Application Note

FESTO

»Relative synchronism*
Synchronous Motion with using the
technology objects in TIAV16 &
CMMT-AS-PN

This application note describes how to use the technology CMMT-AS-PN
objects to activate a Synchronous Motion (relative synchro-

nism) with 2 CMMT-AS-PN.

Called Leading-Axis (master) - Following-Axis (slave).
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Components/Software used

1 Components/Software used

Type/Name Version Software/Firmware Date of manufacture
CMMT-AS-C4-3A-PN-S1 17.0.8.48 05.02.2020
CMMT-AS-C2-3A-PN-S1 17.0.8.48 05.02.2020
Automation Suite 1.3.2.4 13.01.2020
CMMT-AS Plug-in 1.3.1.9 28.02.2020
TIA Portal V16 02.12.2019
Technology objects V5 04.01.2019
Table 1.1: 1 Components/Software used

¢ Information

I This AppNote describes the procedure with the CMMT-AS motor controller. The CMMT-AS servo
drive controller and CMMT-ST servo drive controller for extra-low voltage are based on the same
software platform. Therefore, the described settings can also be used as a reference for its parame-
terization. It is hereby expressly pointed out, that this has not been explicitly tested and therefore
the function cannot be guaranteed!
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Components/Software used

1.1 Topology of the tested/used system

Figure 1.1 : overview of tested system

Please refer to the picture above and make sure all wires are correctly placed and connected
To confiture and run the system for commissioning, it is necessary to install named software in the table 1.1
above on your laptop or other PC system which you will do commissioning with.

1.2  Application description

The Application Note describes the connectivity and configuration of the servo drives CMMT-AS-..-PN within a
PROFINET network controlled via S7-1500 PLC. The used bus protocol within this Application Note is an Applica-
tion Class 4 (Motion Control) and Telegram 106 (there is no special reason to use the Telegram 106 for the Syn-
chronous Motion, it has to be one which supports Application Class 4 & IRT).

In this Application Note we use the terms “Leading-Axis” as the Master-Axis and “Following-Axis” as the Slave-
Axis”.

This is a relative synchronism application without specifying a synchronous position and can be realised with a
non-technology CPU.

It is targeted at people who are already familiar with this protocol, Festo Automation Suite and Siemens TIA Por-
tal software.
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Synchronization

2 Synchronization

Synchronization establishes the relationship between the leading axis and following axis. Synchronization be-
gins with the start of an *”MC_GearIn" job.
*See for the details of the function block MC_Gear in chapter 4.3.2 Gearing with "MC_GearIn"

Principle representation of Synchronous Motion:

(Master axis = Leading axis) (Slave axis = Following axis)
Leading Synchronization Gearbox Following
axis ratio axis

b aln o *

3 Configuration of parameters in Automation Suite

3.1  Automation Suite related parameters

Start with the related parameters for the application and do not cover the general settings for the configuration
of the drive.

The parameters that are related to the communication with the host system is under the Fieldbus tab.

e Reference Values

Shown values of the configuration must match to the configuration settings within the tech-
nology objects.

Reference values

e ( b4
Base value velocity (user unit) b 3000,00 | rpm 6 Base value speed (controller)

Base value speed (controller) 3000,00 | rpm 0x453B8000 (FLOAT32) P1.11280701.0.0

Specifies the base value speed for the
Base value acceleration 600,00 | rpmys configuration tool with operating mode
ACA, This value must be the same for
controller and servo drive, A change of this

Base value deceleration 600,00 | rpm/s value will be also applied to the
corresponding parameter in the actual user
unit,

Default 3000,00 rpm
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Configuration of parameters in Automation Suite

3.2  AC4 parameters in Festo Automation Suite

AC4

Maximum 10000,00 | U/min
Mammale.s Drehmoment Motor oder 2214 Nm
Servoantriebsregler

Buszykluszeit (KPC) 000 | s
Verstarkungsfaktor Positionsregler

(ohne DSC) 31,90432
Verstarkungsfaktor Positionsregler (mit 3109432

DsC)

Auflasung pro Umdrehung fir Gn_XIST ;| Auflésung pro Umdret =

Anzahl Umdrehungen 16384
Bits in Gn_XI5T1 0
\} Bits in Gn_XI5T2 0
Zahler F 1
Menner F 1
Geberschnittstelle 1 100,00 mm/U

3.3 Telegram selection

Select Telegram 106 under the PZD (process data) telegram selection in tab Fieldbus

Connection properties

PZD telegram selection Telegram (1) -

Telegram (1)
Telegram (2)
Telegram (3)
Telegram (4)
Telegram (3)
Telegram ()
Telegram (7)
Telegram (9)
Telegram (102}
Telegram (103)
Telegram (103)
Telegram (106)
Telegram (111}

Details of the used Standard Telegram 106 — cut out from the CMMT-AS documentation
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Configuration of parameters in Automation Suite

Standard Telegram 106
Rotational speed setpoint value 32 bit with 2 position encoders, torque reduction and DSC
Supported application class: AC4

PZD Setpoint value Actual value
1 STW1 Z5W1

2 NSOLL_B NIST_B

3

4 STW2m ZSW2

5 MOMRED MELDW

6 G1_STW G1_75W
7 G2_STW G1_XIST1
8 XERR

9 G1_XIST2
10 KPC

11 G2_75W
12 G2_XIST1
13

14 G2_XIST2
15

Tab. 734 Standard Telegram 106
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4  Configuration TIA Portal
4.1  Creating the hardware configuration in TIA Portal

4.1.1  Create new project

Create a new project and add your PLC with the right firmware version:

