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ABSTRACT

This thesis presents a technique using SOLIDWORK for designing and
implementing an automated cuided vehicle (AGV) with 4 mecanum wheels. The
proposed 500-kg-load-capacity AGV is suitable for moving within limited area of a
warehouse to transport a plastic pallet with standard size of 1100 x 1100 x 150 mm.
The program using TwinCAT 3 and running on a personal computer is created to
operate with a Beckhoff controller modeled EK1100 for controlling the AGV position
(X,Y) and rotation. The algorithm of the developed control program is based on three
concepts, which are the forward and inverse kinematics formulas, set of coordinates
of moving path, and position sensors to specify the current state and future state of
moving. In manual mode, a user can manually control the AGY movement in 3
different patterns: which are forward path, side path, and turning. In automatic mode,
the user can set a destination position in range of (-100m, -100m) and (100m, 100m)
for automatically controlling the AGV movement by using the created program. In
addition, a jog operation command to test the performance of each of four DC
motors used for accurate motion control is also provided. Experimental results
confirmed that positions of the proposed AGV in moving paths can be accuratedly

controlled in both manual and automatic modes.
Keywords: AGY, Mecanum Wheel, Kinematics, SOLIDWORK, TwinCAT 3, Warehouse, Paosition

Control
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wnganliiuszuy fedrefidiuldvhly wu ssuumuauguvniifesveaiaiasiueinia
isuiurignaseluladrnidmiiahlnesnluifidodmunuasig

msmvAuMsTuLAGou U IMLE WU sasud fAdeidunisaauauyiauils Taoddud
Jugaruguitenisuazanuga feszuumuauussavidessinuduisidesdiodniy
svuumuANligaTuld (Manual Control) UWAMAYSEUUAIVANITATEUARUIANILNNS
ATzilazeanuuy suuAIUANSRTUIR (Automatic Control) Wity W seuuduindeu
anlugl® (Cruise Control)

syuumuAudteaudseantiiuszuumuauaia (Open-Loop Control) Ao seUU
AruAuitlililddy ginainedne nUadfsdnumznisniuau dausruuaaugy
24T (Closed-loop control) nasyuufmuAndy (Feedback Control) Huagldaiiinain
lNe UFMINAIN1IAILAN uennidienauuldmunudnuusressruy wu (s
i (Linear) / lifudadu (Nonlinear) wuswasunuiaan (Time-varying) / lsllUdsuutas

10781 (Time-Invariant) wagLaam et a9 (Continuous Time) /11a1ldfoLlog

(Discontinuous Time)

2.4.1 S¥UUAUANINTUA

WiesnnszuumvauuuuInaddgwidiuaiesnimessszuumsigldiing fvun
nduvesdgIMean Feldmingiunisidaunaigesie Feiianuseanisisvesnuuussuy
ATUANTIANNITOASINTUAUABIALATBUTEN I NN DB kAL AR 1 NBN9Bsle Faleia
= v o o <
N3ANAUIZUUMUANLUUAMUANGY (Feedback Control Systems) #3835 UUAIUANLUI
U (Closed Loop Control Systems) Fusniendnideslgmfiiintuiussuuaiuauuuua

\Un Tnillassaiedslugun 2.4
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Measured System - -
Reference + error input ystem outpu
»{ Controller f———3p{ System >

Measured output

Sensor |«

JUN 2.4 sEUumUANKUUATMUANAY

2.4.2 NANN1IAUANATNUANEY
nannismuguimuandulunannisiugiuildlunismivpuszuunainotig
' [ o (Y] . o &
wwsuany Tunmidunisimuandunuvau (Negative Feedback) LW 1@y 1N uLes

LY o 1%

(Measured Error) aggniluvindnsaindyarmeneds (Reference Input) tieriagyiluada

'

=

dryeIuRINAaIALAGDY (Measured Error) (Nasi'msijﬁhﬁé’aaﬂLL‘U‘UG‘]’@&m‘su,az TR
Mnfmwuwes) Faaziiluimungfniuau (Controller) WaEMIAIUANILAT T Yy I8
AIUAN (System Input w38 Control Signal) Amuagszuuwadn (Plant Dynamic Systems)
wé’ammﬁmsﬂwé’mmmmaaﬂsuaq'iwuwai'm (ATnlFansnsaniu) WAMMUAFIEUUANULA

nausiald

2.4.3 fpuauiilen

MmuauitledviadimuauuuudndIu-USius-oyius Wusauaudildsuaiuy
o 2 1 1 a v =l 2/ =t
fsuuagldnusdrsuninans Tnglulagudadimsldnuluwingeamnssy aulufse
oA vilwsziduiniuauidldauiuniuuuesdussansam Snvianuudtaamng
adlpfdansiseuisuarazandanisilusnsnrvauileniivuudasmendnmans
flarelUil

Amuali u(t) Aedyayumunuitaddliissuy

y(t) Aadyassvieanigninuila

r(t) Aodmyg o199

”ﬁgmﬂﬁuﬂmmamﬂﬁeuﬁa e(t) = r(t) - y(t) aeuu
d
u(t) = Kye(t) + K; | e(t)dt + Kp ae(t) (2.7)

E‘i:LI‘i‘iﬂ‘uxLLaSLﬁﬁEJ’iﬂ’TW‘UEld‘izUUi]ﬁQﬂﬁ’]ﬂUﬂIﬂElﬂ’l'i‘Ll‘%"U LAIAINISIILR D SANUG

A8 K, (Proportional) K, (Integral) Wag K, (Derivative)
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& @ €

3PUUAIUANLUUERA1U-UTWHUS-0YWUS (Proportional- Integral- Derivative) %30

9

szuumuANiilad (PID Controller) Wuszuumunuuuumusnduildiusgnninawing

1 4=| o o [ 1 Y a 1 s

A lUlglunseuandurinuiawainiviuianauuana19uesdIwUslunseuIunig
1 arv Y] 1 a v - v n‘ v s 1 o/

WazAfifnaIns MAUANIENEENaRAHANA1AITNE D EAdAMIBN1TUSUANE Y QI

v W o v ) < a W <
WIYBINTEUIUNT ARS8 PID WlFagufulfsumusTsunifivesseuy dwuandlugud

—>» P Ki,e(f)
—Sctpoim+ Emor sl ] K,Ie(r)dr %-Ompm—-
0
D K,_d"( !

2.5

)
di

o o oy A
EUVI 2.5 LLNUﬂWWUﬂ@ﬂﬁ@QﬂWSﬂUUﬂﬂJLL‘UUWIQC’]

I wane PID Jusgfuanuiuls fie Ardndau Uinusuarouius Ardadau
Auannaavespuianainludlag i Auinusimunnuavuiug e maLAy
ﬁmwmﬂﬁﬁamuﬁulﬂLLaxﬁwaqﬁuﬁ‘ﬁwummﬂwauuﬁugﬂwaqé’m'}ﬂ’ﬁLU%"EmLL“lJaaﬂuaaﬁh
anamann YminfinainnisrauturesiauifaddlunisusunssuaunisTaensuiu
FrAsiilu PID fAruauassaUFudnuuzmasmuaslfue fuiinssuumsdenisld ms
AovAUaBInIMUALIzeglugUraIMTIvIiveImnIuaNIuisIANRANA R

AloI93YN (Overshoots) UazAILNIUBITEUU (Oscillation)

2.5 Beckhoff Controller

Beckhoff Controller #38 Beckhoff PLC (Programmable Logic Controller) [5] 1
Jaluszinn Embedded PC-Modula DIN rail IPCs #3eA@eidiu Controller fidlssaguu
IPCs wawdl Input uaz Output Unit aganewen IPC Falusunsuillilunisdoulusunsutugn
Sundn TwinCAT Fslutequudifunesiu 3 uiefiFundn TwincAT 3 nel4lusTanoanis
doasiliu EtherCAT Fsanunsndoasuuany Ethernet Local Area Network 16 FauanagUT

bl
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SUT 2.6 Beckhoff PLC $u CX2020

s

o nll . ] I ° 1y, ) @
MABN1TN TwinCAT 3 uuﬂ&mﬁluiﬂmﬂ‘maguu PC vinlsin1s@eansnu IT Protocol

d :j o 1 ] 1% n‘.’u & (] ﬂJ 1 3/ s
ou q dwilelaed1e wu TCP/IP Wiy szaviuudiasvhlinsdeansddoyaludiszuu

