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Construction of a Support System
for Determining the Condition of Injection Molding

Jae Yong Baek” , Il Lang Yi* , Bo Hyun Kim*

ABSTRACT

The set-up of an injection molding process is a very complicated and time-consuming job because it is required to
well determine a lot of variables closely related to products. Thus, the productivity of the set-up process mainly depends
on operators' expertise and know-how. To solve the problem mentioned before, this research constructs a support system
which helps operators determining the condition of the injection molding easily and systematically. The construction of
the support system consists of the following four steps: 1) to determine the control variables which affect the target
defect types, 2) to design and implement Ul(user interface) using a scenario of set-up process, 3) to design and
implement the search algorithms for the initial and optimal condition, and 4) to construct the embedded system which
integrates the support system with the operating system of a plastic injection molding machine. The test experiments of
some typical products are performed using the embedded system to verify the validity of the support system.

Key Words : Injection molding(A}+Z& 43 &), Support system for determining injection molding condition(SSDIMC:A} &
Bz AL AR QA28 T E), Initial and optimal condition(Z7] @ A =7A)
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Determination of controt véﬁables

- Classify defect-types
- Investigate causes for target defsct -types
- Select control variables :

Design and implementation of UF

- Analyze a injection molding process scenario
- WBS analysis and design of user mterface
- Implement a user interface-

v

Design and lmplementstion of algorithms
- Desngn of determination algonthms for
" the start; initial, and optlmal condifion

- Implement and verify the algonthms o

Construction of the embedded syste’
- Integrate algonthms anda user interfa
- Develop communication modules between -
S/W modules.and machme ‘hardware .-

R

Fig. 1 Development process of an embedded system

it gAl e G ET AHEzl E
o7t F3E AEAY zWAHA AYAz"EE
#4431, dojy dFE A% B4 Z AT
& et A2 Y7o FRE.

B dTdAE AEAE 2044 3AE
A ANFRzR FAgA, 271210 AR GA, 34141
A AAGAY A GARZ Yol HIsAch
zt gAY #3388 € 5EFL gL Zo] 89
g+ o

O AFRzA FAGA: ALEFA,
4 FEABRRE ALE2AE FAH AF¥zAL
AR SAE, 593 FAHSE AAAdA ] v}
2} 29 EAol EaA vehtr] b dA9
¢y FHE APdolE g o] 83t AlFzA
= Aikgt

71A, AE

@ 27127 AAYA: ARZAANN Feato]
Hzel FFol e WAX HYEAS PHH

Aojdsg A 24t 4PEFY EFHH)

7 U ohegshl vehs] wEel 2t Alojis

1]



YL ol HEE : 3

P ALDFEA) A 2d A%

EHHoR

® A9z4 AAA!
ztel WME Aol GANE FE
B 4 glE BTk PPAHY H¥zRAL RE

ZREA 27jzde AR
2712044 223t
o] ALHo=

RHez AAHY F2Wge] 2o

21 EYFYol o AlEM R HojH
o M3
AHEEAC AYHE TX A ¥ F
FEL it o2 EFFILS FUE €Y
o e A3y sa M= g %1 #AE
Z71= @t A€ Eo 2FoY EESvA=
AL Aol A B3t S}LH 'S A

Astt K & B
s TP ANz Ay
o 8L AAsE FHA
71% ok a2 oleid dubEQl AV I
o]FoAE= AL oiUrh AE A wg HE
g AIZgEAE AEY EddE
Yo o]Fo] x|z} ¢ko}l AO|E FH= A7t
ol uAdye] BAEIE
gt 9ot 7L AHALdE FY ACEF F7}
go2 3ot B dFdA A
szl e AAHL AEZRF AAS AY
ANzdlog ZPHAL EAH7R

TS AF)

e dANEE

wo=a

ol Farspr|E @ =9
4oz w3
ER R T

SRR TR

she

18y F=

s

Y
oL

ol UU
l:l

gt 2eoz dAd Try-out HA o)A &
Ao o]folHrtm 7}: % A2=¥L Table 1
7 go| AN EAHor olgsE A
Poke EQE gunEe ALt AEIA
A 74 wiwa BAsE w4y, SeA, 43
Bt A 7bA BEREe Adsd BELAL A
Astn FES HYGE AL T2 s 272
A ARGANME A 7R % 8 % n4¥ny

[o:

