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Abstract: Injection molding is used in many industrial fields such as home appliances, vehicle parts, and electronic device parts

because various resins can be molded, leading to mass production of complex shapes. Generally, the empirical prediction method

is used to set the initial processing conditions of injection molding. However, this approach requires a lot of cost and its presented

solution is not accurate. In this paper, injection molding was simulated through the Moldflow™ in order to manufacture the

spacer for gas insulated switch. Through the simulation, the flow of the resin with respect to the diameter of the inlet was analyzed.

It was found that the process was possible at a higher resin temperature as the diameter of the inlet increased. In addition, through

thermal analysis during injection of the resin, it was confirmed that a stagnation phenomenon occurred at the insert portion

during injection molding, and the temperature of the resin was higher than that of the mold. As in this paper, if the spacer is

manufactured by optimizing the injection hole and the temperature of the injection process based on simulation, it is expected

that the spacer can be manufactured with high productivity.
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Fig. 1. 3D modeling and mesh image of spacer for GIS (gas insulated
switchgear).
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Fig. 2. Viscosity graph of epoxy resin according to temperature, (a)
Moldflow database and (b) measurement value.



428

Table 1. Thermal properties of KMC-630 resin on Moldflow database.

Parameter KMC-630
Solid density (g/cm?®) 2.8325
Melt density (g/cm?) 2.8160
Thermal conductivity 273
(70C) (W/m-C) )
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Fig. 3. Flow change of resin according to the size of the inlet. (a) 10 mm, (b) 30 mm, and (c) 50 mm.
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(b)

Fig. 4. Flow changes according to mold and resin temperature (a) condition-1, (b) condition-2, and (c¢) condition-3.

Table 2. Flow change temperature conditions according to the
temperature of the mold and resin.

Temperature of the
mold (C)

Temperature of the
resin ('C)

Condition-1 120 100

Condition-2 140 100

Condition-3 140 110
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Fig. 5. Flow changes according to the size of the inlet (resin
temperature 110°C, mold temperature 140C) (a) 10 mm and (b)

50 mm.
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Fig. 6. Heat flow of resin inside mold according to filling time.
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Fig. 8. Cure rate of resin inside mold according to curing time.

2K oR A9 2= S7HAA 10 mme| A7
A 2SI 0]7d P2 50 mmojl= BAYSHA] X9kl o]
S &0l AU Aol Sl Wt o w2 2 =04
7801 7tedE € 4 A Bt 2 R R =2
= 242 &0 239 A7 FHAA AAMEO| et A
of FA dds BAsts S & 4 Aen 2= Qs
PR 2=t A 59 2B S7ste A

290 &
2 Qloick. wetA F5 YT 9
A QM E ot

Fe 2AAY %

>N 8
ok g

o

AR Aol ghate]
7 AQZF

| Al

|
Hu

ro
=O|l:1’
— 18 P

i
e
o
t_,
-
o M
-+

<
—
P
N
—
i)
i)
|o
il
S
Do)
iy
ox

2a)
(<]
=
d

o > wa o

=

S

>

>

H-HX' m-_lu o)
ox
ot o
L L
rlo Mo
1 ofm
o
nx

o

&

0

re

N

)

[>

i)

re

oX Ob il
oz & ro
o,
i
oo
o
18
o

N
o o

ok o
ok

>
o
e >

Y. jo
~]
K ow
i)
gg
2
P T
o
-4
1o
|

£
o)
2%

oX.
_EJLF

o © 2> o E |4 o 3O oX
4>
)
>~
Dol
ofo
ol
o
)
>~
2
ik
oX,
ol
o

to Hob mo 2 N 2 ot flo

L
4>

pax
lo
fru
)
£
i
iu)

pac)
o

£ =R oA = 7kA "9 Tl 7] & A5 0] A E Moldflow
£5] Al 804 sttt 5 7o) AZo] apE 2x|0]

ol |

=2 O
a=
mz A ste] AB ol stH0D] 37Hx|9) FYT
oA L5 o]y Fol WAseIc. SRR £ P 517

[Sx
Mg
B

ox.

$£4517] 9Jako] F17e] 7 10 mm, 30 mm,

o Z7}atol met o @

ol

bt

Rl

©]

1

208 O
N

o AHE ol e e 5
7

ol

o

431

29
53} 297 Aol FIHALE ©

2 917] gJsto] 47 o
Aayste s 29 o)
g YR SAlE 2
3ol 3

ol

to

o ro
>
42 |m
A
=) 19,
o ol
- = o AL -
- o filo

i_:“

.E’nl."

S

2

=)

T

oZ
i
ek
o

ORCID

Jachyeong Lee

= At 20218 =

A7

https://orcid.org/0000-0003-2918-4694

ZAtel 2

AR EAATA B (MOTIE) &
2712 Y(KEIT)2] x| Y-S kol 4885t

TH'20010965).

