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ABSTRACT

In injection molding, weldlines form because of the presence of holes, inserts and

multiple gates and an abrupt change in geometry that divide the polymer melt during

flow in the mold and then the melt meet again. Despite weldlines form in filling, its

construction, shape and property is related to injection processing. The weldlines can

not only influence appearance of parts, but also markedly influence mechanics. At

present, most researchers mainly take into account that processing conditions in

molding have influence on weldlines and performance of parts, however, few

researcher investigates flow morphology of melt. Mainly work of this dissertation is to

study different geometry of mold cavity and processing conditions that have influence

on performance of weldlines by numerical simulation method and experiment. The

details of the dissertation are as followings:

(D

(2)

(3)

We design diffom inserts, for instance, circle, square and diamond that form
different weldlines based on analyzing weldlines formation mechanism, and
then the forming process of weldlines in molding is studied by numerical
simulation. Results indicate that the processes of meeting somewhat like two
melt fronts directly impinge. Reunited melt almost can’t move, the orientation
that is induced by the fountain flow is unable to relax.

There is a hole behind inserts that have more complex shape when meeting of
melt again, and then reunited melt can move slowly. That will help molecule
at weldlines area to cross interface and relax, which can greatly increase the
strength of weldlines.

The material we used is Low-Density Polyethylenecrystal (LDPE) that
belongs to crystal polymer. We use Taguchi DOE to design experiment of
processing parameters (Melt injection pressure/Melt temperature/Packing
pressure/Mold  temperature/Melt injection speed), and find out which
processing parameters have more influence on the strength of weldlines for

plastics injection molding. At last we make use of Signal-to-Noise (S/N) to
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find out the combination of optimization of processing parameters. In
injection molding, we choose the combination we gained from
Signal-to-Noise (S/N) for every segment of injection.

(4)  The material we used is acrylonitrile-butadiene-styrene (ABS) that falls into
amorphous polymer. Also we use Taguchi DOE to find out which processing
parameters have more influence on the strength of weldlines in molding and
make use of Signal-to-Noise (S/N) to find out the combination of optimization
of processing parameters,

(5) Constitute the hypothesis of accumulation like sector near gate and draw the

simulation graphs of different melt injection speed.

Key words: Weldlines, Optimization of Processing Parameters, Injection Molding,

Simulation
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AR R THREEKED TFRREN S T 00, KRR s mEsn
B .
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FEE GRERVBEELSTHAR

RS, HEARERIRTAG TR, BESNeH BRI
TR B PR IR R . AR TE SRR, FAAEOHR R,
AR R I THE, BRI LR B ARG, 45
BRI N TR, BEATRANERAN, FATRERAR, BIEN%E
RABBEI A RERNEN, —B2EEE™, REREE OB EIEAET
STRAGHORE, REOSTFRANETRBIE. B TSR,
TEARRAR ., EREAUEBAM AT A RERTE, TG %
PEAE DA R R R ST R A RIS TR LB B R . ()
RBAT R A7 (o) BTN 28— A T 2 8 M A S A B 3
BEMBRD . B R RN T 2250 5 0 B a5
B, WTTHREIR R A2 BRA . R R TR SRR A,
A, ERELT LS. Ar, ABENREKEL S — 2 HR e %S,
AT TR I I R B R A b, MR TS bRse 7
M G R A BT B T £8 500k,

BT TEEEREET N, HEIHEEEMEBWERK, MR RRN
B RE A IR K MBS, DR TR AR I AT LU L4 3 = 36 DT e T bt
RAY, WPS. PVC. SAN SXIUER, BERXSIMERNEL, OF
EMHER A, MPC. ABS %, KABHABEE B IRE N, EREFY
BRMEGT, BEEAHENRETUZE, GLE SRS, W PA. POM
. PP, HUPYERBSPET. PBT 4, SKUE IS B4 U PRI RE R B R

T4 AR F 45 @ BRY) LDPE BT 2 RRY ABS JFRFIL, e T2 4
FEFIR BT AR A M R

3.1 ER&it

K HOTHRCR R SL %R O B BT AR IR TR, PN AL T
RS, AAARRR O SRR SIEEEE, REHET RS,
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R=F ZEREMBRESTIR

B EEARL S RN E, ROESF BN EOERAEELR B &
LR, T B R F R AR B AR M« R I B R
BERER R ARCRATRMERTRO, RO R
IR E R AT AR . RN ERERERRA BRI IR, 45
ARLZSEH A BT FA B BE M. ORI, AT BRI
#F, HaEMEERRFN AR EMSE, ERRFRT, LRERL A
FEE RO ET M ATIATS, MR M TR . 5. T8, A
QEERRAE ST, BRGHTREART . MTETIREERREN, B4 45
BEASELRAZ ATRERTKIRE Y™ . K306 Taguchi DOE FiEEMR,
MTEGEHRYAL TR ERY), EREZ RS0 3 AR
Bt . SdhmEY LDPE BEEERMIN, MR FM: EERERY ABS
PABERS MM N, SEAESEMAE R, SRR AR B 3. 1.

Teﬁ 1'1;.&‘33‘3 >

31 e A B R AR (47 o)
Fig.3.1 Filled article and location of tested bars (unit: mm)

I FIEFIFE O R T 3. 2.

Bl 3.2 HIRFAEREE IR T

Fig.3.2 Dimension of runner and gate of part
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3.2 Rt

AT A SRS, BREEENTIZSE0E, EHIED. BIHEE.
RIERES . BLARE. EEE LR TERFH A B EEN S # R W
WA EREFEERT B ERWE T, KERET, URELEM ENTES
gtk BNEIREXEME TR TESHMMNSES, BESHEHAE
Wi, MR REERNE, WRANDY, ERANEREMRRNKERE
b, MARBMERRITTRL, BER2XAEN, RLME A3 ARIESH T,
Bt R EHAT IR . AR KA Taguehi DOE ¥k, FIF 6 BIE 3 ACEIESD
FHITERR. FIRSRABFERLL S/ AT ERUBM I HE™ . GFRitis
HRRELLHEFTRERNY, TELREAFRAFRILLEHAODZ T
1957 SR Y, B R UARUS £ R RS EE N5 A BTN i .

