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ABSTRACT

This thesis proposes robot have increasingly replaced humans for many job,
including 24 hour work, routine task, and dangerous jobs. However, the robot
operating system has high power consumption in many processes. This has led to
energy efficiency being the main focus. The thesis has opted to build a robot with
high strength, light weight, and low power consumption by reducing the weight of its
components. Presently, we know that the structure of most robots in the world is
made of metals, composite materials and plastics. In this thesis, to design the
mechanical structure of robot arms with three different materials (cast iron,
aluminum, and polyamide) using the finite element method to analyze and evaluate
the possibilities of these materials. The dynamic load, power consumption, and
mechanical characteristics were compared. It was found that polyamide could help
lishten the weight by 40% and increase energy efficiency along with average energy
savings 68.8%. Although polyamide is particularly easy to find, cast iron is stronger

than polyamide.
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N13ANEINgEuasUIeNAEIYes

Tuuniiaznanfanguiarauiddenineites e lignasAnwilumnuideminawell daus
Anutaiugu visludruredlastasIarnszUIUNIsaslazeank UL fae lludoduud
fegidiu wazn1silSeumeuTansdeingiuisn1siladasasi

I = (3 3
2.1 ngufsztaulnludediuug [22]
Tuanruanalunisuntguimademnssuriansnienisangaaansiuidiuegrminlunis
4351983 nveuywd 1y Ysingnisaldiulvgiintussudnazaiuisaas uiedandnnisnis
emansle Feo19vzegluguaunisiieyiug vieaunsigduninga JJudiu aunsdeyiugas
a X . A a1 o Ay o & Y a v da &
anunsauseAvgiulaldenuasnandeiudug NdesniswardndudesUsvivglulasunuuiiatu
ilalagszilounsinssigailaeinunnnisenvssslileias daumsnanina1idnalininisnis
a a &£ N Ao N =~ a1 oA = aa
nawedelngUszananindy Tuefnisnisamaslnessanaiivainraeuuy wiiwudneessidouds
HARN9EULLBY (Finite element method)
97 IN3IATIEANITNINITNTEIBVDIAULA (Stress distribution) UuAIeE19lA187F

a

suifouiSuasiisduiiles (Finite difference method) Wuinanmsuyagemsns 4 dessioruiigase
evunmvasilymviednaualaidan (Number of unknowns) a¥Buatfusiuauvesgadotiioama
$e firedmaugauesisillaunsafrunniuseslfaiua anauliuazdah Iiaafiagoenuns
giduAnaunsiiiuaTaasswinligunseiialudndie mszvdeuiaesenanldaunsnAiuia
auduaisesuiuiieglidniuguassauazauliagmndindnfineuniufidudneliiae
sufouiBnammalnaslagissnisuieifoninsyBeuislnludodinmd (Finite element method)
3o FEM wLﬁUUIV\IleLaﬁLmuﬁﬁaﬂmmﬁmﬂ%ﬁu{]zy,mﬁ'ﬁgﬂ'ﬁ'ﬁagﬂwiaé’ﬂwm%’uﬁauﬁﬂuasmﬁ
anunsnsianssUdnuusaainiuiisddlngdifssuanfewnsindi Buarsdudles vdnnisves
sudoulrludoduuddlndifestuisuadduiies udvzunndiunssitssdoulnludiodiud
annsnulegn uazmdsueanldlaslisiowiiy uarlidudusonhuuavesduduusiasiodiuudy
Wi

Tododrausniiulddaauanisszdeulnludiofiuud (Finite element method) Aa
annsadnassgUvesaildlndidsaninunnlnglidesimunvuinma suseqaliiving fuusaiunsa
ssualdmudnunsreuuiogwiatuaiadelnesse deulnluddaiuud ssdianuuszansam
Tunislgau

2.1.1 sutsulwludedwug (Finite element method) Aaazls

Tumshmseidamiladymuiiaiy ﬂigmﬁ?uﬁﬂﬂizﬂaué’waumiL%qaqﬁuéuas

SeulvweuiasiissusuasliausiudifivssAusiuanldsussnaudeavasiuUsnuvosiumis



snaqfutugUdnuasvestiymtu sudeuilnlufioduudisnididuluimaasvousiasied
wudtusidudesaenadosivaunndseyiusuasiteulvveuaniirmunu i miudgmdue s
vineauiisnludiedmudiazdesduiinsaniaziedmud lagvinsaiaunsdmivusiasiod
mumﬂﬁaamﬂé’aaaumﬁ@qayﬁuﬁ‘maaﬂﬁgmﬁﬂmimwagﬂiﬁ?umﬂﬁ?u?jaﬁmmmiwLwiamaal,muﬁm
UszneulishedudeliAnszuvannisyin ddunnuvsnemameniniindefunisiinniedismdn
UsgnausamdndetuneliiAndusuindnsasiamuavestiymiuiade udriwssgnddouls
voulni mvusslvaslUlussuvaunissuidewhmsudfsssuvaunisdngn Wonmauas
TngUszanaiidoamanusiumisisnesymmiuauaunavesoudifinisBanguldluania
wamdluannisil 2.1 annsadeuliieglusUvesaunsBseyiusdosdo

do, + Ovy + Otz + Fx =0 (2.1)
Ok 7% o

Oty *+ doy + dtz + Fy =0

Ok o 07

Otz + 01z + doz + Fz =0

Ok o O

e 0, 0,, 0, WUAMIAUIULILY X, ¥, Z AIUEIRU kae T, T,

o T WIUASAUADU £, A,
wnuseing (Body force) lunwannu x, y, z MUEIRU naenRITaULENTBBIIIFIAAIEUNITT
2.2 13UsEnaUAldoulvveuluanates viln 81MEN NTATNASEEEIAG BUAIUUAIUNeE Y
Tuvagidudu 919imsmmuaReuluremueunil (Surface traction) luguwuuiilume
T=Ti+T,j+T.k (2.2)

W08 T, T, T wnuAnspuitinluiieunu xy,z auaisu ssansnsaeulegluguiuuves

D Tx Gy Txy Ty nx
ALLAUEDEA9Y ARl TX & [p) 5] Sy, \ih(, (2.3)
Tz Tz ’Cyz G, nz

1ae n,, ny, n, {uiiennslale (Direction cosines) voaLanLABS
n=ngi+n,j+n.k (2.4)

Y
Y v a

Fadunnmesfideiniuiy a ganmdsmesanegiu

V4

JUN 2.1 anauganuinisla g luvewdsanuiia



wenvnReulvveuwaifimanidudy veaudduaudlugy 3 orafianunsendusiu
(Pre-strain) 7inTuegnou ilianuduiusseninanuAulasaunsenlagiiluae

{0} = [cl{&-&}
A
{mT = [O-x O-y O-Z Txy Tyz sz]
{E}T = [gx gy 82 ny Vyz sz]
7 A
-v. v v 0 0
V1=V 0 0 0
] £ V&= sV 0 0
@+vya=2vy {0 0.~ 0 a=2vr 0 0
UY 38 (=2 V)12 0
0 0 0 (1=2 V)2
v fea1 ns1dauliages (Poisson’s ratio) Uay E Aaf1 wegaavetan ngangu (Elastic
modulus)

2.1.2 nmsiasslymnlsaauinines (Computer simulation)

n13s1aesdaeTusknsy AONRILMET UAYNIATINAOUHANTIITIABY Feudags unou
annsassudld fedl nsshasstlyminerefiames Wunssuunislunssiusanianisng q il
Tuanunsalate videwgAnssuvesssuuludmguiunliuuseufiomes weldlusinsy aeufiumnes
dntiedaes waglerginan1suiiing Faniseiassaoiunisaisng Aetiamesausnlily
nMsvhuneransznufisziniu dedninudsuiyanioulaly anunsalvesszuusiasanield
Fouly wasdornunsag 4 LLaw‘hms‘imiwsﬁmgﬂLLU‘U‘ﬁ gNABINIUIUNTNABNNIADS Wi
Usudgslueunan esandaulugjaulussuuiu s3sinagiivuanlng Sanugien uazdudaudn
wagdliaznindensnadey wazudly vl lumsufoRnusisiliaunsofivsiinimeses vie
USudsunsyuiumsvhauldauninzteniuisslewdfiezlesu dafy masiaesdamiae
reufilnesIstelvanunsa Sinszianmiiusgluiiaguvesszuy wazthemuuinie vie
madeninzaunou thluldfuaniunissl viensujuRnuete deaztnelianemndsslunis
AaruRanann wieanudnmarldusnaniisateliussvdanldine uasanlds naae ey
Tuns Sraesllam Aedesdianuanmgauna wazanusaigatls Tasnmsihnaildniusuiiouiu
nadnsisruulsvanasenulnemssaeslaymisneuinnedsznaulude 6 Tumeu ldud n1s
smuatlyv Maduuuusiaes nsadauudasauy nstmunleulunaiand

(2.5)

(2.6)

(2.7)



2.1.2.1 manuuaieyni (Problem setting)

Tumslénsdasatiym Tngldneufiunesdnduiazdosimundamlvgnioes
Aouflagdudumstunoudeld esannafnundgmiigndesasiliaiauuuiiaeddgnses
nsasanuuasseifiannumnyay fvuadeulumsdidndiiaenadesfusulsiaula Wnanis
$reosnoufinmesineulandgmilisdedu Sanugndes wlug wazanunsn dlUlE8e8 414

2.1.2.2 MaWgULUUTIa88 (Drawing solid model)

Juditadrauuuiasmedunuinsimsiesgd mevdminimuaiym
Soutesudn Inodosiilafisesdusznousing q fotafinaredam 1wy JUNsvesdsiiazsin nng
AT NMsuUReRILA (Element) Wioan1issuduvastoym

2.1.2.3 NTESNMUUIIa89LL% (Creating mesh model)

Fumewt] fonsuliuusiaeseendutedmus (Element) dos 9 auawn
uazgUnswing o Tnousasiodiuuianiendeiumelvun (Node)

2.1.2.4 matmualeulumsi@nd (Physical setting)

nsimuaiaderndauting o Mfedestussuy Wenmsfuimdieisnng
Fasian Tnelddouly uazvouaidudiormunvestam nedeyaiildainnismaass ms dunt
wazUszaunsaliidauiazriliamsatmundoulamsidndldetregneios uazld dmeufiuiue

2.1.25 nsdnaesnglusunsuneniames (Computer simulation)

nstdpeuiames WioriuamAr1e 1 udliTusunsuwaninananul vie
thuld Binsresitlym luednmssiasstionoufiuneimnsfendowlusinsutiunnies ngldniuwn
C, Mathlab, C++ a4 wdaldlusunsuiifoutuil uanrneu Tnserdendnnisnas1aduii og
(Finite difference method) 33aldlalunsdinuuusasdlidudou wazdidoulvveuiun (Boundary
condition) laiun usmnuuusiasedinaududou (Complex) uagidouludiuau 11n 338ana3s
lalagaanTun1si e dusudymvesidelsdniudesddnisenun Tny ordendnuedisinludied
Luud (Finite element method) uazdlaureIniIsnLiaaiuduezaia 319nann15909 Harmonic
response Tagviean3s i nmuIN1a1nIsnadvduLios Tnen1suds wuusasseaniuod s
(Element) go8 9 vuIALEnTIILIA Fadoudorudaelvun (Node) Arring 9 lunsasivunasd
AduTUS AT EU VAN SRAEN Fagriudsuguinann aunseysiudeilanduesdamiiin
awla W auniseremaudeu aun1snsdy aunts Wil va Wedmuadeuly veuln uax
Arasfifisndusing 4 asuduudalusunsy Aeufiumosazduinaifig q luyn q Tnunnaoais
wuudaes whuanssasenundusiay viesenulusuveaand (Graphical color) ilelvieungly
lumsimszi
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o Q300 jimj [‘.~ - 0D e ["I
— . I

0.180 o180

JUN 2.2 Mpgrewuunaesnisivavesinigluwneg tagldlusunsy Ansys [26]

2.1.2.6 MIATINFBUKANITIRBY (Validation of simulation result)
namsTraesarlsifimnmindedevnlifiminsaaeunanisiiass w/M3
ATI9Eoy annsavile 2 38 fe Wsudunaainnismaaes videsuRuNaIINNgu agndlaag il
vieva antogne mnwamsaesigndeundndudesdeundulumatvei . andiazilusumg
e Msdraesnaaindeu 1w kuudiasmeuiiuly winunwlid vieteulvnsdidndlignses
2.1.3 35n15% (Meshing methods)
ndnmadonisnmsmeiutuogfussdusznausa q vasuuudiass iy JUs1e eule
yanarans  uazsdiaveuuuasiiu - Fenauresivangisuasmatonuy - JakuunsaEnii
(Tetrahedron) wuunss3dy (Prism) waznswnwh (Hexahedron) Bsiigusnamthmees wadissly
usiazias Tnglunsamiiuanunsoldninumsioudng o suduld vioesldnim sdafedld (Foaud
2.3) awituldimmssdninvaisiofign mameuldisy ezt Tdinefuingiitigusedudou
wifldedinde Sesrugniesvomataaslunsiesizideya Ingluniseelddnouiifiussansam
fanugnifes warisiugriu axsesfinsldismationng 9 Sufuegamnvadluinaiadls o
denaldimmauiifiign
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Hexa

(5 =

Tetra

A.—-ﬁ-—_

g‘d‘ﬁ 2.3 JULUUMSLUBLUUANS 9 [26]

2.1.3.1 Tetrahedral meshing
Patch conforming Iﬁmim%ﬁnmﬁuﬁaﬁﬁmmgﬂﬁmLL:u'ué’mdw P8ATAT
v & a v v o 3 2 Aa o o aa °
wyannveulugeiuimi wasdhludinely Wumadennfddmsununiiaunngs annsaninun
VUMW US U R
Patch independent M3IUYALLAAUTIIVOU UAZWURINGT T1882DUATENT
wanuliaziBeninduwuy Patch conforming virbrinaunnlunsiuwiuesninlid skl winneiv

NUNRBINTANNALBINAS

LfiEce’ .
o

31]1'7; 2.4 .1BUWUU Patch conforming Wag Patch Independent [26]

mﬂiﬂﬁ 2.4 LLamﬂ’]’iLU%EJ‘ULﬁEJUGUENﬂ’I’iLaJ‘*UﬁLLmﬂm'NﬁJuﬁg\iaENLLUU LLaﬂﬂiﬁLﬁU’jﬁﬂ’]’i
WIHUU Patch conforming fufirudsusazasinavetuituiafidn 9 LLa”iJﬂ’JWEJ‘UUGUE]wUENWHW
1§fndnlaefiuuy Patch independent uummLismLLaummamLammasiusumwaiﬁnmmu R
dmSussnuiidnsisuuy Patch independent fosnuuusiaesreudnsfivgdudon
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2.1.3.2 Hex meshing
ANVULLAUVBINTUIUTELANT AB 1UULLaa warasrusenauluniswvanas
Fevrvannalunseuiupg warasrusenauluwsasiwadaonmaasblluiianiavesnisivia Faiided
f

o

oyl aRANaIALT9RavTA1anad

5UT 2.5 WIguLfigunsuiiuy santn kazluy nsmant [26]

1n3UR 2.5 uandiifuinnsuslusesdnvalvnanunnssiulnsnimmms sudredunis
WYRUUNSIA N (Tetrahedron) $1uauvesesAUsznovly 1 $1u9u 48000 wad aglidruiy
gaAUsENauf u1nnI I nnIed w19 L S unisiuvuuunsananda(Hexahedron). §adig1uau
29AUIZNBY 19000 Lwaa

2.1.3.3 Sweep
BunswrludnvasiidoniuiSuduiiosimsueududenlrugluny

dumnsnaaiasdesinnisssylidanu weludiiuiadmne teefitestninlusswi fiuio
sy uazituiat manenuessendutudentu Buidedenty wardidnvarnie menmmilou o
fiu

Target Face Source Face

gﬂﬁ 2.6 NMIUIWUY Sweep [26]
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91n3UN 2.6 uandbiviunisasrangludnuaeiiienin “Sweep” awnsadivun 6
wngdunuimruauInaEuiulLasivuausnatdmneldinty F9ag aiauainge 1inis
mvunauluiadmuneiinivue

gﬂﬁ 2. 7uUU AR STIA N TLTUUY Sweep 1¢f [26]
2.1.3.4 Multizone
Humsirludnuairifinssemvansvinsufueglutuuias et Taois
%%uagjﬁ’ummmmzaﬂmwiazﬁuﬁa warluusazveulundnsiulunuauasden way IaUsEaA
Tunnsldau (Fsgud 2.8) fimssimiuumssnnti (Hexahedron) wagnsausay (Prism) safuagly
wuusaeafieatu warBndnvasmil Aolutessnanagldniswmuinn WdnkazazBeantiiiuinfleg
AEUDN

Release 16.0

gﬂ‘ff’i 2.8 MIUBUUY Multizone [26]

31n3UN 2.8 wanalmiun sk uUratsdneasluduufed Tnanimnie srugreidunis
LBLUUNSIUSTY (Prism) waswuuNsInnuti (Hexahedron) @uA1nn199 U931 uN15603wUY
wapanuy Feaylinuniniigs waslinnuaziBuauinluusiiudiulas wavyusig o
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2.1.4 MIAIAINISUY (Mesh controls)
Advanced sizing function (ASF) {VBAIUANNITNTEANLAT LAZNITNOAIVDLUY ATIEIU
YoeUTUnANlAYES waruSndeawaudan 4 Adedldeulaniswsiuuiivay

gﬂﬁ 2.9 mawvwuuilUluaesld [26]

91n3UN 2.9 wandliiudsdnvarniswiuuilluuunssdnii (Tetrahedron) 119914
wuuaesaznglunsevduasianshitiuiguuuunmsutlnemluludiuvesuiom Yewauibn 1
foguunuuaes

Ul 2,10 mstuvnuumsld ASF Curvature [26)

e

a

31N3UN 2.10 wandl LS N waEN1TILY tnennun ASF Curvature WAMIAATUUY NUR9E

ummaumsmmnmmuimma 9 NWﬂﬂﬁWﬂWﬁLN‘ULLU‘UV]'ﬂU “U’)‘Ellﬁﬁﬂﬂiﬁﬂa’é)\‘lLLUUL?{QJE]‘U‘NNN A1
avLdun LLaullﬂ’WlLLlJuEﬂﬁﬂﬂEN‘Uu smLaumnmmuLsuamasummLaﬂmaamuuuuwmaaa
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v A AT

- u‘j"?' 'ﬂﬁl—‘.ﬁ 5 h
J\P&F_Aﬁgt'i e

U 2.11 T A Proximity [26]

mﬂg‘dﬁ 2.11 Wituioumsuiadild ASF lunuulds (Curvature) wasuuuda (Proximity) Hu
wansliiuinmsweiiintuuuiuiivesuuusiassiaaunnssiuluusnansevduns e wWasy
Snvaiznsiuy SadlensTeuieuiunswruuuiluudasdanaldinniswsiingy U%LamgLﬁﬂﬁu
El¥nsimuuY ASF Curvature 9ldmsisuuiuinfiazidentuniiuuy sl driluusnadiu
L%amiasummLﬁﬂ‘ﬁagjé”muuLLUUf\i’waaqmﬂWﬂmmLLUU ASF Proximity fazlgnismadiituiausia
dudondenunidnfiagidoatiu Meiniawdsusuuuy maulidndielinnssaesuuuiaiouthud
AvaiSen uasiimiuiugnnnd iy
2141 Anwuindidniign (Min size) uazAuIndilngiiian (Max size)
mﬁummﬁlﬁﬂﬁqm (Min size) Al ﬂ'wmmaamﬁﬂizﬂauﬁlﬁﬂﬁqmﬁ% #1315
FlhAnnsild Tnsfiduunnuoseidlssneuunsesdussneutuasiivunndnnin maus
ﬁLﬁﬂﬁqm (Min size) lﬁ%{uaéﬁ’wmmawauLﬁumﬁuﬁsuamum‘ham
mﬁummmamaﬂumwaﬂ (Max face size) fi8 AatnavesRaduiad naia gn
fazanunsariiliinnsiale
mmmmm‘wmmm (Max size) flo Anawavetesrusznaudiivefia qan
mmmv‘h‘tﬁl,ﬂmﬂmmmgmzﬂuﬂmmwmqumaaﬂm

Mouse Pninter mues to estimate
mesh sizes '

Min Size

Max Face Size

Max Size

Avuafduiailneiian [26]

9

U 2.12 Frvuniiidniian Anvuadilugian uas
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2.1.4.2 Growth rate
Gueiivhnihiidvundnsdiuvesuevessadisazivadiogusiim

Tn&iAes fu Tneazfuritiuusuuiuinduia wavdsunsneluresiuusians Ingftvunvesss

1 AUEURUSAUIUIAVDUBALUUA G

(%
a

5Ufl 2.13 Growth rate 1.1 [26]

NFUN 2.13 uansdnsazia lngldnsidiunruinveusaziofiuudiianiin 1.1 dwalv
Snwauresuvinuaziduauintuusnanivumanluauieniiuasidentsgad Tuusunivuig
Ina) ruruvetoduudly Growth rate 1.1 & 1,263,297 1odluus

5UTl 2.14 Growth rate 1.2 [26]

INFUN 2.14 wansanuaiziuy lneddnsduvuinveuwsiaziodiuudlanvinu 1.2 dewali

Y = = a A < = a = [ a A

anvazresuvianuazduanluuInanivuaanllauianuasidenanas Weegluusinid
aa

YU lng Feagilvuinvouneiilngnitkuuind Growth rate 1.1 Tagdnulruvedodiuudly Growth
rate 1.2 1 587,026 to&uA
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5Ufl 2.15 Growth Rate 1.3 [26]

