%)) () CESKE

Ustav | :‘é-‘;:fE FAKULTA
vyrobnich strojd TECHNICKE STROJNI
a zafizen V PRAZE

PLC fizeni vyrobnich stroju a zatizeni
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Automatizovany sklad
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Uvod

Tento dokument slouzi jako ndvod pro UspéSné virtuadlni zprovoznéni modelu
automatizovaného  skladu. K tomu bude zapotfebi prekopirovani  slozky
“1_Automatizovany_sklad” na vlastni Plochu. Tato slozka se nachazi na disku “V“ ve slozce
“PLC fizeni vyrobnich strojl a zafizeni“. V této sloZce naleznete tfi podslozky:

e Podslozku “Sklad” ve které je soubor s nazvem “stavebnice NX12“, ktery obsahuje
sestavu virtualniho modelu automatizovaného skladu

e Podslozku “PLC“, kterad obsahuje zakladni PLC program pro fizeni skladu

e Podslozku “Ndvod“, kterd obsahuje tento ndvod

K Uspésnému virtualnimu zprovoznéni bude zapotrebi nasledujici software:

. TIA Portal V14
. PLCSim Advanced V1.0 SP1
. NX 12 Mechatronics concept designer
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Popis stavebnice

Stavebnici tvofi 3-osy manipuldtor, dopravnik a sklad. Manipulator vykonava translacni pohyb
vosach X, YaZ. Osy Y aZjsou pohanény pomoci stejnosmérnych motor( s enkodéry, ¢imz je
umoznéno libovolné polohovanitéchto os. Dale je na obou osach jeden koncovy snimac, ktery
obvykle slouzi jako referencni snimac k vynulovani enkodért. Osa X slouZi pouze k nabirani
palety a proto neni pfesné odmérovani polohy tfeba. Tato osa je tedy bez enkodéru a je fizena
pouze ve dvou koncovych polohach pomoci koncovych snimac(i. Dopravnik slouZi k pfepraveni
palety z mista vloZzeni obsluhou do mista, ve kterém je paleta nabrdna manipuldtorem.
Dopravnik je stejné jako osa X Fizen dvéma snimaci v koncovych polohdach nakladky a vykladky.
V tomto pripadé se jednd o svételné zavory. Poslednim prvkem je samotny sklad, ktery plIni
pouze pasivni funkci. Nabizi dévet stanovist pro uloZeni palety s obrobkem.

KONCOVY yoncovy
SNIMAC N ivAG

KONCOVY

SNIMAC
Z
KONCOVY
SNIMAC
SVETELNA  popravnik
ZAVORA
Digitalni vstupy a )

vstupy PLC Popis Néazev proménné
do_0.0 Motor dopravniku, smér ven do_conveyor_outside
do 0.1 Motor dopravniku, smér dovnit¥ do_conveyor_inside
do_0.2 Motor osy Y, smér dozadu do_y_minus
do_0.3 Motor osy Y, smér dopiedu do_y plus
do_0.4 Motor osy Z, smér nahoru do_z_plus
do_0.5 Motor osy Z, smér dolu do_z_minus
do_0.6 Motor osy X, smér doptedu do_x_plus
do_0.7 Motor osy X, smér dozadu do_x_minus
di_0.0 Koncovy snima¢ osy Y, smérem dozadu di_reference_y
di_0.1 Svételna zavora dopravniku, vevnitt di_light_barrier_inside
di_0.2 Svételna zavora dopravniku, venku di_light_barrier_outside
di_0.3 Koncovy snima¢ osy Z, smérem nahoru di_reference_z
di_0.6 Koncovy snima¢ osy X, vepiedu di_x_front
di_0.7 Koncovy snima¢ osy X, vzadu di_x_back
di_1.1 Tlagitko TOTAL STOP di_total_stop
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Tvorba virtualniho PLC

1) Tvorba virtudlni instance PLC
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K tvorbé virtudlni instance PLC je zapotrebi spusténi programu S7-PLCSIM Advanced. Po jeho
spusténi se Ize dostat do nabidky programu pomoci pravého tlacitka v postranni listé (Obrazek

1).

