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Warranty and liability

Note The Application Examples are not binding and do not claim to be complete
regarding the circuits shown, equipping and any eventuality. The Application
Examples do not represent customer-specific solutions. They are only intended
to provide support for typical applications. You are responsible for ensuring that
the described products are used correctly. These application examples do not
relieve you of the responsibility to use safe practices in application, installation,
operation and maintenance. When using these Application Examples, you
recognize that we cannot be made liable for any damage/claims beyond the
liability clause described. We reserve the right to make changes to these
Application Examples at any time without prior notice.

If there are any deviations between the recommendations provided in these
application examples and other Siemens publications — e.g. Catalogs — the
contents of the other documents have priority.

We do not accept any liability for the information contained in this document.

Any claims against us — based on whatever legal reason — resulting from the use of
the examples, information, programs, engineering and performance data etc.,
described in this Application Example shall be excluded. Such an exclusion shall
not apply in the case of mandatory liability, e.g. under the German Product Liability
Act (“Produkthaftungsgesetz”), in case of intent, gross negligence, or injury of life,
body or health, guarantee for the quality of a product, fraudulent concealment of a
deficiency or breach of a condition which goes to the root of the contract
(“wesentliche Vertragspflichten™). The damages for a breach of a substantial
contractual obligation are, however, limited to the foreseeable damage, typical for
the type of contract, except in the event of intent or gross negligence or injury to
life, body or health. The above provisions do not imply a change of the burden of
proof to your detriment.

Any form of duplication or distribution of these Application Examples or excerpts
hereof is prohibited without the expressed consent of Siemens Industry Sector.

Caution

The functions and solutions described in this article confine themselves to the
realization of the automation task predominantly. Please take into account
furthermore that corresponding protective measures have to be taken up in the
context of Industrial Security when connecting your equipment to other parts of the
plant, the enterprise network or the Internet. Further information can be found
under the Item-ID 50203404.

http://support.automation.siemens.com/WW /view/en/50203404
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1 Task

1.1 Overview

1 Task

1.1 Overview

Introduction

In contrast to S7-300/400 controllers, SINAMICS drives of the family S120 do not
have a real time clock (RTC = “Real Time Clock™) that continues to run when
the drive is switched off.

After they have been powered up, SINAMICS S120 drives use as standard an
internal time counter based on "Time since the device was switched on"
(operating hours counter), for example, to "stamp" when alarms and
warnings come and go.

For instance, if you want to make a correlation between the alarms of a S7-300/400
controller and a SINAMICS S120 drive, then it is advantageous if these messages
are stamped with comparable times.

Description of the automation task

The time of a drive shall be synchronized with the real time clock of a controller.

After the synchronization of the clocks, the drive is changed to the alternative clock
that runs in UTC format (““Universal Time Clock™).

Time synchronization SINAMICS S120
Item-ID: 88231134, V1.0, 02/2014 4
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2 Solution
2.1 Overview
Schema

The following figure displays the most important components of the solution:

Figure 2-1
Time sync. 002048
04:35:12 (

PG/PC SIMATIC 317-2 PN/DP 0435 : 12
= I SINAMICS CU320-2 DP + CBE20
STEP 7/ ll °°| 00000apo0 1 00a0n0non | oooon
STARTER 0a C_J] 000000000 | 000000000 | 000

__ B |
[l PROFINET/ IE 0

The following (system) functions contained in STEP 7 will be used to synchronize
the time of the S7-300/400 and the SINAMICS S120.

SFC1

The time of the S7-300/400 can be read out with the SFC 1 system function.
The function provides the current date and the current time in the
“DATE_AND_TIME” format as return value.

SFC 20

The SFC 20 system function is used to copy the contents of a memory area
(= source area) to another memory area (= destination area). With the aid of
this function, the “PING” (see page 9) is set and reset in the SINAMICS S120.

FC 6

The FC 6 function extracts the “DATE”” format from the “DATE_AND_TIME”
format. The “DATE” is between the limits “DATE#1990-1-1"" and
“DATE#2089-12-31". The function provides the current date in days in
relation to the 1.1.1990 as return value.

Time synchronization SINAMICS S120
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2.1 Overview

FC 8

The FC 8 function extracts the “TIME_OF DAY”” format from the
“DATE_AND_TIME” format. The function provides the current time in
milliseconds as return value.

SFB 53

The SFB 53 (""WRREC'™) can be used to transfer a data record

(here: Data record 47)to an addressed component.

It can be a centrally inserted module or a distributed component (PROFIBUS
or PROFINET 10).

With the aid of this function, the required parameters can be acyclically written
in the SINAMICS S120.

NOTE The structure and handling of the used functions is not described in detail in this
document.

