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Failure analysis of composite materials based on phase field method: A review

PENG Fan', MA Yu'e”?, HUANG Wei®, CHEN Pengcheng® , MA Weili'
(1. College of Science, Chang'an University, Xi'an 710064, China;
2. School of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Predicting the failure behavior of composite materials is of great significance to the design of composite
structures. Due to the complexity of its failure mode and failure mechanism, the traditional computational fracture
mechanics method and the numerical method based on damage mechanics are difficulty to model modeling its
failure behavior. The phase field method combines the advantages of fracture mechanics and damage mechanics. It
can accurately capture the crack initiation, propagation and kink behavior without additional criteria. Recently, it
has been widely used in the failure analysis of composite materials. In this paper, the basic theory of phase field
method was briefly introduced, and the fundamental fracture energy model and governing equations were given.
Following that, the review focused on the research progress of composite failure analysis based on phase field
method. The application ranges of phase field method on composite material field were reviewed. Finally, the
damage simulations of composites under fatigue, hygrothermal environment and impact by using phase field
method were discussed.

Keywords: phase field method; composite material; failure analysis; cohesive zone model; delamination
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Fig.3 Numerically results (i) obtained crack

patterns for ply angle a=30° (a), @=45° (b), @=60° (c) and @=90° (d)

and experimentally (ii)
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Table1 Phase field fracture energy model of composite material

Model Mathematical model Ref.
1{1

Second-order anisotropic model 3 [E¢>2 +1lo (V¢AV¢)] Ajj=06ij+yM;j M;; = N;N; [13]

Double isotropic model for Gal|l » Ga |l

different crack mode fg 2 [qul +lo (V1 - V1) dv+fg B f¢2 +lo (Vg2 - Vo) [dV [15]

Double isotropic model for Gy Gm

different component fg 2 ¢f +lo (Vér - Vepr) dV+ ¢m+lo (Vém - Vo) [dV [16]

Double second-order anisotropic G G

I A
¢ +§OA(V¢®V¢)+TO6(VV¢AVV¢) dv, Aij:6ij+7Mij’ M,’j:N,'Nj

Fourth-order transverse isotropic j Q2 [

model B [18]
At_[kl = 51/51(1 + Sym(ﬁlMiijl +,l326iij1) + 5 (51‘ij1 + Mikfsjl + 5,‘1Mjk + Mil‘sjk)
1
IQZ ¢ + A (V¢®V¢)+—(VV¢ A :VVg)|dV
[_,—5[,+71M +'}’2M2 N Nl ]\42 ]\/2]\72
Fourth-order orthotropic model 1 18
p Ajjir = 2(5115k1+616k1 +sym[Z a MI]MM.,_QZ(;”M“)_,_MM M -+ [18]
2 ol
25 S (6D + M1+ 60 M + M35 )]
s=1
1|1 I B
f 5 *¢2+*(V¢-V¢)+—0(VV¢:A:VV¢) av
Fourth-order cubic symmetric Q2 "

model 1 2
Ajj = 5115k1 +; l5kj + Z Z [a5mn +=>0- 5mn)]Mf'/'MZ

m=1n=1

Notes: A and A;;—Second-order structure tensor and its component form; ¢;;—Component of the second-order indentiy tensor;
y —Penalty parameter; N;—Component of unit vector along the fiber direction; G; and G ;—Crtical energy release rate for mode I and
mode II crack; ¢; and ¢, —Phase field variables for mode I and mode II crack ; G and G, —Crtical energy release rate of fiber and matrix; ¢¢
and ¢,—Phase field variables of fiber and matrix; A; and A;—Second-order structure tensor for mode I and mode II crack ; A —Fourth-
order structure tensor; Nl.I and Niz—Components of two orthonomal basis; 81, 82, 83, Y1, Y2 "f , a;, ag, a7, wand S—Material parameters.
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Table2 Length scale parameter model of composite material

Model Mathematical model Ref.
Zhang's model lg"i (p1) = lé)’“’ V1 +Bcos?y) [13]

Transverse isotropic model

Orthotropic model

9 6.0~ s -1 1
B (p,0) = Io[1-+a'sin? (¢ - 0) + a%cos? (p-0)] (18]

lguhic (%9) — 7{1 +1c0s [4(«/7— 9)]}1/3

Cubic symmetric model

8+6a+p 13
y=0b 3

:(8+6a+ﬁ) (18]

20—

Notes: ¢;—Angle between the direction of gradient of phase field and the weak failure direction; /)—Length scale parameter of isotropic

phase field fracture model; ¢ —Angle between the horizontal axis and the tangent of the crack at position; —Angle between the horizontal

axis and the direction of the fiber; @, @', 2, v, 5, B—Material parameter.

Intralaminar fracture -0, ply

Interface —
0, ply
Delamination
Cohesive interf:
Phasedﬁflnteraction ohesive interface

Delamination

6, and 6,—Ply angle; d—Phase field
Bl 5 SARUREAAR I AAT R BT e

Fig.5 Modelling strategy about failure composite laminates’®!
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Fig.7 Combination of phase field method and other numerical methods
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