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Improvements of Weld Lines and Residual Stress of
Plastic Injection Molding Parts

Student : Yu-Pin Tsai Advisor : Dr. Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Plastic injection molding is one of the mass production methods of plastic
products. In the production process, weld lines and residual stress are the most
common defects of plastic products. In weld lines research, four mold
mechanisms, (namely, rapid heating and cooling system, in-mold rotating
system, in-mold punching system, and local heating system) were designed to
eliminate the weld lines for traditional injection molding, plastics with metal
powders injection molding and insert molding. In residual stress research,
different heat treatment parameters were tested in plastic injection molding parts.
In this respects, photoelastic method was to use measure the extent of the
residual stress relief of the parts.

Experimental results showed-that-in traditional injection molding, rapid
heating and cooling system can improve the weld lines defects, weld lines
strength was raised for about 6.8%, the depth of the weld lines were reduced to
0.5um from 12um; in the injection molding of the plastic with metal powders,
in-mold rotating system can blur the weld lines in low rotate speed (25 rad/sec)
but can’t completely eliminate the defects. However, in-mold punch system can
produce the plastic parts with no weld lines in the same production process; in
insert molding, two plastic parts (regulator for SCUBA diving and boss test
parts) was tested, the experimental results showed that with the local heating
system, the yield of the regulator was raised from 30% to 100%; the strength of
the boss test parts raises from 5%~20%. In residual stress research, the
experimental results showed that the heat treatment of the injected plastic parts
reduce the residual stress. Polycarbonate test parts with thickness less than
2.5mm, heat treated for 30 minutes showed that a decrease of 50% of the
residual stress can be achieved.

Keywords: plastic injection molding, weld lines, residual stress, insert molding,
heat treatment
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A B¥ag 04 3 F B Rl B AR R o
P g AP > BIUp A TR €4 (Ono Sangyo Co., Ltd,
Tokyo ) [16]#73% 7122 RHCM ( Rapid Heat Cycle Moulding ) &l #2 /& * %} o

PRE AR EENFEFREAFARAY RBFHE A

RNV ERFE B NI o RHCM A2t p » hi * £ 5B L -
foo ERHARE DT LR BF RERIVESME L L] e
FER R ¢ TR IR W i S B g g A THCE el

B TP AT FHIEA M gAY 4P M

e
"

R
v 3R A GFHOE R R ARRA T Y E L T H ey

PRfaeg g0 Fob o d W e BB D Aok B S 0 £ RS AR

47T R
AT AL ETERY TS o TR, AASN S A

TR A REASFR ADGHRR > AT i 308 2382 835
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1. Flimdm 24 a9 § k4 [18][19]

FPEPERAREHEREEAFE S ERNRESF A FEIELHEY D
Mg e m g ERREF o REPF gRERERG TP EF kS e 44
fer o § X E R KA BB EHIE S FESF L FELALIIR AR 2
%%ﬁ%@%@%%iﬁ“’ﬂf\imﬁ@fgﬁﬁ LA &) o iofd
Bt g R g AR LU E AR AR TS SBAT RS s
wdery g R4 (flow residual stress ) » 4@ 2.8 #577 o o
2. Fli#a A2 R T R4 [19][20][21]

Fla#m 24 R GTRA NRAEE B Tibfr, e > 1 &R ¥
KPR w2 b irid FendL B R R4 R
BB LR RER G o L FriEAR > B B e £ G T
%%%wﬁjﬁﬁ’iﬁﬂu@ﬁﬁaﬁm@ Bk (2 v upd

LII 'fﬁ) ?!717 v :ué]*' F’B‘ﬁr'/ »ﬁPEE‘;‘ FJ*KKT‘J%LLPI{ »%‘g i‘ ;‘5‘-%\%’] Z ““"rf']il’ﬁ}f;ﬁtxq
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Flo&n A2 Bt - EREAT RS XL HAT RS (thermal residual

stress) > 4B 2.9 #11 o

26 O RT KA ik

BB XA > RTRA - T Fh PR AT RS O

=t
[}
o

Ik

PR ERRPROAGTRES PSRN RS LTI R
L AEAE (HESAER I it R~ REPR) [FR (RS
B RS ) kg (A AR ) #H A

WS e

-‘ml}
-

L ERR AR LG T AR A E
FaZ b Emafdil>ik o bldet wlik B S ¥R B F
F K K E }ig B 22 SRR B E X iiEE R K

PERAT RS g SER R TRY

She

2. 3 FTAI AN A5 5% 5 dost )RR & (injection-compression ) 4% » & Az
B i & d) = A (super high-speed injection molding / ultra-high speed
injection molding process ) %l 4% o

R G A2 [22] 4 ] 2.10 TR 0 B R ELE 0 HCE E e R oo

CESABRE OWEgEFR 2P E SN AR Y EF FREE -

k- FRE O GRS BV AR A B R A > BT U R
4, e Boa 3 idEs SoNBEFKER 2P ET I RFR
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BRI SR A ECE T B RS 0 1T 4 S g B I

RID3 % WA RS ERIFES ST R A nBRRA o S
Al N A e Ty B RATF 2 EDRA 2 d A5G SR

BAAART 7 ARBORBET A @I GBI DRSS
o & i Suenst 0 3 R GlARAp L o S0 R AR AR S § oonantE b R
PR ART R B3 ORI ARG Y il AR
AHALRIR o 2 B T E - PR B eh (T SRR B R

Br B E3PE S (Mo s 8 F LB )

=

SRRt HIE RN SN F S E
oo engt A A B LEE R § B 180mm/sec ~ 200mm/sec; #T
AR i A g s R & 600mm/sec(~ F 45 <5 800mmisec)

b eSS RR IR SR AT G F S AEE

R ORR PR AR AR TR NT SRR o

30 AIF S A1 > HE R G B (A BRL kT M ELE) H
A A A B3 gk o Ea éfl]&ﬁ’%fiﬁ@"@% g R o
LG o A P RIS N ERY e f Y

Thompson £ White[24] 12 & ) = )= 38 GL1F PS~PP~ s glag a2 PS>
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ME e B 2 PP anlth > £ R (74 B ETREGE BRI
ERECE R A RBBRPFLLIATES 2RV E  RRASE R §)
BEg* > ¢ SREA SV B SRR

WA FREH S M ERAS AR IE PR g g8 0 Choi &
Broutrnan [25] 8] £k * PE #3L » 11 120°C i 7 — -] FFen# id® » S AT
BEID R B 2 BB B AEIEPE R { 4o a0 o Thakkar 2 Broutman [26]:#-:4

i PC 4 (cold worked polycarbonates ) i& 7 % /g & i ad® (25°C~125

-

C,2 ) FEED ARAEIEGES LV BRI TRB AT RAS T E M
AP MIE R S A HIE R M - Wang 2 Zhang [27]4- ik 12 E T ¢ 0
PEF * A4 (ABSSMBS ~ AS PA) & (7 7 e e ad2 0% 12 R
g1 b bR A ERAET R R SR kT

o it

—\:

Y AMA ST R R E SRS L ASIER S
A bein i BASIRER X 5 4 2 [ BR23 $PTEETFRAASLER
AT A P PE G W Ed  AFE T E LR AR B R4

BERELBBERLEHNA TR PR
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Frozen layer

</ Flow front

Cavity wall

Bl 2.2 *# A i (fountain flow) [2]
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+ race3 - Filling Time

Cazel

Filling Time [sec]
000-051

Filling Time [sec]
000-051

Fo
051 \\\\\\\
0.36 o
0o e
,//
&\
X ¥ TRy

Flow time: 0.20 {39.0%)

+ taced - Filling Time

Casl Cazml

Filling Time [zec] WELD ANGLE [-]
0.00-0.51 6.20 - 180,00
ns1 18000
036 93.10
non 620

_<k

Flow time: 0.45 (37.0%)

B 24 Flop LRI LR (L7 & B S Weldangleﬁg?lt". PR

AL g Lz & RETELMDS S A0 5 3D TIMON)
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Permeability allows
air to pass through

Bl 20745 5 4 [30]

Termperature  Frozen Shear Falecular
Profile Layers Stress Origntation

@

B12.8 tAiiiz WRIFEAE AT ferd & ind AT L4 [2]

Coalant
Temperature

(@ @

(1) High cooling, shear, and orientation zone
(2) Low cooling, shear, and orientation zone
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Free Frozen Constrained Thermal-Induced

Contraction Layers Contraction Residual Stresses

R R s ™y

L E

- {r E

2

Heat Heat

u

=

I

I

\ o

M :

=ttt 2
Early Cooling Later Cooling - Post-Molding

Stage Stage it Stage

B 29 #R T R+ 97, kh F[2]

Process cycle

B

11 Clasing the mould to embossaing hip 2) Injecting the thermopiastic poivmer et

|| $-1

3 Compression of infroduced melt compownd 4 Cooling and deforming

] 2.10 &1 45 (injection compression) #l42[31]
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1. f&»d ~ 24 (film insert molding )
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Wt B e 2 BT Hend oo X ¥k 5 IMD (in mold
decoration ) ~ IML (in mold lamination ) ~ IML (in mold labering ) ~ IMF
(inmold film) % 7 I hf* > 4oR 3.17 #777 ©

2. 4% » = 4] (insert molding)
—ddm T RERG o BHE A R A ERY R
B g AR BB L G 3] o o BT R G G
EHAER o Aok o BALE BT o A A E AR B
P OURAE B A S e R R BT gt A g » S A x LS over
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AGES R T BRI EAT
ARG LRSS Y AL B T, BARN PRI

RE A b REE SR ANEHERRE - 5T A BB 0E 4R

F_k
o
P
N

Ao Rk AKE A F R R 0 B LM - B
WA LA R AT - LEFL o Fl BTG PR g

L e TRRAAR T R AL

i

YRR o oo GRS h o X FER Bl

FERAHART RS el L T - ERBRGEE o A BRAILELHA Y

@4¢&§ﬁ§’—juijﬁﬁ—$gwm&%,%%ﬂmﬁﬂ&ﬁK
LAV T T IRGE o FLN R R A R IR R o B TR
EER & MED T Rl o o

361 R B4 hE R 2

Withers £ Bhadeshia[50] #32 7 & f e T4 23 3% > &7 £4
3 A AT AR S R G S BRI E T R A [S1]Y B
Ao FRAFY Y OB BATRAS BRI E o e T o AR * R R
2R Tz 48 4 W A A K 2 (layer-removing method ) ~ #E3t 2

(hole-drilling method ) » © 2 382 - H ¢ 2]k 2 &1 43t 2 Bt 8
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FEAT R AR RRIAT R ARG U L

R ALRE AR TAMOE S R He > RRENPR TS ¢

PIARTRS BT G €% 4 R B o
GE3L 2 [52]- BB RN AR E o g B R R PR E 0 L R
PGS RN EART RS CYEET UL RA SN RO T RS 0 R
g3 gRit 2 4 < 5 A 0.8mm~4mm o G bR R gEat

Boo BT E - LA T

B RF] 0 - AR e AP A Y A BRS i S L
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S E BRI
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A 5 L EBUS -
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‘mk*

hoRAEE (e f PR FIEP L) FIP ATy P o B k(T
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FEP RIS F 2B RERF > BT EF L R o R A
KF Lo fa, €82 BITHRE R AL RS L B g H 7
B g A R SR RS REMIM % (Photoelasticity ) °

KR RIATRA - LF A EP 2L &M (amorphous) ¥ ¥4
Lo b 4o FBR e fig (polycarbonate f§ AL PC )2 B 7 A3 % it ¥ fa(polymethyl
methacrylate » #§ £ PMMA » ¢ < @52 R4 )o d 32 R3H2 7 ¢ plgd

BE) T+ 55

I~

BN R EERE TR KEY B (Ao )
NIRRT E o HITEE Y BiRKWTEH E > » Sk AW R 2 fewAE

ITHIB G P ER IR B RS

\m

P R e e A4 I o
GRS N T A S S

e P e lg PV RS A BAMES

E

ERE S
P A h 35 2 B R HEAEAS B andr it S o Tt k& e
HALEE » ns BA g > wdrB gk L gyt § 3 g 5 0§ DR
Pl FARMER LAY o A AP Z M-I TG 1 od Bt 2 £

L
B o

—N\

GLBR G Bk LT - AT S BHEORAL e - Bk X
£ SR S e ERA S ML o f R
BT AR R AHEPN Fie2 R £k 0@ 2 AR Ef

- BN e B g R AT DR b F AT D R
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e

B R A g R -tk KSR T 2 g Bk RR A AT T g g

ER S UK £ SO RS- EXCENE I SRR 3 R L L
PP R S kR B RAAPHIEREMF S AL B
(retardation, R) o Hirsfr ¢ RgF 972 G4 Bt m % 5 Wk
A fEfrk 2 3 Fr 5 pIF d REERV il kS R -
LEMERRA DS EHE IR %g@ﬁ_f:?'agﬁﬁ;g‘r‘;%ﬂ 4 1T R A

XA fs > HEMORS F LG TFFEFNEZERBL o kKRER
oo ckeng s RBIERELS PIER S PR FRERAT UEI R -
FagEd iE R & RS niE R (fringeorder) o m @ * H & k§ ivkhpF >
EP PR A SRl pse S R A d
Bt 2o xbh (R yph) BT e FG gk dp gL L E 0 F]A