FBYERA RINEFESERME R AR EREN CIS0-E, ffiRMATT
Instron 5585 # iRl EFUIEHIE F 7 M EHRR N LETH, KRR
ASTM-D638, FirfHig® %y 50mn/min, BAREE R~ K/MnE 3.3,

£pz
4

1g

—/"'
\

|

3.3 R

Fig. 3.3 Dimension of tested bar

3.3 Taguchi DOE 44

S REEYFAEE LPE, BT s mE 3. 1.

-20-



B=F SRBEYBELITIIR

F£3. 1 BB PTER N R AR

Table 3.1 Factors and levels selected in the main experiment

BOE | ASEh BERE RKREEH MERAE HAEE
i 2% / MPa /C /MPa /T /%

1 60 190 40 40 70

2 70 200 50 50 80

3 80 210 60 60 90

REGH Taguchi DOE 4024 18 41, B4R M FRH M A R BRI 4 MMk
F, BRI MN 3T E 3.4, 3.5 7R,

Bkt { 2

B 3.4 AREARMERRERER

Fig.3.4 Tensile strength at different location of every team
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¥ M T 4 T
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Bl 3.5 RIHARIALE IR A L

Fig.3.5 Tensile strength at different location one of team

RIEE 3.4, 3.5, HOIEH:

> EHEERRRENTRRE TR SRR R R .
> TERRF 25 SRR AT K SR 3 e P 8 7 PR

» IEHEBERLERNERELSHEEL RO ERS.
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MR- F 03

RNTEREREY. DFHREERIEEEREUREER T REEN.
BEHRs FEFEEMHTREAABSERIRE. HELF LS FITER
REHEN TERBARETEN, WHBETERZISNHMER, FEREIME
@M%, RERFRLHYNLRLE. AEERL FERIBETRERNFEE, i
AERK, SRNEAE, SEEERE HESABRRNERENRETR. ik
R E 578 TR 58 B B 18] < M A 4 o AT BB SR T ORI R X IR 3 3
B, BOTEYE. SR, S5 FH. BENEESRE N TEES 25
RMNAERE, FmESRERANMTN. ERNIER TR THEARESET
BN RE, R R ARSEE. RERENm, UREREES
me RAXNGEEEMMESERRN. EHNRAENIERT, Bhbatd
B RENTYERGE R, BRDEEEEEGL, RETHERSESS, B4k
waTtE. EAORERERBMNIIRER, RETHERXUEZERNRE, &
JEF A BN REARTR B 3R R . 45 BT 5 FRERI SRR B & 4 F Rk
B, HARMEEEN, FEMARGESFHZRSI MM, FUSRES
FHINZEERE. B R ENSENER.

LDPE B EEALAR & B-120C~~125C™, MR ARG 4 H i 25°C, 7%
W T, LDPE e THELREU L, HERRKLATHRES, SREMINEST
[BJHIEF 21 fn, BEMPiskIEERA. LDPE RE RERY, BRERBNERE
HF PR A F IR A A TE R P R R 3R 4T BT R AR AR K s
FTHRAMEX, #AFUETER, BHTHREETFNOTIKRERN, TTEAT s
BHRPUIKBE R, MUSERERMABET S RESNRE, TR%E
B LA ITEE. ETERNZ BEREAKIREPEE ST E, XEEN
WA #2 EFETRRERHEERE, FERTOFEATNNER. 85, A
WTREE o R AR R R, TEMGZ AU AR B 8 B SR T 20 T W7 LA 78 40 g BeF )
o WHF#4 W ERERERBAES FHE RO ORIA R, FmnmkEzs
18

T, BT A REA B#AT Taguchi DOE 4447, BEMTINTF:

S22,



B=F SRSRYBERSTTR

#3.2 WEEH 1 RBEY

Table3.2 Tensile strength at #1 in the main experiment

B MEEED BERE REEL EREE EHbEE 51 W R
RS / Mpa c /Mpa I'C % /Mpa
1 1 1 1 1 I 1 11.069
2 1 2 2 p 2 2 10.660
3 1 3 3 3 3 3 10.096
4 2 1 1 2 2 3 10.972
5 2 2 2 3 3 1 10.671
6 2 3 3 1 1 2 10.736
7 3 1 2 1 3 3 10.490
8 3 2 3 2 1 1 10.868
9 3 3 1 3 2 2 10311
10 1 1 3 3 2 1 10.387
11 1 2 1 1 3 2 9.917
12 1 3 2 2 1 3 10.318
13 2 1 2 3 1 2 10.073
14 2 2 3 1 2 3 10.118
15 2 3 1 2 3 1 9.589
16 3 1 3 2 3 2 10.004
17 3 2 1 3 1 3 16.112
18 3 3 2 1 2 I 10.218

1 4R 62448 62996 61970  62.548  63.178
2R 62,160 62347 62431 62412 62.667
MM 62003 61268 62210  61.651  60.767

o= 0.445 1.727 0.461 0.897 2.411

Taguchi DOE Zr#T&5 SR -

B2 AR IR R R A N R T E SRR . B LDPE (%
WHEIT AR A REH —RAN RN EHET TR RSN &€, mE
LDPE oy THERFIEBE, AHXT IR AT RERE O B R 50, LDPE MoKG e xf 80 )it e
Enfd. SEARMRTRELD, BEETHE 0. 6nm BHIR O 25 5 hEw
RIBIUIER ). HIEST AR, BT LOPE S0 A3 1F, 2 BIHa 8y
U1, SathRE R — PR, WA A ETUE MR R O R A A s,
HF RS HRGNEY, ERENBHRRBERAY, AT 2REkbng
AR BRSNS . ATERR R I 2 FOE PR RE, SR
et FERESFIRATES, B4 SFEENELSTABA RFE DR
aie BRI, BTEAMENEXTEEANERNHRKRRERY, Sh
TR, BEBER, FNBEEARBR RGBS H, FREENA

-23 -



M AE LS ATB I

7, ERERFESETRLEY, wREMERN S T RIS ANEERN. 4%
mtEE RN, ZAHWYVEMDNG TRAREENH, BB S
B,

THEBENTFIA PS BATHNRE, RKi#E—FRIERRREEDNFE. B 3.6,
3.7, 3.8 AR I 11, IIL yEATEERBRENG. AT UFE Hik st E L
FERMI B FEHERR BN, RN, WRARARBITE, REHRHE
—REEEHETE, EAREREERYRFRE.

