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Repairing performance of carbon fiber/bismaleimides

composite materials

XIAO Jiayu, XIAO Zhongfan, YANG Jinshui, XING Suli, WEN Siwei
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; In order to achieve the best repairing effect of carbon fiber/bismaleimides composite materials, carbon fiber/epoxy composite

materials and epoxy film adhesive were used as the repair materials to repair carbon fiber/bismaleimides composites with the pre-drilled hole of

®15 mm and ®5 mm, respectively. Single-lap repair, double-lap repair and step-lap repair were adopted to repair the carbon fiber/

bismaleimides composite structures with pre-drilled hole. The effects of the patch numbers, patch lengths and patch stacking sequences on

repairing performance were discussed. The failure model of the repaired plates was analyzed through the experimental method, and the patch-

repairing parameters were optimized. The results show that the stress concentration and through-thickness tensile stress along the edges of the

patch are the key reasons for the fracture of the repaired plate. The tensile strength of the double-lap repaired specimen can recover up to 90%

of the strength of undrilled specimen and the strength of the specimen repaired by the single-lap repair and step-lap repair can also recover up to

80% of the undrilled specimen.
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Tab.1 Lap parameters of single-lap,

double-lap and step-lap repair of
specimens with the pre-drilled hole of 15 mm

®EE BE R/ B2 M/ iy
s mm (*) R
PD  PD
SI3  SL [120,90,60] [0/0/0] 3
SI4  SL  [120,90,60,45]  [0/0/0/0] 4
DI45 DL [45] (0] 1
DI60 DL [60] (0] 1
DI90 DL [90] (0] 1
DLI20 DL [120] (0] 1
SIS [60,90,120,150]  [0/0/0/0] 4
2 S [60,90,120,150] [0-45445/0] 4
3 S [60,90,120,150] [0/90/90/0] 4

TE - PD il il fL R , SL oy S W M & 52, DL Sy 00T I b &
=S HHIZ#ME R 5 [ 120, 90, 60 ] KR4 —Z A KA
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(b) Double-lap repair
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(¢) Step-lap repair
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Fig.1 Repair sketch map and repaired composite specimens
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Tab.2 Lap parameters of single-lap repair and double-lap

repair of specimens with the pre-drilled hole of ®5 mm

WE BE HhARKE/ WZEMm/ R
s TR mm (*) =37
PD PD

SL1 -45  SL [45] (0] 1
SL1-60  SL [60] (0] 1
S12 SL (60,45 [0/0] 2
SL3 SL [60,45,30] [0/0/0] 3
DI30 DL [30] (0] 1
DI45 DL [45] (0] 1
DI60 DL [60] (0] 1
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Fig.2 Relationship between the tensile property and
patch numbers in single-lap repair

2 (a) HR B AR B LSRR SR B R S, 18
S A i i B R 52 2% B U2 00 38 22 T R
%, FZIEANT )RR Z B2 )5 A5 B AN X AR
TR R, P AN Yo R 45 ) 7 iz AV FH T FE 5 4%
DB P AE R A R A DTS 3 D P i G R L AR
ORI 4 A et B 2(b) P PLS mm
U FL A AR AR S 52 SR B AR B 20 n i
BEK A5 A — U ; 1077 D5 mm 1 i £Li0RE 1
FLAASE B P A S ) i )2 B30 22 T R AR, B i
AR REfRRE , T — P Ik

He 5 mm T FLIARAE B 5 B IR B
WE 3 (a) B, 3R & AR AR TR R 2, T4 il
GEMRRIZAATEH A S WS 4 ©15 mm i i L
B G h R I 5 A&l 3 (b) iR, R s
Ot AR, H AR F LI G AF eI 4B S, Oy
] AFLAE T7 0 F 301 % S 11, U BH AT 15 mm T3]
FLIARE SR B & 5 P IR e e AL b KR SRR



o1 4]

F AR, S5 T AL/ DU R B W 2 & MBS 1 fE "S-

RN I ZR e, S A BT IR

(a) 2 Z4h A
(a) Patch numbers of 2

o ®15 mm

(b) 3 E#h A
(b) Patch numbers of 3

K3 B IR BT R
Fig.3  Photographs of tensile fracture of
single-lap repaired specimens
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Fig.5 Photographs of tensile fracture of double-lap repaired specimens
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Tab.3 Tensile performances of the repaired specimens with the pre-drilled hole of ®15 mm

RS o,/MPa n,/ % C,/ % E,/GPa g/ % C,/%
SLI1 -45 492.8 95.3 57.6 111.2
SLI -60 496.4 96.0 58.2 112.4
SI.2 472.2 91.4 51.0 98.5
SL3 433.8 83.9 49.8 96.1
DL30 545.4 105.5 67.2 129.7
DIA45 531.6 102.9 3.07 74.8 144.4 8.38
DL60 492.7 95.3 6.83 66. 1 127.6 3.85
(O8] 352.4 68.2 2.07 50.2 97.0 2.81
D0 516.9 100.0 12.01 51.8 100.0 4.07
F4 05 mm FHIFLIABE N F R ERE
Tab.4  Tensile performances of the repaired specimens with the pre-drilled hole of 5 mm
RS o,/MPa n,/ % Cy/ % E,/GPa N/ % C,/ %
SL3 423.8 82.0 65.1 125.7
SI4 405.6 78.5 2.05 56.1 108.3 0.95
D145 477.3 92.3 68.3 132.0
DL60 519.7 100.5 3.15 72.3 139.6 3.59
DL90 504.6 97.6 2.17 65.8 127.1
DLI120 536.6 103.8 62.1 112.0
S1 355.0 68.7 2.31 72.3 139.7 0.33
S2 402.0 77.8 3.83 55.1 106.5 1.70
S3 418.6 81.0 3.09 54.7 105.7 4.88
P15 256.0 49.5 3.95 38.9 75.2 1.64
D0 516.9 100.0 12.01 51.8 100.0 4.07
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