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Table 1 Results of compression tests of square pattern and

hexagonal pattern Z-pin reinforced laminates

Compressive strength

Insertion Compressive module
pattern o /MPa S/% E /GPa S/%
Square 418.7 10.9 65.6 8.4

Hexagonal 337.6 6.0 62.7 6.7
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Table 3 Results of compression tests of Z-pin reinforced

laminates
Insertion % Compressive strength  Compressive model
pattern s/MPa S/% /% E/GPa  S/%
A 18.36 351.0 7.4 33.05 70.3 1.4
B 10.20 401.5 21.2 23.42 69.7 2.9
C 4.08 490.2 11.0 6.503 68.5 3.8
D(Blank) 0 524.3 12.5 — 72.4 3.1
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Table 4 Maximum stress of Z-pinn reinforced laminates
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Insertion pattern A B C
Maximum stress/MPa 459. 2 392.5 371.1
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Table 5 Results: &b{klgmg tests of Z-pin reinforced
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SPSC S\)Na (N 08;1172) (N °Br};11172)
(‘ v‘ 1 29.59 27.05
) 2 31.43 29. 40
3 29. 80 30. 80
4 — 28. 66
5 31. 95 29. 39
6 — 26. 64
7 31. 34 26.32
Average 28.22 30. 82
Coefficient of dispersion/% 3.4 5.9
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Influence of Z-pins Insertion Pattern on In-plane
Compression Properties of Laminates

ZHANG Xiangyang, LI Yong * , CHU Qiyi, XIAO Jun, DONG Xiaoyang

College of Material Science and Technology s Nanjing University of Aeronautics and

Astronautics s Nanjing 210016 , China

Abstract. Z-pin technology is a notable method for laminated composites to improve the resistance to delamination. Howev-
er, the presence of the Z-pins unavoidably leads to a degradation of the in-plane s{gngth of the composite. This paper main-
ly explores the influence of the Z-pin insertion pattern on the in-plane compresﬁi\o/rlfp'erformance of laminates by testing the
compression properties of laminates with Z-pins inserted in different pa ?né. Meanwhile, the influencing mechanism is re-
searched by means of finite element analysis. The results show tha?‘t}e*'through-thickness reinforcing pins decreases the
compressive strength by vitiating several bunches of Ioad-bea{ing}‘f}'per. The compression strength of Z-pinned laminates is
inversely proportional to the fraction of the Z-pins inser\ted '\n\UIQCross-section vertical to the compression loading direction.
If permitted by the demands of inter-layer reinforcsment‘&}-p‘l’ns should be distributed along the compressive loading direc-
tion. A {\:) s
N )e

Key words: Z-pin reinforced Iaminates?ﬁqrﬁm pattern; compression strength; degradation; influence law
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