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Influence of laying process parameters on curve trajectory

placement quality of prepreg tow

CAI Licheng', PENG Xiao' , WANG Haijin' , DING Huiming®, XU Qiang"

(1. College of Mechanical Engineering, Zhejiang University, Hangzhou 310012, China; 2. Department of Composite
Materials, Hangzhou AME Aerospace Manufacturing Equipment Corporation Limited, Hangzhou 311200, China)

Abstract: In order to study the effect and mechanism of laying process parameters on the curve trajectory place-

ment quality of prepreg tow, an automated fiber placement simulation test platform was designed and built firstly,

and the test of curve trajectory placement was carried out by changing the laying process parameters and laying ra-

dius. The laying quality was represented by the measurement and calculation of effective tack width ratio, wrinkle

angle and curvature radius ratio and also the results of peeling test of variable laying process parameters. The res-

ults show that the curve trajectory placement quality is closely related to the tack and bending stiffness of prepreg

tow. With the increase of laying temperature, pressure and tension and the decrease of laying velocity, the tack of

prepreg tow increases and the curve trajectory placement quality is improved. Due to the increase of laying temper-

ature, the bending stiffness of the prepreg tow decreases, which can improve the accuracy of laying. However, ex-

cessive temperature will cause the tack of the prepreg tow to decrease, make the defect of curve placement obvious.

The laying tension will change the stress state of the prepreg tow, thus affecting the accuracy of the laying path. In

addition, the smaller the curve placement radius is, the more sensitive the placement quality is to the change of pro-

cess parameters.

Keywords: automated fiber placement; process parameter; curve trajectory placement; peel test; prepreg; tack

behavior
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Fig.1 Curve placement table and schematic diagrams of operating principle
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Table 1 Size design of placement table under different curve radius

Laying radius/mm 500 750 1000 1500 2000 2500
Loa/Log 0.24 0.16 0.12 0.08 0.06 0.048
a/rad 0.190 0.130 0.100 0.067 0.049 0.040

Notes: Loy—Length of OA; Log—Length of OB; a—Rotation arc of the roller.

F2 BRI TZSHXE

Table 2 Interval of process parameters for prepreg curve placement

Group T/°C P/N V/(mm:s™) F/N
Temperature group 20-40 600 20 4
Pressure group 30 200-1 000 20 4
Velocity group 30 600 20-100 4
Tension group 30 600 20 2-10
Orthogonal test group 20-35 200-800 20-80 2-8

Notes: T—Laying temperature; P—Laying pressure; V—Laying velocity; F—Laying tension.
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Fig.2 Schematic diagrams of the measurement of characteristic

quantity of curve placement

1.2 FHERKWLAE

A SR B 2 43 B3 B R 50y vA T R R
WK 3(a) fron, HA BT K JE S 30 mm,
TR FHAT ORI, RSB A EH 60mm,
To e . FERIE B T A5 a9 4] 25 ) o BiR Rl &2 2
M= A 7 (F SCRipRas il Jr), HURRZ R
I 7E 0B B I 045 10 340 25 07 R 26 45 J1 (BN
T JE R PREER B R AR AR ARG ST, i
REES A W (A A R B R P R AR,
B4 0 8 (E ] a0 B B Iy e R s B 1
B 77, i 3(b) Fron . 38k R B vk, R
B T A SECT B W0R B 345 91 X ih J1 1
ARG DL .

F) 25 L5 AE R = Y UTM2102 H T 50
ML E#EAT, WE 4R, ARFFIRRCEREE S
TRk BFb R B — B0, DT PRRE 901 B A
A4 32X 36 LT 9 =k 5 ) 5 B o 0 4 R AT A
AR SCAHE FH A 03 IS B R B A2 N 3~7 mm, A
BB BT R AR O 5 mmy, SR R

fv
- Testing machine

Steel sling —|
Clamp
Prepreg

Peeling roller

Pullery Film

" Constant force
(a g

Baseplate Heating pad

(a) Schematic diagram of peeling test method

3.0 i
Peel distance
Sample 1 :
2.5+ — — -Sample2 7 - ] Wl
~ I Sample 3 - /-\7 i 4./ Wil
=, — 7 Sampled R :
e V[ Sample 5 i
S it
3 Iff
2 i Tack
= 1
Ea Stiffness il
A i distance Al
05F ! =)
f'l P ;’%w R ITR -~ - - '
0 1 1 L1 1 1 L1 1 1 |B e?dlr}g ! 1 Lo

