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Shape memory effect of carbon fibers reinforced PEEK composite
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Abstract: In order to improve the application of shape memory polymers in extreme harsh environments, the ul-
trathin carbon fibers reinforced polyether-ether-ketone (CF/PEEK) composite with 0.036 mm thickness was fabric-
ated by overlapping and hot-pressing technologies, and the shape memory behaviors of the composite under the
action of thermal stress were investigated. The results show the shape recovery rate of CF/PEEK composite ultrath-
in laminate is approximately 100%, and still has above 90% reversion rate after 100 times tests of thermal cycling ac-
tion at 320°C. The stress-driving deformation mechanism of CF/PEEK composite is explained based on the relation-
ship between temperature and stress-strain. The CF/PEEK composites with variable thickness were designed to
simulate the deformation and recovery of complex shapes, containing deep-sea coral, cube and pitcher plant. Us-
ing mechanical clamping force during the deformation of CF/PEEK composite, the grasping coin experiment was
carried out, which verifies the application feasibility for the active deformed structure of CF/PEEK composite.
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Fig.1 Schematic diagram of shape memory effect (SME) of carbon fibers reinforced polyether-ether-ketone (CF/PEEK) composite ultra-thin laminates

under the action of different heating-cooling thermal cycling temperature field: (a) Expansion diagram of original shape specimen

under heating process; (b) Curl diagram of actuated shape specimen under cooling process
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2.1 CF/PEEK £ §# ##8 & E &M AL IR
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4R 5%, KBl CF/PEEK & & M KL )2 A A e
R H SR LA 3R, IFHBEA —E W
AR A1 52 RE J7 . &1 1y CF/PEEK & & b K 1 2
B R TEAS [R) 34 - 20 006 BRI B 3 AE T
) SME 7R & &l o ¥ s 2 AR 7E 25~320°C F i i %
R EEME 1(a) fia, AT 180°C JF 4
WA, 7F 320C e RIF . mAILRB H i
iR BRI E 1(b) frs, HATTE 4s 2247 RS

P H AR H R SR, I G A O B AR AR
FIBTERTE AR o FLAE S [ A4 -4 06 24 1 3 78
TR SME S E 1. £ 2, BEE MR EMW I
J&, CF/PEEK #A N ZAZHI K, FEIFRBEH N, 180°C
i, R R IF R AN 1.85 mm., iR EAKTF 210°C,
R RIT KK, & T 210C, A RIT
PR 2RI K, HHAE 320C SE BT, BIFKE
1553 mm, KZ, MEiR®RH 2= Eer, CF
Y5 PEEK X [H) #4J Jik 22 %5 2 e i 5 | S i) #4400 7 7
MOEEN AN WA, (e D 22 B9/E TR, A
Al LI R F A 2 BN 2.3 mm BHILR
JEAR . CF/PEEK Ay #4015 [0l /N T 4's, Z{E KT
H Al Bk 2T 248 38 50 R0 ISR A Y RIE AR ICAL R
A Z AR, X & i T 24k CF/PEEK 1 ik
S EHAFIRALE . ISR

& 1 CF/PEEK £ AMHB#EEAIKEET R MMIEERIERTH SME X MRS
Table1l SME performance parameters of CF/PEEK composite ultra-thin laminates
under the action of different heating temperature fields

Simulation

C) l:) _ O O >

25

Heating temperature/C 180 210 240 270 300 320
Time/s 0 10.5 12.5 14.5 16.5 18.5 20
Developed length/mm 0 1.85 3.42 7.76 9.56 13.17 15.53
Thermal stress/MPa — 2.96 1.80 1.72 1.45 1.34 1.02
Thermal strain/107° — 14.9 24.3 29.2 31.5 33.7 35.1

%2 CF/PEEK E5#HEBHESHIKHEEARR S AREAER TH SME EX1E8ES5H
Table2 SME performance parameters of CF/PEEK composite ultra-thin laminates
under the action of different cooling temperature fields

