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Abstract

The design is the Socket Face graduated from the injection mold design. Mould a
document adopt polyethylene material , that material to have insulation regards, intensity height ,
cheap be used for , three sockets two price hole for sure. The product and mold of the Socket
Face was 3D designed by Pro/E software. Make use of parameterization entity model method ,
give birth to a child for more high-speed , rapid model, having provided one kind of a practical
method. Model designing that mark of type produces plastic articles by injection moulding face
to face with Shan, that the type cavity adopts is one model two cavities injection. Should mould a
piece adopt oblique tones running gate injection and the dyadic combination type cavity
interpose , debut a form for two poles debut organization being completed moulding a piece
debut.

| borrow the document having reviewed a great quantity in current design, have sought the
relevance data by Internet , have designed process comparatively entirely.

Keywords singletype of injection molds socket PE
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6 REBEEEEITE

TSRS, AT AR R SRR IR, B 5 R AR B % E A 208 iR S5 R
FE o ANRST RS o R EEAN S IR s KRB, WIFEAS 5 AT 2R R 2 B A

if T s B JEE ()T BV AT . ARG 72 A AE AN IR ek B S e E SR IAREUE 43 A
%o JEESREEE, FlEH TREASWEIR . BEEREmNSE, BB T2 E
TP AR S5 255 SRR SRR, B TS Al . /i AR R 25 MR i 5 %2
JIEOUESL AR, AT SRR AR &, 1 AR B R/ F . AR B R vE
SPE (BPRIEE v 826 A) Ja LA o

S 2R 7R s B JE I FEE B S% F

D) BEASK AR SR EEHEARER T, SRR B R BB AR TR S B R L 2
AT ILERHE B, e AR R K [RIk, Z0URR B A [ SRk (%) g e T Bt ok ke s T P38 4 2F
16 o SRR R R Ak ) B

2) TRAIESRIAE BE - IR I e AR R SRR FE LRIy, 2R A () s M A T 5
IEPERE R, [RGB ASE B s TR 7 e K, A B s B (1) B K AR T /N TR A 1) 3/ 5

3) DRAE S AR NGR M ASE 5 B s e P e KPR T B K T SRR I R B e i (L, PSS, B
R P 3 P A S A G S B A S A, ol B A A PR o B PR A i AR g il S e, A
AP 28 s B (1 g A R AR T S /N T 9B A () R B U AR B

IR RR TR A RE L m B, BRI UEE A = A kg ik, FRATTmT DURRBE 1
IR E KR I o 2 TE I R B N A A5

TS A AR, B 3 BRI R 77, DR B s % LA S 08 1
FERTRIRE o G SR fias B JE AN AR R SR BEANS , 24 8 i o 7 A ) P 7 5 2R s ) A 1
VFHIN 32, Bk SERARTY, ERAR. SIFER, #RIEA S BT KM
AN, TP AE R R ) AN K SR B . (R, A 0 X AR e 0 AT 5 B AN NI R

4 p=50MPa. H3/H2=4/5. [8]=0.05. [ o ]=360MPa i}, MEEKZ 1 MIKIEETHE 558
FETF R4 AR SE N 370mmo R4 1>370mm B #2045 PETH S e S BB, I 2 35 i 4% A
THEMBEERE . B0 1=350mm, JIr DAAZSRIE AT IR SETR AL U BE AR R 32 3R R /g

VS 57 A3 I 21
Fes R SR B, R EIPE S BN H) o w A (E S (6. 1) .
_ pH,I?
~ 2Hs’ 3£ (6. 1)

SRR IN TR EAF R R 3 0 1, BY ARSI EE 57 # R 51 AL RN 77 0 b o LK
(6.2) .

2Hs 7 (6. 2)
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Xrf b—AREMEER L, mm,

2
S, +s, = pH1|2 + pH,b £[s ]
2Hs 2Hs
RS TAE, B EB/NE o b F5m A2 s i EE 1 B LK (6. 3)
3 p H lI ?
2H [s ]

XA s—HRREMEEEE (mm);
p—— R NIEAEI £ ) (MPa);
H3—— K32 WA D = B2 Cmm);
|—— R M EE K (mmD;
E——4NE 3 MRS, HX 2.06X 30°MPa;
H—— R s B s 5 Cmm).

\/50 25° 180 £s=g3

2° 50" 160
2t S R A

15
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R M TR 52 e 5l 3 i (18 30)
7 BB ARG
7.1 RERGRER
5 SR DRI R G TR VR NEE S HLI BN 46 2Rl O 1B B s IE . BeiE
ARG B HEE RGN ARUE BRI R G M
TER: Hid pi- PRt s N, A2 $G BORIATE R I i — s AR N Ak

WA HERR s FEAE A TS R AN [ (R A T, RETE 0 A I R B R R, BABRAS
HAREE . AP RSP ROE IR & e — TR e, R

7. 2T R A R
1) SR 0 R T
2) FIF RN AR
3) LI WM I B S PR F1BUR <
4) 3 G AR EL P A N LS BB«
5) {ETIEHE, AR S0
6) i IR AT
T) (BT SRR FER R MER T
7.3 BiRFERGRIER SR
R BLA T, PR RS R ERIE . AROE. AR A AR,
-1,

a) %1 7 4009 4 Al b)
a) BFRAEMNNMEERES b)) AAXTEHLMRERS
1— W/l 2 4rWil 33— %0 4—BHEF

-1
7.3.1 58
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M TR A e BRIk i v (R 30)

TSR B 5 e 5 S L 43 i PR 3505 A B8] 4 3 A 1 B — BRI
7.3.1.1 EREES

1) B ARAE F IR TE A SRR 7 1]

2) FUE AT RA PO B, SIS R, DR TR RGN R E .