NNV 2.15 uansdnuaisiuy Inedidnsidruvuinveusiaziodismusiiayingy 1.3 dawals
dnuwazveanvdianuazidemnnluuinaditvnadnluauianuazidenanas Weegluusiimdil
wweivie) Falvunveausilngninuuuiisl Growth rate 1.1 uway Growth rate 1.2 nefuiuveue
Audly Growth rate 1.3 & 392,061 Lo@LIUA

2.1.4.3 Transition
WudArmsaauaunsnaiavetesduszneulaed 2 szaufsuuuti (Slow) Ju
Arunflulanunnasldausau Computer fluid dynamic, Explicit 92 ldn1560¥7 s1U5 U WuUIS?
(Fast) Wuanalulmunnisldausu wndesna, sundvaniaf usanazldnanis waiildsuiseu
Lifinsariu

5UN 2.16 WIULTIgUNAYRINISIUYTENING Transition WUU Slow uag Fast [26]
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mﬂgﬂﬁ 2.16 wansliiiuinnsuslugosdnvaslinaiiuandsiulaenainmie sudedy
msasranylusuudvilmaiianuazideaunlagazldnalunisadrausunn ammesuandy
msasarlunuuSwihlmueianvazdeatasninlagldnattunisasne wetes
2.1.4.4 Sizing
Mg wazdoulusng q luniswy wiseeniduaesszam fe
1. MIMUUANTUIAYBIRIAUsSENaU (Element size)

JUN 2.17 MSURIeLofluuArIn 50 Jadins [26]

Nn3UR 2.17 sandliiudnuarsssnisanasrusnamaula Taadwmusliue azsuiiden
s1UsEanal 50 Jadluns Feasuuinsmunnveealusus Ay Tnoesd vuinveeaudTiliiAy
Arfirvualy Useneududume

2. MRUAINIUINTBIBIAUSENBY (Number of divisions)

JUT 2.18 M31YrieIUIUTRReRIUANTTWMNTY 10 [26]
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1n3UT 2.18 wansliifiudnuuzvesmsaaurluuinaiauls lneazuds seniduduy
voseBiund feuinatuariiduumenodundlifumiitualy

Mg miRaansaglfaind1 skewness Faduaildzuanadenlu Jammieiiu
noufiunef lngazdosdimegluiag duandunsed 2.1
51971 2.1 AR TNYDILTUY Skewness

ALY | semLde AN 2 gousula el Suldla
A1 skewness 0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00

2.2 pRuNIwasdltlun15aRNULUULAZALATIZWIUUAIUAAINTIH (CAD & CAE)
221 munmasyagluniseanuuy (Computer aided design)

Sudududevszannd aa. 1950 dalaiinsuszgadldneufinneslunuimnssuuas
Froaugaamnisi lngiFuamsldneuimesiievislunisduaniudulng deuflefing
fimunedadlalasnoufianes Wilivuadnauasiiniuannsogsdu Sudinmsdss gndldreufiomes
Tususing 9 newney Fensliinnsfmuneinunsiazgondias WleUszendldausing 4 wu
AoNfinnasnsIfin (Computer graphic) Fadunisihaeufiusesingielunisasisnan davsuny
Fmnssuildaeuiiames nafinandislunisainuud s 1Sondn asuRumesdaelunisesnuuy
(Computer aided design) wagiauuldaauianeitqondnse Insldauaugunsaliiviming
wAnAudvierdrtunululanugramnssdusGoniy “aeuiumestaeglunisudn (Computer
aided manufacturing)

wihiuaguselovivesrenimeslumsesnuuy esmawestglunisooniuuiniig
ddy 2 Usenis Ysgmausniie Sneanwuazmnlumsideunuy (Drafting) ve3duiu MiFesnisuy
90w msldneufumeslunisesniuy azdarugiennlumsdeuluuuunseanuseiie daduanu
flanBon Fosnsmuanisngs wasdunaiuiueenly. lneufiumeSamnsouanen L9 N

v =i

Yoyaiitpenuuutolliifuam idlussuy 2 8 uay 3 Aldmudons mwluseuu 2 T3 vde 3
31 AndunmItestunuanfianeiiuandieiu reufwesaiansoesniuuldvnaia duduuy
915 wuuthuilegerdeuunnaging saoust 1edesdu 2595l veuau masmaunuulawansieg
wuwatasfveglumhenusivesrenfiunes SeldaunsnFenuuuiivlid sonuuansuy
o mldviudiidesns uazenafiasanuiuUswdllnl vieeadslhuuuluideuuunseaudg
3oy (Plotter) wuudnlusfnle

wehfiddUsennsit 2 vesmenfiumeslurueenuuuldun n1331aee (Simulation) a@nm
msvheurieestunu Aldeenuuuliluaniozsine WefnuseasBonvestuu uagiinesin
UsyAnBn wazamnwwesiunutiy Tneifoonuuulsisniudesadsdunufuuuy (Prototype)
Jumaaesated ueninbuasuinmeidsisuszmdanan lunsdumdisingg Adeansldde

Magadu lwuesnkuueIAs vieasn1u AedldnauianaTIlAT L TILTINTEYINNNYARIeY Ul
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Tnseadevese1A1s ieazmu Wledesduimtnauiasiieg fu lunsesnuuusosuddodld
AevmesaeIEn MNNTIsvessnsuRiAIE IR vuuauuvateiia WlondnuwarnsUsny
auTeIRIfl wazusINTEYReuNudoseud luniseanuuuiesesdudeddnauinnesiiasizim
aﬂwmwuaqmiw&Nmsumﬂﬂmsawu‘[,umma‘] 1umiaaﬂl,wumiaasumaLasm Li’maﬂmauwamas
Arszsimenveneduaa wezmnuieurenessadonaziug snun lunusieg wanil
AeNTIMesANInTIEReeNwUUliEE19TINET Lasgnaes

TunsguIun1suee CAD (Computer aided design) uanainagidunisidneuianesaielu
nseonuuuLisniluiimisldresiunelunisiaudas mslesgiuazmmumeiifiaadmiu
AM5e0nuUU Tneszuy CAD axdasidiudiiiusnsauas uazaensus Inosnsauad vos CAD
usnNazUsznoUMesTUUARLiameITUsEAnSamguda Safostiaensifinuazgunsalfuteya
Wy wnd Aslnwed ma9 daumenduiiuss CAD tussfulusunsudmsuadensifinuasTusunsy
F2619 q 1y Wsunsataszel Taseadne i Inlludiodunsd Sasonedonduiiin roufinmestae
Tuauienssu (Computer aided engineering)

2.2.2 AauNAmasUI8luIIuIAINTIY
CAE ga31791n Compuiter aided engineering #3efiisaniudn n1sldmeufivmesyasly
NUAMNTIY Anvannistmalulag CAD w1 usunu CAM (Computer aided manufacturing)
Fadenlflumsmunuiniesdnsgranvnssudainaraifumelladiannsovenldirdwesdisonuuy
intugnnsavheuldediosnlidunioll Sadudsilaandued 2 og
(1) HAAWSINATNAOUDIY AD NTUIAULUUNINARDUII LU NITNARDUNITTUVDS
(2) adNEINNIAIIGIBEINIINAGRFERS TIasanINadnsaInanIunITe]
HULIP

FansiunnsievendwisUssnn CAE Yuazgaelilenadnslunandismiwazusiugdu
fafumsth CAE Faduiifeulunsinasd insrzanmsadualsinouiieenwuumtulfinasgiu
wioly wazausavadeuluaniunisalsiassiag q 1 1y Auseuardwadelaseadnadue
2814l3 AMUAIHOVIIAIIVBITOYURA L"f]uﬁuﬁmamiugﬂﬁ 2.19

U 2.19 CAE- %a%lmLL’;ﬁﬂauwaLmaimﬂummmﬂﬁm i Technical Report, TSC.


http://www.comgeeks.net/software/
http://www.comgeeks.net/software/
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Computer aided engineering (CAE) #3aaaufiatnastaslun1sAiuiueulaAingsy W
wSasdlondsiitaelunsmneulandimnssusienisdeulusunsunouimesuastislubosnis
Funniidudou duslusunsunsdwnmuadniilsiedluaiosdiuin luauddusunsuauin
Ty fi fosrurumiAneukuuUszaI (Approximate solution) Uul,ﬂ%"aqsqﬂl,ﬂa{ﬂamﬂama%
sudaudsnisAwnmmasunuuUszanaveslangimnssufidudouvunissneuiinmesleiinig
Waumanesaleuds wu sudeudSnansduiiles (Finite difference method) suideuislludied
A (Finite element method) se1deuTslnlusiiegy (Finite volume method) Judsnsuanauay
Useidiumaaunsidsoyiusdenlusuuuuresaunsivadadudu sudeuismadanasuauns
nawnungAnssunnuduaiwesudatlandliiduaumsadnmansiemnssuiiogluguiuning
(IKIG = {F) antudeoulsunsuudannisiwnsndlagl sz 0o uiniBaiaay (Numerical method)
waziiieliimnsldauazan JwenTeuganuisniinleudeyauazuanmaanslaieg dauandly
U7 2.20 uay 2.21

AUNIANAMANT gnAszLUeUaoNg auNIALAAIanNs Foulusunsusd
IMNTINVBILARY s | FumAIRey » Fmnsusgluzy aunsmsng
lavig wuuyszana AUNINASAT veruainaiin
Jouteyauns
o landAnusauauns o nasdduiins [KI{X}={F} *  ANSYS
ARANA RN o yllusiodiuug * - Solidwork Simulation
o lawdamuudanssauns e Inllusiangy *  MSC
ANAATDILT * EasyFEM
o lawdnsluagumsniy * Etc.

ﬂllﬂﬂ 12aLAS UG

5UN 2.20 Tunaunsimuigenids CAE
17 Inhouse Training : A3.LENEYITI0 qﬁ]‘%mﬁ“@aqa [2560]
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sUt 2.21 Anuduidntuuuiuguiviedougnguesumsareivousiesha Ly
i1 Technical report, [2560]

taqiiu CAE Wuilsensu uasldgnszyiduismsnilsdlunsmenoulandimnssudiegly
WINIFIUNITNAFRUHANS g sERUaINg fiaptan1smlandimnssunae CAE dagluvainvany
gramnssu WU muudauswesuguiuindougnauneumsawesvenaionihnuiulsendn
n&au fauanslugul 221 dliians$and udwdeenuuuiinrmudausnsmenonislday
vi3elal UMl 2.22 uansmAuTiAntuuwineaion susegariuiuiutule seeuildann CAE
PrginLgnseIswaznszuIuMINaRTIAINE Y uasludiosmsifiugarliiundnfusionses
Useinel JU 2.23 Lanansnszansanuduuulasaissalagans anzsaldidusasdas ietaely
nseenuuulassas il ailemeuasliianton 1Juduy

JUN 2.22 msiiauwheradedlildaulanu JUN 2.23 anuruuulassasnesalagans
YuzsaldiiuuazUaem
131 Inhouse training : A3.LAN3555 d33ANTMENa [2560]
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2.2.2.1 MIATIEAlATIES1e (Structural analysis)
(1) wuudnasslludiediuud (Finite element modeling) Aon15a313

wuuiaainludiediung Tuguwuu 1D 2D 38 3D
(2) MIATTATUEUATS (Linear static analysis) N15IATIEANIANULAY

(Stress) Tuiuguluguuuunsineuena wazuautRfaduluudadunss Wievinisuiuly

lassasuasiionianiimvunzay
(3) M3ATIzANULEEnIBLUULNNAE (Buckling analysis) ABn153LATIZYA

MUsINgANluNaRnge IiAAaNsineivedlassas9nsuAuALLUUNA
(4) M9ILATIZRUUUUNG (Normal mode analysis) ABN15ILATIERNIAIUD

55INMAArFUT e InvadlaswafievihinsuSul salassaiaiieann s uaziou
(5) MFIATIEFNMTHUaLia UM oNaA1@ns (Vibration or dynamics analysis)

Aonsinzsinisduaziiouniina
(6) MyAS1E danalsues (Elastomer analysis) ABN1TILASIEAIMN
wAnssveslassaiefiagviiannen
(7) M53LATIEN ANE7 (Fatigue analysis) ﬁamﬁLﬂswﬁlﬁaﬂimﬁummq

SIONGENGERN
(8) MsAtasignastadaulny (Motion analysis) AoA1s3tASIgiAUNalANTS

indaunvedasasnwenlesiy iemUkuunmseiounveaanaln A21357 ALY Lavuss
2.2.2.2 MFUATIRIAUTDULALNAA1ERSIRIIA (Thermal and CFD analysis)
(1) MIAATInsanemAlNion (Heat transfer analysis) Aon153LAT1¥%

wMsEgmaNUTouradlaswEianelanisin NIt waznswSeE WevhnTlassingamgd

1%

]
‘NI a = ¥
nindululaseesig
(2) NMIIATIFNRANULAULLBIAINGUNYH (Thermal stress analysis) Ao

AaTgimanuAuinaTuIINMsUasuwateumgivedlasiasieilviiianstn vieva uay

Jutadenneliinauau
(3) waransueslnaldsaruin (Computation fluid dynamics) Aan1s

TATILVAUNTIVALTIDYAANIS WIIU TIUDMNYT
2.2.2.3 MTIATIEANTZUIUAISNES (Manufacturing process analysis)
£NAUNITTUIY

o

(1) nszvrumstugUlansuay (Metal forming) AonN153LAT
Juzu MIanu

Qfd

Y

Tang lddnandu nstugulanguiuune wiuvu Msftugy n133etugu n158nsn

U a7 ieUTuuTawiiun wagnseuunsTugUnvaneay
(2) nszulunIsaanaladn (Plastic injection) ABN1SILATIZW NS IRAVBS

wanasnLiteyiNsUTuUTLRuika NMsimuanI e sEanaaRn ALz ay



- O “
- u ‘!’ '
g‘dﬁ 2.24 Thermal analysis — Iron heating 31.]17; 2.25 Fluid analysis - streamlines in
plate. turbine of HPB
11 https://kuza.me/P6ZAB 111 https://kuza.me/NDZJx

gﬂﬁ 2.26 Structural analysis and testing
w7 Inhouse training : A3.LE1 Y395 Ejﬁmfmqa MTEC

Hinge mate movements

gll‘ﬁ 2.27 Motion analysis of mechanical structure

fian https://www.simscale.com/docs/content/simwiki/general.ntml

24


https://www.simscale.com/docs/content/simwiki/general.html
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o000

31]17; 2.28 Plastic injection molding stimulation

fisn https://www.simscale.com/docs/content/simwiki/general.html

gﬂﬁ 2.29 Metal forming analysis — stamping of automotive door flame

i https://www.simscale.com/docs/content/simwiki/general.ntml

2.2.3 anuduwusuasnisldausiuiuvas CAD/CAM uaz CAE

nswdnlagialuasiuduainnisld cAD Tunmssenuuududunieudlodoyaiadh
wuitldannsaunudueu namanduarld CAR lunisiiasigidudiusng 4 Iiluantinud
fosn1suseli wazdmufideymnagld CAD udlugaunnsessingg uaald CAE Jinsziauninagle
Fudruiifguandinuiideans ndnnisld CAE Tinsgiduauauldnuiidonisudafiagld
cAM udludumadunsenaiesiietatusuudarnniufld cam afusiadidleddluliiaTesdns
i5uT vhmstatusuiunuvdedauifud Wefidud datunuaiaudy tdiaunsold CAE Tuns
p3maoUTuuTiadduiniivuanssuuuuriol lunsdifinudesnsenuifisnsegs fegui
2.30 nMsdansisasuAndasiuanddiiiufisnuduiusues CAD/CAM way CAE Aldlunsudn


https://www.simscale.com/docs/content/simwiki/general.html
https://www.simscale.com/docs/content/simwiki/general.html
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Design ‘
Conceive ABRER Manufacture

idad GAG Tool » CAM

\_, I / Design
Detailed Component Lizhic o)
Concept Design > » Engineering
| Modelling Drawings _—

\ Topdowle dpsy I :
o) Bottos up {1l
Product Layout constiuction Amh\

Modeling

Requirements | .. ‘ | pMU
| o mR
| Validate

JUT 2.30 N139ANN5IATHERS U

Analysis

o

CAE

iz https://www.simscale.com/docs/content/simwiki/general.html

spuy CAD/CAM/CAE Ll nduiiAfigafivnglusioanain dsiidrdgAenindenldaumuaii
wnzaLfurLfesnsfumsidnuredssurseussniy q ushlssuifldsruunuiles ddi
AR iiazyilinnsldnusruudsyans mwAsyrainsivg iieu desfimugainudlaluszuud
woaNAs LU uvulRuidawatadin 15114 CAE numuAudufieenuuunouiiagldiadosdng
Hiudvinsintugy eBuduiuaifiiiloludnudmanafnaginadrlufuusfuiogegnies
wiuou Famstesgitagibisufuiiuiidulninanainliauslnadllfisy oyl
Aalnssenia vieidusesidouss maUdsundasuuiieiulsdlvmunsadanaradnldiduuuy
mmsaﬁﬂﬁluqmﬁ?jaLmué’qhﬂéfﬁﬂﬁa ?%qﬁ%szhaﬂawé’fﬂLﬁunua"wmumﬂ%aLﬁml,ﬁaaﬁumiLUSEJu
\Aosiiofintiuay

2.3 dnwnzdRguoanalulad uay “viusudiinuuu?”

ndnufisimuosdn “susud” AU “szuudelud@” milouvdossiuegidls? du Tuns
yanudilamitsaesilinantu imarndilafsnnununsuas nnsldeuresiusuduagssuy
Solu@ (oo Fadfeunuminevemusudiuassruusrludfsy Tagd R taamlideutis
wanviany enieg1aYy
AT 2.2 ALVINBYRLEUS WarszuusalusA

Wugud (Robot) 5zUUDRLUNR (Automation system)

\sesinsnadnludinnviafoonuuulviannsa | szuula vienalnilanunsaFuyhauldse
yhauunuyuslununUssnniuyudls] #ea Tngvieumalusunsuiingd wu seuu
ansavild Tneanansarhaudemdaiadng | smhduldsnlui svuuneusulnsindisnludm
Tuguuuiidudounasimudangulda ‘871 1usiy



https://www.simscale.com/docs/content/simwiki/general.html
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M19197 2.2(51D) ANUNLIBVBIVIUEUA Laysyuudnluls

Wueud (Robot) SEUUSRLUNRA (Automation system)
iwsesinvseunIainanusandioulmile szuufieanuuumenalnddinnsedngd tniyn
Tnensiauainiusunsunisdedulauay way ARURIWT Tranu1TavinulameauLey

ansavsuldsulusunsunmsienuliinng | faywdonvsiieitesiisansiivuniouly
lavannvanentii wu nevaueweteyarse | viseidmunglunisvihoudilngivediely
doyanantaandawindey, euldunuayed | nssuiumsndalulssnugnamnssy wag

a

No1avhuldmenuewiainnuauaiuns | danldnuwunissnuuyed

3 A

Y gj v v [~ v
Haunladnisaaliaramen Wusu

Fogwanaramanednaiudiazudn siusuduazszuusaluiRtanuadiefulundymes
mMaduedosdngsnlusi@ (Automation machine) Fsjusudanusaifudinisluszuusnlusiale

nmsthresfiamefidundslumshau lteSosdnsanmsovhanlditues denisih
wrsesinsdnlusiillduuisoonlfu 2 Ussiam Ae

(1) svUULAR0sdInTRasmluiR 1A Ledesdng Mitetrouiamesituntaslunsemunu vie
nsvhauluunsduney Tnetuneusu Sinddusenu lunsinudundn

(2) szuuiAzednasnlus® iun wdesdnsiinetreuiamesiduntie prusuyiovinenily
yndunou Inentnnuivihditaumds aua wasnwszuuiaTesyiny

03AUTENOUYBITTUUAMIUAN LA dmSuesdUszneufiamsnuandliifiuegedaiou
dmiuriusud Ae eadUsznouvesszuUlunIsAIUANuELATUsENBUMBeAUsE N UNANTea e Y
sheffu 3 dwdfimuduiudiu 1o

(1) gunsalmuANtaslUsWN U UENA (Programming pendant) : qﬂmaﬁﬁﬁmﬁ’]mumi
douddslneginiunumierldeu

(2) daAuau (Controller) dauﬁﬁﬂwﬁwmumi%’Uﬂ"']él"ammﬂ%’am {14 Programming
pendant way 1hsnUszsnana WilevinsmusmEedansianuesiugudsely

(3) A uBus (Manipulator): #9891191UMUA1A 97 H1UN1TUTENIANA 91NAIAIUAN
(Controller)

szaunsldnuvesiueus Husudladinsuusssaunisldaueandu class 1- 6 nuunsgu
YBIAUIALY UEUA qmammammzﬂﬁu (Japanese Industrial Robot Association: JIRA) finnsua
puil an1urusus wisandgeiu3ng (The Robotics Institute of America: RIA) agfiarsaunindy
siusudifies class 3-6 wiiiy Tiun

(1) class 1 : Manual-handling device : nabnfiuseneuldsevanss asedase (degrees of
freedom) TignAunusBaywd

(2) class 2 : Fixed-sequence robot : {unalnfivihaulidnsanuunufifvualiaamin
Taglsifinsiasundadisnig
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(3) class 3 : Variable-Sequence Robot : Ad1efu class 2 wiausaiUasuudasisnishd
dzAINABNITANLUAS

(4) class 4 : Playback robot : uywgiudasuauliiuueud uaituiinnisviauasly
TUsunsuvesiusudiiiovhaumuditudinly

(5) class 5 : Numerical control robot : ayugliiatavnisiadeufidulusunsuvesiusus
elyvusudvhauldieslaglifewihnisaeunu

(6) class 6 : Intelligent Robot : Y ugudaIN1TLToUS an NG oulALEY wagaINIsD
UftRnusedesls

feu anansoaguléan “vusud” Tesdusznevuagnsviauiindety “szuudluif” ue
vugudazanansaldvinuanlsunsunsdndulasazanunsaufudsulusunsumsyiaulivi
yannvanentiniild SessuudelusiFlianutsovildtues uenanivusudinninevainyate suluy
fismuiunadorieaauiinneg fndnnmsutsinanuateuazaunsoudslévareUssann Tusgiu
\naeifithunfinnsan Megady eraiasananmaluladvanlunsiausuoud n1sedeuln
Tassads uagmsvhauvdonsthlldou Dusu dilseazBondd