LY

a1 9 Wuldlelaedie 8nviedndn Beckhoff Fananidnnaluladilidy New Automation

Y

Technology G'fal,l,amgﬂﬁ 2.7

onct
oMY » s Rabmme | T AT BT i i DrmmeNE-,

SUT 2.7 TwinCAT 3 e PC

2.6 EtherCAT

EtherCAT [6] Aie TUslnAoaseUUIATBY1Y Ethenet filA uEnnduguay
= a A LY =& Yy < = @ e o v o
Wuszuuilangnifaundulifinnuiganniienunivausnludilaemnnie delasaumu
anuEailideyagnadluneudiug Node asviaudsinl EtherCAT dpuanmnsafiwile
FUNINTEUUATEUIBDY 9 ADUTI9NIN LU DeviceNet tudu uenanduanidnunssuild

Ao Ethernet vilvisiunussuud wu anewalauas Hub Wudu
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Tuafniinisly Ethernet TusugeamnssuuazszuueAssalud® duduuuy half
duplex M09 Modbus TCP %a’t%’éﬁwﬁaga Register \figafieaifionsusyanana vh
Tgeyids Bandwidth nnsdedeyavunnuinly 3l Modbus TCP fiuszansatwsmn
warlilalduselovdann Ethemet sgrafiud usnaniudailiniotnsUsvianau q 1wy
Ethernet I/P wag PROFINET 10 #ifillymuuuieniu Modbus TCP

Yaqiu EtherCAT GuidnsuvumanniulussuumueusalusiAnidesnismiuags
wazFoensld 1/0 $1urnan 19U NIAIUAN Servo Motor 3117w 32 FluiATasium n1s

' ' =3 < [ o
?J’l‘l«iﬂ'?@ﬂ"lﬁ’ilﬂﬂ']'!llﬁ’)%iﬁ Wunu

¢ o [] -
2.7 LU IUINIILLALAEN

WU asUYNaLiWEN WSe Magnetic Guide Sensor [7] Wuwuweitmalasande

! [

NS AREUNNLIMAN TEMINLULIANA UM ULEes Walwulwasinatiwliandalatmis

rddgygnluidmanudawesnegnneluiisugeasvinnu inlanseualwwaiunsalua

U

E 2 I

310 Emitter T Collector Aygyraunlaiazgnunluldauvinduin lewugeiimis
wiwdniae bit lededwliwndnvinduiteeyinli bit Adudyyiumslwiag logic (Hu 1

fe Tagduau bit vesguwesiIaLiwinTuIzduey fuTunGneannBadidiuiulngs

v 9

do @ L v a a a & ) ° a =
Na‘Wﬁ]U“UjLL&JL'Wﬁﬂlﬂﬂﬁ}zaﬂﬂﬂqqﬂaﬁLaﬂﬂuqﬂrﬂu aﬂ‘lﬂmzmimﬂ’muamﬂugﬂw 2.8 09 2.10

- s, l—

/ A

\

/
0000JdOOOe®SePOO0O
T T

Naxnuﬂ'lin fulx K-pele spprox B,r.‘hl' tine & on s
\ 1 "
u“ ; O OFF bit
f
et s ]
Guide tape
S+
Switching Qutpat AL

Switehing bit output

Cirouit Circuit

l———y D15
P j Sensing efement {Saturabie coii)

1 2 15
Guide tape

JUT 2.8 e sthmausivin
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OM Bit {sagnetic tape oo non-ferrous material)
Additional ON bit (maposetic tape on ferrous material)

& 7 B 8 1011 12 13 1418
e — e — A — B — —— — — 4 — — ——— — B— — B — ¥ — e — -

o o

Magnetic puide tape MGL-50 series)

JUN 2.9 svzauuulnanuos Magnetic Tape wagsuau bit Aaeyinau

GS-115
poeto By~30| 20 £ Controller side  ——
A
R 5 |
DIS }
> : 14 & , |-
i : DCHO. 8V ~30V
ROHEI : :
1 1 i :
P | |
b1 V433V
ovqlr 19

~0

JUT 2.10 2vsnglunasniswenaedygimmessugesiimisuivian
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indeulin Ly waniedes CNC msdiFeerne q lussuudmludi nsPuANRaaNYUIn g
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Electrical Drives lng Drive flog@nsdnwar Ao USuninusiseululs (Soft starts) fu
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U 2.12 JUNUS $u JSP-090

a

2.10 lavzozaiiideu
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Do e exgilioniifieuuiavslitosndn 99.00%

2xxx M9 NoIUae (Copper Cu)

3xxx VLN WIn1ta (Manganese Mn)

toox VBN Fanau (Silicon Si)

500 Ve wunili@en (Magnesium Mg)

6xxx ViHNEDa WUNTidey (Magnesium Mg) wazdanau (Silicon Si)

Txxx WNee danzd (Zinc Zn)

Broo Mgl 599 DU 9 1wy Tiia (Nickel Ni) Tnvnidlea (Titanium T)

Tmsidley (Chromium Cr) Jasin (Bismuth Bi) uaznea (Lead Pb)

Ixxx vanena alaiile
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Radius

JUA 3.1 WS9vReAB

9NgUN 3.1 Torque = F2 x Radius 108 Radius Ao SAilvasde F2 A ussmilide
= o wa o a W <4 & [y = g v 1a =
Winnsmyu Feanauaudivesdelugauni (Geviomanduinguiunianlifiniswieugy)
Yl F1 = F2 (3nnguesilafudied 3 Action = Reaction) e F1 fis ussmhlvingaaeud

TuUlusiamnaves F1

Nnguesiiviuden 2 Tuaunisi 3.1

¥ F =ma (3.1)

Ao WIaveeing &

s =

a AL anILT

T m wiedu T

3

o

eving Imhedu waseeiuiindaos
WIavesing Ae wavewieiisiudu lundazAalue

Ao 800 Alansu

asannassule

U |

PnauNIMaesnsRuluaunisi (3.2)

Power = Torque X Angular Velocity (3.2)

TuntiielvAndnetu azsasyiinisuuas Angular Velocity sl Velocity Wil

Anussladetuaslasaunisi (3.3)

Angular Velocity = Velocity + Radius (3.3)
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Pnaunsideuiiuwimssluaunsi (3.4)
Velocity = Velocity of start + (a * Dif ferrence Time) (3.4)
unuannsansaadluaunsfidsonismagy awléd

Velocity — VelocityStart Velocity

P = X R X
ower = (m( T ) R

Ardsniesdummasganvowenes InnTuilloueimoivgni

warmdgvhaullgrnusuthmnegeaauanidaditogterinuan

A2BENY
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3.3 puautivasgunsaifidosnis

1. Brushed DC Motor 24 Ta@#id A11%L57 2000 ns5uS50uUfaundl 11nnimse
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Insert EtherCAT Device
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Add EtherCAT device al port B (E-Bus) of Term 1 (EK1100)

Search:

Tups: -8 Anslog Outpuk Teminels [ELd oo ~

' ELAT 1Ch Ara Output D10V, 1764
E_4002 2Ch Ane, Oylped 0
FLAM ACh Ana Oudpet 0104, 176k
EL4003 8Ch Are Oulpul 010V, 1 264
EL4TIY 1Ch Ara Dutpet 020w, 17t
EL4DZ2 2Ch Ane Dulpul 0-20m0, 124
FLAT14 4Ch Ara Outpet 020m4, 170k
ELANBECH Ane Oulped 0-20m0,. 120
EL4OZT 1Ch Ar Outpul 4 20m4, 174
ELADZZ ZCh Ane Dulpul 4-20m0, 128
EL4I24 4Ch Ara Dutput 4 204, 126k
ELAIZRECh Ane Oudpul A-2058. 124
EL4031 1Ch Ana Dulput +/100, 120
ELAE2 2Ch Ane Dudpud +410V. T2
ELAOM 4Ch Ara Outpet +/410V, 12k
ELAOZZECH e Oudpul + 410V, 129
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Add EtherCAT devce at port B (E-Bus) of Term 1 (EK1100)
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Mdd EtherCAT device at port B (E-Bus) of Term 1 (EK1100)
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EL1024 ACh D Inpul 24¥, Type 2, 3me

EL1034 4Ch Dig Input 24V, polentabree, 10ps

ELTERZ ZCh D Inpul. MAMUS teras

EL1054 4Ch Dig Input, SAMUS sensor:

ELTM ACH Dy Inpul 24 2w, regalios

EL1033 6Ch Dig Imput 28V, Sme, regetive
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Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100)
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EL2502 2Ch. PWM output, 24V

EL2502-0005 2Ch. PwM, optical output

EL2521 1Ch. Pulse Train Output

EL2521-0024 1Ch. Pulse Train 24Y DC Output
EL2521-0025 1Ch. Pulse Train 24V DC Output negative
EL2521-0124 1Ch. Pulse Train 24 DC Output Captuie/Compare
EL2521-1001 1Ch, Pulse Train Output