3) FEE BT SR, DRI TR IS A R s B AR 4 0, A A IR
) 2 Y

4 HERBEWARBEIERK, BUGEERGERIG N, REMEL WH T E#
Gell, M2 BRpeiE R GUEERHT A .

5) [RIEH TR KR GRishtEZ) sORHRECRKIH S (RFEE) , FiiE
B S B THA R — 2, 75 0 32 3 1 A TR B TN — L

6) HT FIIE Ko 7 25 mi SRR W S e, B FIRIE TR E L
BROBAR DR B A B RIR A L E: a MBS SEIRIN, WEEREAEERT
A AR Z5E: b, FEA BT DS BARCAE], BRI e LA S E SR . W
R AW T E S LN A R B EREAE, SR Al MR, B T R
HMELUECHY

7) BTS2 B Y s B E SR R B R T, B R E A B A E
e DT E T
7.3.1.2 ERERT

= AL A I T PR R R T AR D B BT . R R RE T BT B,
MG TERRHETE, A a=2° ~4° , WESHKEE Ra/MT 0.4 um, /N B4R D K THIMEE
#£0.5~3mm, EFE 3~6mm. IFIE KR iR E R E

1) FmiE Kim BEAZ) B D=d+2Ltg a =Smm;
2) EREEKI A FRIEAN DR MYTER R R, Nz Kk T S L ek kL =42 10

2~3mm. R Z, PIEDREARLF BN A, 2 LR IR AR 5 A ST, HE 300 v 120 5047 ot A [ . SR=y 45
HUBEHEER L 42 +2~3  BX SR=13+2. 5=15.5 (mm);

3) FWMIEKSE L. — IR E, (28 TR/ e & 77 B s b e FE
DA NG, /MERIEHITE 50 2 WTE B KBRS, 7T L0 RmiE A B2 IR M, ik
WA N L . A BT AP 25 A2 B 45 M EL 1=69. 5 (mm);

4) BB R LE 7-2
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7-2
4) SEALPEII SR R T W 7-3

7.3.2 ARIE

ST ERE SE D 28— BOiiE, e,

1 2 P Bl R i 22 58 VIS N e B IR, I TE A2 4R R UE R 5 e H 22 13X — B
SERME AR N BaEIE ,  FAF A R I SE A ST R AR, AR RET RS e AL e N Y
JiE o o3 LIS A B AR T B2 SRS AR S TR AT A s B B N o A 22 R E DL AR =
58] P2 48k T 1) s B2 A2 /N ) o

7.3. 2.1 imEiit RN

1) — BRI M S TE R A A DR B8 Sy BT B8 FUOF se i s, RISk 7 JiiE
RIFEBIBE TN, EARERIRD, UEREED, JF HRER IR it 7 e 2 &% ARk . D R
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RN R 22 e B alk ik i (18 30)

AN i 1A R PP 208 e DA IR 0 PUE M BE L i RRAN R A I, A2
Rl S AR, R FE T R o oA A o AR TEAE 70 BT S 5 T AR J LA e RS
BRI E A .

2) B RIERIAT R L O . DA IR B 0 I TE A BE L A AR AT RS 4
[, AR RIS S AT ERE, RIS 7e i Y o R A ) ol AR AR o B I B R SR T AR
JUAAT S RS A (L B

3) MRIERMIARRICHE, XFE, RIENEHR AN ZFUEEIR, 757 &0 ki
SER PR

4) rIE — ROT A SR EE RN — I, DT AR N L.

5) i B E F R B BRI, JFESRAEII R, i, A R
SHE TR, AE eI A AE A, ] A 5 H LRk B I S5 B
7.3.2.2 PRIERT

NI EARS % WK T-4

R 74 H IR > TUE BAR

IR TR EAR S Sy EAE/mm IR TR EAR S Sy EAE/mm
ABS AS 4.8——9.5 PP 4.8——9.5
POM 3.2—9.5 PE 3.6—9.5
PIIEIR 8.0——9.5 PPO 6.4——9.5
PA 3.6—9.5 PPO 3.2—9.5
PC 4.8——9.5 PVC 3.2—9.5

SRIEEHAR A, A= (D/4) n= (6°/4) nmm’=28. 27mm’

7.3. 3. BB FIR AR AT T

VES R AN IR R, WEMEAL A VR A, O T B IEAE TR — U R R Rea E
R TR ) it B R, — FROAE R B E R BOR B RL I, DA el e A5 I 445 It
TR IR A ESHEA R 2T v B, A TR TR R ANE SN T2
SFAFERIRL, RO AEVRRL, Bl ZORA AR, WA BRI

IR RSR AR A] 7 O LR DURR SR 47 Z JE kBT BROERLET: R HEE
FOEMT ;s TCROEMT AL BT RET I 7-5.,

19



RN R 22 e B alk ik i (18 30)

5
- .02 —
e 5 W ]
K o | :}_g
& i =
N a2 Py :
8
164 |
7-5

LS BRR FH 02 55— PP BB S i T 2, AR BL R A — iR B A TR
BEARAHER) Z TS BT, FRON 2 T kbR, X2 R BT hoebr ks il
(PR = A R, B B AR R N I TE R o RORDR AR R [ A T
PR, SERIE TN, YA RMHE — [FER T, O™ i i RO B ) A VR B, B
AR HIPF I R E RSk E LT

T A RE R AR T R S, TR OR35S ER R HY, BT AR
HABEMAKT ERE K EA; HA D N3 miE Kin BEAA, AR d=D=7 (mm) .

7.3.4 %O
7.3.4.13%0O: ROyMIESRE RIERAETR 7, WRBE RGN .
7.3.4. 2 ROMER

1) A G T8 R B A = R i, AR 78 B o M s ik s e T AT
HETy s, RN AT EEEM, BERREF S  BIERERIK, Wittt §
FIF 738, SRAGAMEE WA &, (NG TSR siBE R, ik Z, i
FE R A]

2) JEVR I AL S R B Ak T ) Oy 2 VA L B R T e AT, R T e
T 5% [ 365 A Ji (10358 10 ] DA 1 AR AR

3) e ekt Sl A 2
7.3.4. 3 ROMME, B RNRBTE

1. RO KRS a WEMOBET FREERE R, WA, dERMR, s
N, ARIBFEITUF, PRIEANETR; b, RIERGER D, AR, HEHE; o RHRE
FUAME Bre A B pe TR, BEE R, gred<0mgEfl. ————— ISAGEpZIRARE
TR 58 T B TE i i