BAKEZ PRIER RFZERT IR RBER S TR g S 0 &
TR f o A B o 2 R R A B A B e B
Tt e RERBEZRS 2R -

oA kT endr bt enR 2 I d Maxwell(1853) #73& 1 - 1345 Maxwell

SRR AT AR L A Y M S A BB R A T AT

n—n,=P, xo, +P,x0o, (3-1)
n,—n, =P, xo,+P,xo, (3-2)
HY npi AR RARETAITHE > 0,8 62 LA RA Bhon ¥ n, 58
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018 0, & st S o P82 Py i R4 BB i (stress-optic coefficients ) e
d (3-1) & (3-2) &% 4ppEa
nz_nl:(PIZ_PII)(O-I_O-Z):C(O-I_O-Z) (3'3)

o c=PyPy 7 AP £V VigR i

n, —n, = AL/(27h) (3-4)
o, -0, = AL/(27hc) (3-5)
#3] ol-062=Nf/h (3-6)

d B B ELRTEZ F R FER > W E Rz FiTe R 2 4 RS
Z®oH? N i Fringe Order » 124 f, =d/c % 7 HFiE % ¥ # (material
fringe value) > ¥ =% T4 KR o 5 N 78 0k > 2 g e il

fo o v i A g ekl

3.6.3 ¥ &+ £ 42 (shear-difference method)

v

RV EIRS Bo o v FRARES (0)) 8] (0) L4
@ > Timde e 1 [53] [54]

- v

d 3% Equilibrium Equations neglect body force » 0z =0 FF > ¥ £ 71 5 :

0
9o, T _ (3-7)
ox oy
0 0
O'y+ Txyzo (3-8)
oy ox

0 0
4 (37 pr Rl Doy 90 T g g v
ox oy ox oy
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0 0
0. =) -] ;”ax’a =), - [ 5o (3-9)

ax:(ax)o—za;;y ox (3-10)
0
O'yZ(O'y)O—Z ;;y oy (3-11)

(ox) g~ (oy) ¢ & & FwBLerfp4 o
rxy:%xsinZQ (3-12)
d Fringe Order (N) ¥ ## 3ol —02°0 5 514 » £ ox B oy s » K »

o, = (0X+0'y)+%(0'1—0'2) (3-13)

(O'x+0'y)—%(0'1—0'2) (3-14)

(0-1_0-2)2"'0-12"'0-22 (3'15)

3.6.4 1% % o e o ik it f ATRA
F B H4x B P Fop ik fin (Polycarbonate > i # PC» #1855 % GE Plastics
LEXAN® 141R) fit & % fp cn# AL 5 2 ie (Fpl3# » ¥ 0 ks ERIA T

Bt LEER O R LR A RIIARG R SRR ofp A -
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# 3.1 A RE & 14[39]

(+:8eppiE | —BLEPBEL IO m82ELE)

Ry &

DR c:g’\,é)\
ABS +lH [ + |- - 10O+ [+ [+]|+[O]+ +]+ |+
ASA Ed R R R i e e e e e L e R R R R A LM s ]+ |+
CA +[+[+]0 - |- ==
EVA +[+]0]+ + [+ + + ]+ -+
PA6 + [+ ++[+]0]0] |-[0[=[-|-[+]|+ +|- + |+
PA 66 4+t +1+]0]0]0 - ol el el el I +]- + |+
PC + |+ +10[+]-|- ol il Bl Rl Bl R 5 H-|+ ]+ |+
PE-HD =[O0+ [+ OO = |=|=|=|=|=[=|=|O]|=| |-
PE-LD —[=[=[+][O|O|-[+[+]0|O|+|=[Of=|=|=|=[={O]-] |=]| =] -
PMMA +[+ O[O0+ Of- +[+ - + |+
PDM Bl -1-[-101]0 +- - - - - | -
PP -|-[-[+]0|-|-|-[+]|0]-|+ -|-|-]-|+ - -] -
PPOmod |- |- |- gl Ml il e el e 8 8 Bl el Bl A O el B -1 - |-
PS-GP OO0 =1+ 1-1=-1-1z40 = |-+ [+l - - -] -
PS-HI Ol-|-l+t[-l-l-=l- ===t =l -1 =19 - -
PBTP [+ R R il e = el e e e Ea R A A R +]+ |+
TPU ++[+ ++ [ ]= o e e e e R R R s + |+
PVC ] - -+ 4 = |- [HE[ ]+ + |+
SAN R R R R A e A e R A S ke B + ]+ + |+
TPR 0]10]- - 1= [~1010 1104 + |- -
PETP + ]+ all el i o — AN -+ +]+ |+
PVAC +
PSU +]+ +-|- - gl Bl s -+ ]+ |+
PC-PBTP Blef + | + Rk N N A H o+ |+
PC-ABS Bleng + | + || = =+ =]= ===+ttt ]+ |+
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Sample Configuration Exploded View

Upper Case
Fluid Channel
Vapor Zone

Fluid Channel

Lowar Case

apor Flow

Liquid Layers T

®13.3 Celsia” 2~ @ 2z #2;8 4+ (NanoSpreader™ ) [36]

Bl 3.4 s #4F 17 3B
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Bl 3.9 & *

Pneumatic eylinder

¥ 3.10 Hop et i &
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Typel Type2 Type3

B 3.11 i ¢ A

e o D w
e R LB ]
A | =k B
e S i
(a) HBBTRATH I ( (c )BBRER"
SLH RO %ﬁﬁmiw
2 & 1007
6 ~ b ) AL
(@R (c) 3k Bk i

Bl 3.12 #4 3 M9 9 e %76 £ v A5 [55]

(W 5% > 41 % /232mm > 38 24C)
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Bl 3.14 RayBan® < p4is (£ B/TPE)

Bl 3.15 Wafer i 4% % [56]
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& g

# 3.16 $Riadt » & A5[57]

@] 3.19 Overmolding - % BI[59]
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3 3 3

LT

B13.19 “o i i » s B g g g A)[60]

e
N

e

1 3.20 4 ~ 2 eb I AR A e g e 2 5 3 5 [60]

T T AHH
S U L0 e Y It

% R AP

PR

— (s )

= e A
[ e
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Bl 321 & 23428 h 304 B g cnde (£57

40
T e

e g

so\§

—a1

—421

—5e

s | \
& ot > 51'?5\3 ) 513

. -

/ 515 | \
422 423 s12 | 90 5
53

B 3.22 ¢ =3

2 J17r & BI[49]

z ‘ z z
¥ ' l!.
! 1
. i 5
T w71 oy
xx-z" xf.gﬂ : 2
£

1 3.23 4% % 4 35 7 4 W[51]
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Fr o BEHERA 1

T o4 84 1 42 (Computer Aided Engineering > CAE) ##8 e~ € 5% >
PEEIRERAIGHFEEASEFEY > EAPFORAERERE LRI
LF it enfles o A5 7 kT PR > B Bt R A 47 B
T A R R o

APPSR ER RO IR s R TF RIS
(FLOW-3D) % #5n A~ #7350 %8 (3D TIMON ) o 12 ™ d4-4- 4435 8 fic k8 8 (7

s

§H

o

4%

4.1 ¥+ £ 5ca FLOW-3D # % [61]

1963 & > Dr. WW. Hirt &% & Los Alamos B #3253 £ $ 2+ 5 i gl

2

AE gy o BE T F fehpd e g3ty B VOF (Volume of
Fluid ) ; 1980 # > Dr. WW. Hirt £] > 7 Flow Science Inc. » B % 7
FLOW-3D - FLOW-3D ¥ — £ i # »t2- 5 a4 5 chd £ 3l o o 351225

