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Abstract

This article examines a process of publishing plans using three-dimensional printing (3DP) by focusing on
Printer - location problems. The service life of the 3D printer affects proper location of the printer platform and,
consequently, altered position of the part on the printer affects the characteristics of the part. We evaluated 36
testing specimens fabricated using Fused Deposition Modeling (FDM) 3D-printed Acrylonitrile-Butadiene-Styrene
(ABS). The designed experiment is conducted with specimens’ density at 25, 50, and 100 percent based on the X
and Y direction as well as the location of the printer at the front (F), the middle (M), the back (B), the left (L), and
the right (R) with two replicates for each scenario. Next, relative efficiency of each decision making unit (DMU) is
analyzed based on three input criteria (i.e., the amount of material, production cost, and production time) and five
output criteria (i.e., surface roughness, accuracy, % elongation, tensile strength, and hardness) using the Data
Envelopment Analysis (DEA) technique. Fifteen DMUs found to have the efficiency score of 1 and the other three
DMUs lesser than 1. Then, Bodar count technique is used to evaluate criteria weight and Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) technique is used to analyze the best alternative, in which the
DMU 2 produced using 25%-density level at the XM position is recommended. The results from this research can

be further applied for effective production planning for 3DP in the future.

Keywords: Multi-Criteria Decision Making, Data Envelopment Analysis (DEA), Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS), Relative Efficiency, Three-Dimensional Printing
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A study of efficiency and process planning for FDM
under various criteria

Theory and Concept

}

Designed Experiment
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3DP workpiece design using SolidWork
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Changing the file obtained from SolidWork to .STL
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Evaluate efficiency using DEA and analyze the best
alternative using Borda Count and TOPSIS

Conclusion

Figure 1 Research procedure
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Figure 2 The test specimen for 3DP following
ASTM D638
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Table 1 Criteria for the designed experiment

3DP Fused Deposition Modeling (FDM)
Technology
Material Type Acrylonitrile-Butadiene-Styrene (ABS)
Coordinate X-axis , Y-axis
Location Front (F), Middle (M), Back (B)
Density 25%, 50%, 100%
Crientation 0 Degree
Criteria A. Material o
B. Cost %
C. Time e 5 .
® = gh- s
D. Surface Ewe » 2
aft Sa < gh
Roughness Q@ & = 3
=1 «_5§» S0} 3
E. Accuracy £ = o 2
) > & % )
F. % Elongation 52 v =
m § wn §L
G. Tensile Strength & & =
c >
H. Hardness N
b=
|. Efficiency

Table 2 Data collected from the experiment

Criteria A B C D E F G H
DMU Min Min Min  Min  Min  Max Max Max
1) 634 342 283 861 019 65 184 913
2) 634 342 283 102 004 7 232 926
3) 634 342 283 121 005 5 23 93.6
a) 634 336 275 738 005 5 23 93.2
5) 634 336 275 864 005 4 213 919
6) 634 336 275 979 005 5 20.8 929
7 763 374 286 9.07 005 6 241 92
8) 763 373 285 13 005 6 256 937
9) 763 374 286 835 005 4 242 913
10) 634 336 275 738 005 5 23 93.2
11) 634 336 275 864 005 4 213 919
12) 634 336 275 979 005 5 20.8 929
13) 6.84 353 283 894 005 5 228 935
14) 6.84 352 28 854 0.04 3 21.1 916
15) 6.84 359 29.1 867 005 4 233 932
16) 763 383 299 9.07 005 2 249 935
17) 763 376 289 13 0.04 4 255 922
18) 763 375 289 835 004 3 244 931

Waihdlefiansan % AnunuILluYeITUIY
ANUAUIAINLNL X K30 Y LATATLAUIATIATUNTID
wdudind (F) asenansosutuiiud (M) Aunasaes
wdufius (B) Anuvinveauduiiud (R) uazaiudrevss
wihufiant (1) annsoagUlddsdide DMUL) 25% XF; DMU
2) 25% XM; DMU 3) 25% XB; DMU 4) 50% XF; DMU 5)
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50% XM; DMU 6) 50% XB; DMU 7) 100% XF; DMU 8)
100% XM; DMU 9) 100% XB; DMU 10) 25% YL; DMU
11) 25% YM; DMU12) 25% YR; DMU 13) 50% YL;
DMU14) 50% YM; DMU15) 50% YR; DMU16) 100% YL;
DMU17) 100% YM; uaz DMU 18) 100% YR fu&1aU