.| S7-PLCSIM Advanced V1.0 SP1
- Prizpd 1 Local Instance(s) 1T ON /0 OFF

Obrdzek 1: 1kona programu PLCSIM Advanced

V nabidce programu pojmenujeme novou instanci “PLC_1“, ostatni mozZnosti nastavime dle
nasledujiciho obrazku a klikneme na tlacitko Start (Obrazek 2). V oknu aktivnich instanci se
objevi nové vytvorena instance se zvolenym nazvem a IP adresou, ktera musi korespondovat

s IP adresou hardwarové sestavy v programu TIA Portal..

AL/
S7-PLCSIM Advanced V1.0 SP1

SIM

m Online Access
® pIcsM @

Control Panel

PLCSIM Virtual Eth. Adapter
'@' TCP/IP communication with | <Local>

R Virtual Time Scaling

001 off 100
() start Virtual S7-1500 PLC

Instance name PLC_1

PLC type Unspecified CPU 1500
Start
1 Active PLC Instance(s):
EHE pLc_1 £192.168.1.101 0 x

¥ Runtime Manager Port | 50000 O

[¥%  virtual SIMATIC Memeory Card

i Show Balloon Messages

? Function Manual

Obrazek 2: Tvorba nové instance
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2) Nahrani fidiciho programu do virtualniho PLC — prostiedi TIA Portal

Ze slozky “PLC" této ulohy otevieme program s nazvem “Sklad_PLC” v programu TIA Portal.
Tento program jiz obsahuje pIné konfigurované zatizeni, které si Ize prohlédnout poklepanim
na kartu Device configuration. Dale jsou zde jiz definované vstupy a vystupy dle realné
stavebnice, které jsou nasledné propojeny s vystupy virtudlniho modelu. Proto se s nazvy
téchto proménnych NESMI manipulovat, jinak dojde ke ztraté propojeni mezi virtualnim PLC
a modelem. Nejprve provedeme kompletni kompilaci hardwaru dle nasledujiciho obrazku
(Obrazek 3), nasledné to samé provedeme pro software pomoci moznosti Software (rebuild
all), kterd se nachazi ve stejné nabidce.

Project tree

Devices
v

2%
=

¥ ] Robot PLC
B Add new device
ﬁ%b Devices & networks

P
AL Change device Start simulation Ctrl+Shift+x
Open ﬂé Compare »
» Openin new editor ,h search in project Ctrl+F
3 Open blockiPLC data type... 7 _}(J Cross-references F11
» Export CAxdata... | Call structure
» ;{; cut Ctrlax 5 Assignment list
> |1 copy cul+C ¥ Update program
~ | Deta -= "5 corl 2 Print... Ctrl+F
Modul X Delete Del & Print preview...
Rename F2 [ Export module labeling strips...
Name & Goto topology view |58, Properties... Alt+Enter
e £ Go to network view
ﬂ'f Devic
Y ol Compile 3 Hardware and software (only changes)
!'a Progra Download to device 13 Hardware {only changes)
g Techn Backup from online device Hardware (rebuild all}
r«i Exterm ﬁ Go online Cirl+K Software (only changes)
(o] -
;‘i‘ Go offline Ctrl+! Software (rebuild all}
& PLCts ) _ )
B, Online & diagnostics Crrl+D Software (recet memory reserve)
Ir= g Y
Ll PLCda = T —

Obrazek 3: Kompilace hardwarové casti programu

Pro nahrani HW sestavy do virtudlniho PLC pravym poklikem na “PLC_1“ ve stromé programu
vybereme nejdfive moznost Hardware configuration (Obrazek 4).

