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Molding process optimization of CF/PEEK composites based on grey correlation analysis
YANG Huan',PENG Yulin’, LANG Jianzhi', TIAN Yuanhao', XIANG Ruixuan'

(1. Southwest Institute of Technology and Engineering, Chongqing 400039,China; 2. Jiangnan Industrial Group Co.,Ltd., Xiangtan 411100, China)

Abstract : During the forming process of a certain large-sized component, the deformation behavior of carbon fiber reinforced
polyether-ether-ketone (CF/PEEK) composites was highly depended on process parameters such as forming temperature, pressure
and time. Improper selection of forming process parameters could easily cause inconsistent deformation and wrinkling defects in the
material, thereby reducing the material performance. The failure modes of CF/PEEK composites under compression and shear have
been studied. Meanwhile, the orthogonal experiment method and range analysis method were adopted to study the influence laws of
molding temperature , molding time and molding pressure on the compressive strength and shear properties between chambers of the
material. And based on the forming process of the grey relational analysis method, the optimal process parameters were obtained
through the optimization of multiple objective parameters combined with experimental verification. The research finds that the
primary order of influence of forming process parameters on technical indicators is temperature, pressure and time. The longitudinal
compressive strength of the group with the highest gray correlation degree (370 °C, 3.5 MPa, 50 min) is 1 106 MPa, the transverse
compressive strength is 208 MPa, and the former shear strength is 125 MPa. The multi-objective optimization group (370 °C, 2.5
MPa, 50 min) is not in the orthogonal experimental group, and its longitudinal compressive strength is 1 121 MPa, the transverse
compressive strength is 235 MPa, and the shear strength is 133 MPa, its performance improves by 1.3% to 13% compared with the
group with the highest correlation. The grey correlation analysis method can optimize the CF/PEEK molding process parameters for
multiple performance requirements, thereby enhancing the performance of the composite material.

Keywords : carbon fiber reinforced polyether-ether-ketone composite ; mechanical property ; orthogonal experiment ; gray

relational analysis method ; multi-objective optimization
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Tab.1 Orthogonal factor level table

Factors

Levels

7/°C P/MPa M/min

370 1.5 20
2 380 2.5 30
3 390 35 50

®2 EXREEITR
Tab.2 Orthogonal experimental design table

Technological parameter

Lab -
7/°C P/MPa M/min
1 370 1.5 20
2 370 2.5 30
3 370 35 50
4 380 1.5 30
5 380 2.5 50
6 380 35 20
7 390 1.5 50
8 390 2.5 20
9 390 35 30
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Fig. 1 Preparation process of CF/PEEK composite board
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Fig. 2 Preparation process of CF/PEEK composites
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Fig. 6 Unidirectional composites longitudinal compressive performance
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Fig. 13 Side photos of CF/PEEK samples after interlayer shear test
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12.00% ; 5 R IELEE M 370 °CTHE 5] 390 °C, 91 45
SR EEREAR T 20.20% , 6B (9 I s 23 52 e 0 ) s
AR5 IR & BUEE TN 1.5 MPa TS £
2.5 MPa, 9\ [m) R 45 58 BEREAIR T 3.20%; 1556 1 M\
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Tab.3 Orthogonal test results of mechanical properties of CF/

&4 CF/PEEK EEM BN FERMEDTER

Tab.4 Range analysis results of mechanical properties of CF/

PEEK composites
Indicators Influence kKl k2 k3 R
factor

T 1056 929.3 842.7 213.3

Longitudinal compressive strength P 949.7 919.3 959.0 39.67
M 940.3 935.3 952.3 17.00

T 211.3 210.3 202.3 9.000

Lateral compressive strength P 207.3 212.3 204.3 8.000
M 204.0 216.0 204.0 12.00

T 122.7 118.0 109.3 13.33

Interlaminar shear strength P 114.7 119.0 116.3 4.333
M 117.0 113.7 119.3 5.667

Note: R is range.

1.5 MPa JH= %] 3.5 MPa, 2\ 1] R Za 58 18 11110.98%.

PR ] A 20 min FF =5 £ 30 min, 2 7] & 45 5%
JEREAR T 0.5% ; A5 % B[] AL 20 min FH 5 % 50 min,
I\ 1] TR 4G5 BRI T 1.3%. BEAS IR IR B KSR T,
O 1) FE 48 3 58 AR A I S, T8 R BE S S i O 1) TR 4
SREER)EE N R S al A B IR ) S
JKF/NTF0.05, PR R 2 CF/PEEK A 2 7] 1 4 5%
VI S R R R S5 S A T — B

PN 41 2 43 BT 235 SR T AT B 1) s 0 5 5 5 )
PRI 22 118 32 RGP AR R S A e i ] A5 1 3l (A
JE 77, BB A M2T1P2 . #55% 15 ] MA 20 min T