2. POEED (EEROMAZESERD XA ERmameEn, BEE, imun
FTIEHR

3. flped (CURRILZEID)
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RN R 22 e B alk ik i (18 30)

R a B8 L — BT i AE R H 7 YT E, A Y BRSNS 3E Rt A AR
HWHRMFEIE; ERRGEHITE; b I ARKK, RIEAMEZE, 57 AL AL SIE IR
—————————— NG EHT 2

4. mRBEH COREFR . MIRB G, SESE5ED

Fime a ZERBEDJEREANR, JHEJa AT BATH T, AA T BaieERlE. 7S
GE LTI AN B T4, IR 7y, JR/NGE I KBS, BE -5 1 i R R
R IR A s b R ABURA, il did K, IR e BN BT SOR R (=4
D, USRS E RERE, S5 R

5. ¥R TE H RS 18 3 (5 1 el By D5 1)

R a. HORBE HEEASTIOR, HRIE e B A R b, 58 1 A ] it D00 T A S i
dh AL R R R B, I S RIE R M, WA N, BRI, B
FRAEVIWrsE LRI JT I s b, TR, tiEdert e AU HES , IR S Bk, A T
EERBEO LR o BURZHR SMIGE OAHEL (HLEER5e 1 fa 5

IRAERF AL T DA H s AR SRR I M8 L EE A Bl 555 3R 7-6,

R 16 H BRIE AR D EK

HERO | D | Hn | EA AR | FIRRE | BAwRO | sRE | BRI
[ [
PVC EE EE EE
PE EE EE EE
PP EE EE EE
PC EE EE EE
PS EH & & & EE
PA EH EE EE EE EE EE
POM EH EE EE EE EE & EE
ABS EH EE EE EE EE EE EE EE
WIEIRNR | &A & EE

7.3.4. 3. mO8BEMIKER T

i LB AT AR R AR TE, XA RS EES Z IR IE, TG 5
RS2 o B8 VAT RS B OR/INA S A I 8 S A 3 B4 DG 22, AT XS ) ot o 2
MR . — e DA AR 5 A B A 2 LE o 0. 03~0. 09, RIAFLKEE Ra (EAMIK T
0.4. BEMIRZ AL (EESEEALN3: 1D s8JE; FEOKEZHN 0. 5~2. Omn
FoA o TEVTHIIBHE— M ECIME, 78 MEAE RIS IE . 58 TR 41 B AR TR YR £ 50 F0
TR RST FITEAR 1) B SR A
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N R 2 B B Y 1 T (18 30)
7.3.4. 4. RONEEREZFRN

1) 58 FOT AL B R R AR s Anab g il b (B JEAR 2 BORIN, 8 13
B S IR 5 24 T 0 e AT 28 A% 328 2 ) S S AT AR AL, 8 G AR MU R RT3
N, BRI AL BN TS ] AR R JEAL, PO TR R SR AT R R

2) Ge L B N B RIS N BE R BUR S/ NRER AL AR DRAIEZY A5 21 R 4 S 3R i
RN, NAEEIRRRAE R, R R, POgbRERE R K.

3) LR AL E N A TR AR RO HE R R AT ) R s P HE R B
R P B TARBASBEIBUR S5 R e b G b, RN, R A SRR
K o

4) R i AR IR .

5) By IR L O B HR AR B AR

6) e AL R 33 N 25 e 73 B o 2 1) et PR BE PRI M 22 Y5 I, R A
WD R T BN U5 T K E AR, DA S B i PR RE IO SR AT 48 55 1) 5 T
{HEL5E Aoit S e AT RER, DRI A 23RS e B e A B, At S vl 5 1R 1 P & A A
HIFEH o
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RN R 22 e B alk ik i (18 30)

8 HFSAZANLIT

HR07 30 PR R AR EC & 8] B AR OO, A Rl iR se i iR AL ANE
oy M b, LRI ST R AT BGE s RO, Al R A N AL AR IR R 45 ) 2 L
SEPLUMHET . BRALERD AEKK, SR EEIRZ )5 52

BT R R .

1) HESURE 3 T B AL B Jm e TR O 7, ELAS AR TR s PN 7836 A1 D AEATE 5 5
R EA R, DILAER e R DAL B, (RN 228 JE H R I T R R 7 (8

2) HAME BRI T e o A b AR, PR S R T B n SR DR B HE R T e A
LA T B b B

3) HERABIEXHRIE TN, CABE s 1 A 2 A

4) HE M BRI T AR SR iR A B et B AL, DR DK IR AL 5 7 2 T U HE IR
FEHEH AR AR R GO EDEHETERD

HZE Ry NER, HpRmm& s, A R, P et He s .
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RN R 22 e B alk ik i (18 30)

9 SERTHHR
9. 1. FrERRSE

B S A ) i ZE AN B AR, 3 I RO AL 1) &N A A L R S — AN A AR
HERBLSE — M pH B SRR . EBAR . AR . B SCHEAR . R, BTN . HEFT [ AR
G FELEMEHBT Y . HINCHFFRE R PIBLE, Wi ORAE . AR
H RS A . A4S T FL A S 7 v AR S TR AT AN A, WS TRE A E L SRS

BEEEA A G2 U ERER D (BFRERAEID vE, HART07008 A3, A2, A3,
A4 FAPUFH, FEARTIH A

(1) AR : D @R, shii—ik 38

2) . SIEHA PR (A2 B

(2) BRI : D SRR, it (A3 AD |

2) B AEBAFRA (A

T VHE S 235 PR SIZ e A P 2 SRR EL CAD/CAM R A, AT R4 i Ak 7= R 4, BRI L
WG RAS, FEERBEVEREA . 9 1 I& PR Tl B & R, ABEAR () b o AL R A 2
SRALKE AR NFASE 5o DS T SR PR e 4382 R EMX 3R A, AnvEAb I 60, 303 3y
PREARTE X 5. B SR E ST HE S, TR A2 BAE .