(1) nsuwvsuszLanvasususianmalulagnan (Core technology) tunisuususzian
YU 2N FndnIMNTsee 1eenwuUueudisEgndImnTIuAIsenauarimngsuge
amnis vilijususiilassadefiudsusmumu Jmnsslailumsdienssualsiihnasdun ou
wowes Imnssuddnnsedndlunisideusossanisuazeonduis it fuRNIIeIHNe wagdFnTTy
Aowdiawmestun I dgulusunsusia lun1saauaunIsYIIUYesuaus aunsauuanidy 2
Uszenm laun

a. Yueusigaa1mnssu (Industry robot) iWun1sesnuuuriueudlidlasasslusuuuudens
Uoint) uagdndel (link) adneuywe 3 wjusuddulngiiinldlugaamnssutiagdy Ae uvuna
(Robot arm) liianssaundewdilél (Fixed robot) titeanansam MULNULIIUNYudld lnsany

b. yiuBuAUIAT (Service robot) lurueudnlllflunugnaivnssusineg 1 uous nis
AN Vugusildnamaunng vusuidldluituiidunsosie Dusy

(2) MsuUsUsELAYvR I uBURInan Uz nnsAd eulm IunisuusUszianyususann
Awanansn lunsindeudioiuseaniiu 2 Ussiam Téun

a. ugudnuuueg il laianansaindeuiild (Fixed robot) asiigudadndudilal awnsa
wdeufiniodosmumialed drulngidurueud Tdnvuziduuvuna (Robot arm) #3evugusd
gaamnssuilfaulummbuiuuasndeudieduny

b. Yjususfianunsadeuiild (Mobile robot) amnsatrdsudiemumis Tnpenalddeiign
(Wheel) wiawpdouiilagldan (leg)

(3) nswvslsznnvasiusuinunsUszendldau Wunmsuvslssnnueudainnisu 1kl
T0u wiaeendu 8 Useuan laun
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a. Yugusignamnssy (Industrial robot) e uvunaildlulsanugmamnssuuny w5
uyusluaunsadoudedsues madien nswud PaeUszneududa aeenues wiin ML
wuugnlugun s

b. Viususiu3ms (Service robot) ifunstieimie n1su3nms uagsrwasAEazAaN i Tu
dninauuaziiwnends Wy Yusudviiauazenn ﬁuauﬁﬂdamﬁmﬁﬂﬁu uguAuInsluiuems
Dudu

c. UBUANINNITUNNEG (Medical robot) ¥1881U18AMUALAINNIINITUNNE LU Y3
meamda mafu nsvduvedliging lWaufahsunmdindaiannsadaunaliil vuimdnyi
T hetlumldSmdsnsingald Hudu

d. Yususin19n159m1s (Military robot) 985NN saeANUN LUNFUAITE HTIADY
anmituiidsstoseg wieldneulinenseiny usy

e. Vugusifian1sinwn (Education robot) MWAnwnmsvhewiiugiuresiusud wazeas fin
vinweliSouanunsaisousisosdiudsenounana, Sidnnseilind, Asufiawmes, uaznisuseney
viugud [udu

. Yiususfds1a (Survey robot) Hdsaauasfudeyaraniafiufin nsennie léh vie
91 Mngmvaufieglusseginals

¢. viuguAioA LTI (Entertainment and PR robot) gnsianlsineuausuag 1énou
ﬁumqwﬁlﬁﬁgﬂuwé’mﬁgm, AULAS IAUAS, 1HUS, viuguAUszduius Wiy

h. YususiitensinuaInssutasadad (Agricultural and livestock robot) %28 1nwAsNS
yharuuuuslusanld aereuuss uashauamzeeng iy m3auariild

(4) MIuUsUsEnnYesusuia LT athemdeuyed Wunisuisssinnyueud
90 Anuansalumsdundesjuussoutyedasaseenidu 2 Uszian loun

a. ugudlileliismanan (Robot for productivity) vugusluamensnaniiowia Uszavsam
M3nEn WU Anuenteade, Annedudn, UsTedusiaus, wssumainunsnssuing dedlvgas
Huvusuduuna (Robot am) wazvususiadeudiledl Prelunisvudaiuy Automated guided
vehicle (AGV) \Jusiu

b. usudiileriunanmiin (Robot for life) usudiiiumnnlusgvesuyudi azmnaute

Re

U 1Y UBUAUINIT YugudanT19 Yusudliionnuduifisasysenduius vusudiion1sfing,

viuguaiie 1Wusiy

(5) msl,l,’u'wszLﬂmaqﬁuauﬁmmé’ﬂwmﬁuﬁﬂ'151/‘1"1\‘1'114 (Envelope geometric) 38 anwa
AUBNTBIUIUNG (Arm configuration) tun1swUIUTEANY UBUAIINGNBAENIlATIAS1UAE
youipiiuilumsvhauvesjusuiuseenidu 7 Ussan 1Hud

a. Cartesian robot %38 Gantry robot WU usuA LUy 3 unufiaziad eufi uuuide 1du

(Prismatic) Inenualamdu 2 wiin Town
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® Gantry robot fis yjusudfidnuazmlassaiisuvuiasumieAsyzOverhead
crane)
® Cartesian robot {urjusudfilsifands vie fvnduuuudy
vusugeiaiilasaiudusmasauuinsiedeud wansfunundeudedmenimin
171 (Pick-and-place) 1y ddssdunudnaIedns (Machine loading) FaLfuTueu (Stacking)
sulsenay (Assembly) AilifeansiifdludnvazitmmuussneugUnsaldidnnsedng uazeu
nageunnes Wudu

;nlﬁ 2.31 Cartesian robot Wag Gantry robot
7 drindynenssuenans, Industrial robotics, W Ingtaumaluladgsuis, 2551.

b. Cylindrical robot Wuvuguanfiunud 1 1uwuunyu (Revolute) d3uunudl 2 uazunudl
3 1 Juwuu Prismatic Nagvhanuedounlugunsenszuenyinliiedouildn sanusnamdugedings
I3 1% Y a - J = ey Y 1A o
ine laazain Jadnldlunisvduentunu (Pick-and-place) nsedouduiuidigniasing
c. Spherical robot (Polar) 1UuyusuAffiunufl 1 wazwnui 2 iedsuiluuunyu (Revolute
joint) @il 3 Wdeunuuldunss Snldluauidnnsiadeunluwulda (Vertical) lateséntios
W andunuiteanatniasesly (Press) wseldluinu Weuga (Spot welding) lat

;sﬂ‘ﬁ 2.32 Spherical robot (Polar)

ﬁm: www.slideshare.net/ErPrabhakar1/robot-confisuration-2

d. Selective comphance assembly robot arm (SCARA robot) L‘tJu‘VI‘usJuﬁ i
LLﬂLW] 3 WSJU'ﬁE]ULLﬂ‘ULLU’JGN LL@‘“LLﬂU‘V] 2% maauwuum (Prismatic) 1 IMLﬂEBUﬁ

a
WAUT 1 WAy
FUALATLLU


http://www.slideshare.net/ErPrabhakar1/robot-configuration-2
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sruufiliAeenisnisuyuunlasings wiugigs dnldluau Ussneviudiudiannsednd ou
M573980Y (Inspection) 11UUTIYA N9 (Packaging) el baitnuneAuulsEnous ud1uL89na
(Mechanical part) fineansu (Rotation) Tu dnuazyuviansiis

Ul 2.33 SCARA Robot

fian: driimdvrimnssuenans, Industrial pobotics, Wvinerdumaluladasuns, 2551,
e. Articulated arm (Revolute) lurjususmynuAUIzAdauRiuumsL (Revolute) Adneiy
29497 OURIUUY YioUUILAN Talovosuyud Fudntwiunianneg e wazldnuldnainnany
U 1 oy Spot welding, Path welding, 99U8A84, $1UAR, TUNINTT, STUNUE LATITUUIFY

gy

(% ¢ . 3 %
naun sealing bUURIU

f
|

’;5,” '\

AN <

> -

gil‘ﬁ 2.34 Articulated arm
fian: dindvnimanssumans, Industrial robotics, wineaemalulaggsuns, 2551.
f. Spine robot WuvugusgUsRe giTimmdudoulunseuRafiiauays ums fe
waneiunsn dluitufiuauionenisidngs
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31117; 2.35 Spine Robot
11 MGM and Sony pictures, 2014

g. Parallel robot urusuiuuuguuuiifunalnuuuda (Stewart platform) %3e yusus
e (Delta robot) Usgnauniegu (End effector) kagUluuwALsD doutuindousne
nszuanlensednanselauuindiudesns (Universal joint) fildne saviedasdsliiinnisifse v
Thutnuiasaansadivamsnduduglu m 9wld Sadeaianldlumamaunng ms
U390t \Jusiu

31]‘17; 2.36 Parallel robot
Pan: http://www.directindustry.com, 2017

(6) NswUsUsnneRE LA LA NYaERUsYT NN BN [HumsuusUseaniueudann
JUSN Mseanuuuiueudnuteandu 4 Yssiam leun

a. YU U §aunuussd (Humanoid robot) 1 uvusudifinisesnuuuadiouy i ena
sonuuUliisuhadusvionisi Usznoume

saa o v

® usumsoss (Android) Wudeidnsiususfisidnunadnegue
®  Fuswd (Gynoid) WuTeisenvusuafilidnuazadnogmds
b. uAnTeER (Actroid) Ao YusudfidsunuungAnssuvesyudld Wy nsznium vde
wela s
c. wiluuay (Nanobot) Wuvusudiifivuia 0.5 - 3 luasou

s !

d. lyuesn (Cyborg) WWurusudnieusoiudddin vselanuneAsuyydesviuLs
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i‘]ﬁ]ﬁ;ﬁ'ulé’ﬁﬂizLﬂwmaaﬁzjuauﬁt,ﬁm%uﬁaaﬂ mm‘ii’mmﬂ'ﬁm'iﬁ’wmﬁuauﬁﬁﬁuaﬁamﬂﬁu
Taglamznstmdnnsmiesssued wu maedeulm msdainmevesdniing uszendlilunis
senuuulvaenndasfuannuIndeusneg 1nnty wieidenin Bionik 28819 Bio-Inspired robotics
1% Serpentine robot Wuugudieenuuuadiegiignesnuuuliiuldesy (Redundant robots)
ylannsnindoulmldodndassuasauninasiaunaldd wasdannsandeuildldEndae
yienawmuusussienslitandesousne (Soft robots) ileidunuuisngnguvidoUauin
saufansimun Collaborative robot (Cobot) fitfuvusuddsmunzunnisvinsusmiuaywdld
othataendfbanniu Wudy

2.4 STUULIUNAYULUA

H axis
Rotates axis

Teaches
manipulators
movement

axis
Moves axis
upward or downward

axis

|
F O L C R Programming
B the wrist JERLET TS
B axis

"2 Waves the robot wrist

Manipulator i upward or downward

axis
Moves the robot

body backward ..
and forward

W

S axis
,;/ Rotates the body

S

AC servomotor motors are used m

in the six axes of manipulators. Controls the
complex motion
of manipulators in
a comprehensive
manner

=1

UM 2.37 dulsenauvesssuuRIUNAYUE U

fis https://www.mmthailand.com/

INFUT 2.37 wanedulsenNauvesssulnINAIvusudgaUsEnaume My (Manipulator),
gunsalmuay azaunsalaiunuwazlUswNIUNEUA (Programming Pendent), fimiuay
(Controller)

2.4.1 NANNIINUYBYUBUADAFIINTTY
NSYNUTBIUEUARAAIMINTTUUTENBUAIY o d3ulne laln SEUUNanaveiueud
LAZIZUUAIUANTUEUA szuun1ang nuned druiilulassade wazdrunbinasiuindouriueud
47U SEUUAIUAN Usenaumig seuutiaun1syinauueud ssuuleutayandyu naenlunisasy
VUIUALIYIINUAUYAAES
29AUTENBUVBITEUUNTAIUANLAS 899 NSNadnludAsiulufsssuunisniunuugus
[ va ¥ 1 ¢ o < £ = = A o Y = v = s & 6 o =
anludfmevusuddndudesdnisinfoun feluidesduemes (Motor) Wugunsalduindoulae
wawestuazagludumludons (Joint) vesjusudiuies &lsdeinislunsyiuresiueusity
44 ] 3 P =l < ' D= vy
Ao YUBUAAITALATOUNIALALAINNTIAIUANAINLTY (Speed) YosruaudlTiT Mot larienis


https://www.mmthailand.com/
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AuAuewes uenniifmusudionsinmiinangunsaivssneusig sudeiminvesiudouse
(Link) vusavjusud thndnfiietuifenseinanvesiamowmes fafunowesiaduiufiazdoaiinng
AuAITesretusln (Torque) ilalensuziminuazusslud daswedlandiinduldse Snvidludle
vusudlndouiilasyundfazdesdinmangaiiiovhaulusumisine Afemuaudesns ueinesiedesd]
Asuaiudlunsieu nanfe weimedasdosaiunsaniugudLme (Position) tielvaiusa
wwaouandunimilslugdnduvsldegaiug samosiunldfusruurusudJsfoandu
uewmasvinfiannsamuauldtufowesiimesines (Servo motor) Hules nanlasasuuoines
(Motor) Aedwuiiliu yanalns, gunsaliviinsmuauanuiduazussdn Ao msveneiwesla (Servo
amplifier) W38 yaduladeu (Drives unit) Lazgunsalivimifdilunsausuma (Position) ARedIu
¥833AAUAY (Controller unit) wazdsiliouldniaas (En : Encoden) ugunsaifivivutiitlunns
as1aaeutiiovhwidlumsdsdyanalumsvirnuvesuemes WiAnanuusuduazgniadly
Snuurreansasdyanatoundu (Feed back) Suflszuunisnsiadeutssanainszua (CT) AiT1ewdn
uawedliieinuinnuasasuusilnveseineifie
2.4.2  gunsaldmiunuidBLILNg

gunsaflunuided leiinsdassyaauauiedwesivuewes Jududiulsznoundn
YoUna [eIdemnislindinuasivenediwesianeinaiiguin 2.3.8

AC Servo Motor

Servo Drive

Encoder

sU# 2.38 gunsaldwiuuvuna

| ¢ a vy £ Xa ~ ! ] ¢ o
ﬂu&u@ﬂﬂ%ﬁﬁqﬂﬁﬂUULﬂuLLUU CC UAUIULNU 4 LAY IuLLmazLmu%muaumﬂssﬂauma
e washilas (Servo drive)

o Lafwashiuewas (AC servo motor)
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o 9ulAnLAes (Encoder)

2.4.2.1 gowaslalasi

SUT 2.39 gaiwesTlas
un https://kuza.me/pJmSh

gargasllasi vimdafiildugenrugunisinnuvesedweslaueines auin 50 a6 uaz
100 ¥n6l Tng@ansamuny A5, 8nse wazsunuinisindeudilalasldisesluomes diugn
AIUAY FaRgasdya1umIuAY (Signal command) KuYRAUANNBLNBIHTULULYBId Y MAIUAY
° v & a ¢ . 4:4' P &
nmsheulanatusuueaduglmed (Sine wave) wazuuuadugudivaes (Square wave) uenainil
feanunsamunukuuszuuladaundu (Close loop) Uasgnuamoskazdiainsaldlunisaiuay
ANFIAIUAUFIL AU ASLUNTWE AT AN / A213L57 / w530n+10V wag S2uU PWM (Pulse
width modulation) Aon 15U dygrueIra Bl LagdeyIu9fe9n15USUAILATIIT8IN AT L
= al v = v 1 < a
W3BUEUA SIU9NNIRTI99UANANLET (Speed) waziseDn (Torque)
MalAMAINTBITEUUAIUAN A ABIliAIMLAIUET SeAITaziinnnianaindoss Layen
\n Kp (Porpotional gain) 7isnzaulun1snouaueivessulagsesing auandtuzun 2.40 lay
TAUN13VRITLUUAIUANLUY PID control

t T

ult) = K e+ K [ etz x|

a a

delt)

dt


https://kuza.me/pJmSh
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Servo Control Algorithm Servo System
[ e A — —— — —
1 1
1 1
1 ) 1
Dither
] 1
. Cantra 1
I — Velocity Feedforward I Conteal 1
I Frequency : Servo Valve or
1 | Acceleration Feedforward Output Offset,  SDTFR) . II Motor/Drive
] \ Direction and Digital to-Analos 1 S ¥
1 B I P, -
. Cameersion (DAC) System
1 Dependent  Amplitude reersian 1 !
1 Integral Feedback |
ralll ] [ | I |
=_ LT 1 CH 7 =1 Nl '
I Propartional Feedback :I o Fosition
I Velocity Feedback : Feedback
1 1
1 1
1 1
> .~~~ |

® 5U# 2.40 FULUUNSAIUANKUUILER (PID control) Mmglugaiaslalasi

(Servo drive)

lusguumuaundeln (Torque control system) Mastnvastainesivasiiazgninulvd
Aasfl Liosnusidnvewemefulsmunsuaueseines ftunsruaiioulitunowmes tio¥nw
Aussdnliasiionld Fdausnrlddesesinnsiisudisunssuaeyinnuesomes fu
nszuadunmussLelned uag vgonaiaielfidurasaruguussdatioundu (Torque control
feedback circuit ) sisnswilugud 2.41

tr—l1
Ti=M— (2.10)
Nz—Mnq
A
Torgue curve
M -
g
A
no Speed
il f | Ll
tz tz )
UM 2.41 Fouey1ain13AIUANLUUTLeR (PID control) amsuAluaNn1asln (Torque control

system)

A Ay a [ < o [ 4

JEUUNIAIVANNISAGEUNMENIINLSITn (Torque) uazdnINAILS (Speed) dnsuiyes

Tawawasluguuuu Non-zero starting velocity Aauansluguil 2.42 uaz 2.43 wazinuduiusues
AALSY ALY N1TAAAIULTS
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DESIRED CONTROLLER AND MOTOR AND

4
¥

VELOCITY AMPLIFIER OAD

L

ENCODER -«

JUN 2.42 UFBNlARTINTUTDITLUUNITATUANNITAROUT

Torque
Torgue

Speed Speed

JUN 2.43 dyanaunisindouisnens nusiln (Torque) wazA1:53 (Speed)

2.4.2.2 yaweulfniaes (Encorder)
ULAALADS (Encoder) tTunuuLd ulaawmas Luuti uAn (Incremental encoder)

wardauazidunauiuseudl 2500 P/R 99w 8 Twa (Pole) asnsamaulavianuulel (Sine) waz

1Al (Cosine) Inedi deygy1ad AB Channels uoniiAnig (Bidirectional) kazaa13it57 (Speed and

rotation sense detection) #4d1 B deysyrauti gl A azuyusuilinuning wid1 A dygnaini
I3 a o & a o | a v [y

B sy un U INWIRNT 91398 ABZ vanfiamnauagsuniiagucuy feeanslugu2.44

A
5 o :
';'f . B leads A
M—-""é/‘
| o
YA
ra g . f‘} i .'I-J_} :'.
O’ & ¢
8 A Aleads B

gih’?i 2.44 dyadoulfnmes (Encoder)
2.4.2.3 wIgeslimenas (AC servo motor)
wdwashuamesiJunuulaiuUseauidiuusenounigunuuadinan 9115 doq
amnes waulsmes Imaisl,ma%vi’wmmmt,ajmé‘ﬂmaﬁﬁﬁﬂizﬁm%quq %4 viunanfanmatgegis
17l Lws1din (wielse) vide wuiSenlavead sy fuanduguil 2.45



2.5

Stator

From the position of the rotor, 8
rotating magnetic field is created to
afficiantly ganarate torgue

Encoder
The optical encoder ahways watches the number
i rota i i

Winding of rotations and the position of the shatt
Current flows in the winding to

create a rotating magnetic figld {
Encoder Cable
Bearing
Ball Bearing -
Motor Cable

Rotor

A high-function rare garth or other
permanent magnet is positioned
gxtemally to the shaft

5U# 2.45 dulsznauvedediweihueines

al

U www.orientalmotor.com/servo-motors

Yaantdlunisasisuvuna [23]
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Tavziluianaluvesjusuininnagldlidndenivinzaunniu Tansduiandmsuiueudd

N3N ALAZEINTNILYINULTULAA WAZTLAT DI BUATT NWENIMINZ AT L UIETD931A LA

H o o o | I3 =3 a a ! [y [ = Yo = a a &
UINUN mmuvguaummammzaqmLuammﬂmyLIJmaﬁﬂammWulmuaa%ﬂammamquLuamuu

