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Finite Element Analysis on Extrusion Flow Field of Wood Plastic Composites
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Abstract: Wood plastic composites were manufactured at different screw speeds and mold temperatures.
The rheological parameters of different processing steps were obtained by the rotating rheometer. The
influence of extrusion process on the flow field was simulated and analyzed by Polyflow finite element
analysis software. The results showed that with the increase of the screw speed, the pressure field
fluctuated and increased significantly, and velocity and shear rate field of the die increased significantly.
The viscosity field decreased gradually. The pressure is relatively stable when the screw speed is 20 1/
min. The pressure field decreased when the mold temperature increased. However, the mold temperature
had a little effect on the velocity and the shear rate field. The finite element analysis findings were
basically consistent with the experimental results.
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A ¥ & M K (wood-plastic composite,
WPC) & LUV SR G W N AR, R4ty
SRR TSI RN T B, Zfamt. WRECLE
28 B R A5 A T 2 % TR BT A A A R
F5 HH R I 2 — Fh Re A% 2R A0 AR 7 WPC ) 20N
T, B&MEG . BARRACH ™ 5 Re i e
LR {HAE WPC SEBRE H R 15 R A7 E
Z TR, GEmRmsiA e RIHE K
R P S

W T EEAL B ARG 3 B VAR K e, B
P07 AT LZ T ACHS 7 S ga i B B L g
i3 T ADRE B A T AN AT R B B, R
I3 T BHE D Tk 28 sk A% v 25 5 TV 33K T R 1)
B, PRI HT AT AR 2 45 1 AR B AR 40 175
H.o TANGUWHIFFT J 405 P9 I £ 200 °C T il 1 5 4%
B SRR 3D L B S BB K OR A, R
T ) T HE A1) 2 R H K OK B B R R 2 —
ZHANG" I 1 AR/ i 7t CO, =45+ RHE FLIR
FEEC R S I M 8, PSR AL R )
Bt R AN RS R B o Y TR AT S MR R 5
PVC R % BLMEAT 55 H AL J R B o oo A% i A B
ERERR VR, AR IR IR BB, T LR R S
HAEAR L. Yilmaz"f# H Polyflow #4)
T EEROGE LR NS ISR, dEdn
WHIRE B ISR B LT 28, B PRl 1 B
H A H AL AR S .

PAFE S5t VAR A 9DL 07 00T 98 22 2 DL 3 1k
AT TR R 5 B DR U AR 2 HO R S
QU RIE S G AR WPC B% tH AL i 1 R R
PLAAIEYER S WME T 2SR, I WPC
TEANR T2 54F T 5 b DB B R 0 BB 78 JE
I, JCH R AN [F) R AT A L IR B2 1 45 th R
AT

AT 552K H Polyflow A PR 76 73 #t #1445 WPC
AN [ R T TR LR 2% A T 5% L A R
T =45 BT T H, B3E Y. &
ey BIYEZRFIR B o At oL, T AL
ST HARA R, WPC H H AR L 1 I 1 v A
A T2 H R B AL BB AR R .

1 #R55E%E
1.1 Wl ek

EEAM (Populus tomentosa Carr.) R4k, Ab
T, P 8AF, LR N THURIE 270~380 pm 75 H .

% FE R 4 )% (high density polyethylene,
HDPE), [#'5 50008, %% 0.95 g/em®, 44 fli$5 %L
0.9 g/10 min (190 °C, 2.16 kg); T RERET kL H
4 I
MAPE) , ki K %) 1%, ¥l % 1.7 ¢/10 min
(190 °C, 2.16 kg); JEHIFH, K5 530D, EERL
Gy NIEREEREN . YA
1.2 FEEHK

i VR A HL HRS-10,  HE JE XUME KT 55 H HL
CTW100. Jigf% i8¢ Discovery HR-2 %% .

1.3 RGBT

WE AT 2 S R ASE L UL B2 S WPC 57 H i 2R A
SO, DRI ) % A () PR AT e S R AR L IR 2% A
T WPC F AT AR PERR I, IRAF LA 7
IR E N i G i B UNE< SRvaR W N A s
(computational fluid dynamics, CFD) JL fa] 5 %Y,
] R e RS LR P SR A AU [ I T T2 WPC
PR A T2 & TR
1Y, HEY . YRR MEEY, 55T
SSHOHAT R, G (1 3E F .

FHTZ: BUEEMARLYET 105 CHEFH T
24 h, HEEIKEN3%0.5%. KA LT 4k
HDPE. MAPE HlilH i 771 4% 50%. 45%. 3%+ 2%
()5 S L AR B R RN R IR A AL, ERE 100
r/min. & 80 °CCIHIZRAE FHiH: 10 0 8h . XUEFFHF
L SN T FE 23 0 e BN 175 180 1185 °C
B HLE AR BON 155 °C, MEREELC N 160 °C, 14
PREIEBON 175 °C, VE24 40 R RSNE B DA
R UREA 180 °C;  HETE WU KT B+ H ML IIIE
FF 8 38 43 %) %6 B 204 30 F1 40 r/min. #% H A A
WPC it FE R~ 825 mmx4 mm (58 ExJERE) . T
2T T R L. HT R OIEMIN TR RN 160~
175 °C, IR 3 FE L s b B = 5~10 °C, At
FLIEHE 175~185 °C o % H AL 35 bR 4 3 76 [l — oM
20~40 r/min.

