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Original Research Paper Today, due to the importance of reducing the time between design and production, the use of methods such as
Received: 12 October 2021 fused deposition modeling (FDM), is considered as a good alternative compared to reduction production
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Accepted: 18 November 2021 methods. Poly lactic acid (PLA) is used as a biocompatible polymer in many engineering and medical fields

Improving the long-term load bearing capacity of such products is one of the essential criteria to ensure the

proper performance of these components. In this study, in order to improve the fatigue life and creep

FKues)év&/%re%stition modeling (FDM) resistance of samples made of poly lactic acid polymer during the fused deposition modeling, to evaluate the

PLA effect of layer height, layer thickness, infill percentage and infill pattern on fatigue behavior. And creep

Rotary fatigue bending resistance of the samples was investigated. Also, in order to benefit from statistical analysis, the response

Creep surface methodology has been used. Analysis of variance (ANOVA) showed that the percentage of filling and
layer thickness had the greatest effect on increasing the fatigue life and reducing the creep rate of the samples.
The results showed that layering based on layer height of 0.1 mm, layer thickness of 0.3 mm, infill percentage
of 75% using honeycomb pattern had the highest fatigue life and creep resistance of the samples.
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Fig. 3 View of Rotary fatigue bending test machine
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Table 4 Analysis of variance related to number of cycles to failure

source Degreesf Adfstaim LG e pae
squares
model 14 46869090 3347792  116/60 0/000
Linear 4 34871658 8717914  303/64  0/000
X4 1 1314361 1314361 4578  0/000
%o 1 5183127 5183127 180/52 0/000
X, 1 27597497 57597497 961/20 0/000
X4 1 776673 776673  27/05 0000
Square 4 5360826 1340207  46/68  0/000
Xq2 1 241659 241659 842  0/010
X2 1 151549 151549  5/28 0035
X2 1 595820 595820  20/75  0/000
X2 1 36347 36347 127 0277
Interaction 6 6636606 1106101  38/52  0/000
Xi* X, 1 341640 341640  11/90  0/003
X% X 1 1257762 1257762 4381  0/000
Xi* Xy 1 20736 20736 072 0/408
o X, 1 3788862 3788862 131/96 0/000
Xo* Xa 1 108241 108241 3777  0/070
X Xa 1 1119364 1119364  38/99  0/000
Lack of Fit 10 459266 45927  2301/81 0/000
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@ worksheet1++
+ cs c6 a | | co
Layer Height (mm]|layer Thickness {mm]|[nﬁ|| Percentage (%]‘Inﬁll Pattern‘ cycles to failur;{
1 03 03 75 1 3320
| 2 | 01 01 75 3 3500
ER 03 01 ES 1 1050
| 4 | 0.1 01 75 1 2375
| 5 | 01 01 ES 3 965
| 6 | 01 03 75 3 5670
| 7 03 01 75 3 2875
| 8 03 01 75 1 1653
R 02 02 0 2 1375
| 10 01 03 75 1 5057
| 11 | 02 02 0 3 1395
| 12| 02 02 0 2 1377
| 13| 02 02 0 2 1376
|14 | 02 02 0 2 1373
|15 | 03 03 75 3 4328
B 02 02 0 2 1378
17 | 02 01 50 2 987
| 18 | 02 02 50 1 1360
B 03 03 ES 1 1140
| 20 | 02 03 0 2 2488
| 21 | 02 02 0 2 1385
| 22 | 02 02 75 2 2060
| 23 | 03 02 0 2 1552
| 24 | 01 03 25 3 1063
| 25 | 02 02 25 2 960
| 26 | 02 02 0 2 1371
| 27 | 01 02 0 2 2050
| 28 | 03 03 5 3 900
| 20 | 03 01 5 3 1200
| 30 | 01 03 ) 1 1250
| 21 | 01 0.1 ) 1 952

T

ig. 7 Measured values for number of cycles to failure
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Main Effects Plot for cycles to failure
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Fig. 9 Comparison of the effect of process parameters on number of
cycles to failure
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Fig. 8 Comparison of number of cycles to failure by response surface

methodology and experimental method
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Table 5 Error percentage for number of cycles to failure by response
surface methodology and experimental method