A#H? AR F2 @3 250 - E S 208 Tt BT

T

b L AR R RER ST n R p o R 3R E 22 VOF 7 (2 it 49 Bodtag feen
AMER BV EL AR TEREIFAFTE 4IRS AR ik
B> ;2 plE_3 *TL ~ 2 (Finite Difference Method » FDM) - FLOW-3D 7

REF T RIEH G i AR HESS R R E BT o H R
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2 3E AR A0 E B R 2R e FAVOR (354 6 /AR ) & 13
E38 7y hfgidgreaS e s 2435 FDM 338 44k v
AR AR -

General Moving Object (GMO) -3 £ FLOW-3D 7:9.0 %< 2_ {$ #75f v e
Foi o B H T ESRM e it R0 & SIS E R - T B
HiFH -~ pd Bei@HF o

AlcE R B EY > 2 Az A aguE > o d 3 FLOW-3D 4+ 3
Carracau Model =& -7 » F]pb 2 fp LaE = PR andh B #2240 1w
PEFE-Hasir o

FLOW-3D #7#k * a3k & $i-3] Carraeau Model 47 #7571 o

[1+ () €€ ]%"

w oo kaAER  (viscosity )

Uy © &+ %R (molecular viscosity )

Ayt gk W SR & F #i (empirical curve fitting coefficients )

n gk R L ¥ #ic (empirical curve fitting coefficients )

Lot B4 & Pz n484LA (viscosity at infinite shear)

e;id ARR I E A 2 o8 R % 5 (fluid strain rate computed from viscosity
field )

A AR T P E RO R SRR B RRE (MR
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AR ) > £ 1% Table Curve 3D AR A VR 4 [ A& #ciw iy »~
i{ ® =2 Carreau Model = #25% » £ 4[* Table Curve 3D p £z Hicipv= &

R R E MAp B2 W ko

>
4

4.2 #WHEA 5548 3D TIMON #§ 4

3D TIMON # ¥ i s 7 d p A4 1 ¥ (Toray Industries)+
2 @ Toray Engineering Co., Ltd.#7 B 2 2. = ¥ W Hin s 7k .22 R
FoEUFRHRERESFSY 5000 Fit (X 1996 &3t p ARt
®E ) ’%ﬁd 3D TIMON #3347 & 7 4l '?:11 TERE R = A P

Gy R bt SRSV LAV STk e SR 1 N R + Trial & Error

PR R - R EARR R fR ko
3D TIMON g d ¢ % 1

® %57 CADBIMEZE F "I E g

® piEREfAgd E,TH f}_é@%,gi\‘ﬁiééégﬁ?‘%;“é_ij;'ﬂi

® ki (AW iR AR KB L) BEP
® FEiie (VA AR NI B fTERERSE)

1T g4 3D TIMON ez 3¢ R SZig (730 p [62] » & 2 48 gk
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g B VA R g o

4.3 Him A4
4.3.125D A ¥
FRED A guiE st  - Ed TAZ BN ES G e

N EIEN UE GRS AN

i@ 4 f27% (continuity equation ) :

ou Ov 0O
ox 0y Oz
urvow AEREAGHEAE AX Y Z 2w E e R

# & = 425 (equation of motion) :

a_P: 6Tyx +a7’-zx (4_3)
ox 0oy oz

a_Pzaz'xy +8rzy (4.4)
oy  Ox 0z

a_P — asz + ﬁfyz (4'5>
oz ox oy

PR

TR R

it £ 7 #4237 (equation of energy )

2 2 2
pcp[éT oT  oT arj:k(ar 8T+8Tj

—tUu—FV—Fw— 5 5
ot Ox oy 0Oz ox® oy oz
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ou ou ou ou Ov ov  ow ow Ou
Ty T AT —H T, | —+— |+ T, | — [+ (4.6)
ox oy Oz oy Ox "oz oy \ox oz

p %A (density)
C, : v # (specific heat)
T::8 7 (temperature)
t: PER (time)
k @ %@ 3K % #c (thermal conductivity )

itz B AR (RN S REAESN S uE R RS AES) 2
et S BE NN PERY Y AL AT Fanfid@d o eI g
SRR AREFEFEEY L hER o

F]pt g i 25D enfikg 441 P oo Sk~ Hele-Shaw model 2 f§ i a2
#2.7% o Hele-Shaw model £ w2 3 pB2m ey & (flow rate ) » iz 3 %% & )
A5 gAY > ¥ g * AN A A5 (thin wall modeling ) « % £9% 7 in-plane

velocity gradient & > FiF = NF U it T 53 4R 0

Z_Z+ ZZ 0 (4.7)
aP 0

ax ;Z (4.8)
oP Ot

5= aZ (49)

(48) P enugr v e U T A3 420 4T
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3
_H_(a_Pj (4.10)
12\ Ox

_H [‘lPJ (4.11)
12\ oy

PR ARV & 2 o R4 HL R (pressure gradient) = i b oo
Bkt B3 HE 3 4 on (simple shear flow ) » (4.10) & (4.11) 5% ¢

0 BT, B LRI AT A 4R AN

ra=uy, = n (412)
0z
y ov
sz:ﬂ}/zy:/’lg (4'13>

#-(4.12)87 (413) AHER S 5 THA T UEIE B R F
T v v & 2-dimentional-like flow( shell element) < 2 1-dimentional-like flow

~ L ‘12, ) J

(beam element) /i Jos ] (d

3 2 2
Q:H—\/(a—Pj +(8—P] (for Shell’Element ) (4.14)
12 \\ Ox oy

(4.15)

4
0=""""" (for Beam Element)
8u Ox

P BP/12u # m/8u ~ #i i flow conductance -
H : shell element & & (thickness)
' ABR (viscosity )

r : beam element 2 /& (‘beam radius )

fe £ 7 AR5V (3) g i

d N G ALY MR R § R 0 e r T B

Ik
Ik
3
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heat transfer due to advection
heat transfer to the mold surface

shear Heating

> w0 e

in-Plane heat conduction
3D TIMON £ %% 7 (D)3 eng 55 B(A)~(C)eh &3 » i £ = #2358 - {7
__@]—r ;lj—% ﬁ_)«(h :

or  or T o*r 7
C,| —+u—+v— |=k + 4.16
p‘{at o V@J P (4.16)

S @) (a17)

p %R (density)

w AR (viscosity )
y + ¥ *» % (shear rate)

PR TS BREGBRAPEERE T

432 £ 25D LE L frHEHER T 3D LE LT

B 25D & 457¢ > Polagynds w0 - faaoshell element 2 - daen
beam element 4v 2t s 5 7 R * PIE R hz Aond o BE O T A2 f7 50
U;z_cf@“xggg (i=1,2,3) (4.18)
Cy: o+ % (flow conductance )

Az medre ¥ E A S d oviscosity () i (Xi) £ ki

B bR BRAXYZ 2 hanad (Ui) 222 s R4 ARSI
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Boln s GERNAY > TACEST IR EEH s (F A e)
1 flow conductance > #7114 w it = 4258 7 AR ¥ R * 3> 25D & Hele-Shaw

flow :

dz (4.19)

