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Optimization of process parameters for 3D printing CAF/TPU composite materials
CHEN Yanjun,ZHAO Dongmei, ATYITI Wurikaixi
(School of Mechanical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract : In order to enhance the comprehensive mechanical properties and surface quality of 3D printing samples made from
continuous aramid fiber (CAF) reinforced thermoplastic polyurethane (TPU) composite materials, process parameter optimization
was carried out through single-factor experiments and response surface methodology. The tensile performance, flexural perfor-
mance, and surface roughness of the printed samples were tested to investigate the influence of process parameters such as printing
speed, layer height, and path width on the comprehensive mechanical properties and surface quality. The study reveals that the
degree of influence of each process parameter on mechanical properties and surface quality vary, with the order of influence being:
layer height > single path width > printing speed. The optimal combination of printing parameters is found to be: a printing speed of
4 mm/s, a layer height of 0.2 mm, and a single path width of 0.4 mm. After optimization, the tensile strength reaches a maximum of
183.51 MPa, representing a 30.45% increase in tensile performance; the flexural strength reaches 48.33 MPa, indicating a 31.08%
increase in flexural performance;and the surface roughness is minimized to 9.54 pwm, resulting in a 54.82% improvement in surface
quality. Therefore, through the optimization of process parameters using response surface methodology, CAF/TPU composite materi-
als can yield printed samples with both desirable comprehensive mechanical properties and excellent surface quality.
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Fig. 1 Experimental setup and printing principle.
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Tab.1 Single factor experimental plan and results

Run Al L B/ C/ Tensile Bending S /um
(mm-s) mm mm strength/MPa strength/MPa
1 2 0.5 055 92.24 28.27 22.57
2 4 0.5 0.55 101.64 24.64 28.74
3 6 0.5 055 109.47 32.47 33.50
4 8 0.5 0.55 82.85 26.41 33.52
5 10 0.5 055 81.39 24.02 43.69
6 6 02 0.55 140.67 36.87 21.12
7 6 0.35  0.55 125.04 32.44 24.18
8 6 0.5 0.55 109.47 32.47 33.50
9 6 0.65 0.55 60.91 22.81 34.38
10 6 0.8 0.5 56.33 16.72 40.23
11 6 0.5 0.4 117.84 22.25 22.88
12 6 0.5 0.55 109.47 32.47 33.50
13 6 0.5 0.7 71.97 27.03 39.91
14 6 0.5 0385 64.12 26.48 79.29
15 6 0.5 1 59.46 18.11 109.16
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Fig. 2 Tensile stress-strain curves of CAF/TPU

EIEASC, R aFmEsk 5 O DU 2 Z [ R AR /)N
AR T 22 b 5UTRUZ Z BB 4, DIV i )2
[B] GE B LB , 875 CAF/TPU R 2L IR 1) Fy 221
RS T . M2 RN KT, R AE = B 7 ) A 2
isf, AR IF 0 5 /)N, e A5 R 208 2 o) i Rk 5 5 T R ik
N BHUFE 22 2 (B) 45 SRS R VA 8RS 22, DT fifi 3%
TR RH AR A

(3)HH 8 BE AR 43T

W 2 FEL 3 fies, 4 5UE 5 /)N, CAF/TPU
RFER LR 4E S 3, 2 G A R 2 # b 5 41 4k
B IEAHSE 015 CAF/TPU REFRAK Y J1 21 Bk
Tt YIRIE SR T BE AR AT,



MREEH %5 3D FTEN CAF/TPU B4R T. 22801k 101

50 - —=—2 mm/s
—e—4 mm/s
—a— 6 mm/s
40 | ——8 mm/s
—+— 10 mm/s

30 -

20 -

Stress/MPa

0 3 6 9 12 15
Strain/%
(a) Different printing speeds
50 p —=—0.2 mm
——0.35 mm
——0.5 mm

40 - ——0.65 mm
—+— 0.8 mm

30 -

Stress/MPa

20 -

0 2 4 6 8
Strain/%
(b) Different printing heights
40 - —=—0.4 mm
—e—0.55 mm
——0.7 mm

—+—0.85 mm
30 ——1.0mm

20 -

Stress/MPa

0 3 6 9 12 15
Strain/%
(c) Different printing widths

€13 CAF/TPU ilURE I 25 B g - R AE 1T 2k
Fig.3 Bending stress-strain curves of CAF/TPU
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Tab.2 CCD test level values
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Tab.5 Variance analysis of CCD test for bending strength