EL2522 2Ch. Pulse Train Output

EL2535 2Ch. Pulse Width Current Output (24V, 14)
EL2535-0002 2Ch. Pulse Width Current Qutput (24V, 2 4)
EL2535-0050 2Ch. Pulse Width Current Qutput 24V, 50 ma)
EL2535-0100 2Ch. Pulse Width Current Output (24V, 100 mé)
EL2595 1Ch. LED constant current terminal

EL2002 2Ch. Dig. Output 24, 0.54

EL2004 4Ch. Dig. Dutpul 24V, 0,54

EL20 Ch. Dig. Output 24V, 0.54

EL2014 4Ch. Dig. Output 24V, 0,54, Diagnostic

EL2022 2Ch. Dig. Dutput 24V, 24

EL2024 4Ch. Dig. Dutput 24V, 24

EL2024-0010 4Ch. Dig. Output 12, 24,

EL2032 2Ch. Dig. Output 24V, 24, Diagnostic
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Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100)

N R

Type:

sk [

" System Terminals N
" BK1250 Coupler between E-bus and K-bus Terminals
=] EK1110 EtherCAT extension
®]. EK1110-0008 EtheiCAT extension M8
3l EK1122 2 port EtherCAT junction
Fi EK1122-0008 2 port EtherCAT junction M8
- Bl EK1310EtherCAT P extension with feed-in
®§ EK1322 2-port EtherCAT P junction with feed-in
3l EK1521 1 port EtherCAT junction (FX-Multiode)
®i EK1521-00101 port EtherCAT junction (FX-SingleMode)
- M5 EK1561 1 port EtheriCAT junction [POF)
LAl EL9010 End Terminal
EL9011 End Teminal
EL9070 Shield terminal
ELS080 Separation terminal
ELS100 Power Supplier with LED (24V)
EL9110 Power Supplier with LED (24, Diagnostics)
EL9150 Power Supplier with LED(230V)
EL9160 Power Supplier with LED (230V, Diagnostics)
EL9180 Potential Connection, 2 x 24-230V, 2 x PE
EL9181 Potential Connection, 2 x B contacts
ELS182 Potential Connection, 8 x 2 contacts
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-2

o ol ol

[[] Extended Information [] Show Hidden Devices

Port
A

D
(®)B [E-Bus)

OC [Ethernet)
%2 0UT"

Show Sub Groups

v ol
E‘Uﬁ 4.23 MUV Encoder Incremental Module

nl 1 ] at =l s 4 =
5. qumummuLmﬂuTUi;LniuﬂaLLam’lugUw 4.24 94 4.28

Sclution Explorer > x
COoOR o-& &= N“UG"'" AL
Search Solution Explorer (Ctrls:) - VAR
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b ¥ Term6 (EL1008) sl
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Add POU
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@ Create a new POU (Program Organization Unit)

Name:
=
Type
(® Program
() Function Block

Extends:

Implements:
Structured Text (ST)

Implementation language:
Structured Text (ST)
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Add POU

@ Create a new POU (Program Organization Unit)

Implementation language:
[ Structured Text (ST)
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Solution Explorer
co@le-8 & -
Search Solution Explorer (Ctils)
&1 Schution Project’ {1 project]
4 O project
b @l SYSTEM
& maTion
4 [l ric
4 [ acv
4 @ AGV Project
b [ Bxternal Types
4 References
3 Te2_Standerd
3 Te2_System
3 Te3_Module

(3 DuTs

- | Add

Exportto ZIP
ca Import from ZIP
4 GW 'm Impont PLCopenxML
0l p AT
W sarery | & Comy
B c-- X Delete
4 @lvo X Rensme
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4 D roperbies

R coie i ]
1 PROGRAM FOU

CarleX
CukeC a0
el A

Alts Enter A

+¥ image
2 Image-Info
2 SyncUnits
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W Outputs
G InfoData
B Term 1 (EK1100)
b B InfoData
™ Term 2 (EL3062)
% Term 3 (EL4002)
™ Term 4 (EL4032)
1 Term 5 (EL100B)
1 Term 6 (EL100E)
B Terwn 7E1NN

L v e e w

revTveew

VAR
END_VAR

POU..
POU for implicit checks...

DUT..

Global Variable List...

Referenced Task...

Visualzaticn...

Visuslzation Manager...

GlobalTextList...

Recipe Manager..

Image Pool..

Interface...

Parameter List

Text List...

Class Diagram...

Existing ltem. Shifts AlteA
New Folder

Existing Folder Content...
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Solution Explorer

R

bW Term 3 (EL4002)
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Search Solution Explorer (Ctrls o EED VAR
21 Solution 'Project’ (1 project) -
4 gl Project
b @l SysTEM
& moTion
4 @ ric
4 [ Aoy
4 Gl AGV Project
b 4 External Types
4 i References
3 Te2_Stendard
3 Te2_System
3 Te3_Module
(4 DUTs
¢ Add * & pou.
4 ] Export to ZIP @] POUfor implicit checks...
i import from ZIP ¢ DUT..
_"' m Export PLCopenXML... @ Giobal Variable List...
i H:; |m  Import PLCopenXML... [ Referenced Task..
1 X it ChrlsX @ Visualization...
U A 1 oy Clrle B Visualization Manager...
o) Py c = )
%2““—" X Delete Del Gl GlobalTextList...
« @vo %° Rename @ Recipe Manager...
4 "% Device B Properties AteErter | '] Image Pol..
4 B9 DeviceTTRITErCATY ] =0 Interface...
53 tmage | "8 Parameter List..
. ; |
® image-Info & Tetine
b2 SyncUnits |
» Inputs | B Class Diagram...
b Wl Outputs | 'O Existing tem. Shift+ Alt+ A
: :Itmblll:.mm Wl
4 erm )
|
b W bt (@ Eusting Folder Content..
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Solution Explorer - 8%
cople-a| k- i PR o0
Search Solution Explorer (Ctrde h- 1 mmoaR
R Soluticn Project’ (1 preject) - *
4l Project
bl system
& momion
4« M rc
4 [ acv
4 B AGY Project
b [ External Types
4 References
2 Te2_Standard
3 Te2_System
3 Te3_Module
L3l buTs
4 Vs
&2 out sTRUCT)
& o
4 [ POUs
&) MAM (PRG)
POU (PRG)
4 Gh Pl * @ pou.
w1 Export to ZP &) POUfor imphicit checks...
00 AGYIn¢ Import from ZiP %2 DUT.
[ sarery B Import PLCoperdML. @ Global Variable List
P gf; X CarleX @ Referenced Task..
4 *2 Devics [ Copy e C @) Visuakization.
4 " Device| X Delete Del A Visusiization Manager .
STIME g Gename G GlobalTeslist..
38 me A Recipe Man
b2 sy & Properties Alt+ Enter ARE SN
» i, ) image Pool..
b W Outputs =0 nterface.
b G InfcData "# ParameterLint
4 !:mummm ] TedList
b W InfcDeta b
b Term 2 (EL3082) B ClasDugam.
bW Term 3 (EL40O2) O Exsting tem... ShifteAlt-A
b ™ Termd (EL4032) W New Folder
» B TermS (EL1008)
b0 Term6(ELI00E) @ Existing Foider Content...

a 1% v 0w v
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Solution Explorer

CoOR o &=

Search SO|UTIDH.EXP|OTEI (Ctrl+;)
fa] Solution ‘Project’ (1 project)

4 ol Project
b @l SYSTEM
MOTION

4 m PLC
4 AGV

4 ] AGV Project
b [J External Types

.33 System Add library...

3 Syste Placeholders...

3 System Library repository...

@ Systcj Set to Effective Version
Dyrten et Bl M Vo
g o Always Newest Version

+(3 System_VisuNativeControl

H‘ i 1 GJ a' .
JUN 4.30 nuneanasig Library
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Add Library x
Enter a string for a fulltext search in all libraries... E K
Library Company i
+68 Tc2_SPA Beckhoff Automation GmbH
= g
*
+
*
*
&
+

88 Te2_NCT Beckhoff Automation GmbH
+38 Tc2_PicInterpolation Beckhoff Automation GmbH

® gl PR
~frez ez ] Beckhoff GrbH
@8 Te2_NC Beckhoff Automation GmbH
38 Tc3_MC2_AdvancedHoming Bedihoff Automation GmbH

+ T xrC

= 4. Packaging
L «@@Tripace S Reckhnff & tomatinn GmhiH il

A nl s 3
JUN 4.31 MsiuMAIUANLBIABS

Insert Motion Configuration X

Type: NC/PTP NCI Configuration Ok
! CNC Contiguration ; :

Name: M}T ask 1 I

sUTl 4.32 wif1sina Motion

Solution Explorer v 0 x
Co| o-a|F =
Search Solution Explorer (Ctrl+;) P~

faJ Solution "Project’ (1 project) i
4 ol Project
b @l SYSTEM
4 MOTION
4 NC-Task 1 SAF
[Z2 NC-Task 15vB
S., Image
[7] Tables
Objects

7.

