$ 53,93 T B o ok N Vol.53, No.3

202543 A ENGINEERING PLASTICS APPLICATION Mar. 2025 89

doi:10.3969/j.issn.1001-3539.2025.03.012

i 52 T 5% 4 CGF/PEEK ¥ 47 &l &1 A it R

B, B, F AR, A
(L B R AL S BFAEA LA 7 IS0 1000835 2. PP HLBRE B S8 T 775 4 B A ) LR 7585 266300)

FEE : AR FHE BRI AR R AL (FDM) 8 A1 41 % % 45 3 3% & 2 3 7% R Bk B 81 (CGF/PEEK) &L & A A9 ok e MERE 4 B
#9383t T R Geeye i d X B, X 3T A2 6,45 3 ) X35 | Plackett-Burman (PB)#7 [ iX 34 . Box-Behnken Design (BBD)
vﬁr &R, AT T 8 A BB AR IBARIRE AT EP IR R AT B S T ¥ A4kt CGF/PEEK £ 4-#1# FDM At & X A ik &

Hreaa, B R ERE, &Y a B e BULE E , ARG SR Ik 6 & SOk e fE A1 5 il 3T PB AT
E u‘naiim % CGF/PEEKgAﬁﬁﬂr?% FRAEH ZFH Al TELAM, AHE T AR éﬁ#aﬂ’ﬁ)ﬂ ; £ A BBD "
R R, MET SRES AR T XA GHFER R RK T L AHME FRITRERIE, ERAN, &
I RS b R AR AR B XD HE S A AT B B> AT R IR A > A SR IR AR IR AR A M T AN S
T VA% 3 CGF/PEEK X A 49 oF LR, TR0 3B Sk T & g 2n b, Bp i 18] 3B 4 0.55 mm ARIBACIE A 90 °C 3T HP

JEHy 438 °C ATHP £ /3 0.57 mm B, AR BT TR 64 sk K o 3% Ja 265 kJ/m?, B EAL A TR 64 E AR 24T T X
I, 4R R R T L ARAA T, CGF/PEEK X AE 5 K oF 2 7% 1A 51 266 kl/m?, 5 B A TR A o4 &, BE T
AR 7T S

SRR : ik 4 I A Y s BB R AR LA L LA MR T8l b kg

hESZ%KS: TH1454  XEFRIBES: A XEHS:1001-3539(2025)03-0089-07
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Abstract : Aiming to improve the impact performance of continuous glass fiber reinforced polyether ether ketone (CGF/
PEEK) composites made through fused deposition modeling (FDM) additive manufacturing,a systematic response surface methodol-
ogy experiment was designed, encompassing single-factor experiments, Plackett-Burman (PB) factorial experiments, and Box-
Behnken Design (BBD) response surface experiments. The influence patterns of process parameters such as channel spacing, insula-
tion chamber temperature, printing temperature, and layer thickness on the impact performance of CGF/PEEK composite samples
formed by FDM were investigated. Through single-factor experiments, the range of values for each influencing factor was defined to
ensure the efficiency and accuracy of subsequent experiments. PB factorial experiments were conducted to screen out the process
parameters that significantly affected the impact performance of CGF/PEEK samples and to clarify the interactions among these
parameters. Using BBD response surface experimental design, a mathematical model was constructed between multiple factors and
the response variable to explore the optimal combination of process parameters, which was then experimentally validated. The
results indicate that the degree of influence of each process parameter on the impact performance of CGF/PEEK samples is ranked
as follows: layer thickness>printing temperature>channel spacing>insulation chamber temperature. By selecting an appropriate

combination of process parameters, the impact performance of CGF/PEEK samples can be improved. The optimal combination of
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process parameters is predicted by the model is as follows: channel spacing of 0.55 mm, insulation chamber temperature of 90 °C,

printing temperature of 438 °C, and layer thickness of 0.57 mm, yielding a predicted maximum impact strength of 265 kJ/m?. To

verify the accuracy of the model's predictions, experimental validation was conducted. The results show that, under the optimal

combination of process parameters, the maximum impact strength of the CGF/PEEK sample reaches 266 kJ/m?, which is close to

the predicted value, thereby validating the reliability of the model.
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Tab.1 Univariate trial design

