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Failure analysis of FDM components under external compression

WANG Duo, SHEN Zhenhui, YANG Shuanqiang
(Institute of Industrial Technology, College of Engineering, Fujian Jiangxia University, Fuzhou 350108, China)

Abstract; In order to explore the mechanism of continuous deformation failure of FDM parts under compres-
sion, the mechanical properties of 125 parts with different configurations were compared. Based on the theory
of orthogonal experimental design, the causes of continuous deformation failure of parts were determined by the
combination analysis of various factors. Results of the orthogonal experiment show that the thickness of laminate
is the most important factor affecting the compressive strength, followed by the type of material, and then the
filling rate, and finally the printing quality. The change law of micro failure after compression deformation was
simulated. Simulation results show that the impact of damage formation must be considered when the material
enters the plastic stage, and the damage expansion can be promoted after the plastic stage. The plastic process
of the component should be avoided, which would lead to local failure. The rationality of the simulation method
was verified.
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Tab.1 Orthogonal design table

FFoORRREE, BEAR/ Fii MR BRI
%

gkl

FORREE, WEE, FE

LR SN T

= mm % SFH{E/ MPa
12 0.15 80 A7 ABS 92.00
13 0.15 15 Ik PLA 76.20
14 0.25 65  BRIA ABS+ 42.20
15 0.10 65 R PLA 60.40
16 0.10 15 #IN  ABS 18.20
17 0.20 20 #H ABS 72.60
18 0.30 99 B PLA 95.80
19 0.10 80 AP ABS+ 45.00
20 0.20 99  BRIA ABS+ 105.80
21 0.15 99 I PLA 96.80
22 0.25 99 MRk ABS 94.40
23 0.30 65 N ABS 37.00
24 0.10 99 BAf ABS 101.80
25 0.20 65 BUF PLA 73.60

mm % F-¥{E/MPa
1 0.15 20 MR ABS+ 47.40
2 0.30 15 B4 ABS+ 54.80
3 0.25 15 B PLA 54.60
4 0.10 20 L PLA 64.00
5 0.20 15 etk ABS 52.60
6 0.15 65 B ABS 71.60
7 0.25 20 BAr PLA 62.60
8 0.30 20 BUA ABS 41.40
9 0.30 80 W PLA 77.80
10 0.25 80 PRIN ABS 61.20
11 0.20 80  BRIA PLA 76.40
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Fig.1 Compression test parts



34 R TR A e 4l

19 B

2 BRITEEETRSHT

21 B

K HI ABAQUS A BRITH AL X FDM A i
AT E . fH Creo3.0 CAD #HEAE KM EIT N
ZHRA A MR, IR BT E AT L STEP SC {4
7% T A ABAQUS, F 4 i B RT3 2 GB/T

I 5 e

(a) E4ifil

(b) E4EFE

11997-2008, d =10 mm, d : h =1:1, RF 156
MEWE 2 PR, BT E AR ESER R 5
M, S o J0 REURE 46K TRT 22 U2 A 4 0 1) A (5] T
FI G 0 U I RO~ DA A T A i 45 X
T4 B E LK) FDM 38 2 4 L] A5 A1
Hrfta d Tl h FRoRAFINRKAS B | 22 58 B T 22 175
i 3 fR,

0°/90°

(e) JoMlHff

2 R-HHIEMGEE

Fig.2 Size and grating arrangement
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Fig.3 Interlaminar necking of adjacent gratings
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Fig.4 Simulated maximum compression pressure and sample compression curve
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Fig.5 Comparison of simulated slices of samples with the layer height of 0.1 and 0.2 mm
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Fig.6 Comparison of compression experiments and

simulation experiment curves in groups 16, 17, 20 and 21
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