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Fig. 1 Catheter geometry model and cross section: (a) geometric model of the five-lumen catheter; (b) cross

section of the five-lumen catheter
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Fig. 2 Finite element meshing of five-cavity catheter

T2 R B R SR A BR e 5 ik 0 A U
WAL GG I, TS A RHRR PR 22 s Sl
T HE R K % R s A I 32 R R, DA A T U BOR
T2 2 JEEE B R Do T A A M ML

1 HEERERR
1.1 JL{)4E 8 R Ag Xl 53

T U R AL 40 Fig 1 (a) iz, Fevbr, A %S
5 B AR N 2 mm, E AR E AR 0.62 mm, 4 N IR B
B A28 0.32 mm, W1 Fig. 1(b) T« #7545 1A 7
Bl 77 18] (Z 3 1E J7 18] 43 9 RS P e 3l B A E K K
B2 Be XK 180 5 mm, 45 BR 0 MU AR AR 4 Fig.2
FIr7m o 25 REZ T T AR T X PR S S T b Y
M AR ST SO A, RO (1) 1/4 35T SR A R
BRI R 5 VB S 1 B IR AR AR R I 5 3 3, R T
P& B AL (0 AE R P 78 RS I 2 B R AR L
AbTHEAT & 24 A 0 2% Ab

exp[ﬁ tr(z)) ]z + A[(1 —

K ce—— 5B R G SR S35, L=
Wi FA GBI R 5 85 90— VB B S RN S, Pa-s;

ne——RBELE e = /o, e g N ORI 70, Pa -
T 2 15K B s C—— SRR BT DI R AT R i

S;T

1.2 EHIARESAEEE
1.2.1 &%) 7 A2 AR SRS IS AR TE VB 13 30
R R ABBEE PR R SR N ] 4 A 4 e v A
BAE OB N TR 4> R, A5 FE AR 2 7 B 7
T IO B I FE RS . MR L3R AT
a7 v ()RR (©2)
HEETHE

vev=0 (1)
o v— R RE T ol RE,
B

—VpHver=0 )
v B RE A p— IR L 7 s v— W B /5K
.

1.2.2 A #7542 . A4 77 #£ 1% A Phan-Thien- Tanner
(PTD &b A T7FEN, A RE [F] I AR SE AR AR
TR AR, AT DU B AR BROR BT T 2R R (1) 5
—¥EIA N ) 2, R A3 s

W SA1=20=nD @)
vV A

FERSHL TR 7, oo 05 T S

D—H A

13 HRSRRTZRM



3

ASCHE 5T AR P 2 500 Tab. 1 Fras™, 144
N HRZES R E N0.125 mm'/s,0.25 mm’/s,0.375
mm’/s,0.5 mm’/s #10.625 mm?®/s.

Tab.1 Melt material parameters and PTT model parameters

no/ (Pa-s) Ms € ¢ e

10000 0.1 0.1 0.05 0.03

14 BREH
CORBARN I AR BARARALEN AL R S0 N 78 40
RIBUE, B 2 vi=0,v,=0, Z J7 M RIS AR 3h 77 1A

B Z 05 A B O RN A, BN A T 1E TR
WA

() BETH  AF ST B i 10 7 4444, K H
fil fb B Navier ¥ # % f# , £ & K
F=Fagoan =) | ve— v 1%, R Fuy NI T R 5L
Voar N BETH V) 0] 3 FE , mm/s, esy, N RIS E, L&
Mo TSR T BL R &S, Hit,
Fup=0,vwa= 0, e0,=0. TEAEGHT HIS, BE T 2% 43 2
vi=0,v,=0, I H v Ml v, 73 R IR 1A 5 B ) [k B
AL A H R

(3 EHIBT 35 L £=0,£=0,v,=0, 24 £, 1 L5
AR T EE R IR T

(4D XS BRI = 15 /2 2 AF =0, 1,=0.

(5) B K R A 3y = U ATt I AT AT 22 51 7,
JE£=0,f£=0.

