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Commercially available simulation software for the twin screw extrude

Numerical
Soft name Developer/Vendor Method References (URL)
Ak.:ro-Co- University of Akron, USA FAN http://www.temarex.com/extrus.htm
Twinscrew
Poly Tech, Polymer http://www _polytech-
1XS Processing Institute, USA FAN soft.com/txs.htm
Ludovic Seiences Computers FAN http://www.scconsultants.com
Consultants, France
: University of Paderborn, http://groups.uni-
Sigma Germany FAN paderborn.de/ktp/en/software/sigma
The Japan Steel, Works, _ .
TEX-FAN Ltd., Japan FAN http://www.jsw.co.jp/
Ansys Inc.,
Polyflow FEM http://www_.ansys.com/
USA
Screw ﬂ.ow- R-flow corporation, Ltd., FUM http://www rflow.co.jp/
multi Japan
Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved 2 ! HMLSZ[
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LB AR AT BT O F 1

2D 2.5D 3D
HEFE FAN;E 2.5D FEM;& EEREEE
(Hele-Shawifit41) RFiElE
HEER 8L hi2E A
TR i i 3 N 2R —EDIL AU

™=

Mx é é/é?/ / /ﬁ

TSk Akro-co, Ludvic, HASL TSS Polyflow
TEX-FAN etc. particle works etc.
Copyright© 2010- Hyper Advanced Simulation Laborgt6o., Ltd. All Rights Reserved i ﬂﬂg[
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HASL Twin Screw Simulato§ fiftBa

-Robust to use, Easy to use, User-friendly (2D BAN | F5EE)

1:3_5
2

» Short computational timé# s ~ 2RI LLA (2D FANAY v+ EAEE)

+ Integrated simulatioré 15 fi# 7 (2D FANA1J) v~ FSEE)

- Detail & User customized analysis : (close in onFAEM,FVM)

Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved
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“EHRHY AT

Self Wiping Twin Screw & Kneading disk

S E HR
M. L. Booy, Polym. Eng. <ci.

,18,973(1978)

4

Copyright© 2010- Hyper Advance
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n,
r(0) :\/CL2 - R?sin’ 8 - R cosd
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Template

o5l HASL/TwinScrewSimulator{Ver4.0.0)

File  Model Modify Template Tool Option Help(H)

sl o ||[E | &

- O X
L=} o || = || &
~
Twin Screw Modeling  Thermal Boundary Gondition set  Analysis  Melting model  Binary System Gondition Set
Intermeshing Tyvpe
|Intermesh\ng co-totating v‘ Elock Mumber EI
352
Barrel radius{mm} Distance between fxiz(mm) Clearance(mm) Total Screw Leneth{mm)
s i3 o o
Screw Configuration
Rev Radius . Disk. Pitch Turns Divizion Number
BlkMo. Tpe 0 Sorew TIPS oo o BTk o Dz Leneth  Top ek
1, 8. Mor., 9.5, 2. n, 30, 5, 1860, 2, 1o, 20
2, KD, Mor., 9.5, 2. an, 4, 5, 4, 2, 1o, 20
3, KD, Rew., 19.8, 2, a0, 4. 4, a2, 2. o, 20
4, 8. Rev., 19.8, 2, 0. 20, 2, 40, 2. o, 20
5, SW. Rev., 19.5, 2, 0, 30, 3, a0, 2, 10, 20
VA \ - O m— sl
AN AWARINTG A= D EIE
7
ANIZKBBELGETIVT
Ezﬁ;ir%r::;ers Screw Configuration Information File
Self-wiping screw v‘ ‘demn Save
@ Mormal (O Reverse Impart
Secrew radius(mm) Mode! Selection
Tip number (®) 25D Analysis Model [ For analvsis
Serew pitchlmm) l:l (O 2D Expanded Model For vigualization
Turng l:l Editing Button
Up Inzert Delete
Divizion Number Al .
Tap Flank Down Modity Delete Thl'cjl‘tgtess
View Flane 4
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2.5D Hele-Shaw FEM mesh

Co rotating intermeshing , 5 4010 Shaw FEM meshes  Thickness information
self wipe type twin screw mapped on 2.5D Hele-
Shaw FEM meshes

. /
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UV mapping technology
N o AN S S AN AN