K36 mEstEE T EERY
Fig.3.6 Injection molding at high melt injection speed

3.7 W AEE T A

Fig.3.7 Injection molding at middle melt injection speed

T TR AN 3 wid] P ST I
, 1 {8 i ] o T adst LR
L= o e I i ,,:l & - e
*Q fon- \ I
" Ty

B 3.8 BESHRE TR

Fig.3.8 Injection molding at low melt injection speed

XN F&mREEY LOPE KU, KA SFRLAMERS REFHEANEXRTIE
1%, ORI AR FEHE B RIIF A TR BE # 1 PRl [P v A ek By o R A
F,OREEE L BOEEREEFTRE. MR, UBREREE RS R, B
B 3 PAE MR ) B O A R R R ARSI IE R TR, BT EANA
MR, ATTEKZAE RS S, RSB TS A 4 FLIE,
FERVEST R RS, BRI R O ST R B
PSR E ) F VR —FE . WA L2 DOE 4M47 -l LUE = Ay it ik
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E=F SRARMERESTIIR

TR SRR Al 10, 53Mpa, 10, 44Mpa, 10. 13Mpa. RFHARERAE S
EEX, PR REMR. X#— B0 T ZONER2 .

HRSHBARRERR, FAREEEZFKRHNZAF25EZ 190C, 200C,
210°C. FERX=FAFEE TS FRaMHERES A2 10, 50Mpa, 10. 40Mpa,
10. 21Mpa. FEFMTRMLHRR, KFEHBRERTIEE. MITEES, B5T
HEREMERENBET RS, REFNSEAL. EEREREICMEREWE, N
EEMEERRZHTRRAABRRZER, S5REER, SRS, ¥
BRI TRAE MO HZBE ., WEERARERE.

[ FA S EFA CAE ik, LA ST R BATRAER, Mt—b

TR THEEERESLE.
R 3.3 REEH2 MR EREAT

Table3.3 Tensile strength at #2 in the main experiment

o EEIE) AARE REE) BRERE ENEF 251 LRER
F5 / Mpa /"C /Mpa IC /% / Mpa
1 1 1 1 1 1 i 10.116
2 1 2 2 2 2 2 10.015
3 1 3 3 3 3 3 10.051
4 2 1 1 2 2 3 10.688
5 2 2 2 3 3 1 10.628
6 2 3 3 1 1 2 10.420
7 3 1 2 1 3 3 10.179
8 3 2 3 2 1 1 10.010
9 3 3 i 3 2 2 9.823
10 1 1 3 3 2 1 9.688
11 1 2 1 1 3 2 9.686
12 1 3 2 2 1 3 9.514
13 2 I 2 3 1 2 9.440
14 2 2 3 ; 2 3 9.632
15 2 3 1 2 3 1 10.067
16 3 1 3 2 3 2 9.941
17 3 2 1 3 1 3 9.320
18 3 3 2 1 2 1 9.694

LA/ 59.070 60.052 59.700 59.726 58.820
2f0ERA 60.874 59.2%90 59.470 60.235 59.540
3fIgef 58,968 59.569 59.741 58.950 60.552

e ox= 1.906 0.762 027 1.285 1.732

Taguchi DOE 7+#r&s REH.
BAE#2 MBERE N EHRFESEHE AT EEA S, FHE AR/
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o Pt e me o VA

BRI A NRR, (RE FRAERATI R EMEREG, &R TRAES R
AR ER S . PESEERR, TSR RN, M AE SRS R,
B SRR, B TERS AT LTURFRSE, T, WOLER
0 T 0 B0 R R ) b, M THSB Ry 1) bR RS . IR SR A LR
ATBAE — SRR A TR, WLV A E R, ATIREGRE, EERRE

WERS.
%3 4 FEER3 BB mIRE

Table3.4 Tensile strength at #3 in the main experiment

il\jfiﬁﬁﬁﬁ RERE REEHD BARE HaEE . KRS
F5 / Mpa /' /Mpa /C 1% / Mpa
1 1 1 1 1 1 1 9.679
2 1 2 2 2 2 2 5.5%4
3 1 3 3 3 3 3 10.292
4 2 1 1 2 2 3 10.155
5 2 2 2 3 3 1 10,126
6 2 3 3 1 1 2 10.352
7 3 1 2 1 3 3 10.163
8 3 2 3 2 1 1 9.634
9 3 3 1 3 2 2 9.566
10 | 1 3 3 2 1 9.962
11 1 2 1 1 3 2 9.235
12 1 3 2 2 1 3 9.668
13 2 1 2 3 1 2 9.270
14 2 2 3 1 2 3 9.694
15 2 3 1 2 3 1 9.491
16 3 1 3 2 3 2 9.639
17 3 2 1 3 1 3 9.219
18 3 3 2 1 2 1 9.564

1 frggFn 58.831  58.869  57.345  58.687  57.822
2 firZhF 59.088  57.902  58.784  58.582  58.936
IMEIM 57784 58933 59574 58435 58.946

& # 1.304 1.031 2.229 0.251 1,123

Taguchi DOE 4r414: RFTHA:

ARSI PBERBE SRERENERANKER. B 42 PEELFERN
B IR AL REE T AU, B AR A FF RSN ENHREABRRANXE,
T #3 MEEEEBGESNER, ERERENEAED T RN, BEH
PR . EHEAMEESERERE S FHFERERAREW. EERERE
WAV EN, SRR —HATARTRE, WRAE43 MrstidE, M
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Fod SRERUEREN TR