9.2. X AFEMERI

PR P S S A 3 i o 22 20 ] o S AR R R S A S i AR TR . 3
AR AR e AR SR R AR R

a: EMENR (3467 296mm, 5 34mm) ;

S8 R A AL AR A5 L 5 YA S LR AR (RO B, TASEINT S ABE AN S A5 I Al L 23 T, ) F RS
— 3 BATHI. DRI AT 2 [ A T AR 4, A AR 5 R S AL B i, SARE I 6 B T A A
JREAR o

b: BRI (2967 296, J& 46mm) ;

P W FIIX 1% A 78 L ] 5 A, FL A 5 R PR TR A, 0 2R s AR SR I i e A
2, WO HE AR, FH ARG B SRR AR R 23 TR, A S e AR S A SR FH HT/£6 (1)
[FRRECA, S8 5 EBR LR A H7/m6 (AL & A R PRIE T4 B Ik ENE 3h T 1E
A S 1 IR = A2 5 — ik oy B

C:ZhiMR (296" 296, J& 46mm);

d: 32K (2967 296, J5 36mm);

SCRRR AR FH AR (E R . RS, ARSI [ e AR, JEARZ A . ALE E i
FFEERIE T, Rbe B EA S E N TATERBE R . — MR 45 4N, 4t 235HB 8§ 50
. 40Cr. 40MnB %515t 235HB, BREEAIAN Q235~Q275. MHE ] 1 SORIMER, HEKZ
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RN R 22 e B alk ik i (18 30)

B Hs 735 B ASEAR 25 il S g

e HEAERR (78 396, JE Smm);

FE AR L AN 2 S U Y 58 4 e SO HERR, 17T A2 B R ANHEAT [ 5 1) — PR, BRE A
AR

f: X (SHERME) .
9. 3. ERFEW AT
9.3.1 SEHAIER

D EAfEA: R EA Gk i rh, R R, RN, BRI S EIRIE
B TR FO R ST (R B

2) FMfEM: 3. EEEGEN, HaFREMMEEEM, 533 ERERAS, &
G S T A S A T AT e B A A AR

3) Az E B A T BERRE R AR N Y i i R R AT e R AR B 0 k) Fy, B
TSRS FE BRI, 28 S A AE AR i AN AT S 32 31— € ) & Ao 241 & AR K
I, ANBEAEE SHERAM, EFINEHEm e E .

FHFENMA R IEERB—MEX, HFEERARFENFE,
9.3.2 5%

ARSI 9-1,
GEIETR

103

K 9-1
9.3.35&

BT B FEAT I N R Ao 8 T B R AN SR S ARG, (EAE
PR T SAEERE, DL B P SRS BN E. SELIFNN 2% 18/ £8 (AN
&, FEIMEEL AT/ n6 FPER S . SRS I 9-2.
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% 9-2

9.3. 4 FEFENEZIHTER

SRS RAUAE TR ESR S, AR RO . 20T/ 7= 1 fa s gt AL,
AARHASE, HEGHRERE S . FRERT S S BRI RNEZ LR LA

1) 5 ) AR R A 5] 20 AR AR AL 1) J R BT AL, RO BRI S
RAE R IEEERS, DMRIEBL R, PR ANSHEMREELE.

2 S A B TR o B T D v v 67 8mm, DA AR TR 0ok N VTSN 5 IS AR R T 45338

3) SHAFERA LRI B, KR 20 SIIRKNE S 0.5°0. 8mm, ¥
K 487 55HRC, AR A T8A ik T EAN, Su Kb, F4E TR/ FIR HHREE N Ra0. 4
Hmo.

4) N T FAERRIR N T T I 0 B A S T B BRI, 3 I v A
15148 .
5) SAEWLEZNE—M, BRI BLCANSZARIR, T B A — 0] D8 T IR AR E
HIB A, BRI AR R T e R .

6) — M FAE RIS B ML & 203% H8/ 18, A A T A [H 5 3 4 I L 4% HT/k6,
SEIMEMEL A4 HT/K6,

D BRTEME, ERZ T S, —RICIESI R SR 2 7)1 B S A
FE, DRIEHEEYAR IEREIZEE).

8) FAEM EAANARERLEL IR/, AT S AR AL I 8

SFPA ESAZM LA FE, RRPHRA 7T RS, HATE RS ER SRR
B,

26
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10 EH AR
10. 1 HEHHAE X
SR I BRE FRGE MM b RSB R B LA
10. 2 HEL AL RN

DY ALIETS

2) HE A E R B AR B, CRAEZEE SN R AT

3) PRUEZEMFHE M N AT AR, BTV A B S A, AR S A 284
W R 56 B s R Rz, AR Y i ARUR AT g

4) REMEIFE a0, B0 T LAt 5, 75 00 S vt e L HE 1L
1

5) RELAFEEREIFEN T, LIRS BCRMITH /7.

6) & —RIBLE R T EAR R N TR EARH R R, A5 .

7D BIHERT A TOUET AN 2 1 T I ZE Rl o

8) JTEBPFHE AR, 30mm 2247 G R MU AR}SE BRI W] ATHUH BB AFER EE 1Y 2/3 3t m] LA
I

10. 3 fR#EfE N E

R A X (10. 1)
8t E~ S” L~

f
T a ) = (10. 1)

Q:

A Q— MW NN) ;
t—— 2P EE ()
E—— Rk S
S——ERLP B O 4 %
L— A MR FE
f——3RL 50 BE 1 R AL
m—— 3R L
E=200000N/cm? ; S=0.0225 ; L=3.8; £=0.3 ; m=0.3; t=0.3

RN ERX(10.1) 15
0= 8~ 0.1° 200000 0.0225" 1.8" 0.3

(1- 0.3)(1+0.3)

10. 4 JESIHL R BEN S WA
Lo AR

= 2136N
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ZIEEHLIITESE /74 350MPa, PE [IVESTE 774 80~330MPa,
FIT DA RE 5 /& E3K .
2. HVESHURHE AL SR AL B i & n LK (10, 2) 6

KMT /3600- M,

ne 3 (10. 2)
Ml
=3.653% 9 (FFFIER)
o K——E LR RS 2R R4 — ML 0. 8
M——E WL E 2B & (g/h B em® /h);
T——HIE
M——58F RGP 7 BRI EAAR (g 8L em®);
My—— 5Nl i PR B AAAR. (g B em® )
3y FRES LR S ORTE R B A A & n WX (10.3) .
ng KM, - M, £ (10. 3)