L PN WL NN N N e
PN - R - - e

AAAAAFRAAAY
HomIZE ST
TLAVNERE

25D ETILOUVERETIL EXRBMTAHRE (,;...Eﬁ,*é)’&

(Unwound modelp A > R—k EERE (LFHRE2.5DFETETILIZER)
Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved M_/j[[
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r/-\‘,/‘\‘,/“\\,_/\_f\_j\_/\_j\_.‘\‘_‘/-\‘!/_\ T

l'l T R L

N N o\ f\_/"\_/‘“\_ﬁ_f“\_/“\)'[ o W W
———> Flow direction
Velocity distribution in a twin screw extruder wigin mixing element

Stream lines around pin mixing element
(Unwound display)

I/
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Generalized Hele-Shaw flow 2.5D FEM formulation

A B AR (R
V<<V, V,Z R E

2R)

EiT AR
10v, (3vZ _
r 69 0z
E B RO
19f, ,7(%_&) _1op
r2or or r roé
BE) AR 2Rl
1 0 ( avzj _op
rn =
r or or 0z

v,=0,v, =0atr=R
v, =R,Q, v. =0atr=R,

R_: Screw radius

R,: Barrel radius

Fluid element between cylinders

d Simulation Laborgt@o., Ltd. All Rights Reserved
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R E RN GlElEE:

@=30-E)0-n). &= +E)A-n),
1

a'rxx
4
Z_‘, @, P,
a4—
>

4 _ 1 ~ 1
06,,2=> @z, r=(R -R) +R @ =, A8+, ¢, =5 A-8)A+)
a=1

Laver division
for estimation of

} wvelocity, strain rate,
temperature and
wviscosity etc.

Element in cylindrical coordinate
Transformation from cylindrical to

@ computational coordinate system:
(&p.mp.L1)
1:(-1-1 1),
2:(1-1 1)
b 3-(1 1. 1),
4:(-L L1

Zz: right screw axis

£, =1 : Barrel surface
£, =0:Screw surface
2.5D FEM Hele-Shaw flow elements Element in computational coordinate

2.5D FEM Hele-Shaw flow element for the twin screw extruder

Copyright© 2010- Hyper Advanced Simulation Laborgt6o., Ltd. All Rights Reserved
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Q J.%(neqa -l_nzqz)dr SH ZELO’C—'B—CZJ, SZ :E[JC—O,_CZ}
4 Ve a0 A
S;:g_s@ja%ﬁds, st =5 [2% s, po-Qfge A
5 00 06 5 0z 0z 2 Ve
D¢ =D [%4s
! 08
3
a, =" dr, g = ["dr, = [, 6, = [
RN R nr R nr RN
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LEXIEDRFRE
BN AERICKYRDIREEZEMMNENHERELTRILGEDH=8
STEARAIIELY,

ENEREAROONNIE, AEABDHERS THRE, 09 &
RE RS MLEEDHENBZICEH AR,

AR (Efi AR Ze R EISRE,

Q4 Q3

EDESBENHEEE | S0 20 T g o1
wn LTS, BRAGA | & 2%
~_ 78 DFILO

Q; Q,
q s HEILAREXKLYKROONDES 2
4 ¥ SEEEAVNIE, NEBEER | D0 =0

1™ EDFMIEXO0
o[} Q2
@ RERE =
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Theoretical verification for a concentric annuliamf

Pressure (MPa)

10.0 0.0

S Transformation of
- an uniform thickness for
the theoretical verification

Calculated velocity and pressure distribution for
aparallel corotating cylinder

Calculated velocity and pressure distribution for
a corotating twin screw extruder

350.0

3000 |

(2]
Lh
bl
=

g
=]
O

Velocity (mm/sec)

_lop(.
1o - Calculation Vz T Al (r - RS )

100.0 v, : Theory O 4,7 z

50.0 O  v.:Calculation . i—p(Ro RS) (|Ogr - |Og Rs)

e = === v, : Theory g 9z lo lo
L L wma (ogR, -logR)
15.0 16.0 170 18.0 19.0 200
Radius (mm)
Copyright© 2010- Hyper Advanced Simulation Laborgt6o., Ltd. All Rights Reserved Wﬂg[
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KFIEmIRRED FE =1LiE (Pressure downstream update scheme)

FE i AR AT
ASE | =T N0 2O EE
OMPa($53€) '\A'\"‘"".;yf? == 10MPaiER)
V4
Okg/hEtE1E)
AKE L S R ION] AV EE
OMPa($87E) TS T TN 0 svPaE®)
mmm) 17 E40kg/hETEE)
RITEEEAT |
ARE A2 EE
OMPa($5 7€) '} '} \o\ul S5MPa(357%E)
mmm) iF H 220kg/hEETE)