Project tree

Devices

e
£
3

¥ | 7] Robot_PLC
B Add new device
Eg-h Devices & networks

- PLC o S
"""""" _!.I]TE Change device Start simulation Ctrl+Shift+X
LA Open &2 Carnpare 13
» [g F Open in new editor _h Search in project Ctrl+F
r T Open blocklPLC data fype... 7 ¢ Cross-references F11
4 g Export CAxdata... ﬂ Call structure
=y . St Assignment list
= Cerl+x
b L F
,xJ Crrl+C 3‘(‘, Update program

V|Detailsv =| Faste CrleV 2 Print... Ctrl+P

Module | X Delete Del | &b Frint preview...

Rename F2 jb Export module labeling strips...

& Go to topology view

5] Properties... Alt+Enter
| gy GO to network view

Cornpile
Download to device

!—:EL Program b
[ Technolog F
External s ﬂﬂ Go online Ctrl+K

Backup from enline device

Obrdzek 4: Nahréni hardwarové casti prb;granﬁ;do virtualniho PLC
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V pfipadé prvniho nahrani se objevi nabidka pro vybrani zafizeni, do kterého chceme program

nahrat. Vybereme moznosti, které jsou zobrazeny na nasledujicim obrdazku a zmackneme Start

search. V nabidce se objevi vytvofena instance “PLC_1“. Po jejim vybrani zmackneme tlacitko

Load, ¢imz se spusti nahravani programu do virtualniho PLC (Obrazek 5).

Extended download to device

D Flash LED

Configured access nodes of "PLC_1"

Device
PLC_1

Device type Slot
CPU1516-3 PNIDP  1X3
CPU1516-3 PNIDP 1 X1
CPU1516-3 PNIDP 1 X2

Type of the PGIPC interface:
PGIPC interface:
Connection to interfacelsubnet:

Select target device:

Device Device type Interface type Address Target device
RLCT1 CPU 1516-3 PNIDP PNIIE 192.168.1.101 FLC_1
= = PNIIE Access address =

Online status information:
@ scon completed. 1 compatible devices of 1 accessible devices found.
% Retrieving device information..

Scan and information retrieval completed.

Type Address Subnet
FROFIEUS 2
FMIE 192.168.1.101 PNIIE_1
FMIE 192.168.0.101
(% prie hd
[ PLCsIM [+ @
|Dire:tats|ut'1 *1' |V| @
| [-] ®©

| Show devices with the same address |V|

Startsearch

[7] Display enly error messages

]

| Load ‘ ‘ Cancel |

Obrazek 5: Nahrani programu do virtualniho PLC

Pro nahrani samotného programu do virtudlniho PLC pravym poklikem na “PLC_1“ ve stromé

programu vybereme nejdfive moznost Software (all) (Obrazek 6).

25
|

Project tree

Devices

¥ | 7] Robot_PLC
B Add new device
t,-Eh Devices & networks

FERE : e
"""""" JHTE Change device
AN Open
» [ P Openin neu".'editor
) E T Open blockiPLC data type... F7
3 E Export CAxdata ..
F3
=Yy o
[ L
4 ;_ﬂ P Crl+C
. Cerl+v
¥ Delete Del
Rename F2
; Go to topelogy view
g Go to network view
Compile »
|l Program bl
r:ﬂ Technalogy Backup from enline device
External so Cerkk
[ Na Curl+h
L FLCtags =S -

start simulation Crrl+Shiftx

82 Compare r
,h searchin project Ctrl+F

€ Cross-references F11
& call structure

Q Assignment list

Té', Update program

= Frint_ Cerl+F

& Print preview...
| Export module labeling strips...

