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NUMERICAL ANALYSIS OF RESIN IMPREGNATION
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In this paper, resin impregnation into a fiber bundle during a processing of prepregs by

carbon fibers and a thermoplastic resin is simulated by using moving particle semi-implicit

(MPS) method. Molding processes of the prepregs composed of the thermoplastic resin

and the carbon fibers are demonstrated by numerical analyses. In these simulations, the

viscosity term of Navier-Stokes equation is solved implicitly. Numerical results derived by

the present method indicate that impregnation is completed faster when applied pressure

is higher, and velocity of impregnation gets smaller as the flow front of resin advances.

Thus, we conclude that applied pressure and thickness of the fiber bundle should be

adjusted properly to achieve well impregnation.

Key Words: Moving particle semi-implicit (MPS) method, Impregnation, Thermoplastic

resin, Automated fiber placement (AFP)
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Fig. 1: Geometry of flow between parallel

plates.

Table 1: Material property of resin.

Density [kg/m?) 1.33 x 103

Kinematic viscosity [m?/s] 1.35
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Fig. 2: Result of flow between parallel plates.
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Fig. 3: Geometry of resin impregnation.
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Fig.4: Numerical result of resin impregnation

simulation (P, = 1.0MPa).
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Fig.5: Numerical result of resin impregnation

simulation (P, = 0.1MPa).
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Fig.6: Numerical result of resin impregnation

simulation (P, = 0.01MPa).
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Table 2: Parameters for control system.

Popp[MPa] Kp[m/(Pa-s)] Trs] Tpls]
0.01 5.0 x 1076 4.0 x 10~6 5.0 x 10710
0.03 1.67 x 1076 4.0 x 1076 5.0 x 10710
0.1 5.0 x 1077 2.0 x 107° 5.0 x 10710
0.3 3.33x 1077 2.0 x 1079 2.0 x 10710
10 (t < 817us) 4.0 x 1077 2.0 x 107 5.0 x 10710
(t > 817us) 3.0x 1077 2.0 x 107° 1.0 x 10710
0.0 - - - (2) D.H.-J.A. Lukaszewicz, C. Ward, K. D. Potter, The
g 5ol E:gggﬂm | engineering aspects of automated prepreg layup: His-
E ................ h=54.3um tory, present and future, Composites Part B, 43(2012),
° 100t ] pp- 997-1009.
; (3) F. Trochu, R. Gauvin, D.-M. Gao: Numerical analy-
% 15071 i sis of the resin transfer molding process by the finite
ii 200k i element method, Advances in Polymer Technology,
2 I 12(1993), pp. 329-342.
'25-00 1000 2000 3000 2000 (4) S. Kobayashi and T. Morimoto: Experimental and nu-

time [us]

Fig. 9: Result of roller displacement (Ppp, =

0.1MPa).
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