Project Edit View Insert Online Options Tools Window Help
KR Save project | = (3 XK’! ™z
Devices Device name:
4
= [PLc_1
: L e | » [l CPU1513-1 PN Device: fad
%: Addrnew device 1 i » [l CPU1515-2 PN
Devices & networks » y:. CPU 1516.3 PNIDP
b Eﬂ Ceaoupedictices controllers » (il CPU 1517-3 PNIDP
E = SECUFYSCINgS » [ CFU 15184 FNIDP
» 38 Cross-device functions » y:. CPU 1518.4 PNIDP ODK Il
» [§} Common dats = CPU 1517TF-3 PNIDP
= . » L CPU 1518-4 PN/DP MFP
» Documentation settings D » h CPU1511F-1 PN
; (@ Lenguages & rescurces » [l CPU 1513F-1 PN sERdE T
(] Online access M= .
. ’_‘? T e HMI b W CPU1515F-2 PN Version: VI8 n
Balce e cont s Blmemorny » (B CPU 1516F-3 PNIDP
» ﬁ CPU 1517F-3 PNIDP Description: 5
» ([l CPU 1518F-4 PNIDF = Failsafe technology CPU with display; work |~
» [l CPU 1518F4 FIIDP ODK memory 3 MB code and 8 M! data; can be
= used for safety applications; supports
» L[l CPU 1518F-4 PNIDP MFP consistent safety upload; supparts PROFIsafe
PCsystems » [l CPU1511T1 PN W2; 2 ns bit operation time; 5stage
M= = protection concept, technology functions:
D #_l S EEEEL extended motion control, closed-oop control,
» L CPU 151673 PNIDP counting and measuring; racing; Runtime
» [ CPU 151773 PNIDP options; isochronous mode (central); for all
= PROFINET interfaces: transport protocel TCRiIR,
D 147 G5 AN Bt | secure Open User Communication, 57
» [ CPU1515TF2 PN communication, 57 routing, IP forwarding,
» h CPU 1516TF-3 PHIDP Web server, DNS client, OFC UA: Server DA,
= Client DA, methods, companion
~ [l CPU 1517TF-3 PNIDP specifications; 1stinterface: PROFINET IO
controller, supports RTIRT, performance
» 5 CPU 1513R-1 PN upgrade PROFINETW2 3, 2 ports, I-Device, MRP,
s WMRPD, isochronous mode; 2nd interface:
» W CPU1515R2 PN FROFINETIO contraoller, supports RT, I-Device;
v [ roiacazu s ou 3rd interface: PROFIBUS DP Master, 57
‘ < " L} communication, isochronous mode, 57
[+ Open device view '—GK—| | Cancel
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Configuration TIA Portal

4.1.2 Setting the IP-address

Setting the right IP address for the CPU:

on » PLC_1 [CPU 1517TF-3 PNIDP]

[ Topology view [ Network view | | Device view

M nc i = EE Y 2 [ [ Device overview |

0 boduie

3

Toddress | Q sdaress Type

i
)

. e

1 2 3 4 5 s b PROFINETinteriace_t

» FROFINETimterisee_2
DFimerface_1

1 CPUISITIESP,
10 PROFINET interfa.
1 FROFINET interlo
18 P inertace

10
"
1
"
1
1
1
"
e v
< u 3] (1008 Bl & ¢ n ] >

cocococoocoooooococooocB0o00p

[SProperties  ["iginfo_ 1| % Diagnostics

| General | i0tags | System constants | Texs

Ethemet addresses

Interface networked with

Subne: | ot netwarked Tv]
[ Addnewsubner |
1P protocol
(® SetIP address in hm-panjac
raddress
Subnet maskt T
» Portpa 28]
Vieb server access
PROFINET
[ PROFINET device name i et dinecty at the device
A Generate PROFINET device name autamatically
FROFINET device name: [ple_1 profnetinterhice_|
[plessr C
Desice number: |0 ]

4.1.3  Select CMMT

Go to the ‘Device Configuration’ tab, select ‘Network View’ and search for the CMMT in the Hardware Catalog.
Place the CMMT-AS into the “Network” by drag and drop. Two times for Leading & Following-Axis:

| Topology view || Network view  [[I¥ Device view | | Options

[ Netwrc] | 1] Conmectins. - IBEE L EVEE S| | Newwork overview I [+ ]

AW oevice Type s, | | Catalog
- ] <Searchs

— L »oRCT CPU 1517TF-3 FIIDF. B frotie: [l
cPUISITTRI L » [ conraliers
bl Ha

» (@ FCapems
» [ Drives & strters

» [ Network components
[ Detecting & b

+ [ Additonsl Eshemet devices
- [ PROFINETIO
~ @ Drives
- [l Festo AG 8 Co. KG
~ (i Festa ChRTAS

—-
» [l Festo CMATST

» [ SiEvEns a6
» [ Encoders
» [mGatensy

»mvo
rEncec

» [ PROFIBUS DP
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Configur

4.1.4

To connect the CMMT’s with the PLC, click on ‘Not Assigned’ and select the PROFINET interface.

ation TIA Portal

Connect Profinet

After this, a green line will show the connection between the PLC and CMMT:

PLC_1.PR

PLC_1
CPU 1517TF-3 F...

OFIMET 10-5yste. .

CMMT-AS
CMMT-AS V1

PLC_1

4.1.5

Assign Motion telegram

FESTO

CMMT-AS_1
CMMT-AS V1

PLC_1

FESTO

Double click on the CMMT to get into the ‘Device View’ tab. Available telegrams based on the GSDML file will
be offered. To use the CMMT in Motion Control select the Telegram 106 and place it via drag and drop.

