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Quantitative characterization method and influencing factors of prepreg tack
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2. School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract : Prepregs are the raw material for autoclave and other processing of resin matrix composite materials. Tack is the
basic property of prepreg, which is of great significance to the production efficiency, product quality and stability of the composite
forming process. At present, there is no universal quantitative test method for the tack of prepreg,and it is mainly evaluated by quali-
tative methods. In order to evaluate the tack of prepreg more accurately, an automatic laying-90° peeling prepreg tack quantitative
test method was established. The test process included the preparation of prepreg test samples, the laying of prepreg samples and the
peeling of prepreg samples. Through orthogonal experiments, the tack test parameters including laying speed, laying pressure and
peeling speed were optimized. The tack of different types of prepreg was quantitatively tested, and the influence of exposure time on
the tack of prepreg was studied. The results show that the test method can quantitatively test the tack of prepreg. The optimized test
parameters are laying temperature 25 °C, laying pressure 700 N, laying speed 1 m/min, and peeling speed 100 mm/min. Within a
certain range, the tack of prepreg increases with the increase of laying pressure, decreases with the increase of laying speed, and
increases with the increase of peeling speed. The tack of different types of prepregs is variable. The tack between prepregs is greater
than the tack between prepreg and stainless steel plate. As the exposure time increases from 0 days to 30 days, the tack between
AC531/CCF800H prepregs decreases from 4.62 N/cm to 0.89 N/cm, and the tack between prepreg and stainless steel plate decreas-
es from 0.81 N/cm to 0.19 N/cm.
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Fig. 1 Prepreg laying test device
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Fig.2 Prepreg peeling test device
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Fig. 3 Prepreg tack test sample schematic diagram
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Tab.1 Orthogonal test results of prepreg tack

No. PN V/(m'min) V/(mm-min") Tack/(N-em™) CV
1 250 1 25 2.47 0.09
2 250 2 50 2.27 0.13
3 250 4 75 1.55 0.17
4 250 8 100 1.68 0.10
5 400 1 50 1.92 0.07
6 400 2 25 1.88 0.08
7 400 4 100 2.31 0.08
8 400 8 75 2.16 0.08
9 550 1 75 3.00 0.05
10 550 2 100 2.93 0.07
11 550 4 25 2.23 0.06
12 550 8 50 2.39 0.11
13 700 1 100 3.25 0.04
14 700 2 75 3.11 0.12
15 700 4 50 2.97 0.06
16 700 8 25 2.67 0.07

Notes: P is laying force; V| is laying speed; V) is peeling speed; CV

is coefficient of variation.

Tab.2 Range analysis of mean prepreg tack

®2 FURBEETEHEREMM

Level P V, v,
1 1.99 2.66 2.31
2 2.07 2.55 2.39
3 2.64 2.26 2.45
4 3.00 2.22 2.54

Range 1.01 0.44 0.23

Ranking 1 2 3
= 3.0 .
g ./
Z 25
2
Q
£ 20 =——"
g
S s ‘ ‘ ‘
200 400 600 800
Laying force/N
(a) Laying force
~ 3.0
é L
>osp e
Z .
20
=
3
E 15 L L L L |
0 2 4 6 8 10
Laying speed/(m-min™")
(b) Laying speed
=~ 3.0
=
o
Z 2.5 "
2 —_
g
=20
=
B
E 15 Il 4
0 25 50 75 100

Peeling speed/(mm-min~')
(c) Peeling speed

5 AR S HO0 TR AR R T I Y S

Fig. 5 Influence of different test parameters on mean prepreg tack
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Tab.3 Range analysis of coefficient of variation of prepreg tack

Level P 4 V,
1 0.125 0.063 0.074
2 0.076 0.099 0.095
3 0.074 0.095 0.105
4 0.072 0.090 0.072
Range 0.054 0.036 0.033
Ranking 1 2 3
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Fig. 6 Influence of different test parameters on coefficient of variation
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Tab. 4 Evaluation method of qualitative tack level of prepreg

