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Preliminary study on the flow behavior of PC/PMMA

co-extrusion

Student : Meng-Hui Kao Advisor : Ren-Haw Chen

Department of Mechanical Engineering

National Chiao Tung University
Abstract

Multilayer polymer film is a single-structure film that contains two or
more polymer types, and is-capable of producing characteristics beyond
that of a single-type polymer film. In recent years, with the development
of the organic polymer display and organic solar cell, the application of
multilayer polymer films-and the demand-for their quality have received
much attention.This study explores the' confluence behavior of
non-crystalline plastic PC/PMMA multilayer films inside a mold during
the coextrusion process, and investigates the effects of the extrusion
conditions.This study designed and created a set of machines and molds
for the coextrusion experiment.Quartz sight glass and cameras mounted
on the mold wall were used to observe and video record the experiment.
Both the confluence aspect of the flow behavior of PC and PMMA inside
a mold during the multilayer coextrusion process and the stability of the
interface layer were analyzed.

Experimental results revealed that the stability of the melt interface is
related to melt temperature, extrusion speed, and extrusion speed ratio.

When the extrusion speed was constant, the envelopment phenomenon



due to differences in melt viscosity was observed.The envelopment
phenomenon improved as the extrusion speed increased; however, the
mold wall shear stress and interface shear rate induced interface
instability following the increase in extrusion speed.High-speed extrusion
can even generate melt fractures.The increase in melt temperature
reduced the wall shear stress,which reduced the interface instability.
When the extrusion speed ratio was not constant, increasing the extrusion
speed of the branch paths reduced the viscosity variations,and
subsequently improved the envelopment phenomenon.However,
differences in flow speeds possibly caused the interface to become
unstable.When the extrusion temperature was not constant, the branch
paths having higher temperaturesrreduced viscosity differences and
generated insignificant _«envelopment - phenomenon.However,under
non-constant speed ratios, the increased differences of the interface shear
rates resulted in the interface becoming unstable. When the temperatures
of the branch paths were lowered, which subsequently increased the
viscositydifferences, they <generated -a ~more severe envelopment
phenomenon that exacerbated the interface instability. When the extrusion
speeds of the branch paths were further increased, the reflux phenomenon

began to appear due to the significant differences in shear rate.
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ARG MR HRBEFERPIRE I A W MR AR
EnIReng A B s 7 L R TIR T o

F ot A = & [ R (PO)/ R T AP F Y Ay
(PMMA)/ Bt e fia (PC) &£ #5220 » ¥ LR e b & i 16 BT (730 im
e B RE G P Ayt ki X e & RINT PRAORTR B iR (T3
PR Ao L5 P AR AR RS EP RS - R EP
MRET AL KBRS 3 EUR i AT



&y ; STABLE FLOW

(7
DME Clo~

Tion

INCIPIENT INSTABILITY

SEVERE INSTABILITY

4

@)% o 7 48 TR % [4] (b)# L% R 31 % 3]

eeo00 @
//z \-,

Die ~|Extrudate

Enfrance 1/8 /4 /3 Die
Exit

Barret

filled melt D unfilled melt
(©)¢ R % [6]

4
A
.
(B
0

(d) € A A IR %[5] (€)i% i A A 3 % [3]

Bl 1.1(a)(b)(c)(d)(e) = #+ T = )4~ K
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SR RAHREHEUEL L AH

213 A+ Pl A

BAF I AR AT HEEET
IARR DA R B R G RS S A RIS RS o g
LS B g 0 VO f5 s BB E R

bR A HEF FARET L BRA  BBAEZ ARET 20
BEF RS -
2. H ie s He
dobv L PEZ R R S BRA EGLESE o
3. &
drde 1 HEE & o~ Ak

\\\?{r

Pt k4l FAFHERELL AR AL L 00 &2 E
Sul s e s s R A RS AD S g R AR ST o
ﬂﬁ@ﬂ1x~&€£m@ﬁ AT AEY BRI E X T
ARERBUE S EEHEU AT O] EEF Fwni R

