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Influence of multiple process parameters on the friction coefficient of prepregs and

machine learning prediction method

SONG Feng' , ZHANG Jiachen', LYU Bingyi' , WANG Shiyu', XIAO Jinyou™ , WEN Lihua™ , HOU Xiao®

(1. School of Astronautics, Northwestern Polytechnical University, Xi'an 710072, China; 2. China Aerospace Science and

Technology Corporation, Beijing 100048, China)

Abstract: During the forming process of composites, the friction-sliding behavior between prepreg ply-ply and

ply-tool may lead to defects such as wrinkles and pores, which seriously affect the mechanical properties of the

components. However, there are many factors affecting the inter-ply friction of the prepreg plies in the forming

process of complex components. The existing theoretical models contain insufficient process parameters, resulting

in the accuracy of forming process simulation not meeting high-quality forming requirements. In this paper, a

friction test method for carbon fiber prepregs was designed for multiple process parameters. The influence of

sliding velocity, normal force, viscosity, surface roughness, contact material, and fiber orientation on the friction

coefficient were studied. Taking the typical fiber orientations of 0°/45°/90° as examples, the inter-ply friction

mechanism in different fiber orientations was revealed. In order to predict the friction coefficient of prepreg

corresponding to multiple process parameters rapidly and accurately, a prediction model for the friction coefficient

of prepreg was established using the support vector regression (SVR) method. Taking the prepreg ply-ply friction

behavior with relative fiber orientation of [30°/0°] and [60°/0°] as examples, the experiments and predictions were

conducted, and the error was less than 9%.
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Table1 Friction test parameters

Baseline Additional values
Parameter . .

value investigated
Surface roughness Ral2.5 Ral2.5, Ra25

Ral2.5 metal, sand, laminate,

Contact material -
gypsum, prepreg, rubber

Fi

ber 0 0, 45,90
orientation/(°)
Slidi loci

18 ‘.,e_?mty/ 100 30, 100, 200
(mm-min™")
Normal force/N 10 2,10, 20
Viscosity/(MPa-s) 591.8 591.8, 895.7

2 R AR
Fig.2 Test setup and apparatus
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Fig.3 Different contact materials
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interface under different viscosities

Z IR IS BN . BER R LR TR, s
S R A0 0ok SR S TR BB R RG2S ), S B 1)

PR, BEMARBEZ R, SULFER, B
Pem 3G, W RESZ B e TR PN e i 2 2
TIAL 3T A T Ak F Y T ARG EE 4 R K
2.3 XEMARENZMm

B 7 25 5 T TR}/ 4 T S T [R) 3% TR A B 0t
FERE R BV AL, 2R 4510 00, e il %
>4 100 mm/min, 5 %5 E & 591.8 MPa-s, &
PR i 3 T REL RS B E AT R FE Y, 43 i i Ra25 Al
Ral2.5, Al DL Y, WG 3 mOdRS B2 n3gm, 2
] BE 82 R A T, BAE I 1B G,
FEE R AT It TR, B35 3k (9] A [20]
— B, Scrb g A A TERDRS BE A 3 -5 SO
Qb B ST B 42 fi T RRAR R, 7 A T R B ) () AR 4
RE 7, H. e 3% THDRDRS B2 T e o 350RE 48 3% TH 22 [A) 1Y)
WOULES AE , AT 52 e 22 WL BE 48 Pk fig . X T iR
R, BEE W M, d4ERmPET, 3
o Ak 2 TR HEL R B AR AIG, AL Ik R T R A R B
BN, HEWREES, BEEREE TRE.

0.8

Static Kinetic
0.7 L —Hl— Ra25 - H- Ra25
—%— Ral2.5 - %- Ral2.5
_ 06t
5
2
£ 05
(5]
o
Q
804t
B! [
E . \
03 | W, e
———
o2t TR :tfg*
’ S
0.1 : : : :
0 5 10 15 20

Normal force/N

7 ORI IR LT TR/ 4 i o 45 2R B
Fig.7 Friction coefficients at the prepreg/metal interface

under different surface roughness

2.4 BERARZEEA I

Pl 8 45 T AS 7] 422 fil bk T B8 4 22 B 4
LA, 2R 4E75 10 00, W FGE N 591.8 MPa-s,
i 5 R N 100 mm/min, A LLF L, HEES
Ral2.5 & J8 . & & bR LA B A 5 T ) EE 45 &R
AR AR — S, R H T 3R R R I L
TR RN, AR P8, B REE
EEFIZREPRESA X, M2 T, BiEmy
Z LG, RIHDRE R, DR I 45 i) JBE 458 3R 8K
R, 2 Tl B & ) A s R ), ML



EEMRER

- 5940 -
0.9 0.8
(a) Static friction coefficient —A— Metal (b) Kinetic friction coefficient —A— Metal
0.8 - - -A- - Laminate 0.7 - “A- - Laminate
* o —MB— Prepreg u —H— Prepreg
g 0.7 r \‘\’ - ‘M- - Rubber B8o6 - ‘M- - Rubber
2 s, A —%*— Gypsum Lé * L —%— Gypsum
= 06 + ] . S - ke |5} e e
g 0.6 —g Sand S o5 L \ Sand
o A o A N |
g A - N R <
205 ¢t Tl m 5 LN
2 *. : E 04 1 N
= S . 5} oe S
2 04 t b5 Wy
% E 0l \* m---.__ -
03 t tf\\* ‘\\\_~§§*w<:j
3 02 A— 4 ™
A A A 0.1 . . . .
0 5 10 15 20 0 5 10 15 20

Normal force/N

Normal force/N

Pl 8 N [RIH Al A R RE FA P4 2R

Fig. 8 Friction coefficients corresponding to different contact materials
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Table 3 Coefficient of determination R and forecast error
variance S for different kinetic friction coefficient
prediction models in the test set

Model R? value 52 value
BPNN 0.682 0.0062
RF 0.908 0.0018
SVR 0.938 0.0011
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