SHEEN

433 WA 45
LB ERR Y (5ofEd 3DTIMON * %y st il P-VT Mg s f2

F(420~422) 7 @SR FERBL PRI R U2 EFEAS

mmeeaynx s (423)e

vt gy Moy exp(4,T - 4,P)  (T<It) (4.20)
P+ A4 P+ A4, ° ° /

I B (e (4.21)

= T+
P+ B, P+ B,

Te=C,P+C, (4.22)
Voo % (specific volume)
A~A, ; Bi~B, - ¥ # (constant)

Tc : §=7% 8 & (critical temperature )

op_orov oPor (4.23)
o oV ot OT ot

P &4 (pressure)
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Voo (specific volume)
T: 8 R (temperature)

T:p/” (time)

4.3.4 #3563
HFRg et 0 T NE I A NBER

® WEREATNASFE  AFARER R R

® A SR ELEEELA LR S ALY
B BR > - B RO B RM T TS A
[E]e — &, }={o} (4.24)

e o AREE? E 0 g PILFRIFIr 23T FI 5 faign 7 3

BE o [E]P) EFH P L 379 & el ficsicse L (Elastic-modulus
matrix ) o

Pyt g AR % 7 F R TN
{K{Ut={fo) (4.25)
[K] : ®]R (rigidity matrix)

{U} : &8:i=# (node displacement) 4B
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(o} F1a 2 T E A 2 % & f f48¢ (load equivalent to
strains as a result of thermal imbalance shrinkage )

PP T ER RS .

4.35 #@##- & (Translator)
#3% # % (Translator)) £ 3D TIMON N #4482 TR 01 3 — e

BlEstTEHE - BEERES > LET A Z ARSI HH

1. NASTRAN
2. ABAQUS
3. ANSYS

eV &I T A AT

® Warp analysis file
Warp analysis file &_#- %R oo4r A 47 (5 ch T & I > 7 0 &
NASTRAN/ABAQUS/ANSYS p 347 ~ &% %= 3D TIMON p 34 7
gl AR o T S 20 BB B R 0 R E B
BAT R ARRTHF BT ZTRELAT -

® File for structural analysis of pre-deformation model
A4 17 3DTIMON ehgsd 82554015 » ik 1 che R BIAY o TP 5

AL B S Sl e R e R A TARA), dpg-o
® File for structural analysis of post-deformation model

b3 7 3D TIMON e 2534015 - “Tib 1 e H B « THP §
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2

v T A et o

..\

(R I = SR

N

fom A~ 35 400 N 17 Warp analysis file » % 1 7 12 19 5] & 5%

R BRAAEIRS C RRIERELSE -

4.3.6 g]k{ » 2354 % (Insert Molding Module)

3D TIMON et » & A4 ™ Uif * 30 & B/ W12 LR/ W% R

3

-

SHCRR 0 B e 3 5

N

4 3DTIMON P #3¢h >4 7 i

=5

TR N D P @ AT B (T AT o 8- @ s A e g

Tt LB g I LT B A i

fdh r ERNA S o AR RT B B M IR PR o g B
RGO Ao B R AE TR T TP g B et
T A el 7 bl B3A L PIEVRERBAS (£ F e
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N
i
T
=
-4

BARFanzdl >k (7 27 Fafics
Wil 2 ko U2 BRI RTRS S F ) AMPOFT R G UL BKE
=gk o A A e i
51%?%&%ﬁ%£ﬁ%ﬁﬁ%%éﬁ

- R BIATA) & 4] M295582 T st & A HEE 2 4 #4044
s

KR g ¢ AR S RE R DL 0 & R RIRUE R PB LT

RARAE LM PR A LS A § -

-rl\:p

A BPRRISE 4R 8 4y

s
>/
(]
a‘\
Sk
)‘\ N
L
B

(N

G g e Pachigsi 2 e RLUREE B

LR Y

q
e

5.1.1 4c#ipfpend T3y

doN B eh Pk i g A4 FUR (Sefor 3 ) 21303 £ X

B MR AR R T 4 o 5 1 FERfER A e E A
AT EIE R AR AN AR T HERTREFRERSE
1 B 1E 4y

SIS <

Fobo S0 R BB M 0 R PP B RS B

B k8 ICEPAK K& T~ 47 Fo%HEY TR FE£ABEGLT FE
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BTt ioB 51 BBF RN MEEY IR ER DG 0 AT
Z N A RZ PR (OEF P REEE RS ENRE 2 N o)
52)» i ¥ r1# T % (thermocouples) eddhr 2w 2 FR-E R & & o
BRZE D WA B P04 > B BdET 4o : (B 53)
e AR G B [4mm o #5280 X 5 I 210mmX90mm (BB A W] G
10mm ¥ 20mm) 7 P20 4% 47 & & (TH = > #30F R FH 3w T 3 0 2
- EHERF S .
B BAIHRAEREAG L L 110CE 130C > F5%E S o oy
2_10mm/110°C ~ 10mm/130°C ~ 20mm/110°C F= 20mm/130°C > d FiF B 454

FoEREE AR S4 BRENSAFRETFT IF 2 IR AR S 65 R

E

BTN RPRER BN A A RS ERE S 60 )
BRI OS5 AR I ATBEABE I EINE G i 60 fy P oen
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% 5.1 0 g5 L5052

Molding condition

Material temperature (°C) 230
Filling time (sec.) 2
Packing time (sec.) 3
Packing pressure (MPa) 50
Cooling time (sec.) 10

#. 5.2 F Fl3LeE T o A50E 1 A g i

Molding condition

Material temperature ("C) 230
Filling time (sec.) 6
Packing time (stage 1) (sec.) 2
Packing time (stage 2) (sec.) 4
Packing pressure (stage 1) (MPa) 20
Packing pressure (stage 2) (MPa) 70
Cooling time (sec.) 20 sec.

Heating Cavity

60 130 130

temperature (°C) o

60 60 110
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% 5.3 Hop g - A

_ ABS ~ ASA ~
Material PC
PMMA

Material temperature (°C) 250 320
Filling time (sec.) 12 12

Packing time (stage 1) (sec.) 2 2

Packing time (stage 2) (sec.) 4 4
Packing pressure (stage 1) (MPa) 20 20
Packing pressure (stage 2) (MPa) 70 70
Cooling time (sec.) 20 20

% 54 o lriEgR R kg 2

Material ABS - PMMA ~ PC
Test part thickness (mm) 3.0
Punch diameter (mm) 10.0
Punch speed (mm/s) 75.0 ~ 150.0
Gap between the punch and the hole (mm) 0.02

Test part temperature (°C )

20 ~40~60 ~ 80

Test part dimension (mm?)