AR

BN E V24 AN A A S A andE i 53097 RA4F feen
FEosd 245 A RG] E o S A G 3 0 SRl g
Pood R e B R A R G Rtk 0 £ d DR IR L e iE 3
ot VR 4 Jo RS R (Sprue) st~ L ELHIR o B A A 4R 4 R
FE S GEREC SRR A BRI B 0 Bl 21 5 5

v

DA AL AT B e PR A AT A L B LD A ok s
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41 = 7] (Powder Injection Molding) © % % 41 & 4] 7 & & 4 k5 & 12
2ot Al enipe s v - R WIED AR PR R AR o
PRI SAR T SHE £ BR AR S Al A g
IR A AR R Bt AR AR RF S HR R
Stepl & 48 «
Step2: 4 &£ ¢

Step3 4% & ¢

Stepd 24 Bp+

Step5: M 4R«

Step6 T8 & «

Step7: gk b AR & ¢

BIAZ B A B A e Reg s 4 SR o

Bl 2.1 & 41 = A 27 R BI[24]
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PN T o

Fide 1 2 BIPR A R e 2 N A R s
fs > € B — b 5:34(Spinnerette)?) = fm Sk 4% 4 0 L BER 3 SIS
R R 2 A S — LI 4R 5 ] ILEFRR D
ﬁﬁm%’ﬁ#%3i14ﬂ’iﬁwﬂﬁﬁﬁi@%’ﬁﬁﬂé%
F kg H s ;‘%Q’ FLZERP 2 0] 3L ofd Sh4 1 W@ ARACR] 2.2 #757 o

>
T,.ﬁ’
17
%
il
-~
=t

— A Side 1 AR R HE IR SN2 R e 0 T A 0 gk Sk (Melt
spinning) > ¥z 5 3 35 (Dry spinning)feig 3¢ 46 5k (Wet spinning) = & -
% Sidh 5i g 8 &+ 03 i (Polymer melt) e 3o Skt > @8

~

FPEfL 2 A550 5 pl S B B2 el 35N s H Sk KRB o
- A ¥ R 2 A FA4c K fig (Polyesters) ~ & ¥ 2 4 (Polystryene) e
W 54 (Polyolefins) 2 sk L 35 g @ # gt 2 41 2 A o

735 4 Sk qj AR ASEen® A S R 'ﬁrn it g 2 % (Cellulose
acetate) & j3 ¥ 3L (R A AP g BA FIRRHLE kI {805
g a FHib =)o

3. EH SR ":L;ILFI B BA

o
o

IR

Bl [ W& 3

b l ﬂ‘
i Eiftd
i 18 ,i,\ ol
I 1948 %
VN ;% ;t Zg

i# # ) BER @

B 2.2 3 Sk 4c 1 iF 42
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FRER =T

BBRIAL AR AR T EFEHFRRREZ AT R L A0 Y
T chfe /oo 5 3 PVC(R % ¢ qﬁ)aﬁx%’@m’ P AR R B
RO EFR -BRPID BBRFTES > LADERPIL 2
BiRF2ZEED > B 23577 c i FlERF R RERER
R 0 R L R o R A R (Nip) 0 Y R R ARG ¥
SIS L) R EA e AR S A B AR R
EXEMER T EURFNERIRFERREEREF - il g
4 - fﬁwa ;;;‘ﬁmwjéfl?pﬁ P F L g AR BB G hT o &
® FE LRSS PR (T o RA E R ERDEG I BT

Bl 2.3 #E & = 2 BI[19]

15



21138 > MBI 5

FUS NP E DR AP LR BG ARG A FEES
(Die)dsh 4 > @ H @I & H T A P Ak auidl - 44 F I 2 F
ic » v @R 2 AN

Fedl 2 A5 ARG B 2.4 4Tm o FRARE A A2 2 A R SRR
FEHE L Ar A ( 4 ek ChillRoll) ~ £ 35148fcd $48 o &
LB RS Y AR R g AIE M8 QS Y e g e
3] 2307 2 A1 £ 3 (Vacuum)#-3 g i b0 i@ 2 pkii

AW L o MRS B AR R G e o M HE

2ot R G RTRA PR ,;g,u B E L e R EF A FL
T3] o A A AP EHACE 25 47T o A fr e As 2 sz
PP REL TR ARG R e T I IEE[2]

T

=
B e o
=

IR IR nAlE R

B 2.4 HE = 3042
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HZE EZe
777777777 L LA b

o e —:IT ZTJITIHH lTllliiiW/
| AL
.7 I o e
3 M T

kAL WAEE kA

Bl 2.5 4 Fr 2 3048

Bl )k AR S mendll e, T A ST A A [2]:
1. 2254 41 = 4] (Profile Extrusion); £ =8 &7 4k B 45 B~ A0 4 4 0
Fend o 5 A5 A Rt 23 G Ak R kD