Level A/(mm-s") B/mm C/mm Sum of Mean Statistical
Source df F-value p-value .
-1 4 0.2 0.4 squares square significance
0 6 0.35 0.55 Model 151822 9 168.69 5745 <0.0001 Significant
+1 8 0.5 0.7 A 47.79 1 4779 1627  0.0024
sl TATL e B 988.23 1 988.23 336.55 <0.0001
#*3 CODIRWIZITARKIXIWER
C 351.17 1 351.17 119.59 <0.0001
Tab.3 CCD test design scheme and test results
AB 6.09 1 6.09 2.07 0.180 4
Al B/ Tensil B i
Run - a t en; ;[P t en(t/fﬁp S /pm AC 11.86 1 1186 404 00722
(mm-s ) mm mm strength/MPa _strength/MPa BC 7176 1 7176 2444  0.0006
1 6 0.35 0.55 127.61 19.56 42.99 e 501 1 501 171 02208
2 6 0.35 0.55 118.73 25.08 30.97 B 3535 1 3535 12.04 0.006
3 8 0.5 07 38.03 179 6071 ¢ 01713 1 01713 00583 08141
4 6 0.2 0.55 165.22 35.88 17.86 Residual 2936 10 294
5 8 0.35 0.55 104.17 18.88 54.92
Lack of Not
10.75 5 215 05775 07193
6 4 02 04 183.51 4833 9.54 fit significant
7 4 02 07 155.04 27.65  25.08 Pure
18.61 5 3.72
8 6 0.35 0.55 123.11 22.51 37.31 error
9 8 0.5 0.4 105.43 15.62 51.57 Cortotal 1547.58 19
10 6 0.35 0.7 90.51 18.67 40.78 _— .
11 6 0.35 0.55 112.01 24.24 31.02 6 REMRERN CCDRWTENT
12 6 035 04 122.06 2727 2375 Tab. 6 Variance analysis of CCD test for surface roughness
13 8 02 07 154.32 23.96 24.18 Sum of Mean Statistical
Source F-value  p-value .
14 6 035 0.55 104.37 2244 326 squares Square significance
15 6 0.5 055 90.67 17.73 50.75 Model 36104 9 401.16 21.81 <0.0001 Significant
16 8 02 0.4 17121 40.59 21.8 A 116.14 1 116.14 6.32 0.030 7
17 4 0.5 0.4 105.03 20.69 41.46 B 2687.63 1 2687.63 146.15 <0.0001
18 6 035 055 97.11 23.64 3331 ¢ 36651 1 36651 1993 0.0012
19 4 05 07 69.09 11.17 5791 AB 03003 1 03003 0.0163 0.9008
20 4 035 055  127.17 24.86 4511 AC 5238 1 5238 285 0.1224
. . BC 7.35 1 7.35 0.399 9 0.5413
w4 HREREN CCDRB T EIHT £ 35996 1 35996 1957  0.0013
Tab.4 Variance analysis of CCD test for tensile strength B 50.12 1 5012 273 0.129 8
Statistical ? 109.46 1 109.46 5.95 0.0349
Sum of Mean . .
Source F-value p-value signifi- Residual 183.89 10 18.39
squares square cance Lack of Not
acK o )
Model 20020.85 9 222454 253 <0.0001 Significant fit 74365 1491 06819 06577 significant
A 217.9 1 217.9 2.48 0.146 5 Pure error 10933 5  21.87
B 16084.11 1 16084.11 1829 <0.0001 Cortotal 379429 19
C 2568.01 1 2568.01 29.2 0.000 3
7 CCD 0 57 E A Bl
AB 06962 1 0.6962 0.0079 0.9309 ® AR ﬁﬁ?ﬂ?ﬁ;‘“ =R .
AC 00018 1 00018 0 0.996 5 Tab.7 CCD response surface optimization prediction results
Tensil B i
BC 18031 1 18031 205  0.1827 Amm-s")  Bfmm  Clmm en;l/ e emilvng Jum
e 2346 1 2346 02668 0.6167 strength/MPa_ strength/MPa
B 635.02 1 635.02 720 0.022 8 4 0.2 0.4 181.40 48.159 9.85
? 114.91 1 114.91 1.31 0.279 6
Residual  879.41 10 87.94
Lackof o703 s 4141 03079 o0sgo ot
fit significant
Pure 6038 5 13448
error
Cor total 20 900.26 19

Note:df is degrees of freedom.
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Fig. 5 Cross-sectional morphology and fiber arrangement of CAF/TPU
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