Tack level Test phenomenon
Can affixed to each other, can separated without loss,
Level 1 .
can affixed to polished steel plate
Can affixed to each other,can’t separated without loss,
Level 2 .
can affixed to polished steel plate
Can affixed to each other, can separated without loss,
Level 3 , .
can’t affixed to polished steel plate
Can't affixed to each other, can separated without loss,
Level 4 , .
can’t affixed to polished steel plate
Can affixed to each other,can’t separated without loss,
Level 5

can't affixed to polished steel plate

%5 AREZREMEH AC531/CCF800H Fii2 R E MR %5
Tab.5 Qualitative tack level of AC531/CCF800H prepreg at differ-

ent exposure time

Exposure time/day Tack level
0 Level 2
5 Level 2
10 Level 1
15 Level 1
20 Level 1
25 Level 3
30 Level 4
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Fig. 8 Influence of exposure time on tack of AC531/CCF800H prepreg
H &1 8 1T L, it % g B[R] 4E 4, AC531/CCF800
H U2 B ZE AN T [, 2R @RS 0 d 35 fin %]
30 d, it L5 FR R Y FEPE A 4.62 N/em R AIE 3]
0.89 N/em, Fiil iz Ak 55 AN 45 4 A 19 26 7 ML 0.81 N/em
FEAE] 0.19 Nem., K T bl & 2 il 2ot 5
8 PRI X e AT A5, Y B ER ] A 20 d 2]
25 d i, TR DN BE 5 AN B ARORG G 5 A8 ANRE &
ANEENARRE I, T B I S N 1 98 Ry 3 9%,
LG ESE XS 1 T 6 5 N 5 A A ) & A 0.28 N/em [

% 0.23 N/em, fiiiz BH5 i B 3 1 2.04 N/em
B %2 1.96 N/em; X4 22 85 B [A] DL 25 d £ 30 d B, Fili
BEIN B FOARG W% A8 Shy 1 B AN RE ELARAL I | $05
AL BE P N 3 G N 4 G, RS X O R R
TR BPE M 1.96 N/em [4AK 47 0.89 N/em.,

H AT, Y TR R S N AN R 1 PR R
TAET0.28 N/om, i k5 Fi= b s st Jh R T
25T 2.04 N/em B, X6 17 70 A6k BE BE 0% 5 N 45 X A
RS RE B ARSI 5 Rk 5 TR Rk 1Y 2 1
FiPE K T4 T 1.96 N/em IS, %1 15550 RHRE % 1

ARG
3 #ig

(DR B S -90°3 B2k B ity 1 kLR
PERERERNET WL 125 0E T R R R R EA 77
AL, AUALE RSO RITGRE 25 °C, fliiE )
700 N, SHCGHEE 1 m/min, #EHHE 100 mm/min.,

(OFE—E LI, TR B B PR R ST
P18 48 R T M8 G it 3 G JICE JBE A9 48 i I , BE
Sl P T A RIS K

()1 B B TR A A B A A — € 2200, T
FRHS TR Z 8] A 56 TR T FUR RS A 85 Y B
ZIE]

(4) TR A0 28l 1 I 3 8 I T S JC TR, 22 %
i) A O d 3 1 %] 30 d, AC531/CCF800H iz k5
TR 22 18] (4 86 14 I\ 4.62 N/om 5411 0.89 N/em,
TR RE 55 45 40 A A 6 1 AL 0.81 N/em [ i 2]
0.19 N/em.

& % 3k

(1] BRARE SROSCPT, JUHEE A5 T 1] 2035 442G BRHG PAS B il i
e RS AE (0], v B TR 2023, 25(1):113-120.
SHAN Zhongde, SONG Wenzhe, FAN Congze, et al. Development
strategy for precision manufacturing of composite components
facing 2035[J]. Strategic Study of CAE,2023,25(1):113-120.

[2] JWWHE, 2, BRAE 5 SR A AR A 28 e A R R P Y
RS ED] AR, 2022,39(9):4 1794 186.
XING Liying, LI Yafeng, CHEN Xiangbao. Status and role of the
advanced composite materials in the development of aviation equip-
ment[J]. Acta Materiae Compositae Sinica, 2022, 39(9): 4 179 —
4 186.