SRR YL, WA LR # 2 —EAN T AMRIRLRE, ULR KT E XY #
LA H2 RSN TREES . SEGEGHIERE# 4 SR ER, W #3E
BFRERA. BFAE R4 SERHS— ERBARITRARR, TRFNE
PR FE ELASEMEE, I DR A VA, MBI X LRI BT, A # 4
CAMHRMT, FaRRETETHET. B REE LR, B
B8 TR ETE Y FHEERER, REENRIA#ERS LEEL
B . TOR R BRI FE 70 FT LAE 4 TE R R T LARUTRTEE . T,
AR R R, IR 4 BRI P M R B, TR R T ) R

g ta il g
& 3.5 WA # 4 O ERE

Table3.5 Tensile strength at #4 in the main experiment

Wk ESR RRAE GERN BREE FHESR FHRE R

e / Mpa rc /Mpa rc /% e
| : i 1 1 1 1 0.448
2 1 2 2 2 2 2 9.921
3 1 3 3 3 3 3 10,085
4 y 1 1 2 2 3 9.887
5 2 2 2 3 3 | 10.183
6 2 3 3 1 1 2 9.981
7 3 1 2 ) 3 3 9.847
8 3 2 3 2 1 1 9.597
9 3 3 1 3 2 2 9.523
10 1 1 3 3 2 I 9.350
1 1 2 1 1 3 2 10.989
12 1 3 2 2 | 3 9.120
13 2 | 2 3 1 2 9.471
14 2 2 3 ] 2 3 9.605
15 2 3 1 2 3 1 9.493
16 3 1 3 2 3 2 9,046
17 3 2 1 3 I 3 8.971
18 3 3 2 1 2 1 9.448

1 frge#n 58913 57.049 58.311 59.318 56.588
2 (AN 58.620 59.266 57.991 57.065 57.735
3FRAN 56433 57.650 57.664 57.583 59.643

W = 2.481 2.217 0.647 2233 1.90¢

Taguchi DOE ZpHr4s REH:
REHA MBELRESREREAUAM I ZS2HAER AN XE, N L&

_27.



RN A F R L 3

ELESHHAEH3 MEWATLVES, REENEN TEASGRE, R
A H#3 HRANEN. ERFRRBRE#4UEN, BERREENZIMOR
fh TESH, MR DB EER A #4 BRI ), FREERE
B, XEANTREZRENS THRG, RERREXERNEHRE, MR
BRRE H4 RGBS,

3.4 L (S/N)

ARAEAFER LRI EIR T LZS MR, FRILBTHAZRE
TR RA . HXE, REFEHEEEN. FAM. RIBETRTR
MR, BEREEMARET. &E 8 A% ERERIEE S ISR
HRRRE, HirEBRERE s TR

S 1)) 1

B, BATH LDPE 3847 S/N 447 :
F 3.6 AEEH 1 MEME (S/N)

Table3.6 Signal-to-Noise at #1 in the main experiment

T5 1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N(dB)
1 10.852 10619 10559  10.508 20.532
2 10112 10552 10.885 10918  10.835  20.544
3 10.113  10.095  10.080 20.083
4 10890 10793 11342 10.863 20.801
5 10.689  10.074  11.034  10.889 20.549
6 11039 10760 10.410 20.610
7 10123 10771 10295  10.769 20.405
8 11034 10965  10.584 11048 10710 20719
9 10090 10.531 20.260
10 10200 10657  10.384  10.308 20327
1 10.048 10610 8.690 10.499 9.736 19.859
12 10622 11228 9.587 10023 10132 20235
13 10.044 10033 10055 10311 9.922 20.061
14 10.047 10363 9.945 20.098
15 9.326 9.632 9.657 9.741 19.632
16 10.352 9.881 9.855 9.670 10262 19.995
17 10049 10262 9.925 10.443 9.883 20.092
18 9.898 10258  10.499 20.180

.08



H=F HEREMREESTIR

= 20.3 Bt
% — \ ./ \- \
= 202
% S \
20.4 ¥
20'0 T T T T | L L T T T T L] T T T T T T T
A1 A2 A3 B1 B2 B3 c1 €2 €3 p1 b2 D2 E41 E2 E3

B39 @ BELESHAS

Fig.3.9 Combination of optimization processing parameters at #1

WARE 3.9, RiEs 1 MEBETESEE A/BL/C2/DI/EL BT EMAMT
L HHHFEHTE Teguchi DOE EARKF, BAFHERT —EH LRI EE
FETESHMERLEY, BREENS LESR B AER, AR LDPE
ER L EBHEM THFEGLA:

Navsvezove= Mo (Mg~ M) +(Np- M) +H{ N O+ {(np= )+ -0
=nat npt et Mpt N4 N,
Hrhn, 2 18 4T FHERE, nnEBERF AACEN MG

rlAl/Bl/CZ/Di/El:2O- 31420. 4+20. 329+20. 329+20. 421-4%20, 292

=20. 618
#3307 REER2 MEMRIE (S/N)

Table7 Signal-to-Noise at #2 in the main experiment
Fg 1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) S5(Mpa) S/N(IB)

1 9.94 9.978 10.429 20.094
2 10.039 9.848 9.391 10.28 20.00%
3 10.162 9.92¢ 9.932 10.181 20.042
4 10.157 11.504 10.153 10.538 20.524
5 10.66 10.833 10.516 10.5 20.527
6 10.079 11.224 10.497 10.03% 10.259 20.336
7 10.108 9.857 10.582 10.284 10.064 20.147
8 9.848 10.475 9.745 10.094 9.388 20.000
9 9.798 9.774 9.869 19.845
10 9.59 9.449 9.82 9.874 9.707 19.721
11 10.143 10.068 10.166 8.369 19.632
12 2.459 9.547 9.537 19.567
13 9.489 9.377 9.455 19.499
14 9.682 9.498 9.656 9.831 9.491 19.672
15 9.834 9.45 10.917 20.010
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HNKFIR T H AR5