/
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Q:FvRILNRE plEA
W?"V*)UI]EE 0 ARG
4 Vb./\I/)M‘E"”TJEr_

#5|H8Q, Ebﬁﬁﬁ%%
ﬁgllleEQd(i ADV) AR INGA—BREEERE D AR > TREIND,

« dp/ldx>0 — Q<Q, dp/dx<0 — Q>Q,

« AV aRIR, BlER. RE. MHEEICEENEITNIE BNFURAEAIL,
p—p+rAp(—EE) DEHICH L TR E,

I/
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- Rk, BERH. RE. MEEICEENETNIE. HENSURAERIL.
P—p+Ap(— EME) DEHRIZH L TARE,

1L

10MPa:20kg/M 1% . Ap=-5MPa-9 5 & T5MPa 20kg/MDFEE—E

12.0

10,0 |

(=]
=]

4.0 |

Pressure (MPa)

20

10MPa:20kg/H 10MPa

5MPa:40kg/h

5MPa

5MPa:20kg/h

0.0

0.0 5.0

15.0 20.0 25.0 3.0

-2.0

£ AN

Screw length (L/D)

AV 2RENH

[/
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RITAEINREHIEE

£ A k2 MEINTUR £Ah

dp/dx<0 Q>Qy WRRIIZP>0  FEisD

dp/dx>0 Q<Qq p>0 75 i 2)
p<0% #3)

dp/dx>0 Q<Qq 0=l =44 IE RItiih

1) Q>Q CHRFBMIKREITHYELLY,

2) Q<Qy p>0:FimIRREIZHY . ENDERE(\wI70—) M, REZE

EERENOHLTLDIKEE

3) Q<Qd p<0 : R FTmIKEE &#'JEL, P=OW=fWIZHIE . f=Q/Q FEiiZ &

% (FANSEDIBA)

Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved
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4
N

~
W

1ststep pressure distribution
Screw inlet position Screw head position

1N
| N EHEHOMH EER
! Corrected pressure distribution

=1.0 . o : :@T%i

1 1
—
1 1

\
g
/

A

v
N

0(z-0z,6 -76) = p(z,6) - pAz P rg
0z 06

Pressure downstream update scheme

EAN | 2.5D FEM
RIS B U E N

wy
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10 —— Filled analysis «—10MPa

- = =Unfilled analysis

oo

(=]

+«—5MPa

Pressure (MPa)

0 100 200 300
Down stream distance (mm)

Comparison of predicted pressure distribution between filled and unfillegsanal

Hyper Advanced
Simulation Laloratory
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Pressure (MPa)
0.0 1.0 2.0 3.0 4.0 5.0

—

Flow
direction

Filling ratio

Flow
direction
Predicted pressure and filling ratio distribution
Copyright© 2010- Hyper Advanced Simulation Laborgt6o., Ltd. All Rights Reserved ﬂﬂS[
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ARt #8{LET JL(Concentrated suspension model)

O FBBMALYLEKKIZETILL)
| AmA

RKBMRLYIZE S ARMAEAT R En D
EEH AR LGELTETIVEE

l7:,7rl7l
7 TN

YRRV ME  HExEE BRRRRLE

. /
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Einstein model & %)
=1+ [/7]¢

Krieger-Dougherty mod8(j=E &)

o ~[7]a,
,7r =1 1-
A,
[’7]: EHE (BDIZE2.5 @, = ﬁDOM Face centered cubic
@: RMTRRE b5 F A8 IR L T DEEA BT TS (16114E) .
% ;Ei§ﬁ:$ﬂdfzr_ 2014E8H10BITAAMILAR (VAU KE) HIZK> TR

¢, L 0.64 Random close packing
* S 3 Hk:1. M. Krieger and T. J. Dougherty, Trans.Soc.Th&g137-152(1959)

[/
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BERABVRIZEZEROEKMANMESENTLNS
QOPGD  cemx

5 I5HE.

O . BREE
O goo A0 =n2mR)p v =L | P BHER
OO ® 3 o p, BEE

1) ZERI)ARNITRASNAHRLYME, TREAICHES N 5818 THEmMA R E
SNTRESHEILT DM, BURBVROERIIEILLENERET S

R(t) R o,
AV= (R(c»j(”() (R«»J 0.

