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Optimization of high-vertical molding process for carbon fiber reinforced composites by vacuum assisted
resin infusion
ZHANG Lexian, ZHANG Fengjia, CHEN Wenlong, LUO Qi, TUO Tianke, WU Yibo
(Luoyang Ship Material Research Institute, Luoyang 471023, China)

Abstract : Carbon fiber reinforced polymer composites have broad application prospects in fields such as ships and aerospace
due to their advantages of high strength, high modulus and lightweight. However, during the vacuum assisted resin infusion (VARI)
process for forming large-scale, thick composites with high-vertical surfaces, defects like resin accumulation, resin deficiency and
delamination frequently occur, severely limiting product quality and molding efficiency. For practical production requirements, the
effects of key process parameters including carbon fiber surface treatment methods, fabric layup techniques, infusion temperature
and resin delivery pipeline layout on high-vertical molding of large-sized by VARI, thick composites were systematically investigat-
ed in this study. Experimental results indicate that carbon fabrics treated with vinyl-based sizing agents significantly enhance
composite's mechanical properties. Adding a layer of glass fiber flow media on both the top and bottom surfaces of the carbon fiber
preform enhances resin infiltration while the loss of mechanical properties is controllable. Controlling infusion temperature between
20-25 °C, it can achieve optimal balance between resin flow and gel time. When the spacing of the glue injection pipeline is set at
500 mm, it can simultaneously ensure the injection efficiency and the quality of vacuum sealing. Through optimized process parame-
ters, carbon fiber composite component with a height of 3 meters and a width of 0.6 meters was successfully fabricated with a defect-
free surface and no significant bubbles detected by ultrasonic testing. This study provides reliable process guidance for VARI mold-
ing of large-scale, thick-walled complex-shaped carbon fiber reinforced polymer composite products, demonstrating significant engi-
neering application value.

Keywords : carbon fiber reinforced polymer composite ; thick-walled composite ; VARI molding ; resin injection ; process

optimization
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Fig. 1 Experimental diagram of CFRP infusion process
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Tab. 1 Effect of carbon fiber surface sizing agent on resin infusion
efficiency (25 °C)

Carbon fiber ~ Carbon fiber
fabric A fabric B
Sizing agent Vinyl—based Epoxy—based
Top resin flow front (60 min)/mm 650 600
Bottom resin flow front (60 min)/mm 500 450
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Tab. 2 Effect of carbon fiber surface sizing agents on mechanical

Item

properties of composites (25 °C)

Ttem Carbon fiber fabric A Carbon fiber fabric B
Sizing agent Vinyl-based Epoxy-based
Tensile strength/MPa 954 757
Tensile modulus/GPa 62 55
Flexural strength/MPa 750 655
Flexural modulus/GPa 56 44
Shear strength/MPa 38 22
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Tab.3 Effect of fabric layup method on resin infusion efficiency (25 °C)

Fabric layup method

Top resin flow front (60 min)/mm

Bottom resin flow front (60 min)/mm

Pure carbon fiber
Add one layer of glass
fabric to the top surface
Add one layer of glass
fabric to the bottom surface
Add one layer of glass fabric to each of the top and bottom
surfaces

650 500
660 500
650 512
660 526
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Tab. 4 Effect of fabric layup method on mechanical properties of composite (25 °C)

Add one layer of glass fabric

Add one layer of glass fabric Add one layer of glass fabric to

ftem Pure carbon fiber to the top surface to the bottom surface each of the top and bottom surfaces
Tensile strength/MPa 954 936 935 932
Tensile modulus/GPa 62 61 61 60
Flexural strength/MPa 750 748 749 745
Flexural modulus/GPa 56 55 55 54
Shear strength/MPa 38 38 39 38
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Tab. 5 Effect of injection temperature on injection efficiency

Item 15°C 20°C 25°C 30 °C
Top resin flow front (60 min)/ 400 550 650 '630
mm resin cured
Bottom rem.n flow front 250 420 500 .520
(60 min)/mm resin cured

Adjustable gel time range/h 1-4  1-2 1-15 0.92
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Tab. 6 Effect of injection pipeline arrangement on injection effi-
ciency (25 °C)

mm

Distance between pipeline

Item
600 500 400 300

Top resin flow front (60 min) 630 650 655 658
Bottom resin flow front (60 min) 480 500 503 505
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Fig. 2 Relationship diagram between resin flow front distance and

distance variation between pipeline
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Tab.7 The mechanical properties of the final composites part

Tensile Tensile Flexural Flexural Shear
strength/ modulus/ strength/ modulus/ strength/
MPa GPa MPa GPa MPa
941 61 742 53 39
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