16 9919 9.47 9.928 10.448 19.933
17 9.348 9.37 9.289 9.272 19.388
18 9.578 9.732 9.772 19.729
20.2 -
20.1 .
_ / -
T 200 , \ . . ,/
g / . /
@ 19.9 4 / \ \ Ve e ' \ J
/ w \
19.8 L B o e R B o o SN  J—
Al A2 A3 B1 B2 B3 C1 ¢z ¢3 DI D2 D3 E1 E2 E3
K310 dfEH2 BRETEZSHAS
Fig.3.10 Combination of optimization processing parameters at #2
RAEE 3. 10, RAER2 A BRETESHAE A2/B1/C3/D2/E3.
Mazzsieameses™ Dt Amt Nt Nt N4 0,
=20. 095+19. 986+19. 951+20. 007+20. 048-4%19. 926
=20. 383
R 3.8 RAEH3 KU (S/N)
Table3.8 Signal-to-Noise at #3 in the main experiment
Fe 1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N(dB)
1 9.489 9.712 10.209 9.537 9.449 19.706
2 6.944 10.428 9.823 9.747 10.030 19.988
3 9.410 10.170 10.421 10.169 20.017
4 10.146 10.165 20.134
5 10.218 9937 10.222 20.106
6 9.954 10.166 9.773 10.515 20.078
7 10.368 10.085 9.766 10.195 10.399 20133
8 9.597 9.573 9777 9.402 9.822 19.673
9 9.420 9.712 19.611
10 2619 10.152 10.515 9.562 19.947
11 8.952 8.878 19.002
12 9.407 9.432 10.284 9.644 9.572 19.693
13 9.402 9.242 9.202 9.235 19.341
14 10.111 9.362 9.610 19.717
15 9.400 9.502 9.387 9.402 G.764 19.543
16 10.079 9.410 9.383 9.409 9.915 19.669
17 9.152 9.215 9.051 9.458 19.290
18 9.363 5.634 9.791 9.466 19.609
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B 3.1 SERIBELITSHES

Fig.3.11 Combination of optimization processing parameters at #3

RIEE 3,11, FFERINERETIESHE A2/B1/C3/D2/E2.

Naespiscamzie— Nagt DT Nt Nt Ne 4 N,

=19. 820+19. 822+19. 850+19. 783+19. 834-4%19. 737

=20, 163

3.9 AEEH4MERLL (/N
Table3.9 Signal-to-Noise at #4 in the main experiment

FP5  1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N(dB)
1 9.623 9366 9355 19.505
2 9.920  9.594 10250 19.922
3 10078 9.925  10.252 20.071
4 9.859  9.668  10.033  9.989 19.899
5 9753 10285 9924  10.772 20.139
6 10344 10418 10125  9.548 9.470  19.962
7 9.859 9722 9.960 19.865
8 9.600  9.678 9.514 19.642
9 9717 9.291 9314 9772 19.569
10 9326 9.461 9.262 19.415
11 10715 9309 19.946
12 9289 8907  9.053 9.104 9.247  19.197
13 9322 946l 9.836  9.263 19.521
14 9.992 9776  9.046 19.626
15 9232 9414 10038  9.287 19.533
16 9210  8.563 9247  9.165 19.116
17 9.453 8590  8.869 19.036
18 9.358 9.755 9239 9.439 19.501
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Fig.3.12 Combination of optimization processing parameters at #4

WRIE 3. 12, AFF#4 L EBETZSHE A2/B2/C2/D1/E3.

N pysmzczoves— Dt Npt et antng-4 0,

=19. 780+19, 719+19. 691+19, 734+19. 778-4%19. 637
=20. 154

AE NG

FEMTABRAIXANER, KRR DURESHPHHBBLE, FH
Taguchi FEATIRIE W, SRS IIRE L R IAT DOE AERELE (S/N) 47, BIR
FUETZSHP R AemE FHRETZFAS, WF 3. 10:

#3.10 ARMENRE TS50 E #4%L: LDPE
Fig.3.10 Combination of optimization processing parameters at different location Material:LDPE
i 8 FEEHER BRIZ2844
WH 1 ER MR/ R ERE A1/B1/C2/DL/EL
B #2 TR E VST EE A2/B1/C3/D2/E3
EREER REEH A2/B1/C3/D2/E2
WA R4 BEREENZSIRMTESH A2/B2/C2/D1/E3
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FNE ELSRSRMEESMETR

e R BYRATIES ABS AF(LG Chemical) . ABS ¥E¥| REMMERE Z B4

it EARRERN - MIRBETREN, TEHNGR. T8, XZH=fas
AN, S—MASEGEANBESEFRER, ERNEFEZMHENEEHE
NES IS

4.1 Taguchi DOE 44

%ﬁﬁﬁ#i&ﬂﬁ#ﬁﬂ&ﬁﬂ%wmﬁﬁoﬁ%%%%@&l42%T

'56
54
52

|48

‘50 ¥ —
48 1

FEBRE TZ 2 RRKCFmE:
® 4.1 REPHERERNAF

Tabled.1 Factors and levels selected in the main experiment

EE | F8EL  BEEE HREEH MERE iR
ek / MPa /C /MPa /C /%

1 70 210 50 40 80

2 80 220 60 50 86

3 90 230 70 60 92

R Taguchi 4024 18 A, G—ARBMF SRR ER 4 MkE. B

BeR B R )

f ;&gnrf?wf*£f4¢‘¥&uﬂ

"E41$@ﬁmﬁm§mﬁﬁﬁﬁw"

Fig.4.1 Tensile strength at different location of every team

BATTLLE ), &R R SR UK SR B 3 R AR L R & M i B (47

FIRE . MR, KEBBRBRMEZEIAERRE L RO AT S,
WrRgE INSTRON fu Ay Hl EbATHuMaalan e, BiAse ] ZE R muisdsr, Hetun
HOFPAEFHBERENR. Wl 4.3 FiR. XEEM R E -8
THEREEIF AR EREN . LM MRITARR B RS ERYSH.
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Fig.4.2 Tensile strength at different location one of team

