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Tab.1 Mechanical properties of domestic T800

carbon fiber/epoxy resin matrix composite

single-layer board

Ell/ EZZ/ Ei%l%/ GlZ 7613/ (123/
Vi2 2 V13 V23

MPa MPa MPa MPa MPa

172 000 7 000 7 000 0.35 0.35 3 900 3 900

X/ X/ Y/ Y/ ZJ/ ZJ/  Si2sSu/  Su/
MPa MPa MPa MPa MPa MPa MPa MPa

2630 1480 62 213 62 213 109 86
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Tab. 2 Cohesive interface element material properties
E./ GsG/  on/  oss0i/ Gi./ Gue:Gue/
GPa GPa MPa MPa (J+mm 2) (J+*mm 2) (@)5J
35400 41300 55 120 0.306 0. 632 - -
() 157 (© 257 @357
(©)457 (£)557 (2)657

W1 AR H#EAE

Fig. 1 Finite element impact model
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BN
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7 BE R 018 T, 21 2 0 L A A% 7 453 405 2 e 3 K
(ERSTBUR SN AU NIRRT 5| B NSE VR (T E
KT L4 h 38 405 3% = 202 th T A4 b bir
S8 R T IR MR L 24 52 B8 A for 2RI AR
VRZ5 5y 2 FE IR S A o7 2 3 B2 oy £F 47K 52

(a)5J

(b)157 (€) 257 (d) 357

(e)451] (f)557 (g) 6517

W2 4% 845 A

Fig. 2 Fiber tensile damage diagram
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Fig. 3 Matrix tensile damage diagram

(@57

(b)157 (©)257] (d)357

(e)457 (f)557 (2)657

B4 4% & 4 B0 A

Fig.4 Fiber compression damage diagram

(a)57J

(b)157 (©) 2571 (d)357

(€)45] (f)551 (2) 657

B 5 AERE%B I E

Fig.5 Matrix compression damage diagram
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Fig. 6 Stress distribution of composite materials
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Tab. 3 Results of impact experiments

it ML MERE CEEHG #BigmR

Beht/]  WEE/mm BE/mm WA/mm? & /mm?
5 0.021 0 0 0
15 0.125 0.104 152 152
25 0. 206 0.081 381 229
35 0.463 0. 257 752 371
45 0. 836 0.373 1048 296
55 1.756 0. 920 1620 572
65 4,490 2.734 1 345 —275

M 3 w156 45 2R 1] LU L B by fE
A R BCRE P 24 MG R B AR R AE 35 )
e A M0 % 2 8 A ] S A8 O A B o ol B A B
WP 5. FERE /N T 35 T I, S 2 UL R R 4
TN L M 32l B S BRI B i 1 R £ 4
LR BT oh i s BE 1R R T 35 7 W M0 R S JR
B M S A BB R T R AR TT 2L S i R AR
Wisd, 2 A MRHZ B R & T GRSk T oh i
i fE

Pl 7 2 el aaRE 2% 4 A7 PR AR B0 A G
FET e T Oy 4 A SEG AR L B AR T
BT O N AN R o AV 1S T A R L e
HZE 5. I Al DL 24 R B BRI, A4
b i w0 B AT WL AR 5 BE A bl B8 Y
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Fig. 7 Damage to the front surface of the impact

specimen
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Fig.8 C scan image of typical sample
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Tab. 4 Pit depth error

A LI B0 5

ik e /] X2/ %
‘ W /mm WREE/mm !

5 0.021 0.025 19.0

15 0.125 0. 144 15.2

25 0. 206 0.236 14.6

35 0.463 0.512 10. 6

45 0. 836 0. 890 6.5

55 1.756 1.663 —5.3

65 4. 490 4.602 2.5
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Simulation and experimental research on progressive damage
of T800 carbon fiber composites under low velocity impact

XU Liang', TU Yiming', CUlI Hao*, ZHOU Song*“', JIA Yaoxiong', BIAN Yubo'

( 1. School of Mechatronics Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2.Shenyang Aircraft Design and Research Institute. Shenyang 110035, China )

Abstract: The impact progressive damage model was established by the finite element software
ABAQUS, and the low velocity impact damage of domestic T800 carbon fiber / epoxy resin matrix
composites was numerically simulated. Then, the low velocity impact test of the composites was
carried out, and the impact damage characteristics of the laminate were studied by analyzing the
relationship between different impact energy and pit depth and damage morphology. The results show
that in the simulation, the tensile and compression damage of the matrix is greater than that of the
fiber, and the stress distribution of the composite material under impact is like a peanut-shaped
ellipse. In the experiment, with the increase of impact energy, the depth of the pit shows an inflection
point at about 35 J. The pit depth increases slowly before the inflection point, the impact surface is
mainly non-damage and almost invisible impact damage, and the internal damage morphology is
approximately circular. The depth of the pit increases sharply after the inflection point, the internal
damage morphology of the sample gradually tends to be elliptical, and expands into a cone along the
45° layering direction, reaching penetrating damage at 65 J. The simulated pit depth is in good
agreement with the experimental results, which provides an effective method for analyzing the damage
evolution and law of T800 carbon fiber / epoxy resin matrix composite laminates subjected to low

velocity impact.

Key words: T800 carbon fiber / epoxy resin matrix composites; ABAQUS numerical simulation; low

velocity impact; pit depth; damage morphology





