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□研究の背景

Table 1. Comparison of analysis method for single screw extruder

○△○×1D

△○△△2.5D

×△×○3D

OperabilityAvailability
Computational 

cost
AccuracyMethod

○：Good, △：Moderate,×：Bad
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□成形現象の定量化モデル

ホッパーホッパーホッパーホッパー～～～～固体輸送領域固体輸送領域固体輸送領域固体輸送領域 ①嵩密度自重による静圧分布定量化
モデル(Walker model)

②ペレットとバレル/スクリュ間の動摩擦係数を
利用した動圧分布定量化モデル(Darnell & Mol model)
















 −
−+







 −
=

D

HhBD

BD

gD

D

HhBD
phP b
atom

)(4
exp1

4

)(4
exp)(

*

*

* ρ

)exp()0()( zpzp λ−=

s

b

s
bss

b

bsbb

bssbsbb

s

s

D

D
fW

D

D
HffWB

fWHffWA

BKA

BKA

θθθθφ

θθφ

λ

cotsincotsin2cos

,sinsin2sin

,

1

1

22

11

−−=

++=

+
−

=

Fig.1 Analysis model for hopper 

and solid feed zone.
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溶融可塑化領域
③③③③ 静的評価静的評価静的評価静的評価モデルモデルモデルモデル

e w

bxV

δδδδ

syV

X

lT

sT

etemperaturmeltTT m  :====

x

y

H

[[[[ ]]]]λλλλρρρρ

ηηηηκκκκ
δδδδ

++++−−−−

++++−−−−
====ΦΦΦΦΦΦΦΦ====

)(

)(2
,

2

smslbx

jmbl

TTCV

VTT
X

( ) X
V

XHV
dz

d
l

bx
szs Φ−=− ρδρ

2
)(

Fig.2 Tadmor model ; melt film/solid bed interface

③③③③ Melt pool
②②②② Melt film

①①①① Solid bed
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④ 動的評価モデル

Solid phase Melting phase
Time sequence

Temperature on the spherical surface:
T(R)<Tm; melt temperature T(R)=Tm

Thermal equation and boundary condition Thermal equation and boundary condition
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Fig.3 Lagrangian spherical melting model. 
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溶融体輸送領域

⑤⑤⑤⑤ Generalized Hele-Shaw formulation

Barrel

Screw

Flight
Channel

W

h

Leakage flow   

(Considered )

Pressure gradient flow &            

Drag flow (Considered)
h<<W 

(Neglected)

h<<W 

(Neglected)

Fig.4 Circulation flow in a cross section of the screw channel.
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□解析モデルの効率的作成法

Numerical input of screw 

dimensions for the auto-

meshing of the FEA model.

Fig.5 An efficient method for generating of the FEA model
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③ Modification of the UV mapping information

① Generation of  the base model

④ Generation of the 

2.5D wound model

② UV mapping

Fig.6 FEA model generated from UV unwound mapping information. 
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□テスト機を利用した検証解析

解析押出機解析押出機解析押出機解析押出機

Fig.7 FEA model for experimental verification.

Table 2. Computational conditions

Barrel:180℃

Inlet:30℃

Temperature 

condition

Inlet:0MPa,Outlet:0Mpa
Pressure 

condition

20,60,100,140rpm
Screw rotational 

speed

Pellet/Barrel:0.35

Pellet/Screw:0.25

Friction 

parameter

LDPEMaterial
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140rpm：output;29.2kg/h

100rpm：output;21.0kg/h

60rpm：output;12.6kg/h

20rpm：output;4.1kg/h

Fig.8 Predicted solid bed distributions
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Fig.9 Experimental verification of predicted pressure distributions
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□複雑形状のミキシングエレメントを有する
単軸スクリュ押出機の一貫解析

Hopper (Height:200mm,Diameter:120mm)

Solid Feed Zone      

(L/D:5,225mm)

Melting Zone:                                 

Barrier (Double) Flight            

(L/D:10,450mm)

Melting Zone:                                 

Triple Flight            

(L/D:10,450mm)

Egan Mixing          

Element(60mm)

Melt Conveying Zone: 

Single Flight 

(L/D:5,225mm)

Shear Spiral : Maddock 

Mixing Element(80mm)

Pineapple Mixing 

Element(45mm)

Die

(Annular;L/D:1,45mm,

Circular； L/D:3,135mm,

Diameter:15mm)

Fig.10 FEA model for a practical screw extruder with 

complicate mixing elements.
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Table 2. Computational conditions

Barrel:170~200℃

Inlet:30℃

Temperature 

condition

Inlet:0MPa,Outlet:0Mpa
Pressure 

condition

100rpm
Screw rotational 

speed

Pellet/Barrel:0.35

Pellet/Screw:0.25

Friction 

parameter

HDPE (Power law fit)

Heat of Fusion: 201189 J/kg

Melt temperature:130℃

Material
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Numerical results:

Fig.11 Predicted pressure distribution 

( Min:0MPa,Max:30MPa)

Fig.12 Predicted Temperature distribution 

( Min:30℃℃℃℃,Max:230℃℃℃℃)
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Fig.13 Predicted residence time distribution 

( Min:0sec,Max:50sec)

Fig.14 Predicted solid bed distribution           

(Red:solid bed,Blue:melt pool)
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Animation 1: Lagrangian spherical melting model simulation      

(Initial particle’s diameter:5mm)
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Animation 2: Lagrangian spherical melting model simulation      

(Initial particle’s diameter:2mm)
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□まとめ

・スクリュ押出機内成形現象の古典的定量化モデルと一般化Hele-
Shaw流れの定式化、動的溶融可塑化モデル、及びメッシュ生成技術
を併用することで効率的な解析法を構築した。

・実験検証解析を通じて解析結果の妥当性を検討した。

成果：

今後の課題：

・固体輸送領域、溶融可塑化領域の定量化モデルの精度向上

・検証解析の継続

・二軸スクリュ押出機に対する用途展開