X1 X, X cycles to Error
NO mm)  mmy 6) ¢ falre  RSM (%)
15 0/3 03 75 3 4328 4329/87 -0/043
25 0/2 02 25 2 960 705/48 26/51
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8 Worksheet 1 *#*
+ C5 Co c 8 c9
Layer Height (mm)| Layer Thickness {mmy}|Infill Percentage (%) Infill Pattern Creep Rate (1{5{
1 0.3 0.3 75 1 0.004
T 0.1 0.1 75 3 0093
T 03 01 25 1 0.135
T 0.1 0.1 75 1 0083
T 0.1 0.1 25 3 0.111
Gl 01 03 75 3 0097
T 03 0.1 T 3 0,095
T 03 0.1 75 1 0,089
T 0.2 0.2 50 2 0.112
T 01 03 73 1 0.108
T 0.2 0.2 50 3 0.105
? 0.2 0.2 30 2 0.109
T 0.2 0.2 30 2 0.109
3_ 0.2 0.2 50 2 0.109
T 0.3 0.3 75 3 0078
? 0.2 0.2 50 2 0.107
? 0.2 0.1 50 2 0.113
? 0.2 0.2 50 1 0118
? 03 03 25 1 0.104
? 0.2 0.3 50 2 0.095
T 0.2 0.2 50 2 0.109
5 02 02 75 2 00%
? 03 0.2 50 v 0111
7 01 03 25 3 0,082
? 0.2 0.2 25 2 0.107
? 0.2 0.2 50 2 0.109
? 0.1 0.2 50 2 0.101
? 0.3 0.3 25 3 0.087
? 0.3 0.1 25 3 0.132
? 0.1 0.3 25 1 0.105
? 0.1 0.1 25 1 0.113

Fi?13 Calculated values for creep rate
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Fig. 10 Number of cycles to failure changes versus layer thickness and
infill percentage
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Table 7 Error percentage for creep rate by response surface
methodology and experimental method

X1 Xz X Creep rate Error
o m) @m) ) X a  RM e
3 03 01 25 1 0/135 0/135169 -0/12
9 02 02 50 2 0/112 0/108400 3/21

Main Effects Plot for Creep Rate (1/s)
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Fig. 15 Comparison of the effect of process parameters on creep rate
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Fig. 16 Creep rate changes versus layer thickness and infill percentage
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Fig. 17 Creep rate changes versus layer height and infill percentage
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Table 6 Analysis of variance related to creep rate

De £ Adjusted  Adjusted :
Source frg;?n? sum of mean of  F-value value
squares squares
Model 14 (/004885 0/000349 52/88 0/000
Linear 4 0/002164 0/000541 82/00 0/000
X1 1 (0/000057 0/000057 8/62 0/010
X, 1 (0/000722 0/000722 109/41 0/000
X5 1 0/001136 0/001136 172/16 0/000
X4 1 (0/000249 0/000249 37/79 0/000
Square 4 (/000487 0/000122 18/45 0/000
X2 1 (/000006 0/000006 0/92 0/351
X5? 1 (/000032 0/000032 4/91 0/042
X2 1 (/000094 0/000094 14/32 0/002
X4 1 (/000023 0/000023 3/46 0/081
Interaction 6 0/002234 0/000372 56/42 0/000
Xi* X, 1 (/000400 0/000400 60/62 0/000
Xo* X 1 (0/000324 0/000324 49/10 0/000
Xi* Xa 1 (/000001 0/000001 0/15 0/702
X o 1 (0/001056 0/001056 160/06 /000
Xo* X4 1 (/000380 0/000380 57/63 /000
XX 1 00000072 0/000072 10/95 0/004
Lack of Fit 10 (/000093 0/000009 4/33 0/043
0.14
0.12
‘:’;— 0.10
0.07 ; : s - - o “ "2; . -

Experimental Order
Fig. 14 Comparison of creep rate by response surface methodology and
experimental method
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