For further information, please refer to the online help of STEP 7 and the
following link:

SINAMICS S120 Function Manual (Chapter 10.1.4)

Advantages

This application offers you the following advantages:

Delimitation

Synchronization of the clocks of SIMATIC CPU and SINAMICS S120 drive by
application.

Messages of the S7-300/400 and the SINAMICS S120 can be directly
correlated.

No additional hardware is necessary.

This application does not include a description of

the general drive functions of the SINAMICS S120
the SIMATIC S7-300/400

Basic knowledge of these topics is assumed.

Required knowledge

Basic knowledge about configuring SIMATIC control systems with the STEP7
engineering system and configuring SINAMICS drives with STARTER or
SIMOTION SCOUT is assumed.

Time synchronization SINAMICS S120
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2.2 Hardware and Software Components

2.2 Hardware and Software Components
2.2.1 Validity

This application example is valid for
e STEP 7 as from V5.x

e STARTER as from V4.x

e SIMOTION SCOUT as from V4.x
e S7-300 as from V3.x

e S7-400 as from V6.x

¢ SINAMICS S120 as from V4.x

222 Used Components

Hardware components
Table 2-1

Component Qty. MLFB / Order number Note

SIMATIC CPU 317-2 PN/DP 6ES7317-2EK14-0AB0O V3.2.6

SINAMICS S120 CU320-2 DP 6SL3040-1MAO00-0AAQ V4.5

CBE20 6SL3055-0AA00-2EBO

RiRr[(R|R

SIMOTION D435 training case 62B2470-0AEO0

NOTE The sample project was created with the hardware components listed here.

Alternatively, other components with the same function may be used. A different
parameter assignment and different wiring of the components may be required.

Standard software components

Table 2-2
Component MLFB / Order number Note
STEP7 6ES7810-4CC10-0YAS V5.5 SP2
STARTER 6SL3072-0AA00-0AGO V4.3.1
Drive ES Basic 6SW1700-5JA00-4AA0 V5.5

Sample files and projects

The following list includes all files and projects that are used in this example.

Table 2-3
Component Note
88231134 _Time_synchronization_SIMATIC_SINAMICS_V1 0.zip STEP 7 project
88231134 _Time_synchronization_SIMATIC_SINAMICS_V1_0_en.pdf | This document

Time synchronization SINAMICS S120
Item-ID: 88231134, V1.0, 02/2014
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3.1 General overview

3 Function mechanisms

3.1 General overview

When using the time synchronization between the S7-300/400 and the SINAMICS
S120, one of the SIEMENS telegrams (390, 391 or 392) must be set for the
communication between the control unit and the SIMATIC CPU (identifiable by
DO1.p0922 = 390, 391, 392).

Alternatively, a free telegram based on the above telegrams can be configured
between the S7-300/400 and the SINAMICS S120 (identifiable by DO1.p0922 =
999 and DO1.p2079 = 390, 391, 392 at the same time).

NOTE If no telegram is set or a free telegram configuration is set, a time
synchronization cannot be performed!

3.2 Workflow of the time synchronization

A drive unit is always synchronized via the control unit (DO1). The time then
applies implicitly to all DOs of this control unit.

The synchronization of the control unit of a SINAMICS S120 is shown in the
following figure.

Figure 3-1 PING — SNAP state diagram of synchronization

bing

start timer ping --> snap

ping shap
start timer synchronize
ping --> snap drive

real time clock

shap
nop (no transaction)
1 2 3 [ 4 [ 5 6 7 | 8
RTC-Synchronisations-Diagnose 169_RTCsyncvsd | Feature |
Echtzeituhr - Zeitsynchronisation SINAMICS 11.10.2004 SINAMCIS |

Time synchronization SINAMICS S120
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3.2 Workflow of the time synchronization

PING

In the SINAMICS system, the positive edge of DO1:CU_STW.Bit1 is defined as
“PING” as soon as a SIEMENS telegram 39x (i.e. 390, 391, 392) or a free
telegram on the basis of the specified telegrams has been configured.

When the control unit (DO1) detects the “PING”, a timer is started in the drive.

However, before the “PING” is triggered, parameter DO1.p3100 must be set to
“1” (UTC time format). The first time the “UTC” format is set, the mechanism
for the time synchronization is started in the drive unit.

NOTE If this sequence is not followed, errors can occur when setting the UTC time
(UTC time is then not ready)!

SNAP

The ““SNAP”’ transfers the time value that was valid in the controller at the time of
the “PING”. This is not corrected by the propagation time of the “PING”” signal
from the controller to the drive!

After receipt of the “SNAP”’, the control unit of the drive determines the current time
from the time value of the ““SNAP”” and the time offset (timer in the drive) between
“PING” and “SNAP”’.

NOTE The setting of the UTC time format and the “PING”” as well as the transfer of the
“SNAP”’ can be performed with the FB100 (““SYNC_SINAMICS_CU_TIME™)
function block contained in the sample project.