2

5o def FoenthiE s 2 Lt 2K o

(m

%

Bl 2.6 & 2530 27 & 2[2]
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2. - F e F& 4 = A (Crosshead Extrusion): pt s 4%t = 25 1 & § % 2t 7
Faeoflsd o & fi 7 A4 R (Wire coating) « 4o B 2.7 #1757 - ¥
ALl S e B v 2 e B o e g AR £ 3R
Wk PRl 2 ke 20 o

i \§mwﬁ o
. %JN'j%NN&§%f

/%&N

$-du mggfpw;\a\ HoE (F|Im bubble)# » ‘g4 %r ~ fe B fe T Z =

|4
e °

B 2.8 v W I & A AR [2]
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. EEZ R Hd) = A (Film and Sheet Extrusion): ¢t g #8 41 = 4 i@ ¥
% * 7 7¢ 4| yicep (Coathanger die)#t fi£z. & & & &) ficeg (Fishtail die) »

FORARE T RS RS B b TR R e
Rl L (Coatmg)‘%llﬁv‘ A AT U ALE R

W e A A A5 o
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212 5 Kk 2= 4 %

PR RS A E R AR 3 L R R
FARaF A+ 3R 5d F- BHROEFERHFD > A3 5 K
RS FH SR A FRR-IFOTEE T EE LR A
F AR AR A S-S R EE AT o 211 8¢
TR P L dER D 2 A AR BT g d SR R R R A B S
LHE AP PR ERUEAFL R A A A SRR

/:‘4, %;Lu.:_'? ,’3’;115';? /4 ffb o
BBLERRE AT R e R A RN B 8 2

?Qﬁi’i‘-%—,‘i’ﬁ - »v ‘ybi’?ﬂfr':'i- e i R 0 4o 2.10 Ao o
L KE i m%%n\ﬁ{ﬁgﬁ T HLEF SR oL B ik g T

}fpg N ERTS Y gmyﬂﬁq“i Eoa-As IF S S B
Ae o P Ak BEERORKRRGE S B HERT
WFHGE R R R A BB AT B
oot H - A HRE R SRR A 2 A
FARNBELAFE T I RREThE I HE R AT 5 E
ho R AR AR RS A SR S T e
MR e PR MR & R L R gAY 2
A

AS
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Bl 2.10 gk & 5[19]

B A 40
mammr LBE

NN \\\\\ 2 \. ‘
BB A AT
[
NN \

£
N

i

B 210 5 d ksl
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22 ® & F e Rt

BAGEHBRZINEEL 0 KIS A4 0 F 3RA (Viscosity):
¥ A & 3 7 4k & (Shear viscosity) ~ £ ¥ 4k & (Extensional viscosity)f- 5%
4 (Elasticity) 2. 5 i » g — SR SLfL 5 AR5 1400 48 (Viscoelasticity fluid)

yal;

CRFRATET A SR AKR BN AT AR M1 2 BT A B
PN

FHAFE Y FIEL W Ho P E I F 5277 o 8
éﬁiﬁiﬁﬁﬁ’ﬂ%ﬁ?ﬁéiﬁéiﬁﬁi’?ﬁuﬁﬁ‘%
GER FTREER  RIFFEMT & 54 it (Flex-ible)~ X k1 (Semi-rigid)
ekt (Rigid)st > 2 im %7 érw%kp]

-
NS

i L RN Sl - ARSI R I SE R I £ | R SN

1 %2 A0 Hy T2 R G L SRZ - FHREFAM G -2 5
Bob 2 hof oz R R B I 2 s

B2 g FL A R R E 2GR RT 5 A R - R S e i
fed 3t Ed FRBLRIE T S R A i

2. @ FHA FEAAWEFRYL I EnB o d 30 A K2 M AR

30 TR HE N ER G g KfzE o blde Max well 3 4238 o

3. Fztd BNty S orrEhagd it kP R E B A2 MR d 3 %

B ERA - > B BE N ek 0 2 H TR AR SN

G AR2ZER B 2 AR H L RS AT FEL > (ST

EE RV FEFTREAP R EF Y A o 2 d

TORRER 2B fh o FIR 2R LG R ERA 4 o
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ek M Rl BInE P = e ALY i i x(MeIt flow index,MFI)
AE R RS e BRIAF LKL ER -E R 1 ¢ (ASTM) 1295
% B =02 @ (Du Pont)fg * SR H B 4F s Z o Hord m% & %
gk as 10 ~&p oL (5
#7732 % g/10min - MFI g% < > #H 485 > X %Z,%J«Jifj‘ 3 L
€8] o