Do this step for both CMMT-AS
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&

. | Topology view [ Network view | [BY Device view
4 | | Device overview |

2 N Module _ Rack Sict |eddress |Qeddress|Type
o o

> oams Camas VI
o ox onas
0o sERVD

Siemens telegram
empty submodute

Siemens telegram 106, 7.

empty submadule

»
] 1 Module Access Point

ST ] SRIR] See SN0 E]  Bojered siempien
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Configuration TIA Portal

4.1.6 Rename CMMT

To rename the CMMT-AS click into the name field and type the desired name:

e Master axis was named as Leading-Axis
e Slave axis was named as Following-Axis

Synchronous_Motion » Ungrouped devices » Leading-Axis [CMMT-AS V1]

Synchronous_Motion » Ungrouped devices » CMMT-AS_1 [CMMT-AS V1]

d¢ [owvmas_1emvmasvi) [+ &g B t;j ® * d¢ [Leading-rds [Ommasvi] [+] i B ;‘j @ s
;&9
ﬁ \’3‘\&

Right click on the CMMT and select ‘Assign Device Name’. To do this, access via the PROFINET network
connected on port -X19 on the CMMT must be present. This step must done for both CMMT-AS:

Synchronous_Motion » Ungrouped devices » Leading-Axis [CMMT-AS V1]

Change device
Write 10-Device name to Micro Memory Card
Start device tool...

x Cut Crrl+x
5| Copy Crrl+C
E] Paste Curl+v

¥ Delete Del

& Go to topology view
EE! Go to network view

Compile 4
Download to device 4
ﬂ Go online Crrl+K
‘,‘ Go offline Crrl+
COnline & diagnostics Ctrl+D

@ Assign device name

Update and display forced operands

QE' Cross-references F11
QE' Cross-reference information Shift+F11
Show catalog Crrl+Shift+C

[=» Export module labeling strips...

[ Properties Alt+Enter
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Configuration TIA Portal

4.1.7  Assign the Topology

Note: Check that the PROFINET wiring present corresponds to the structure of this wiring. If the PROFINET wiring
deviates from this, this must also be considered in the topology view.

To be able to get the PLC run in IRT (isochronous real time) for motion control application it is a must to define
the topology of the system. Therefore select the ‘Topology View’ in ‘Device Configuration’ and configure the to-
pology according to the real connection of the hardware structure by drag-and-drop

Synchronous_Motion » Devices & networks

| Topology view [|gh Network view  [IIf Device view
B WEHEe | Topology overview | Topology i ]
2| Device i port slot  |Partnerstation | Partner device
PLC_1 ¥ S71500/ET200MP station_1
CPU 1517TF-3 P... ~ PLC 1
¥ PROFINETinterface_1 11
Fort_1 1X1F1
Port_2 1X1P2 GSD device_1 CMMT-AS
~ PROFINETinterface_2 1X2
Port_1 1X2P1
~ GSD device_1
- ammas 0
¥ FNAQ Interface ox1
CMMT-AS —_— ¥ CMMT-AS_1 —_—— Port1 0X1 . S71S00/ET200.. PLC_1
CMMT-AS V1 CMMT-AS V1 Port 2 0X1.. GSD device 2 CMMT-AS_1
PLC 1 am PLC | m i ~ G50 device_2
W v ammas_t 0
: ¥ PNHO Interface ox1
= Port1 0X1.. GSDdevice 1 CMMT-AS
Port 2 OX1 .

4.2  Configuring the technological object

4.2.1 Adding the technological object

Adding the technological object PositioningAxis for the Leading-Axis (Master-Axis). Go Select the folder
“Technology Objects” in the project tree and click on “Add new object”. Then select the
technology object “TO:PositioningAxis” under motion control list and confirm via OK:

Project tree

Devices

ES] Add new object X
Name:

¥ 7 synchronous_Motion
ﬁb'f\dd new device
EE,] Devices & networks

|Positi0ningf-.>ds_1 |

Al Name Version Type: & |TO_Positioningruds
I b
T ML151.?TF — 151.?“:_3 e | =[] motion contral V5.0
I pevice configuration & T0_SpecdAd V_S 0 Number: l:@
. . - = 3 R
%/ Online & diagnostics — =SB — -
— pe—— il TO_PositioningAuis V5.0 O Manual
» &g Software units Motion Control & T0_synch : .
_SynchronousAxis V5.0 @Aummatlc

= ';:L Pragram blocks

B Add black 3 TO_ExternalEncoder V5.0
new bloc

Description:

; 2 TO_OutputCam V5.0
& Main [0B1] |l\: B TO_CamTrack V5.0 The "Positioning axis™ (TO_PositioningAxis}
2B MCHnterpolator [0B92] - TO_Me inal t oG technology object maps a physical drive in
asuringlnpu L
2B MC-Servo [0B91] = - ginp the controller.
-3 . FID & T0_Cam V5.0 You can issue positioning cornmands to the
=3 Te(’chnologyob]ects | & TO_Kinematics V5.0 drive by means of the user program with
[ & Add new object ] : = - - . PLCopen meotion control instructions.
3 TO_LeadingAxisProxy V5.0

':3 FLC tags
fﬂ PLC data types
:Q[ Watch and force tables

»
»
]
3 rj;, Online backups
] r;}_ Traces
» :i«_'- OPC UA communication
» [, Device proxydata
8 Program info
. PLC supervisions & alarms
&) PLCalarm text lists
» '—j| Local modules
» [ Distributed 1io
3 % Ungrouped devices

» BE Securitvcettinns
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SIMATIC Ident

Counting and

Note: The use of technology objects
affects the temporal behavior of other
CPU execution levels, including the
F-program.

measurement

<] i

]

> | Additional information

[w] Add new and open

0K 1 Cancel
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Configuration TIA Portal

4.2.2  Starting the configuration of the technology object parameters:

Synchronous_Motion » My_1517TF [CPU 1517TF-3 PN/DP] » Technology objects » PositioningAxis_1 [DB1]

Devices

i)

Basic parameters

» Hardware interface Easc

~ | ] Synchronous_Motion
B Add new device
h Devices & networks il Mame:
- F‘_E. My _1517TF [CPU 1517TF-3 PN/DP]
[Iff Device configuration PLC
%] Online & diagnostics

Leading value settings

LI IXT<)

» Extended parameters

» g Software units

~ L5l Program blacks I 13
B Add new black
4 Main [0B1]
u Technalogy object
28 MCinterpolator [0B92] LI ICE G M?gy i Drive Motor

28 MCServo [0BS1]
~ [ Technology objects

¢ Add new object )
> 1 Positioningsis 1 [DR1] Axis type

_____ Configuration [ virtual axis
Diagnostics
ry g @) Linear
» [ Outputcam
» [ Measuring input () Rotary

» [ External source files

» [g PLCtags
» (g PLC data types -
umn. s
¥ [Z2 Watch and force tables
» [ig Online backups.