Seuwagldnulaig uaTaguininnuulansni

duuszneuvesianild Ussnaulume 3 suwuundnae

(1) dananiiiwale 9 laenslusautddnszavnanainnielavgluguuuuusy

munanURnglureanuudus

(2) anla Aldluesnanauazisdu viasdlansilawes duazansuoudy

a v = < @A
LIFULALNITIALIYINAINULUITILUUNL A

(3) Tanlaq Aldnsalav u3aa1suoUANaAINLTMTININTY FA0819ABLEN

& ¢ s a & a9 o a 1 o ] | oA
L@u‘l/lﬂ']i‘U@u@@miWﬁ@%ﬂﬂJu’]WUﬂL‘U']EJ@V]E!UL[@SLLGUQLLﬂiﬂaEnﬂ"LlIU']LGU@

wanaRnduiannindend miugkandsanunsoasnegusiliauysaluuulieg1esing,
nszUIUNsTUsUNanaRntaevialuifedesiunsdanarafnvaenmainieldrnudugatuglsn

wagukuuiiiay wedaveans@atugdliaunsauuldiuueudiioadasay Jagnatadiniisiden

AodngRuuwiarEnuiaLazIELIINTUFALUUNBSUNRBINTS

dmsuueudiinanainianiile

wazsldung  Ussivfeseiuduiusnliuvemaradinlunsiauladengs Ussianves

a a9 v g ! ! s 2 [ ! ¥ ! a < [ o v Ay v
waradnildudiulszneuveniugud IWuinsuiuegrniaunyihwarainiduiangddgnlddu

duUTENOUANY 7 VBNUIUATINDNATRIINTANEIVINTTUTINATTARARUTUEIULATRIININAT LAY


http://www.orientalmotor.com/servo-motors
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ddnuselindilensmuaumsinunasnndmiuusenauueud waraind 5 wia wandilidu
duusznouveugudnall
ayAsan (Acrylic) \Wuianni

q

Wniiniun danwlaludd nunudensinszunnlags waza1unse

Uostupnusoulad Jedulngazgnldidudiudsznauneusnvesivuesudauinian viliaunse

o
1 [ (% (Y [

ueaiiufanalnnsinuvesjusuduasdaunndnuazmsieudiaundnieladmueudle

Twdrsusium (Polycarbonate) Wuwediesifiulusdlainn fanuudeiginitesasanun
Snvadsdiiminiun fafu Falimsldlunsindutantmiihvestanddlusvueud wu ndes
WioRIns19du (Sensors) finee) ludu Wetesturnudemefiinainnisnsznunseiilaglldana
AeUseEnSnmnsinuvesTanfIng 1

wodlhilanaslsd (PVO) dadutaniifinisldedrsunsnarsunluiagsu iesndunaradin
Usginn eluwanadin fannsavasuuasdugulnld wazdreronistugulidudnumsaud
fioanns Belundndu feosdusznoniddasiaiumanivesitidiingraoiuuasdusznay daas
FiuRnauTRdein (Polarity) veduananediesiuwliiitiamausiiiannsonudeasiaiiuazgn
Aalnlldesindndae dulu A383grldidutanunmquiayueudildlunuiiiounnfiqeq uied
Usgnelal uenaniisenuin #33 Alludauusznevvesianmietudludvusud wu agl
YupLdnanee sy

Tndg3imu (Polyurethane) Wunedwesfiddnvuziduildula uazsaonmuaudianiziii
Tassadranaadianmdafigaiy shliwedsTinudoannafivneg sy nsn-wa vieviu
ansnsnifunudeuldd YiuanuBeneguildnasuuuunstasesnag dafu ifgnasndunsldoy
wodgSinu lugunvuvesansindeuils Wudwlng@slumsninyueud laslamzvusud iazgn
il lugnanunssuiifianudougs viegrammnssumanandidosinisdudatuaaiaidy faziinng
Témedysimuindoviiianeusnyesianiotaslunistesiunnuieutazasiadiidluvianein
Fuuenvemjusud ednognistdamuliuiuty

wodezda (Polyacetal) LHuwedwasdunsissiiisandt watafndainssy (Engineering
plastics) fignitaudu dednvariugniduadfingfliduiunBines daastoifiuay
mwiulituaelsnedmes snliwedesdaiauruiarenundefigunn fufusrednnslédy
FanyuuulavgldOuegned wu nmsldviiduiiuiles iluiandmiuldgniudevesjusudindeud
saq 1udtu Fedanlngjazldifudinuszneuneluvesnalnnisduiadou fidesiuussiroutnags
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ansLAdl

- - - . dhitlarae | . . _, R )
AnLaUUR DLASAR TNaASUBLUA » ndezavia | Indezugs
50
an5LAdlaY - 4INRUALUN - WIRUALUN Jaanuany | - AL - AU
ANWULNIY Jaanumny Jaaniumny Soulad ANUNIU ANUNIU
AN Soulad Souldn -qugdlaf | gaumgilas | enumgiias
- ugdled - Julon -dlums |-y Ay
- elunmsdn | - elunsdn | Aoy ANUNIU FIUNIU
o BhLjY asielas | asidlas
NUABDANTAN
solon
AUNULTIA
] 10,000 9,500 5,800 9,800 21,000
(psi)
AT
AON1SLAL9D 481,000 345,000 480,000 370,000 711,000
(psi)
ANULTILNTS
AONISLADY 0.4 18 1.2 1.0 2.3
(ft-lbs/in)
ladénnsn
430 380 544 500 600
(V/MIL)
RINAHIGN
) 91 132 80 96 384
(°C)
ﬂ’]imus‘ia a aY o w a A a a A
A RRRAL ALe 7 IR
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2.6 MIANYINITIDNUUUTUEIU

nseenuuutuduliiiUsEAnE nmasaatudoonuuuazdommumumisiiAna AUz s
uazAIALIALIna nazdedliiAugansnvestanithuiltesnuuuduihunilagAvesauidy
fuannsathmsemalasnguinenamansindnaldusmguineanamansiuidesindely
nsdifizUuuurestunuiisUisiidudeutasilinisduniiugienuagdudounnn Tuuansdagll
aunsasnalldmeieraiuddnmsiieislussaundidundslumsinsgingfnssunside
sUvBIN1TRONUUY

FBlllusiofudforinafugunssvesdunudasd udrudnafdsunsasvade g
ammdey Amden gauaad Uszneudidieiulvilvunnnazgunssladifesiudunuuliinndan
desnimanusaussnammneuiluduivesiudruiifisunsasviadald deiudlodududiy
Bne wianilasilutudaulng fannsafnwingAnsaulaesinvesseuuldlnganizesnebs Anudy
(Stress) AanATEn (Strain) LLaa‘:miLﬁagﬂmaa%uéau (Deformation) é’qLLamTugUﬁ 2.46

Breaking Stress

@
Elastic Limit 1
Orﬁ“'ie!‘:d P?;\‘m c ‘”/ D » .E
Fracture Point
2
]
w
@
sk
' 1 Plastic Region
8%
] g f
3 f
Hanﬁzg« i
Ny LA }
" L_/' Strain—

Permanent set <1%-

JUN 2.46 noAnssuANUAL-AIAsEAlunISiURsusUvedan

2.7 wqanssumiw?{augﬂmaﬁaq (Material deformation)

waAnssuMIIUABUTUALTUS fummALsaz AT BRueeTan Wetanlasunssnseyhagiili
anudufintuuarauiaieafasfiatude Tunsditanldsuusaiesinlianinnisiafeen
ausauy sngAngsunisiua sugUesnldidu 2499 Ao nsid susUnuudang u (Elastic
deformation) uagnstUAsugULUUA1S (Plastic deformation) aMnnslAudumussEninemy
Wu-anaesen Tugud 2.46 feg 2 wuufeiufie AnuAL-ANATEAITIIAINTTY (Engineering
stress-strain) LALAINULAU-AIIULATEADTI (True stress-strain curve) Iumusﬁuziﬂawzﬁgu%w
AudNiuSsEnInannuAuLazANIATnaslunslowanTAvesian deamsamlaainnis
NAADULIIA (Tensile test) wWionN1InAgaUA1INA (Compression test)

miLUgEJUEULL‘UUg(ﬂWJ:u (Elastic deformation)
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muﬂ?%augﬂuuuﬁweju Gk mmmmamaﬁa@hmiw?{&Jugmmuﬁugﬂa&hmmyiaﬂ
IfﬂBiﬁﬂiﬂﬂgﬂ’liLﬂgﬂugﬂLLU‘IJm’J?JLfJ‘IEl‘IJWLLiﬂﬁﬂi%ﬁ’laaﬂ Lﬂumim?{augﬂLﬁaiﬁLLiamzﬁwiai’mq
ffon uarusstiuliinnnefigvinlilavgBadioanauAunitgaan (Yield point) Snwagnsiudsy
sUuvuBanguuuuianiAniiesdans Weddesussinssviiiuing Tmgiufesndufugguiady
Aewliiuss FefufaFenmausuguihmaddsusuuuuBanguvdonaiuasusUuuudanain
uegdavesan nANEangU (Modulus of Elasticity)
uegdavesan nanudangu Aosnindruvesnnuduiuanuiaioalutiansiasy
sULuUBangu (Elastic deformation) Wulumunguesga (Hooke’s Law) azlidndnsndiuaauau
sornueionfudnduuuudaduaufaminiuenddonduuuulidudadu (Fanazizaning
MsiasusUuuunnsuasdeme) Jagidulanggdanuduiusssinimnudusenuiaien
Tutasdaaindudesiiamisdegui 247 e fanurazaiinagiirusgdavesaninaudanguill
WU LaRIReEINTg
o REE (2.11)
\ilo E Aeuegdavasaninaudavey (Modulus of elasticity)
G ABAULAL (Stress)
¢ ABANNLATEA (Strain)
ﬁm%’ui’aam’iLU?{EJug‘qumLUUSmaaﬂ (Maximum elastic deformation) dnazilteanin 0.5%
Tnoialulanzuaslangnanaziansasduiusiduiuudun ssseninsanuidu-aaneonlugag
ganeju

Us1AsInL

= g -
ﬂ’ﬂ:JﬂﬂﬂLﬂEMﬁﬂ:Jﬂ@_ﬂﬁ

AU

anmAIEs gL

=
FITTHLWATE R

JUN 2.47 msmAsegaaan ANy

dnsauthidwes (Poisson’s ratio)
detangnadluiianisdnassfimszivuinanas Tnednsdwtames (v) astdudiiiszy
vafianasil Iedasdumanaiduing fearnaionniuns Geainfuussinggyin) madae
AmuAsaiiverseenduring (ufindedduussiingeyi) dmiuianuuuliannsadusnldedis
awuysal (Perfectly Incompressible) 8nsaiuvestidgasazilaviniu 0.5 wedl diuiagmaiainssy
Tumsuufdulvgazdian Thwes (v) agsening 0 8 0.5 azdelng 0 wiandrulvgjaziien Uad
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%94 (v) BgMUTENIN 0.3 Uaze1alAniey 0.5 luuedan wu IunedwesdlvgaeliAdnsndu

al

Urdwosduau Wetagmarignaslufianils Janezaeevuetuluiiafidweinsie daguil 2.48

:
L

l

—» l =1+

JUN 2.48 anwaugnimensdutidges

181Ul IdY9 ADBNINFIUAITULATIANINVINE UTBATUTIE MBAINNLATIAAINLUILTT BRI
druthdwes fildazilurinau vedidesaindt aueseediudng wayanuaIsamuLLLnuiina
asefuduiy faaunsaeluid

ol 263 (2.12)

Xy XUy
e v,, AerrdnTdIuvestidees &, FRANUATYARNINYING LAY &, ABAIILASEARMLNUYDIUT
Xy
ﬂﬂiLUﬁaugﬂLLuuawaﬁ (Plastic deformation)
mmmuﬁfﬂumsmﬁaugﬂmaﬁaﬂﬁLaasthmsl,ﬂﬁlﬂugﬂquﬁwsjw%msmﬁlwgﬂ
Tuthsmanadin Snqazlianmnsaruguiiuldideydesusinszsieen
2.7.1 ANUANNUSTZUINANULAU-AULATIANIIAINTTY (Engineering stress-strain)
AULAL (Stress)
maAsugresianfnduanmsliuswosifisideduany vilianegluiuny
AnAanu (State of stresses) T4 Gdnansainnle 2 FULUUAR ANALAULTIRS (Tensile stress; o)
WATAINNLAULIUADU (Shear stress; 1) AITULAUNIOAIULAULTITAINTIHN (Engineering stress)
vaneds ussiumuniglndetanfifideussnmeueniiunssyhrenimneiui
AALAULTIAY (Tensile stress; o)
Aedudlefussiwnnsssidminfuiiuiaiafnunamie deusinieuensonis

v

1 & Ady v ¢ Y] PN A ) I d'
ﬁu’]ﬂwumlﬁﬁaﬂzj N9 o ANFUNITN 2.13 LLazgiJ‘Vl 2.49 LN@"J@Q@EAIUﬁﬂ'}'ﬂgaQJﬂa LIINT1YUBDNNHAN
Y

nsgviuuingagaesiiusanglumu YunsNLaintulsIneuenveingignn sy

9
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SUN 2.49 dnYaurALLALLTIAS

5= FA, (2.13)

o o AeANuLAULTIRS (N/m)
F. fausansgyieedan (N)
A, ReflufiviidnEusuesian (m?)
ANUAULTARDU (Shear stress;T)
Tdaydnual r usssmeeniiuinsgyivie Tagtulnewenguvinliingdams
PPN AUML ST LU A svesus Il fyguil 250

5UT1 2.50 AnwazALAULSAROY

al

INNAUNITT 2.14 AINULAULTURBUL AN 1A VLTI BU (Shear force) ©15A 18N UT
AAGAVINY AO%qsuu']uﬁ’uﬁﬁwwuam,l,wﬁau

1 = FA, (2.14)

A a Y a 2
We 1t ARANNLALLILRDU (N/m )
F, AausensevivioTan (N)

A, PeiuimindnSuAuresTan (m?)
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AAULALLTIOA (Compressive stress)
Wndudladusanaunnseiaainiuiiunntifneing iedaliianiivuinduas fgun 2.51

5UN 2.51 dnuasANULALLIIEN

ANULATEA (Strain)
A o ! % o Yo a d' ! o Y a a
Wedusenseyidedanyiliiagiamsifsuudassusne agvihliinauaien
TUAUT U ANUATEALTITAINTIU (Engineering strain) A® N134UA BUKUAIFUT19v0T4A
(Deformation) Wiefiussnieuenuinsziin Mswasusurasianiilunauiainniswdeuninigluie
Faoulumsveneany Fednuazvssnunieaaunsauuniu 2 viafe
1. msldguvuuudataanuiendnuinigauuuaujy (Elastic deformation or elastic
. < = [ A Al o = dl' ~ 1%
strain) L0unstdesUlua Yz Nlaanusansein axnaudaniaulniilosnINNavesAULALR L
wdsunaugiumiagy iliTanasguinaiulild dretdlann ensda au3s drdsTanudauaestand
gnduluiivuainay
2. n1siagusviuunatainnienluiaioaluuasiy (Plastic deformation or plastic
. & a o = v ° Y o & o | a Y ‘:4'
strain) LOUNSLEEFUN DT I19zUanuTenseyineenud 13anndeassUsrmaaniuls lasesnoud
waeunlUumagldndudeumiaiiy
ANULATEALTIAS (Tensile strain; &)
1o TangNNIzyiAILRI IR INUIIRNULA LU IR T U1 9 iouingilfas
\innnsineeniiarfosn uauIAToLse AT UYDTS i liauingdneaniviniu Al fagy
2.52 vouzfivieuingdn eonfaviianisvanuwuafweviewingiu wutefensdiusenineniny

[

'
=

gUAsuuUat (AL denue1udn (L0) uansdnin duiugnsvesninanaiondady

-0 Al
E = — _— (2.15)
10 10
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JUN 2.52 dnwauyAILATEALIIA

AULATEALIIRABY (Shear strain;y)
A A a ° a a | A a a =
IBALIIRDUNTZY 9NNV ULYSIFUINUTNAAIULATEATULN
AMULATIATLIATUN 38N AUATIARDU AIEANNTS

y=38L
wel tan@ =8 L
y=tan0 (2.16)

dle 01 Juyuialy ueiyu 0 Tavidnunn Asiiu tan @~ 0 duluanuasausndondndunsinyuiig
W Svthedusifiew (rad) e y Femnuaieaideu 0 feyunisideou

T

T

| . I

h —>|  r€—
|

JUN 2.53 dnuazAilASEALsLReY

2.7.2 AMUFUNUSTZUINNAMUAU-AIULATEADIY (True stress-strain)
ANULAUASY (True stress) LUTRTIAIUTEMINLTINNILYNUUTUN UNAFDUA DN UTINLN
AnvaszSunsanszyhuasiu dudeudugasmluldaeg

F
ot=— (2.17)
Aq
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ALLATEAD3Y (True strain) 1uNaTINVRISRTIEINTENININITNABULUAIANEIRDALETIAY
1AETIUAIAAINATEAVDIIANNDUSULTINUNIANUATYAVUENAGBY AANNS

l.
st=-ln= (2.18)
lo

o w 1%

Faein WuauenIwes Gauge MOUSNAU UAY LlLﬂummmwaa Gauge VN NMAINAADY Laze

L1AULATIVTINTVRITI Gauge TAIAITILEILIAAMUAUTUTT (oA = LA 130

l;, A I; A
A M A ) (2.19)
lO Al lO Ai

Pnnsansaulmginssuveiagesnlailu 4 ¥isfe
Y98angu (Elastic)

Tt Yanilinaaevazmeuaussdeusinssyuuudaneu (Elastio) viefedioth
usafinszvhesnantununadeuudafanazAudinduluiisuie waganuenidudy Feasdiuld
Tuga9 usansza (Stress) azuUsdulnensafuanuiaion (Strain) aufsAdnsiadadou
(Proportional limit) ¥38 o ezl AL TN TEVINAININATIAIVEY o LLa”ﬁaﬂﬂfu%é’qmﬁ

L% v = a

woAnssunuUDavey eglasiignaarine Aiandnsdingdnssuiuudengy fifagaRneudandu
(Elastic limit)
9aA37n (Yield point)
fogafiTaniasusulutimarainidugauisssitawgAinssumsusuiunisnsgy
vyosian Miegndnvetaguas Taqsninistasilevanussiinsgshesnianaslindugsusnady uas
AATfugatiFendy mniduanasin (Yield stress)
P29AULA3BALTS (Strain hardening)
Slownggnrainuesianununadeuaziiniuansolunisfununsaiuty 3n

D

v

adamils annsodunaldanmsfinaslanuduiusserinsamudu-anmedon Sufidenududiuiu
Snasanils Feguil 2.50 udmudureaduldeiasdinanasden ] Wervesusnssyindanfintu way
anvhennudureaduldsiazinnduaudiignamauidu (Ultimate stress) 3o o Sadugaiitagd
mnuannsalunsiuusenseyiiidengsan fatnasdennginssuvestagludasiianumeienuds
(Strain hardening)
119n0AA (Necking)
ndnfidwesinszidetununageuiidviiiy o, wi Auiividnvestusy

a a1 1 <@ A Aa [y ! a
nageuluusaANE1INT (Gauge length) AzliANanatng195IALT) 1IMSENAUIINISIANADABNA
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(Necklng) fﬂ\‘li‘U‘VI 2.54 ﬂwmwmmaammauwuﬁivm'mmmLﬂu AnuAsEalAanasnnluae
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ﬁ]ﬂﬂi”ﬁ/]ﬂﬂﬂ’ﬂﬂ‘ﬂﬁﬁﬂLﬂ@]ﬂ’]iLLGlﬂ‘Viﬂ‘U‘u ﬂ?‘UENﬂ’J’HJLﬂusUE]\T]ﬁGWH]ﬂu?]”LiEJﬂ’]’]ﬂ’W fracture stress (o )

9 9

S0
0.2% Offset Line
B0 /
oo
0
g
z %o Breghing Strangth
-
§
I
200
=0
100
[} - ) —_
a oo 0.0 ooh oo a1 @12
Straln (mim)
- r -
Linitoem ecking E
Efgte Pl =
Dipformminbon Cnbarrrnson n
F \ b 4 el
o [ [
Ao Tensile L~

Specimons

UM 2.54 dnuwauengAnssunuuiinvguvesian
111 https://kuza.rme/jyh8jR

2.8 N1TATIZANAINVBIULUA [25]

nsasuuudIaes waln (Dynamic) waradie (Static) vosiueus Palletizing Wuudaetinand
ANNALTUSTEnImiedeubmlazusansadnlglunsivseviaauzusuue U

auq Nadeiy Aaaadduguin 2.55 neiiaddely TUsunsu MATLAB AiAsieviussveariueudlung
a1 uazlideyafiandgyamsunisnyisdeulaseaiie n15U5UUTIN5R0NLULLAZNITAIUANLUY
AT AUANY

JUN 2.55 lAoglnIuusavaiuung
1 As.AUNgY InuA1 MsRLUEUieRamnTIuMmeYeniislainugesa ROS
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N3V 255 axdansinvjusudil BCED, DFL, DGHJ 1Jugudivasnsuaunuy, DE way OF 3
Ameiniy luguil 2.55 uansannsieinssvesiusud Palletizing 39 1, 02 uansfanIs
NHUVBIVDURVMTBUAURALLUIUBY GO, G1, G2, G3 mudisuamsuwsalduaiedlvan Aodaiy
YBIFITULTT, VioulvY K, L, M 188 9auEna19909n 1unianiavaualgvesiaduisi, vauuwuy
dmdumsiimes Tusuit 2.24 uandlumsieil 2.4 Frudn
A151971 2.4 lapzunsuussvesULNa

Pararmeter LBC LCE LDE LDJ LHJ m0 ml m2 m3
Value 450mm 1350mm 450mm 1280mm 500mm 180Kg T1.7TKe 284 9Ke 367 9Ke

Pararmeter ZEDF 2N 21 p2 B3 LEL LI "1 2
Value 118” 158” 1267 36.07 6.87 280.7mm 589.0mm (-1207207 (2071327

1AL NINTUNNLT ARV AN Ua18UDIRITULST BULYULASLITULRDU LA LI UALN
ARINBENBU 9 Izkiunuiasailiosaindaiosunn

o A v
2.9 NUNIUATIUNITUNLNYIVDY
[1] Msimugulndvasiaunanlsimatinn1sineieasnlssnauding §1Msun1sansien
wazUszdiuanudululsvesianuaznsesnuuugiuveswauiveud Anwtaveniinasodausiee
Ao °

YDIFIUVBMIUUEUA HaNTIeNUIlanenanegiidenduianiAnandmsugiuveu vurusud

b}

dmsunssuihmdngsga ogdlsiouautidanavesguwanainisgnasiuanusuYusud ABB
Usziamn 3 Alandu Sswanafin PA GF30 anshsanldgugiumanléianwanafinazandusuianas 15%
waztvnanaINMANYIAs 80%