50 x 50
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% 5.5 fiLp AR R

Material ABS PMMA PC
Material temperature (°C ) 250 250 320
Filling time (sec.) 12
Packing time (stage 1) )
(sec.)
Packing time (stage 2) 4
(sec.)
Packing pressure (stage 1) 20
(% of the filling pressure)
Packing pressure (stage 2) 20
(% of the filling pressure)
Cooling time (sec.) 10515~ 20 ~ 25
Punch pressure (kg/cm?) 95
Punch speed (mm/s) 350 ~ 595

# 5.6 wrex 2 & B A AL 2

Material temperature (°C) 270
Mold temperature (C ) 80
Filling time (sec.) 1.2
Packing time (sec.) 10
Packing pressure ( MPa) 60
Cooling time (sec.) 30

-01-



2057 Z B i r IR R R L 3

Insert temperure (°C) 25 40 90
Quantity of the parts
(Passed 1* torque test) 18 20 20
Quantity of the parts
(Passed 2™ torque test) 0 10 20
Yield 30% 50% 100%

4% 5.8 xR P A A50E 2

Material temperature (°C) 230
Mold temperature (°C) 60
Filling time (sec.) 2.2
Packing time (sec.) 5
Packing pressure ( MPa) 40
Cooling time (sec.) 20
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%59 24 9%%% (R¥ERE 20mm) (H = : kgf-cm)

hickness Slider temperature =25°C Slider temperature = 60°C

2.0mm TypeA TypeA TypeB TypeB TypeA TypeA TypeB TypeB
20mm 30mm 20mm 30mm 20mm 30mm 20mm 30mm

1 24.63 22.85 39.45 34.07 25.78 25.56 41.90 35.51
2 25.25 23 39.65 34.92 25.97 25.53 40.54 36.20
3 24.12 22.8 39.73 34.09 26.62 25.45 40.47 36.56
4 24.25 20.08 39.98 34.91 25.33 23.40 40.42 37.48
5 24.43 23.75 40.59 35.06 25.59 25.75 40.56 36.43
6 25.47 20.28 43.6 33.73 25.36 26.45 41.11 35.88
7 24.6 24.02 39.73 33.8 27.09 25.27 41.29 35.43
8 25.8 23.6 40.02 34.73 27.78 25.83 41.52 36.29
9 24.25 23.08 39.68 33.7 26.53 24.89 40.63 35.80
10 24.35 21.33 39.85 33.85 26.68 26.77 40.84 36.71
1 24.12 23.38 40.07 34.7 26.87 26.43 40.92 36.82
12 24.59 24.14 40.68 33.73 28.02 25.85 41.18 37.70
13 25.21 23.15 39.36 35.07 27.06 23.89 41.81 37.86
14 24.81 20.3 39.68 33.73 28.38 26.19 4491 35.00
15 25.33 24 39.45 33.6 26.68 27.04 40.92 36.50
16 24.23 22.97 40:43 33.75 26.79 25.93 41.22 37.09
17 24.43 21.01 39.81 34.6 26.05 22.74 40.87 37.31
18 24.04 22.15 40.01 34.75 26.56 25.59 41.05 37.42
19 24.41 21.86 40.23 33.1 24.99 25.76 41.27 36.96
20 24.67 22.9 40.81 34.9 28.88 25.54 40.24 38.06
21 24.85 22.95 39.35 33.57 25.65 22.49 41.24 36.26
22 25.12 23.1 40.24 33.72 25.86 26.60 40.61 36.43
23 23.8 23.8 40.85 34.5 25.78 22.71 42.15 37.69
24 27.5 22.65 39.63 34.72 25.76 26.90 41.38 36.00
25 24.43 22.9 39.76 33.72 27.23 26.88 41.50 37.40
26 24.63 23.05 39.53 33.92 26.79 25.73 41.72 35.85
27 24.55 23.3 39.7 34.33 27.36 23.53 42.36 36.20
28 24.53 23.88 39.92 33.91 26.17 24.81 41.09 36.94
29 25.15 22.73 40.53 34.92 26.38 24.48 41.44 39.02
30 23.92 22.88 39.79 33.27 25.96 25.65 42.12 35.72
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31 24.32 | 23.03 39.9 3342 | 26.36 | 25.47 | 37.65 | 36.20
32 24.3 23 40.12 34.58 26.64 25.64 40.88 38.06
33 25.05 22.93 40.73 35.8 26.84 26.42 41.56 38.23
34 24.32 21.08 39.51 32.77 27.13 25.14 42.20 3541
35 24.55 23.2 39.85 34.85 26.41 25.42 40.81 38.09
36 24.73 23.83 40.5 33.2 25.12 25.59 41.03 36.93
37 25.35 22.77 36.2 34.77 25.54 25.86 41.63 37.09
38 24.12 23.27 39.31 33.81 25.52 26.51 40.14 37.95
39 24.37 | 2242 | 39.96 | 34.66 | 26.30 | 25.23 | 41.04 | 38.19
40 24.15 24.12 40.58 34.81 25.54 25.40 41.67 32.99
Max. 24.63 24.12 40.58 34.81 25.78 25.56 41.9 35.51
Min. 24.15 22.85 39.45 34.07 25.54 25.4 41.67 32.99

Average 24.67 22.79 39.97 34.20 26.43 2541 41.20 36.74

Standard

deviation 0.65 1.04 0.94 0.67 0.88 1.15 0.99 1.12
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4510 274 9% 2% (KFEER 25mm) (H = : kgf-cm)

Slider temperature = 25°C

Slider temperature = 60°C

Thickness

2 5mm TypeA TypeA TypeB TypeB TypeA TypeA TypeB TypeB
20mm 30mm 20mm 30mm 20mm 30mm 20mm 30mm

1 27.06 24.36 41.90 41.68 31.10 26.03 44.67 44.28
2 28.27 25.13 42.08 41.88 29.19 26.20 44.78 4414
3 26.53 23.91 42.38 40.28 29.43 26.00 45.42 43.76
4 26.75 24.07 43.03 40.46 29.46 23.90 43.85 43.97
5 26.79 21.11 42.42 41.76 29.71 26.90 42.96 42.30
6 27.01 24.96 38.37 42.08 28.81 25.01 44.43 45.26
7 27.20 21.42 46.11 40.10 29.02 25.17 43.43 45.45
8 27.63 25.10 42.11 40.57 28.87 22.16 44.57 43.29
9 26.18 23.89 41.77 41.59 29.84 26.21 44.31 44.56
10 30.25 24.05 42.01 4177 28.27 25.60 44.00 45.68
1 27.56 24.20 41.76 40.32 32.67 24.90 44.19 45.71
12 26.85 24.91 42.86 40.50 29.76 26.59 44.64 43.56
13 27.05 24.23 42.20 40.56 29.77 25.32 44.83 44.08
14 27.73 22.29 41.87 40.74 29.34 25.33 45.08 43.86
15 27.14 24.55 4208 41.52 29.58 26.10 44.53 42.34
16 27.34 25.24 42.29 41.46 29.80 24.84 45.61 42.53
17 28.02 24.31 42.93 41.16 30.55 25.01 44.97 44.21
18 26.57 21.32 42.01 40.66 28.54 25.17 43.45 4441
19 27.89 23.54 42.19 40.87 29.92 25.10 44.53 42.49
20 26.53 25.33 42.42 41.86 30.67 25.27 45.22 43.85
21 26.68 24.12 43.07 42.04 29.19 27.26 44.92 44.19
22 26.90 22.06 42.41 40.44 30.29 26.25 44.17 42.11
23 27.09 23.27 43.07 40.62 31.38 23.02 44.04 42.60
24 27.78 22.95 42.65 41.64 29.75 217.22 42.72 42.90
25 26.42 24.15 43.30 41.82 30.00 25.91 44.34 42.99
26 26.68 24.05 42.01 39.84 30.22 26.08 43.69 43.88
27 26.87 24.20 42.15 40.44 29.85 25.12 43.54 43.10
28 26.73 24.36 42.32 41.70 29.02 23.16 43.77 43.32
29 26.87 25.20 4241 39.72 30.10 24.43 43.99 44.37
30 27.09 23.99 42.64 40.88 30.00 24.10 44.65 44.56
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31 27.29 24.15 43.26 41.90 30.07 25.58 44,79 43.67
32 27.97 24.10 41.76 41.94 30.62 26.38 45.47 42.23
33 26.65 24.26 42.23 39.96 29.26 25.90 44,53 42.87
34 26.87 24.08 42.29 40.48 29.47 25.20 44,79 43.95
35 26.79 22.13 42.53 40.56 30.21 23.18 45.54 43.63
36 26.79 24.99 42.96 41.40 28.49 25.53 43.69 44 .58
37 26.98 23.78 41.67 41.66 27.10 22.49 43.88 45.97
38 27.67 23.94 43.17 42.96 27.46 24.72 44,12 42.12
39 26.31 24.43 41.88 39.36 31.06 25.41 40.67 43.40
40 26.66 25.31 42.11 40.56 30.39 26.32 48.88 44.33
Max. 27.06 25.31 42.11 41.68 31.10 26.32 48.88 44.33
Min. 26.66 24.36 41.90 40.56 30.39 26.03 44.67 44.28

