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Effect of FDM forming process on warpage deformation of PEEK/CGF composites
LI Jiuzhen',ZHAN Li*,LI Wan', LI Yunpeng', YUAN Yongchao'
(1. China Academy of Machinery Science & Technology Qingdao Branch Co.,Ltd.,Qingdao 266300, China;
2. China Academy of Machinery Beijing Research Institute of Mechanical and Electrical Technology Co., Ltd.,Beijing 100083, China)

Abstract : In order to reduce the warpage deformation of continuous glass fiber reinforced polyether ether ketone composite
additive manufacturing samples and optimize the basic process parameters of additive manufacturing, the thermal effects during the
printing process, i.e., the temperature of the holding compartment, the ply thickness, the temperature of the forming platform, the
printing speed, have been studied through the one-factor test, the Plackett-Burman Design test and the Box-Behnken Design test.
Other process parameters on the warpage and deformation of continuous glass fiber reinforced polyether ether ketone composite
samples, and the following conclusions were drawn: It was found that the degree of influence of the printing process on the warpage
was different, and the degree of influence was in the order of B (ply thickness)> C (substrate temperature)> A4 (temperature of the
holding compartment). It was found that the printing process parameters interact with each other on the warpage deformation, and
the degree of influence was also more significant (greater than z-value in the PB analytical factor test),i.e.,B>C>A4>A4AB>BC> D
(printing speed)> BD. It was found that when printhead temperature was 440 °C, forming platform temperature was 100 °C, holding
compartment temperature was 90 °C, layer thickness was 0.3 mm, lane spacing was 0.5 mm, and printing speed was 2 mm/s, the
warpage could reach 0.23%.

Keywords : glass fiber ; polyether ether ketone ; additive manufacturing ; process optimization ; warpage deformation

FERE R (AMEIRYE S Z B i i s, i A e R 7 ik e DL i 1) 2 IR D RESE 1
SHiBUBZ P ﬂf»iﬂﬁﬂ HAERE N BAAERIUTIBR —EAER R, X T RN ] A SR i R
FRRERPFRIEOAR o SRR (FDM)BEARE S T AR B =4S 28 1 iy s 2 ise i+
RWATWRN RN Z M AM T k2 —, A 0T ARG A TR, IR N TR

E&WA : PR BEHR A& R34 B H

BIEMEE : M, Tk, WP 0L, RN R iR A S RIS 5 i A

WeFs BHA: 2023-10-26

SIREEC: AR, R, 455E, 45 . FDM B! 1. 2% PEEK/CGF & A M RBRLMl AR TE (¥ S [1]. TARMUEHRL A, 2024, 52(1): 64-69.
LI Jiuzhen, ZHAN Li, LI Wan, et al. Effect of FDM forming process on warpage deformation of PEEK/CGF composites[J]. Engineering
Plastics Application, 2024 ,52(1):64-69.



ZER IR, %5 FDM AR T 25 %) PEEK/CGF & A b4 1 p AR I (14 52 1 65

B [ [ NA £ 7)) Lt o TR

FDM $ AR 78 S PEAR N5 B4 464 il 28 1o o 1 )
TR BRI IS N TAER R, XL
FERD T RESARL AR R FE AR, 4l DA S 27 AR Ry 1o
AH, R HAR S TR T R L A% Y 1k g

FROPVE R FP T RE AR S DL SR ik ik B (PEEK) 14
REA 5, HoAe LA 052 00 1 2 R R A R 38 A4
T AR E T | B TR e
TR R o A A0, DR e R RE 5
i, W IE B vz F T AR B Y e e
1 F PEEK B fI LA (1) 2 45 St o A v s o, 7 4
LR Y58 PEEK &2 & MBI FDM B T2 2
BT HE 1A T3 S P RE R AR S B L
A, 4l PEEK A 555 80 (343 °C), 7E 4T EN i FE v 75
FLINAE] 380 °C Vb LG ATERHL L TC A B an itk
LR o 5 A A R L, PEEK 4T B LT 45
G R AR AR TN R T 45 5 kA= Rt
FVAETE | P2 E 520 77 i PR RE o DRI, 3 S £ i 38
5% PEEK & & #0RHY FDM S8 T 2 i 8 29k 68

7£ % F PEEK M PEEK & & M BHTEN T 2 i
FEH AR Z 0L R FFEN T FDM B T2, DA
PEEK } PEEK & & b RF 4 b4 il 1 5 14 1) 71 2= 1 fig
(AR TER BAr, 5 BT T HP R A R
5 R 8 DA % U2 () B D)5 B A g L SR 1T PEEK A
F—FREE R A, HAER N B b &4 ot ™
Ay BT R 2 BT B % S ik AR T R
Z0 L HAET, TR YERG5E PEEK B & 1 kHY
Hth 2 I 5T b 850, Horp Gao Z5'7E W 5% PEEK
() FDM il 3 T2, 7E 5t F1 2P BB R 9T 2 4%, i %t
S AS TS T RIS, 12 AT A DA R R e e v A T D
LB 2 A R B AR il iR AR AT
B E&AR R 0°/90° S 30 %% A 50% AR St 7E R h 42
TE PR B R LY R T T 2R A M AR iR . (R
2 A AT 5 i AR T B W 98 AT % e 45 R I [ &R
Z AR S AFAESS B2, H AR Y J& T+ #AsK
N7, LAY Bt 2 A 38 A8 e R 1 R A — 25 %o 3
WA S v AR B R — PR . AN 6T 3D AT
E[l PEEK M H A SRRt A2 T2 i PEAh i v
BE—briE, B IF 25 AR T2 1)
MR BRY 7 AT TER BT T R AR AR 5 L 5F
P T4 H R AN HA Mk

