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Influences of FDM molding process parameters on the compressive performance of PLA and TPU

lattice structures
LIU Shufen, XIA Yu, FAN Zetao
(School of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, China)

Abstract : Polylactic acid (PLA) and thermoplastic polyurethane (TPU) were selected as the materials in this study, and body-
centered cubic (BCC) lattice structures were used to investigate the effects of process parameters on the compressive properties
under fused deposition modeling (FDM). Considering that PLA and TPU show obvious differences in melt flow behavior, cooling
solidification, as well as interlayer bonding, flow rate, cooling speed, and printing temperature were chosen as the main process
parameters. The printing temperature governs molecular chain diffusion and interlayer fusion quality, while the cooling rate modu-
lates crystallization behavior and residual stress distribution. The flow ratio alters structural compactness and strut dimensions.
Together, these factors dictate the macroscopic compressive properties through their microstructural influences. A response surface
model was established by the Box-Behnken design to analyze the influence laws of each parameter and their interactions on the
compressive performance of the lattice structure. The results show that all three process parameters have a nonlinear trend effect on
the equivalent compressive modulus of the PLA and TPU lattice structures. For PLA lattice structures, the equivalent compressive
modulus reaches 17.63 MPa at a flow rate of 99.64%, a cooling speed of 80.86%, and a printing temperature of 227.45 °C. For TPU

lattice structures, the equivalent compressive modulus reaches 37.87 MPa at a flow rate of 98.69%, a cooling speed of 14.69%, and a
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printing temperature of 233.14 °C. Verification experiments were conducted, and the relative errors equivalent compressive modulus

of lattice structure between the measured and predicted values are 2.74% for PLA and 2.55% for TPU. The results indicate that the

compressive properties of PLA and TPU lattice structures can be improved by reasonably adjusting FDM process parameters, provid-

ing a reference for process parameter selection of engineering plastic lattice structures.

Keywords : fused deposition modeling ; PLA ; TPU ; lattice structure ; process optimization
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Fig. 1 Geometry of the BCC lattice compression specimen
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Fig. 2 Physical photograph of FDM printed specimens
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Tab.1 Factors and levels for response surface design of

PLA and TPU

Items Level Factor
Al% B/% c/eC
-1 95 50 210
PLA 0 100 75 220
1 105 100 230
-1 95 0 230
TPU 0 100 25 240
1 105 50 250

Notes: 4 is flow rate; B is cooling speed; C is printing temperature.
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Tab. 2 Calculation results of equivalent compressive modulus of

PLA lattice structures

Factor Equivalent compres-
B sive modulus/MPa
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Tab. 3 Calculation results of equivalent compressive modulus of

TPU lattice structures

Factor Equivalent compres-
B sive modulus/MPa
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Tab.4 ANOVA results for the regression model of the equivalent

compressive modulus of PLA lattice structures

Sum of  Degrees Mean  F-statis-

Source squares of freedom  square tic p-value
Model 114.18 9 12.69 63.04  <0.0001
A 322 1 322 159.99  <0.000 1
B 6.04 1 6.04 30 0.000 9
C 3.84 1 3.84 19.06 0.003 3
AB 0.084 1 1 0.0841 04179  0.5386
AC 0.075 6 1 0.0756 0.3758 0.5593
BC 1.31 1 1.31 6.51 0.038
A 47.32 1 47.32 235.13  <0.0001
B 5.26 1 5.26 26.13 0.001 4
c 12.31 1 12.31 61.17 0.000 1
Residual 1.41 7 0.201 3
Lack of fit  0.100 8 3 0.0336 0.1028 0.9542
Pure error 1.31 4 0.327

Notes: The model has a coefficient of determination R>=0.987 8 and
adjusted R?=0.972 1, indicating a good model fit.
R5 TPURMBESMEHEHEEEIFRE T ENFER
Tab.5 ANOVA results for the regression model of the equivalent

compressive modulus of TPU lattice structures

Source Sum of  Degrees Mean F. -st.atis- p-value
squares of freedom  square tic

Model 165.04 9 18.34 58.42 <0.000 1
A 6.13 1 6.13 19.51 0.003 1

B 5.95 1 5.95 18.96 0.003 3

C 7.41 1 7.41 23.61 0.001 8
AB 0.81 1 0.81 2.58 0.1522
AC 6.25 1 6.25 19.91 0.002 9
BC 9.92 1 9.92 31.61 0.000 8
A2 44.82 1 44.82 142.76  <0.000 1
B 37.58 1 37.58 119.71  <0.000 1

c 32.72 1 3272 10422 <0.000 1

Residual 2.2 7 0.3139
Lack of fit  0.0575 3 0.0192 0.0358 0.989 6
Pure error 2.14 4 0.535

Notes: The model has a coefficient of determination R?=0.983 9 and

adjusted R>=0.970 0, indicating a good model fit.
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Fig. 3 Response surface plot of factor interactions on equivalent compressive modulus
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Tab. 6 Predicted and experimental equivalent compressive modu-
lus of PLA and TPU lattice structures

Predi E i I/ Relati
Material 4% B/%  C°C redicted/ Experimental/ Relative

MPa MPa error/%
PLA  99.64 80.86 227.45 17.16 17.63 2.74
TPU  98.69 14.69 233.14  36.93 37.87 2.55%
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