b [ Traces

» [ OFC UA communication Units of measure
» [§§) Device proxy dats
4 Program info

A L superiisions & lamms Unitef meesure forpesiten: [om ]
2] PLC alarm text lists Unitofmeasure forvelocity: [mmis [+
=
* @ Locel modules unitofmessure fortorque: [im _ [7]
» [ Distributed lio
. e L
» I Ungrouped devices
» 5g Securitysettings Modulo
b [34 Cross-device functions [} Enable modulo
=
b e e Wodulasart el
» [5]) Documentation settings
Modulo length: |1000.0 mm

b [ Languages & resources

[T Use position values with higher reselution

» [ Online access
» [i Card ReaderlUSB memory Simulation

[[] Activate simulation

Hint regarding the symbols behind parameters:

- Blue: the parameters are in default settings

- Red: the parameters must be adjusted/customized according to the application
- Green: the adjustment of the parameters were done and are OK

4.2.3  Selecting the right axis and the Units of measure:

@ Name:
Leading value settings (] PLC
» Extended parameters (] —_—
User program Technalogy sbject e —
axis
[ virwal axis
N
b

-

b, 20

Unit of measure for position:
Unit of measure for velocity:
Unit of measure for torgue:

Units of measure

[} use position values with higher resclution

|

-]
-]
Modulo

[C] Ensble modulo

Modulo start value:

Modulo length: [360.0
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4.2.4  Define the drive for the data exchange.

In this step, it will be defined which drive is going to be assigned to the technology object that is now
being configured. Select ‘Drive’ under Hardware interface and start with the Leading-Axis:

Basic parameters (]
~ Hardware interface
ncoder

Data exchange with the drive

Drive

Data exchange with encoder
Leading value settings
b Extended parameters

!
~ [l My 1517TF [CPU 1517TF-3 PNIDP]
» [ Local modules
~ [, PROFINETI0-System (100)
» [l Following-Auxis

BTt e 5 ding-uds

Select the appropriate Encoder Type:

- Incremental for Motor with Incremental Encoder

- Absolute for Motor with Absolute Single Turn Encoder

- Cyclic Absolute for Motor with Absolute Multi Turn Encoder

Basic parameters
~ Hardware interface

Data exchange with encoder
Leading value settings
» Extended parameters

encodert ||

()

EE T —
Leading-Ads.00 SERVO_1_End._ |

Cyclic absolute

Incremental

(Encoder |~
Leading-Axis.DO SERVO_1_End...,|
incremental ||
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4.2.5 Take over the appropriate AC4 data from the Automation Suite:

Festo Automation Suite reference parameters which must be transferred to the technology object configuration:
Festo Automation Suite parameters:

Reference values Dynamic values
Base value velocity (user unit) ¥ 3000,00 | rpm Acceleration 300000 | rpm/s
Base value speed (controller) 3000,00 | rpm Deceleration 300000 | rpm/s
Base value acceleration [ 600,00 ‘ pm/s Jerk 30000000 | rpm/s®
Base value deceleration 600,00 | rpm/s
Connection properties AC4 |
PZD telegram selection Telegram (106) - Masxirnum 3000,00 | rpm
Current application class Application class 4 (4) Maximum motor or serve drive torque 2214 Nm
Bus cycle time (KPC) 000 =
an‘lﬂléfi;a[t;i:g)factor Position control 31,00432
R"riﬂliéigégiun factor Position control 31,60432
Resolution per revelution for Gn_XIST 7| Resolution perrevoluti =
Number of revolution 16384
Bits in Gn_XI5T1 0
Bits in Gn_XI5T2 0
Mumerator ¥ 1
Dencminator ¥ 1
Encoder interface 1 100,00 mm/r

TIA - technology object parameters:

TIA —technology object parameters:
Do not use the two options which are offered by TIA. Because the options are not supported by the
CMMT-AS-..-PN firmware yet.

Drive data

Derve telegram: ‘.:Ardut; :’olrg’u’ m 06 ) v_ m Device configuration

(7] Automatically apply drive values duting configuration (ofine)
7] Automatically apply drive values at runtime (online)

Meximum speed: | 30000 1imin | cenfigurstion.
Reference torque: | 2 214 N |
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Thus the parameters must be taken from the Festo Automation Suite

Basic parameters ° Data ith the dri
 Hardware interface (] © nge w e
Drive

Leading value settings
» Extended parameters
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4.2.6  The encoder data transfer

The encoder data are automatically transferred to the technology object after connecting with the drive. Flag on
“Automatic data exchange for encoder values (online)”. On this step the parameters will be applied automati-
cally. This option is supported by the firmware of the CMMT-AS-..-PN:

Basic parameters

Data exchange with encoder

* Hardware interface
Drive
Encoder

eading value settings
» Extended parameters

Data exchange
(Encoder1 [~

Standard telegram 106 :

Automatic transfer of encoder parameter values (1502:000704)

1

PasitioningAxis [ Technology object] L ——"
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4.2.7

Basic parameters
* Hardware interface
Drive
Encoder
Dats exchange with the drive
Dats exchange with encoder
Leading value settings
~ Extended parameters
ha
Dynamic default values
Emergency stop
} Lirnits

¥ Homing
} Position monitoring

Control loop

RO L L L L TR T T T T

Actual value extrapolation

Set the correct mechanics and the related settings to the axis:

Mechanics
e (
5
i! -
Settings for
‘ Encoder 1 "|

Encoder mounting type: ‘ On motor shaft

[~

[T invert enceder direction

Drive mechanism

[T invert rotation direction of drive

Load gear

Number of motor revolutions: ‘ 1

Number of load revolutions: ‘ 1

Creating the technological object TO_SynchronousAxis for the ‘Following-Axis’ (Slave-Axis).
Select the folder ‘Technology Objects’ and click into ‘Add new object’ again. Select the
technology object “TO_SynchronousAxis” under Motion Control list and confirm OK:

Devices

i

~ | synchronous_Motion
B Add new device
By Devices & networks
= [l My_1517TF [CPU 1517TF-3 PN/DP]
[IY Device configuration
%/ online & diagnostics
» 5@ Sofware units
~ | Program blacks
B Add new block
& Main [OB1]
2% MCAnterpolator [0B92]
28 MCservo [0B91]
[ Technology objects

Configuration
Vit commissioning
[%) Diagnestics
» [ outputcam
» [ Messuring input
External source files
[ PLC tags
[ PLC data types
[ watch and force tables
[ online backups
[ Traces

[ OPC UA communication

evice proxy data
BB Program info
L. PLC supervisions & alarms
5] PLC alarm tex lists

» (1§ Local modules

» [l Distributed 110

[£4 Ungrouped devices

&g security semings

[3¢ Cross-device functions

[&§ commen data

[5]) Documentation setings

¥ [@ Lenguages & resources
» [ig Online access.
» [ card Readeriusa memory

HEEE

General

Basic parameters ()
* Hardware inerface g Mechenic
Drive ()
Encoder (]
Date exchange with the drive @
Dats exchange with encoder €%
Leading value settings (]
= Extended parameters ()
Mechanics (]
Dynamic default values (] .
Emergencystop (]
» Limits (] ﬁ
» Homing 4 Add new object
» Fosition monitoring ()
Control loop (] Name:
Actual value extrapolation (] Settings for [ synchronousus_1 ]
A R =
i [~] name version
i ﬁ B = [7] motion Control V5.0
r 4 TO_Speedfus V5.0
Encoder mounting type: —~—t—— 4 TO_Fositioningxis V5.0
Wotion Contral ™ = 0 synchonowsaxs V50,
4 TO_ExtemalEncoder V5.0
4 TO_OutputCam V5.0
. _ 4 TO_CamTrack V5.0
Wiz Crzs 5 4 TO_Measuringlnput V5.0
. 3 W TO_Cam V5.0
I — & TO_Kinematics V5.0
Load gear — 4 TO_LeadingisProxy V5.0
Number of motor revelutions: r
Number ofload revolutions: E
SIMATIC Ident

Peah

Counting and
measurement

[<] [

> |A information

No 'properties’ available.

No ‘properties’ can be shown at the moment. There is either no object selected or the

e
Nurber
() Manual
(® Automatic
Description:

The *Synchronous axis®
(To_Synchronous Auxis) technology object
contsins all functions of the *Fositioning
axis” technology object. In addition, the
*5ynchronous axis” technalogy object can
follow the position change of & leading ais
Eoth positioning axes and synchronous axes
can be used as leading axes.

Note: The use of technology objects
affects the temporal behavior of other
CPU execution levels, including the
F-program.

[ Add new and open

oK Cancel

Proceed similarly as for the Leading-Axis to configure the Following-Axis.
Additional important setting for the Following_Axis:
Select the Leading_Axis for the “Leading value interconnection” within the settings for
the ‘TO_SynchronousAxis’.
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Sl

Leading value settings

Basic parameters () ) ) i
: Leading value interconnections
= Hardware interface (]
Drive ()
Encoder ] Interconnection overview
Data exchange with the drive @ - - - -
. Possible leading val.. Leading value source | Type of connection o)
Data exchange with encoder (] — E
= = = <add= - Setpoint [~]
Leading value interconnections o e

¥ Extended parameters

Available options for the ‘Type of connection’:

Setpoint:

With setpoint coupling, the position setpoint of the leading axis is used as the leading value
for synchronous operation.

The position setpoint of the following technology objects can be interconnected as the
leading value for synchronous operation:

e Positioning axis

e Synchronous axis

e Leading axis proxy (only S7-1500T)

= There is only the selection “Setpoint” possible with the non-technology CPU (57-1500).

Actual value:

For applications in which setpoint coupling is not possible (e.g. when using an external encoder) or does not make
sense from a technical perspective, the S7-1500T CPU additionally offers actual value coupling for synchronous oper-
ation. With actual value coupling, the extrapolated actual position of a technology object is used as the leading value.

The actual position of the following technology objects can used as the leading value:
Positioning axis

Synchronous axis
External encoder

Leading value delay:

In a cross-PLC synchronous operation, you define with the "Delayed" setting whether the leading value should be de-
layed for a local synchronous operation.

The leading value of the following technology objects can be delayed:
e Positioning axis

e Synchronous axis
e External encoder
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4.3 Creating the S7 program

In this application note the calling of the PLC_Open function blocks will be placed in the Main [OB1] directly:

Devices

Synchronous_Motion » My 1517TF [CPU 1517TF-3 PNIDP] » Program blocks » Main [OB1]

Options.

~ | 7] Synchronous_Motion
B Add new device
5 Devices & networks
~ [} My_1517TF [CPU 1517TF-3 PN/DP]
Y Device configuration
%) online & diagnostics.

WS L, EREPE8a

Bl iz o &7 G

S ma

Favorites

4k HiF == 7 = 2

~ Block title: “Msin Program Sweep (Cycle)”

¥ Network 1:

v @@ Software units
~ I Program blocks

| & wain[0B1] | i |

G
2B MCServo [0B91] |
~ [ Technology objects
[ Add new object
~ I Positioningwds_1 [DB1]
& Configuration
Vi commissioning
| Diagnestics
» [ Outputcam
» (3 Measuring input
~ ¥ synchronousAuis_1 [DB2]
& Configuration
Vi commissioning
%] Diagnestics
» [ Outputcam
» (3 Measuring input
v g External source files
» [@ FLCtags
» [ PLC data types
» [ watch and force tables

Following function blocks will be used in “Synchronous Motion” application:

- MC_Power

- MC_Reset

- MC_Halt

- MC_Home

- MC_MoveRelative
- MC_Gearln

>
» | Basic instructions
>
-

4 MC_Power
2 MC Reset
4 MC_Home
& MC_Halt
4 MC_MoveAbsolute
2 MC_MoveRelative
4 MC_MoveVelocity
2 MC_Movelog
2 MC_MoveSuperimpo...
2 MC_SetSensor
4 MC_Stop
o MC_SetAdsSTW
2 MC_WiteParameter
» [] Measuring input, out...
» [] Synchronous motion
»[Jcam
» [] Motionin
» [] Tergue data
» [] Motion (kinematics)
» 7] Zones
» [] Tools
» [] Coordinate systems

