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The study of factors affecting mechanical properties of 3D printing with

6-axis robotic arm

nge unsasie! sy AUz’ suns weud1U! waznans BIaEaIsUNgAINTS>
Krit Chantarasamait, Wiroj Thasana!’, Tanagorn Homchampa®

and Phassakorn Chalisathanakritdakarn?

'naszinynsmansuazinalulad umingraemaluladsivasnadaiu Inenvegsuni smingiuns

=

2Air Condiitioner Assembly Engineering Group, Daikin Industries (Thailand) LTD. 5’@1//5’@%;145

"Corresponding Author E-mail Address : wiroj.th@rmuti.ac.th
7 1
Unanega

NATelngUsrasAiefnynisadsszuun siuidunuauiiissusuueus 6 unu messuutdouduly
wanafnulin ABS fimuaurulusunsuandaaeinaealvsaaes lnefnwidulsiifinaroautfinianareaUssidud
N138AfIvBINAIARNINNNTUAIETTNITRONLUUNITNAABILUUNING (Taguchi) dmsuseainenatiatesisduea 9
(3°) Wneiidadeaiuau 3 fuds 3 seAu fe dyaaiad 180, 190, 200 wavsvuzrnsenitudulowaiain 0.9, 1.0,
1.1 flafiuns uagaamgiivaeuazareidulenatadin 190, 200, 210 BIMVALTLE INHANITNARDINUI HATNEVDS
Uademunzanlagiansananseaudnsdudygusedasuniu (Signal to-Noise Ratio; S/N) fidiadugian Ae

Fyaruiad 200 wazszezrsznadulonaiain 0.9 daduns wazauseudmsunisazareidulonatadin 210

ssrwalua uaslidesidudnisBadannfianeg 3.422%
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Abstract

The objective of this research is to study the fabrication of 3D printing system with a six-axis robot arm
with an ABS plastic fiber feeding system controlled with a programmable logic controller. The study has
been studied the variables affecting the mechanical properties of the percentage adhesion of printed
plastics by using the Taguchi experimental design method with the L9 (3°) orthogonal array and three
control factors with 3 levels: 180, 190, 200 pulse signal, and 0.9, 1.0, 1.1 mm plastic fiber spacing and fiber
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melting temperature 190, 200, 210 degrees Celsius. The proposed approach of the study confirmed that
the optimal factor results based on the highest mean of signal to-noise ratio (S/N) ratio level are 200 pulses
and 0.9 mm plastic fiber spacing, and heat for plastic fiber melting 210 °C, and the most elongated
percentage at 3.422%.

Keywords: Additive Manufacturing (AM), 3D printing, Robotic arm, Taguchi experimental design method
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Hagtumaluladuazuinnssusine 9 lddnswamiensuaussaiudenisuazduisaiuazainlunis
msefinveywd walulagladianuimiuasinuegiminiuaunsaussyndldluniagnannssunisuan
WUURINea LLazlm"ﬁmiﬁwﬁuﬂumazmmﬁmLLUULﬁuLﬁai’aq (Additive Manufacturing: AM) Tuuszeneldagng
unsvaedmsulunageaminssunTsnantudiueiueud sudlifinaedidensotnd Sudiuulfin Sudi
oA Fedududosineunaluladasislniuuusig 4 1Wandsegndldodramnzauiedselovillunisidiv
Usgansnmensnanuaziiugarfidliiusdndug Ssesdinnuianaintesuaziinimaziongs

Tugemamsuiiiunsranuuy AM wiefisondnisiiasianuils Wunsfuuanszuiunsvesnisiiuie
Yan loareinganlumaaufifsisasufiamestisesniutluawesiinerdeaiu dsnszuaunis AM uuulvsl
Tasunisimunluganlaininnii 20 Yveaniswmun AM wisudunisldaulueanie erueud Fanisunmd Adva
019 n1seenuuvandaensy 187 Judleds 4 Snsiviuveunalulad AM Swafvinetuseides lesn
amnsondntuauldiuuilumsaiauuuvegunnduarnisldaudunsian Tastagtuduilaaiuyes
gRamMNITuNISRNaNTATvaeUsEnv WU nsiukuvaweslalarivesns il (Stereolithography: SL), N3
WuWuwuUasiiug (Laminated Object Manufacturing: LOM), n1sankuun1sauianmaeu (Fused Deposition
Modeling: FDM), n15 1 wuud uinas sia8iaim03 7 Anass (Selective Laser Sintering: SLS), war n1583a
(Extrusion) Wudu Fmildlunssuiumsfisiuuvanudafifounssiigalunisfnuisouastanlurneifo nisfiu
WUy FOM Gesuusioafnunduniilunsusuugiantinnasgisiideddlmifintu mamanfiomnsaniignves
ALTEIURY WavATgnFesisuEMTiRTesTud s Uy 3 §7 Taglduumdinigd (Moza et al, 2015;
Parandoush and Lin., 2017; Ahmad et al.,, 2019; Munproma and Limtasiri, 2019)
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wusaesiuannsaanldiiteifiulszansaim uazsoun Tan and Low. (2018) Idauamsinuaslvifindeily
Sngdifiud 3 dFlaonisuandulonanvesiannaniidudonszualwiiussgafiodsnasoautfivnana uag Luan et
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1. 989 uazgunsal