Average 27.14 23.94 42.37 41.04 29.71 25.25 44.39 43.76

Standard

deviation 0.28 0.67 0.15 0.79 0.50 0.21 2.98 0.04
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2511 AF R4 BP0 E

(Rt 100T 40 & 4] 4%)

T1 T2 T3 T4
Melt temperature (°C )
310 310 300 250
Pressure limit P1 P2 P3
(% of machine) 90 95 50
Filling time Tl T2 T3
(sec) 40 90 15
Screw position S1 S2 S3
(mm) 76 50 80
Packing pressure P1 P2 P3
(% of machine) 30 40 100
Cooling time
9
(sec.)
2512 RGBT B hg, T E R

Warpage value (mm)

Without heat treatment 1.11
Heat to 130°C for 1 hour 1.11
Heat to 133°C for 1 hour 1.18
Heat to 138°C for 1 hour 1.28
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200 —

780 —

720 —

680 —

Thermal Conductivity (Jims"C)

640 —

600 ' | ' [ ' | ' |

40 Ga 8o 100 120

Temperature {°C)

B 5.1 FoHFE 23R F £ @ E RHRE TR MG

B 5.2 32 b 2 2 LTI ek
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B 5.3 srBir 2B KA

BS54 -t ERERETE Fr
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without vapor chamber

o]
A

B
C

D

Temperature ()

]5 1 [ 1 1 1 1 1 1

1M 15 20 25 30 35 40
Time (sec.)

| I I I
45 S0 55 00 65

Bl 55 HrizHll Ak @ F R P2 L BE R R i d W

with vapor chamber

0——B
ol A C
L D

sstk

ERZAER

Temperature (1)

£ %

L 1

45 30 35 60

]5_ | I I N S —
0 5 10 15 20 25 M

Time (se

R 5.6 izt i * o FpF2 LELE R &

L []
35 40 65
C.)
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1 sec. 1 sec.

20 sec. 20 sec.

40 sec. 40 sec.

60 sec. 60 sec.

B 5.7 ICEPACK B e & (2 ] : 2% Sio8 e /4 ] 1 % Eio8 4 )
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Force (Kgf)

= Single gate
*  Double gate

A Heaat souree 130°C
v

Convention Heating 75'C

L. P | 1 1 | I | 1
1 2 304506 7 8 9 1d
Dispacement (mm)
B 5.10 f id=E R 2 B W22k 4 F =>4 B 4 H
OO0 O0Q %] S s
o ™ - | |
n e 7
O [a] o] tl ! Bh —?Q.ii uj—f lr'o w1
) [} bh “: N! ] A (T 54
I i o g # .
) ?E 418 f# B
T
wl i RIS
. u | @ :]—:é}iu
g Wl i
: ! @ i
b i
!i_wﬁ;}nu _;’ 45
s ; =) ; % H—_w
5:4@% é}__ab
H_?:.@Q?:.{B( 4
" ] i 1y
[ Enn S
c_t ﬁ.a:-,@zﬁ“?a;,éﬂ o “’J ik
t__J e

B 501 53t P 242 8 Ble
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B 512~ SRy (7o)

B 513 Aiefg B3t =52 SEMpE®

(# #-=2601C / 2 HEE160C)

B 5.14 - i@ v 2 Mm% 2 SEM R ?

(# #i=:130°C / 2 #i=:110C )
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(,\gjﬁ £3. Omm
| L

-

» 80 mm ;|
|
Ti \
40 mn
l O Q :4: i E
e ﬁ* ANFREAME

E&]U Omm
B 5-.15 i sk g FRad oA i

—'3%{‘1‘*“

(c) PC

(d) PMMA

Bl 5.16 #p e F % AL EiTa & f B

-105 -



(a) Fofi-k Bl i
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Bl 5.17 ficp - E =
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(a) Typel (b) Type2

B15.19 # I 52qb A5, #rig & e §f
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(c) PC (d) PMMA

B 5.20 *ri% & siisig g (25 rad/sec) T & HALATAL N chi & A

(c) PC (d) PMMA

B 5.21 %t 4 B iE (75radisec) T & LA, L chd £ s
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Viscosity of GE Plastic LEXEN 141

Viscosity (Pa-s)

Bl 5.22 4[* Table Curve3D 2z curve fitting #* ic B~ k& 71

B 5.23 2 FLOW-3D 45t Type3 *odf 4 £l b5 4 5 9% % 3 ey 50
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W)-524 7 it ek #

B 525 #HHE (2 % E£4h#Ei)
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(a)iRE207C (b)& Z80C (c)mZ20C
MPERIRE C Tomm/sec JPEAIEE  Thmm/sec v EAiRE ¢ 150mm/sec

B 5.26 ABS &% F § %rdc 1 15 2 T 0 dro SEM )

—u— slow
o fast

Material: ABS

Temperature(C)

Bl 5.27 @it r e S % < LB (85 ABS)
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B 5.30 3" %79 % ABS# 5 SEM R (F/R4 9kglem? i+ /i & 595mms)

2 B2 AR L 10sec s L BlA FrPRER L 25%eC

First stage

Second stage

Bl 5.31 B zsiedexd & E A 27 {F
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B 532 %A GE-M2 = RE

B 5.33 iz 4 45 & 4 & B el e 4
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B534 $r 2w Xy 82 URB AR

3D TIMON

4
e

Runner: 1B Element
W F 85

Part: 3D Yoxel Element
A F ¢ 384, 62C

B 5.353D TIMON =¥ w33 & B 2_ 4 47 12 Bl 4%
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JRT=TER][7 1 rcouiotor g e A