=2.0637.33 2 (fFHER)
A M——VERAL RV R RS & (g 8L em®);
4. FESVLRBUE (G TR
TSN UK TF I 1 (BT /N T S AL I AE B 77, BE L= (10. 4) .
F3p (n At A 2 (10. 4)
RTFHIAT A 429932. 8 (FFEEK)
A F——V RS AL AUE Bl ) (D
As—— BN AEBLEL A B T B2 A (m? )
A——3RIERGAEBE B E RS2 IR (mm? s
p——YRMEARAER i N PP IR 1 (MPa), 38 ARl A I K /7 20~40Mpa; %
Bl—;
FECH ity 24~34Mpas; A il il A 39~44Mpas
AL BRI N 1R~ 2 e 7709 40Mpa;
n—— s N4
5. FFEATRE AR AZ WK (10.5) o
Smax3 S=H,+H,+5~30 % (10. 5)
FRAD S=32+34+46+5 =337mm,
RS ML B R TP ARATRE & 300mm, FTLA (FFAZR);
AA Smax——EHHERKRIFBATHE (mm);
Ho——HEHBE R (mm);
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R M TR o e B2k B3t (8 50)
H—— A3 R G NI H s (mm) o

10. 5 AT HE LRV B RYIESE
D) BRI HIEE R E
2) — M LA YR TR N YR AS et 0. Bmm, — A S0P TOURF ot UG- YA 1 e 21«
3) REARFYEIFMSML, RATRES WIHT, b W (0 A B 7.7 -
4) HERF RO R, T HeRHE AR .
HERT 2K JRUF DL 10-1.

1

K 10-1

10.5. 1 MR EN

RAIFFRAL: (5 BB A shAE Al HE B AU AL IFFE, AR FL T 5 2 B P55 .
. A

AW EF T A SCEE, HEFF T DA B o
10. 5. 2 ¥EHRAIZIT

EHVEH: EEERSS . FREL,

Wl HEHR D KREWES. THERIREE, (HAERA-HEAHR 5 TSl A 358 2 i LAk
o CRYJED .

HEAFAR 5 A el A B — e (A B S R RERE B, T R & 1) =k B 2B A e
B, WO HERAR R TT R R SRR IR I A S
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1 REATH RS
1.1 RARERHETHEEN

WLEIR R (RED SRR R AR R TR . AR Ve 2 M R 6 2 ] 1 48
LIRS R, L PRt YRR £ R A P 2 A AR K I B

1) AL YL FEE o WAk 2 I B

EER Y Rk ib g s ST LTI b N NS = Vet s AN =23 Uy o | AN Ay b -
FM RSB . RIS, BAREIIE 2, BICEEEEEAEN, LA A AN s
SUE BRI, BMERTEATE, BUE%, JRER.

2) LI X 2 D 48

YRRV R TR ST R A e A . A P T B0 S S E TR A E AL T
B, TTARALVA EIN 1), PO AT SRR L R 22, R T 78 R ) 5 R A T 5
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An experimental study of the water-assisted injection molding
ofglass fiber filled poly-butylene-terephthalate (PBT)
composites

Abstract. The purpose of this report was to experimentally study the water-assisted injection
molding process of poly-butylene-terephthalate(PBT) composites. Experiments were carried out
on an 80-ton injection-molding machine equipped with a lab scale water injection system,which
included awater pump, a pressure accumulator, awater injection pin, a water tank equipped with
atemperature regulator,and a control circuit. The materials included virgin PBT and a 15% glass
fiber filled PBT composite, and a plate cavity with a rib across center was used. Various
processing variables were examined in terms of their influence on the length of water penetration
in molded parts, and mechanical property tests were performed on these parts. X-ray diffraction
(XRD) was also used to identify the material and structural parameters. Finally, a comparison
was made between water-assisted and gas-assisted injection molded parts. It was found that the
melt fill pressure, melt temperature, and short shot size were the dominant parameters affecting
water penetration behavior.Material at the mold-side exhibited a higher degree of crystallinity
than that at the water-side. Parts molded by gas also showed a higher degree of crystallinity than
those molded by water. Furthermore, the glass fibers near the surface of molded parts were found
to be oriented mostly in the flow direction, but oriented substantially more perpendicular to the
flow direction with increasing distance from the skin surface.

Keywords. Water assisted injection molding; Glass fiber reinforced poly-butylene-terephthalate
(PBT) composites; Processing parameters; B. Mechanical properties; Crystallinity; A. Polymer
matrix composites,

1. Introduction

Water-assisted injection molding technology [1] has proved itself a breakthrough in the
manufacture of plastic parts due to its light weight, faster cycle time, and relatively lower resin
cost per part. In the water-assisted injection molding process, the mold cavity is partially filled
with the polymer melt followed by the injection of water into the core of the polymer melt. A
schematic diagram of the water-assisted injection molding process is illustrated in Fig.
1.Water-assisted injection molding can produce parts incorporating both thick and thin sections
with less shrink-age and warpage and with a better surface finish, but with a shorter cycle time.
The water-assisted injection molding process can also enable greater freedom of design, material
savings, weight reduction, and cost savings in terms of tooling and press capacity requirements
[2-4]. Typical applications include rods and tubes, and large sheet-like structural parts with a
built-in water channel network. On the other hand, despite the advantages associated with the
process,the molding window and process control are more critical and difficult since additional
processing parameters are involved. Water may also corrode the steel mold, and some materials
including thermoplastic composites are difficult to mold successfully. The removal of water after
molding is also a challenge for this novel technology. Table 1 lists the advantages and limitations
of water-assisted injection molding technology.
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Fig. 1. Schematic diagram of water-assisted injection molding process.