[2] MspanLUUE AL TuEL T T nTu e SlunanafniduisArlunisannisudes
uafiv nMsann1sUdesfignsveulnesnleduandomadaslddudunanadndunumardaly
nszUIUNITORNLUY drensliTanwatainiminvessanarafnazanas 41% iewfieuiuimdn
uennidmufunuNsHAratainfursniuman

[3] nMseenuUULariaullrlvesUasnvied1nsualslusnaonsalag Finite Element Analysis
pseulasnanusaldunuianuiniunanUasnilu PA GF15 nawanaslifiuimanafin PA GF15 9z
annsnantmiinuemanafnlduszana 219% vesiwiinmdnuazaliingUssann 40%

[4] poulndAnlnaluesiianumesmuiengalunisesuieanuneteniudunssiaalunis
ofunsAuantRidnavosnenindnlndined daduauaznbeaiiutureunaianislindos
anssmuayndemdanugeozney safildliiaziswenitlutialavesnedmosrenlndniilovuin
Tndidsafuiogluiiuiidudatuiiufivesviufiond navesnmsvnassisasgniisisiifioosunede
1A warAeSUIBYeIsN1sTEYaNTRnavadlnbiues

[5] MauiUszAvSnmnsesnuuunBideievesinseuielnnnaoufeg1auay FEA
LEPINAYBINITIATIEIRANTUTO UM UTENINUBYANITNAABUITWUATNTIATIENNTINaRlAY
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6] mM3TamniaieauazaueIsavesTaanedimesgnlddmsumsiasstudunaainly
B Tnquszasdunamsassaifiodaesginssuvesdnmauaioananaindstuag fu
nawed ISnrslmilunisimuanaiuazauduiusgnihluldedaduilaglddsnsiiy
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[8] Tube Hydro-Forming (THF) 11 uﬁf%‘”ﬂiuqmmmmmuau&i‘ua:miﬁuuazmﬂm
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91 wuSegnnaaeafinnuddydaunisuesioinaie fuazdmansenudeamsduriatues
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szileuitlnludleduunusznaune 6 TunsundnArealuil
Tumoudl 1 nswusweungUresymesniliuediuudgony dsguil 3.1 vaulwadinga1e19

Juveuwsveslgmvtinnnagfudu Jgmvesnisiva Jgminneifuenmgiiuaraiiuiou Wudu
— ARFE

P e
— | —~

WBRILUALLLaNS

JUN 3.1 nsudagusnweslymesniiuefiuudges quuusne iy
@ nnisdalnluddawudlucuieingsy, Usilaung wugsiln, 2555)

Tupoui2 n1sidenilendulszununislutoduus (Element Interpolation Functions) L
a ¢ d' ) a 1 % | A o = A
aun1sedluuAaNWAsNTReAIUANUTENBUMEY 3 IAseTIVINEaY 1,2 kae3 AsguRl 3.1 lnefige
& ° DAY Y v vy v o v o v ' I3 '
soidusunisiinesialiian 3aldud @1 2 uaz @smuddiv drlisangasdearaduaivenis
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Ao (Displacement) winisniszvidgymeanudangulureswds vioaudurvesgaumginin
shdgmiAeiunisaemanuieu visoadumiuiesedvaludu dnvarnsnszansves
flaidruuediuuiiannindeuldlveglusuuuuvesilaidunsUssanumelunasdaligaaase
167 fsgudt 3.2

D, y)=Nix, y)@1+N2wx, y) 02+ N3,y 03 (3.1)

aunsileitunisUssananelusasilusanyase
naunsiesitunsyszanunglukasilisangaselag Niky), i = 1,2,3 unuilesidu

Y

Uszanauniglueduudlnedimlisaed o sy

)

O x, y) = [IN1N2N3 < @2 (3.2)
D3

(D oy M N a3 @ (3x1) (3.3)

Tag [N] unuvisngilsdtuntsUssananaluedwuus wag { @) ununnmesuvsng?
Usenoumesiliianynsavetediuudiiy

5UN 3.2 leAludaumdeunuueg s nouieaugase
(@nvilsdslulufddmudlunudenssy, Usilung wagentn, 2555)

TUABUT 3 NITATNAUNTITUDUDRLIUA AFIDEININ AUNITVBADTUUA VAU UUBEN
Aeaunsmvsndazeglusuuuuiwiolull

Kir Kiz Kis ( (pl ) (Fu ]
Ka1 Koz Koz b ¢. LT N (3.4)
Kap Ksz2 Kaz | e ¢3 e ENE

¢ .

a cv Yy a ' v &
ﬁ]qﬂzﬂ LLUULNNINY VIR UY LﬁqQSLEUUUU@S]‘l@LUu

[Kle {le = {Fe (3.5)
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fupouit 4 foindunleddyveinsinuse vt inludiodumd msasaunsvoned
wuddsegluguiuuvesaunstadiuansaililagisnislaense (Direct approach) 3n1sulsiiu
(Variational approach) wiedadhaiviniAunnAe ( Method of weighted residuals ) 91n@unns
vowusazedudiilfUsznounutud delfAnssuvaunssin Tuguuuudsldl

z (element equations) => [K]sys {¢} sys = {F} sys (3.6)

Junauil 5 vN15UTEYNAATIMNN8YBULYA (Boundary conditions) adluszuuaunissy

= J

Y v v e ¥ & A Y] % UV oy A
Frasuudrfaudszuvaunsiiiion {Dlys Suusenovshesiliriiyn
Jurveansindousinugasig vedlasadng vseduavesgnmgiiv

<

msgewanuseunsearnluavesnuiivesvedvanugnne Wusiu

(Nodal unknown) #4819
nre vnidutlgmiAeadu
Supewd 6 Wamundsneg fndeesninldudafiamisnt ildiiemendugidesnis
selulsdnivu iledAnnsidesu mugasiesieg vesdlassaiisannsadrlumainieneson (Strain)
LarANLAY (Stress) Idmuddu i3 elesAgungiinigasofamnsamuimmyuansaem
aufould luduanndunowis 6 dumeutaziiuldisndoulwludioduudtiiuse fouisi
sufsunuuunuogndutunou Tneivhladdyegiinsadiaunsiediudin 3 Wludupoud 3 fe
Fn1slnemss BnsuUsiundeisdinininmunndng

3.3 msuszendsziieulnluneauug
\esanguuuurdnfausinumadmnssumliafisuidudeu sudouililudofiuudsd
unumilusghannlunisiuiussgnalddmsnzilameansglutagin wulymnsaemaudou
Tuinquaznisldsuideuislnludiediuudiianunsathluuszgndldmug funesiiamesvinliis
annsafmuwasmunngnsaiiietulilavazmnuasluranietuanisatisandildseiingld
TummeasnTimAlergitiymiessdeuisinludeaundlugausnizuainnunsnunamans
vauds (Solid mechanics) LLazIﬂiqa%'NLﬁumﬂmg Lﬁ@ﬂﬁ]’]ﬂﬂi’]ﬂgﬂﬁﬁﬁﬁhﬂ‘]‘ﬁILﬁWﬁJuﬁLumu
maguiianansovhenudilaldlaelloniiuly Faumssadeuliludedundlunmsiuonds
annsothlUeenuuutunuitisusedudouldivu fuluseiie sesui 3.3

Original

JUT 3.3 guuuuaedisinludiefiuudmuiusaile
@ nunilsdalnluddawudlucuieingsy, Usilamg wugsiln, 2555)
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\esanszdeuisliludiodiuudanansathunludaunsideeyiusdmiudgmidsusig
Fudeouldedsiilszansnmilinsssgndldseidevisnludieduuddvenersniiseenly
woniloanmaiemnssy wu nsldsziieuislnludidwudiununeiunisunmg

wduansiasizderunirueAddddssdeulvludieduuduasiduddgyedauinae
gnamnssusasudmeiielisnudiiussansnmitazneliiAnmnuUasnfegeanluvusifedul
fFrannszanldanglunsmaassiiedagud 3.4 uansnsdraesliludiedmudvossadaignuunss
ANURUNG VD950 miaaﬂLLUUm8mimaaaLwaiwawmﬂsmgmﬁmauauwamamqmamL’Jm
wazarldieidloifsuiunsiinmgiuazesnuuuiieismuinanisdeuisinlud dumduasd
diuitanansaasuulaimsesnuuusunsednwaeian sz deulilud ledwudnouains

é’ a
YUIN

A

JUN 3.4 midszgnaszileulnludiofiuudlunisgusivessada

Y

(@ian: vifsdolwluddanudlumimngsy, Usilamd inavenln, 2555)
TuthgtumsiaunseSeuislnludiedundmganiilustwieidonteninsadeuisd
ansatluiesendgmansg dulaeg1alivssdnsainszifouisinludedwudlagniluly
Uszgnatuaulunaisquaus Tnsngnsduiaingsy Wy n1seonwuud udiue usus
Sudusoseonuuiludiuignusssn ussistannssinnnglianengmsldauiguonuasmadesy
TidoedianlneriusyiTeuislnludiednmsiduiy

3.4 nsldrauRamasYaslun1seanuuuLIuna (Computer Aided Design)
SrnpmuaranlunseuLUY (Drafting) vastusu idasnisuussnin msldnouiianes
Tunnseonuuy zdnaugsnlunisidsuluuvunseauieiie dudunuiiazifon fesnis
ANNAINNTAGY wazAuawIueenly ﬁgﬁﬁ’ﬂauﬁ’sLG\E)%ﬁ’]iJ’]iﬂLLﬁﬂﬁﬂ’]WUu%@ﬁ]’m%@yjaﬁﬁgaaﬂLL“U‘U
Joulhbunm feluszuu 2 § way 3 Adldaudesns amlussuu 2 J7 wie 3 831 Wntuain
nsuesTuIUNTiasTiuandteiu PouawasaINNTaRaNkUUlAYNYiln fausuuueras wuutiu
ﬁag’mﬁwumazwm sooud 1300 2995M1 oAy naenIuLUUlaANRINY LUUWENH 2%
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Aueglumheeusivesaeufinnes defldansaFenuuuiiulid eonuuansuunanmliviuii
#ean15 uazerafarsanyivuilulng vieeradslihuuuludsuvunssauioiniondou
(Plotter) wuudnlugdAnle

TUsunsu Catia V5 18ulusunsuneufinmesvasniseanuuuiudiunuy 3 47 wazidu
Tusunsudwsuaumsuim s iianansuriidenldtuosaund vaneiilugaamnssueueus
gravnssunsiulazeIna mIndniaiesiionargunsal mssenuuulias msndniazedldlnd
N33R UU NI AREAIUNITIATIINIAIIAINTIY

5U# 3.5 M3oanuuukuunanig CAD Aulusinsa Catia

3.5 F1@a4n1588nLUUKILNanIen13N1sIATITAlnluAle AU
mMsinseilludiedniug fen1581ae9n1300nkuy waunadaladunisoanuuLasaIL
dmsunisldaudidmdnu warUszvdadumnu Tasnisasauuusiaes CAD Tnslusunsu CATIA
Tun1s0BALUUMTIINESV0INIT AT sRluadoslon sins s iesrusznau S99 waznIs
Wasuudasuunainazuansudadold

® CAE by Multibody dynamics (MBD) n15An®ILTY Wai’mmil,ﬂ?iauﬁﬁuaq%umu e
Uhinauazussiuandnesussvunalnlaglilusunsu MSC ADAMS

® CAE by Finite element analysis (FEA) n153tAS18%AUIAUTDIEIUUTENDUAY
goiuIs MSC Nastran wuushasiidsusnmssnasuasdilsddumiiidmiunsiuussassiou las
mstouteyaeanfanuioulynisiinnzsilnludiefiuuddinised 3.1 uaggus1avesiod
s Tetrahedron fagUf 3.6

Fadumssianimseanuuuiuandiifufisnisesnuuuasdesaduayuauudusuagng

Fousotudniiisites Janilddmsunssiaesivedusiui 4 viadwiumsnsraeunazua
mMsnsaedevansailSsuiisuaanuudanssunnmsgudannsed 3.2



A15199 3.1 Waulvnsiesizitlwludedug

- . . ANWULYDINTG
TUSWNSUALATIZN 99AUTENDUTUNTY r YUIANITLUY
Woules
TUswnsy MSC Nastran | 1as9a519U5780 | lassas19Usnan 0.8
PRUGAHINGIH Fuaviae 10
TGP
4

Le -

U7 3.6 JUS9WBRAILA : Tetrahedron 10 nodes
11 https://kuza.me/8qF15z

A5 3.2 ArnaNUAvedanulaA199 [19]

onIdIuee U7
wilnTan lugdatavey | mMANATIN %99
wanuae Cast Iron 207x10°kPa | 230000 kPa 0.26
wanamneal Polyamide 58x10°kPa | 200000 kPa 0.34
paiiily ADC6 71x10° kPa | 159000 kPa 0.33
dangd ZDC2 855x10°kPa | 221000 kPa 0.27

I3

3.6 STUUAIUANTUYUA

I ¢ k4 d? 14 9 d%’ N | | o
sruumuAuvueudnas 1 uldgnifauivuiugunsideusanulnsinaea CANopen 7
aunsasudeeyawvuriufiviulandeuiulaniglusunsuniuv C C++ LHBN1IAIVANNITINIUYEY

Servo motor Yasiardafe (Joint) kuuna laglsneazidunvodynnIuANNISAADUNYUEUANY 4
WUl
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(1) yaduiedoulweslaweined (Servo drive motor) fiaN1saAUAN ALEL, SRTUT LAz
dunisnaindoudildlaeld woslawewmed iuyaniuau Feazdsdyninniunu (Signal
command)

) fvualunisarvaudeunduiuude (Closed loop control) TagUsznaunigaudIude
flafdulumsmuaunszualniisnglsifunenes (Current control loop) fladdulunisauay
8131459 (Velocity control mode) wazief ulunisAiuausunUe (Position control
mode)

(3) SwumesoulAnnes (Encoder) [urdinlsnsiduldnwes (Rotary encoder) wazilnu
auBundnuauseudl 2500 P/R 911U 8 49 (Pole) ansnsavinauldiauuulen (sine) was
lalwtl (cosine)

Power supply:
single-phase
200V or 100V

Servo Dnve

| Brake control relay

Brake power supply
LPSE-2HO01 (200 V input)
LPDE-1H01 (100 V input)

o ¢ v 1Y) = s
Eﬂﬂ 3.7 lﬂagLLﬂiuﬂqiﬂ?UﬂﬂJﬂaﬁ L‘U@ﬁ')u@W]@iﬂ?ﬂ‘qﬂmULﬂaE]ULGUE]ﬁ'QlI@Lmas

i https://kuza.me/eQVj8

UM 3.8 szuumuAuNIsinwesgeshitewmes
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Control Loops

R

3UM 3.9 szuumuauuuulnveteiliueines

[ '
v A

Meilynaugunismdeuusuiiilesasie aunsel Lazwedwisngnaainuatuaulily wise

a

aruanfigniasstlugaarusiietugaimoslewesiiuau 4 unu Fuandugud 3.10
° IUSLLﬂsmﬁqmw@u CME 2 Version 7.0 ez Amplifier firmware version 1.90
® %a Servo drive :ADP-180-09
® %n Encoder ADP
[ ]

Servo motor YASKAWA 200AC 100W 4 Pole

40 cm /
~ ) ¢ .
o Capacitor 250V Isolation
3900uF Transformer
bridge rectifigr
Power Line |

£ 220V AC 50/60Hz
e fHEE |
) 0

Servo  Servo Servo Servo
Drive#1l Drive#2 Drive##3 Drive#t4

U 3.10 yAAIUANTIUBSA SCARA robot

fisn https://kuza.me/6nzVXL
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N1SNAADILAZNANITNAGD

naneaesi et witelfidudoyaluniseanuuuazairsnvunadeanfiunnsetu 3
gialaun wmdnuae ealiloy wazwaradin finsidelaldreuiinnesdislunisesnwuulagly
TUsunsu Catia V5 R21 yhnsi@sunazeenuuudaduiiveuiuuagldlugaaimnssueugud ield
wuudisaudfazEunmeasdeaiuuuildluimsdiaodugonduag MSC Adams Lilemauss
finsevhriegamaquasuauna Amdanuild udmindulahauseildluinmeaeutagitaunsn
nusenAY AnueTenlduiolidiegonauas MSC Nastran Tulnendnusdazgnuisoandu 2
Snwy ARNISNAABINTITEBNLUUAIEN1TTaRslnluddaius ( Finite element analysis ) Lag
dnwauziiaesiie mInnaswazUsuliussAvsamignisaialasiesnyunasenanainiiienidn
934 udwhnsieufiguavesniseeniuuiensiasselnludddiuudtiudildannmmegey
WaimansmaasaanAiueesls waransatwadildainnissiassieliiluddamudlulden
nseankuuliasseld

4.1 N15Y9IUYBUIUNG
ﬂimﬁﬂwwawmﬁ]EluLUuLLﬂJuﬂaaﬂ%’ﬂuLLwammiuLﬂumwuwmmmammmmmivﬁm
MIA1909TNEUA LLsuwu&JumeLeuaﬁauamaiLmavmamaimmwmLmu mwmuamaﬁmmu
#1186 T9a6f waunguilvin DOPs wastasnsmauRa 180 aamngauiuduinatanuoudumienis
ol fagud 4.1 lusewiherssdumanisndeulmaiuUsznouazgninisomsed 45 *angu
wruLazLduNsdmsuATaUAaNns YUY thntnusTnesiusufiuiiniunumt e (0.630
Alan3u) uarsseynasuvesnIanedouiiie 1900 uuwarmansvedudmiiedoulmazgninei
vhszuunalnldeenduas MSC ADAM Feuly ADAM dmiunmsinnidnuazaisiudsuudas

End VoA UUIY
(‘\ Tasia 1 = —90°x(1~cos(360°xtime)),
Vs _n, fomi 2 = ~30°x(1-cos(360°xtime))
PP fosio 3 = 45°x(1-cos(360°xtime)),
I - Uosia 4 = 2°x(1-cos(360°xtime)),
-..\\. Uasia 5 = 45°x(1-cos(360°xtime)).
w

sUTl 4.1 MsiedeuiivaauaunareIInangnAIUANATEantiiTh
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4.2 N132NLLUULLIUNA
sruvwIunadnazUszneumenmleulestasafinsssuiaunuuasduesiuantlugy

a

v
v a

4.2 fodeassviinfetereuiTunasuuunyy dmdumadonsenaideslosnsiinu luauided
msoonuuuLunaiiuamefisesluhduiedoulssduduasyilfuruedoulmfuandugui 4.3
Saquidinude, waradn(Indielus) uavogiifeugnirluldfudiuussnevvesuruna dmidnuas
dwiinsmuavesduUszneuwartuldiandlilumed 4.1 dwiumsfnsiuisuidieulnan
waenansnislindanularanuzidng (ANuesengaan) vesuunagnididunasilunisiionaiy
11899

AR TINaveIranas, Waamn waroaddeulunuvsiaoslduanslilunised 4.2

= R

JUN 4.2 waunatunudsznevyaniuaunszaniifidlulssy

UM 4.3 druusenourediauna



M19199 4.1 drulsenovdmtnvesianihuildlunisdiass
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o o 2, vt (ke)
a1y BUAIU < ; - - =
LAANYISD GHGIEN ’e)QlILuEJlI
1 g1 20312 3.710 7.583
2 VORDA 12.988 2.372 4.849
3 YonoB 12.529 2.289 4.677
4 YonaC 5.217 0.953 1.948
5 Vioulaunal 5.000 0.913 1.867
6 VouluUnNa2 3.828 0.699 1.429
7 Ynilodu 0.630 0.630 0.630
52 60.504 11.566 22.983
M3197l 4.2 auauTRvnanauarTanildlunisdans
a0 WaARN = \.
@mﬁuﬁﬁl%qna InGovunen N S\
Young’s modulus ( kPa) 6.3%10° 180x10° 72.4x10°
Density (Kg/mm?) 1370 7500 2800
Poisson’s ratio 0.340 0.26 0.33
Yield strength (kpa) 216x10° 200x10° 414x10°

UM 4.4 Wsunsumeuiameivtieluniseeniuuisuna Catia V5 R21
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¥’

VIDULIUNAL

&

Joint A VDULIUNAZ

Joint B Joint C
JUN 4.5 nMmvesiudiusinevesuvunanesnuuumelUsingy Catia V5 R21

174 o [ a 1
4.3 ﬂ']i'é]ﬁ]ﬂLLUUﬂ?ﬂﬂqiﬁ]qa@Q‘lw‘luﬁL'é]'dl,ll‘lwl
TuN998NLUUNISIAL 5 VDINITIATIZITLULAS D9H9N15ILATIE09AUSENBUDINA WaENIS
‘NI % o 1 ‘:"I
Wasuwlaakuunainaziandunsmneludl
4.3.1 n1sltasunnastaglusuialanssulunisdmsiziinisiaasuivaauna
Inanuuunadanaztunaunisiadsulmvaswvuriueusszgndasddunny x, y uas z
e muaiasgeaniagligonduas ADAM

5UN 4.6 1Usunsu MSC Adams ¥3glun1sinsngsinisindeunvasiuna
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A15197 4.3 Heulunslusunsy MSC Adams

a1nu Wil fauus AUNUNY
Bodies Modify Body : Mass Tamihvestunufiayiesie
2 | Bodies Modify Body : Center of Iz‘iﬁ;ﬂ@uﬁmwmfl’jﬂ 3 UNU XY,z
Mass Maker
Connectors | Joints : Create rotary joint \denvdauesons
Motion Joint Motion : Rotation donviavestosonariuatoulunisvsu
Motion Joint Motion : Function (time) | t&enguuuunisidany (an)

