F 445 FUHEANE
2026 F£ 5 3 H Technical Textiles

L EEHH 1

AR I ZZH N F A&
BRZERFED RO EEMU]

O & BAREE B BRE BEEH O f[GEE £ Z
B E arEE"
1. RAEXF a. MHFFRE ISR, b. AT EMH LB TEERT,
c. RAME L AHAWRLHF., L 2016205
2. KEZABMF LRI AMFHERAI P LR F M 213126
3. PERAAR(FH)ARNG LA FH 266111

s
it

W E.FHERANRSEHRRAY A THERBIOMHREREZOXRER L KRB T LAH T4
YIRF RS EHFRO YT ol %, BAEMBLETHLEADHREIE, ERRA T EAKRTHETH%
FA R R =k bafe i ik MK R B T E AT T4 Ak ey @ ABE R 2 AP R4 E R Efo bl £
JE 3T 4 TR AR N SR AR 6 B oh B S T A TR AR S 5B R AT AR AR e B A B
R BIEE AT AR AT, BFRAY . THERFN KD NEEREEHERE NI SRR EH
X,110 CHZ B F TAIERRI SN L P BB R 2L A, S ELRRIT, THERF AT AL
Wiy eb ik R R B RKRAL, THBTRA AT NSk R AR R 638 Rl X 5 4 2 R ) 5 KA 47
F L TR R R B S A X, H Ay A2 65 R 30 a7 % i Ak it A2 5 X Bh L] 48 R 3k A 3k o
M A= RS Sfedf it ik B @ AR BAF— 80k, R AR £ 0T 10%,

KB T ETRIR; B, @ ABE R ERE A EED RARRE MRS
FESES.TB 332 XERARERD ., A XEHS: 1004-7093(2026)03-0001-10

Analysis and simulation verification of in-plane permeability characteristics

of dry fiber preforms under different process parameters
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Abstract; The permeability characteristics of dry fiber preforms are key factors that affect the
forming quality of dry fiber-reinforced composites. Therefore, it is essential to investigate the effects

of processing parameters on the permeability behavior of dry fiber preforms. Dry fiber preforms were

FEETH ;P R L 1 ( 20242D0602200)

Wk H 19 :2026-01-12

YEHZ WA AR5, 55,2002 4R A AR oE A, RERFST 7 ) 4R 4E 41015 B REE , songhao0338@163. com
WEMEE R WG B R 452 & M BN AR IR | jiangmingiang@dhu. edu. cn



g Eaik

FURARNAE Vol. 44
Technical Textiles Mar. 2026

fabricated under various processing conditions by simulating the automatic placement process of
carbon fiber dry fibers. The in-plane permeability of the dry fiber preforms prepared with different
processing parameters was measured using a two-dimensional unsaturated radial flow method. The
influences of lay-up temperature and lay-up pressure on the in-plane permeability characteristics of
the dry fiber preforms were systematically investigated. In addition, a macroscopic resin infiltration
simulation model for dry fiber preforms was established, and its feasibility was validated by
comparing experimental data with simulation results. The results indicated that the in-plane
permeability of dry fiber preforms first decreased and then increased with increasing lay-up
temperature. At 110 °C, the binder was fully melted and penetrated into the carbon fiber tows,
meanwhile, the supporting mesh softened, enhancing the penetration effect and resulting in the
maximum principal and transverse in-plane permeability. The in-plane permeability of dry fiber
preforms decreased with increasing lay-up pressure, as higher lay-up pressure increased the fiber
volume fraction of the preforms. The evolution of the resin flow front predicted by the simulation
showed good agreement with the experimental observations in terms of flow morphology and
propagation velocity, with a maximum relative deviation of less than 10%.

Keywords: dry fiber preform; automatic placement; in-plane permeability; lay-up temperature;

lay-up pressure; liquid molding; resin flow simulation
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Fig. 1 Schematic diagram of C-L196DF dry fiber tow structure
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Tab.1 Processing parameters for dry fiber L

preforms fabrication

PG> iR/ C HiHUE S/ MPa
1 25 0.5
2* 25 1.0
3 25 2.0
4 90 0.5
5 90 1.0
6" 90 2.0
7" 110 0.5
8* 110 1.0
9* 110 2.0

PAFARS L sl A A T P 4 A 8 AR 14 S5 B Sy AR
P, Al gk P E b ATk, Xt T Sk 2 AL
AT, AR R BE v 5 RAARTE Z LA B (9
TIRRIE VP Z I8 5E 2R AT Rk N -

1

v=——KVP (1)
M

Kl p ATRREL K N BB,
XTHANEELR, kOHE VP oAl
iV

P AP SRS R AL 8l i ) 22 5 L AR VAL 50
RRAF R R

TG R FH A AR [ 12000 TR A
AT NS B, IR 3 MIE 4 Fos . TRz W
B T EF e fibl AR b A D EA IFTE TR 1 22/
PERTT W 7 1] 1) DU SR, T AR ] A
LA L 4% ) S PR AR, R AL Bl B A T
PR SR BT A Bk 0 Al 23 5310 o O T PN 98 38 R
J7 [ A B T5 1,

-

e
WOE orewmn

B e

B3 FAgTbREALERMNREL
Fig. 3 In-plane permeability test device for dry fiber preforms
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Fig. 4 Images of in-plane permeability test process for dry fiber preforms
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Fig.5 Positions of resin flow front in dry fiber preforms under different process parameters
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Fig. 6  Fitting results of characteristic parameters for resin flow front positions in dry fiber preforms under different process parameters
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Fig. 7 Principal and transverse direction permeability of dry fiber preforms under different process parameters
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Fig. 8 Microscopic images of dry fiber preform surfaces under different lay-up temperatures
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Tab.2 Parameters related to simulation
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Fig. 11 Boundary condition setting for resin injection port
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Fig. 12 Contour plots of resin infiltration simulation for dry fiber preforms
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Fig. 13 Comparison of resin infiltration flow front between simulation and actual infiltration process of dry fiber preforms at

different moments
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Tab.3 Comparison of experimental and simulated data of resin flow front positions along principal and transverse

directions of dry fiber preforms
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