(1]

(2]

(3]

(4]

(5]

6]

(7]

(8]

(%]

[10]

REFERENCES

H. S. Park and T. T. Nguyen, J. Comput. Des. Eng., 1,256 (2014).
[DOI: https://doi.org/10.7315/JCDE.2014.025]

J.S.Kim, J. D. Kim, O. R. Kim, and C. O. Kwon, J. Korean Acad.-
Ind. Coop. Soc., 9, 1119 (2008). [DOI: https://doi.org/10.5762/
KAIS.2008.9.5.1119]

Y. E. Yoo, Y. H. Seo, T. J. Je, and D. S. Choi, Korean Society for
Precision Engineering, 22, 23 (2005). [DOL: https://www.korea
science.or.kr/article/JAK0200514714087006.page]

W. R. Kim, J. Photopolym. Sci. Technol., 20, 30 (2009). [DOI:
http://pds16.egloos.com/pds/201004/14/01/Injection_molding_tren
d.pdf]

K. Y. Park and J. C. Park, J. Korean Soc. Manuf. Process Eng., 10,
85 (2011). [DOI: https://www.koreascience.or.kt/article/JAKO
201108163172983.page]

J. H. Mo, H. S. Hong, and M. Y. Lyu, Korean Soc. Technol. Plast.,
10, 211 (2003). [DOLI: https://scienceon.kisti.re.kr/srch/selectPOR
SrchArticle.do?cn=NPAP08076264&dbt=NPAP]

M. C. Quintana and P. Frontini, J. Reinf. Plast. Compos., 39, 219
(2019). [DOL: https://doi.org/10.1177/0731684419883941]

Y. Zhao, T. Mattner, and D. Drummer, Int. J. Adv. Manuf. Technol.,
105, 1723 (2019). [DOI: https://doi.org/10.1007/s00170-019-
04306-9]

S. H. Kim, J. Korean Contents Assoc., 12, 119 (2012). [DOI:
https://doi.org/10.5392/JKCA.2012.12.12.119]

G. D. Kim, J. Korean Soc. Precis. Eng., 24, 131 (2007). [DOI:
https://www koreascience.or.kr/article/JAKO200727500001526.page]



432

[11] D. V. Rosato and M. G. Rosato, Injection Molding Handbook
(Springer Science+Business Media, LLC, 2000) p. 776.

[12] M. Moayyedian, K. Abhary, and R. Marian, Int. J. Adv. Manuf.
Technol., 91, 3977 (2017). [DOI: https://doi.org/10.1007/s00170-
017-0055-1]

[13] S. Kitayama, R. Onuki, and K. Yamazaki, Int. J. Adv. Manuf:
Technol., 72, 827 (2014). [DOL: https://doi.org/10.1007/s00170-
014-5697-7]

[14] J. M. Castro and C. W. Macosko, AIChE J., 28, 250 (1982). [DOI:
https://doi.org/10.1002/aic.690280213]

[15] H.P.Park,B.S. Cha,J. W. Lee, Y. B. Ko, S. G. Kim, T. S. Jung, D.
H. Kim, and B. O. Rhee, J. Korean Soc. Manuf. Technol. Eng., 23,
206 (2014). [DOI: https://doi.org/10.7735/ksmte.2014.23.2.206]

[16] S. Y. Eom, S. B. Seo, and K. Y. Lee, Polymer (Korea), 37, 240

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 6, pp. 426-432, November 2021: Bae et al.

(2013). [DOIL: https://doi.org/10.7317/pk.2013.37.2.240]

[17] S. H. Park, J. Korean Soc. Manuf. Technol. Eng., 28, 56 (2019).
[DOI: https://doi.org/10.7735/ksmte.2019.28.1.56]

[18] L.J.Lee,J. M. Ottino, W. E. Ranz, and C. W. Macosko, Polym. Eng.
Sci., 20, 868 (1980). [DOIL: https://doi.org/10.1002/pen.760201306]

[19] H.S.Kim, J.S. Son, and Y. T. Im, J. Mater. Process. Technol., 140,
110 (2003). [DOI: https://doi.org/10.1016/S0924-0136(03)00700-3]

[20] J.C.Park and Y. K. Seong, J. Korean Soc. Manuf. Process Eng., 9,
21 (2010). [DOIL: https://www.koreascience.or.kr/article/JAKO2010
07750339637 .page]

[21] K. H. Han, D. S. Choi, H. S. Kim, and Y. T. Im, Trans. Korean Soc.
Mech. Eng. A, 25, 1575 (2001). [DOI: https://doi.org/10.22634/
KSME-A.2001.25.10.1575]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