2Ny, BB OariE s CRET) Mo DRERROZEEZ T TEMAMEESND
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AR EMMTEAER [, &8 1. BE T, FORE

(RULYbDEEIREZRET HOXEHFER) | C_: L3 t: BfH]

ps
Ky BMRER 11 FE
DTS KS a 2 aTS o N =T e | =Y sh J— o PO
PLCo—>=—2—|T hy: XL E Bk IR R S (R 4
Dt ror\ or T RBEIEEE T, 8REE LB
FHBEIT—X(R=R,: {1 EAF+1E) B2 —X(DR/Dt<0)
O O 0 () 1O .
#EARFZIt=0 o<t<t iﬁ_ﬁzﬂgaﬁ&%ﬁ_irlltm t <t
’tm = m .
BEEREN BEHREM: 1) =7, Te=0
T T : M = b 5% = .
s%s =h, (T, -T))| _., %S -0 Melting front EE)FRIEH K :
r r=R r r=0 sa_T :hsl (Tf _Tm)+pS(CpS(Tm_TaV)+/])%
r=R Dt
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st E A

Computational conditions

Spherical initial radius (m) noo2s sl Spherical Melting Model — O P
Divicion number Computatinal conditions  Job execute & Post processing
o N=]
R I\ \ll idj N ""-H—
Time increment (zec) N I/ J =) /1 132
Computational cycle 200.0 3.5 200.0
Graphplot interval I:I
160,01 28 =1 1e0.0

Tnitial temperature ('C) —_ = —_

O g o
Timer time intervall 2.s) &120.0[ Za1 7 1200§

o o m

g s g
Liquid temperature(C) 1800 E“ g E

~a00 [~ £14 - 800 &
Heat transsmision (W m2/K) v

Melting calculation 400 [F 0.7 =1 40.0
o ~ sE "
" qj N Jg ]
o0 I /\ijll\ 'l.l\l.[lII.X . i I I I o
Physical properties 0.0 05 1.0 15 2.0 2.5 0.0 6.0 12.0 18.0 24.0 300
i Jpherical radius [mm) Timme [sec)
Denzity (kesmd) 960.0 /\o b\y I\,’[X
Heat capacity (J/ke /) X
Thermal conductivity (W msK)
Graphplot parameters
H-axiz Y-axiz
Melt t t C 1300 . . .. . . -
it temperatures () Min/Max fixed Digit EI Min/Max fixed Digit EI
Job execute
Latent heat (J/ke) Min. [00 | Max. [25 | Min. [0.0 | Max. [2000 |
i . ) . 1 /
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lime, s

Os 10s 20s 30s 40s .1_.;”' : 3 10 1> v ' :ﬁmucu

T T T ry

T T
Mumerical Result

=== Ehrich"

*4 1600

20 J
{ 1400
_ =
E 15 <4 1200 E’
W 1 =
= 41000 T
2 10 ] 2
- ds00 2
5 4 600
. . - 400
Os 10s 20s 40s 60s ol N
. 3
(a) at 641°C in AL-6.09%5i bath with a gas flow rate of 0,53 Nifmin 0 10 0 30 0 30
(h)  at G05°C in AL-1149%580 bath with the same gas Mow rate Time. s

Photo, 1, Features of aluminum spheres before and after the immersion,
Fig. 2. Evolution of radius and temperature at center of a dense

iron sphere with time in an iron bath. Comparison between

'l:l:l' ;ﬂi' : STanlglJChl ’ M . Ohml and numerical results (lines) and experimental measurements
S. |Sh|ura’ Trans. |S|J, 5m(1983) (points). Other conditions: h = 32 6332 Wm'K, Ry =13

llj:ll ﬁ Eduardo PINEDA-MARTINEZ," Cor}stantin Alberto HERNANDEZ-BOCAMNEGRA,® A. N. CONEJO? and
Marco Aurelio RAMIREZ-ARGAEZ'™

I51J International, Vol. 55 (2015]), Mo. 9, pp. 1906-1815
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FESREESEX(REER)
(ARMADREREERET HREHER)

EARL vk SRR
D E3T

AC, [GT +Yo 0Ty, "’T'j:’(' 0 (r aT'j+/7VZ+\r/]hg(Ts‘T|)47R2

o r 96 0z r or\ or
& b EN 40— b 3 3¢(t)
Bt WEE RS BEE LT
ZERD) 1 DFRISERLIRE o BE T| B