B XA e R PR BT AR ) fL B R A — PR S
R, TE L m R T i 22 TAE B [ 3 h 2
KM 12 ERe, R TR H S —E bt h
PERE . 7E % SE 4T 4 1 3% PEEK B A M EHA R
Ding 55" W 5% T 3% 2 Bk 2F 4k | % 2k 35 2 4k
(CGF)SAE s AR 2 5 MR ) 22 b fe , & I3
SE LR AR ik Pk BB A B TR, B 27 4k A AE 7 S
T A0 T F4 R a1, i CGF 3458 PEEK & & #1 l
HIVES 22 TO0 T (1 H SO A 3E 1

2% L) CGF 145 PEEK /5 4 J5 41K, 4% I PCB
A 1) 568 ph A8 T DAt T i, B A e A2 2 X
CGF 358 PEEK & & PP A4 il 3 T ER I 22 55 T
XTI ERR IS, 25 L N T R B
S £ A 16 b s AR 0 B R 1 — A R ST B b
il LR g TR AR T A R0, R R T
BB 422 0 R BT B4 Ab 75 a7 U PR v 1% B 1]
[, SO A RS AR IR 2R AT
TR FTENER 5% T 2 2806 CGF #45% PEEK & &
AR AR T 52 8 IS BT LA K
2230 e AR | T O e . T 2 S B0 TR
B HGE
1 iXIERS
1.1 EZRMA

CGF 451 PEEK TR 22 - £ ML ST A4 BHR} 47
HBRA ] R 22 HAE R 0.5 mm, FIHDGH , BEH
2T Y 28 %% i 200 Tex, 12 22 £F 4 AR B0 K 29
27.1%,

1.2 =&%&4&

LA AERG R G A M R FDM AL : FL 5

TR A Sk B A 5 450 °C, M3k Y 1.0 mm
SR, G A 170 °C, 44 1506 15 B %
90 °C,

1.3 AR & 2o X AR

S5 PR I B (75 i i % ] TIPC-TM-
650 K 77 % , M4 IPC-TM-650 461 77 B il 45 (1 kE
4R 5F 4 :100.0 mm x 100.0 mm x 2.0 mm.,

FEA I 25 B A5 B 3% 22 21 2 3 5 5 5 b1 Rt
f i EDMAEAIL, FTED T2 20 S IR 440 °C™

Ml TPC-TM-650 Ao il 5 1K A o 5 100 3
& b MR REEAR . BT R E e
DA e R TR RS , R ARE B v, B B 5 4
— A BOFSAE, FriieE & 5 AR KT 0.75% A&



66 AR

2024 4E 55 52 4 55 1 1

¥, TE T B A ou B PCB A R A K
F0.3% MiEF.

T R KA 32 =e i e R e A A/ K
MRS FTAE I > 100%
1.4 v @i 5t

M . T 2 — o0 ] 0 A e s i, e ™
FR2E 0 08 vk o i 1 T R 56 8 il
i Z 2 27K 1) — 5050 500 R 37 For 7 4
PRI | A T R A T AR R S S B T2 S A
G UEm R S8, HE A TS B0 i R E kY
A, EMRIRACIREE (4) 2 E(B) JAN- B IR EE(C) AT
ENEEJE (D). R, 76 FF i i 17 T i =2 iR
BN 5 52 ) PR 2R RS 07 7 S ( 1 3 B A 7 96 73
AR i 1 TR A AR AN 1 R .

Plackett- Box-
e(insr_i\r?w/:zt Burman Behnken
P Design Design

P e AT IR R

Fig. 1 Response surface method design flow

2 REEHH

s ISR 52 A MR A s B 3 F i)
o7 G B s, M TPC-TM-650 A6 7 %, 4l
# A T ESHA A T B CGF #58 PEEK & & 41
RHRE RSB I T 400 N 3HZE A R
TN AR e e N A T 2 2805
2.1 ¥BHERBZERAESH

PR Z IR 1Y H YR I 2 A B a5 K
A LARIE i 223050 1) = 50 ff o X TR 5 R i)
R BN AR R AT B — R YL m K TE
A VE I —2H ka4 (. FLA A W4 5 KB