Casel Casel
weld Mesing Angle [deg] 3D Tl M ON Filing Time [sec] 3D Tl M ON
6,79 - 180.00 0.00-1.21
[
180,00 121
[
162.68 1.08
]
145.36
]
128.04
]
110.72
]
93,39
]
7a.07
]
58.75
]
41.43
]
24,11
|
6,79
|
¥ ¥
)/?\ 10,0 mm Flow time: 0,87 (71.8%) ){?\ 10,0 mm Flowe time: 0,87 (71.8%%)
- —
F 1. reoulator - el Heci Angle = =

Casel ID TIMON | &= 3D TIMON

weld Meeing Angle [deqg] Filing Time [sec]
6,79 - 180.00 0.00-1.21

]
180,00 121
[ |
162,68 1.08
= 145.36
: L 0.04
1
128,04
] 0.1
= 110,72
93,39 i
—
76.07 - 0.54
= ’
58.75 /
(| 1
41.43 { %
]
24.11
6.79
[ |
Xy Xy

10,0 mm Flowe time: 0,88 (72.7%)
-

10,0 mm Flowe time: 0,88 (72.7%)
—

B 5.36 =Feit & E2 28 MRS HHEE

(» 474048 : 3D TIMON )
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Bl 5.38 wfma & B R
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i S

Fl5.40 w3 6 F 47 5%
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] 5.41 W3 ¥ % 6 s kR

B 5.42 13 cts et A (TypeA/ TypeB)
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B 5.43 14z 5 3D Bl

g4.4°8°
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] [ I gu

I3

12& %0 ,

2
50 ="

R EETE
B10,20,20mmE

2.5

J=d

(bEB4:

B 5.44 (a)~ 413558 —TypeA [71]
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Bl 5.44 (c)~ 3412558 - TypeC [71]
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B 5.45 TypeA ¥ ok 3k > ;¢

] 5.46 TypeB % +phigk = 3¢
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¥ test3 - Weld Meeing Angle [ # test3 - Filling Time

Casel
weld Meeing Andle [deg]
12273 - 180.00

Casel
Filling Time [sec]
0.00 - 0.80

7.0 mm Flowe time: 0,35 (44.2%) 7.0 mm Flow time: 0,25 (44.2%)
——— _—

IR [+ oot ramgrme

Casel g Cazel
wWeld Meeing Angle [deg] Filing Tirme [sec]
122,73 - 180.00 0.00 - 0.80

7.0 mm Flowe tirme: 0.46 (57.3%) 7.0 mm Flowy tirme: 0,46 (57.3%)
— _—

B 5.47 BHrzd 2 RINE Y ipd g 4 B E R TR

(~ 47448 : 3D TIMON )
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5.48 Bl4rzd 7 ik B E
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Bl 5.49 iF412d 7 K B

B 5.50 #F 4R 5 BEE B (2 RoR e * Hoh))

B 551 42 -2 B (% (TR F 3% 17 1p)
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Bl 5.52 &34 & (CLF-250T/ > =% 250 wpstd) & A 4%)

B 5.53 iFizE 7
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B 5.55 ilrzs v B a3
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4\

2 A

SRR 2

] 5.56 TypeA
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4\

B 5.57 TypeB i 4iplHk 2 3= &+
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kgf-cm

)

er

30mm(Heat

30mm

20mm(Heater)

20mm

B8] 5.58 2.0mm« /& 45 7 43

30mm(Heater)

30mm

20mm(Heater)

20mm

fBl 5.59 2.5mm X 1& T+
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kgf-cm

45.0
40.0
35.0
30.0

25.0
20.0
15.0

0 20mm
B 20mm(Heater)

10.0
5.0
0.0

2.0mm_TypeA 2.5mm_TypeA 2.0mm_TypeB 2.5mm_TypeB

B] 5.60 20mm % R ek k2 22 & )

kgf-cm

45.0
40.0
35.0
30.0

25.0
20.0

0 30mm
B 30mm(Heater)

15.0
10.0
5.0

ANANANAN

2.0mm_TypeA 2.5mm_TypeA 2.0mm_TypeB 2.5mm_TypeB

B 5.61 30mm B 4k L )
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35.0

30.0

259.0

20.0

15.0
—4— without heat treatment

10.0
—— with heat treatment for 17 min.

5.0

Equivalent residual stress (MPa)

u_u 1 1 1 1 1 1
B C D E

Measure position

I=
M

B 566 PCHF Exm T 4 -] (A#FIL vs. #dZ 17 » 45 )

35.0

30.0

25.0

20.0

15.0

—— without heat treatment
10.0

—— with heat treatment for 77 min.

50

Equivalent residual stress (MPa)

l].l] 1 1 1 1 1 1
B C D E

Measure position

=
!

B D67TPCEF E»am T R4 ~ - (ARAITL vs. #EILTT A 4)
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35.0

30.0

25.0

20.0

15.0

—4— without heat treatment
10.0

50 —— with heat treatment for 137 min.

Equivalent residual stress (MPa)

u_u 1 1 1 1 1 1
B C D E

Measure position

=
m

B 5.68PC:EF Esam §T R4 ~ /] (AFAIL vs. #FJ2 137 4~ 48)

30.0

26.0

20.0

16.0

1000 | —¢— without heat treatment

50 | —m-— with heat treatment for 197 min.

Equivalent residual stress (MPa)

l]_l] 1 1 1 1 1 1
B C D E

Measure position

I=
m

B 5.69PCEYF SR T R4 </ (ARAEIT vs. #EJ2 197 » 4)
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30.0

25.0

20.0

15.0

1000 | —¢— without heat treatment

s0 | —m— with heat treatment for 257 min.

Equivalent residual stress (MPa)

I]_I] 1 1 1 1 1 1
B C D E F

Measure position

=

BIS70PC R £aA T+ ] (R#AEIL vs. #EJT 257 5 45)

30.0

25.0

20.0

15.0

1000 | —¢— without heat treatment

50 | —-— with heat treatment for 1440 min.

Equivalent residual stress (MPa)

u_u 1 1 1 1 1 1
B C D E F

Measure position

=

BISTLPC 2 SR TR+ ] (A#AEIL vs. #EJT 1440 4 46)
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5 35% ~
z ( =
g 30%
‘g { /
3 25%
w
E 20% - = PC2.5mm (130°C)
o o,
@ . = PC2mm (130°C )
£ 15% A
S —8—PC1.5mm (130°C)
o 10% — .
o —4—PC1mm (1307C)
2 5%
o
3
g 0% : . : :
0 300 600 900 1200
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B 5.72PCEF o4 " M At B2 M 2R
40%
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g
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3 25%
5 , e PO BRI 144013 5
o 18.404% 19.20% X
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3
=]
[+%]
= 5%

0% T T T T T 1
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Thickness {mm)

Bl 5.73PC AT A [P E 24 "5 (X A vb vt 1 F]
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FEHW IR T O RBAERAE S NHITREF > o
T AR R e d T 5k R At 49 8 40 5%~20% o
4 ARG R P&
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