E 4.3 RARRGESHFHRLE

Fig.4.3 Break position at different location of every team

ABS RT R EHEREY. EHRIRILIRE Y, 5FEE SRR R
Ui 7 MBCR, ERE T AR RN, MEE TR AFKRE R,
MIRAE R RS [ F Y. NGRS ERE, YmirifBEs THRARMWEE. X
EXMEH A REENEABREET RS AREENANER. 58K
WERETHEEMAEBER T AT FRELNRE, KRR EE#]L b
OHRERNABR, REZINRHE L THEBERYNESE, SARE S E,
BAERRE R R X S B E e, SRNPUERIRR, 2FhE™
E, mMATHAERETHETM, BXFEMS, RER] CENAEERR
SR, EmER M A ERKRERIG. BERGZE, BETETRHEE ST
SHERRKFEA T R EBNRHER R, BREERAE S TRBRITNEE. FH.
B TR X A B, PUKORE R LR 2 AT RLR R KL T
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AP KSR - 83

iz FEHEAEARKEERAAE. AFRBE, BHERKIIEN. "Xl
5 sid B EEERREE K.
N, B ARE AL B #EAT Taguchi DOE 44k, HE4#in .
F 42 R R

Table4.2 Tensile strength at #1 in the main experiment

s EBEN BERE REED BERRE TitEs a5 LA R
Fs / Mpa /T /Mpa IC /% / Mpa
1 1 i 1 1 1 1 46.646
2 1 2 2 2 2 2 51.510
3 1 3 3 3 3 3 50.423
4 2 1 1 2 2 3 48.981
5 2 2 2 3 3 1 48.165
6 2 3 3 1 1 2 50.0359
7 3 1 2 1 3 3 50.871
8 3 2 3 2 1 1 51.655
9 3 3 1 3 2 2 51.332
10 1 1 3 3 2 1 47.792
11 1 2 1 1 3 2 50.797
12 1 3 2 2 1 3 50317
13 2 1 2 3 1 2 50.129
14 2 2 3 1 2 3 51.515
15 2 3 1 2 3 1 51.610
16 3 1 3 2 3 2 52.445
17 3 2 1 3 ] 3 50.270
18 3 3 2 1 2 1 51.545

1 f7EEF 297484 296.864 299.635 301432 299.076
2HPEEFT 300459 303911 302.537 306.518 302.674
3M7EEF1 308.117 305.285 303.888 298.110 304.310
® % 10633 8421 4253 5085  5.234

Taguchi DOE SM478R%EH:

FRY ABS WA H# 1 MK BETESENENEX. FSE4F, H0T
LDPE, ABS BUMFARGBELL LDPE &y, [R) A3 T BY 1) 0 0 URR AR 1879 R 45% LDPE
Bio DRI, BYNEE K /b3 T 58 M2 R 88 O A B i iR AR A o
BERKEE, WTXHREKRE LT AKEW. MEsEhsAn, Bk
S FRIEEANNRIE, ERET O EMERLEL, BT TRERHE &
FFER AR, IR BT A IRAR A0, B T BRI, fhe
I 5 FOE R PRI, LB ESTHEAHOREN, kN ERT,
BB ERAEAREET, BT RN B2 RIS A 0,
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A JE . EME KBIREN A, AW FTKIERE. MR+
if, FRREHERYLE TR RE. HRF#1 O ERERENNE
M. VESTEEK, SEHARBHRHERRIEL, AHE#1 B EES 23S
MR, BRI AEE RARRRN A, A1 K
BZE. MR, ESEHLE/NT, FERRREEERY LB SE EARE, S5
WA, LI REREATRE. M KRN FEEELH R
e

AHIURBECSBEERER X, BEREES, WEERHEE N, BHFR
TRABGHERY, F, BERERR, 2-FrRORMEBER, AWREERY
FBRRRN T B0, SRR TR REARREE, tHEREE.

T ERAE S SRR (iR W R A H A REME AR 15, LU F Y Taguchi DOE
ST R B R R R IR — e R EE KIS NPUKRE, TARE R
RIFIKIRE . [, BEARMETHRSESEERR, MUREESaHES
B TBRBERITER 2 FREEE, S LESHRUIEE— AT

IR
F 4.3 BHR2 MR MIRE

Table4.3 Tensile strength at #2 in the main experiment

WoR RS BEER REED BARE i 255 L 45
5 / Mpa i /Mpa I 1% / Mpa
1 1 1 i 1 1 1 52.765
2 1 2 2 2 2 2 52.364
3 1 3 3 3 3 3 49274
4 2 1 1 2 2 3 50.203
5 2 2 2 3 3 1 49942
6 2 3 3 1 1 2 52.890
7 3 1 2 1 3 3 54.720
8 3 2 3 2 1 1 46.670
9 3 3 1 3 2 2 51.153
10 1 1 3 3 2 1 53.270
11 1 2 1 1 3 2 52.005
i2 1 3 2 2 1 3 52.090
13 2 1 2 3 1 2 52,649
14 2 2 3 l 2 3 52.062
15 2 3 1 2 3 1 52.944
16 3 1 3 2 3 2 50.936
17 3 2 1 3 1 3 51.885
18 3 3 2 1 2 1 51.652
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MR A AT

OISR 311,769 314.543 310954 316.093 308.950

2ATEEAN 310,690 304.928 313.417 305209 310.703

IPLZERN 307.016 310.004 305.103 308.173  309.821
= 4.753 9.615 8314 10.885 1.753

T4 4RFER 3 R RIASE

Table4.4 Tensile strength at #3 in the main experiment

R AR MR RERY HERE mihEx 455 FE R

B / Mpa Ic Mpa /C z3 / Mpa

1 1 1 1 1 1 I 49.381

2 1 2 2 2 2 2 53.423

3 | 3 3 3 3 3 51.792

4 2 1 1 2 2 3 52317

5 2 2 2 3 3 1 50.663

6 2 3 3 1 1 2 51.989

7 3 1 2 1 3 3 53.108

3 3 2 3 2 1 1 46.586

9 3 3 1 3 2 2 46.648

10 ] i 3 3 2 1 55.011

11 1 2 i 1 3 2 52.598

12 1 3 2 2 1 3 51.324

13 2 1 2 3 1 2 53.668

14 2 2 3 1 2 3 53.465

15 2 3 1 2 3 1 51.619

16 3 1 3 2 3 2 52.952

17 3 2 1 3 1 3 52.893

18 3 3 2 1 2 1 52.108
1 fr4800  313.529  316.437 305.456 312.649 305.842
2R 313.721  309.628 314.294 308.222 312.972
3f7ZF 304.295 305481 311796 310.674 312.731