O Add New ltem...
*3  Add Existing Item... Shift+Alt+A
Add New Folder...

4 [@@rLc Ins

4 AGV
4 [E] AGV Project|

b 4 External '
4 |y Referen Paste Ctrl+V
«J Syste| Paste with Links

.3 SysterTVETETERTE" v

JUM 4.33 mhisnsiiuunuvawemesudsaniiiy Motion
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Insert NC Axis X
Name:  [Axis 1 | Mukile: [4 |2
Tpe [Cotouousaés ¥ [Ceme ]
Parameter. | (detaul) R AR i T e
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Solution Explorer
COR o-8| &=
Search Solution Explorer (Ctrl+) Lo~

&1 Solution ‘Project’ (1 project) -
4 ol Project
b @ SYSTEM
4 MOTION
4 & NC-Task 1 SAF
[Ba NC-Task 1 SVE
*" Image
[T] Tables
Objects

4 T Axes

b
4 B rLc
4 [ acv
P a AGV Project
b [ External Types
4 |y References
<3 System_VisuElemMeter

2 Seetarmn VieniElame
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Solution Explorer
co@le-8 &=
Search Solution Explorer (Ctrl+ )

2] Solution 'Project’ (1 project)
4 ol Project
a @l svsTem
¥ License
b @ Real-Time
4 il Tasks
(@ PlcTask

22 Type System
[l T<COM Objects
4 (@ motion
4 [@ NC-Task 1SAF

(Ha NC-Task 15VB
*¥ Image
[T Tables
] objects

4 m Axes
b B Axis1
b e Axis 2
b e Axis3
b dmk Axisd

Cumert Routes  Static Routes  Project Routes  Netld Management

= Route Amshietid Address Trpe
‘ DESKTOPGOIG. 18216356111 16925450200  TCP_P

JUN 4.36 nsuduneniseansiumdiesudiuazdseen



& R N e | gt LV w
OV SINIOR MPUT 1 4 Chgoet i ZEc0008
o GASENSOR LT 1 3 Tie L1008 100 g bt 2. s
' OVLSINSOR BPUT 1 8
# OVLSENSORINPUT 1 7 Cimmemart
* GVLAnsiog N1
* GVLAnsieg NI
4 W PicTask Cutputy
B OV Control SENSOR_1
5 OV Control SINSOR 1 ’
Ty [ nntied Ve it
Con
B
o *} Deim
4 % Device 2 [EnercAT)
9 image
+¥ bmage e
b2 e
b s
[ T i
X :;‘::‘:‘:._‘m Harme [ e e WOM LD Likedte
ol o # oyt X W o1 i © A SNSOR NPT 1 8.
bR Tem2 0wy & nput x »r [Y] gt 0 GVLSENSOR_INPUT 11
P % erm 3 ey # gt x w1 1 D VL SENSOR, NPT 1.2
LR * et x . [ 1] a0 VL SENSOR_INPUT 1.3,
& | St Vimpea (1L 1008 # gt X . a1 a0 GVLSENGOR MPUT, 1 4.
P Chaneet 1 * gt X wr as gt © GYLIENSOR WU 1 3
» Channel | * g X wr o gt 0 GVLSENSOR mPUT Y 6
v Chanma )  inpt X BT al [ GVLSNSOR JNPUT 1 7.
B T4 Channeld * Welae »r o [P
B Channel s InputTogple w1 81 ot 0
» Channal § - e T 10 gt 0
B0 Chanmet —

3UT 4.37 10 Device

Mapping

General  EheCAT Process Data  Online.

Hame Senor 1 Input (EL1008) ] 5]
Otpectld  |DOJ020005 —
Type: ELT008 8Ch Dy kout 24V, 3m |
5 e =
(
[ Disatied
M Change Link..
X Clear Linkls)
Geto Link Vanable
Take Name Over from finked Vanable
Insert New ltem...
insert Existing item.
Delete Del
Move :
Name OnfiMt  Online Write 0" User 1D
T Input X Online Write '1* [
P dnpu . | 43 Ontine wiite - ’
2 Input X | Onlwre borce 0
¥ Input X : 0
& input % Release Force o
* Input X P AddtoWach 0
= Input X | Remave f o
* WesState BIT (%] 15223 Input O
* InputTeggle BIT (N} 15243 lnput O
* State UNT 20 15800 Input O
i

Linked to
GVLSENSOR_INPUT_1.0..
GVLSENSOR_INPUT_
GVL.SENSOR_INPUT_1_2..
GYLSENSOR_INPUT_1 3

GVLSENSOR_INPUT_1 4...
GVLSENSOR_INPUT_
GVL.SENSOR_INPUT_

5UN 4.38 nM31UaBY Link

¥ Attach Variable Input (Input)
Seach |l X

41 ContioDWord
J # Ensble > IX416.0,BIT[0.1]

# FeecEnablePhus > [X 4161, BIT [0.1)

# FeedEnableMinus > [X416.2.BIT [0.1)

# HomingSensar > DX 4165, BIT [0.1]

# AcceplBlockedDive > [X417.0, BIT [0.1]

# PicDebugFleg > 1X4196,BIT [01]

# HeDebugFlag > [X4137,BIT [0.1]

% MapState > 1B 5200,BO0L(10]
= 2 A 4
FromPlc
=] ContiolDWord

# Enable > IX8240,BIT[01) |
4 # FeedEnablePlus > [X6241BIT[01]

%) FeedEnableMinus > DX624.2, BIT [0.1]
« # HomingSensor > [X 6245 BIT[01]
¢ # AccepiBlockedDrive > DXB250, BIT [0.1)
: ¥ PlcDebugFlag > 1X 6276, BIT [01]

+ NcDebugflag > [X627.7,BIT [01]
49| #i MapState > 1B 7280, BOOL(1.0)
4lg PLC
( ‘ Untitled1
q | Untitled! Instance
q | # GVLSENSORINPUT_I_7 > [¢1280007.BIT(01]

Show Variables
(®) Unused
(O Used and unused
[ Exciude disabled
[] Exclude other Devices
[] Exclude same Image
[m] Show Tooktips
[ Sort by Address
[T Show Variable Groups
Show Variable Types
[ Maiching Type
[ Matching Size
(A1 Types
Anray Mode
Offsets
[ Continuous
[[] Show Dialog
Variable Name / Comment
/ Hand over
7 [ Take over

cancel | [OCT]

gﬂﬁ 4.39 fauus
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10. NMININUAAINN € ‘UBQLIEILmQiLLaSLauIﬂﬂLﬂaiLLﬁﬂﬂug‘UVl 4.40 04 4.58

CoOR| o-@| &=
Search Sokution Explorer (Ctaks -
4 @ MOTION -
4 [ NC-Tesk 1 54F

@ NC-Task 1 5vB

* ¥ Image

] Tables

[ Objects

4 Zee Axes
bR Ads
o Aois2 ik
. e “
[ Inputs.
b W Outputs s€
b =] Dive 1
la, Ctrd
» Inputs
5 Wk Outputs
4 e Axis 3

Axis_Wneels_2.ReadStatus
Axis Wheels 3 ReadStatus
Axis_Wheels_i.ReadStatus(i;

HC_Power_Axia_l(Axis :
MC_Power_axis_2(Axis
MC_Power_Axis_3(Rxis
MC_Pover_Axia_i(Axis @

HC_Reser_Axis_l (Axt.
HC_Reset_Axts_2(Axis
MC_Reset_Axts_3(Rxis

Wheels

1
2y

Axis_Wheels_3):

"UE, Enable_|
Enable |

t= TRUE,

t= TFUE, Enable_Positive :

csitive
t= TROE, Enable_Positive :

b ¥ Enc

> »f Dine
s Ctd

b Inputs.

