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Effect of stitching parameters on
mechanical properties of foam-core
sandwich structure composites
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Abstract: The stitched foam-core sandwich composites with different stitching methods and stitch
density were manufactured using vacuum assisted resin infusion (VARI) molding process. The effect
of stitching parameters on their flatwise tensile, three-point flexural, core shear and climbing drum
peel properties was investigated. The results show that although stitching makes flatwise tensile
strength and core shear strength of foam-core sandwich composites to decrease obviously, it can
improve flexural properties as well as substantially enhance climbing drum peel properties. Modified
lock stitch method is better than tufting stitch method. Properly increasing stitch space has certain
positive effect for mechanical properties, but it is not conducive to the enhancement of climbing drum
peel properties. For modified lock stitched foam-core sandwich composites with the stitch density of
30 mm X 10 mm, flatwise tensile strength and core shear strength are reduced by 14.75% and
24.79% , respectively, whereas flexural strength and average peel strength are respectively increased
by 7.96% and 80. 78% compared to those of unstitched foam-core sandwich composites.
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Fig. 1 Illustration of modified lock stitch (a) and tufting stitch (b)
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Fig. 2 Flatwise tensile load wversus displacement curves for foam-core

sandwich composites with different stitching methods
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Table 1 Test results for flatwise tensile properties of

specimens with different stitching methods

Flatwise tensile

Stitching method Maximum load/kN

strength/MPa
Unstitched 5.44+0. 14 2.17+0.06
Modified lock stitch 4. 6440. 42 1.85+0.17
Tufting stitch 3.944+1.06 1.5740.42

o3 B B ] ik A A O A RO B
BB RL P RE A T TN — 28 X 32 BUR i T
B EE A T2 MRS 225 H1RAS . PN 3% THT Y 48 2 )
TET AR R TR 88 17 7 R SRR T 400 i S 5 T )2 L i
W A 1 7 R O Y - 1 B 5 T I 4 2 A v 4
2k AR/ ATE T 1T 1L Bl L (HL B0 2 X T Al
FIEL R BN SRAE /N A L 25 ) 5 R SR S 00 85 AT
TESE LR 8 7 F 5T IR 1) B4 S B0V R e fE
Kt 5 FE AR B SR K.

3 WEE AT X A B S IR R E A M
B SR B2 B9S2 ma . A LUA L 2 S AT EE AR 10 ~
30 mmits Fil P, ~F-ir 58 32 R i R 48 A 240 B 4 5 AT IR Y
S T Y R s 2 A S AT IO 30 mm B A R
BEFRRAE 1. 85 MPa, % 32 B2 [ O 48 5 17 B A 1
T Y TR A 3 B AL B0 R 1) TR B AR R, DA EE T 4%
Jri ZREUAE T P BB ) B R R RO, SRS AT R
40 mm R BB 58 B AP L 48 S AT EE 30 mm I AR I
TR BB R B 5% 5 47 BE A 28 5L IR e )= 5 5 4
kB S T P AR RE S N R B .l T DL 25
BER AT SR PERE A — & B AR A

N
e

& B Flatwise tensile strength 15.4
S 24} ¢ Maximum load 14.8
; _________________ ? _____ < - U, =z
©® 20} 217MPa ¢ 142 &
S 3
[ © 136 ©
% 16 302
2 125 €
% 1.2+ 12.4 é
-oa-; osl 11.8 &
2 12 2
g 047 {06
“ 00 0.0

Stitch space/mm

3 e AT IR X O 2 6 U K I 22 45 ) ST 7 5 BE 9 5 i)
Fig. 3 Effect of stitch space on flatwise tensile strength of

modified lock-stitched foam-core sandwich structures
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Fig. 4 Flexural load versus displacement curves for foam-core

sandwich composites with different stitching methods
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Table 2 Test results for flexural properties of

specimens with different stitching methods

Flexural strength/

Stitching method Maximum load/kN

MPa
Unstitched 1.134+0.023 4024+7.7
Modified lock stitch ~ 1.213+0.033 434+11.3
Tufting stitch 1.028+0.183 370+65.5
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Fig.5 Effect of stitch space on flexural strength of modified

lock-stitched foam-core sandwich structures
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Fig. 6 Core shear load wersus displacement curves for foam-core

sandwich composites with different stitching methods
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Table 3 Test results for core shear properties of

specimens with different stitching methods

Core shear

Stitching method Maximum load/kN

strength/MPa
Unstitched 2.21740.020 1.400+£0.017
Modified lock stitch 1.657+0. 106 1.05340. 069
Tufting stitch 1.445+0.078 0.92140. 050
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Fig. 7 Effect of stitch space on core shear strength of modified

lock-stitched foam-core sandwich structures
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Fig. 8 Climbing drum peel load versus displacement curves for

foam-core sandwich composites with different stitching methods
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Table 4 Test results for climbing drum peel properties of

specimens with different stitching methods

Climbing drum
Average peel

Stitching method peel strength/

load/N _
(N+mme+mm ')
Unstitched 244,2428.9 25.543.9
Modified lock stitch 382.4+35.6 46.1+4.6
Tufting stitch 368.7426.3 45,6+2.8
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Fig. 9 Effect of stitch space on average peel strength of modified

lock-stitched foam-core sandwich structures
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