® = 9.426 10.957  8.83%8 4.427 7.130
R45 R4 RS
Table4.5 Tensile strength at #4 in the main experiment
o SR BRRE RERH BARE AHER 57 ERER

s / Mpa IC /Mpa /C /% / Mpa

1 ! 1 1 1 1 1 52,937

2 1 2 2 2 2 2 51.250

3 1 3 3 3 3 3 51.397

4 2 1 1 2 2 3 52.725

5 2 2 2 3 3 l 51.881

6 2 3 k! 1 1 2 51.818
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BNE 4 RREYRERN R

3 1 2 1 3 3 54,120

3 2 3 2 1 1 51.417

3 3 1 3 2 2 52,510
10 1 1 3 3 2 1 54.641
il 1 2 1 1 3 2 51.845
12 1 3 2 2 1 3 51.505
13 2 1 2 3 1 2 5341
14 2 2 3 1 2 3 52.420
15 2 3 1 2 3 1 53.135
16 3 1 3 2 3 2 52.880
17 3 2 1 3 t 3 51.835
18 3 3 2 1 2 1 52.204

PA7ZRAL 313574 320714 314987 315343 312923
2frF0 315390 310.648 314371 312912 315750
3AghA 314.965 312569 314.572 315.674 315258
W= 1.816  10.066 0615 2762  2.827

Taguchi DOE 345 %M,

A #2, #3, RAFBREBELSTIESREREEX. BS BTEERRR
W, MM THRREY, BWEFENLZSHHN ABS T, ABS RxHE#E
R, BERER, 4FEEA Be e, IEEgREL.

4.2 {ZKEE (S/N)

HiR, BNXNLEERESY ABS HEAT S/N 4047
K46 WEHRLMEERE (/N

Tabled.6 Signal-to-Noise at #1 in the main experiment

JF%  1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N (dB)
1 45333 47825 45239  48.188 33.365
2 49707 48530 51145 49806 58362  34.183
3 52353 50410 50300 49399  49.652  34.047
4 48.823 48120 48529  50.451 33.796
5 50.055  45.852 48916 49479  46.523  33.639
6 49.303 50659  50.043  51.059 49229  33.987
7 50242 50088  51.692  51.462 34127
8 50.006 52337 52.622 34.255
9 50976 52089  49.436  51.181 52976 34201
10 47.843 48490 46369  4B.465 33.583
1 51.028 51223 50.139 34,116

12 49413 51.221 34.030
13 50.068 50224  50.136  50.393  49.825  34.002
14 50.890  51.752 51902 34.238

.38-



FHRFR 24 18 3

15 51.475 51814 51.543 51.609 34.25%
16 53.258 52768  52.532 53,190 50476  34.389
17 49.271 50.637 50.096 51.074 34.024
18 50.921 50.467 52.170 51.939 52.228 34.241
3434
342 o —
/ : A -
z F -~ .
= e / _ / \\ v
w
339 '/ '/ L -
3348 T T T T T T T T 3 T T U T T T T T T
Al A2 A3 B1 B2 B3 c1 €2 C3 Dt D2 O3 E1 E2 E2

H44 BH#]BRELESHAS

Fig.4.4 Combination of optimization processing parameters at #1

RIEE 4.4, EHR1AERETZSHE A3/B3/C3/D2/E3.

T aamascamees— Nt Nt Nt Nt N4 1,

=34, 206+34. 127+34. 083+34. 151+34. 095-4*34. 026

=34. 556
4.7 WHH2OE®RE /D

Table4.7 Signal-to-Noise at #2 in the main experiment

75 _1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N(dB)
1 52.878 52.098 32.735 52.748 53.367 34.446
2 49,808 50.879 53.515 34.208
3 45.580 49.467 52.776 33.805
4 51.280 51.648 51.197 34.215
5 49.186 50.188 49.544 49,292 51.500 33.966
6 52.870 52.622 52.842 52.890 53.228 34.467
7 54.203 53.067 57.500 52.530 55.899 34.746
8 46.436 46,845 45.963 33.332
9 47.926 52.140 51.659 52.061 51.978 34,163
10 47.570 55.749 52.654 55.738 54.639 34.483
11 52.966 51.562 51.486 34.319
12 53.584 51.632 51.951 52.487 50.798 34331
13 49.301 56.232 51.501 50.836 55.373 34.394
14 53.490 49.581 53.323 51.853 34318
15 51.947 52,500 53.487 52.934 53.853 34.474
16 49,720 51.036 50.607 52.383 34.136
17 50.394 53.376 34.290
18 50.826 51.262 52.906 52.788 50.475 34257
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Fig.4.5 Combination of optimization processing parameters at #2

RIEE 4.5, WA U ERETLZ B2 A2/B1/C1/D1/E2.

Nazeisernie Nt et Nat Ont Ne4 0.

=34, 306+34. 403+34. 318+34. 426+34. 274-4%34. 242

=34, 76
£ 4.8 REHI HERELEE (SN

Table4.8 Signal-to-Noise at #3 in the main experiment

FFS  1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) 5(Mpa) S/N(dB)
1 52988  49.693  50.115  51.644 34162
2 59.124 53338 52783 48448 34.490
3 52970 50222 45284 33.835
4 50881 52376 52325  53.686 34368
5 51007 47.298 48924 52869 53213 34.067
6 54232 50718 52881 52542 49.573 34305
7 52342 54761 52364 53737 52333 34,499
8 47972 44411 47375 33.350
9 45707  46.680 48308  45.898 33371
10 52426 53.581 55144 56590  57.314 34795
11 53.229 52548 50.504 54110 34411
12 51.607  50.849 52050  50.791 34.205
13 54151 54730 53.757  52.035 34.590
14 54.839 53401 54152 51.648  53.285  34.556
15 53.058 53276 51299  54.699 34.492
16 53352 52508 53457 52830 52616  34.477
17 53715 52310 52666  52.880 34.467
18 49.579 52539  51.857 55556  51.009  34.320
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Fig.4.6 Combination of optimization processing parameters at #3
BEE 4.6, REEHINERETZSHE A2/B1/C2/D1/E2.
N azmcamm= Nazt Dat Nt gt e 4 M.
=34, 396+34, 482+34. 362+34. 375+34. 317-4%34. 264