Water assisted injection molding has advantages over its better known competitor process,
gas assisted injection molding [5], because it incorporates a shorter cycle time to successfully
mold a part due to the higher cooling capacity of water during the molding process. The
incompressibility,

low cost, and ease of recycling the water makes it an ideal medium for the process. Since
water does not dissolve and diffuse into the polymer melts during the molding process, the
internal foaming phenomenon [6] that usually occurs in gas-assisted injection molded parts can
be eliminated.In addition, water assisted injection molding provides a better capability of
molding larger parts with a small residual wall thickness. Table 2 lists a comparison of water and
gas assisted injection molding.With increasing demands for materials with improved
performance, which may be characterized by the criteria of lower weight, higher strength, and a
faster and cheaper production cycle time, the engineering of plastics is a process that cannot be
ignored. These plastics include thermoplastic and thermoset polymers. In general, thermoplastic
polymers have an advantage over thermoset polymers in popular materials in structural
applications.Poly-butylene-terephthalate (PBT) is one of the most frequently used engineering
thermoplastic materials, whichis formed by polymerizing 1.4 butylene glycol and DMT together.
Fiber-reinforced composite materials have been adapted to improve the mechanical properties of
neat plastic materials. Today, short glass fiber reinforced PBT is widely used in electronic,
communication and automobile applications. Therefore, the investigation of the processing of
fiber-reinforced PBT is becoming increasingly important[7-10].This report was made to
experimentally study the waterassisted injection molding process of poly-butylene-terephthalate
(PBT) materials. Experiments were carried out on an 80-ton injection-molding machine
equipped with a lab scale water injection system, which included a water pump, a pressure
accumulator, a water injection pin, a water tank equipped with a temperature regulator, and a
control circuit. The materials included a virgin PBT and a 15% glass fiber filled PBT composite,
and a plate cavity with arib across center was used. Various processing variables were examined
in terms of their influence on the length of water penetration in molded parts, which included
melt temperature, mold temperature, melt filling speed, short-shot size, water pressure, water
temperature,water hold and water injection delay time. Mechanical property tests were also
performed on these molded parts,and XRD was used to identify the material and structural
parameters. Finally, a comparison was made betweenwater-assisted and gas-assisted injection

molded parts.
Table 1
Advantages and disadvantages of water-assisted injection molding
Advantages Disadvantages
1. Short cycle time 1. Corrosion of the steel mold due to

water
2. Low assisting medium cost (water is| 2. Larger orifices for the injection pin
much cheaper and can be easily recycled) | required (easier to get stuck by the
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polymer melt)
3. No internal foaming phenomenon in | 3. Some materials are more difficult to
molded parts mold (especially amorphous
thermoplastics)
4. Removal of water after molding is
required

2. Experimental procedure

2.1. Materials
The materials used included a virgin PBT (Grade 1111FB, Nan-Ya Plastic, Taiwan) and a
15% glass fiber filled PBT composite (Grade 1210G3, Nan-Ya Plastic, Taiwan).Table 3 lists the
characteristics of the composite materials.
2.2. Water injection unit
A lab scale water injection unit, which included a water pump, a pressure accumulator, a
water injection pin, awater tank equipped with a temperature regulator, and a control circuit, was
used for all experiments [3]. An orifice-type water injection pin with two orifices (0.3 mm in
diameter) on the sides was used to mold the parts. During the experiments, the control circuit of
the water injection unit received a signal from the molding machine and controlled the time and
pressure of the injected water. Before injection into the mold cavity, the water was stored in a
tank with atemperature regulator for 30 min to sustain an isothermal water temperature.
2.3. Molding machine and molds
Water-assisted injection molding experiments were conducted on an 80-ton conventional
injection-molding machine with a highest injection rate of 109 cm3/s. A plate cavity with a
trapezoidal water channel across the center was used in this study. Fig. 2 shows the dimensions
of
the cavity. The temperature of the mold was regulated by a water-circulating mold
temperature control unit. Various processing variables were examined in terms of their influence
on the length of water penetration in water channels of molded parts: melt temperature, mold
temperature, melt
fill pressure, water temperature and pressure, water injection delay time and hold time, and
short shot size of the polymer melt. Table 4 lists these processing variables as well as the values
used in the experiments.
2.4. Gas injection unit
In order to make a comparison of water and gas-assisted injection molded parts, a
commercially available gas injection unit (Gas Injection PPC-1000) was used for the gas assisted
injection molding experiments. Details of the gas injection unit setup can be found in the Refs.
[11-15].The processing conditions used for gas-assisted injection molding were the same as that
of water-assisted injection molding (terms in bold in Table 4), with the exception of gas
temperature which was set at 25 - C.
2.5. XRD
In order to analyze the crystal structure within the water-assisted injection-molded parts,
wide-angle X-ray diffraction (XRD) with 2D detector analyses in transmission mode were
performed with Cu Ka radiation at 40 kV and 40 mA. More specifically, the measurements were
performed on the mold-side and water-side layers of the water-assisted injection-molded parts,
with the 2h angle ranging from 7" to 40" . The samples required for these analyses were taken
from the center portion of these molded parts. To obtain the desired thickness for the XRD
samples, the excess was removed by polishing the
Table 3
Characteristics of the glass—fiber reinforced PBT composite
| Property | ASTM PBT 15% GF. PBT

38



RN R 22 e B alk ik i (18 30)

Yield strength (kg/cm?2) D-638 600 1000

Bending stress (kg/cm2) D-570 900 1500

Hardness (R-scale) D-785 119 120

Heat distortion temperature( - C) D-648 60 200

(18.6 kg/cm?2)

Melt flow index (MFI) D-1238 40 25
1238

I mpact strength (Kg-cm/cm) D-25655

Melting temperature (- C) DSC 224 224

samples on arotating wheel on a rotating wheel, first with wet silicon carbide papers, then with
300-grade silicon carbide paper, followed by 600- and 1200-grade paper for a better surface
smoothness.

2.6. Mechanical properties

Tensile strength and bending strength were measured on a tensile tester. Tensile tests were
performed on specimens obtained from the water-assisted injection molded parts (see Fig. 3) to
evaluate the effect of water temperature on the tensile properties. The dimensions of specimens
for

the experiments were 30 mm - 10 mm - 1 mm. Tensile tests were performed in a LLOYD
tensiometer according to the ASTM D638M test. A 2.5 kN load cell was used and the crosshead
speed was 50 mm/min.