Extended i
T
i |
Tarme Description Version
» [ Counting and measurem.. vail=|
» [ ] PID Control
~ [ wotion Control V5.0

Enable, disable tchnol.. V5.0
Acknowledge alarms, r__ V5.0
Home technology obje... V5.0
Pause axis V5.0
Position axis absolutely V5.0
Position axs relatively V5.0
Move axis with velocity.. V5.0
Move axs injog mode V5.0
Position axis overlapping V5.0
Switch alternative enco.. V5.0
Stop axis and preventn.. V5.0
Control bits of control .. V5.0
Wirite parameter V5.0

Insert the above listed function blocks into the Main OB via drag and drop for each axis (do not copy the
FB’s because of the instance DB. Then connect the technology objects to the input of the blocks:

~ [l Program blocks
B Add new block

& Wain [081]

28 MC-nterpalator [0B92]
2B MCServo [0B91]
» |3 System blocks
+ | 3% Technology objects
B Add new object
~ P& PositioningAuis_1 [DB1]
i Configuration
'ﬁ Comrissioning
%) Diagnostics
» [ Outputcam
» (3 Measuring input
~ ¥ synchronoussis_1 [DB2]
& Configuration
Vit commissicning
%) Diagnestics
» [ Outputcam

» [ Meacoring innur
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%DB3 %DB4
*MC_POWER_ *MC_FOWER_
DE_Leading" DB_Following®
MC_POWER MC_POWER
A
EN EN ENO ——
- Status —1*
“Synchrenousfais Busy =7
1 Error —i
E “PositioningAxis_1" Data blo: Errorld 1620
“synchronousAxis_1" a block deri... DB2
ansc wnse
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Used program blocks as follows:

- MC_Power
Network 1:
_ommen
WB3 WB4
"MC_POWER_ "MC_POWER_
DE_Leading” DE_Following”
MC_POWER MC_POWER
&%) A
EN ENO EMN END ———
UDE1 Status — =l %nR2 Status —f2lse
"Positioningfuds_ Busy — "Synchronous Axis Busy —°
L Ao Error — 1 Axs Error — &
falze == Enable Errorid dlz& == Enable Errorid
|~ StartMode Starthode
1~ StopMode 0~ StopMode
- MC_Reset
Metwork 2:
_ommen
WDBS WDB6
"MC_RESET_ "MC_RESET_
DE_Leading” DE_Following”
MC_RESET MC_RESET
&%) &)%)
EN ENO EN ENO —
%DB1 Done =72 YDB2 Daone —l 5
"Positioningfods_ Busy —'= "SynchronousAxs Busy —7is=
1" Axis CommandAbort _ 1" PAods CommandAbort _
ed — . ed —i°
— Execute .
Error — Error —i7
= — Restart
Errorld Errorid
- MC_Halt
¥  Network 3:
Cornrment
WDB7F *DBS8
"MC_HALT_DE_ "MC_HALT_DE_
Leading” Following®
MC_HALT MC_HALT
&% &%
EN ENO EMN ENO ———
%DB1 Done =iz B2 Done —i |
"Positioningfs_ Busy — "Synchronous Axs Busy —1al:=
1° — Aais CommandAbort 17— pais CommandAbort
ed =iz ed —ifl
— Execute — Execute
— —
- Deceleration Errc; Deceleration E"TI'
10 Jerk Errorl erk Errorl
i AbortAccelerati ) AbortAccelerati
false — on false — on
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- MC_Home

hd Network 4:

Comment

%DB10
"MC_HOME_
DE_Following”
MC_HOME
&)%)
EN ENQ ——
ReferenceMarkP
“DB2 osition — 0.0
“synchronous Axis .
Done —
Busy —ial==
CommandAbort
ed —ifalze
Error — 3
Errorld 6%0

B9
"MC_HOME_
DE_Leading”
MC_HOME
@[]
EMN EMNO
ReferenceMarkP
e ‘1\‘33!31 asition — 0.0
"PositioningAxis_ Done —ifalse
- - ne alsc
1 foas )
=& — Execute Busy_rsl:'i
_ — CommandAbort
- Fosition ed —ifalce
U~ Mode Error —if3
Errorld
- MC_MoveRelative
¥  Network 5:
Comment
%DB11
“MC_
MOVERELATIVE
DB_Leading”
MC_MOVERELATIVE
=%
EN ENO
YWB1 E{}'Ie —ifalze
"PositioningAxis_ Busy —i7Elze
. Bods CommandAbort _
e ed —
& = Execute
5 Error —
e Distance
- 5 Errorld
U — velocity
0 — pcceleration
-0 — Deceleration
0 Jerk
- MC_Gearln
¥  Network6: .
Cormment
WB12
“MC_GEARIN_
DBE_Following”
MC_GEARIN
EN
%DB1
*Positioning s _
T Master
WDB2
"synchronousfxs
_r Slave
false — Execute
RatioMumerator
RatioDenomina
tor
0 Acceleration
-0 — Deceleration
O — Jerk
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Gearing with "MC_GearIn"

During gearing, the position of the following axis results from the position of the leading axis multiplied by the gear ra-
tio. You specify the gear ratio as a ratio of two integers. The result is a linear synchronous operation function.

Synchronous travel with the Motion Control instruction "MC_GearIn" begins after synchronization when the following
axis has reached the velocity and acceleration of the leading axis, taking into account the gear ratio.

Synchronous motion

When a synchronous axis is synchronized to a leading value, the "Synchronous" status is indicated by parameter
"MC_Gearln.InGear" = TRUE as well as in the "<TO>.StatusWord.X22 (Synchronous)" tag of the technology object.
The following axis follows the dynamics of the leading axis according to the gear ratio.