=34, 875

£4.9 WHH4HERL /N
Table4.9 Signal-to-Noise at #4 in the main experiment

K-S  1(Mpa) 2(Mpa) 3(Mpa) 4(Mpa) S5(Mpa) S/N(dB)
1 53.197 50949  54.813  52.787 34.466
2 49.198 51791 52,582 54340 48338  34.170
3 50278  53.839 50970  50.500 34.209
4 53613 51.538 34.434
5 52333 52182 53.570  53.592 34.470
6 52468 51383  52.880 50921 51435  34.287
7 54874 51336  S56.517 52440 55433 34.650
8 54563 53.568 34.657
9 53.607  55.482 34.731
10 54823 53812  55.288 34.749
11 50992 51965 52514  51.893  S1.862 34293
12 50332 51442 52268 52223 51261 34235
13 55426  S51.854 53572 52793 34,545
14 54134 52575 50746 52225 34.383
15 55022 54467 50306 52746 34.492
16 53169 52828 53202 52321 34 465
17 53019 50340 52,146 34.286
18 51975  51.668 52270 52111 52997 34353
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Fig.4.7 Combination of optimization processing parameters at #4

WRIEE 4.7, W #4 M EBE TS S50 A3/B1/C3/D3/E2.
Maamyesme™ Nagt ot et npt o410,

=34, 524+34, 552+34. 458+34. 498+34. 470-4%34. 438
=34. 752

EENE

AR ARG BT I ABS SEATHMR%, FIM Taguchi DOE FIEEEL (5D
RETRAVETZSHTFRAEWEFARELESAS, W 410

#4110 FRAMEMNBEIESHHE AL ABS
Fig.4.10 Combination of optimization processing parameters at different location Material:ABS
firE FEZHEE BT 2%
WH#1 A EA/ERRE A3/B3/C3/D2/E3
wFEH2 BERRE A2/B1/C1/D1/E2
REE#3 ERE A2/B1/C2/D1/E2
WHEHY IR A3/B1/C3/D3/82
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BEE ITZSHBETARMOBESH

FATFIH CAE BT RA N AR L ESEETEB T, 4SBT LDPE
AABS FTHERIIRE, LB THESFIRIMTH, 55 IELE R4S
TAT A, DRERATR B2 3R AR LA R BAT T TR MR — T . 3B
PERMEEREIR A2, CE—MHEH TR, SWHBRTERILTE
Y, BEFRRITENTENAEIESLER, BERETESH.

CAE WBHIRIUAES B R M EE Rl O B i 75 i A IS O Bh A0 2, e AT
BANMR TREEN AR R (RAHE). B MRS T REE TR —EE
LR B (BN P8 . EIE7EE R R B B I 08 R 25 Bh s 75
FNIBT LR KERIEDE UREDEE) BRBEALS. HiEEr
BHRERES, TENEHRSEREERRTRANREA L, HEEmE
BEREIS, TURAES & M IR BE o) 3 Bh BT B AR 9B . STt et
SRR ISR E R, E R AR A, SRR SRR
FEABREROR, WRRGHRHSSEELN FREERREENIE, BN
WAARR, SEHHREBME.

HATRIA LDPE ZEATHERLAT. T LOPE B #1 T EL T E8 81 5
BER, RIMRUEHRELNERHTESETRERD, E8ERsuH
20cem’/s, 60 cm'/s, 100cu’/s. SHATEE R,

L. V] b O B R B K BT s

Shear rate, maximum_1:Path Plos
10000. 7 Shear rate. maximum_1:Path Plot Time = 30.41[s}

400007
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Fig.5.1 Maximum shear rate along the center path when melt injection speed is 100cm®/s
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Shear rate. maximum_3:Path P
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Fig.5.2 Maximum shear rate along the center path when melt injection speed is 60cm®/s

Shear rate, maximum:Path P
1500.03 Shear rate, maimam:Path Plot  11Me =32.11]
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Fig.5.3 Maximum shear rate along the center path when melt injection speed is 20cm’/s

M ZRIA RS E AT BRI EERBITTUE . BoA S EE T,
CEUEMNENRFRIE, BRXOVEREFES, LRtz r, 8
REVIER AR AR T HROBAE: B EsHEE T, BAUhEE NS R
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Fds. ITBBAERE S, HIHERRESE DA BRI, SiTHERRE
A=BENHERE. ZEEHBRSENMEERAERNBA, BAREDLBL
BRI D, MTEER AN, WRAKETE X FRaE—iE, &
EOBNFERE G R FONE . EEE R BB, BRI E,
HTRERRA, RWHRGRITNES, YRAERRAN, ERRthogES
TRK— B, FLTEHG RO ERRRR R R, S8 ma, P B A
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K 5.4 BEESEER T REIES
Fig.5.4 Flow morphology at high melt injection speed

B 5. 5 fRHEHEEMRTEES

Fig.5.5 Flow morphology at low melt injection speed

2. il T LB R R R AL
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Temperature at flow frontPath Plo
226.07 Temgperature al flow front.Path Plot =-273.1[C
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Fig.5.6 Temperature at flow front along the center path when melt injection speed is 100cm’s
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Fig.5.7 Temperature at flow front along the center path when melt injection speed is 60cm’/s

Temperatyre at flow front:Path P
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Fig.5.8 Temperature at flow front along the center path when melt injection speed is 20cm’/s
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Fig.5.9 Density along the center path when melt injection speed is 100cm*s
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Fig.5.10 Density along the center path when melt injection speed is 60cm’/s
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Fig.5.11 Density aleng the center path when melt injection speed is 20cm?/s
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ERE REERE

W CNIBERLTE SRR, RIHARARA R RS R s A
&e, RAEN AR EREPBEEEAEREENEIE, 1T CAE Mz
KAEHREIREFBRBARANZNAECE, WRERESTHERAERL R,
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