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Impact resistance performances of resin matrix composite
single lap joints reinforced by Z-pin
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(College of Material Science and Technology,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; To study the impact resistance performances of resin matrix composite joints
reinforced by Z-pin, single lap joint specimens reinforced by Z-pin were prepared. The crack
propagation along Z-pin/laminates interface was compared with different resins matrix of Z-
pin. Z-pin pullout and lap shear tests were carried out to study the after-impact pullout
strength of Z-pin and after-impact shear strength of single lap joint, respectively. The ultra-
sonic C-scan method combined with finite element simulation was utilized to explore the de-
lamination damage area of joint interface. The results showed that compared with the BMI
resin matrix Z-pin, the resistance performance between epoxy Z-pin/epoxy laminates was
stronger at the same impact energy. With the increase of impact energy, the crack propaga-
tion was more significant. Z-pin reinforced resin matrix composites remarkably reduced de-
lamination damage area and improved the after-inpact shear strength. The delamination dam-
age area of joint reinforced by Z-pin was 40%, and its reduction of after-impact shear

strength was 24. 89% when Z-pin’s volume fraction was 1.5% and diameter was 0.5 mm.
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With the increase of Z-pin volume fraction, the delamination damage area decreased gradual-

ly, while the after-impact shear strength increased firstly and then decreased. The damage

area of lap surface increased as the increment of Z-pin diameter while the after-impact shear

strength decreased. The results of finite element modeling were consistent with the

test results.
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Table 1 Parameters of Z-pinned reinforced single lap joint

B A T
(J/(kg/m*))
! 1.813
’ L 0.3 1.813
’ L 0.7 1. 813
4 1.5 0.5 1.813
> 0.5 0.5 1.813
6 3.0 0.5 1.813
! L5 0.5 3.021
8 1.5 0.5 4. 230

*F2 Z-pinEEERILESE

Table 2  Parameters of Z-pinned reinforced pullout specimen

%' Bk & B4 /mm it fig it/

(J/(kg/m*))
> A 0.5 1.813
’ B 0.5 1. 813
g W 0.5 3.021
4 Ay 0.5 3.021
g WA 0.5 1.230
° B5 0.5 4. 230
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Fig. 3 Ultrasonic inserting process of Z-pinned

specimens assisted with robot arm
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Fig. 4 Autoclave curing process curve of

USN12500 prepreg
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Fig. 5 Landing impact testing machine
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Table 3 Material performances of carbon fiber prepreg
28 HfE 28 K 28 K
E,/MPa 131900 X,/MPa 1328 Y 1) iz A BT BB AE B /101 (m]/mm®) 2
E, /MPa 9510 X./MPa 1064 Y\ ] 4G W 2L AR fE /10 (mJ/mm?) 2
02 0. 326 Y,/MPa 70. 9 B 1) P A 7 24 0 AR BE /10 ° (m]J/mm?) 3.3
G2 /MPa 5270 Y./MPa 221 T i) I 47 B 24 0 28 BE /10 ° (m) /mm?*) 3.3
G5 /MPa 7030 Si2/MPa 71.2
G /MPa 3390 Si3/MPa 94.5
x4 NRBETBHENX
Table 4 Parameter definitions of cohesive element
A5 W& /10" (N/mm?) #2 5|3 fZ /MPa Wr 24 5 25 B/ (m] /mm®)
k| ky ki o1 ol ol Gre Gy Gie
4.0 1.4 1.4 25.0 13.5 13.5 0. 33 0.79 0.79
x5 MERRATEN Z-pin WAFEITA
Table 5 Cohesive element mechanical performances of Z-pin
5] NI /10" (N/mm’) 22 5| 5k £/ MPa Wi % A2 e/ (m] /mm®)
d/mm
k ky ki [ ol ol G Gy Gie
0.3 0.002 1.2 1.2 80 195 195 70 30 30
0.5 0. 005 2.1 2.1 210 450 450 190 90 90
0.7 0.010 4.2 4.2 400 900 900 360 170 170
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Fig. 8 Impact finite element model of Z-pinned

reinforced single lap joint
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Table 6 Z-pin after-impact pullout strength with

different impact energies

WiE ik
Zpin ks e fE R/

55 p;;fﬂa (inﬁji) SRR/ 3 g
m

& MPa  FR%/%

1 7= 0 4. 24

2 P 0 3.40

3 7%= 1.813 4.13 2. 60
4 pra 1.813 3. 20 5. 88
5 4 3. 021 3.50 17. 45
6 A 3.021 2.29 32. 65
5 7%= 4. 230 2. 46 41. 98
6 W 4. 230 1.52 55.29
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Fig. 9 Comparison of the interface between Z-pin/
laminates with different matrix resins
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Fig. 10 Finite element simulation results of reinforced
single lap joint delamination damage areas with

different Z-pin volume fractions
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Fig. 11 C-scan images of reinforced single lap joint
delamination damage areas with different Z-pin

volume fractions
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damage area and Z-pin volume fraction
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Fig. 13 Finite element simulation results of reinforced

single lap joint delamination damage area with

different Z-pin diameters
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Fig. 15 Relationship between the joint delamination

damage areas and Z-pin diameter
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