'] Properties... Alt+Enter

Hardware and software (only changes)
Hardware configuration
Software {only changes)
Software (all}

Obrazek 6: Nahrani softwarové casti programu do virtualniho PLC
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3) Pr¥iprava virtualniho modelu pro simulaci — prostiedi NX12

Ve sloZzce “Sklad” spustime ikonu s ndzvem “Stavebnice_NX12“ v programu NX12. Po otevreni
modelu se skladem v horni listé v casti Automation vybereme mozinost External signal
configuration (Obrazek 7). V nabidce zvolime Refresh registered instances (Obrazek 8) a
ovérime, Ze model je propojen s nové vytvorenou instanci “PLC_1“ v PLCSIM Advanced.

b 2 ADER TR KL

Collision Position Symbol Operation Electronic Runtime Symbaol Add Exportto Exportload Export Cam
Sensor  Control~ Table - Cam ~ NC~  Table - - ECAD ~ Curve ~ Profile =
Electrical T Automation T

Ty Symbol Table

e Signal Mapping

N
Configures external signals for clients, VJ:" Bl el Sl

™ MCD Signal Server Configuration

men

'I,I“L'cn MCD Signal Server Infarmation

. == Disconnect

Obrazek 7: Spusteéni External signall configuration

V pfipadé, Ze je model propojen s instanci, bude v dialogu External signal configuration v karté
PLCSIM Adv status instance “PLC_1“ nabyvat hodnoty Run. Ve spodni ¢asti dialogu by mély byt
vidét proménné virtualniho PLC. Dialog nasledné zavieme poklikem na Ok.

¥ External Signal Configuration QX

| OPCDA  SHM  Matlab PLCSIM Adv | TCP Upp Profinet
|

Refresh Registered Instances

PLC_1 0 1516v2 Run robot_MNX12
< >
Tags (12) A
Show 10 -
Find measured  |] Match Case [] Match Whole Word | &
[#] Select All

S. Name 10 Type Data Type Area Type Message

M di_snimac_osa_z Input bool Input ~
A di_snimac_osa_y Input boel Input

B di_snimac_osa_x Input bool Input

A di_central_stop Input beol Input

B do_osa_z_nahoru Qutput beol Output

B do_osa_z_dolu Output bool Output

A do_osa_y_vzad Output bool Output

F do_osa_y_vpred Qutput beol Output

B do_osa_x_smer Output bool Output

FA dn aea ¥ nratiemer  Oitoat haal Ouitanit &7
<

Cancel

Obrazek 8: Propojent s virtualnim PLC

Student NEMANIPULUIJE s ¢astmi stromu modelu, ani ni¢im jinym, pokud k tomu neni vyzvan
pokyny v kapitole 5).

Daniel Kalina Ptiloha &.1



1

Ustav |
vyrobnich strojd
a zafizeni

CESKE
VYSOKE
UCENi
TECHNICKE
V PRAZE

4) Tvorba fidiciho programu - prostiedi TIA Portal

vs o vs

V této casti student sam tvofi Fidici kéd do predpfipraveného programu “Sklad_PLC“ na

zakladé zaddani, co mda automatizovany vykonat. Soucasti prace by méla byt i pfiprava
ovladaciho panelu.

Rozdily mezi virtualnim a redlnym PLC

a) Verze CPU a HMI

FAKULTA
STROJNI

PFi pouZiti softwaru TIA Portal V14 a PLCSIM Advaned V1.0 SP1 je nutné mit verzi zadaného
CPU a HMI o hodnoté “V2.0“. V predpfipraveném programu “Sklad_PLC“ je zminény hardware
takto konfigurovan. V pfipadé nahrani programu do realného PLC je nutné verzi zménit na

“V2.1“. Pro zménu verze CPU je nutné jit do karty Device configuration a v nabidce CPU vybrat
moznost Change device (Obrazek 9).

#_PLC » PLC_1 [CPU 1516-3 PN/DP]

(& Topology view | Network vie

Obrazek 9: Zména verze CPU

Pro zménu verze HMI je nutné jit do karty Device configuration pod “HMI_1“ a v nabidce HMI
vybrat moznost Change device (Obrazek 10).

