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Effect of Yarn Spacing on Tensile Property of Composites
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Abstract ; In order to study the effect of yarn spacingon the tensile properties of its macro-structure, a unite-cell model of
aramid fiber rubber matrix composites withfour sets of yarn spacing was established. Tensile property simulation analysis
was performed on unite-cell model interwoven in two tensile directions along warp ( weft) yarn and fiber bundle by finite
element software. The results show thatthe equivalent force of the matrix and the reinforcement gradually increases with
the increase of the yarn spacing,and the equivalence force of stretching along the warp (weft) yam direction is smaller
than that of the fiber bundleinterweaving direction. The equivalent elastic constants of the composites are calculated by
homogenization theory,the modulus of elasticity gradually decreases with the increase of yarn spacing, and the modulus
of elasticitycalculated in the warp (weft) yarn direction is on average 21% higher than that in the fiber bundle
interweaving direction.

Keywords : braided composite ;yarn spacing;equivalent elastic modulus ; homogenization theory ; unite-cellmodel

I RIS MR D — i 2 e PR RE AL RUE TR PO RE Ry P E VA G ER= bR A TN e
FHH 382 B0, 2 0 TR 0, AL MR TR A A AR % R g
HEMR GG B AR rT B it U TS S AR SRR BFSE T Y
XA ASA B 45 BEC L RERS R A AT AT OB, AT S E BORE L FE OS2 1 5 25 2 2L KT 50°
PABEA G AR R A IR VR FIPCA S RE ST o 105 DARRRER T i 3 Bl 4 23 A A 3 i el 2. S e 21
W ARSI AR B2 o LI AR SRSy ), L ST RSV R RSN O SR S R
YA MR R I G R E MR RO A ASRR YISO S 4R B BN, R AR R
— R 20.77% o ZiZA A RLPPERE R RENE Dy 2R, fir fif

W7 B 88 :2022-10-08 ; & 6] H 8] :2022-11-20

E W AREE KSR H (HNKJ21-H33)

E—1EE R EE(1998) , 55 BEPT G A LA A, E A O A ROC . BEEE  B/NR(1976) 55 BEPE Y
BN W A%, FEWR T 10 &R EER A M. E-mail ; exlcheng@ sohu. com



(iR - i&it]

0T F W& EENSSHRA BTN 11

IR 3 AT R S i 5 2 LA 4 DN T R e s
8T AR Y AR I LA RS Xt 3 43 A (R 5
BN TN R SUA I BT IF oA LT 2k e, 4
R T X T2 4 AU O 7] ) B A TR 25 447 ) A
AR B R AR K, BYUN 251 R g4l
ARG TLATT R IR 2 A (R RS S50 XA P RE AT
Wi, TABIEL 257 5 iof % 5 2 24 ok oy 8 it RS, e
THGUL AR | 5 15 AL <7 1) PR AR TR 4
B A I 7 N AR A , 38 I 3G A 1 AR I R R
W RBFRE LR e . 7E BB SCERI BT, R
1Y £ R TR R 22 kg 22 P 2T 24 o R S 20 40 L % L S L
] RUSE SRR RE RN, A 125 % 18 T 2P AR,
L1 A 42 THT % 18 2 28 6] B o 2 24k R BRI 4 1 FE 1
CAR

TRV DL e B s B I 23 52 G b B B 5 0t
5 MR A 3 9 S G AR LR RO s 44 o S5 AL, #
BEHCORERL T T 4 422 R R G A R A
TR 5 1 AT BR G A X B ABE TR0 £ i ok B 32047 1)
B A5 2P LR R B 52 A AR HRL e e A R 5 I
WL 0.79 mm J5 4 SR AR L He A 2R A B RHI R
SEER R BRI
1 BRTEBE
1.1 BBk

S A AR 7 00 7 2 1 RE RN J L] 45 4y B A 28 1)
T PERE TR ASE & —4E i 81U A bR A R 1Y
BEFE Ty S oI5 4 £ b AR R A A bR B 45 4
SEASF R PE W] LR B A R R MR B R -
BRI AT BRITAMT T o B 1 O AR R 4
YU A HRHI S AL S, 1] 1 (a) Sy i 45 Y
G MR LS5 1, B UE R AR 2 565 2 AT 2
] F-SOARZL, DR AT A bR 7 2k B A 22 1) R 26 1)
TREINGR . AR I 45 2F 45 e 3 5 A b RHIG) 240 WL 4%
Fa, TR P A A0 A N SEACASRY I IO W5 44 b 7y B
JIN RV T A B O PR MR R ] 1 (b) B, B
rf AL A ) PSS R R A R 4 iR AR AR AR A B S
MARZS T Hil 28 W g U2 A R —3
1.2 BEZRSH

iEE e AT SIS IO S )

(a) BEMBRH
II

| AR
B P
e N

W<
Y
y
;

(b) REMELE R

| L

A1 fResae iR
Figure 1

DU LT AR ST G DR A AR TR 4 s DA R fiise: D
Y EE TR N BE H HAR N d; @4 542011
LR RS BB R Lo YGRS &
MBI ADRES R IR 2 FiR o A T WFRELb LR a] BE X O
LT AR I ST A PR AN T 2 PR RE A S, 35T T
ANTRIZD 28 ] B ) 2 M 4SS 780, L 2b 2 8] 43531 R 0. 79,
0.85,0.95 f11.05 mm, £FZEd H4EH 0.3 mm, Hiffy
PR RERE 0. 8 mm, AR ERE58 2 AE 0.7 mm,

Selection of unite-cell model

B2 HaeMHmusgs
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Table 1  Material parameters of composites
B SRAE A i/ MPa THFALL P/ MPa
PPTA 63 200.0 0.32 2 815.0
EPM 8.9 0.49 23.4
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Figure 4 Composite tensile experiment
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Stress nephogram of matrix with fiber interweaving direction
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Figure 6 Stress nephogram of fiber reinforcement with fiber interweaving direction
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Figure 7 Stress nephogram of matrix with warp (weft) yarn direction
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Figure 8 Stress nephogram of fiber reinforcement with warp (weft) yarn direction
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Figure 10  Stress-strain curves at

different yarn spacings
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Figure 11  Equivalent elastic modulus of composites
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