The transmission behavior during gearing is expressed by a linear relationship between the leading value and the fol-
lowing value.

F
Following value

7 ,

Leading value

(D Position starting from which the leading and following axes move synchronously

The following value is calculated according to the following function:

Position of following axis (following value) = Position (1) of following axis + gear ratio x (Position of leading axis - Posi-
tion (O of leading axis)

Direction

The numerator of the gear ratio is specified as positive or negative. This yields the following behavior:

e Positive gear ratio:
The leading and following axes move in the same direction.

e Negative gear ratio:
The following axis moves in the opposite direction to the leading axis.
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Explanation regarding the default value [-1.0] on the function block inputs:
When using the default value on the dynamic parameters, then the parameter values from the configuration of

the technology object are present.

MC_MoveRelative: Position axis relatively V5

4.4 Compile and download the program:

Parameter Declaration Dara type Default value Description
Axis INPUT TO_PositioningAxis - Technology object
TO_Synchronoushsxis
Execute INPUT BOOL FALSE TRUE Start job with 2 positive edge
Distance INPUT LREAL 0.0 Distance for the positioning process
(negative or positive)
Velocity INPUT LREAL -1.0 Velocity setpoint for the positioning
> 00 The specified value is used.
=00 Not permitted
< 0.0 The velocity configured in "Technology object > Configuration > Extended
parameters > Dynamic defaults” is used.
(<T0>.DynamicDefaults. Velocity)
Acceleration INPUT LREAL -1.0 Acceleration
> 0.0 The specified value is used.
=00 Not permitted
< 0.0 The acceleration configured in "Technology object > Configuration > Extended
parameters > Dynamic defaults” is used.
(<TO> DynamicDefaults Acceleration)
Deceleration INPUT LREAL -1.0 Deceleration
> 00 The specified value is used.
=00 Not permitted
<00 The deceleration configured in "Technology object > Configuration > Extended
parameters > Dynamic defaults” is used.
(<TO>.DynamicDefaults. Deceleration)
Jerk INPUT LREAL -1.0 Jerk
> 00 Constant acceleration velocity profile
The specified value is used.
=00 Trapezoid velocity profile
<00 The jerk configured in “Technology object > Configuration > Extended
parameters > Dynamic defaults” is used.
(<TO> DynamicDefaults Jerk)
Done QUTPUT BOOL FALSE TRUE The target position has been reached.
The minimum dwell time has expired
(<T0O> PositioningMonitoring MinDwellTime).
Busy QUTPUT BOOL FALSE TRUE The job is being processed.
CommandAborted OUTPUT BOOL FALSE TRUE The job was aborted by another job during execution
Error QUTPUT BOOL FALSE TRUE An error occurred while processing the job. The job is rejected. The cause of the
error can be found in the "ErrorlD” parameter.
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Project Edit View Insert Online Options Tools Jindoy elp
5 T Saveproject 2 X x 0 o 3f[m]

Project tre m 4

Devices

1 IR § Goonline §¥ Gooffline | Sz [M I ¢ ] ||

e
=

* ] Synchronous_Mation
B¢ Add new device
Efm Devices & networks

i My _1517TF [CPU 1517TF-3 PN/DP]

IIY Device configuration
%/ Online & diagnostics
|88 Software units
!;-_'L Program blocks
B Add new block
4 Main [0B1]
2B MCinterpolator [DB92]
2B MC-Servo [0B91]
b g System blocks
[ Technology objects
B Add new object
- & PositioningAxis_1 [DE1]
& Configuration
lﬁ Commissioning
%] Diagnostics
» E"aﬂ Qutputcam
v [ Measuring input
- {!‘ synchronousfxis_1 [DB2]
& Configuration
Ui Commissiening
%] Diagnostics
4 EEH Qutputcam
» '"_;u Measuring input
External source files
de PLC tags
[ PLC data types
\z5 watch and force tables
[ Online backups

[ S

-

4

lr-’.

4

e v v v ow

[\ FlashLED

Online status information:

Extended download to device

Configured access nodes of "My_1517TF"

Device Device type Slot
My_1517TF CPUIS17TF3 PN... 1X3
CPUISI7TF3 PN... 1X1
CPUIST7TF3 PN 1 X2

Type of the PGIPC interface:
PGIFC interface:

Connection to interface/subnet:

Selecttarget device:

Interface type  Address Subnet
PROFIBEUS 2
PNIIE 192.168.2.1 PNIE_1
PNIE 19216811

[ rre [+]

[V inelR) FROI1 000 T Deskrop Adapter <2»

@

| Directatslot "1 X1°

[®

[-]®

‘ Show all compatible devices

[~]

Device Device type Interface type Address Target device
PLC 1 CPU1517TF-3 PN_. PNIIE 192.168.2.1 FLC_1
My_1516F CPU 1516F-3 PMI... PNIIE 192.168.2.2 My 1516F
= = PNIIE Access address =

7= Connection estsblished to the device with address 192.168.2.1.
€ scon completed. 2 comparible devices of 7 accessible devices found.
Scan and information retrieval completed.

+f2 Retrieving device information

[ Display only error messages

=)
=

Load

Cancel

Make sure the PROFINET Network is up and running by checking if all is green and with checkmarks:

Devices

=

= 7 Synchronous_Metion

B¢ Add new device

# Devices & networks

- (1§ My 1517TF [CPU 1517TF-3 PN/DF]

Il Device configuration
4| anline & disgnastics
|88 Software units
=gl Program blocks
[ Technology objects
External source files
FLCtags
PLC data types
Watch and force tables

Ee

Online backups
Traces
OPC UA communication

v v rvrvwrvwroww

LERSWEE &VE

Device proxy data
Program info

PLC supervisions & alarms
Z] PLCalarm text lists

-

['= online card data
[ Local modules
048 My 1517TF [CPU 1517TF-3 PN
- [ Distributed 110
~ L] PROFINETI0System (100): PN..
oy Following-Axis [CMVT-AS
oy Leading-Ads [CMMT-AS V1]
» 2 Ungrouped devices
- E E

4

<] ] <f<f<] <

-

Leading-Axis
CMMT-AS V1

My_1517TF

My_1517TF
CPU 1517TF-3 P...