Daniel Kalina

Robot_PLC » HMI_1 [KTP700 Basic PN]

C.f PLC supervisions &alarms
[&] PLCalarm textlists
» [ Local medules

%/ Online & diagnostics
Y Runtime settings
» [ screens
» [ Screen mana gement.
» [ HMitags

v | Details view

Name

Devices = Topology view |y Networl
] [ 2 | de [miicrrooessicrns  [) ) 1 () [H] = E
5 Program info

|6, Preperties
[ Export module lbeling strips

Ale+Enter

CirlaC
Carlav

Obrdazek 10: Zména verze HMI
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b) Nacitani hodnot z enkodéru

Pro pfipad virtualniho PLC je v operaénim bloku “Main“ &ast kédu, kterd slouzi k nacitani
hodnot z enkodér(i vytvorenych ve virtualnim modelu. V pfipadé fizeni redlné stavebnice je

nutné tuto ¢ast smazat nebo zakomentovat:

Obrazek 11: Cast programu pro nacitani z enkodérii modelu

c) Rozdilné hodnoty z enkodéru

Hodnoty nactené z modelu se mohou mirné lisit od hodnot nasledné nactenymi z realné
stavebnice. Proto je vhodné provést odecteni hodnot z enkodéri u realné stavebnice pomoci
manualniho rezimu a nasledné upraveni programu automatického rezimu aktualizovanymi

hodnotami.
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5) Virtudlni zprovoznéni — prostiedi TIA Portal + NX12

Upraveny fidici program je nutné nejdfive kompilovat pomoci moznosti Software (only
changes) v karté Compile. Pro nahrani zkompilovaného fidiciho programu do virtualniho PLC
vybebereme moznost Software (only changes) v karté Download to device (Obrazek 12).

Project tree

Devices

¥ 7] Robot_PLC
ﬁﬁdd new device
ﬁﬁh Devices & networks
~ 'm PLC 1[cPu 151 =
i [_ Change device
u'f Device config

Crrl+shift+X

startsimulation

ﬂ Online & diag Cpen 82 Compare »
» I'ﬂ Program blog Open in new editor _h Searchin project Ctrl+F
] E Technology o Open blockiPLC data type... 7 R(J Cross-references F11
3 External sour,  Export CAxdata & call structure
b [ PLCtags W cut ol | E Assignment list

= N ) o
b L PLC data typeg EZ| Copy Ctrl+C | ¥ Update program

v | Details view g Paste CV 2 prine. Ctrl+f

£~ Frint preview...

Module ¥ Delete Del

Rename F2 _-I'D Export module labeling strips...

E-F Go to topology view g Properties

~{ gy GO to network view

Alt+Enter

Compile »
Download to device

g Online & diagnosticsw
! Frogram blocks

Hardware and software (only changes)
Hardware configuration
Software (only changes)
Software (all}

Backup from online device

ﬁ Go online

&N Go ofline

— .
Technology objects
£ e Crrl+K

External source files
Q FLCtags

Obrazek 12: Nahrani upravené softwarové casti do virtualniho PLC

Dale pfipravime simulaci ovladaciho panelu jeho zkompilovanim pomoci Hardware (rebuild
all) a Software (rebuild all) (Obrazek 13).

Project tree

Devices

et
25

=_‘“'i Program info

g PLC supervisions & alarms
E] PLCalarm text lists

m Local modules

-

Daniel Kalina

» i HMI_1 [KTP700 Basic Ph i . .
N %‘ Ungrouped devices Change device / version 54 searchin project Cerl+F
» m Common data Open _}(J Cross-references F11
» fj]] Documentation settings| Open in new editor a Print_ CerleP
(& . .
I': W R s Export CAxdata... & Frint preview..
» Ui Online access
- Cut Crrl+X Export module labeling strips...
» r‘-_w Card Reader/USE memory f/f N ! —-I’ i 9 =tip
:_ﬁ copy curlC g Properties... Alt+Enter
v | Details view 5| Faste Crl+v
¥ Delete Del
Rename F2
r— & Goto topalogy view
IR Device configuration | Goto netwerkview
ﬂ Online & diagnostics Compile » Hardware and software (only changes)
f Runtime settings Download to device ] Hardware (only changes)
E SCreens ﬁ Go anline Crrl+K Hardware {rebuild all}
ﬁ SCreen management m‘i Go offline Ctrl+h Software (only changes)
E HMI tags ﬂ Online & diagnostics Ctrl+D Software (rebuild all}

Obrazek 13: Kompilace hardwarové casti HMI
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Samotnou simulaci ovladaciho panelu spustime poklepanim na Start simulation (Obrazek 14).