nsadugunsainsisianudfderiisuusurueus 6 unu lusiddedldde Mitsubishi Su Melfa RV-3S uaz
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awfalfidulonarainade ABS Hvurmduritugudnats 1.75 uy. finsuausity PLC %8 Mitsubishi §u FX3U
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sUsvuLannaslnazunsy (Ladder Diagram) vadlusunsy PLC Feagrinualisudyanailadeawdn (input) 1 67

& o '

UuRedyanaesnsauauiueud Wi ludsdyaruvestlsleusan (Output) iineu lneaunsallsleusanay

P o

§1 3 61 16ln Stepper Motor, Heatbed uay Heat Tube

3. MIPINUUVUNITVARBIUUUNIN T

F3n15vemgBiduisnnsilidansecdade Tnaddefsdadedluarunsamuauldnietadosuniuves
AszUINNTs tngassniunisvnassnuesisinueasisiss (Orthogonal Arrays) Hieans uiunisnaaedlimuza
fudouladidinua dmarililifeshnimeasssn malinseideyavemigiiietmunseduostadefiuzas
Tnefinnsananseiusnsdndnamedsuniu (Signal to-Noise Ratio, S/N) Sewusléidu 3 nsdl Ao nsdibenn
597 (Larger-the Better) nsdifnBetjandsd (Smaller-the Better) LLasﬂ‘iiﬁﬁﬂmdLﬂmm&Jﬁﬁqm (Target-the Better)
(Moza et al., 2015; Ahmad et al., 2019; Munproma and Limtasiri, 2019) Tnglunuisedvinmsmeanesidus
nsBafrestiunuiisnianuiftunfigadunsdBesnnded (Larger-the Better) anansouansmsmunalldsdl

n3d@lfenBeft (Larger-the Better) iunisaunidnsidu S/N iWhmnefergianvemansuaussuaziduai
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M15°99 2 nslSeuiisulesidudnistadivestuauiuiaulAniuinunsgIures ASTM D638 Type IV

v, Auguiad sygzserIsdulonaiasin Ausoudmsunisazanedulenaiadin
R Noes (Hadwuns) GHGRRRIEE)

1 180 0.9 200

2 180 1.0 210

3 180 1.1 190

4 190 0.9 210

5 190 1.0 190

6 190 1.1 200

7 200 0.9 190

8 200 1.0 200

9 200 1.1 210
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9 JUNWINISASUS UL UENUTORARILAHINS99 3

A13197 3 MmaSeuiisulesidudnisiadivesunuiniauifnfuiauuinsgiuves ASTM D638 Type IV

v, dyanoiad syoymesymaInaduly Anuseudmiunsazanaduly wWesidudng

R NS wanafn (Haduns) wanamn (e LwaLdea) tng
1 180 0.9 200 3.422
2 180 1.0 210 2.551
3 180 1.1 190 0.959
4 190 0.9 210 2.949
5 190 1.0 190 1.451
6 190 1.1 200 0.441
7 200 0.9 190 2.656
8 200 1.0 200 2.389
9 200 1.1 210 2.107
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NP7 3 wamansvadeuLiiemAlefdudinisamvestunuiiuiandii nausingiituanud 1 fidns
Pedygraiad 180 uazszozvinsznIadulonatain 0.9 dadwns wazaruioudmsunisazareidulowaiasn
200 psriwaidoa faledidudnmsindanniian A 3.422% dawtunud 6 dawesifudnmsamitiosiian fio
0.441% snedgguiad 190 wazszaziisszninudulonaiasin 1.1 Tadwns wazauisudmsunisazaiodule
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Pnuansnaaediaeth 3 Jade 3 seduiifinaseesiiuinistnfvesdulenanaiinuila ABS wsznaulude
fuanautad svezviesswinndulewanadin wazanufeudmiunisazanaidulewanadin umaaesiunidueEy
1@ (30) Tnewasudadoves dyaasiad szozvissswinadulonanadn uazeumgiivasuaransidulowanadinyn
a¥q 1P8YiNNIINAADUMINNENNITNITOBNLUUNITNARDIUUNINT (Taguchi) wuddlorhmsinuunasuonn 18
afudiahumanueainirdsuvesnnuni et ununageu Insannsnnastariulddndadsresniy
ﬂﬁwq%umumaamzagiﬁ 19.961 fadiums wagdlan P-Value winiu 0.562 é’qLLamﬂugﬂﬁ 7 FwnnniuuIauednIs
fanigununagevegil 19 fadums uasinmiisedutisdda i 0.05 anngiviilianuniswesduaulidulumy
summﬁG‘?ﬂi’ﬁmmﬁmé’ﬂmmﬂé’fgfgwﬁaé szegnInTEnIadulenatadin wazausaudmsunisazaedule
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Tolerance Interval Plot for anuninvosduanu
95% Tolerance Interval
At Least 95% of Population Covered