4 W Outputs
b % ToPkc

€4 HC_J0G_Axis_l(Axts
5 MC_J0G_Axis_2(kxis
HC_J0G_Rxis_3 (hxt

s IF execure_vels =
execute_velo :=

= Axis Wheels_l
= Axis_Wheels_:,
Rxis_Wneels_3,
MC_30G_Rxis_{{Axis := Rxis_Wheels_d,

THEN

MC_Reset_Axis_d(Rxis := Axis_Whesls_d):

+ ] untitied 2
4 G Untitled! Project .
b (3 External Types
bl References
b [ DUTs
4 o GVLs
& o
4 (= POV
) Forward_Kinematic
] HM_Cede (PRG)
] Inverse_ Kinematic
wi] Magnetic_Sensor (1
i) Magnetic_Sensor
] MAIN PRG)
] Mode_Control (PRI
&i] Position_Seq (PRG)
4 (G Visus
i) Contrelier .

Solution Explorer

co@d o-8| 8-
Search Solution Explorer (Ctrl+;)
4 [&] MOTION

4 @] NC-Task 1 SAF
[# NC-Task 15VB

*® Image
[ Tables
Objects
4 S Axes
b Bk Axis1
4 i Axis 2
4 &, Enc
b Inputs
b R Outputs
b 2] Drive
lag Ctrl
b L4 Inputs
b 1l Outputs
4 B Axis 3
b &, Enc
b a] Drive
Iag Ctrl
[ Innirts

0 18 ‘TwinCAT Messurement' (11:0
D 19 TwinCAT Measurement (110

21 TwinCAT Measurement (11:07:2'

ELSE
execute_velo i
END IF

MONITORING

T | & 0kmors | 3Wamings | © 41 Messages | Clear
Description ~
17 TwinCAT Measurement (11:07:26.544) Created Scope “Scope YT Preject!”
27.232): Created Channel “[SetpointValue” inzide Axs “Avs”
:27.236): Created Channel “ActualValue” inside Axs “Ans
20 TwinCAT Messurement (11:07:27.240): Created Aus “Asis” inside Chart “Chart
7.243) Created Chart "Chart” inside Scope "Scape YT Project?”

22 TwinCAT Measurement’ (11:07:27.247) Created Scope “Scape YT Preject?”
0 23 TwinCAT Measurement’ (11:07:27.395): Created Channel “(SetpointValue” inside Aris “Axis”

o o Y a
SUN 4.40 MaiNLNULDLABS19BS

TwinCAT Project2 & X

TEUF, Enable Negative :
T, Enable Negetive
le_tiegative
le_Negative :

File Line

Scope YT Project! 0 0
ScopeYTProject2 0 0
Scope YTProject2 0 0
Scope YTProjest2 0 0
Scope YT Project? 0 0
Scope YT Project2 0 0
Scope VT Project? 0 0

nverse_Kinematic

Column

Search Error List

Project

Scope YT Project

General Settings  Parameter Dynamics Onne Functions Coupling Compensation

p‘. [k Toro-. "] [Temn 8(EL5101) % MDP 517 : |
|Link To PLC... | [MAIN.Axis_Wheels_1 (Untited 1 Instance) |
foia Type: | Standard (Mapping via Encoder and Diive) v
- Do )

Postion: [ m’ D Modulo
Velocity */min

Resut

Position: Velocty: Acceleration: Jerk:

[ | [/min | [2 | [#3 ]

Huis Cycle Time / Access Divider

Divider: 1 Cycle Time me):  [2.000

Modulo: [ :

ﬁi. 5 ! A 1 2/ €
E‘U“ﬂ 4.41 ﬂﬁﬁNﬂ']ﬂ’]‘iL‘UﬂﬂJﬁ]ﬂﬂJﬂLW@%LLE%L@UIF]NGI@?
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Search Sohty

4 B NC-Task 15AF
(B NC-Task 1 5vB
5% Image
] Tables

a ﬁ-MmIO\‘T o .3

Genend  NC:Encoder  Pammeler Time Compensation  Onine

1 [Tem 8 EL510Y) @ MDF 517

100

L [Encoder (KLS101/KLS1111P5108 Profie MOP 511)

Smulation encoder
Encoder M3000 (2408 Muti-Tum)
Muti-Tum)

'KLZS?W-’I;’E'I?‘EL?S?H

Encoder Stegper fa g KLZS3T/KL2SE1)
mgug KLZ522/K12542 X255,

Encoder
Encoder Analog fe g KLAMOUKLIDXOVELIDOCELI XK
Encoder FOX-50

Encoder )

Encoder Lenze-CAopen le.g Drive 9300)

Encader CANopen DS402/MDP 513 e g AXBoo-B1x0/B510)
Encoder CANopen DS402/MDP 513 640 fe g ELS002)
Encoder AX200-8300

Time Base Generator

TeCom Encoder

Encoder M3000 (2508
Encoder M3000 (1252 Srgle-Tum)

Encoder M000 (130 Snge-Tum)

Encoder M31X0/M1200

Enceder M2510

Encoder 551 fe.g KLS001-A/IPS00S Profie MDP 501)

Encoder (KLS051/XL2502- 20K/

Encoder

u

ﬂ, 1 v L4
3UN 4.42 nsiFensueuldnnes

W Select /D Bow/Terminal

Type
[ncne]
J € rcoder (KL5101/KL5111APS103/Profle MDP 511)

Encoder Analog (.9. KLIPO/KLI1VELIMH/ELIINK)
Encoder Ansiog (e.g. KLIMS/KLITVELBH/ELITNN)

Mame Comment

[rone)
Tem

Tern 5(EL3062) # CHN 1
Term 5(ELI062) # CHN 2

[EL5101) # MOP 511 EL5101 1Ch Inc

® Unused
Om Cancel

. d ) .!/ v/ L3 J 1 o . -
JU7 4.43 madenlileuldninesieuseiulugalm

General NCEncoder Porameter Time Compensation Online

Parameter | Offiine Velue

Online Value i

- Encoder Evaluati
Invert Encoder Counting Direction FALSE =l B
Scaling Factor Numerator [oceran0Ras T s o e | Fo NG
Scaling Factar Denominator (default: 1.0) 10 F
Position Biss 0.0 Scaling Factor Dzlnwn nator (default: 1.0) F .
Modulo Factor (e, 360.0°) 3600 ki P
Tolerance Window for Modulo Start 00 Length: 13 F
Encoder Mask {maxmum encoder value) DXOO0OFFEF D
Evaluation Direction (log. count direction) POS+NEG' = E
Limit Switches:
Soft Pesition Limit Minimum Manitaring FALSE =] B
Minimum Position 00 [
Seft Position Limit Maximum Monitoring FALSE =l ]
Manmum Pesitian 00 F *
+  Fitee
+ Homing:
+  OtherSettings:

SUN 4.44 msivusauazidenvaseulinines

al &0 P o Y
AINUASLRYAUDINBLANDIATUIUIINDIAINITLARDUNADIOU (360 D9F1) UISAILAINL

avidunvatowldnines dcluiiiiae (1024 x 4 = 4096 line) a¢ldAn Factor Scaling 1Hu

0.087890625
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Genersl  NC-Encoder  Parameter Time Compensation Onine

srameter Offline Value Online Value

Fpe Just -}

- Encoder Evaluation:
tnvert Encader‘toum.ing Direction L_.I B
Scaling Factor Numerator 0.087890625 F */INC
Scaling Factor Deneminator (default: 1.0) 10 F
Position Bias 00 - = " F T
Modulo Facter (e.g. 360.0%) 3600 P et T o (ML) P
Tolerance Window for Modulo Start 0.0 IndexOffset: 000000024 F .
Encoder Mask (maximum encoder value) OHOO0OFFFF pohath: 8 o
Evaluatien Direction (log. count direction) POS+NEG' =l E
- Limit Switches:
Soft Position Limit Minimum Monitoring FALSE Rl B
Minimum Position 00 E
Soft Position Limit Maximum Monitering FALSE =l B
Maximum Position 00 P
+ Filter:
- anmn;
- Other Settings:

| Seectm |

ﬂ‘ n’j 1 -, 2 g
UN 4.45 N1589AHANI920UlARLADS

u

General NC-Encoder FParameter Time Compensation Oniine

Offline Value Online Value

Type  |Unit

Encoder Evaluation:
Invert Encoder Counting Direction m B
Scaling Factor Numerator 0.087890625 F */INC
Scaling Factor Denominator (default: 1.0) 1.0 F
Positicn Bias 00 F *
Module Facter (e.g. 360.0") 3600 T F =
Position Bias
Tolerance Window for Modulo Start 0.0 IndexGroup: 000005003 F *
Encoder Mask (macmum encoder value) O<0000FFFF ‘L":‘;*(':"m gm’mom D
Evaluation Direction (log. count direction) ‘POS+NEG' E
= Limit Switches:
Soft Position Limit Minimum Menitoring FALSE j B
Minimum Pesition 00 L3 F
Soft Positicn Limit Maximum Monitoring FALSE =l B
Maximum Position 0.0 F "
+ Filter:
+  Homing:
Other Settings:

) [ Upad | [ Bpand M| [ Colapee Al | [ SeectM

5U#l 4.46 nswdsuann FALSE (Ju TRUE Tunsndunansuyeines

4 @ MOTION -

4 NC-Task 1 SAF Tiee Drtve LLAOOUKLIS02 J0K/KL25214P25 12/ ELAKOVELZS21) v
(B NC-Tasi 1 5v8 Dve MZ400 DAC 1
*8 image Dive M2400 DAC 2
Dvive M2400 DAL 3

[ Tables

[ ogject:
4 S Aues

4 B Axis!

il
Orive Stepper fe . KL2E31/KL2541)
COrrve OC fe.g. KL2532/K1L 25422550
| SERCOS Drive

g ELTEZ/EL7I2/ )
feg ELT3) EL2041 7 )

2
il

laa Ctil

JUN 4.47 nsmaAnguvesewmes



B Select /0 Box/Terminal b
| Type Home Comment
[rone) [none]

Diive (KLLLOUKL2502-30KKL 2521 AP251 /ELOOOUEL DRIVE1 [EL4032) # CHN

>

@Umudr 7|7H: I

Oal Cancel

] O - s
JUM 4.48 msivruamesiiizeuseiulugalwy

TwinCAT Project2 = X LT NEET T

General NC-Drive Parameter Time Compensation

"_ Parameter Offline Value Online Value Type  [Unit

- Output Settings:

Invert Motor Polarity FALSE j B
Reference Velocity _ F */min
at Output Ratio [0.0.... 1.0] 1.0 F
+  Position and Velocity Scaling:
Terque and Acceleration Scaling:
Input Scaling Factor (Actual Terque) 0.1 *Maximum Drive Output Limitation [-10. 1.0]' F
Input P-T1 Filter Time (Actual Torque) 00 ::::xg’;su: OD'E;E!JJO%? r £
Input P-T1 Filter (Actual Torque Derivative) 0.0 Length 8 F H
Output Scaling Factor (Torque) 0.0 F
Output Delay (Torque) 0.0 F s
QOutput Scaling Factor (Acceleration) 0.0 F
Output Delay (Acceleration) 00 F s
+  Valve Diagram:
+  Other Settings:

| Downoad | | Upoad Epand Ml | | Colapse Al | | Seleqt Al

= °
JU 4.49 M3t muanuiIggnuasames

B2 D & Filters ~
Best match

!:2' CME2 g

| owcopup

Apps

B camera

@ Command Prompt

Documents

® CME 2 User Guide

A 5 1 o @ o W
JUM 4.50 msssrimmuauuasduidaemesinelusunsy CME2
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@ oMe2via - 0O X
File Amplifier Tools Help

FEEEEEL S EaNN

BB vinual Amalines
=3 comt

Axz A
Axi B
Axe C

Axs D

gﬂﬁ 4.51 wrhealusunsy CME2

@ CME 2 V7.1 (ASP-090-35 unnamed) - O X
File Amplifier Toolks Help

=4 L1 1| I EY

Cosiey Neighsorhaos
-=n

L__Rw ]

Input / Output

ANGIOY COMMBNG . 1/ 50 == | Loop ==$ IAoioeFeadback

L |

(@) Axis A T
Axs B
Axis C
AxE D

Ibcotor [Rotary Motar I [FizTonmd |

d Q u L7 o a
sUN 4.52 nsasevdenlnozunsy dmiumvAuuardumawemes

Y

IO Input/Qutput - x
5 DigtalInouts Digial Qutputs o
[ Debounce tme
! [IN1] | Not Configured vl | olm
ON2 g st bl i e Rl T el | oms
ORilp 450 oy [ ot Confiowred ¥ % 0| ms
@) Pul down
[IN4) Mot Configured vl | olm
1 [IN5] | ot Configured vl | ome
L
q [IN6] [Hot Confiured ] [ o|m
-
1 Restore Defauits Close:

s

d n‘-’r ! e = o
3UN 4.53 MsaemsEAUdINISUANITYINNIU
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SUN
Y

@ o unnamed)
File Amplifier Took Help
e L1 | [ e
Analog Refe
E Copley Neighborhood
- Scang: T 1800 rpm = 10V
o= o g — I
DesdBand: | 0 my
] trvert Command J‘
Anslag Ingut Flter
=+ Mot Fesdtacn
g |
| e % am
— Offuet: 0 me
@ Axm A
Axg B
Axe C
Axe D Coee | |
|
i st Trne: it
= ey |

g
4.54 NMIAIANNTIALVTLAUAYRYIUDD

|7

a

WUALANUGIZIAVBINBINDS

Motor/Feedback - Rotary Motor

@
File Amplifier T|
& .
b Copley Hed
]

= cou

@ Axm A

Axs B

Motor Feechack  praieiStop

1024 nexs = 4096

counts

- i

PRI TN

U 4.55 AmuannuaviBeavesouldnes

F@mmm. Rotary Motor
@ | Moo Fescback mrabetsiop

File Amphfier T|
L i Monufscturer:  Beagul Systems Units
5 . . @ Metic () Englsh
[ Cogley h Model Mumber:  Spinde #2 SB02300-E05
[}
=8 col | [
Mator Inertia:
2.60571| 'kgomt 7 | Torque Corstant:
| 0.0199 NmApk
| Back emf Constant: |
| R i s |
[ peskcTorme: | 208 Vjrpm ol | e |
| 1633 [Nm | | Reswtance:
Continuous Terque: ‘ =
- 0.1024 Nwm Inductance: k.
(@ Axis A | 0.16 mH Facit
. | veloatyLimt:
Axis B 20000 rem |
Axis € | |
Axe D
e e et
IDC Motor

Gl W e |

"“=

JUT 4.56 nsrmuaAIMdwaBInes
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Peak Current Limit: % A Cp: | 104

17T Time Limit: 1102 | me o 0

Continuous Current Limit: 12| A

Current Loop Offse: oA Auto Tune
L ke T

d - o s ! !. .
JUN 4.57 MINmuAUTULAIAINITAIUANNTEUE

Vel. Limit: 1800 | rpm Accel. Lmit:
Decel, Umt:
Fast Stop Ramp
Tracking
vindow: 600, rpm
Time: | 100} ms Input Fiter

__Sme , wx | 2103
00/ ps? . “ T - Low Gaing Shift
600 rps? W Dran: |
Dissbie Gare
g
Output Fiter

d o s J 1 o o
JUN 4.58 mamnualTuwssrINMIAIUANsERULSIUl
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4.4 msUszgndldaunisnaraninisiadoulvauaid’

maUssgndldaunisnasmansnisindeuiiveaediifuvsildelulassenui
wandluniseit 4.1 Tngsums Auto e TUsunsudanisiiuvusvasiul sdune/
o ane SR LR

A15199 4.1 TIeMIFLUsBune/odnaionedsluniseulusunsy

Swuil | To BN AUV
1 Control_SENSOR 1 %QX0.2 UnAuLes
2 Control_SENSOR 2 %QX0.3 Inpuiees
3 Enable Drivel %QX0.4 Wamsvinaulasa 1
4 Enable Drive2 9%QX0.5 Wansiaulagn 2
5 Enable Drive3 %QX0.6 Wansvineulasw 3
6 Enable Drived 9%QX0.7 Wansviulagu 4
7 | FAULT! %IX1.0 anuzFaultvaslas 1
8 FAULT2 %IX1.1 an1ugFaultveslaiv 2
9 | FAULT3 %IX1.2 anurFaultuaslasv 3
10 | FAULT4 %IX1.3 anurFaultvadlas 4
11 EMERGENCY %IX1.4 UuEmergency
12 | Velocity Forward Direction IN Auto AU s gl
13 | Velocity Rotate IN Auto AN uRs s
14 | Velocity Side Direction IN Auto A lududneitewld
15 | OUT Wheel Velocity 1 Auto mnasade 1 fidseanly
16 | OUT Wheel Velocity 2 Auto Anansade 2 fidseenly
18 OUT Wheel Velocity 3 Auto mEde 3 fidwenly
18 | OUT Wheel Velocity 4 Auto mwisde 4 fideeenly
19 | IN_Wheel Velocity 1 Auto Aansade 1 fienld
20 | IN_Wheel Velocity 2 Auto A§de 2 feuld
21 | IN_Wheel Velocity 3 Auto AEde 3 feuld
22 | IN_Wheel Velocity 4 Auto ALsde 4 iguld
23 | Body Long Auto AUENITBADTT
24 | Body length Auto AUNINVBILDTT
25 | Body Radius Wheel Auto PUIAFURUALENA1IUDIED
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A15199 4.1 (fd) $1en1sRUsBun/iodnafidndslunsiloulusunsy