"""" ~ | HML_1 [KTF7C

[lf Device cor|
| online &d
f Runtime s

- h screens
‘h\dd ne

b | Details view

A -E)nline & diagnostic
‘f Runtime settings
ﬁ Screens

[§ screen managemen
% HMI tags
'3‘5_'i Connections
1 HMlalarms

5 Recipes
W Historical data
5] scheduled tasks

4 Portal view

Change device [ version

Cpen
Open in new editor

Export CAxdata..
c\,{ Cut

| copy

_-E Paste

¥ Delete
Rename

& Go to topology view
ﬁg'h Go to network view

Compile
Download to device

Online & diagnostics

HMI Device maintenance

Receive alarms
Change ohject calor

Start simulation

Crrl+x
Crrl+C
Crrl+V
Del
F2

»
]
Crrl+k

Curl+D
]

Ctrl+Shift+X

Stop runtimelsimulation

Obrazek 14: Spustent virtualniho HMI

Nasledné prejdeme do programu NX12 se spusténym modelem a v horni listé poklepeme na

ikonu Play, ¢imZ se spusti simulace. Nyni Ize verifikovat sprdvnost PLC fidiciho programu

ovladanim modelu pomoci ovladaciho panelu. Student NEMANIPULUJE s ¢astmi stromu

modelu, ani ni¢im jinym. VeSkeré ovladani probiha pres virtudlni HMI. Vyjimku tvofi tlacitko

TOTAL STOP a pokyn pro pridani palety.

a) Tlagitko TOTAL STOP

Ve virtudlnim modelu je umisténo tlacitko TOTAL STOP, které simuluje realné tlacitko
umisténé na ramu PLC. Tlacditko je vyznaéeno cervenym pohyblivym a Zlutym vodicim ¢lenem.

K simulaci stisknuti tlacitka dojde béhem simulace po pfetazeni ¢erveného ¢lenu do levé

polohy pomoci mysi.

Obrazek 15: Odjisténa pozice tlacitka TOTAL
STOP
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Obrazek 16: Zajistena pozice tlacitka TOTAL

STOP - stisknuto
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b) Pridani palety

Pro pridani palety na dopravnik je nutné béhem simulace zmacknout pokyn pro generaci nové
palety ve stromu modelu v programu NX12.

B | Physics Navigator © stavebnice NX12pt @ X
Mame & Type
?5 - Basic Physics
+ H& dopravnik Rigid Body
- B2 dopravnik Tronsport Surface ‘)
e Clop
G?| < HS obebek Tigid Body
B + A osax Rigid Body
- H@ oy Rigid Body
+ H1@ osa_y_spodek Rigid Body
. + H@ osaz Rigid Body
=) + B@ skad Rigid Body
»e + M@ total stop Rigid Body
= + A total stop 2 Rigid Body
-l B Joints and Constraints.
[} g2 dopravnik Fixed Joint
% osax Sliding Joint
‘jﬁ TR osay Sliding Joint
g2 osa_y_spodek Foved
0 F%R osaz Sliding Join
) E% osa
A’ PreventCollision(T) Prevent Collision
2 'K PreventCollision(2) Prevent Collision
(i) 1'% PreventCollision(3) Prevent Collision
A& PreventCollision(4) Prevent Callision
' PreventCollision(s) Prevent Collision
)

Obrazek 17: Tlacitka pro pridani palety do simulace
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