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BHA TR B E IR, BIIMERE RAF, 340 DR/ e kb, R T R0 )2 S i O I

4

BAMEESE R EE M 140 MPa K B & 263 MPa, A2 AFE S+ RESEMEfE (307 MPa) (1) 85.7%.
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Damage and repair study of in-situ polymerized carbon
fiber reinforced PMMA composites

GONG Ming"?, ZHANG Daijun™?, ZHANG Jiayang"?, FU Shanlong"?, LI Jun**, CHEN Xiangbao'?

(1. Aero Engine Corporation of China Beijing Institute of Aeronautical Materials, Beijing 100095, China;

2. National Key Laboratory of Advanced Composites, Beijing 100095, China)

Abstract: According to the repairability of thermoplastic composites, the repair process of carbon fiber reinforced

PMMA composites was studied. The effects of temperature, pressure, and time on the mechanical properties of the

composites were compared. Results show that the optimal repaired properties of composites could be obtained at

200°C and 0.75 MPa pressure for 10 minutes. By introducing low-speed impact damage, the damaged parts of the

composites were repaired by a hot pressing process. The composite's damage behaviors and repair effect were in-

vestigated by nondestructive testing and cross-section photography. Experimental results show that the impact

damage of carbon fiber reinforced PMMA composites can be divided into two types: Lengthways cracking and

delamination in small deformation areas and the mixed-mode of fiber fracture and resin failure in big deformation

areas. After repairing, the damaged shape and the internal delamination damages of the damaged samples are

recovered well, the volume of the damaged area is significantly reduced, and the compressive strength of the com-
posite is recovered from 140 MPa to 263 MPa, which is 85.7% of the undamaged composite (307 MPa).

Keywords: hot press; repair; damage analysis; thermoplastic resin; composites
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Fig.1 (a)Support frame of samples; (b) Hot press repair process
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Table1 Comparison of repair results between one-piece and bonded PMMA composite samples

Specimen Bending strength/MPa  Bending modulus/GPa  Short-beam shear strength/MPa
Treatment process
number One-piece Bonded One-piece Bonded One-piece Bonded
1 0.1 MPa/180°C /10 min 565 503 47.3 41.9 37.1 40.9
2 0.1 MPa/200°C/10 min 224 136 34.9 25.9 20.4 19.7
3 0.4 MPa/200°C/10 min 708 501 39.5 44.1 52.6 47.5
4 0.75MPa/160°C/10 min 700 619 54.5 46.1 54.1 19.0
5 0.75MPa/180°C/10 min 722 696 50.9 44.4 52.2 42.9
6 0.75MPa/200°C/10 min 693 639 50.2 44.2 50.1 46.1
7 0.75MPa/220°C/10 min 194 298 38.2 36.6 14.5 23.8
8 1.0 MPa/180°C /10 min 684 628 43.8 38.4 53.3 53.5
9 1.0 MPa/200°C /10 min 642 525 44.1 37.8 49.9 50.2
10 1.0 MPa/200°C/30 min Bulging Bulging Bulging Bulging Bulging Bulging
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Fig.4 Relationship between the bending strenght (a) and short-beam shear strength (b) of PMMA composites and the treatment temperature
under 0.75 MPa
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Fig.6 Carbon fiber reinforced PMMA composites before repair (left)
and after repair (right)
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Table 2 Thicknesses of PMMA composite samples
before and after repair

Before/mm After/mm
1 3.99 4.02
2 3.97 4.00
3 3.98 4.00
4 4.02 4.03
Average 3.99 4.01
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Fig. 7 Damage conditions of carbon fiber reinforced PMMA composites

before repair (left) and after repair (right)
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Fig.8 Comparison of cross section CT scan results before (left) and after (right) repair of impact damaged PMMA composites samples
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Fig.9 Comparison of CT scan results of thickness direction section of PMMA composites before and after impact damage repair
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Fig. 10 Defect area of PMMA composites before and after repair
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Fig. 13 Post-impact delamination defects of carbon fiber reinforced

PMMA composites
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delamination defects of carbon fiber reinforced PMMA composites
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