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Multi-Physics Finite Element Simulation of Curing Process

for Helicopter Composite Blade

HE Jilin'? LI Dong' ZHENG Haihua'
(1 School of Mechanical and Electrical Engineering, Central South University, Changsha 410083)
(2 Sunward Intelligent Machinery, Co., Ltd, Changsha 410100)

Abstract Based on heat transfer theory, mechanics of composite materials and cure kinetics, the temperature ,
degree, reaction rate of cure and thermal stress in the composite helicopter blade’ s curing process under the recom-
mended temperature cycle of F650 bismaleimide resin are calculated. The strong coupling multi-physics finite element
method for solving partial differential equation is applied in this paper. The result shows that during the curing
process, the curing reaction of resin is highly synchronized, and the exothermic crosslinking reaction is faint; com-
pared with the recommended heating cycle, the highest heating temperature lowers from 460 K to 393 K in the adjus-
ted heating cycle, but the reaction time of the curing degree from 0.1 to 1 only increases from 25 to 30 min, the peak
value of the curing reaction rate decreases from 1.35%107/s to 1. 15%107/s,and the maximal thermal stress in the

PMI foam drops from 0.82 MPa to 0. 482 MPa.
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Tab.1 Thermal properties for Al,PMI,7781/F630) and F630

Ky, =K53/ C,/ p/ a/
materials
We(m-K)™" J-(kg-K)™! kg-m™ 107K
Al 237 81.1 2700 23.6
PMI 0.029 114.8 52 33.0
7781/F650 0.433 130.2 1890 62.7
F650 0.200 108.1 1850 120

&2 $A.PMI # F650 BB A/ 1ERE
Tab.2 Mechanical properties for Al,
PMI and F650

materials v E/GPa
Al 0.324 76.6

PMI 0.3 0.069
F650 0.4 3.2

&3 TI81/F650 EEGMHNELR N F R
Tab.3 Mechanical properties of 7781/F650 laminates

E,/GPa E,/ GPa G,,/GPa V13
15.88 15.88 3.2 0.14
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Tab.4 Cure kinetics parameters for F650

bismaleimide resin

A/ E/ H,/ R/
n
10" min™! kJ-mol ™! k]-kg'l J-(mo]-K)_l
2.208 0.9917 87.51 77.5 8.3143
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