A3 runuuntunalashlswsa CATIA H a21 Mesh srelU5wnsu CAE

a . A ‘
ATWMUAATLEEL-IE l“.li:.'u avAday

M

o B AVUAR TN IEUE AL TER
15U ATvuAnTsslran

NAANTRE MAALLLME IR BRT1A73

Bud U T el

noar g L
T VNS WA EETIHLA WY LT

5UN 4.7 nsiaeddnludioduudlngldgansiag Catia wagweniwis Adams Faelunsiasey

1800 T T T T w0 —_

1600 |-

oo | —— B
Vink
w400 |- —Linkd ——Links. _

— il

tink |

1400

1200 |-

1000

Foree (N)
Farce (N)

00 vz 04 X3 o w
~ Time () Time(s) Time(s)

(a) wiinuide (b) wanafin (c) ogiiiley
5UM 4.8 usauianvesdudiuluna
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. wsawadn (N)
el R e -
LAANNAD Pl waamn
U 1280 520 290
Link1 1200 490 280
Link2 1140 460 270
Link3 820 340 200
Linkd 620 280 170
Link5 340 150 100
WU 60 55 50

uwsearalusEninensdnasiniswenlesvedaseaieieauiandluun 4.8 waznaves
w3dlunnsed 4.4 WeMasgegnvemadnsTeRuNdunnuNdINUSEnoUTiug uAe 1280 e, 520

a LY a o o [ 3 1 a a a & Y] 41' gfa
UIRNU AL 290 URU d NI ULNENKAD aqmuammﬂwaaﬂm AUAINU Lummﬂiwammwmgmm

asluiignuisdeddmdusaazussdnlunistundoudiudseney dmdnuaginansiuvesian
Manuauaneglunnei 4.1

B00000

Torque (Nmm}

—— Joint 1
—— Joint 2

Time is)

(a) annas

Torque (Nmm}

500009

500000 [

400009 [

300000 -

200000 -

00000

— Joint 1
—— Joint 2
——Joint 3 o
—— Jaint 4

Jaim 5

0.0 0z LYl o (1] 10

Time(s)

(b) Waasn

JUN 4.9 vesaiuna1veLsaztese

A15197 4.5 HaYBIANIANUIAIYEITUAIULUIUNS

Torque (Nmm)

500000 |-

400000

200000 |-

Time (s)

(0) egililyy

——Joant 1
——Jaint 2
——Jentd "
—— Joint &
Jgant §

nasa (N*m)

a1 R e -
AANYED pgililey Wanamn
Joint 1 520 170 100
Joint 2 475 160 90
Joint 3 290 95 60
Joint 4 130 45 30
Joint 5 20 15 10




67

U 4.9 uamamsudsiureaussdasiudunailuszninsnisdiass esa (1) nnefsusovyu
vidonsOa sududsddnlumsimuausiinvesdosiousassiidunsuusus ussdngaan 520 2
Fuing undmiumdnnded Joint A ArfigenitogfifieuuaswarafinUszaa 3.0uaz 5.2 11
dosmnussild usslafisfunuenusnuasussdafifiuty uandunssd 4.5
4.3.2 M3ldNasIUVaLIUNE
nslindsniluutazdeseazlisuniinneiiufuuuiuguveniadeulm

wrunasausiiusiy (0 = 0 9) Gwnduan (O = 180 °) dmiinusmnvestunaszfesiminveded
(Link) fadauazlnan (yamuaunszanluiin) gUf 4.10 wansliiiuimEsnurestoderianun
ﬂaumqmmmLimuuavamauammLaumamsmaaulmsuamuaum didumglasinomeslails
Tvaniflosnnusadoaniusi esianidunislindsauvesuvunaszninamanainuazegiiden
fudhnsgwihananafnuazsndnude wayszmiveaiiiloniumdnvdouseunn 23.26 uaz 37.21%

MINEIAU NaYBIAINITIINE I UNToROA 1 VDI UEUAGILEAIAITINN 4.6

256408 1
206406 |
1.5E+06
1.0E+06
5.0E+05

0.0
5,0E+095
-1.06+08
1.5E+06
-20E+06

-2.5E+06 —_— ' —
00 01 02 03 04 05 06 07 08 09 10

Tume (s)

Power (newlon-mm/s)

(@) widnvias

1.0E+06

S.0E+05

00

-5.0E+05

Power (newlon-mm/s)

-1.0E+06
0.0 o1 02 03 04 05 0.6 0.7 08 09 1.0

Tima(s)

(b) wanasn
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1.0E+06
— e—— 1
— - bgearvn X
- - . Spieny B
—— Baraeny A
F 5“5,0.5, = ,..-..-__‘- Jodrn 5
E .
E <
§
$ 00
4
&
E -S0E+05
o
1*{{5- = + - + = - + + - - = - - - - - . - - )
0.0 0 02 03 04 05 06 07 08 09 1.0

Time (s
(0 ogiityy
JUN 4.10 nsldnasnundenesiegvesiueud

M99 4.6 HATDIAINIT LTINS IUNTORDAIIUDILVUNS

o o W9 (N*m/s )
Ll ol i =
manae aadiitey Waan
Joint 1 2125 725 500
Joint 2 1300 500 260
Joint 3 500 240 125
Joint 4 52 50 a1
Joint 5 26 23 21

4.3.3 SNUUENINNAVIWVUNG
a s dou v v & a A v oa € . ' v
AuAseansfieglugiunduiaiuiuAuiasiousonudan (Link) 1 ludesdewuy
@ A 1 & A o % [ 14 a
wyu Luniaulalumsnsivaeudiuyseneuiiiiosnnimtnussnuas ngliusanaadlungiu Tu
JUN 4.11 avaneseapsinelmividnussnnyianue (nasiueslnan) A 3690, 1420 uaz 759 kPa
dwiulaseaiiuninuae sgiiifounarindieludnuadu Tenmalunsidesuvesgiuaunsaviueg
Ielnedssunssvesian Suarnuinunfintesfiantdunuinluegliden 0.34%, 0.35% dwiu
ndieluduas 1.845% dwiumdnvas
nsinUszansnmsuunainveswvunaiinud Ay lunisusulseanuntugilunisldeou
TuszvuUUANITNUIIAMURTITUVIAVRIUIUY UBUAUUFIUAD 65.975, 68.335 Uay 28.811 Hz
dmSuminuas sglilleunasnarafnindioludniuaiu arudsssunffeaudnszuuinwiliun
runiadlelidusmdndunsoussduasiiow ddlundtuduneliiinanuasoauuunaingsgad
417000, 273000 Uaz 33900 kPa uugnumanyae, eaiiflsuuasledunszimudidiudeniiulugui
4.12 anudeneintuilasiaiaanraelieaninanuasengegaiu AuwlusInandnuesian



JUN 4.11 wsnAuninszvisegiuvedlassasiuvunavesaian (a) widnuas, (b) eaiiey,
wag (c) wanasn

gﬂﬁ 4.12 LmLwaai’muugﬁmaﬂmaa%aLLsuuﬂasuma'm"ia@ (@)wianuas, (b) aqﬁtﬁau,
Lay (c) Wanamn

4.3.4 n1slUAaUNamasTa8TuIIUAINTIHTUNTIATISHAULAS B AVBIMTUNE
A1IATIZNANLLAUYDIEIUYSENBUNILLaNALIS MSC Nastran

‘ - ) . ety
[t N

I MSC Nastr

an MSC A Software’

Simulating Reality, Destroring Cortainty”

JU# 4.13 WUsunsu MSC Nastran Faglunisiiaseilasiasavesuuunag

a = Y o o
M19190 4.7 L\T@UVLGUGUEJW]VUWGU'EN??W]

69

a19U Aauls ALY
1 | Action : @379 ldnaudavosian
2 | Object : wuusylalalnsina \ion Isotropic wagAMaNUANINARUY 3 WNU
3 | Method : 38M13 WonianmeIBuuuivunies
4 | Constitutive model : 8aaialiady | Benmsliasissilunasisdanadiaiiady
5 | lupdagavey ldrn lpdadaveuvesian
6 | ansrdutves ldednsndniivesnesiang
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A15199 4.8 Waulunsvinanvrevedlu MSC

a19u FuUs AUNUNY
1 | Action : @579 #5799
2 | Object : a3245UN5991918 FonmtnedmiuTienesiussvesdudiy
3 | Type : Anuudaus Bonvilavestudiunuurecuds
4 | Element shape : Tet Laaﬂgﬂi’mﬁuaqmﬁﬂizﬂauL“ﬁJuLLUUTetrahedron
5 | Mesher : Tetmesh \@ONAUIULUY Tetmesh
6 | Topology : Tet 10 \d0n topology WUU node 10 A8 tetra 10
7 | Value: 0.8 Tdvunuesesrlsznay

a a ¢ saa I3 I3 i a a o
M1919N 4.9 Na’JLﬂi’]%ﬁ"mﬂiﬂﬂmimlwblum@aLQJUWUENLVaﬂﬁaQ Wﬁqﬁ@ﬂLLﬁSQQNLUBQJ

WANYED

NaEmn OREURIIEY

Max Stress : 8460 kPa Max Stress : 9350 kPa

204"

(Ta%19A) Max Stress : 187000 kPa

Max Stress : 39000 kPa Max Stress : 78900 kPa
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A13197 4.9(s10) wadnsziinnisunsulluddduudveuninude narafnuazegiiiley

WANYED NAAFN padliuy

(MBUWVU1)Max Stress:50700 kPa Max Stress : 26200  kPa Max Stress : 28300 kPa

(NBUBVU2)Max Stress: 282000 kPa !\/\ax Stress : 102000 kPa Max Stress : 113000 kPa

(VonaC) Max Stress : 24000 kPa Max Stress : 144000 kPa Max Stress : 13800 kPa
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211A1919714.9 asfumaTeuiisunueisnvesd unusis 3 wlaldudanundnnde
nanaRnuazegiifien Tasuenmsiinsiesiesniduiuding Saudasduduazianisauieiond
avanly wwuldiianynussinasiinnaiongeanog idudiureuntunaz uazarunaientos
flanag Joint C WWuihiaulalumnsaaeudussneuiifesnimiinussmnuas Tngldusnmas
Uiig1u armeTennsil meldiiminussmavanun (Fdsduaslnan) dusulassaiiandnnde
saiiflsuvavindialudnuaidu lendlunisidegureswrunaaiunsaiwelalaeidasuusves
Yan wuihianiinfiaslunsvintuduiunaiie egfifios wanafnuazminude suddy
M51971 4.10 aaguMsleszilusunsulnludddiudvesmanuae wanafnuavegiile

ey Fan | usslown@in | Avuudeuse AYILAL AA
Y740 a3an) Uaonsde
1 Wanvas 4712.7 N 200000 kPa 282000 kPa 2.03
WaEARN 22358 N 216000 kPa 102000 kPa 2.11
3 E]Qﬁjlflj&m 3188.9 N 414000 kPa 113000 kPa 3.66

A5 4.10 Lansdamaasunisiesieilsunsulludiedmusveuninuas warafnuas
sailiflonnis 3 il MnHaveINTN Taneqiifley SA1nuUasndeniniian 3.66 TA1AIULTIUTS
YoeTanuINTignil 414000 kPa dnluidunanafin uazgaynedumanias

4.4 N1IAIVANLIIVAYATULAGDURDSINBNDS
washiueawesanunsaliinsealle uaaudiiwesinAmvesnssuanldaudegui 4.15

), it [ W

NA@AN
UM 4.14 WIUNALAZLYDSIIUBLIADS

CaN



M19197 4.11 uanstoyauadnssasnIzuaragailuemes
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Yl WANYAD wanadn Iwaasunen
AINAEDU AFELE (A) nszud (A)
(N) Holder| Link5 |Link4 [Link3|Link2|Linkl| Base | Holder |Link5|Link4|Link3|Link2|Linkl| Base
0 0 1.03 | 6.95 [20.73(25.73(41.94| 47.37 0 1.03 (207492 ]| 560|845 | 954
5 0 1.84 | 7.74 [21.85(26.62(42.72| 48.25 0 1.84 (287 |6.03| 65092411044
10 0 2.67 | 8.54 122.97|127.52|43.50| 49.14 0 2.67 [ 3.67 692|739 (10.03] 11.33
15 0 3.49 | 9.33124.09(28.41|44.29| 50.02 0 349|446 | 7.82 | 8.29 [10.81] 12.21
20 0 4.32 110.13125.20129.31 (45.08 | 50.91 0 4321525871 9.18 [11.60] 13.10
25 0 5.14 110.92126.32130.20|45.86| 51.80 0 514 | 6.05| 9.61 [10.08]12.39| 13.99
30 0 596 |11.72127.44131.10|46.65| 52.69 0 596 | 6.84 [10.50(10.97|13.17| 14.88
Current [A)
60.00
51.80 5269
5091
48.25 il P Y o (N A -—
s0.00 +4237 : L s
L i S 45.86 15665
43 50 ; : i
4194 4272 P =
+ +
‘__
40.00 e
s =
31.10
Y 30.20 , -
28.41 ' - il
2573 2:6.52 e . 2670 26.32 =
22,07 il -
. -
20.00 )
1172
., e 1013 10.92 -
10.00 +—so5— 114 _‘___._._-.--— — —r—
A 5.0f
— 514
432
267 3.43 i -
1.03 184 A e —i—
_.,_
—
0.00 T T T T T 1 Load
0 g 10 15 20 25 30

(a) wssuaznszuavegeslanes Janmanvae




Current (A)
16.00

14.00

12.00

10.00

u.m T 1 1 1 I 1
O 5 10 15 20 25 30

(b) wssaznszuavereshwenes Janwarasn
JUN 4.15 A udiusseninausuasn sl veiweslinenaive s Tanaevils

a = = 1 s { = § v

31NM15199 4.11 WS uiisudoyavatisikaznTzuave LLgaslinainasvausiaziny F9ld

Janaewiafomanraswaznaann lnalduifusawananedusaus 0-30 Badunie 3 Alansu uay

JUT 4.16 wansnsaudniusvesnsldndsusenindminildiunseuandesddvesgeshy

wamasuAazLNUYBagaNdowar nanafn enfiwiu minldurunaliumdnuaseniining 20 99

funse 2 Alansufignuazdedlinszua 50.91 woud dnduwvunafiliwarafinenuwini 20 dasu
=y af v A ¥ % G
w50 2 Alansuiigiuazadddnseua 13.10 waud
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A151991 4.12 N1susendandsnudlowdsudunalainlndazunas

W39 % NITUTETNRIANFIU

(N) Holder | Link5 | Linkd | Link3 | Link2 | Link1 | Base | 1a@e
0 0 - 70.2 | 763 | 782 | 799 | 79.9 | 76.9
5 0 - 629 | 724 | 75.6 | 784 | 78.4 | 73.5
10 0 - 57.0 | 699 | 73.1 | 76.9 | 769 | 70.8
15 0 - 522 | 675 | 70.8 | 75.6 | 75.6 | 68.3
20 0 - 48.2 | 654 | 687 | 743 | 74.3 | 66.2
25 0 - 44.6 | 635 | 66.6 | 73.0 | 73.0 | 64.1
30 0 - 41.6 | 61.7 | 64.7 | 71.8 | 71.8 | 62.3

M 412 WSsuilsumsldndinuveswesuemessiviu 6 f wasdinisuus
Ussiamvaawaslasewesidudinin 5 Ussnvluegfuniadontiielimneantu aussdagean
voaiuny Tnglumsnaaesiuasinnisudausdunsveaendy 7 nasde 0 Tadu (wvunaldd]
Lmiin) 5, 106y, 15896, 20TRu, 250Rulaz30asiu laganusadsasunanisusevdn
wasnulgsied Waslduunawanadnenuosithimin 20 Tadu wasesUsevdandsnulule 66.2%
s‘ﬁqwﬂﬂLiﬂ%’ﬂﬂﬁmﬁﬂﬁaaﬁaﬂﬁwéﬁmuﬁﬂLLazmﬂaﬂﬁmﬁﬂMﬂﬂﬁazi‘ﬁwé”qq’luﬁqa



unii 5
ATUNANITIVLLASVBLEUD Y

5.1 @3Unani1sivY
mu%’aﬂé’uawﬂﬁﬁudﬂmmmﬁwamﬂmiﬁi’nammiaaﬂLLUU‘%uehuLmuﬂaeumeqmwﬂm
nszanlillaensldsndeuisilufiofundubusudioldluniseonuuuiudnldegegniomi
wasgIufitmuaaraienuindeiie anuiula Tngdwmaviliannauazailddnelunisdaii

Fusugiegnias
mMsdaesaniunisaldmiunseanuuuuna Wunuvesdese Uoint) lsn3amnazy3d
a

pd

U3guniladugnihunldluniseonwuy Jinsieddiulszneuminvas, narainlndesuonuay
aqiliflarereniuis MSC Adams uag Nastran lngilteasudastaluil:

(1) ussgeaauUUNaIavasmanydefigiuiiaintu 2125 N*m/s uazusigeanuuunainued
Indieladgrudauinty 500 Nom/s sruideddadonldanindiolud g tand
i

(2) ArAILAUGIAATBAVANMEBWINTU 282000 kPa wagfiauiugantndeludviiu
102000 kPa 11uidedsudenldTanlndielus Inefitagindeluddsnsfidiioninm
Uaeadwinnu 2.11

(3) wanaRnindielusanusathuldifeanindnld 80% Woiitsututanmdnude

(@) waraAnindeludaninsaUiuussransammslindsnunasysendandsnuldiede
68.8 %

5.2 daiuanuzuaziuInislunIsimuige

5.2.1 msfnwafadasailudeseaiiossnuuuiudununaiidnuasadnondstu uay
annsaihlddudeyadiedadmiunsesnuuuiunaruindun wazaunsnesnuuuLIUNAlTIL
melupsdnslales

5.2.2 wafildnnnisAnenudded umsfnwiensnududiumssusunawiitu laiaunsn
tllFldRuTunuUssamaug wiamnsoiludusnmsdunsimnurunanaignaeluls

5.2.3 yAfedifunuidefifnwmssseniuuurunatuin 3 kg
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JUABUNITODALUUNNINAAIRIENTTINaeweliludddiuud ( Finite Element Analysis )

AelUshnsy MSC Nastran
FUABUN 1 WAktI1ulUIHkNTU MSC Nastran

& ¥ x

| mse wastran

funoud 2 augiudoyalniiuazdeiguuu:
a. lsuiunthusnednlmadludnsuduy

|ri\|ﬂ\|é| G _||ﬂj@]©f|5\[_ f@h /i i“‘Ilé‘ﬂ\ A ] |;|_Fﬂﬁ<mu o
(Iewl ) % o) 05 || 15 [ BT s e ] s ITL«J NH"“\&I &
gefylt; Trans;m_!s_- ¥ ’ !p_-!_ —E ‘-_Dl_i-flakg _', feee _ulerwatmn, e o __!gee

D@t Lh &4

b. LaanLLﬂwmmmim"LW"Lumaamum ( Sudiaung )
C. WABNANAY

“ Mew Database b

Temp\ate Database Name
C \MSC Snftwara\Patran xM\Zﬂlﬂﬂltemp\ate db

I‘ 7 . . Change Template ...

[¥| Modify Preferences...
[¥| Set Working Directory ta Database Location
Look in: Ll-.‘,C:\MSC.SO x6asase ~ O OO @ @
N...
s My Computer Name « Size ]

a EN
Bl Deskiop

i
t’:ﬁ Documents

4 J—l L /C_ J
File name:  base.db J

Files of type: Database Files (*.db) - Cancel




d. Tuide Tolerance 1&en Base on model
e. lumve Analysis code Laan MSC. Nastran
f. Tuve Analysis type 1&on Structural

g. l@an OK

s

o
Y

Jupauil 3 YI13UNTIMINIVIAN
a. | file W@auaslu?l Import.

New Model Preference l

Model Preference for:
casingADC3.db

Tolerance: d
() Based on Modef]

O Default

Approximate Maximum

Analysis Type:
m 4 f

Sy _

[ Patran 2016

E Group  Viewport Wiewing Display Preferénces Tool: Help  Utilities

New..

Open...

| Open Recent...
Close

| Save

Save a Copy...

Utilities

Export...
Session b
Print...

Images..

Report...
Quit
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b. %198 sourse naLaan STEP
c. laanuili base.stp
d. 1den apply.

ﬂ Import — b
Look in: D:\Kitti\Ro...rm\Stress\1 ™ 0 (5] 0 @ @ Roect |!
Source:

-_ My Computer | N3Me Size |
z EN ©) Baserstp SLKBIY cirrent Group
B Desktop default_group
= Documents STEP Options...
r +| Import to Parasolid
C File Type

4 s ~] b d

File name: BASEl.stp. 7_ ;7_7 7_7_ _7_ '_ -Apply-
Files of type: |STEP Fila; (_‘.;*) W Wt Y7 A Cancel!

e. lan OK Uunte1e STEP import summary.

