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Influences of 3D printing parameters on warpage deformation and microstructure of SCF/PEEK composites
SU Hailiang', ZHOU Mengfan', WEI Zhenxiao', HUANG Weilong', HE Yuyan®
(1. School of Mechanical and Automotive Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China;
2. School of Economics and Management, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract : Short carbon fiber-reinforced polyetheretherketone (SCF/PEEK) composites have broad application prospects in
lightweight structural manufacturing due to their high specific strength and excellent high-temperature resistance. Focusing on the
intrinsic relationship between warpage deformation and microstructural evolution during additive manufacturing, a printing process
simulation framework based on the finite element method was established to numerically model the printing process of SCF/PEEK
composites using a layer-by-layer element activation strategy. By combining numerical simulation results with experimental
measurements and scanning electron microscope characterization, the macroscopic deformation behavior and microstructural
features of printed components under different process parameters were systematically compared. The results indicate that nozzle
temperature, build platform temperature, printing speed and layer thickness have significant effects on warpage deformation. Among
the investigated conditions, the minimum warpage is achieved at a nozzle temperature of 400 °C, a platform temperature of 220 °C, a
printing speed of 20 mm/s, and a layer thickness of 0.2 mm. Microstructural observations further reveal that this parameter combina-
tion leads to a more uniform fiber distribution in material, enhanced fiber-matrix interfacial bonding and improved interlayer adhe-
sion, which effectively mitigate warpage induced by thermal gradients and residual stresses during the printing process. These results
demonstrate that process parameters play a decisive role in controlling the warpage behavior of additively manufactured SCF/PEEK
components by regulating the thermal history and microstructural characteristics.

Keywords : additive manufacturing ; printing parameters ; short carbon fiber reinforced polyetheretherketone ; warping defor-

mation ; microstructural
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Tab.2 Material parameters

Material cat Specific heat capaci- Density Thermal conductivity Tensile Poisson's Coefficient of ther-
atenal calegory ty/[J+ (kg K) '] /(kg-m™?) coefficient/[W+(m+K) ']  modulus/MPa ratio mal expansion/K '
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15 FLH SUBSAE AN (Rl BT LR 7 B IR AT
EJ 3 B A2 451 T By 3D FTER s A8 . A L R
S SE S 20 mmx4 mmx 1.5 mm. A HEEEZERN N
TG 53 A R RE A, TSR] 2 A5 T SRR AH R 4T
ERZEE. PAS RSF i B0 1 mmx1 mmxD mm, 1%
OB AU Hp () 4R A T A5 2 4 R e SR 4 M AR R
TIA
211 F R IR R

PR ELrp S 5 TR T B R DL T B
JZ IS5 5 [ 52 A 200 °C .20 mm/s F10.25 mm, 5 55,
A3 AT IS R B AR Ak % SCE/PEEK M7 T B s Fit
(AN ) RS TEA TR 52

T 3a FE 3c fr , SR B2 4351 A 400 °C
1440 °CHF, FTER 52 WG 1Y fie K55 8400 1 4351
167 MPa F1 192 MPa. 5 = 14 W% I 1 85 (o A5 78 G
DX 35k A4 17 T o3 A BE N 5 3 AR R p A v
WEVELIE A B T IE S S8 2] TR 3, I REAIF T Ep
TR R I A B AT (S AG A i R rh LU
8 H— 0 g7 ke, i s/ s N ) 4
M 3b RN 3d T AR Bifi £ M0E I T B () =, 4
PRI AT R RO R i —25 l 1 3e AT,
LA Rl S N VAN b, 2 R e 2 R T
FERY 3 A e, AN [ Wi I 3R P88 450 T 1 e /N g g 0
{H 25 BN AR RN S B & 22 0. K
{14 I8 7 18 2 S L ] 8 375 2 J22 1) ) ok ok 4 8 25
B2 , DT AR T B A S AR ol i
212 A REITHF 6 IRE N