IR A - g T A 2 Kiendp i 0 HA RS S
(Newtonian Fluid)®m 3 > 23L& 5 - ¥ #ce Ra {3 A 330k a 5 > 4
Bh-RFE ¢EFTREFH wa B0 0 4of] 212 477 o #11
e s+ a0 B sfs £ EARR (Apparent viscosity):

Apparent viscosity= % & # (Pa)/ ¥ & % & (1/s) (2-1)

FAFRRET BRI IELAFAT 0 BALR S - VEE R
FUV R FEb < AR E DI RH e D i
ARG AL B A F e “TOEE A (Shear Thinning)” « H 2) 2 ek
AF R BEAI LM EL S A LA EY R A

T o A G sA R S 3V (Random) s g - A2 0 i
PSP, 0 Flm RIEFF AT R A RE Y AR B
FTIRRIFF A >FLrFchr TIPS RNE RWGIEHR 2
o X RILRAEP A o B ER AT RIS BALE Y
Mo hrB 213 #1or o BT R MU fEFTen 2 R fER A F RER T
i fff«»;;ﬁw 7 e e faﬁliéﬁi_‘éﬁ FHRERTE IR T RS

n=my"" (2-3)

23



Hemi-R% ﬁ;:(Conswtency coefficient) ' m A%~ » A& EAX < o
Na-— RE oo A i%g A F inszb2 o o
(% N=1pF 5 2#pind > n<l & 5 TR 2 Lahg » i)

3 S

—Hh T o BAFRRZIARELER DT A E g oG
ALz B & feng o3 0B Ak R S kA e R R
B A F LT anFHE S RSN TS LI H ¥ s epe 4
FUoom EIRAFRP AR o A7 R R B2 R Jpic
FhkpRHAARE BT RSB 2B % F Arrhenius 3 27 12 & BN
= moe-b(T-To) (2-4)
BT, S 4T ER -
m, = %4 B8R T, 2. =R %¥e
b 55 %71 ¥ #4001 3 002 27 -
F 0 Fang 2T > v WLE(Williams-Landel-Ferry) > £z ;% 57 2_
b+ AER
¥ T, =Ty logar = log S = o 1oy &9
logdty log 1) _ ~17.44(T - T) (2-6)

n(Ty) 51.6+(T—T,)

H ¢ ar 3R B # B F]F (Temperature shift faxtor) -
Cio> Coal it $odicm 2o

. %% 8 E (Reference temperature) -

RBEBER -

~4 -
« o
i i
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BAFGRERRARIE HEMP LS I FIE &R T
BAFHAETERR I A S E o ERABE T HRE R F % MR
WEEFERMFAET & 2T B RS I KL F(Glass zone)
7 33 # #5 % (Glass transition zone) ~ #% it % & % (Rubbery plateau) ~
F&'% % (Melt zone) ~ 3 /& % (Liquid melt) - 4] 2.14 #777 o gt b > 38
(EAE S I RE %1ﬂvﬁ€%¥%@ﬁﬁaﬁ¢og$¢;
R - A TR S GIREFRE AR F R, (CEFERR
R gl A2 G R4 £43t (Stress relaxation) o A & A L ow B R B
B F o~ AR BB TE AR 0 Ao B 215 Hor o

27 B iR B A T 3R chgksE |3 (Viscoelastic property) o ¥ ¢ ¥
— i HF 05 (Model) % 4o 02 28 0 T ] SR RN KRR R e
plde B R % HN AR ALEMIAEE S o A E £ B 5 B
M RG22 AR RE > o w0 07 2 i e (Dashpot) e & 0 4o AR

1. Maxwell model:p* #35% & ¥— @Sl &2 — @5 F 4c 2 B 55 > 4o [F)
2.16 #71 o ¥V AR B A GRS BB Ik 4o B 2.17 A1 o foie
%(Creep)i7 % *4- 2.18 #5sm o # BLEZ ¥R Z A R PF B AL -