ERNE B AT AEUAR 2EZAF

AIZEEE AJHETZ *d*é‘”'c‘?h_ CELIE IR
g Afele By, BAAE Aojwgg A}
o BEgs zﬂ?iﬂﬂ} Aavtas] Afdx ArEy
Ho| 3] BZFE AAY Fx JATN vy
ZPr 9 BF 211716}‘4*1 FES A3 9
3 A3 ?HOI 95%°1d AARAHAGT 7FA 3
' ”:‘Lﬂ}ﬂ«l ALde Bgta iAoz B
S AAZRY. 271270& AX 2o AAHA A
E e 43 FFHZRA AAGAANME AES
Bzotg, 2E23 & AoJUFE AE33

t} 7)1 AlEgE I BgAZke] AYE o=
2EZ2 71 Zrtstd siulE] o AgEHE AlE
gde] Z7MEE ABE E 4 7] dEd AE
2EZ2ATHS A zA A9 AojEsg Ads)
A, BAAZe) BEdde HAZAALEA Aofd
Fol H3talx] grvta gars o] AAFH AT

Table 1  Solution of defect type

259 Zaael - AL
AT 28 0 faPel 48 TEdaE BT SAAREEED S B9
5 -~ FALEE SYAY BHXEE ¥4
oot | FEA AE AEAZS] RET FpolE AEEES 37T
& 3 waz #edoE
Shot) AUE. mme adold Aol 2T 82 WY, ACE guyg -_T’_ I%—- °!
$=xgo] 2 53*17]7']‘4' AClEY] $AE ¥WEF}S FAZES
FA 4 3 TAAZFE 24
s | A9 #EA0 B 54, BUEEE Ury NE9ad 558 9%
(Flash) F9 09 olgd 5E audn Fae A%,
299 A2 £4 54 & 24, £¢ 23 AL ol
AEEE ¥
A EA FA ARE eI AEGAT HUE S
NET: £ WA 2R #A TYIEE WFA YAANLE Y
° FAZEE HFL HMAE o1& (7712 A=
: e Aol A B S o | TALEE T T
;ksnl‘ﬁl; —rZ]7]' ‘%}—]'J—}Zo°ﬂ 1‘1‘3"‘] \_§]‘7}' v ‘ﬁ‘a]}“j‘% _%:_) .
N N E% =2 & o] ;17 3 :F' H}EEO = A%
P dug ST PR AT AT

70



HAQE- old- HEY .

A YFetEA] A22A A3E

22 AMEX} QlE{Ho|A MAH W 7

AN2gg AEsEy] Ao dd dF3EE 3
a4 stelstn ARgA7 Al 2RE " ARg
g 4 v dEEH|A2E dA 2 FEsof gt
WBS & °|83t9 A& A¥xdS dA4ste 47
£ A, Fig. 29 AEAHY FAHYETY
vhx) et gA) FHE2A AHEA S WBS & =4
3l3t Flojth wBS & nlg oz ALE-A} QEHo] &
g dA%n FE3H e, Fig 3 = 4AE A
E4Ed S50 A Z2AdS ARG F e
QA o] 9] 3 o7} Vel gt

Support Optimal
‘ system *_ lcomimon Profile
M

Result of C
Test-run

onfirm

Cancel

([

_I Cangel H Done I--lv Confirm l
Retry

Fig. 2 WBS for determining optimal condition

s N w e

Fig.3 An example of Ul

n

2

JAIE= MY YaaEe A ¥ 7Y

B dAFoaE 7 dAdE AEzd AY ¢
&L HAASD FEIAEY, ol Z gAY

A5 e B AA5s} d2r) HEeln. Fig

4

de AAHA BHAN AExP AR 479

Bgo] veEhY glew, FPAe] Hoj=w) PR
(feedback information: 3B EFS EZFFE 2 AR
ARyt AA dFEEANA v Fadte AL

[e]

ob 2= 9lth. o]g s A& Foj=wl HHE F
Ao BT F UEE 7 TAE ¢uIdEL

TR 4ol 2= TR,

_ Determination of
mmal condmon

User
interaction

USEE. s
interaction

Determination of _
optimal condition
User g
interaction .