Statistics
N 18
Mean 19961
StDev o

Normal
196 197 198 199 200 201 202 23 Lower 19648
| Upper 20274
Normal { * Nonparametric
Lower 19.740
Upper 20120

196 197 198 199 200 201 202 203 Achieved Confidence

Nonparametric {

226%
Normality Test

AD 0293
P-Value 0562

Normal Probabllity Plot
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Tolerance Interval Plot for %nsfas
95% Tolerance Interval
At Least 95% of Population Covered

Statistics
N 9
Mean 2103
StDev 0m
] Normal
15 00 15 30 45 Lower  -1.340
| Upper 5.545
Normal | . Nonparametric
. . Lower 0441
parametac l. ) 7 i ) ) | Upper 3422
2 1 0 1 2 3 4 5 Achieved Confidence
7.1%
- Normality Test
AD 0254
904 P-Value 0637
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Signal-to-noise: Larger is better
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N3V 8 wansuAmIALAA puveuUe i ufn1Enfaesd uruanm s uLaER 9108y
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wnnisedutioddyd 0.05 Wolimsgmanngfviliiindl p-value 3nd 0.637 Bufinanduauduves
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adulenanadin mudrduanunlutes wasnsliasisinaansvemnBiiedmunseduvesdadeiivunzay

laefia1sanInsEausnsIdudy1sadasuniu (Signal to-Noise Ratio, S/N) NiFngegasuanslusui 9 Uade

] i aad

fdwasieAnUasidudnisind Ao nadnsvesnisiundunuaufiiiiaaievesdyyuaade dygiuiad 200

AVUN 3 warsrern1senIndulenaiadin 0.9 Jaduns NTuN 1 kazAnusauansunisazaredulenanddn

210 perLwaLded NUUN 3

A9199 4 NMIRDUAUDINDAYYIUTUNIU

5 4 . . JLYEMITENIN ANUTaUdmSUNITaTanY
e e wulewanasin wulenanadin
1 6.153 9.521 3.786
2 1.838 6.311 3.712
3 7.506 -0.334 8.001
Delta 5.668 9.856 4.289
Sduii 2 1 3
ungay

NsasNszUUNsNiduOuaudimewvuiueud 6 unu sagszuuleudulenarafinyila ABS NatumunIl

I3 s

TWsunsusidanednaoalnsaiaes ileAnwidulsiisinadoautfnanavesnisiudamilasfinsaneadedidud
N13gAfaMaTIaRNAIEIBTN1TRNLUUNITNARBILULUNINT (Taguchi) Nuan1svaaedlagii 3 Jade 3 sEeuidl
nasoiafidudnisiadvendulowanafinuiln ABS Feuszneuludie duanaiad stasvaseniradulowanadin
wazAnudoudmiunsararsdulonarain umaassfiuduanuamialnewdsudadennaimundnns
Ms0RNLUUNMIMAABILUUNINT NuImsTEdaaiadi 180 szugvissgninadulowatadn 0.9 fadiuns uas
mwdoudmiunisazaneidulenanaing 200 esmwaidoa fiuasifusinsdadafiuniigndeiinnegi 3.422% uaz
fszsuanudostuegi 7.1% SuAnanamguansdadeliud 1) frdudnsewistunuiugfuidunuauialid
mnuudsussnmuuaziinnudunasuesgidnties 2) Msndeuiivesuvurusudianurainindeu wagiamialsi
ariauolunsindeudl 1wy naedouiildsniininedoudifuwundunss 3) gnnadumsiadulewaadiniy
NOLIOS 5wmsf§?ﬂqﬂﬂ?ﬁthjﬁ%v‘fﬂﬁmiﬂawﬁﬂaﬁaaﬁ’zyzywmﬁ’aﬁﬁﬁmﬁ’uﬁmqmamLﬂ?{aulﬁ WEIAINTINAT
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