[B] sk XUMIBK, 2225, 48 2B APRHERT IR LB AR BRR ],
YT ERIEL, 2024 ,41(4):77-82.
ZHANG Chen, LIU Jiaqiu, LI Jun, et al. Application of composite
materials in commercial large aircrafts[J]. Fiber Composites, 2024,
41(4):77-82.

[4] PANHL,QU W W,YANG D, et al. Analysis and characterization



142

AR

2025 4E, %5 53 4,45 4 1)

(3]

[6]

[7]

[8]

9]

[10]

of interlaminar tack for different prepreg materials during auto-
mated fiber placement[J]. Polymer Composites, 2022 ,43(7):4 737—
4 748.

BELHAJ M, DODANGEH A, HOJJATI M. Experimental investi-
gation of prepreg tackiness in automated fiber placement[J].
Composite  Structures, 2021, 262. DOIL: 10.1016/.
struct.2021.113602.

XIAO R, WANG W, SHI J Q, et al. Two-stage model of prepreg

comp-

bonding interface formation in automated fiber placement process
[J]. Journal of Reinforced Plastics and Composites, 2022, 41(15/
16):583—-601.
EIEHLXF AR, A5 R R P I BOR T
Wr[I]. e 42 418, 2023 ,40(3):40-43.
WANG Xueming, LIU Xiu, CUI Yu, et al. Analysis of quantitative
testing and evaluation technology for high performance prepreg
tack[J]. Fiber Composites, 2023 ,40(3):40-43.
RIEE, EEA, A HIR, 55 PRI RO TR R A 2l i T 20k,
PERYFEM ] R4S A M K], 2021,38(4):28-32.
SONG Qinghua, WANG Yuequan, SHI Jiaqi, et al. Out-time effects
on the prepreg tack in automated lay-up process[J]. Fiber Compos-
ites,2021,38(4):28-32.
BUDELMANN D, SCHMIDT C, MEINERS D. Prepreg tack: A
review of mechanisms, measurement, and manufacturing implica-
tion[J]. Polymer Composites, 2020,41(9):3 440-3 458.
SHIJ Q,WANG W, WANG Y Q,et al. A peel test method to char-
acterize the decay law of prepreg tape tack at different tempera-

tures[J]. Materials, 2024 ,17(10).DOI:10.3390/ma17102449.

(1]

[12]

[13]

[14]

[15]

[16]

WANG Y, MAHAPATRA S,BELNOUE J P H, et al. Understand-
ing tack behaviour during prepreg-based composites’ processing
[J]. Composites Part A:Applied Science and Manufacturing, 2023,
164.DO1:10.1016/j.compositesa.2022.107284.

MBOTTO TONYE D, BUET GAUTIER K. Influence of the rein-
forcement on prepreg tack[J]. Polymer Composites, 2021, 42(9):
47954 803.

CROSSLEY R J, SCHUBEL P J, WARRIOR N A. The experi-
mental determination of prepreg tack and dynamic stiffness[J].
Composites Part A: Applied Science and Manufacturing, 2012, 43
(3):423-434.

CHOONG G Y H,ENDRUWEIT A,DE FOCATIIS D S A. Analy-
sis of contact area in a continuous application-and-peel test
method for prepreg tack[J]. International Journal of Adhesion and
Adhesives,2021,107.DOI:10.1016/j.ijjadhadh.2021.102849.
SMITH A W, ENDRUWEIT A, CHOONG G Y H, et al. Adapta-
tion of material deposition parameters to account for out-time
effects on prepreg tack[J]. Composites Part A: Applied Science
and Manufacturing, 2020, 133. DOI: 10.1016/.
itesa.2020.105835.

WA 0t N, B Z R A Sl 22 BB B
ARACHURLT). S A bR 5 TR, 2021(9):38-45.

GOU Jianjie, YANG Yang, CHEN Daixin, et al. Tack variation of

compos-

composite tows for automated fiber placement under multi influ-
ence factors[J]. Composites Science and Engineering, 2021(9):

38-45.