FEIZA; Erp IR FT B B DL T B
JRJE A3 5[ 7 A 420 °C .20 mm/s F10.2 mm, V-5 1
JEE 43 535 7€ K 180 °C 1220 °C, LA Hr Ho X% PEEK
FPEFT B A rp i B 3 RN, 1 33 Y e

H1 &l 4a FE] 4c AT, 2457 6 8 73 BB E N
180 °C F1220 °C sf X 13 A8 {1 1 fe A5 58007 77 43 )

[Pa]

L S

402 510

0.374E+08 0.744E+08 0.111E+09 0.148E+09

0.189E+08 0.559E+08 0.929E+08 0.130E+09  0.167E+09

(a) Equivalent stress cloud map at 400 °C

[mm]

0.057 351 0.114702 0.172053 0.229 404

0.028 675 0.086 026 0.143377 0.200 728 0.258 079

(b) Displacement cloud map at 400 °C

_ [Pa]

540 551

0.401E+08 0.798E+08 0.119E+09 0.159E+09

0.202E+08 0.599E+08 0.996E+08 0.139E+09 0.192E+09

(c¢) Equivalent stress cloud map at 440 °C

[mm]
[ EEmmme EEEE—

0

0.063 439  0.126 879  0.190 318  0.253 758

0.03172  0.095159 0.158598 0.222 038 0.285477

2.00x10% -

1.80x10¢
1.60x10¢
1.40x108
1.20x108
1.00x10*
8.00x107
6.00x107
4.00x107
2.00x107

Stress/Pa

(d) Displacement cloud map at 440 °C

— 400°
L —a20°C
| —4d0°C
0 5 10 15 20

Time/s
(e) Stress variation curves corresponding to
different nozzle temperatures at node 2

B3 A IRl I BE A S

Fig. 3  Effect of different nozzle temperatures
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Fig. 6 Effect of different layer thicknesses
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Tab.3 Response surface experimental design and results & = ——"x 100% (9)
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Tab.4 Variance analysis table of warping experiment

R4 ML

FESHFR

Source Sum of squares Free degree Mean square F—value p—value Significance evaluation
Model 0.416 6 14 0.029 8 94.45 <0.000 1 Significant

A-A 0.046 8 1 0.046 8 148.44 <0.000 1

B-B 0.008 1 1 0.008 1 25.67 0.000 3

c-C 0.000 5 1 0.000 5 1.49 0.245 4
D-D 0.3524 1 0.3524 1118.52 <0.000 1

AB 0.000 6 1 0.000 6 1.99 0.1835

AC 0.000 0 1 0.000 0 0.0389 0.8470

AD 0.000 6 1 0.000 6 1.78 0.206 6

BC 0.000 1 1 0.000 1 0.2321 0.638 7

BD 0.002 1 1 0.002 1 6.59 0.024 7

CD 0.000 4 1 0.000 4 1.18 0.298 2

A2 0.001 1 1 0.001 1 3.57 0.083 2

B? 0.001 7 1 0.001 7 5.53 0.036 6

c 2.430E-06 1 2.430E-06 0.007 7 09315

D? 0.003 8 1 0.003 8 11.93 0.004 8

Residual 0.003 8 12 0.000 3
Lack of fit 0.003 6 10 0.000 4 4.47 0.196 6 Not significant
Pure error 0.000 2 2 0.000 1 R*=0.9910
Cor total 0.420 4 26 Rzﬂ =0.9805




FRIFSE 55 3D ATENS O SCF/PEEK S & R BHE 78 B 5 oW A5 A4 1) 5 123

R5 B

Tab.5 Tensile properties of specimen

Tensile
Sample A/°C B/°C  C/(mm-*s™") D/mm strength/
MPa
Best 400 220 20 0.2 87.47
12 440 200 20 0.3 82.83

50 pm : 50 pm

(a) Fiber orientation is
generally consistent

(b) Disordered fiber orientation

<400 um 200 pm

Layer boundary

(e) Tnterlayer bonding (f) Tnternal defects
[€17 SCF/PEEK M EHRAI Wi 241 SEM it )5
Fig. 7 SEM images of fracture surface of SCF/PEEK specimen
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