Run A/mm B/°C c/ecC D/mm
1 0.50 90 440 0.70
2 0.55 90 440 0.70
3 0.60 90 440 0.70
4 0.65 90 440 0.70
5 0.70 90 440 0.70
6 0.70 50 440 0.50
7 0.70 60 440 0.50
8 0.70 70 440 0.50
9 0.70 80 440 0.50

10 0.70 90 440 0.50
11 0.70 90 400 0.50
12 0.70 90 410 0.50
13 0.70 90 420 0.50
14 0.70 90 430 0.50
15 0.70 90 440 0.50
16 0.70 90 440 0.50
17 0.70 90 440 0.55
18 0.70 90 440 0.60
19 0.70 90 440 0.65
20 0.70 90 440 0.70

Notes: 4 is channel spacing; B is insulation chamber temperature; C
is printing temperature; D is layer thickness. The following table is the
same as.

—e— Channel spacing —e— Printing temperature
—e— Insulation chamber temperature ~ —e— Layer thickness
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Fig. 1 Univariate trial results
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Tab.2 Factors and level values of PB factorial experiment

Levels A/mm B/°C C/°C D/mm
1 0.50 50 420 0.50
-1 0.60 90 440 0.70

Notes: "1" represents a high level,"—1" represents a low level. The
following table is the same as.
®3 PBHEIRKEHTE

Tab.3 PB factorial experiment schemes

Run A/mm B/°C Cc/°C D/mm
1 0.50 50 440 0.50
2 0.60 50 440 0.70
3 0.50 90 440 0.50
4 0.50 50 420 0.50
5 0.50 90 420 0.70
6 0.60 50 420 0.50
7 0.60 50 440 0.70
8 0.60 90 420 0.50
9 0.50 90 440 0.70
10 0.60 90 440 0.50
11 0.60 90 420 0.70
12 0.50 50 420 0.70
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Tab.4 Factors and level values of BBD response surface experiment

Levels A/mm C/°C D/mm
1 0.50 420 0.50
-1 0.60 440 0.70
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Tab.5 BBD response surface experiment schemes

RUN A/mm B/°C C/°C D/mm
1 0.50 90 430 0.50
2 0.60 90 430 0.60
3 0.60 90 440 0.60
4 0.50 90 430 0.70
5 0.55 90 440 0.50
6 0.60 50 430 0.50
7 0.55 60 430 0.60
8 0.60 70 420 0.60
9 0.50 80 420 0.50

10 0.55 90 440 0.70
11 0.55 90 430 0.60
12 0.55 90 430 0.60
13 0.55 90 420 0.60
14 0.55 90 430 0.60
15 0.50 90 440 0.60
16 0.55 90 430 0.70
17 0.55 90 420 0.70
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Fig. 4 BBD response surface experiment results
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Tab. 6 Analysis of variance for BBD response surface

experiment results

Source Sum of df Mean F-value P-value .Stat.lsncal
squares square significance
Model 8591.86 9 954.65 26.70 0.000 1 Significant
A 10242 1 10242 286 0.1344
C 778.04 1 778.04 21.76 0.0023
D 597.80 1 597.80 16.72 0.004 6
AC 34.02 1 34.02 095 03618
AD 123791 1 123791 34.63 0.0006
CD 116.06 1 116.06 325 0.1146
A? 4711.65 1 4711.65 131.79 <0.000 1
c 12038 1 120.38 3.37  0.1091
D? 63882 1 638.82 17.87 0.0039
Residual 25026 7 3575
Lack of fit 22126 4 5531 572 0.0918 Not-significant

Cor total 8 842.12
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