


 

of the fiber fabric [7].So accurate assessment of the properties on the materials, reasonable design into 
the glue, the glue solution, and the reasonable design of diversion net shop area, flow to ensure the 
smooth progress of the mold filling to avoid because of a shortage of material flow formation of dry 
patches or material flows through the multiple products of partial defects such as thick. 

 

Figure 1. VARI forming process. 

Resin flow process is a non-isothermal percolation process, need to consider factors including resin 
viscosity, injection pressure and temperature change with time, the need to consider the condition of 
conservation of momentum, conservation of mass, etc. In order to reduce the complexity and simplify 
the model, we need to make the following assumptions: the system is homogeneous and the resin is 
incompressible. Constant temperature in vacuum bag. The system density does not change and the 
surface tension is neglected. There is no chemical gel in the mold filling process, the fibers in the tow 
are rigid and fixed. The resin has the same permeability in all directions. In the flow process, Darcy's 
law is used to describe the momentum conservation of fluid, and the relationship between resin flux 
and fiber permeability, injection pressure and resin viscosity is described[8]. Darcy's law can 
generally be expressed as follows:                                                 
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On the type of v on behalf of the resin flow velocity. A representative to the normal direction of the 
fluid projection area. Q represents the flow of fluid. ΔP represents the pressure difference. L is the 
distance between flowing. µ represents the coefficient of viscosity of resin. K is the permeability of 
the medium and is an important parameter based on darcy’s law. Permeability is determined by 
material structure, including fiber type, fiber volume fraction, etc. Permeability can be obtained by 
experimental measurement or numerical simulation. 

PAM-RTM Simulated and Analyzed 

PAM - RTM is to simulate RTM, VARI molding process of professional finite element analysis 
software, can accurately simulate the flow of the resin flow molding when striker, injecting time and 
pressure distribution, and so on and so forth, which can guide the implementation of VARI process, 
also can offer optimization scheme for mould design, so as to improve the production efficiency, 
reduce the cost. 

When using PAM-RTM to simulate resin flow, first of all, the model should be pre-processed, 
including four aspects: First, Partition of grid model; Second, give material properties; Third, 
imposition of boundary conditions; Last one, the setting of the virtual sensor of glue injection and 
rubber outlet. Processing before the first to take advantage of Hypermesh software model for grid 
partition, reasonable meshing is huge, affects the accuracy of the result of the simulation grid shape 
usually have a triangle and quadrilateral grids, specific needs according to the complexity of model 
structure [7].After grid division, the model needs to be partitioned according to the difference of 
material properties in the model. After that, the permeability of materials X, Y and Z were assigned to 
different partitions. Then, according to the geometrical shape and structure of the model, the 
boundary element node of resin flow is applied to restrict the flow direction and boundary of resin. 
Finally, it is necessary to set the position of the glue and the virtual sensor based on the design of the 
filling flow scheme, which is usually defined by setting the grid node of the relevant position. 
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In software simulation flow, usually the mobile node method is adopted, namely within each time 
step calculation, will be based on the instantaneous resin flow forward to define the boundary nodes, 
real-time through boundary equation to solve the pressure distribution. So in grid, resin to grid nodes 
location that is full of the grid, the resin striker arrived at the gate of virtual sensor grid node, think the 
resin flow, end of mould filling process. 

In order to obtain a reasonable process plan, the flow of three schemes is designed. It is:  
(1) The surrounding four edges are injected, and the center points out the shot; 
(2) Inject the center point around the surrounding area and point out the shot; 
(3) Two long edge center point injection, center line shooting. 
Figure 2 - Figure 4 shows the time cloud and pressure cloud diagram of these three schemes. The 

resin viscosity used in the simulation is set to 0.25Pa. S, and the unit of geometric dimension is meter. 
The permeability of X and Y direction is set to 2.5e-9m-2; the z-directional permeability is set to 
1.5e-10m-2. 

                    
 

    (a) Time distribution cloud map                                      (b) Pressure distribution cloud diagram 

Figure 2. Four sides are injected and the center points out. 

           
(a) Time distribution cloud map                                              (b) Pressure distribution cloud diagram 

Figure 3. Center point injection, center point injection. 
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(a) Time distribution cloud map                                       (b) Pressure distribution cloud diagram 

Figure 4. Long edge center point injection, center line shooting. 

 Analysis of Simulation Results 

Because the battery box is formed by the solidified tensile reinforcement, the model is simplified to 
improve the simulation efficiency, and the flow simulation is only for the uncured skin area of the 
battery box.The resin pressure distribution of the three schemes is compared, as shown in Figure.5 – 
Figure 7.  

  
Figure 5. Resin pressure distribution                            Figure 6. Resin pressure distribution on the center point  

 of the four sides.                                                                 of the  surrounding four edges. 

 

Figure 7. Resin pressure distribution in the center point of long edge. 

It can be seen that the injection pressure of the three schemes of the three schemes is basically the 
same, and the maximum injection pressure is 1.08 ×105 Pa, 1.07 × 105 Pa and 1.04× 105 Pa. However, 
the injection time of the three schemes was significantly different. The injection time was 89s, 369s 
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and 902s respectively. Therefore, it is possible to obtain the ideal flow forward by injecting the center 
of the injection into the center of the box, which is beneficial to the preparation of the components. 
This method is recommended for the fabrication of actual composite components. 

Conclusions 

Traditional determine VARI process design of the resin flow is determined by test before, on the one 
hand, raw material loss is big, high cost, on the other hand, long time consuming, low efficiency, may 
be due to individual differences in operation and test results of different, guiding significance to 
design co., LTD. With the application of VARI technology in aerospace, automobile, shipbuilding 
and other fields, it is urgent to provide a quick, efficient and accurate flow reference scheme. The 
process of mold filling flow using software simulation resin has become the mainstream. Simulation 
software simulation, can be used to study the different gate location, different permeability, different 
mould shape size, different viscosity of the resin, the resin flow molding, can forecast the dry spot 
defects such as position, flow molding time, instantaneous flow of forward position and pressure, to 
provide visual reference for optimal design of technological scheme.  
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