Fig. 4 Work flow of determining injection condition

2 ARES A%s e BAAe

459 2Y% ge FAHA 247t 27 H§
7] WEel AxY ol gl AGL2Z e
2 A7alA 83 ARE Worsol: TgelA
AaqREe wEel e At s T2

L

olE

ol A& 2FAPel P deo] Fasj
g 98 10 3 o) dF AWe Ad AEA
33 A3E ¥4E 3 }04 =r°}°i s



YA g oldF- HEE : #5HYFTHIA] AnE A3 %

AR S we 2FH100%)2 7IFoZ 80% 1)
Y ASdE EFHE AL oi'g, 90% 0T
d AE F,95% Hnd A s AL

231 AlBt=H ME

AEY 2% 2 ALgEA0 o Z2AHE
AZFFe A8F Ao dig CcAD HoJHE o]
g3t AFzAL AAPAYG. FA AzLAs}
FHeE A ey, v, #8925 55 DB
8l &t MY FAd gg AEzAL dAsix
g 33t x£3 FPEAEA ARE ugoz AFE
o BAE AE3o AELEZIE AMEa A

9 FAE n8ldd AESE 2 5%, Y4
e AAENY. B AT ALgE 4L A}
E4871=2@FFAL7IEd T4, 200194 A0E
WS Edz 74P
Vol cacil
Ly = — ooy _ (1)
,,(is_J
2
2)
Pr=KpxKgx fy
Tt = 2K—§ln(4—x Tm — Ty ] (3)
T X ay F4 r, -1,
B 4 x Vol oy, (4)
" T X dSZTI'njecl
A7M, g & SERA, po,, = AUER
¥, dg € £3% HAAol1 p. & AEUH, k.

E fEAF, k= BEFA, g, AUAEA
gojg. £ 1, & WA, 4. FEEH
AAE, & FALE, 1, & oA”RE, T,
FHEEL p, & AESE, Timject = FRAAZ
ojth, AlZ U S VIFLR B0%E HYpoE 4F
&L, BAAIZe AFS el #AIRl] Ssec
Fo3te Hx AExUE AA ) Table 2 &
Aol AHEE FAE FFATE YeEbAT Al
z70z2 AAE AIEYEE 28 AolEF
Wi F2E 83k &2 ¢o2 Hx Jad
ARt BEEA AAH 2712P A DA
Al HALAEZFS vAYEoR {Rde ARE
E F Atk olF ol&ddq 27xWE FIGHA
(filling stage)$t X9t Al(packing stage)Z T3k

rr

[o:

2 e o

=

1Y FAAe) P BRI WA AAR
1 gewAdN 4avag AASEs 9Ad
2P U YN TueFe LASA.

Table 2 Flow rate of resin material
Material Ky Material K
ABS 2.0 PES 3.7
PE 1.8 PMMA 1.8
PAG 2.0 POM 24
PA 66 + GF 24 PP 1.2
PBTP 2.0 PPO 1.9
PBTP + GF 23 PPO + GF 32
PC 33 PS 1.2
PC + GF 3.7 SAN 1.8
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Table 3 Weight variation of control variable
velocity presswe | pressure time stroke
100% 21% bar S6bar S5ec | 258mm
Weight 984 | V84g | V¥g | 084 | 24
(Variation) 0wy | 0wy | 0o | 0rn | 0w
Variable 168% 752bar 44.8bar 44sec 206mm
80% | Weight | 2976g | 2637 | 964 | 295 | 2738
(Varigion) | (03%) | (118 | @) | (1w | @2
Variable 126% 564bar 33 6bar 33sec 154mm
60% | Weight | 2749 | 152¢ | 29528 | 29559 | 2149
(Variation) | (79%) | 900 | 11%) | @9%) | 280%)
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Table 4 Stable range of SSDIMC and MPX

Stable range
Classification Iteration Injection Packing Injection Packing Cooling
velocity pressure stroke time time
Developed Method I 4 3 10% 10% 10% 10% 10%
system Method 11 3% 5% 5% 5% 5% 5%
MPX 2 3] 1% 5% 1.5% 8% 10%
Table 5 Process of setup initial condition
Classification Iteration Dt;;e:t Control variable Process
Injection velocity, 10%
! Short shot In:]iection pressutl?:: 10 BarTT
2 Short shot Injection pressure 10 Bar 1
Human 3 Short shot Injection stroke 10 mm 1
expert 4 Flow mark Inj.ccti.on velocity, 15% 1
Injection pressure 5 Bar 1
5 Flow mark Injection velocity 5%1
6 Flow mark Injection velocity 5%t
1 Short shot Injection stroke 15% 1
Developed 2 Short shot Injection stroke 15%1
system 3 Short shot Injection stroke 15%1
4 Sink mark Packing pressure 10% 1
MPX 1 Short shot Injection stroke 15%1
2 Sink mark Packing pressure 7% 1
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