)

Following-Axis
CMMT-AS V1
M 7TF
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4.5  Use the blocks with a “Watch Table”

Add and fill Watch Table
Go to the folder “Watch and force tables” under the “Project tree” and double click on ‘Add new watch table’:

Project tree m 4
Devices
E} — 4 _;: H.%.% # 2o /I jb »’5 e
i Name Address Display format Monitor value Modify value Fi
¥ 7 Synchronous_Motion 1 E <Add news

Ef Add new device

g Devices & networks
~ [ My_1517TF [CPU 1517TF-3 PN/DF]
Y Device configuration
% Online & diagnostics
@ Software units
|5 Program blocks
[% Technology objects
External source files
':g FLC tags
[ PLC data types
=

___________ ‘(‘: Add new watch table ]
Force table

Synchronous_Motion

{vvv~v~v-~

» [ Online backups
» p_‘F Traces

b :E’- OPC UA communicatian

New Watchlist renamed to Synchronous Motion

Select the symbol within the empty row and the available function blocks will be listed:

Synchronous_Motion » My _1517TF [CPU 1517TF-3 PN/DPF] » Watch and force tables » Synchronous_Motion

B | A AD TR
i Narne Address Display format Maonitor value Maodify value 7 Comment

1 | ] lf..'—:: new:
o8 “MC_GEARIN_DB_Following® Instance DB of ... DB12 ==l
o8 “MC_HALT_DE_Following” Instance DB of ... DEBEB =
o8 “MC_HALT_DB_Leading” Instance DB of ... DB7Y o
o8 “MC_HOME_DE_Following® Instance DB of ... DB10 | =
8 “MC_HOME_DB_Leading” Instance DB of ... DEBE9 o
o8 “MC_MOVERELATIVE_DE_Leading” Instance DB of ... DB11 =
o8 “MC_POWER_DB_Following® Instance DB of ... DB4 s
o8 "MC_FOWER DE_Leading” Instance DB of ... DB3 =
8 “MC_RESET_DB_Following® Instance DB of... DB6& o
o8 "MC_RESET_DEB_Leading” Instance DB of ... DBS =
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Start with the first function block within the created sequence program in Main OB and start to type the first in-
put (for the MC_Power it is the Enable bit) select the bit and press “Enter” key:

Synchronous_Motion » My_1517TF [CPU 1517TF-3 PN/DP] » Watch and force tables » Synch

2 | ARG T
i Mame Address Display format Monitor value
1 % *MC_POWER_DE_Leading”.en| = 5
2 <1 Enable Bool -
»

Take your mouse over the little square within the row on the right bottom side and drag it for the amount of the
variables within the function block (7 variables for the MC_Power):

Synchronous_Motion » My 1517TF [CPU 1517TF-3 PN/DP] » Watch and force tables » Synchronous_Motion

I I N EY [
i Mame Address Display format Monitor value Maodify value
1 [*MC_POVER_DE_Leading” Enable | Bool [+]

[

&
=

3
!
W

And the result will be as following:

Synchronous_Motion » My _1517TF [CPU 1517TF-3 PN/DP] » Watch and force tables » Sync

S8 EPplb AAZ TR

i MName Address Display format Monitor value

1 "MC_POWER_DE_Leading™.Enable Bool

2 "MC_POWER_DB_Leading” Starthode DECH-

3 "MC_POWER_DBE_Leading” StopMode DEC+H-

4 "MC_POWER_DB_Leading” Status Bool

5 "MC_POWER_DB_Leading” Busy Bool

] "MC_POWER_DE_Leading”.Error Bool

7 “MC_POWER_DE_Leading®.Errorld Hex

8 | <Add new=

Do the same for all the other function blocks
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Procedure to start the Synchronous Motion

5 Procedure to start the Synchronous Motion
1. Power-on the drives via the MC_Power
2. Perform a homing via the MC_Home (then the TO"s will be homed thus the position will be reset and the
homed position will be saved permanently within the TO).

When as user the position should be reset on the CMMT-AS side also then do a homing via the FAS to
get the same start condition regarding the actual position.

3. When the Following-Axis should be synchronised directly with the Leading-Axis then activate the Fol-
lowing-Axis via the Execute input on the FB “MC_Gearln” before starting the Leading-Axis.

Otherwise the Following-Axis can be started at any time to synchronise on the Leading-Axis.
=>» Following-Axis is ready to start to synchronise to the Leading-Axis.

4, Start the Leading-Axis via the MC_MoveRelative.

6 Trace in TIA of the Synchronous Motion

Following-Axis started after the Leading-Axis was in motion already

% Configuration | %A Diagram
A ERRZ G B 22 H
Status: Recording completed

[ E N EE I S EIER EEINEIR I EEE RS
=

Trace [installed traces]
2 7:40:34.463 PM
v

PositionMgAXIS_T-Position (.
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Trace in TIA of the Synchronous Motion

6.2 Following-Axis was started before the Leading-Axis was in motion. Thus a synchronised start of both
drives was visible:

‘Synchronous_Motion » My 1517TF [CPU 1517TF-3 PN/IDP] » Traces » Trace

[EX Configuiation [ Diagram ||
L BRI =]
Status: Recording completed

QO [PE K aa Khka ke - E

p by p ing "Add trace configuration from the device to trace configurations".
Trace [Installed traces]

61202012 7:32:55.616 PM

PositioningAxis_1 ActualPosition ()

JAcis_1 ActualPosition (*)

Fosi
g

200 PositiningAxis_1.Position (%)

Synchronoushxis_1 ActualPosition (%

PositioningAxis_1 ActualSpeed (1imin)

SynchronousAxis_1 ActuaISpeed (1imin)

7
j MC_GEARIN_DE_Following.InGear
[3

Y & < ES 2 ) 0 E) 100 120 140 160 180 260 230 240 260 260

(e T —
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