2. Voigt-Kelvin:jt #5558 5 #— B ry 2 - BEF T8 > 4oR 2.19
ST oV OHARER SR R S LHE A S R HE R L -

R RS ER ER R TS 4B 2.20 A1 o

3. w =it ZR3E 078 (Four element viscoelastic): #* #5-3¢ 5 #- Maxwell
model {- Voigt-Kelvin i & 4c 2 8 8 o ¥ [ P HEEEF A~ 5+ 2 BR
BRFETRS B ER G > 4o 221 17 o HfEr 3 4250 0 7
4 Maxwell model £2 Voigt-Kelvin 247> #2380 & @ 7

R

o Oy oy — Et
Yy = + t+—1—exp(——ﬂ
E, U E2|: 72

Maxwell Voigt-Kelvin

(2-7)
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Maxwell Voigt-Kelvin

AR T RS §

Eie—- (7% T g qd 7 4

ZASZ B st > 14 e

FlptF = BREAIE T B RAEELA N, T
CHP R EMA LI R BT R
T Tay Txz 711 T12 T3
T= T Ty Ty [T 721 T2 T3
Vs U Vs 731 32 733
BRA L Ew B4 0 KF LR MR
-—p+tT, T 713
T = Tyy —P+Tyn Tp
73 T3 —P+733

EH R

Y NI S O

—ptTy T 0
T i Ty, —P+7yp O =—pd,;+71;
0 0 —-p+r7y

26

(2-9)

(2-10)

+ Z

(2-11)

w2 kg (Isotropic) » &+ R & ¢ 0T 4 & HAA T

T1=To> T13-Tan Ta=Ta’BrR3 e BEBT R 1

\-3

i



Flb A RE BT IRIRT o Rk A2 R RS E BT

* = 1 44 I fic(Material function) % % i#:

(2 3B PF7R AL S AR Sdie(Viscometric function))
2 AR B AR ¢ ERIFELIR RN %

it A
#%ﬁ*mm@’a%g FRBLE LR 0 FIR S e T AR o

27



B3
Log E | el | MisE

e
RrF
\_ |
‘\
N

> BE

B 2.14 % A = PR ol g A b s
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N\ EEE | HEEEE | RS 5 TS
Er | ' l
I
|
|
{ |
| \
| [
I ’ |
| |
| | .
| | : -
time
Bl 215 % A5 Hil 4 B3 d &
LLLILLS
0= 'rlg
O=EE
L O J 52
) 2.16 Max well -7
&
ol A
1.0 .
\\ n
oy | I — N . T—
: O
| "
7y N .

B 2.17 Max well & + £t55 [§
@ 2.18Max well &% B
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A
€ |
| | #
LILISL 2L LI I LL B : :
| | >
t 1,
S, | o) ¥Rt
€, L €,
A
E n % IR
T 1
o | |
| |
' 1
| | -
C., € N , 1
B 2.19 Woigt-Kelvin #-3 i 2.20 Voigt- kelvin i3] &% >
Bt B3GR E
LLLLLLL2ZL L2227
I
E, Lid '} | i
EI ! |
|
— —>
h LW 1
E‘2 o AN
73 &
|
|
1 i

Fl221 w & & GRS 03]~ Rt B AR 7 5 B3]
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23R A FHFSRF I
B A G R R E B e 7 #0085k (Thermal expansion) ~ # % £
(Heat capacity)~ #t i 3 & (Thermal conductivity) - 2 (Melting point)
1% v #v(Heat of fusion) ~ % £ #% (Heat of crystallization) -~ ’z gk(Melt
point) ~ .33 #& £ '§ & (Glass transition temperature) ~ +* % (Specific
volume) » #% > 42 & i pF P [20] o
1. #k:
—HA T BATHAE £ BRI ML RS R Rk
(Thermal expansion coefficient) » i ¢ %] & 7 ORI S NI SR
e F A TR EORIET 2 2R R R I G A S 2
FOPE 0T F F - e BAcE F L JT;:%?U% EERTIE AR Y P AT

Al i+ [25] -
2. BFE.
BEFES A - RS AR RNF R E o R A

1°C #+3 eh B ’I}’f% = '“ £ % £ (Specific heat capacity) - #1414t %

g u o AR LHPEPAIRE L HF i}ééé(Vibrational)fr%iﬁ‘E?