V, <<V,,V, C, @ L& ;B

oT, aT aT K@ BMBER 0 fhE

0206 o y: U7 HRE
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“ERD) ARV N BERIRRED

NSS4
S\l

0 MPa —

Barrel radius:20mm
Screw speed : 100 rpm

Bulk density

: 595 kg/th
Initial pellet radius : 1.5 mm

Case studies

Flow direction—>

=16

Thermal material properties{melt)

Denzity i

Heat capacity 2512

[kesma]
[Jikes k]

Thermal conductie| 01819950 Pysm /K]

«~— 0 MPa

Solid phaze parameter

Solid denzity [kefma]
Solid heat capaci__zgl]s [J%ke K]

Melt temperature [{3p !
Latent heat 201189 [J/keld

Viscosity: Power law model

Case Hg (W/m?/K) State
170C
1 100 Filled
2 1000 Filled
3 2000 Filled
4 1000 Un-filled(30kg/h) 80°C ¢

Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved
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n=me "7 m=5000p=0.01n=0.45

Physical properties

1
Height ratio

Barrel temperature condition

JWMJL/
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e mtE iR E 2 MR R

30C 180C
D R

CaseZ(ns, 1000kW/n¥/K)

Case_3l_(|s, :2000KW/n?/ K)

J
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Ry ES MERTER

0.0 mm 1.5 mm

S5
=2
Seu e i =
-t = T T
........ Lov:
SRt
SR
.
ey S,
: T =
it
i)

u oy

Apess:

mRER R e e
‘ansal

T s R s T B

e na s s aRsm:

P == s e

g ameen e :

= ::5%? =
feo S

Case2{i4:1000kW/n#/K)
e T

=
|

it

geo S
Ssepemapsas==

Case3i4:2000kW/n#/K)
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R IE i & BT T JL Casedliy: 1000kW/n#/K,30kg/hfiE HT & 3R
30C 180C

N

ﬂ_--_-n

m\r 0
T e

0 MPa

Tem erature
P 3 MPa

0 mm 1.5 mm

Pellet radius

- [
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$2.5D FEMER AT 3L A
il 4 TR AT R AT

9
faf
Linl

=151

Qualitative Influence of Fiber Length, PP/GF

—ll HAE S M DRE L. BRIk
£ o] iinss / LTASCEILS 5, — M1 RE 5
£ 7 ,, C OEMICEoT. Bl BE. TEE
| MEERANLE LT3,
o1 I b mr | Lon Fr I:Il:,l I LA I:{éo

Fiber Length, mm

Composite properties are shown to increase
with fiber-length
8. J1. Thomason & M.A. Vlug, Composites,
A27 (1996)

Copyright© 2010- Hyper Advanced Simulation LaborgtGo., Ltd. All Rights Reserved
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Fiber attrition modél

WHEZHEIEETILTRR: | =iAl(i =1~imaxAl: ### R ZH0E)
HEKRBHIVYICEENIEMH R OMMES:  N(=1~1max)

N =—BN, + ZRkN
dt I k=i+1l ">

%ﬂiﬁﬁﬁliw/ St EILO B DRt £ (1c-1) DT B
MAEMDELE  SEOREICESHDE Eﬁgﬁﬁ%ﬁﬁhmﬂzfﬁ&@

*)%%%j{l-ﬁﬁ:\]ﬂ. Phelps (2009). “Processing-Microstructural Models for Short- and Long-Fhleemoplastic
Composites,” PhD Thesis, University of Illinois at Urbana-Champaign, Urbiasa S01.

I/
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P =C,j[1-exp(i-7)] for y=1

P =0 for y<l,

= 4¢r A
7°E.d°

C,: R ITHE M HE E (R 3K
(- BRITI DR
Nm: LA E

E, v o3

d: MR EERE

_ _(x=p)°
Rj—Cex;{ 252 j

J
o=9.

XZIiULIZE, j

Sk R D MDRFB/NT A2
C:HRIBIE/INTA—S
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st E A

e R
TIEAER 6000 Lm R a
S T 12 m o=l Fiber Attrition Model - 0 x
Parameter Input Aralysis
i o |
T STEHIENEER
e
iR
s
R BB
TIFHAE Pars AR5 bl Y1
U HaEE 500 5-1 EFIEE A B
= | |
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