2 FHRE5R

2.1 SEHBTEXZEMER HRE RS

2.1.1  F4F Ak K89 ¥ ok Fig.3 A LIS U 4 B AE
e B AR B PSRN DR (O 5 H K
KB FR . K FHTE A i B AR (Sp) 5 AR
H R AR (S0 2 B, BIES HAIK R BE SR 8 A fl i 1)
FrHIK KAT N, (@ s,

_ S
B =5 )

1 Fig.3 A] A1, f& R B5 i, 57 K K BBl 5 A
FIVAL 26 (1) 38 K B 2 ME 3G K, 9 N AL 2R AL 0.125
mm’/s 3 %2 0.625 mm’/s I, F H K K EE A 1.29 35 2
1.45, 1% J& FH Tl A6 1A PR ON DI 3R 08 K, 1B P4 3
K, FEOBL AN AR ZE G K, A3 164 5 0T D 5 ik

RKREESG 58, oy — 5T, F B IR 8] — 5 I, i AR di 6
BEK, VR YA A 3 IS TR 6 L, AR AP R AR Bt A5 A
W42, (A SO IR KRR EE RGN s S B H S, IR I
B T, LB A AN L AR R 2 i R th A 2
AL BE T 28 B A P 2, ELARCE 3% AN S2 AR RN
FIR IR, 5% K R HUAR 28 0R 5509 1, BEANAFAE
FrHIRRELR , 7ol 1A e st th P A7 AR I BF RO
IF]

1.507 _o—Traditional extrusion

—O—Gas-assisted extrusion

O---0--=-0---0----0

Die swell ratio
i -
o w
o W

—
(=)
W

0.90 P —
0.0000.1250.2500.3750.500 0.625
O(mm’ - s™)

Fig. 3 Relationship between die swell ratio and inlet flow rate
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Fig. 4 Relationship between die swelling ratio and relaxation time
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Fig. 5 Cross-sectional deformation of the catheter end: (a) traditional extrusion; (b) gas-assisted extrusion
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Fig. 7 Relationship between catheter ellipticity and relaxation time
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Fig. 8 Distribution of melt Y-direction velocities at the die outlet end: (a) traditional extrusion; (b) gas-assisted extrusion
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Influence Mechanism of Gas-Assisted Extrusion Molding
for Multi-Lumen Microtube

Xiaozhen Deng', Tianrong Chen', Biao Liu', Bing Xiao', Shiyu Jiang', Zhong Ren’
(1. Jiangxi Provincial Key Laboratory of Precision Drive and Equipment, School of Mechanical Engineering,
Nanchang Institute of Technology, Nanchang 330099, China, 2. Jiangxi Provincial Key Laboratory of Advanced
Electronic Materials and Devices, Jiangxi Science and Technology Normal University, Nanchang 330038, China)

ABSTRACT : Taking a five-cavity microtube as example, a 3D extrusion flow model of multilumen catheter was
established and numerically solved based on finite element method. By analyzing the melt flow field and stress
distribution inside and outside the die, the influence mechanism of multi-lumen microtube extrusion molding was
studied under traditional and gas-assisted wall slip conditions. The research results indicate that, in the traditional
extrusion process, the die swell ratio of the five-cavity microtubule and the ellipticity of the main and secondary
cavities all increase with the increase of melt inlet flow rate and relaxation time, but the ellipticity of the outer
contour decreases with the increase of inlet flow rate and relaxation time. In the gas-assisted extrusion process, due
to the uniform distribution of radial velocity, shear rate and first normal stress difference of melt inside and outside
the die, which tends to zero, the swelling deformation of the inconsistency between the catheter and die cross-
section is effectively eliminated. It ensures the roundness of the catheter contour, main and secondary cavities, and
it is independent of melt flow rate and relaxation time. It can effectively improve the quality of multilumen
microtube extrusion forming and achieve precision molding of multi-lumen microtube.

Keywords: multi-lumen microtube; gas-assisted extrusion; die swell; ellipticity