(maleic anhydride grafted polyethylene,
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Tab.1 Different processing technology

T 2% MR FE/°C EFF 380/ (r-min ")
175-20R 175 20
175-30R 175 30
175-40R 175 40
180-20R 180 20
185-20R 185 20

1.4 FARIS

SR FH G B 3 A8 (30K R 18 47 A0 2% R T 2 1
WAk, 3 EHAFEAEAF B Y E R TR E S
% 25 mm PR B, R4 G 88 AR 409
BEFI B E AR 25 mm. JEE 2 mm AR R H TR
MR ERISHT, B RISER IR EEES
SyBh, ERESRTE M. B BT R B 1A BRE
AR E) 3.8 mm, A Z RIVE, HEMLE
Je B BR—5. MRYE 4515 8 WPC £ 136
X . E160. 170 F1180 °C=ANRJE N HEAT I,
NEAE S 0.02%, R 446 N 0.01~100 rad/s, BY
Pl E AR E N 0.01~1 s IR E 4 7%,
1.5 WL SH

4 VK BE & WPC il T A8 22 1 — AN 5 22 4R
P, BCERAR AR A — i DL — AR Ry R R R,
EHFH A T2 BT R R N,
B (Power Law) KIEA RUFMIREET T Z M H .
WPC I T R I B V) 2645 10'~10° sYEH Y, 1
H WPC AL ith 26 5 A AL A R R v, P
DA% FH AR B AT RS0

n=K(Qy)" (1)
L 8 K—FERE, @FAEERNE
BUDIRNE s A—FasthiS (], s; y—BY DR, 1/s;
n—ARA WA AT NI, ORI n.
KAE—E R ERE 5 N A 5.

F PR 1 =AM AKX B R 2R i sg
T 2 22k A H() BT AT A8 JE 2 iR (Arrhenius
Approximate Law) 25, A i 217,

H(t)=exp[-a(t,-1,)] (2)
X oI RER 75 ¢ WIMRIRSE, K t—5
I, Ko

K F Polyflow 13 FR 7 73 Hr 8C4 H (1) 1if A BEASE B
Polymat U &M EHAM A S5, Wk 2.

x2 TEIMIIZHRESH

Tab.2 Rheological parameters of different processing

technologies
T K/ Pa's n Vs a°C? 1/°C
175-40R 165 401 0.355 0.102 0.013 165
175-30R 169 424 0.329 0.096 0.014 170
175-20R 204 510 0.312 0.096 0.014 170
180-20R 167 810 0.370 0.074 0.016 156.5
185-20R 172 744 0.351 0.096 0.013 164.0

1.6 CFD JLf[ A5 57

H T WPC & A in g i ah i &2 s e, AR M
FEH R IR LR A MRS, B M R D B
HH 1) WPC 5 A 2 A o] s 45 1) v 6 52 =l A4 0 4k
) AT AEABSH AT, I HAERE S
AT FREMERRES: 3) HTREEME
FEm R, MM FE S nr DU 2 4) 7EHF
HidfEd, RIS IBIERE Z B .

D] LG R 5 HH UASE P (4 1) g R L3 4

V=0 (3)

Vp-Vr=10 “)
A V—#EZRE; p—KJ), MPa; c—MN.J)
5K &

D U8 57 {8 A SpaceClaim #K ¥ it
BEEM =4, w1 fos, HAps nEs A
PR : E BB BB . B R H R LA
TR PG e BRABARY ,  [R] I W] DB 1/4 A5 70 30 AT AR UL
T N TIRNAHTIN R, 75 BE T b E P 4% % AR
ZaMb, FEX. Y. ZHFRH, XHAR HIEE
HL BKSFRERI 7 1), YRR B T, Z5
RF AL B BET )T s a ARG
WE YR DT R X RRER, b A 0 AE Z B 7 1) [
X FRER o

2) WIAERISy: W H OB AT S &I .
EEE L S S D AR N S L AN TR N T €
37001, i 8888, FEFFH LAH N5 H M
% THI 14D B 30 SR ) B 22 32 1 9 4% SR S 400 B 52 2% I ¥
ZNVERE, MRS RI > W 16 s .

3) W FABE: BRI 1o fis .
FEN FVb i &, K AR I & B E a5 L)
SCRRBT I R . ERLEEE 1, O ERS,
EAFERIIE 24T v, = v, = 0 m/s.
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Fig.1 Extrusion die model
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Fig.2 Diagram of the relationship between viscosity and
shear rate
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Fig.3 Pressure distribution chart under different
screw speeds
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Fig.5 Velocity distribution chart under different screw
speeds
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Fig.7 Shear rate distribution chart under different
screw speeds
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Fig.8 Shear rate distribution cloud chart
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Fig.9 Viscosity distribution chart under different screw speeds
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Tab.3 Pressure conditions of different extrusion processes
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40 8.09 185 5.59
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