(Rotational motions)*+ Z & i & £ A4pF o — L kI > L AR L >

HALERART 5 it o T A4 I pFH W AT BB TE T
1R Rz BT H A SHE o T E R gt Aot
TR 6 h (OR8] -

3. F b %
B ERGR A o P PR - IS FAR AR ’*‘Lﬁfffﬁ”‘
Jrdem BRI T - ML o Ra i FHPORG AR LRI
Frd Ehechs o] kg o F 0 £ 3 & i 42(Covalent bonds) st
A B E IR o A F BB RERM > AR E B GG %
FY B R ARR LR AT L S B RER A S
BBEFVATNFALF DG o Vi Eg e R BRFF
TR F1iERY BRENHI AT oA E AL F 5] BE21] -

31

“‘)— <ok



LR TV A& A
gt 7 B E R T 4p 42 £ (Heat of phase transition) » 3 i+ £ £ 45 %
HEd A3t 3T R SHhBLpRL s
AT TR E o RERIF  BRMEFR AT BHERG
af? P AT R FTETR ST R ;’ﬁﬁ-_&_fﬁiﬁi B & AR
Ry R 3% SNl L R S SR S R R L1 e
BB RIS R AR
GELAATHEBGIER A AR AT EEL T
T EFE P RBESER > FRERA[ESER 0 TIRRE
B om BHAF A FHR %@? FBERFPE > A& ek
' £ A LATERIFEB R R HE
FEALE SR o FP g A
A

Rew.t kg - 55 ERE[5] -

«La

'il

\ﬁkﬂ i%ut

Ml > BOUOR Tl B g
F AR e o R B R R

LL;& %g\rr \%w ch AL AD R F AR R

® A+ AHF ﬂ-ﬁ‘@ig\“”ﬁg' it gt & Bl FERICR
AT ERBEBRTORE c BRAEF > 7t RARE > §ER
BRI BMHENL SR EFFZBET > FRBFFAEL 3
> AR AR o
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2.4 £ Fedl & A inds A 45
AN R E R TR LR A AR RILE

B PFEF O ARNRERT IR GFOT AR RO B R

SRR RS A AR S A R T A R e
ot o MET Y TLEE BRIl SRR 2E 2 A R Rl 2 AEE 4 2 2 SR R R (7
SRE B Y Baynd o B R e F A% R A iR
BRERRE L OREME .

b 1l eA:

S EEME 2 BE BB kB HCER F ¢ * Carreau Model ~ Cross Law ~
Power Law £ Log-Log Law > fe s * * a0 3+ §£353 /g > 2 ¢
Power Law %7 i % 5 (M pF > bR € & &I+ afn ; Log-Log
Law s 2% S g 2= B # @ il (F ¥ ALE fﬁfﬁs%‘f FIEL o @
~# 7 i * Modified Cross Law =7 ko fy i RN BT I N s 1Y
4 4o or [22]:

E’FE\

—\

e

i
E:

n=—oMmN _
1+ (Ap)" (2-12)

Hd s BE FpEandpR -

AETARR Y S
% ¥ sl -

m % Cross Law index o

W

2 3 F 4w Power Law % hpEF B G0 fic o

i
43
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1. # & 7 2-% & 2 4250 (Momentum equations)
—Vp+V.T+f = pa (2-13)
T=29D (2-14)

Hep iR
F.f‘@:;ﬂ%o

f 5 %4 + (Volume force) -
0 HRk
a st R oo
D % %75 % 5k & (Rate of deformation tensor) -
N » AR il o
fed g e+ AR AR AR S o YT BRI ]
dORF A i A R A pk A T AR B T e 25t
- ) ol

—VptV.T =0 (2-15)

2. B & = jz-# § > 485 (Continuity equation):
CESTXEURRRD T

o, v, , Vs

V-¥F=—+ =0 i
Ox;, Ox, Ox (2-16)

HeVindi@di o
ViVoVs 538 B A4 £ o

3. i & 7 E-5 £ 7 #2358 (Energy equation):

T -
pe, o=y =V q+(oD) @-17)
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DT oT
=4V VT (2-18)

‘:J DT/Dt - m_)i FTJJ}'F ?ﬁ‘%& )“ Z\ (”1{/” 'gﬁ ' MTI" /B.}iKiiEli:

o % ¥ @ J& 4 5k & (Cauchy stress tensor) o
E
E

C, » ** #u % (Specific heat capacity) -
B hIMEEE R RE o
Aondeid R oo

q % # i £ (Heat flux) -

< =
ETRSE T

AR
f B A SR 2L 2T SR VR e 4 Y n AR R

White-Metzner Model » & B8] & 5 3 R sc s 2 sEL G i e 17 5

\

M B A AR N AR T e 3 Ies A kT Ty
FK VAR d 3 AL AR 4 3R B e
T, + AT: = 27,D (2-19)
T, = 217,D (2-20)