2 STEP AP203 Import Summary. —

T T
End Time | Elapsed Time CPU Time.
24-Apr-20 15:10:04 24-Apr-20 15:10:08 00:00:0& 00:00:00

Start Time ¢

STEP AP203 File Imported
D:\Kitti\Robot_Arm\Stress\1\BASE1.stp

. STEP AP203 Geometry

Geometry Types Quantity Imported
Solid 1

— PATRAN Geometry

Geometry Types Quantity Created
Solid 1

€

f. 1laan smooth shaded GLUﬂq:u display P

() w2
w3)[Ea) (52 = ||

Display

¢. anundnanaitenyunuuaeslidunuferiuiuivnngegluniidaly



o '
(% ]

JuRaUT 4 a@5199191evedlnlundduud
a. meshing tab, \aen solid GLumsz Meshers

Home Geometry

TP P4
I__:\II%IIerI-

* +
Surface | Auto Hard
nits

Properties Loads/BCs

(I |.P| [ ([ ||| 2| |62

[oace | 30| | st | | % |

(| (2| = | P

Results

M|
(3 (" |14 (o

84

Mesh Seeds Meshers FEM Actions Mode
a. M9 Finite Element, WivaMesher agTopology> Tet, TetMesh and Tet10,
ANUAIAU
F X

2w indoy
| Finite Elements |

|

| ] Solid 2

l [ value 3 |
N

Action: =
Object:

Output ID List——— SIS F |
| Node 87047 [

| Element

Elemn Shape

Mesher

Topology

[ TetMesh Parameters... ] |

I Nede Coordinate Frames... |
. e o—— _— |

| Input List i

J Global Edge Length———— —
[

Automatic Caleulation |

Aszzembly Parameters... |

(REY

|| | Prop. Name:

S\ iy Noges LT o,
1 TN AN

c. va9n the solid in the viewport.




d. lsifmadan Automatic Calculation.
e. Uau 0.8 @15U value
f. 1don Apply

RHS Window ﬂ
Finite Elements
FY
cton: L
Oject
Type:
Output 1D List
Node 87047
Element 46967 Mgy,
|

|

Elem Shape
| Mesher TetMesh, ¥ 9
| Topology Tetl0

\ i

| [ . TetMesh Parameters... ] ﬁ

| [ _Mode Coordinate Frames... | ]

'] nput List ]
EoldeZ . 7~ [ T\ > o=
— Global Edge Length d
_| Automatic Calculation

Value I |3 )20 ooy I _-I b
| Assembly Parameters.. ]

Prop. Name: - -None -
Prop. Type: - N/A -

[ _ . Select Existing Prop... . ]

.

|
|
i [ create New Property... | |
f

f

1%
Y

Guumau‘ﬁ 5 Create Constraints
a. s Loads/BCs, taan Displacement Constraint tungu Nodal

Home  Geometry  Properties Loa'ng Analysis — Resllts

o X : “ \.-‘
| » B a0 RE| Vo
Disglacement | Forfe | Temperature | Velocity | Acceleration | Crack{VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total

Cqnstraint Load Load Load Load
Nodal Element Uniform




b. 98 new set name MiLdan
C. WEBNAWN

Load/Boundary Conditions |

Action: Create ™
Object: Displacement -~

Current Load Case:

Defaul... >
Type: Static
Existing Sets 'E
vy B ==
oIl
1
f
|
}
|
v
41 e Y VUTINIT
b
N Mew Set Name
[ FIXED ]_
ﬂ I Input Da-ta,i‘ —:I
N

( Select Application Region... | ]
-Apply-

fixed

Load/BC Set Scale Factor

i |

Tranglations <T1 T2 T3=

(<000 = |

‘ Rotations <A1 B2 R3=
| l-:;l:l 0 Ell = |
| Trans Phase =Tp1 Tp2 Tp3= 1 ~|

{ = =

R;ut.aﬁan P.h.&SE <Rp1 RE Rﬁ}

Analysis Coordinate Frame

| | Coord 0 i

d. Translations <T1 T2 T3> 1aan <000 >
e. Rotations <R1 R2 R3> 1a8n <0 0 0 >

f. \@on OK.
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g. 1den select Application region...
h. luite select 1dan Geometry.
i. 18N Surface VU the picking Fillers toolbar.

Load/Boundary Conditions |

Action: Create ™

Object: lDisplacement - ]

Type: Modal

Option: Standard ™

Current Load Case

_Defautt.
A
Type: Static
Existing Sets geu
' _ || select Application Region
@ |
| Select:
[Tr | |/ Rite Se) i
d - | Application Region 0
\\ ~, ' Y Select Geometry Entities
New Set N "
= Elrne_ DV N\ q et i Add o I L‘Rernmr&
FIXED TRl
Application Region
B ] soid 111213141518
| !_
|
iy
I Input Data... l
—_ )
Select Application Region. . 43]:‘1 g 1
I~
(7




j. 1@en cylindrical all face of the base.

k. l@on Add
L. vdn Ok
m. Lﬁaﬂ Apply.

Select Application Regicn

Application Region

[Select Geometry En_t'rties |

....................................... E [W]

Application Region

Solid 1112131415156

Load/Boundary Conditions |
("

Action:
Object:

Type:

Option:

Lisplacement -4

Standard ¥

Current\Load Case:

Default...

Type:

Static

Exizgting Sets E

New Set Name

FIXED

Input Data...

]

Select Application Region...

=El
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The cylindrical face
in the hole of base.

Tunauil 6 asenuauTRvesian

a. @enniieg properties , 1den Isotropic group.
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Robots have increasingly replaced humans for many jobs, including 24 h work, routine
tasks, and dangerous jobs. However, the robot operating system has high power consumption
in many processes. This has led to energy efficiency being the main focus. We have opted
to build a robot with hugh strength, light weight, and low power consumption by reducing the
weight of its components. Presently, we know that the structure of most robots in the world 13
made of metals, plastics, and composite materials. In this research. we designed the mechanical
structure of robot arms with three different materials (cast iron, polyamide, and aluminum)
using the finite element method to analyze and evaluate the possibilities of these materials.
The dynamie load, power consumption, and mechanical characteristics were compared It
was found that polyamide could help lighten the weight by 40% and increase energy efficiency
along with cost effectiveness by 41%. Although polyamide is particularly easy to find, cast iron
15 stronger than polyamide.

1. Imfroduction

Currently, we are seeing many robots in factories, hospitals, depariment stores, and even our
own homes. Fobots have become part of human life because the current technology has
progressed rapidly in all corners of the world. To produce more quality products and meet the
needs of an everchanging market, the innovation and advances in robotic technology have
helped to increase production efficiency. Some types of robot already use plastics as a
component, resulting in the research and development of plastic robots. Plastics are an
Important material in components of robots including many industrial machines and are also
used as a connecting or welding material in a robot assembly. Therefore, currently, plastics are
drawing the interest of engineers and designers of robots, owing to their specific properties of
light weight, durability, agility, adaptability, and tailorability of properties in accordance with
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the apphcation. In Bef 1, the casing cap of a parking brake cable was investigated by fimte
element analysis (FEA) and the results showed that the casing cap matenial can be changed from
steel to the PA GF15 plastic. The results also showed that plastics can reduce the mass by
around 21% and the cost of material by approximately 40%. In Ref 2. the development of a
new base for robot arms was investigated by FEA to analyze and evaluate the possibilities of all
materials. The results showed that the base can be made of PA GF30 plastic to replace cast iron,
thereby reducing the material cost by 15% and the weight by 80%. In Ref 3, the reliability of
the casing cap was examined and the results obtained by FEA simulation were compared with
those obtained for a real sample using a testing machine. The FEA simulation and experimental
results of the matenial revealed a 30% reduction mn cost and weight m both the design and
production processes. In Fef 4. a new design of a fixed-stucture robust controller for the joint
space control of a pneumatic tobot arm was studied. The proposed technique was based on the
concept of H loop shaping, which is a sensible method for robust controller design. However,
on the basis of the simmlation results, the eonventional design with material properties was
proposed to be tetained as part of the new controller design. Experimental results venified the
effectiveness of the proposed technique. In Ref 3, a genetic algorithm was used to search for
subcarriers suitable for subcarmer multiplexing (SCM) on a multimode fiber (MF). The suitable
design showed that the material properties are useful in designing subearriers at the peak of the
passbands of the ME. The data of subcarriers are approximately threefold those obtained from
the 3 dB intermodal bandwidth. In Bef 6, a new techmique of analyzing the resonance vibration
problem, which 15 a major problem 1n a hard-disk-drive arm, by FEA was demonstrated The
results showed that the developed program can effectively simmlate the resonance behavior
determined from the computational results of accurately tailoring the material In Ref 7 the
fiber Bragg gratings (FBGs) embedded in resin increased the Young's modulus of the resin
material. FBGs embedded in various resin materials were examined as optical bend sensors.
The obtained wavelengths were almost in agreement with theoretical values. inereased linearly
with the bending deflection, and were calculated using a composite beam model. In Ref 8, the
use of lightweight automotive parts made of thermoplastics was found fo be an effective way of
reducing CO emission. By using plastics, the bumper weight of plastic vehicles was reduced by
41% compared with that in the case of using steel. It was also found that the production cost of
plastics was lower than that of steel. In Pef 9 a composite polymer was studied to describe the
mechamical properties of a nanecomposite polymer. The experimental results were analyzed to
explain the limitations and description of the mechanical properties of polymers. In Ref 10, the
main purpose of the simulation was to analyze the stress rate of plastics, which depended on the
polymer. The method used only mechanical tests and measured data to generate the real stress
following the strain curve at different stress rates. In Ref 11, a metal fuel tank of a public bus
was replaced with a plastic fuel tank and its effect was evaluated by static and dynamic analyses
as well as the FEA method. The purpose of this research was to show an analytical approach to
preventing plastic tank damage. In Fef 12, the purpese of the simulation was to analyze and
study the feasibility of plastic application to modify the stress rate, which depended on the
polymeric material. The results of stress and strain measurements resulted in approaches to
reducing fime, and relationships were fully implemented by FEA. In Ref 13, taper roller
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bearings, an important part of gear reducers, affected both the meshing contact of the gears and
the lubrication between the rollers and raceways of the beanings. The FEA techmaue for roller
bearings was established by using the Eeynolds equation and considering the surface ronghness.
Finally, the effects of the pretightening of the bearings were analyzed by considering the
maximum stress and stran. In Ref 14, the static analysis of linear elastic structures with
uncertain responses to deterministic loads was addressed and an interval FEA method was
based on an improved interval analysis was developed. The key idea of this novel methed is the
inclusion of an extra unitary inferval in each uncertain parameter m order to keep physical
properties linked to the finite elements in both the assembly and sclution phases. In Bef 15, the
acoustic signals of transmission along a chain of spheres in biomedical applications of
ultrasound and waveforms.of relevance were investigated.  The results showed the possible use
of ultrasound in both therapeutic and diagnostic applications.  The objective was achieved by
generating signals with different harmonic contents. The results suggested that a comparison of
experimental and FEA results for fld loading was a suitable tool for performance
investigation. In Ref 16, the flexibility of links and joints for robot arms was considered. The
results of the prestressed model analysis of the flexible robot arm usmg ANSYS Workbench
software were compared. A reliable basis for the research methods of dynamic characteristics
was provided. Tn Ref. 17, the buffer effect of a polyimide (PI) layer determined by a drop test
was discussed and the structure of wafer level without underfill © The drop impact was
caleulated by FEA using a zooming technique. This research was focused on PI, which affects
the shape factor. The results indicated a thick high-medulus FI. InFef 18, FEA was adopted
to examine the connection of humanmid robot jomts and other joints. Their failures and
weaknesses were observed in the resulis of the analysis of the stress zone between the mimmum
and maximum stresses. The results of FEA revealed the potential sources of danger of the robot
arm, and provided a theoretical basis for the optimization of the design of the umanoid rebot
structure. In Ref 19 FEA was shown as the main method that allowed users to rapidly and
accurately compute the stress and stress behavior of compesite materials. This method was
used to reduce the labor cost and determine the parameters. The calculation fime was not more
than 15 h and the stress error was not more than 4%. Reference 20 showed the design of the
resin guide vane in a borehole tapping system and used ANSYS software to analyze the stress-
strain relationship with full loading. - The results of the resin guide vane obtained by FEA
showed that the maximum stress was less than the bending strength and the maximum
displacement was markedly less than the displacement of minimum elongation. In Ref 21,
robotic origami was constructed from thin sheets of function material using rapid prototyping.
The construction required a detailed study of 3D and 2D geometries, and 2D fabrication
methods. This arficle reported advancement m the design and fabrication methodology of
origami robots, with customizable fiunctionality from the ground up. In Ref 22, the underwater
robots EOV and AUV were used for ocean explorations and underwater work, where the zoom
body frame was examined by FEA. The carbon fiber reinforced polymer (CFEF) body frame
dispersed applied external loads, FEA was carned out to test the CEFRP, and samples with the
material properties obtained from the test were used. InEef 23, the developed model was used
in FEA to predict the macroscopic behavior of polyerystalline materials and the results showed
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that the model was effective in the simulation of the cyclic behavior of Sn-0.7Cu solder at
different temperatures and strain rates. In Ref 24, the FEA for the drop test was performed
using both the siress-strain relationships at high and low stram rates. The test results of the
stress-sirain relationships at high strain rates were observed to be in agreement with those at
low stram rates. In Ref. 23, the nonlinear friction was considered because it seriously affected
the tracking accuracy of the robot. The tracking accuracy of the robot was significantly
mmproved by effectively applying the desired signal The resulis demonstrated the feasibility
and effectiveness of the proposed control method. In Ref 26, a robust solution to the trajectory
tracking control problem under uncertainties and disturbances was obtaimed - Simulation and
experimental results were explored to venfy the effectiveness of the proposed control strategy.
All reviewed research studies revealed that FEA 15 an efficient method for the analysis of
material properties.

The highlight of our study, which is different from those of other studies, 15 the design
structure of a robot arm made of polyamide, instead of cast iron, making it lighter and lower
in cost. The plastic (polyamide), was mvestigated by FEA, the mechamical properties of the
designed robot arm were studied, and the performance of cast iron, alumimum, and polyamide
were compared

2, Materials

Material handling is the essence of robotics and. in the pear future, some structural
components of robots will be changed to reduce the weight. We already know that the structure
of robots 15 made of metals, plastics, and composite materials. Metal is a common material of
robots. It is among the mest expensive robot materials in terms of both cost and weight. Steel
and aluminum are common metals; although alumimnm alloy is smoother and easier to use than
steel, steel 15 markedly stronger Plastic 15 a cheice of matenal for manufacturers because it
enables manufacturers o bwild shapes quickly to complete a model rapidly. It is also readily
available and affordable, and plastic composites have a low weight-to-strength ratio. Some
composites are both lightweight and very strong (e, carbon composites) However, strong
composites are costly and less readily available. Construction materials should be chosen for
their swtability for the job, functionality, or other requirements. The robot body is made using
bars, rods, sheets, channels, and other forms. However, it must be sufficiently rigid enough to
support the weight of motors, batteries, and other parts without undue bending or flexing.

3. Methodology

In this section, computer-aided engineering (CAE) software 15 used for analyzing and
evaluating the possibilities of robotic matersals. The key factors of the robotic design are
strength, light weight, and low power consumption. The robot arm in this work 15 designed
to have five degrees of freedom (DOFs), with four rotary joints and one prismatic joint. The
number of DOFs is determined by the number of independent joint variables.
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31 Robot arm design

The robot arm system often consists of links, joints, actuaters, controllers, and sensors, as
shown in Fig. 1. There are two types of joint, namely, prismatic and rotary joints, for connecting
neighboning links. In this work, the robot design is equipped with five servo motors to link the
parts and induce arm movement, as shown in Fig. 2. Cast iron, polyamide, and aluminum are
applied to the robot components. The weights and total weights of these materials are shown
in Table 1. For a comparative study, the dynamics load. power consumption, and mechanical
characteristic (max. stress) of the robot are used as criteria in choosing the simulation task.

The mechanical properties of cast iron, polyamide (PA65), and aluminum in the simulation
models are presented in Table 2.

Fig 1. {Color online) Robet arm in idnsiry.

Table 1

Weights of cast iron, polyamide. and alumimm
materials in egch component and their total weights in
the robot arm.

Weight (kg
NG 7w [T AT 7 e

1 Base 20312 3710 7583
2 Linkl 12 888 719 4340
3 Link2 12.529 2280 4.677
4 Link3 5.21F 0.953 1048
= Link4 5.000 0913 13467
y g Link5 384 0595 1410
"4 & Holder
X 7 (writh load) 0630 0630 0.630
Fig. 2.  (Color onling) Fobot arm components. Total 60.504 11.366 12983
Table 2
Mechanical properties of cast iron, polyamide, and ahiminum.
Material
Mechanical property
. Castiron  Polyamide  Alminum
Young's modulus (GB5) 180 63 724
Drensity [Eg,mms} T500 1370 2800
Poizszon's ratio 0294 0.340 0.33

Yield swrength (MPa) 200 216 414
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3.2 Robot arm operation

As a case study, the robot arm 15 used in the platform as part of a window regulator
production facility. The robot arm has five servo motors, each motor for one DOE. All
motors operate with & volts. There are five rotation DOFs in the arm and their rotation range
15 180 degrees from the start to the end of the movement path (see Fig. 3). At the end of the
movement path, the components are aligned straight at 43° from the arm base and the path is for
cover usage. The paylead of the robot is a window regulator (0.630 kg) and the total distance of
movement is 1900 mm.

The multibody dynamics of moving parts are analyzed throughout the mechanical systems
using MSC ADAM software. ADAM conditions for analyzing the dynamics characteristics are
shown in Table 3.

33 FEA

Figure 4 shows the FEA simulation using the CATIA and CAE software programs with
properties, mesh conditions, and all the material parameters msed. Output showed dynamies
load, stress, =o forth.

The joint rotation is determined by

/ Toint 1=—907{l—cas{360°=time),
Toint 2= —307+{1—cos (3607~ tims)),
K o, Toint 3=45"={l-cos(360°time);
> Taint 4= 2*={l-cos(360° time]),
e, Toint §= 45" #(l—cos(360°=time)).

Fiz 3. (Color online) Confipuration of robot movement on platform of window regulator production faclity.

Tahle 3
ADAM conditions.
MNo. Function Parameters Meaning
1 Bodies Modify body: mass Impat mass of product
. e 2 Input the center of gravity (C3) of product
2 Bodies  Modify body: center of mass maker Specifyl mddiEes (x, y, 2)
3 Connectors Toints: cTeate rotary joine Selecting type of joint (notary joint)
4 Maotion Joint motion: rotation Selecting type of joint n.(r.ot )
T Create movement condition

5 Motion Toint mation: function (Hne) Diafine ntime function

Beobetic ans ewodel by CATIA sy 2| Model wiph Gention and st genenation by CAE safiee

L
Comtast, load, and qonatraint serfing s Materials asached (ot iron. pobyamide.and ahwwiman)
W
leliupnﬂ peratioe analyiay — &qﬂt[ﬂ}umm Lead. o :unnupﬁu.n.n.td.mm:l

Fig. 4. FEA simulation using Catia and CAE software.
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4. Eesults and Discussion

The robot arm was mathematically modeled by the finite element method. The dynamics
load, power consumption, and maximum stress were solved and implemented using the CAE
software. Cast iron, polyamide, and aluminum were applied to robot components under the
same driving trajectory.

4.1 Multibody dvnamics load

The dynamic load and movement step of the robot arm are simulated in the x, y, and =
axes to determine the maximum force using ADAM software. The force and time duning
the simulation of the links on the three structures are presented in Fig. 5. The maximum
magnitudes of resultant forces observed on the base component are 127614, 507299 and
273744 N for cast iron, alumimm, and polyamide, respectively. Because the total load is
pressed down to the base. high forces and torques must be applied to drive the components. The
weights and total loads of all materials are listed in Table L.

Figure 6 shows the variation in joint torque with time during the simmlation. Torgue (T) is
defined as a turning or twisting force. It is important to determine the torgue of each joint that
drives the robot arm.  The maximum torgue 313107.20 N-mm is obtained for cast iren at joint 1.
This value 15 around 3 and 3.28 times higher than those of aluminum and polyamide bacause of
its payload. The torgue increases with increasing reach length and payload.

= vy —— L

— s ——iatl ] o L —ry — i
—d ] —— i
— i —— e i | L yean
—fldim |

.=§i§!§i§=

NEEEERE

H
H
H
H
E
E
z
H
H

Fig. 5.  (Color onling) Force versus time of all robot compaonents: i) cast iron, (b) pelyamide, and (c) aluminum.

L T - Ll - frery
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— Y llll I', llr | E = ] e o §
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{ /
’-.-//I | |IU' f } - g = B 1
"L mooa | AN

I w1 7] a1 [T [t} '" ] 1 ] 7] i E [T R E—
Timwrind T Temeh]
] (1) 4]

Fig 6. (Color online) Torgue curves with time simmlated for each jeint (3) cast irom, (b) polyamide, and (c)
ghumimam.

116



117

494 Senzars and Maserialz, Vol. 32, No. 2 (2020)

4.2 Power consumption

The power consumption at each joint is further analyzed on the basis of the robot movement
from start (# = 0) to end (f = 130%). The payload of the robot must inclnde the weights of
the link, holder, and load (window regulator). Figure 7 shows that the power of all joints is
relatively low at the start and end of the robot movement path. This is because the motor drive
15 not loaded owing to low friction. The difference in robot power consumption between
polyamide and aluminum is lower than those between polyamide and east iron and between
aluminum and cast iron, approximately 2326 and 37.21%, respectively.
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Fig. 7. (Color coling) Power consumprion at different joimts of the robot: (3) cast irom, (b) polyamide and
{c) aluminum.
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4.3 Mechanical characteristic

Static stress is present in the base that is in contact with the ground and connected to link 1
through a rotary joint. It is interesting to investigate this component because the payload and
object apply pressure down to the base. InFig. 8. the static stresses under the total payload (five
links + load) are 3.69, 142, and 0.759 MPa for cast iron, aluminum, and polyamide structures,
respectively. The chance of deformation of the base can be predicted by the yield strength of
the material The smallest amount of deformaty 15 found to be 0.34% for alumimam, (.35% for
polyamide, and 1.845% for castiron.

The dynamic optimization of the robet arm is significant in improving the operation
precision. In the operating svstem, it 15 found that the natural frequencies of the robot arm on
the base are 63975, 68.335, and 28 811 Hz for cast iron, alumimim. and pelyamide, respectively.
Note that the natural frequency is the frequency at which a system tends to oscillate in the
absence of any driving or dampmg force. Moreower, it induces maximum dynamic stresses
of 417, 275, and 33.9 MPa. on the base for cast won, aluminum  and polyamide. respectively,
as seen in Fig. 9. Damage is cbserved on the cast iton structure because the maximum stress
exceeds the yield strength of the material.