Simulation

oo o o o

}{/

Cooling temperature/C 320 300 270 240 210 180 25
Time/s 4 3.7 3.3 2.9 2.5 2.1 0

Crimp diameter/mm o 11.2 4.9 3.7 3.2 2.7 2.3
Thermal stress/MPa 1.02 1.34 1.45 1.72 1.80 2.96 —
Thermal strain/10™° -34.1 -32.3 -30.4 -28.4 -234 -14.5 —

43y B I BE X CE/PEEK &2 4 1 RBHER 1 2 4 Hi
JERIEIC M 2 2 %, FEAS [R]i FE (180~320°C)
AT X R GRS T T A R, S
A& 2 Fros . 180°C i LR mARET, R TP
RAEA, RN E . YR A F] 180°C Y,
] 52 3 12%., W6 A5 3 B AN I T, A 1)

i A e A R IR F 320°C B, [l 4R R
AL A 100% .

T 59¢ CF/PEEK & & M EHZ G AR 1242
TR RTE M, X2 A A 320°C InHA -2 A1 4
96 R BE SV T S (6] 406 28 1% 45 7 e 1z A8 JE 1) [l
SERPEAT T 40T, WE 3. 10 WInH-% HER L
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Fig.2 Recovery rate curve of CF/PEEK composite ultra-thin laminate

samples with temperature change

W, =R Y ] A SR AR R R AE 98% A2 4. B
F A B PR8N, R R TR AR 1] 42 R B
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N2 3 R (%) T A il SR g, B A S OB AN
Wi s, N PEEK JEJK A9 0 &2 PEREW S, AT
A CRIEAL, (H R 0 A AR 1] &2 AT e R 7
90% LA I, CF/PEEK & & M RHIEAS [l & R 5 LA
) S Bl 2T A B84 5 T AR A R S W = A R RS A 2
2.2 CF/PEEK E6##lEBEE SN RIZICER
I

&l 4 °& CF/PEEK & & #1 B 1 2 A A A N 1
WL o R AR T T, i, N EREZHES
A CF 158 J22 5 $#8 P PEEK £H 1 19 3L i )2 1Y #40
AR TE 5 | ) L 25 (45 )2 A0 A 25 il A7 o BT
FHNAE] — E R, SN AR, R SE 4
I, FARICAZE A B PEEK JZ 1Y M 7% §,5 CF 2
N A% E AT B AR 3
Ee=(Lc—Lo) /Lo (1)
&p = (Lp—Lo) /Lo 2)
K Ly MR G K (R B AR £F4E )7 10); L.
il KE CFJZ MG K L, 5 PEEK JZ A5 Y
K. B4 CF/PEEK )2 & M iy i #4 BE M\ == i 3
Sz 3200C, CFKEZMAIE, RBI&=~0, S
FEAE B R T o =0, XS KA CF 3V ik & 30
a=0; fH PEEK JZ i 4% {H £p=0.034, K& L,
15 mm ¥ I & 15.53 mm, FIEALN ) o, 724

13 CF/PEEK E &ML SRR 320°C #1020 25 T
ARG FR YR T 8 A2 R 2k
Fig.3 Repeatability rate of CF/PEEK composite ultra-thin laminate
sample in different cycle times under the action of heating-cooling

thermal cycle temperature field at 320°C
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Fig.4 Thermal stress drive mechanism of CF/PEEK composite ultra-thin laminate
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Fig.5 Relationship between temperature and thermal stress-strain of
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Fig.6 3D shape memory structure design: (a) Starfish sample with 0.036 mm thickness; (b) Cross sample with 0.096 mm thickness;

(c) Cross sample with 0.156 mm thickness; (d) Starfish sample with 0.156 mm thickness
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(a)320°C Filid; (b) R (o) i

Fig. 7 Design and real picture of the coin grasping model for starfish
shape memory with 0.156 mm thickness: (a) 320°C high temperature;

(b) Cooling process; (c) At room temperature
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