Bending tests were also performed at room temperature on water-assisted injection molded
parts. The bending specimens were obtained with a die cutter from parts (Fig. 3) subjected to
various water temperatures.The dimensions of the specimens were 20 mm - 10 mm - 1 mm.
Bending tests were performed in a micro tensile tester according to the ASTM D256 test. A 200
N load cell was used and the crosshead speed was 50 mm/min.

2.7. Microscopic observation

The fiber orientation in molded specimens was observed under a scanning electron
microscope (Jeol Model 5410).Specimens for observation were cut from parts molded by
water-assisted injection molding across the thickness (Fig. 3). They were observed on the
cross-section perpendicular to the flow direction. All specimen surfaces were gold sputtered
before observation.

3. Results and discussion

All experiments were conducted on an 80-ton conventional injection-molding machine,
with a highest injection rate of 109 cm3/s. A plate cavity with a trapezoidal water channel across
the center was used for al experiments
Table 4

The processing variables as well as the values used in the experiments
A B C D E F

Mélt pressure
(Mpa)

Mdt
temperature
(&)

Short shot size
(%)

Water pressure
(Mpa)

Water
temperature
(&)

Mold
temperature
(t9

140

280 (270)

76

8

80

80

126

275 (265)

7

9

75

75

114

270 (260)

78

10

70

70

98

265 (255)

80

11

65

65

84

260 (250)

81

12

60

60
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Samples cut

fior ensile and
bending tests

SEM ohservation
direction

Fig. 3. Schematically, the positioning of the samples cut from the molded parts for tensile
and bending tests and microscopic observations.

3.1. Fingerings in molded parts

All molded parts exhibited the water fingering phenomenon at the channel to plate
transition areas. In addition,molded glass fiber filled composites showed more severe water
fingerings than those of non-filled materials, as shown photographically in Fig. 4. Fingerings
usually form when a less dense, less viscous fluid penetrates a denser,more viscous fluid
immiscible with it. Consider a sharp two phase interface or zone where density and viscosity
change rapidly. The pressure force (P21 P1) on the displaced fluid as a result of a virtual
displacement dx of the interface can be described by [16], where U is the characteristic velocity
and K is the permeability.If the net pressure force is positive, then any small displacement will
be amplified and lead to an instability

and part fingerings. For the displacement of a dense, viscous fluid (the polymer melt) by a
lighter, less viscous one (water), we can have DI = 117 12 > 0, and U > 0 [16].In this case,
instability and the relevant fingering result when a more viscous fluid is displaced by a less
viscous one, since the less viscous fluid has the greater mobility. The results in this study suggest
that glass fiber filled composites exhibit a higher tendency for part fingerings. This might be due
to the fact that the viscosity difference DI between water and the filled composites is larger than
the difference between water and the non-filled materials. Waterassisted injection molded
composites thus exhibit more severe part fingerings.
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Fig. 4. Photograph of water-assisted injection molded PBT composite part.

3.2. Effects of processing parameters on water penetration

Various processing variables were studied in terms of their influence on the water
penetration behavior. Table 4 lists these processing variables as well as the values used in the
experiments. To mold the parts, one central processing condition was chosen as a reference (bold
termin Table

By changing one of the parameters in each test, we were able to better understand the effect
of each parameter on the water penetration behavior of water assisted injection molded
composites. After molding, the length of water penetration was measured. Figs. 5-10 show the
effects of these processing parameters on the length of water penetration in molded parts,
including melt fill pressure, melt temperature, mold temperature, short shot size, water
temperature, and water pressure.The experimental results in this study suggest that water
penetrates further in virgin PBT than in glass fiber filled PBT composites. This is due to the fact
that with the reinforcing glass fibers the composite materials have less volumetric shrinkage
during the cooling process. Thereforethey mold parts with a shorter water penetration
length.The length of water penetration decreases with the melt fill pressure (Fig. 5). This can be
explained by the fact that increasing the melt fill pressure increases the flow resistance inside the
mold cavity. It is then more difficult for the water to penetrate into the core of the materials. The
length of water penetration decreases accordingly [3].The melt temperature was also found to
reduce the water penetration in molded PBT composite parts (Fig. 6). This might be due to the
fact that increasing the melt temperature decreases viscosity of the polymer melt.A lower
viscosity of the materials helps the water to pack
the water channel and increase its void area, instead of penetrating further into the parts[4]. The
hollow core ratio at the beginning of the water channel increases and the length of water
penetration may thus decrease.Increasing the mold temperature decreases somewhat the length
of water penetration in molded parts (Fig. 7).This is due to the fact that increasing the mold
temperature decreases the cooling rate as well as the viscosity of the materials. The water then
packs the channel and increases its void area near the beginning of the water channel,instead of
penetrating further into the parts [3]. Molded parts thus have a shorter water penetration
length.Increasing the short shot size decreases the length of water penetration (Fig. 8). In
water-assisted injection molding, the mold cavity is partially filled with the polymer melt
followed by the injection of water into the core of the polymer melt [4]. Increasing the short shot
size of the polymer melt will therefore decrease the length of water penetration in molded
parts.For the processing parameters used in the experiments,increasing the water temperature
(Fig. 9) or the water pressure(Fig. 10) increases the length of water penetration in molded parts.
Increasing the water temperature decreases the cooling rate of the materials and keeps the
polymer melt hot for alonger time; the viscosity of the materials decreases accordingly. This will
help the water penetrate
further into the core of the parts[3]. Increasing the water pressure also helps the water penetrate
into the materials. The length of water penetration thus increases.Finally, the deflection of molded
parts, subjected to various processing parameters, was also measured by a profilemeter. The
maximum measured deflection is considered as the part warpage. The result in Fig. 11 suggests
that the part warpage decreases with the length of water penetration. This is due to the fact that
the longer the water penetration,the more the water pressure can pack the polymeric materials
against the mold wall. The shrinkage as well as the relevant part warpage decreases accordingly.
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Fig. 5. Effects of melt fill pressure on the length of water penetration in molded parts.
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Fig. 6. Effects of melt temperature on the length of water penetration in molded parts.
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Fig. 9. Effects of water temperature on the length of water penetration in molded parts.
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Fig. 7. Effects of mold temperature on the length of water penetration in molded parts.
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Fig. 8. Effects of short shot size on the Iengfh of water penetration inmolded parts.
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Fig. 10. Effects of water pressure on the length of water penetration inmolded parts.