ANAUN

)

AL AUNUE

26 | X_POSITION BODY Auto swmtslulnuXveedi
27 | Y_POSITION BODY Auto pwvislulnuYvoedl
28 | X_POSITION_SENSOR Auto | swmdsludnuXeeswinumiingg
29 | Y_POSITION_SENSOR Auto | shwunslulnuysssinumingn
30 | X_POSITION_SENSOR_MEM Auto | sunidluwnuXanInuniigg
31 | Y_POSITION_SENSOR MEM Auto muvusluLnuYsaenumiig
32 | Forward Speed SP Auto ATl mane
33 | Side Speed SP Auto ANnuluAudratimang
34 Turn_Speed_SP Auto mwm%’m’ﬁmulﬂwma
35 | X_PID Auto PIDAIUANAILMLILNUX
36 | Y_PID Auto PIDAIUANAIULULILAUY
37 | Turn_PID Auto PIDAIUANFIWMLINTVIEY

FILVILE X Y W 9938373 uumNY
38 AGV_POST_ON_ORIGIN Auto _—

DB

39 | Position Setpoint Auto Awvaidmane
40 | Sensor_Postion Auto AL DS
41 | Position_Setpoint SEQ Auto Fuvistimaneiddusn
42 | SET_TURN Auto M IANN TV
43 | AUTO Auto IuansAuANLUUDBl
44 | MANUAL Auto InuanisauAuwuUUNg
45 | MODE Auto Inuanisauay
46 MAN_Forward Auto Manual Forward
a7 MAN_Backward Auto Manual Backward
48 MAN_Left Slide Auto Manual Left Slide
49 MAN_Right_Slide Auto Manual Right Slide
50 MAN_FL Auto Manual Forward Left
51 MAN_FR Auto Manual Forward Right
52 MAN_BL Auto Manual Backward Left
o5 MAN_BR Auto Manual Backward Right
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M1319% 4.1 (d9) T18MTFUUTBUNR/ADNATIEeBsluntsiBoulusunsy

Aun

0|

AL AU
54 MAN_Turn_Left Auto Manual Turn Left
55 MAN_Turn_Right Auto Manual Turn Right
56 | MAN_FS Auto A lut i lulnusaund
57 | MAN_SS Auto asslumudnslulyuauni
58 | MAN TS Auto aasnavyululauadnd
59 | START Auto Funsvinanu
60 | SET START Auto \AvanusEunIYny
61 | STOP Auto NYANITYINU
62 | SET STOP Auto fivanIuEreAn1s e
63 FAULT Auto anugilaung
64 | RESET Auto Uusianlaiv
65 | RESET DRIVE SET Auto \Nuanugsidelasv
66 | POS_SP_WRITE Auto FuniswoaeTindeuln
67 | Write Number Auto DNTHUVDINITAIMURIUAUS
68 | POS OUT Auto AUTiEuAdUN1 T
69 | POS_RUN_NO Auto Mumsiifndwhauey
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4.4.1 MsUszandnasansnIsifaunduiMuanay

] I 1 a o L I e a o 14 € s v [
AUWLSNUUEIUNYNINTUUBINLIEIN BIARDIUN WL@UIF’WIL@@?’J@I@] buaaulu

LSLABURDIUT AILERINTISITUTUTMATUAILANS

GVL.IN_Wheel Velocity 1:=
(Main.Axis_Wheels_1.NcToPlc.ActVelo/10.0)*((2*3.14)/360);
GVLIN Wheel_Velocity 2:=
(Main.Axis_Wheels 2.NcToPlc.ActVelo/10.0)*((2¥3.14)/360);
GVLIN_Wheel Velocity 3:=
(Main.Axis Wheels 3.NcToPlc.ActVelo/10.0)*((2*3.14)/360);
GVLIN Wheel Velocity d:=
(Main.Axis Wheels 4.NcToPlc.ActVelo/10.0)%((2*3.14)/360);

duseNARdINYRIN TN SNsWUawhuian sryuwuU LUl gaie

FLURMUMLYRIIIETT Aslaninndeulusinsuaua
//Forward Kinematics//
//(m/s) AND RAD/SEC//
GVL.Velocity Rotate IN :=
(GVL.Body Radius Wheel/(4.0(GVL.Body Long+GVL.Body length))*(-
GVL.IN_Wheel Velocity 1+GVL.IN Wheel Velocity 2-
GVL.IN_Wheel Velocity 3+GVL.IN Wheel Velocity 4);
GVL.Velocity Forward Direction IN :=
(GVL.Body Radius Wheel/4.0)*GVL.IN_Wheel Velocity 1+GVL.IN Wheel Velocity 2+GVL.|
N_Wheel Velocity 3+GVL.IN Wheel Velocity 4),
GVL.Velocity Side_Direction_IN := (GVL.Body Radius Wheel/4.0)*(-
GVL.IN_Wheel Velocity 1+GVLIN Wheel Velocity 2+GVL.IN_ Wheel Velocity 3-
GVL.IN_Wheel Velocity 4);
tharuihilsannlusunsuinsiunyimanszegmsiideulse 1 souia fe
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//Convert Speed to changing of distance//

Difference of X :=
GVL.Velocity_Forward_Direction_IN*Inverse Kinematic.CycleT Sec;//Meter//
Difference of Y :=
GVL.Velocity Side Direction IN*Inverse Kinematic.CycleT Sec;//Meter//

Difference_of Turn :=

GVL.Velocity Rotate_IN*Inverse_Kinematic.CycleT_Sec;//RAD//
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//Convert difference distance from AGV vieW to Origin Plane vieW//
Map_difference X :=
(Difference_of X*COS(GVL.AGV_POST_ON_ORIGIN.AGY_TURN))+
(Difference_of Y*(-SIN(GVL.AGV_POST_ON_ORIGIN.AGV_TURN)));
Map_difference Y :=
(Difference_of X*SIN(GVL.AGV_POST_ON_ORIGIN.AGV_TURN))+(Difference_of Y*
(COS(GVL.AGV_POST ON_ORIGIN.AGY_TURN)));

Map_difference_Turn := Difference of Turn;
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//Memory Position//

GVL.AGV_POST ON_ORIGINAGV X :=

GVL.AGV_POST_ON_ORIGINAGV X+Map_difference X;

GVLAGV_POST ON_ORIGINAGV Y :=

GVL.AGV_POST_ON_ORIGIN.AGV_Y+Map_difference Y;

GVLAGV_POST ON_ORIGINAGV Turn :=

GVL.AGV_POST_ON_ORIGINAGY Turn+Map_difference Turn;
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X_POS := GVL.AGV_POST_ON_ORIGIN.AGV X;

Y_POS := GVL.AGV_POST ON_ORIGIN.AGV Y;
Theta_POS:= GVL.AGV_POST_ON_ORIGIN.AGV_TURN;
X_POS_5P := GVL.Position_Setpoint AGV_X;
Y_POS_SP := GVL.Position_Setpoint.AGV Y,
//Theta_POS_SP := GVL.Position_Setpoint. AGV_TURN;
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//Function_Block_Call//
GET _Index();
X_POS_PID();
Y POS PID();
Turn_POS_PID()
CycleT nsec := Taskinfo[GET Index.index].CycleTime;
CycleT Sec := CycleT_nSec/Time_Devided,
//PID Parameter//
GVLX_PID.Kp := 0.5;
GVL.X PID.Td := 1;
GVL.X_PID.Tn :=0;
GVL.X _PID.Tv := 0

 GVLY PIDKp = 1;
GVLY PID.Td := 1;
GVL.Y PID.Tn :=0;
GVLY PID.Tv = 0
GVL.Turn PIDKp :
GVL.Turn_PID.Td :
GVL.Turn_PID.Tn :
GVL.Turn_PID.Tv := 0;
//XPID//
X_POS_PID.fSetpointValue := X _POS_SP;
X_POS PID.fActualValue := X_POS;
X_POS_PID.fCtrlCycleTime := CycleT Sec;
X_POS PID.fKp := GVL.X_PID.Kp;
X_POS_PID.fTd := GVL.X_PID.Td;
X_POS_PID.fTn := GVLX_PID.Tn;
X_POS_PID.fTv := GVL.X PID.Tv;
X_POS_PID.bReset := GVL.X_PID.RESET;
GVL.X_PID.ErrorStatus := X_POS_PID.nErrorStatus;
GVL.X_PID.OQutput := X _POS_PID.fCtrlOutput;
//YPID//
Y POS PID.fSetpointValue :=' Y POS SP;
Y _POS PID.fActualValue :=Y_POS;
Y POS PID.fCtrlCycleTime := CycleT Sec;
Y POS PID.fKkp := GVL.Y PID.Kp;