Fig. & (Color online) Static stress of the base of three different robot arm stractures: {a) cast inon, (b) alnmimm

and i) polyamide
@ ©

Fig. 8. {Color onling) Drynamics smesses on the bases of three different robot arm strucrures: (8) cast iron, (b
aluminum and i£) polyamide.
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Conclusions

Simulations were performed for a robot arm.  Five DOFs, four rotary joints, and one

prismatic joint were adopted in the design. Cast iron, polyamide, and aluminum rebot
components were analyzed using CAE software. The following are our conclusions:

The applicability of a material was demonstrated in terms of its dynamic and static
characteristics; cast iron provided the highest foree and torque to drive its components.

The maximum force was observed along the x-axis for the base and the =-axis for the links
and holder. This is related to the power consumption of each joint.

The light weight of polyamide was a key factor in reducing the power censumption. The
mechanical characteristics of the material were investigated in static and dynamic systems.
The natural frequencies of the base were 635975 68.335, and 28.811 Hz for cast iron,
alumimum, and polyamide, respectively. Damage appeared on the cast iron structure
because the maximum stress exceeded the yield strength of the material.

Polyamide can be used to reduce the weight by 40% and improve the energy efficiency and
cost effectiveness by 41%.
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Absracr— The robofic arm is a robot that is nsed in the
manufacuring industry. It has been wsed @t a smbstifute for
bhoman labor in continnous work on 24 hours a day, tasks that
meed to be repeated all the time, danzerons jobs, and hard work
that humans canpot do. Usually, bumans can do evervthing;
however, they are mot able fo work confinuously for a lonz time
becamse humans zet fired and so they meed fo rest. This paper
proposes a development of base of robot arm by applying the
finite element method technique for amalysis and evaluation the
feasibility of the material and the design of the base of robot arm.
The influential factors affecting the parts of baze of robot arm
are studied and amalyzed. The results of the plastic PA GF3
show that can be wied to replace the cast iron base, the plastic
material will reduce the overall cost material by 15 %4, and the
weight reduce from cast iron by 80 %

Eeywords— plastic P4 GF30, base af robot arm, finite element
method

I INTRODUCTION

Today's mdustnes are developing and changing info new
technologes or foeusing on research and development about
the engineering material to reducs the production cost and
merease productaty, In [1], desiming of Lght-weight
automotive parts with thermoplashic 15 a great way to reduce
emssions. Carbon diomide and fuel consumphion reduchion
using plastic parts plays a sigmficant role m the desizn
process. By using plastc matenzls, the bumper weaizht of
plastic velucles 15 reduced by 41% compared to steel If also
found that the produchon cost of bumnper plastic was lower
than that of steel [1]. In [2], 2 metal fuel tank of 2 public bus
was replaced with a plaste fuel tank by researching, designmg
and developmg a plastic fiel fank, it 1= based on static and
dynamic analysis. The analy=is, static and dynamic, was based
on the fimfe element analysis and the samples have besn
tested to ensure that they meet the required properties of the
materials testing. The purpose of this research was to present
an analytical approach to prevent plastic tank damage [2].

In [3], hydroformation of pipes known m the auwtomotive and
aerospace Industry has a very complicated geometnic shape
with extruded matenial:. The benefits of hydro formation of
pipes 15 the combmation of high strength steel wath the
struchure of the automofive parts, which results i reducing
pipe welght and zains a befter performance. The simmlation

JO0E-3E IGO0 X000 00 e2057K IEEE
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model was analvzed wiing fimte element method tool deform-
D [3] In [4], the composite polvmer has some group efforts
to explam the strongest attempts fo desembe the mechamcal
properfies of the nano composite polvmer. Therefore, the
mereased resolubon of microscopic techmigues and lugh-
power atomic camerzs, The result 15 not Ikely to incieate that
durmg the phase of the composite polyvmer when the size 1=
elose and spmilar to that in the contact area with the smface of
the press. The results of both experiments were analvzed to
explan the lnnfation and desenption of how to idenhfy the
mechameal propertes of polymers [4]. In[3-6], the movement
of heat through the matenal shapes was analvzed by applyng
the Fimte Flement Sunple (gasy fimte element), whach 15 the
softwrare that researchers m Thatland ereated and developed to
compare the shadow graph techmque. The techmigue can be
zppliad to smdy the movement of hot air as fransparent media.
The resulfs of the simulation are different reasons why 1t 1=
assumed that the emors of measwement models that some
values are not taken into consideration, such a5 fnetion loss, or
the density of the ar with the emor dunng the enframce
temperature of bot ar flowmz throngh the bot aim, which
changes when the heat loss to the emvironment. Unhike the
models are sef to be i stable conditon, efe. However, the
results from the study of the behavior of the kot air flowr have
shown that the two methods can be compared and apphied to
vanous fields [5-6). In [7], The stress and stramn measrements
of polymenc matenals were used for the simulation of the
fimite element plastic components. The pupose of simalation
15 to somulate the behavior of the plastic =fress rate, which
depends on the polymer. Mew approaches to time and
relationships were fully mmplemented wsang FEA-based
optmization procedures, sumlar to Imverse  amalymis.
Tharefore, the method used only the measwed data m
mechamezl tests to generate real stress on the stram curve at
different stre<s rates [7].

This paper proposes fo study the matenal replacement for
the parts for the base of robot am and compare with the
conventional matenals; cast won base and ahominum alloy
base. The analysis of the paper proposed materials 15 based on
the finite element analysis and the tyvpes of matenial are studied
to show the effectivensss of using the proposed matenals for
schueving the effectrvensss of the proposed base design and
reducing the production cost.

-T30-
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a. Photo of robot arm b. Base of robot arm
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e =.L._+ ﬁ'ﬁfn— HOLDER
BASE _L
c. Component of robot amm

Fizure 1. The detail of robot arm.
Table 1. Details of the components on the robot arm

JDINTIC)

Mo  Components Function

1 Baze The first hink 15 attached to that
and fix

2 Jomt A drided according to the abality to
control movement befween base
and k]

3 JomtB divided according to the abality to
control movement between
hnkland k2

4 JomtC drvided according to the abality to
control movement between
hnkYand holder

5 Linkl Arm structure 1

& Link? A structure 2

7 Holder Equipment mstalled at the end of
the zrm to work. Mav be a handle
Vacum, Dnll

Az shown in Table 1 and Fiz 1, there are 7 main component
parts of the robot amm.

The mghhght of this study, which differs from other
studies, 15 the development of a new base of rebot arm, which
can replace the cast ron with the plastie PA GF30 and is hight

and inexpensive.

O MATERIAL ANDFINITE ELEMENT AMALYSIS

At present. the base 1s made from many matenials, 12 cast
won and alummum alloy (AA2014), wiich cause heavy
weight of robot body and hogh matenal cost. A part of the
most interesting matenals attempted to be develop m this
research work 15 PA+HGE30 plastic, which 15 hght-weight and
low m material cost [8].

IEECON 2018, Erabi, Thailand

A Material Propertias
The base 15 currently made of two types of matenials as
shown n Table 2.

Table 2. Details of the current matenals.

Fhax  Dossors Tied
Maferiak: moduls niia srarzih
() (MPa)
Castom ] 136 300
Abyrmimm alloy- 724 S 414
447014

This paper studied on the usmg of the bases matenal
mstead of the onginal matenzl: mentioned above; plaste
Mlon wath PA-GFI0, elashc 6.3 GPA, Poisson’s mtio 0.42
and vield strength 216 MPa.

Iable 3. The examples of siress and thew defimbons.

Type of loading | Mestration Smen Sitreas
Distrifbuti Equafioms
1 Lirect fnsion Fﬁ": Uninmm F
. G = -
— A
| Direct F F | Untirm F
. q{:+_ {5 = _/_1
T [ Bendmz . F,+ ,IIF. -F b e LA 2
rj- d hu' lTI':!Eg SRS
AT { [
SRS LSS
|

Ao shown m Table 3, there are three definthons of the
lpadinz 1.8, divect tension, direct compression, and bending.
For each type of the stresses chown, there are different
muolved properhes, ez case hype of loading, lustrztion,
stress disin bution and stress equations.

B. Finiie elelment and Boundary conditions

Fmite element analysiz of the mechanical properties and
the specificaton of the desizned and developed parts, the
fimte element method based on the boundary and parhal
differential equations on the balance sohids wath the flasmbahity
m three dimensions shown below in (1)

I’]UJ: + a"[acy + @Txz ¥ Fx =)

s by ~ d:
O Tay +ﬂ + dT 4 Fy =0 a
g iy iz
0Tz + 0Te * 00z + Fz -0
ge By O:

whem g, 6, o, are axal stess on the x ¥ and z swfaces,
respectvely. t,,. 7, T, are the shear stresses onthe x v, and =z
srfaces, respectively. F F. F. are the forces body foree) on
the = W, andzdmad:lm respectively. 'I'I:quua.h.onb
subjected to the condibons of the stresses on the =wface
(surface traction):

T40-
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T=Ti<T,j+T.F o)
where T, T T, are the x. ¥, and z surfaces, respectively on the
axial stresses . Generally, equation (2) can be wmitten in the
general form of the stress subsidianes as following:

I L Ter My
{T,.} =[ Ty 0, T, { nt} &
I, Ty T G, n,

where m,. n, n, are the x, v, and z swfaces, respectively on the

directional cosine vectors .
i=mi+tnj+nk 4

In the three-dimensional sohid of the mitizl stress, nommally 15
apphed first and then the relahonship between stress and strain
15 typically expressed. In the extension of the these condihons
when the dimension of the object is changed can be solved
and analyzed by considering the stress and stram as -

{e} = [elie=}

Therefeare, {6T = [a.6,0, £, T Turl )

T
{E} - [EJ. EI f.' ;'In -'I'.'.' :.I.J

Figure. 2 The three-dimensional solid in the balance on aoy posifion

{e} =leclie-e}

Therefore, {s} =[e;0.0, 5, Lol (5}
{el =[5 5, £: P i 2]
'(-E N ! v 0 0 B AT
v F % 0 0 0
v ¥ 1-v o 0
[c]-—% 00 oy Bx o g Qg
Tl FEl-2) "
o0 0 0 I g :
Lo o o o o i)

where E : the Elastic modulus
F: the Poissom’s ratio
The mportant tool to solve and analyze the above
mentioned boundary conditions is the Finite Element Mathod
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with the solid object needs to firstly constructed, from ths
case 15 the base of robot am, which was developed and
des1gned for the Fobot aym, that created by the 3D-CAD wsmg
CATIA software and sovleed & analyzed by the Fimite
Element Analy=is software by MSC Nastran. Furstly, the mesh
on the CAD designed 15 constructed by assigning the meshing
value. The result and output of the finite element analysis 1=
the mamum load force exerted on the desigmed bases of
robot arm with three materials. The force mmst be within the
value in the standard [%]

Figwre, 3 the mesh and pomts for the boumdary conditions
with 10 node tetrahedron.

II. BASE DESIGN AND FESULTS

In the base design and the parameters for the mechanical
properties in the FEA tool are shown 1 Table 4.

The Finite Element Analysis Program is the MSC Nastan
software. Table 4 also shows the matenals adopted m

summlation study.
Table 4. Mechameal properies.
Material PAGE3) | Castiron | Ahminim
[roperties
Elxstic 4.3 GHa 38 G T4 GRa
PAEEEan 5 TAk0 =l [iRL] .33
Tield sirength 1§ MPa | JNMP2 | 414MF

By nsmg the 3D-CAD files and aszsigned matenal
properties, the result and analy=is of the designed bases canbe
achieved Figwme 4 shows the Finite Element Analvzis on the 3
matenal bases.

Miaterial : PA GF30 %
Load : 28 kef

load : 62,000 kef

741
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Material ; Cast Iron
load : 28 ke

load : 58,800 k=f

load : 121,000 kgf
Figure 4. Fimite element analysis on the thres different bases
(SF) stress mak [PA GFA0) (Mpa
i P G o
] stress ma [east iron] = 1m
L § strassmax | AL] o
S 71
T — = N
Y & 0
18001 by

.E,;;

."ﬁv, '
100 \\\‘;::E%H:i;ahhﬂ“___ i

1L Ty
W0 MO0 0 A0 W HND 00 800D (kgf)

Fizure 5. Estimated curves of stress of each bases

Az chown in Figures 4 and 5, the results of finite element
analysis for the bases of robot arm by the FEA amslysic are as
following. :

IEECON 2018, Erabi, Thailand

bhioné Glass fiber 30

« Maximum load 62,000 kgf.
Cast iron

« Maxamum load 58,000 k=f.
Aluminum alloy

« Maxmum load 121,000 kef

IV. CONCLUSION

Result of the analysis and results, this research work can be
summanzed s below:

+ The results of the fimte element analyzis show that the
aluminum alloy 15 the best matenal for bases of robot arm for
the maxmum load. However, the mechameal property of the
plastic bases 15 passed from ABB robot amm type 3 k2.

* Considenng the weight and cost, the plastic matenzl PA
GF30% 15 an best matenal for replacement the bases. In
addition, the hght-weight of the robot amm parts can be
achieved The plastic matenal PA GF30% belps to achieve this
objective by reducing werght 80 % and cost down 15%

+ The conchision of the result m fhis research wok
suggests that all bases with the three matenals comply with the
standard based on the smmulation values of maximum load and
tenston & compressive strength.
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Analysis of Force Control of Industry Robot Arm using Robot Operating System (ROS)
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! Faculty of Engineering , King Mongkut's Institute of Technology Ladkrabanz, Bangkok Thailand
*Siwawong Buthgate, Buthzate @ zmail com.

Abstract

Force control is a technology that has developed to monitor the forces a robot
experiences during movement. Force confrol has been interested m the automated manufacturing
process 1e. surface finishing, assembly fask, cooperative robot-based manufachming, eic.
However, the conventional hardware confroller that exists in the industry do not support
implementation of current or torque control at any robot joints so as to have an end-effector force
control. In this work, the industrial robot was developed based on an open source technology, the
operating system that conofrols the arm of the industrial arm to move the 4-axis and low
tolerances, suitable for vsing in mdustrial abrasives for aufomotive industry. The program that
controls the arm is written in C, C 4+ and Python, which nmning on the Linux operating system
and connecting the operating system that controls the arm (ROS) to the hardware associated with
the arm. In order to achieve the stabality, the analysis of force control based on our model was
proposed.

Keywords: The industmal robot, open sowrce technology, Robot Operaimp System (ROS), Mamufactunng,
investment.
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1. Introeduction

At present, the forthcoming 4th Industrial Eevolution has caunsed a whole system of changes that
have a profound effect on the development of the economy and industry in the country. Especially in the
production process of the industrial sector that requires robot automation, which is considered the heart of
the system because it can work for humans. However, in developing a prototype of an industrial arm to be
used, the manufacturing industry is still complex and requires a lot of time. And the fact that the software
Tuns on a single processer causes limitations on the number of devices to be installed and the response of
those devices And the response of those devices Therefore, distributed distibuted confrol architecture
with a variety of robot platforms will make robot development efficient and convenient Can reduce the
limitations of linking and installing various devices on the robet Therefore, this research is interested to
study and develop robet control system by using open source software for industnal robot amn Robot
Operating System (ROS). Which is one of the peopular tools for the development of industrial amm
technology. There are various software frameworks such as robot arm operations. Image processing
system Sensors and actuators, etc. to be used as a prototype for robotics development in the
mamifacturing industry.

2. Methods and Materials

2.1 Force diagram of robot

Robot created a dynamie and statics model of the palletizing robot. [1] the development of a new
base for robot arms was investigated by FEA to analyze and evaluate the pessibilifies of all matenals. The
results showed that the base can be made of PA GF30 plastic in replace of cast iron, thereby reducing the
material cost by 13% and the weight by 80%. [2-3] the dynamic load, power consumption, and
mechanical charactenstics were compared. It was found that polyamide could help lighten the weight by
40% and increase energy efficiency aleng with cost effectiveness by 41%:.[4-5] the preliminary results
cbtamned are enceuraging compared to classic spectral analysis. The monitoring and analysis have also
been extended to the transient state. All the fault defection tests have been camied out directly on the
electric drive mounted on a real industrial. This model shows the relationship between motion and force
that can be used to analyze the force status in other similar robots, as shown in Figure 1. MATLAR
program to analyze the force of robots in operation. And provide important information for structural
checks Sequential design improvements and dynamic controls.
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Figure 1 The forced diagram of the robot
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From Figure 1, it is observed that the robot has BCED, DFLI. DGH] as a parallelogram, DE and
DF have the same length. In Figure 1 shows an image of the strength of the palletizing robot, which 81,
82 represents. Rotation of the forearm relative to the horizontal axis; GO, G1, G2, G3, respectively, for the
load gravity Is the tip of the actuator, Fore arm K, L, M refers to the center of the mass pesition of the tip
of the actuator, the forearm for the parameters in Figure 2.3 shown in Table 2.1 below.

Table 1 The forced diagram of the robot

= — .
parsmster | LB | LCE LnE Lo | I | il | m
. g L-‘ Nim TT!‘ —L-l = .l " -l 190ks Kg ‘B‘-_-F:i 7 BK

i [ : = = M | :
e Tl i T RS N (G e A\
Vb i l £ [" | s l 20 | i0mm | L1300 200 ) | 8% )

CE. GH, FI are two-foree links, F1, F2, F3 are sequential forces

Faix, Faiy, Faiz ¢ The inertia of the load at the end of the arm drive, X, ¥, Z, where1=10,1,2.3
Fxi, Fyi : Force atpomt B, D, ] in X, Y direction where1=1, 2.3, 4

Ex3, Fy3, Fxd, Fyd . The force of the shaft reducer shaft.

M3 M4 : The momenhon of the force generated by the amm motor and the reducer.

By considenng only the inertia of the load. the tip of the actuator arm and other inertia and
momentum will not be considered due to its very small size.

2.2 Material and Equipment

- .-. # ol e
AL Servo Motor |48 & 4 > ' Servo Drive

Encoder !

Figure 2 Equipment for the Robot
The robot that will be created 1z a Scara robot. There are 4 axes in each axis.
+  Servo Drive
+  AC Servo Motor
+ Encoder
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2.3 Servo Drive

Servo drive unit acts as a control unit of 30W and 100W AC Servo Motor. It can control the
speed, acceleration and movement position by using the servo motor through the control unit. Which
sends signal commands through the motor control unit. There are different types of signal commands
that can work both in Sine wave and Square wave. In addition, it is also possible to control the close loop
of the motor unit and receive commands no less than this. Stepper commands, quadrature input,
position / velocity / torque £ 10V and P'WM velocity / torque Including error checking

The quality of a good control system must be accurate or should have a small error and grain Kp
{Proportional gain) that is appropriate for the response of the system must be fast. As shown in Figure 3,
with the equation of the PID control system

i
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Figure 3 PID control of Serve Drove

In the torgque control system, the torgque of the servo motor is maintained to be constant. Because
the torque of the motor varies with the current of the motor Therefore, the source that is supply to the
motor To keep the torgque constant This method can be done with a eircuit that compares the output signal
of the motor to the input signal of the motor and amplifies the difference to be used as a Torque confrol

feedback circuit as shown in Figure 4

k=
M2 (2
g =N

Torjien ciirn

Figure 4 PID control (Torque control system)
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A system for controlling the movement with a torque and speed graph for a servo motor in the
form of Non-zero starting velocity, as shown in Figure 3, 6 As shown in Figure

CONTROLLER AND |
AMPLIFIER |

MOTOR AND

DESIRED — & (3} —+
LOAD

VELOCITY +

\» VELOCITY FEEDBACK r ]
— | EMNCODER o e— ~—

Figure 5 Block diagram of system

2 :
- =
|
| !
A FAWAWA R U, @ SENA A A SR sl
Spaed Sowod
Figure 6 graph of torque and speed
1.4 Encorder

Encoder 15 an incremental enceder and has a loop reselution of 2500 P/ E. with & poles. It can
operate both sine. And cosine where the AB channels signal Bidirectional and speed and rotation sense
detection. If B signal A leads fo rotate clockwise, but if A signal B leads to counterclockwise, ABZ
indicates direction and speed. Initial position

1.5 AC Servo motor

AC servo motor is brushless type, consisting of a magnetic core

Permanent rotor axis stator chamuel. as shown in Figure 7. The rotor is made from high-efficiency
permanent magnets which made from many materials such as ceramics (ferrite} or Samaria cobalt etc.

Lwase ane

dosey Gl

Figure 7 Detail of AC motor
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3. Result and Discussion
3.1 Testing the operation of SCARA robots with PID Control

Control of AC Servo motor operation and programming of AC Servo motor contrel for simulating
the rotation of the motor 360, 180, 20, 60 degrees, with tools and equipment from the robot installation
using the program set. Control CME 2 to drive the robot control umit. As shown in figure &

Figure 8 SCARA Robot

3.2 Result of experiment

AC servo motor of the robot was calculated and using the current clamp meter to check the
cumrent of the servo motor as showm Figure 9

Motorl
Motor3

Figure 9 Fobot and Servo motor

Table 2 shown the data of Load and current of AC servo motor

. - S ..
0.18 248 | 743

0.24 3.10 8.68
0.21 3.72 9.92
0.37 4.34 11.15
0.43 4.96 12.40
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Figmre 10 Shown relation between Load and current of serve motor

From figure 10, determine motor of each join use load and current of servo motor. From figture 9
when motor] take load 3 W will nse current 0.12 A, motor? use 1 86 A and motor3 nse current 6.2 A. Sa,
this graph can show the load between (-30 N (3kz)

4. Conclusion

This paper shown AC Servo Moter analysis for control the force of each motor of SCARA Fobot.
The following are our conciusion;
+ TUnderstand about the current of AC Serve Motor of robot when take load and force
between 0-30 N
+  The maximum of robot 3 kgf will use current not over 124 A
+  The light weight of R.obot design can save the current of servo motor
+  Apply to robot design and energy efficiency
+  Can apply the Serve Motor use into Scara robot, Arm robot.
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