PEEK composites
=l ; = ig 0/ A R B
Longitudinal Letoral comores.  Intetlaminar e 21 30 min, 48 [a] e 45 58 BE RGN T 5.89% ; 1551 Aif [
Lab compressive sive strength]/aMPa shear strength/ M 20 min F} & 2] 50 min, 5[5 JE 45 50 B T
strength/MPa MPa N . N
1 060 205 ™ 0.00% , 156 A AE SN Fi o A s o ] DA 2 T At 1] 15
2 1002 221 121 AR5 o AT EE DA 370 °CT i £ 380 °C, £ [ [
3 1106 208 125 ey .
i 053 s s i 01k B AR T 0.47%; B i 2 M 370 °C Tt 3
5 915 209 124 390 °C , i 1] F 47 0 5 AR 1 4.26% , 156 W I B 179 7
¢ 0 g 1 2R o) R LR . MR FE )
7 5 1 .
9 851 205 107 2.41%;; 455 5 1 M 1.5 MPa T} 51 8] 3.5 MPa, fif [i1] J&
&5 CFPEEKEEMHBIANFMRETESTER
Tab.5 Variance analysis results of mechanical properties of CF/PEEK composites
Indicators Influence factors Sum of square DOF  Mean sum of square F P Significance level
Longitudinal ) T 69 067 2 34533 20.54 0.046 43 Significance
ongitu lsrtl:e:o;lp ressive P 458.0 2 229.0 0.136 2 0.880 1 Indifference
¢ M 2 581 2 1290 0.767 4 0.565 8 Indifference
L | ) T 146.0 2 73.00 1.698 0 0.370 7 Indifference
aterast‘i‘;nli}rlesme P 288.0 2 144.0 33490 0.2300 Indifference
¢ M 98.00 2 49.00 1.140 0 0.467 4 Indifference
T 274.7 2 137.3 45.780 0 0.0213 8 Significance
Interlaminar shear strength P 48.67 2 24.33 8.1110 0.109 8 Indifference
M 28.67 2 14.33 4778 0 0.173 1 Indifference

Notes: DOF is degree of freedom; /' is F-statistics; P is significance probability value.
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Tab. 6 Results of grey correlation analysis

T P

M

Grey rela-
Lab Nondimensionalize Grey relaFional Nondimensionalize Grey rela?ional Nondimensionalize Grey rela?ional tionalydegr ee
coefficient coefficient coefficient
1 0.829 6 0.547 0 0.370 4 0.7333 0.8333 0.5522 0.714 5
2 0.614 8 0.619 7 0.963 0 0.514 0 0.777 8 0.569 2 0.750 1
3 1.000 0 0.500 5 0.4815 0.6790 1.000 0 0.506 8 0.868 8
4 0.4333 0.698 1 1.000 0 0.504 6 0.3333 0.7551 0.5479
5 0.292 6 0.774 0 05185 0.662 7 0.944 4 0.5211 0.538 3
6 03111 0.763 0 0.1852 0.846 2 0.5556 0.649 1 0.3499
7 0.000 0 1.000 0 0.000 0 1.000 0 0.1111 0.902 4 0.032 1
8 0.018 5 0.9819 0.444 4 0.696 2 02778 0.787 2 0.201 3
9 0.055 6 0.947 5 0.370 4 0.733 3 0.000 0 1.000 0 0.1192
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Tab.7 Results of difference analysis of grey correlation degree of

horizontal factors

Levels

Influence factors R
1 2 3
T 0.777 8 0.478 7 0.117 5 0.660 2
P 04315 0.496 5 0.446 0 0.065 1
M 04219 0.472 4 0.479 7 0.578 3

(5 FE B, B RAE K /NAT AT, CF/PEEK A T. 2
SR B R 8 bR i I R R R
Fsf ]

A5 PR IR A DGR B Ty 2585080 DL 36 8, A3 8 ) fnk
FEVEAKOE R PRT LU Y, PN B 35 M KO-
U, AL T2 S B0 ARFE AR5 0 1 00T A iR
B R J7 B 2R S 2 b — 3K

2900 R K A8 R fe e 41T P3IM3)YFI £ H
FROEACAL(T1P2M3) I 127 BE , 2 BARE AL B 6
E0 i e ZH AE DRIE D[] R 408 5 B3 AN o 1) Sty I,
] R SR 2RI BT D)5 B AT — e FREE R
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Tab. 8 Results of variance analysis of grey correlation degree of horizontal factors

Influence factors Sum of square DOF Mean sum of square F P
T 0.655 8 2.000 0 0.3279 16.671 3 0.056 6
P 0.007 0 2.0000 0.003 5 0.178 0 0.848 9
M 0.005 9 2.000 0 0.003 0 0.1512 0.868 7

R REBXEKEES

A% BRI AR S F RS

Tab.9 Comparison of mechanical properties between group with the highest grey correlation degree and multi-objective optimization group

Longitudinal compressive

Lateral compressive Interlaminar shear

1
Samples strength/MPa strength/MPa strength/MPa
Group with the highest degreee of grey correlation(71P3M3) 1106 208 125
Multi-objective optimization group(7T1P2M3) 1121 235 133

3 it

(DA 1) 45 J RE AR B 11 55 7 27 1) 52—
JEZ , R8T Fe 2 R RO 5 A ) F 4 F A2 1 550
07 10 HE 1L, B TSR OGS R 2440 A
AWy ST OR7IE: 37 N /ey = 2 LR N =1 1a1 K2 R = 1 1)
By 1S e T S P S P LT 27 S

(2)FE T 1E 28 06 25 Al i i 22 L 20k

B, 52 M G ) 4 55 5 1 PR 2R R/ MK TR R IR |
T3 B T] A ) 48 i S e R 2R 1) T U AR TR
B T] R R J:'IETJEQJQJ@FE’HFJH%EE’JIU\
s 2 FRY Y AN NI IS IO SN B ST - Ap=Re )
L2 R S PR AL ) R T o

B)IET IR IR BT R B, 52 2 A M k)2
YR QY Sk 15 AN A WA NN IRY A SEP S
R I i 4(T1LP3MB) , 2 AR PR dL(T1P2M3) ) 7]
2P REHE R 1.3%~13%, BCR 2 Biniifb, — & 2
FEPE R B AR BE
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