B IR ZA 0008 s il AR ik, PRAR B KOP A
UMK B8 13 28 B B A, O T A6 L 3 26 B 50 ~
90 °C, 3£ M , ZE AR MO IERARSE B I, TAE IR
C7F 40 ~ 50 °C , 5 55 % B i 5 PR I 90 °C , i LA
10 °C2Ry—~ A 0 X500 i A8 TV B i 2 AR At 3 )22
JEHEH 0.1 ~ 0.5 mm, % B A A 7 A IR,
DIE SR YEFEM B A% 0.5 mm Wi R, DSk i/
A HER 0.1 mm oA TR R IR ) 2
T2, AR 35 ANt N A0 1 266 1 SR, B 15 1
JE )38 UMK B8 FLRE A5 7R Al 2F 4R i RF- & 1 A AT
FERNE ;71 E IR B A4 SCRRY T A5 e UL 4T B0 L
440 °C, 38 [A]#E 4 0.5 mm, 76t FE Al F i — 56

HEFR T, HoR T2 BB O 36 28 B i A it
I, PP R S AR LR 1

F1 BEXRRE
Tab.1 One-way test

No. A/rC B/mm CPC  D/mm-s")  Warpage/%
1 50 0.5 140 2 0.79
2 60 0.5 140 2 0.73
3 70 0.5 140 2 0.66
4 80 0.5 140 2 0.60
5 90 0.5 140 2 0.55
6 90 0.1 140 2 0.26
7 90 0.2 140 2 0.26
8 90 0.3 140 2 0.25
9 90 0.4 140 2 0.43
10 90 0.5 140 2 0.55
11 90 0.5 100 2 0.40
12 90 0.5 110 2 0.33
13 90 0.5 120 2 0.40
14 90 0.5 130 2 0.47
15 90 0.5 140 2 0.55
16 90 0.5 140 1 0.62
17 90 0.5 140 2 0.55
18 90 0.5 140 3 0.55
19 90 0.5 140 4 0.57
20 90 0.5 140 5 0.59
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Tab. 2 Level value of Plackett-Burman design

level ArC B/mm crc D/Amm-s™")
-1 50 0.1 100 1
1 90 0.5 140 5
Note:"1" represents a high level,"—1" a low level.

=3 PBHEIRIEARRLER

Tab.3 Plackett-Burman design and results

No. AFPC  B/mm CPC  D/Amm-s™) Warpage/%
1 50 0.5 140 1 0.79
2 90 0.1 140 5 0.28
3 90 0.5 100 5 0.32
4 90 0.5 140 1 0.52
5 90 0.1 100 1 0.23
6 50 0.1 100 1 0.25
7 50 0.1 100 5 0.25
8 50 0.5 100 5 0.57
9 50 0.5 140 5 0.84
10 90 0.1 140 5 0.28
11 90 0.5 100 1 0.23
12 50 0.1 140 1 0.28
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Tab.4 Level value of Box-Behnken design

level A/°C B/mm C/°C
-1 50 0.1 100
1 90 0.5 140

231 HFRA S R

R 1 G HER B e 8L T 2 I, & S EUK
AR 1 8 HRATY 5 A PR R I A B N AR
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Tab.S5 Box-Behnken design test results

No. A/°C B/mm C/°C Warpage/%
1 90 0.3 100 0.23
2 70 0.5 100 0.39
3 70 0.1 100 0.24
4 70 0.3 120 0.25
5 90 0.5 120 0.40
6 50 0.5 120 0.66
7 70 0.3 120 0.25
8 90 0.1 120 0.26
9 70 0.5 140 0.66
10 70 0.3 120 0.25
11 70 0.3 120 0.25
12 90 0.3 140 0.26
13 70 0.1 140 0.26
14 70 0.3 120 0.25
15 50 0.3 100 0.25
16 50 0.1 120 0.28
17 50 0.3 140 0.32
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Tab. 6 Response surface test ANOVA

0.05), FBHE G AR A HGH I 252 0w R 2R 10 250805
BT PR 5 B R R BN R=0.967 3, KL IE 5
ERBR 0925 2, KA ZAR 5K 45 R il
FE R, %] B T PEEK/CGF & A M EHE Ak
SN T S50 vl SE -5 1l

iz J Design-Expert 11 4k {4:, 2+l i1 PEEK/CGF

Source Sum of squares df Mean square F value P value Significance
Model 0.0000 9 3.174E-06 23.00 0.000 2 significant
A 1.588E-06 1 1.588E-06 11.50 0.0116
B 0.0000 1 0.0000 102.47 <0.000 1
C 2.011E-06 1 2.011E-06 14.57 0.006 6
AB 1.452E-06 1 1.452E-06 10.52 0.0142
AC 5.419E-08 1 5.419E-08 0.3926 0.550 8
BC 1.620E-06 1 1.620E-06 11.74 0.0110
A2 5.724E-08 1 5.724E-08 0.4147 0.540 1
B 7.523E-06 1 7.523E-06 54.50 0.000 2
C? 1.768E-13 1 1.768E-13 1.281E-06 0.999 1
Residual 9.663E-07 7 1.380E-07
Lack of fit 9.663E-07 3 3.221E-07 1.031E-05 0.141 not-significant
Cor total 0.0000 16
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