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Influence of ratio of hole area for mesh plate layer on through-thickness

permeability based on a new designed test bench
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Abstract: The accurate characterization of the through-thickness permeability of fiber preforms is the key to the

computer optimization of the preparation of composites with large thickness by liquid composite molding. Mesh

plate layer is an rigid component for the control of fiber thickness and the prevention of fiber’s deformation, which

is placed on the upper and lower surface of the sample. The ratio of hole area for mesh plate layer is an important

characteristic parameter in the measurement of through-thickness permeability K, of fiber. Firstly, the shims used

to control the thickness of fiber preforms were calibrated through experiments. On the premise of eliminating the

error of fiber volume fraction, the ratio of hole area for mesh plate layer is increased through the metal mesh, the K,

of satin fabric SW220C-100b under different pressures and fiber volume fractions were measured, the concept of

effective calculated area was proposed and the change rule of effective calculated area was obtained. Finally, based

on the test results, the effects of injection pressure and fiber volume fraction on K, were studied. The results show

that the effective calculated area decreases with the increase of injection pressure and fiber volume fraction. The

increase of fiber volume fraction will lead to the decrease of the K for fabric. The effect of injection pressure on K,

will be reduced by increasing the ratio of hole area for the mesh plate.
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Fig.1 Partial enlarged view of stain fabric (SF)
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Table1 Relevent parameters of reinforcements and liquid

Type Name Areal density/ Volume density/

(gm™) (kgm™)
SF SW220C-100b 220 2550
Silicone oil PMX-200 - 960




g W AE TR R R A D0 LR T FL A T 4 R R T 1 35 4 2R A S

MR . PMX-200-100cs — H JERE . %14
HARFEERR A /N . TR AL, EAK
HYBEREZIREP, HXSHWNE PR,

SCYGAN AR KA B AR . RGM30 J7 BEIR IR AL,
YilH 45 IRAL AR AT BR 2 7] . TS-BXGSW 4:J&@ M, [A]
HANF
1.2 KA %

—4k Darcy & AR R B N

_Q_kap

v_A_ ul W
TGS RIBER K A

_HoL

K_AAP e

2l v NHARRE (m/s); Q MAKRFRN H (m¥/s);
AN EBEEE R (m®); KABEKE (m®); p Wi
TRFHEE (Pa-s); AP HMBATT 17 1Y ) 22 (Pa); L AT
BRI (m).

B OR B 75 3 A ke X R T B 8 R
K, EAT i wfp g, g 2 s, TR HE T p Rk
THAETE S 7 03K 3l T 1 Se 2 B R AR B AL
ARG N E E ot o 38 i e AR s R AR
B TR AR Y, A A Y v RS AR
KAV SR A U ) Jo o o, 2 N A B 5 T A5 5
AR K 1A

2 XHEANRT
2.1 EMEHEERE

CF Y PR LS MO T 27 2 M K AL R
WA VAR R R P VB, TR A 2P
PR BORE BRI b (040 BT, 2 AR B

1177
B E AT
ne
Vi=— (3)
pt
A Vi WAGRTRRDEG n hEWEEG & hE

ALY T B (kg/m®);  p N ETHE YRR
(kg/m®); ¢ JHERIRIESE (m), ZHFF2IRE o4
ne
"E (4)
M3 (3) AN, FEJZ B TR T, LR
A3 B /N R 00k A JE o TR e R
FAR B A PR, B3 [ 3SR A5 & M
BB TAE R BR B R, 1208 B ] R B A R A
B4 s PN BB I A, ol 950 g R A 38 30 i JEE B
W HNB BT, WAL Z R, WA R
hh
h=H-t-1 (5)
MR R R RO e B, SRR R
BB, PRIEL R B B R P o 7 S PR SE 50
M, R ER DI A O AR TR S, BEE
AR TE | Bl 25y AR 40 55 DR 2R 0 2 0 I B )
AT, HIb, A SZHIT B A LR RS
BAAHR B JEL B S B I 22 5
BB A 44 SR E N by, SEEEN Ry, R
ZHA 8 N
hy—hg
6= o (6)
AL SRk T BRI B0 AL G B A P AT R
MR, 0 #E N 0.3 mm/min, 4 ik F1 4 100 N;
SR 5 RN AR TR R T 1) B A G 7E S S0 AL b 2R A7
B, F RPN LR PR AR, AR AR

Pressure gauge

Regulator [‘

Pressure sensor

Regulator
N \ Pressure acquisition

—
Pressure sensor

Air compressor
Reservoir

Liquid reseirvoir
—» Fiber performp |

- Computer
Electronic scale

2 BB R R R

Fig.2 Device schematic of permeability testing device
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(a) Homemade mould for permeability test
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(b) Shims used in experiment

B3 AlE BRI AR E L TR R

Fig.3 Homemade mould and schematic diagram of shims

(a) Schematic diagram of thickness test for single shim

(b) Schematic diagram of thickness test for shims group
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Fig.4 Testing machine measuring thickness of shims
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(a) Practical operation
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(b) Ideal condition
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Fig.7 Schematic diagrams of flow of liquid under ideal condition and practical operation
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Table 2 Experimental groups of through-thickness
permeability K, testing for SF with 17 layers

Fiber volume
fraction/vol% Pressure/MPa
46 0.05 01 0.5 02 025 03
) 48 - 01 - - - -
Withmetal 5, 005 0.1 0.5 02 025 0.3
mesh
52 - 01 - - - -
54 0.05 0.1 0.5 02 025 03
46 0.05 01 0.5 02 025 03
. |48 - 01 - - - -
Withoutmetal g, 0.05 01 0.5 02 025 03
mesh
52 - 01 - - - -
54 005 0.1 0.5 02 025 0.3
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Table 3 Thickness values of shims tested in testing machine

Sequence numbers A B C D E F G
Thickness/mm 2.944 4.933 1.865 0.181 0.183 0.181 0.187
Sequence numbers H I ] K L M N
Thickness/mm 0.231 0.181 0.186 4.918 0.233 27.944 9.986
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Table 4 Nominal thickness and thickness measured by experimental machine of shims group

Nominal thickness/mm Selected shims Actual thickness/mm Error value/mm Percentage error/%
21.7008 BCKN 21.803 0.1022 0.47
14.3570 ABDEFGHIJKL 14.559 0.2020 1.40
10.7750 EGJLN 10.793 0.0180 0.17
8.2971 ABGL 8.283 -0.0141 -0.17
6.7821 CK 6.710 -0.0721 -1.06
5.8739 DEFHIK 5.955 0.0811 1.38
4.5070 ADEFGHIJL 4.634 0.1720 3.82
3.6698 ADEFI 3.624 -0.0458 1.25
2.8759 CDFHJL 2.877 0.0011 0.04
1.0988 DEFGIJ 1.132 0.0332 3.02
B E E
z 9 L1l 90 I : 90
= 161 —=—Without metal mesh = —=—Without metal mesh = ] —=—Without metal mesh
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£ (a) V=0.46 £ (b) ¥=0.50 = (c) V=0.54
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Fig.8 Measurement of through-thickness permeability K, of SF under two different ratios of hole area and different injection pressures

(Vi—Fiber volume fraction)
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Fig.9 Effects of fiber volume fraction and injection pressure on effective calculated area of SF (AP—Pressure)
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Fig. 10 Effect of fiber volume fraction on the through-thickness permeability K, of SF
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Fig. 11 Effect of injection pressure on through-thickness permeability K, of SF
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Fig. 12 Numerical range of through-thickness permeability K, of SF under different fiber volume fractions
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