The UTC time format is set once in parameter p3100 (p3100 = *“1”’) through an
acyclic write job.

The “PING” is activated by setting bit 1 (“RTC real time
synchronization PING”) in control word 1 (““STW1”") of the control unit when
using one of the SIEMENS telegrams 39x for the communication between the

SIMATIC CPU and the control unit. The “SNAP”” is transferred through acyclic
write jobs on parameter p3101.

NOTE The FB100 (““SYNC_SINAMICS_CU_TIME””) function block used in the sample
project is a freely defined FB and can be renamed as required.

The function block only represents a solution approach and can be edited by the
user when required.

Time synchronization SINAMICS S120
Item-ID: 88231134, V1.0, 02/2014 9
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4 Operation of the application

4.1 Overview

The time synchronization between the S7-300/400 and the SINAMICS S120 can
be performed with the aid of the FB100 (““SYNC_SINAMICS_CU_TIME™) function
block contained in the sample project.

NOTE e The first commissioning of the SINAMICS S120 has to be carried out before
the time synchronization is started.

e The clocks must be synchronized every time the SINAMICS S120 is
restarted.

o If required, the clock must be resynchronized after a certain time (no details
can be provided here on the frequency of the required resynchronization).

NOTE Please observe that the input and output addresses used in HW Config for the
CU telegram of the SINAMICS S120 have to be inside of the process image of
the S7-300/400. Otherwise the time synchronization is not working!

If necessary adapt the process image of the S7-300/400 in HW Config
(double clicking on the CPU > “Cycle/Clock Memory” tab)!

Properties - CPU 317-2 PN/DP - (R0/52) x|
Diagnostics/Clock I Frotection I Communication I Wwieb
L ! I Startup I Synchranous Cyele Interrupts

Cycle/Clock Memary ¥ R etentive Memary I Interrupts I Time-of-Day [ntermupts I Cyclic Intermupts

— Cycle
¥ | Update OB process image cpclically

Scan cycle manitarng time [ms]: 150

Fimimum scat cpcle tme [mz]; IEI
Scan cycle load from communication [Z]: |2EI

[ Pricritized OCH communication

[S ize of the procesz-image input area; |5'| 2 ]

Size of the process-image output area: 512
0B85 - call up at |/0 access eror: Mo 0B85 call up j
— Clock Memary

[ Clock memarny

Fdemarny bute; IEI

Cancel Help

Time synchronization SINAMICS S120
ltem-ID: 88231134, V1.0, 02/2014 10
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Table 4-1

No. Action

1 The FB100 function block and its instance data block DB100 can be taken from the sample project

and inserted into an existing project with a S7-300/400 and SINAMICS S120.

The DB101, DB102 and DB103 data blocks serve as source for the data that is transferred to the
SINAMICS S120 with SFB 53.

The data blocks as well as the required functions SFC 1, SFC 20, FC 6, FC 8 and SFB 53 must
also be inserted into the project and loaded to the S7-300/400.

2. The FB100 function block is then called in OB1.
ELADISTLJ‘FBD - [OB1 -- clocksyne 57 SINAMICSASIMATIC 3175\CPU 317-2 PN/DP]

iF File Edit Inzet PLC Debug Yiew Options Window Help 18] =]
DEs-E(S % p@l- - tdla|®sae| <! [DEEHF4OFL =8
= Contents 0f: 'Enwvironment'Interface'
E‘"@ Interface |Nar|la
B W e network -4 TENP 4 [TENP
-3 FB blocks =
E-{£H FC blacks
4F FCE DT_DATE [EC
~-fF FCB DT_TOD IEC
SFB blocks :"
.\ L.{F SFB53 WRREC DP OBl : "Main Program Sweep (Cycle)"”
&R 5FC blocks Comment -
4F SFC1 READ_CLK CLK_FI
4F SFC20 BLKMOY MOVE
_____ ‘ Multipls instances m: CALL FELOD (Zymchronization of 27 and SINAMICE time)
[]"'-‘“ Libraries Comment. -
CALL "SYWC_SINAMICS _CU_TIME" , DEL10O FE1OD
STWL 1=Z64
execute: ="boExecute" H7O.0
done :="baoDone" M70.1
u "boDone" M70.1
| aml SPEN nut
Reipetec S BI R "hoExecute” n70.0

= _ — wt.: NOP a /
Pragram ele... “EE Call struct. .. | < _l_'l

x

2 Infa A% Crossqeferencesh, 4 Addiess info. p, 5 Modiy A5 Diagnasfics?, 7. Comparnsany
Press F1 toget Help. D |offine |abs ¢ 5.2 ’7

By setting the ""boExecute" input parameter once, the clock synchronization between
S7-300/400 and SINAMICS S120 is started.
Parameter p3100 in the SINAMICS S120 is set to “1”” and therefore the time format set to “UTC””.