3.3. Crystallinity of molded parts

PBT is a semi-crystalline thermoplastic polyester with a high crystallization rate. In the
water-assisted injection molding process, crystallization occurs under non-isothermal conditions
in which the cooling rate varies with cooling time. Here the effects of various processing
parameters

(including melt temperature, mold temperature, and water temperature) on the level of
crystallinity in molded parts were studied. Measurements were conducted on a wideangle X-ray
diffraction (XRD) with 2D detector analyses(as described in Section 2). The measured results in
Fig. 12 showed that all materials at the mold-side lay erexhibited a higher degree of crystallinity
than those at the water-side layer. The result indicates that the water has a better cooling capacity
than the mold during the cooling process. This matches our earlier finding [17] by measuring the
in-mold temperature distribution. In addition, the experimental result in Fig. 12c also suggests
that the crystallinity of the molded materials generally increases with the water temperature. This
is due to the fact that increasing the water temperature decreases the cooling rate of the materials
during the cooling process. Molded parts thus exhibited a higher level of crystallinity.On the
other hand, to make a comparison of the crysallinity of parts molded by gas and water,
gas-assisted injection molding experiments were carried out on the same injection molding
machine as that used with water, but equipped with a high-pressure nitrogen gas injection unit
[11-15]. The measured results in Fig. 13 suggests that gas-assisted injection molded parts have a
higher degree of crystallinity than water-assisted injection mold parts.This is due to the fact that
water has a higher cooling capacity and cools down the parts faster than gas. Parts molded by
water thus exhibited a lower level of crystallinity than those molded by gas.

T T T T T T T T T T T
25

Fig. 11. Measured warpage of molded parts decreases with the length of water penetration.

3.4. Mechanical properties

Tensile tests were performed on specimens obtained from the water-assisted injection
molded parts to examine the effect of water temperature on the tensile properties.Fig. 14 showed
the measured decrease subjected to various water temperatures. As can be observed, both yield
strength and the elongational strain at break of water assisted molded PBT materials decrease
with the water temperature. On the other hand, bending tests were also performed at room
temperature on water-assisted injection molded parts. The measured result in Fig. 15 suggests
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that the bending strength of molded parts decreases with the water temperature.Increasing the
water temperature generally decreases the cooling rate and molds parts with higher level of
crystallin-content of free volume and therefore an increasing level of stiffness. However, the
experimental results here suggest that the quantitative contribution of crystallinity to PBT’s
mechanical properties is negligible, while there is a more important quantitative increase of
tensile and bending strength for the PBT materials. The mechanical properties of molded
materials are dependent on both the amount and the type of crystalline regions developed during
processing.The fact that the ductility of PBT decreases with the degree of crystallinity may
indicate that a more crystalline and stiffer PBT developed at a lower cooling rate during
processing and did not exhibit higher stress values in tensile tests because of a lack of ductility,
and therefore did not behave as strong as expected from their stiffness [18]. Nevertheless,more
detailed experiments will be needed for the future works to investigate the morphological
parameters of water-assisted injection molded parts and their correlation with the parts’
mechanical properties.
3.5. Fiber orientation in molded parts

Small specimens were cut out from the middle of molded parts in order to observe their
fiber orientation. The position of the specimen for the fiber orientation observation is as shown in
Fig. 3. All specimen surfaces were polished and gold sputtered before observation. Fig. 16 shows
the microstructure of the water-assisted injection molded composite parts. The measured result
suggests that the fiber orientation distribution in water-assisted injection molded parts is quite
different from that of conventional injection ity. As is usually encountered in semi-crystalline
thermoplastics,a higher degree of crystallization means a lower molded parts.In conventional
injection molded parts, two regions are usually observed: the thin skin and the core. In the skin
region near the wall, all fibers are oriented parallel to the injection molding, water-assisted
injection molding technology is different in the way the mold is filled. With a conventional
injection molding machine, one cycle is characterized by the phases of filling, packing and
cooling.In the water-assisted injection molding process, the mold cavity is partially filled with
the polymer melt followed by the injection of water into the core of the polymer melt.The novel
filling process influences the orientation of fibers and matrix in a part significantly.From Fig. 16,
the fiber orientation in water-assisted injection molded parts can be approximately divided into

three zones. In the zone near the mold-side surface where the shear is more severe during
the mold filling, fibers are principally parallel. For the zone near the water-side surface,the shear
is smaller and the velocity vector greater.In this case, the fiber tends to be positioned more
transversely in the direction of injection. At the core, the fibers tend to be oriented more
randomly. Generally speaking,the glass fibers near the mold-side surface of molded parts were
found to be oriented mostly in the flow direction, and oriented substantially perpendicular to the
flow direction

with increasing distance from the mold-side surface.Finally, it should be noted that a
guantitative comparison of morphology and fiber orientation [21] in waterassisted molded and
conventional injection molded parts will be made by our lab in future works.
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Fig. 16. Fiber orientation across the thickness of water-assisted injection molded PBT
composites.

4. Conclusions

This report was made to experimentally study the water-assisted injection molding process
of poly-butylene-terephthalate(PBT) composites. The following conclusions can be drawn based
on the current study.

1. Water-assisted injection molded PBT parts exhibit the fingering phenomenon at the
channel to plate transition areas. In addition, glass fiber filled composites exhibit more severe
water fingerings than those of non-filled materials.

2. The experimental results in this study suggest that the length of water penetration in PBT
composite materials increases with water pressure and temperature, and decreases with melt fill
pressure, melt temperature, and short shot size.

3. Part warpage of molded materials decreases with the length of water penetration.

4. The level of crystallinity of molded parts increases with the water temperature. Parts
molded by water show alower level of crystallinity than those molded by gas.

5. The glass fibers near the surface of molded PBT composite parts were found to be
oriented mostly in the flow direction, and oriented substantially perpendicular to the flow
direction with increasing distance from the skin surface.
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