72 | 11.59

15 1819 | 817 | 945 | 9.94 | 4.87 | 2.69 | 3.75 | 11.57

16 | 819 | 816 | 947 | 9.94 | 488 | 2.69 | 3.74 | 11.58

17 | 817 | 819 | 9.46 | 9.95 | 4.89 | 2.69 | 3.74 | 11.59

18 | 817 | 818 | 9.46 | 9.94 | 489 | 2.70 | 3.72 | 11.57

19 816|819 | 947 | 9.95 | 488 | 2.70 | 3.74 | 11.57

20 | 816|818 | 944|993 | 489 | 270 | 3.74 | 11.59

21 [818 | 817 | 946 | 9.94 | 487 | 2.69 | 3.75 | 11.57

22 819|817 | 947 | 9.93 | 489 | 2.70 | 3.74 | 11.58

23 817|819 | 946 | 9.96 | 489 | 2.69 | 3.74 | 11.59

24 1819|819 | 947 | 9.94 | 489 | 2.71 | 3.74 | 11.59

25 | 818 | 817 | 944 | 9.95 | 489 | 2.68 | 3.73 | 11.58

26 | 817 1818|946 | 9.93 | 487 | 2.69 | 3.74 | 11.58

27 818|817 | 945 |9.94 | 488 | 2.70 | 3.74 | 11.59

28 | 818 | 816 | 947 | 9.94 | 488 | 2.70 | 3.74 | 11.58

29 817 816|945 | 9.94 | 488 | 2.69 | 3.73 | 11.59

30 | 817 | 817 | 945 | 9.94 | 4.88 | 2.69 | 3.73 | 11.60

Ave. | 8.18 | 8.18 | 9.46 | 9.94 | 4.88 | 2.70 | 3.74 | 11.58

g:i 0.009 | 0.010 | 0.009 | 0.009 | 0.008 | 0.008 | 0.008 | 0.008

# 1 Normal distribution # 2 Normal distribution
LSL USL LSL USL

| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
1 |l |

“gids “afed ai7s a1%0 8205 220 8145 8160 8175 8190 8205 8220

# 3 Normal distribution # 4 Normal distribution
LSL USL LSL UsL

9.420 9435 9450 9465 9480 9.4%5

9900 9915 9930 9945 9960 9975

# 5 Normal distribution # 6 Normal distribution
LSL USL LsL usL

|
|
|
|
|
|
|
|
|
|

4044 4056 4068 4080 4092 4.104 4116

|
|
|
|
|
|
|
|
|
T

2655 2670 2685 2700 2715 2730

#7 Normal distribution # 8 Normal distribution
LSL USL LSL_ usL_

I I

I i I
I [ b I
I i I
I \ | I
I i I
I i I
I I I
I il I
| |

3690 3705 3720 3735 3750 376 11524 11556 11.568 11580 11.592 11602 11616

Fig. 8. Normal distribution of the dimensions
measured at 8 positions
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Fig. 9. Process capability index after process optimization
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