1 ] I
2 8 &
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Y_POS_PIDfTd := GVL.Y_PID.Td;

Y_POS PID.fTn := GVL.Y_PID.Tn;

Y _POS PIDfTv := GVL.Y_PID.Ty;
Y_POS_PID.bReset:= GVL.Y PID.RESET;
GVLY_PID.ErrorStatus := Y _POS_PID.nErrorStatus ;
GVL.Y_PID.Output := Y_POS_PID.fCtrlOutput;
//TumPID//

Turn_POS_PID fSetpointValue := Theta POS SP;
Turn_POS_PID fActualValue := Theta Pos;
Turn_POS_PID.fCtrlCycleTime := CycleT Sec;
Turn_POS_PID.fKp := GVL.Turn_PID.Kp;
Turn_POS_PID.fTd := GVL.Turn PID.Td;

Turn_POS PID.fTn := GVL.Turn_PID.Tn;
Turn_POS_PID.fTv := GVL.Turn_PID.Tv;
Turn_POS_PID.bReset := GVL.Turn_PID.RESET;
GVL.Turn_PID.ErrorStatus := Turn_POS_PID.nErrorStatus;
GVL.Turn_PID.Output := Turn_POS_PID.fCtrlOutput;
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pos X2 :=
(GVL.POS_SP_MEM[GVL.POS_RUN_NO+1].AGV_X*COS(Theta POS))+GVL.
POS_SP_MEMIGVL.POS RUN NO+1]AGV_Y*SIN(Theta POS));
pos_Y2 := (GVL.POS_SP_MEM[GVL.POS_RUN_NO+1].AGV X*-
SIN(Theta_POS)+(GVL.POS_SP_MEM[GVL.POS RUN_NO+1].AGV_Y*COS(Theta POS));
pos X3 :=
(GVL.POS_SP_MEMIGVL.POS_RUN_NO+2].AGV_X*COS(Theta_POS)+(GVL.POS SP MEM[GV
LPOS RUN_NO+2].AGV_Y*SIN(Theta POS));
pos_Y3 := (GVL.POS_SP_MEM[GVL.POS_RUN_NO+2].AGV_X*-
SIN(Theta_POS))+(GVL.POS_SP_MEM[GVL.POS RUN_NO+2].AGV_Y*COS(Theta POS));

diff_X := pos_X3 - pos X2,

diff_Y := pos_Y3 - pos_Y2,

IF diff_Y > 0 AND ABS(diff X) > 0 THEN

Theta_SetP := 3.1415-(ATAN(diff_X/diff Y)+1.5707)+Theta_Pos;

ELS IF diff_Y < 0 AND ABS(diff X) > 0 THEN

Theta_SetP := ABS((ATAN(diff X/diff Y)-1.5707)-3.1415+Theta Pos;

ELSE

Theta SetP := (;

END_IF
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Difference AGWieW X :=
(GVL.X_PID.Output*COS(Theta_POS)+(GVL.Y_PID.Output*SIN(Theta_POS));//radian
Difference AGWieW Y := (GVL.X_PID.Output*-
SIN(Theta POS)+(GVL.Y_PID.Output*COS(Theta_POS));//radian

Difference AGWieW _Theta := GVL.Turn_PID.Output;//radian(Theta POS-

Theta_Target)//
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//Convert Distance to Velocity AND SELECTING DATA//
IF GVL.AAUTO = 1 AND Position_Seqg.End Process = 0 THEN
VF := Difference AGWieW X;
VS := Difference_AGVVieW_Y;
VT := Difference AGVWIEW Theta;
ELSIF GVL.AUTO = 1 AND Position_Seqg.End_Process = 1 THEN

VF := 0;
V5 =0;
VT = 0;

ELSIF GVL.MANUAL = 1 THEN
VF := GVL.MAN_FS;
VS := GVL.MAN_SS;
VT := GVL.MAN_TS;
END_IF;
//Limit Velocity as 1 metre/sec//
IF VF > GVL.FS_LIM THEN
GVL.Velocity Forward Direction OUT := GVL.FS_LIM;
ELSIF VF < 0 AND GVL.AUTO = 1 THEN
GVL.Velocity Forward Direction OUT := 0;
ELSIF VF < -GVL.FS_LIM AND GVL.MANUAL = 1 THEN
GVL.Velocity Forward_Direction_OUT := -GVL.FS_LIM;
ELSE
GVL.Velocity Forward Direction OUT := VF;
END_IF
IF GVL.MANUAL = 1 THEN
IF VS > GVL.SS_LIM THEN
GVL.Velocity Side Direction OUT := GVL.SS LIM;
ELSIF VS < -GVL.SS_LIM THEN
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GVL.Velocity Side Direction OUT := -GVL.SS_LIM;

ELSE

GVL.Velocity Side Direction OUT := VS;

END _IF
ELSE

GVL.Velocity Side Direction_OUT := 0;
END IF
//Limit turn velocity as 90deg/sec or 1.57rad/sec//
IF VT > GVL.TS_LIM THEN

GVL.Velocity Rotate OUT := GVL.TS_LIM;
ELSIF VT < -GVL.TS_LIM THEN

GVL.Velocity Rotate OUT := -GVL.TS_LIM;
ELSE

GVL.Velocity Rotate OUT := VT,
END IF
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IF GVLJOG = 0 THEN
//Inverse Kinematics//
OUT Wheel Velocity 1 := (GVL.Velocity_Forward_Direction_OUT -
GVL.Velocity Side Direction OUT - ((GVL.Body_length +
GVL.Body Long)*GVL.Velocity Rotate_OUT));
OUT_Wheel Velocity 2 := (GVL.Velocity Forward_Direction_OUT +
GVL.Velocity Side Direction OUT + ((GVL.Body_length +
GVL.Body Long)*GVL.Velocity Rotate OUT));
OUT Wheel Velocity 3 := (GVL.Velocity Forward Direction_OUT +
GVL.Velocity Side Direction OUT - ((GVL.Body_length +
GVL.Body Long)*GVL.Velocity Rotate OUT));
OUT Wheel Velocity 4 := (GVL.Velocity Forward_Direction_OUT -
GVL.Velocity Side Direction OUT + ((GVL.Body length +
GVL.Body Long)*GVL.Velocity Rotate OUT));
ELSE
OUT Wheel Velocity 1:= GVLJOG 1;
OUT Wheel Velocity 2 := GVLJOG 2;
OUT Wheel Velocity 3 := GVLJOG_3;
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OUT Wheel Velocity 4 := GVL.JOG_4;
END_IF
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IF ABS(OUT_Wheel Velocity 1) < 0.001 THEN

Wheel Velocity 1 := 0,
ELSE

Wheel _Velocity 1:= OUT Wheel Velocity 1;
END_IF
IF ABS(OUT_Wheel Velocity 2) < 0.001 THEN

Wheel Velocity 2 := 0;
ELSE

Wheel Velocity 2 := OUT Wheel Velocity 2;
END_IF
IF ABS(OUT_Wheel Velocity 3) < 0.001 THEN

Wheel Velecity 3 :=0;
ELSE

Wheel Velocity 3 := OUT Wheel Velocity 3;
END_IF
IF ABS(OUT_Wheel Velocity 4) < 0.001 THEN

Wheel Velocity 4 := 0;
ELSE

Wheel Velocity 4 := OUT Wheel Velocity 4;
END_IF

Jupeugavineyinsulamheanusinnuasaeiuii edwenidussmeiund
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GVL.OUT_Wheel_Velocity 1 :=(360.0¥10.0*Wheel Velocity 1)/(2*3.14*GVL.Body Radius_Wheel),
GVL.OUT_Wheel Velocity 2 := (360.0%10.0*"Wheel Velocity 2)/(2*3.14*GVL.Body Radius_Wheel);
GVL.OUT_Wheel Velocity 3 := (360.0¥10.0*Wheel Velocity 3)/(2*3.14*GVL.Body Radius Wheel),
GVL.OUT_Wheel Velocity 4 := (360.0¥10.0*Wheel Velocity 4)/(2*3.14*GVL.Body Radius Wheel);
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