4. HANTSIATIZA

4.1 wan15As1zRUsEANSA WA DEA

HAN1TIATIEIMUSEENSNNMEIdaaUNTOU
Yoya (DEA) aeld CCR Model Wunuudraninigléide
ammagmwama‘uLwluffia"umﬂﬂﬂﬁ (Constant Return to
Scale - CRS) Tngl#iilonn DMU fivanfiansanivuin
nswdnfuangay Aedunuiadsliuasuulauileding
Wasuwwg wazazuuuUsEansaminesaudiasewing 0
89 1 FafnAUszansamilanrindu 1 uansimiieau
whsuiUszansain daudnatiesndt 1 wanadn
mhsnuiilifivsyansamidledieusu DMU Bu 9 weil
NAN1SIATIEINIUTEANT ANV ILAAE DMU Wu3an
AzLUWUTEENS A TMINAY 1 T 15 DMU wagdn 3 DMU
fie DMU 1 6 DMU 7 11 uag DMU i 13 fidwinfu 0.97
0.99 waz 0.98 AINEIFU Fauansdrdusyansnimds
Fumsiitiosnin 15 DMU Bu 9 dauanslumsiadi 3

Table 3 Results from DEA analysis

DMU Efficiency score % Eff.
DMU1 1.00 100
DMU2 1.00 100
DMU3 1.00 100
DMU4 1.00 100
DMU5 1.00 100
DMU6 0.97 97
DMUT 1.00 100
DMU8 1.00 100
DMU9 1.00 100
DMU10 1.00 100
DMU11 0.99 99
DMU12 1.00 100
DMU13 0.98 98
DMU14 1.00 100
DMU15 1.00 100
DMU16 1.00 100
DMU17 1.00 100
DMU18 1.00 100

agalsfiny Lilasanwudn DMU 914 15 DMU
a a a Aa A o =2 o v
fanUseanSainiamilauiunue Fevirldnenainy
WANA195ENI19 DMU a1 llile delugvinidedalald
38715 TOPSIS 571iU Borda Count Tun1simsignmnig
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Wonlunsndniananseld neldnailaainnsine

=

Usensnmdunislundninasilunsiese

4.2 waanmsAeszimadeniifigalass TOPSIS

Funouveinisiiasiziiniioedadu
UszAvBnndaes TOPSIS fdsdl hmuandumesmaden
fdululdlundumiaden (Alternative) anuadisiints
naaosntull 18 maden MIUULE war 8 Criteria 71
Jululd lesandn 1 Criteria fio veadeTunisndni
\Ane1nnisuan wasSupport liiinveadeiintusalase
990 1 Criteria wazlaurA1Usz@nsainannanis
Fiasesidaeluna CCR isdnun 1 Criteria 528 9
Criteria wazmA1intnvesedelngldinaila Borda
Count Aa35n13i3euiiieuiluge (Paired Comparison
Method) Tagldide1u75y 5 Augaslunis weight 910
grsmamdugisuidsuiiemaimdnldsiuau
36 guIsuiioy uimnAnadevesanininvosuday
criterion (AN57371 4)

seandufivhauduneuveds TOPSIS sold
suldArauduiuslunisidnlndyngauafd (Ideal
Solution Value) uazA131nA1319817150RRAULANIN
\FonfiAfignfio DMU 71 2 fienaguuumitiy 0.7437 Gl
FAUVUS XM’ FIAuvuILLy 25% waganunsoninig
\Fonfluefigalsido DMU 71 17 fldiazuuuyiniu 0.3326
Fauanslumsad 5

Table 4 Criteria Weight from Borda Count
Technique for all Decision Makers (DM)

DM 1 2 3 4 5 Ave.  Scaling
Ave.
C1 0.13 0.06 006 006 0.04 0.07 0.07
Cc2 0.13 0.17 011 011 0.08 0.12 0.12
C3 0.13 0.11 011 008 0.06 0.10 0.10
ca 0.17 0.15 0.11 0.11 0.11 0.13  0.13
c5 0.17 0.08 0.17 0.17 0.17 0.16 0.16
[@9) 0.06 0.11 0.11 0.11 0.13 0.11  0.11
Cc7 0.08 0.11 0.11 0.15 0.13 0.12  0.12
C8 0.04 0.02 008 006 015 0.07 0.07
9 0.04 0.17 011 011 0.08 0.11 0.11
sum 1 1.02 1 1 1 1.01 1
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Table 5 Results from TOPSIS Analysis

DMU TOPSIS Score Ranking
DMU1 0.4995 13
DMU2 0.7437 1
DMU3 0.4667 14
DMU4 0.6827 3
DMU5 0.5134 11
DMU6 0.5675 7
DMU7 0.7165 2
DMU8 0.5226 9
DMU9 0.5277 8
DMU10 0.6827 3
DMU11 0.5132 12
DMU12 0.568
DMU13 0.618 5
DMU14 0.4261 16
DMU15 0.5191 10
DMU16 0.3346 17
DMU17 0.3326 18
DMU18 0.4375 15

5. aAUT8uazaTUNaN1IY
Tunsfnwanuideluadsiitngusvasdiiie
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naa1INN1sANEINUI1UsEANS Al uATHAAT LY
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9¢ 15 DMU wazdn 3 DMU o DMU 7 6 11 uaz13 e
Windu 0.97 0.99 way 0.98 mua1du laeiilesannly
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madenlansgiused@ndnaimeindu 1 9 15 DMU uag
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35 TOPSIS wuianansadndulanmadendidiignlife
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