0 5 10152025 30 35 40 45 50 55 60 65 70 75 80 85 90
Displacement/mm

(b) Example of peeling test results
1613 iR A 7R R R
Fig.3 Schematic diagrams of the measurement of characteristic

quantity of curve placement
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Fig.5 Effective tack width ratio (a), wrinkle angle (b) and radius of
curvature ration (c) measurement curves of T700/7901 prepreg tow at

different curve trajectory placement temperatures
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Table 3 Influence of laying temperature on the tack and bending of T700/7901 prepreg

Laying temperature/C 20 25 30 35 40

Tack/(N-(20 mm)™) 1.315 1.578 2.114 1.045 0.625
Tack CV/% 6.48 5.38 4.85 9.29 13.40
Bending/(N-(20 mm)™) 0.513 0.427 0.374 0.208 0.139
Bending CV/% 8.42 4.41 9.80 8.31 12.20

Note: CV—Coefficient of variation.
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Fig. 6 Resin distribution at different laying temperatures
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Table 4 Influence of laying pressure on the tack and bending force of T700/7901 prepreg
Laying pressure/N 200 400 600 800 1000
Tack/(N-(20 mm)™) 1.608 1.725 2.114 2.352 2.514
Tack CV/% 6.48 3.74 4.85 6.52 9.59
Bending/(N-(20 mm)™) 0.384 0.410 0.374 0.365 0.395
Bending CV/% 5.52 3.58 9.80 6.55 7.11
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Table 5 Influence of laying tension on the tack and bending of T700/7901 prepreg
Laying tension/N 2 4 6 8 10
Tack /(N-(20 mm)™") 1.747 2.114 2.294 2.351 2.408
Tack CV/% 7.72 4.85 5.44 8.85 9.58
Bending/(N-(20 mm)™) 0.380 0.374 0.395 0.368 0.385
Bending CV/% 4.53 9.80 3.48 7.56 5.16
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Table 6 Influence of laying velocity on the tack and bending stiffness of T700/7901 prepreg
Laying velocity/(mm-s™) 20 40 60 80 100
Tack/(N-(20 mm)™) 2.114 1.682 1.435 1.287 1.098
Tack CV/% 4.85 3.57 4.84 5.52 7.94
Bending/(N-(20 mm)™) 0.374 0.385 0.368 0.378 0.395
Bending CV/% 9.80 3.52 3.44 6.53 8.19
F7 HEHWEXZAWER
Table 7 Orthogonal test results of curve trajectory placement
Group T/C P/N V/(mm-s™) F/N L 0 R'/R
1 20 200 20 2 0.31 9.46 291
2 20 400 40 4 0.24 10.59 2.23
3 20 600 60 6 0 12.85 2.58
4 20 800 80 8 0 11.31 3.24
5 25 200 40 6 0.53 9.53 1.33
6 25 400 20 8 0.78 3.71 1.64
7 25 600 80 2 0.31 14.73 1.88
8 25 800 60 4 0.43 10.35 1.15
9 30 200 60 8 0.75 8.54 1.53
10 30 400 80 6 0.42 10.9 1.12
11 30 600 20 4 1 0 1.04
12 30 800 40 2 0.84 4.21 1.20
13 35 200 80 4 0.25 10.84 1.02
14 35 400 60 2 0.61 9.04 1.52
15 35 600 40 8 0.71 5.34 1.67
16 35 800 20 6 0.98 2.38 1.08
*8 MEHMERINGLERSH
Table 8 Analysis of curve trajectory placement orthogonal test results
Attribute Statistics T/C P/N V/(mm-s™) F/N
L 0.27 0.04 0.23 0.038
[4 § 2.37 1.04 3.52 0.98
R'/R 0.71 0.03 0.08 0.31
L T>V>P>F
0 Significance level V>T>P>F
R'/R T>F>V>P
Note: s°—Statistical variance.
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