HY A SRR o
N1 = ARSI ZLR Tl -
% White-Metzner Model ? » H £i5 prfF s B 3LR 7 11 5 F #co
F1* Power-Law & Bird-Carreau Model % % 77 42 % +» & i 5 3] 5%
1. Power-Law
K, (A, )" (2-21)
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Rla B
A=K (A (2-22)

2. Bird-Carreau Model

np -1

=1, + 0 — 1)1+ N5%) 2 (2-23)

A= 2g(1+ A%5?) (2-24)
LS 2E 2 BT 5 U A B AR N e T AT
1. & & = 2-% & > 42;% (Momentum equations):
—Vp+ V- (T, +T5) + fF= pa (2-25)
T,=27,D (2-26)
Hdop iR o
TiTo & W) 5 ZRE & AR B 4 SRR -
f = ## + (Volume force) -
a st Ko
D 3 %7 % 3 & (Rate of deformation) -
Now bR Hc -
2. FE < |=-1 4§ > 423% (Continuity equation):
(B3k 5 R > 7 7 R &)
oV, o, 9V,

ox, Ox, Ox;

(2-27)

V'V: :O

Ho VAt R o
ViVoVs 5 i R &2 £ o
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3. it & 7 E-5c £ > 425" (Energy equation):

pc, DDT—;/—V-q+T:VV (2-28)
(G\F B EE R A

W LI B PINERER A R

T LR ER o

7 =H(T) 7 o(Y) (2-29)
2P noy) 2 Modified Cross Law & %% 8 B T, ™ d%LE o

H(T) = Arrhenius law s % 7 7 /2 3o7F

I I
i“T):em{a(T—T' T T)} (2-30)
0

a

He a2 34 F 32 B e
To 5 HTM=1p2 248 & > 5 84HEE-
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DYNISCO MODEL PT465XL

Nozzle Pressure Transducer for Injection Molding Applications

Description
The PT465XL measures polymer melt pressure in an injection molding machine nozzle or a hot runner. A protective flexible armored cable extends from

its electronic housing to the tip for unmatched strength and increased life. Located in the nozzle, the PT465XL provides a very accurate measurement of
the pressure of the plastic melt entering the mold.

Features

Benefit
1"flex bend radius
Inconel 718 diaphragm

Free spinning jam nut + Ease of installation

Better than +0.5% accuracy * Accurate measurement

Up to 750°F (400°C) melt temperatures  « Ideal for high temperature processes
Adjustable zero and span + Ease of calibration

41020 mA, 0to 5 Vdc, 1to 6 Vde, + Choice of voltage or current outputs

0to 10Vdc or 1to 11 Vde outputs

Specifications

+ Minimum mounting space design
« Extra abrasion/corrosion resistance

Performance Characteristics

Ranges (psi): 0- 3,000, 0-5,000, 0 - 7,500, 0-10,000,
0-15,000, 0- 20,000, 0- 30,000

Accuracy: +0.5% full scale

Repeatability: +0.2% FSO

Electrical Characteristics

Configuration: Four active arm bonded Wheatstone bridge strain gage
Bridge resistance: /nput: 345 Ohms minimum; Ouiput: 350 Ohms £10%
Full scale output: 3.33 mViV +2.0%

Zero balance: +10% full scale

Temperature Characteristics

Transducer diaphragm:

Maximum diaphragm temperature: 750°F (400°C)

Zaro shift due to tamperature change: <20 psif100°F maximum
(36 psir 00°C)

Mounting torque: 500 inch - Ibs. maximum

Maximum pressure: 2 x range or 35,000 psi, whichever is less
Material in contact with pressure media: Inconel 718
Weight: 1.5 Ibs.

Excitation: 10 Vdc recommended, 12 Vde maximum
Internal shunt calibration (R-Cal): 80% FS0 £1.0%
Insulation resistance: 1,000 megohms at 50 Vdc

Electronics housing:

Maximum temperature: 250°F (121°C)

Zero shift due to tamperature change: +0.05% full scale/°F maximum
(£0.10% full scale/°C)

Sansitiaty shift due to temperature change: +0.02% full scale/F maximum
(£0.04% full scale/°C)
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