The DB101 data block is used as data source for the SFB 53 and is automatically initialized with
the required data.

Time synchronization SINAMICS S120
ltem-ID: 88231134, V1.0, 02/2014 11
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4.1 Overview

No. Action
3. Afterwards, the time of the S7-300/400 is then read out and transferred to parameter p3101 of the
SINAMICS S120. The DB102 and DB103 data blocks are used as data sources for the SFB 53
and get also automatically initialized with the required data.
The parameter p3101 is not visible in STARTER!
The logical input address of the control unit from the telegram configuration in STARTER must be
specified via the ""STW1" input parameter that is representing the control word 1.
'[W‘-'STAHTEH - clocksync_57_SINAMICS - [CU320x2xDP - Message frame configuration] =l |
ﬂw Pioiect Edit Target system View Options ‘window Help _|5I5‘
R = e e e e e e o e o T S = =T T T R T
== @§&3
E"@ clocksync, 57 SINAMICS IF1: PROFIdive FZD message fiames ||F2 PZD message Frarnesl
- Insert singe cive uni Communication interface: PROFINET - COMM BOARD fisachinous]
E"ﬁ.ﬂ: CU32U><2.><DF . The PROFsafe communication is performed via this interface
~® Automatic Configuration
- UVEWiBV_\‘ . The PROFIdive message frames of the diive objects are transterred in the following order,
» Communlc.allon The input data corresponds to the send and the output data of the receive direction of the drive object.
» Commiss. interface W atar e
> Message hame configuration =
- > Topology ) L Input data Output data
& + L3202 DR Object | Drive object -Mn.l_ Message frame type Length | Address | Length | Address
6 1 Infeads 1 |SERYO_02 2 Stanclard telegram 1, PZD-2i2 hd £ 2 256..259 2 256..259
(-] Input/output comporents 2|SERWO_D3 |3 | Stancerdielegram 1, PZD-212 v 2 2 | 260.263
-] Encoder 3|CUE20 2 DP |1 SIEMENS telegram 380, PTD-212 v 2 264,267 2 264,267
El_l Diives without PZDs (no cyclic data exchange)
El_l Daocumentation
E%j ;ISS\N;EFS; EHRAIES Aaaptmessane fiame contauration ¥ Interconnections/diagnostics Aligrimessage frame withiH s Eanfia |
« | |
[z I
Project 'E CU320. 2 OP fl, CU320:2:0P [
;I . Alarms I E Compile/check output E Target system output | FF Diagnostics overview |
Press F1 to open Help display. [TCPAP -» Belkin USE Ethemet Ad... / Online mode l_l_/
4. If the time synchronization is triggered via the ""boExecute' input parameter, the “PING™ in
control word 1 (bit 1) of the control unit is automatically set in network 4 of FB100 after writing
parameter p3100.
5. The current time of the S7-300/400 is then read in network 5 with the aid of SFC 1 and the current

date in days and the current time in milliseconds extracted with the FC 6 and FC 8 functions.

LNaTwWoOrZl o whLl L&IE allh LIrE LS

= |

read clock of CPBU
get date of CPU
get time of CPU

s005: HNOP 1]

Time synchronization SINAMICS S120
ltem-ID: 88231134, V1.0, 02/2014 12
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No. Action

6. The current date and the current time are then transferred in the data blocks

DB102 and DB103.

These serve as data source for the SFB 53 function which is now used to acyclically transfer the
date and time to the SINAMICS S120 in networks 7 and 8 (““SNAP™).

7. After successful transfer of the data to the SINAMICS S120, the “PING™ in control word 1 (bit 1) is
automatically reset in network 9. When the bit is reset, the transferred time becomes active in the
SINAMICS S120.

8. After successful synchronization of the times, the current date and the current time are visible in
parameter p3102.

p3102[0]: Current time in milliseconds
p3102[1]: Current date in days

['W‘-'STARTEH - clocksync_57_SINAMICS - [CU320x2xDP.CU320_2 DP - Expert list]

E Project Edit Target spstem  View Options ‘window Help _|5|_|

IEEEETE %IQ:IIEII el t+| ol =] EEFEERE
=8 docksyn_57_SINAMICS | B _!@!@I!J “ Entersearch et | dl | il!l | ""Ihexadec'ma' _| ‘
‘_| Insert single diive unit E et list I
efla CU320:24DF
?J Automatic Configuration @ Param... |Parameter text Online value CU320_2 DP Unit Modh;l
S Overview WA =] =] 2 e =lan
% Communication 175 |@r2139 COBO0: Status word fauts/alarms 1 OoH
- > Topology 176 |@r2143[0]  |Alarm time received in days 15474
E"ﬁ'm CU320 2 DP 177 |@r2146[0]  |Alarm time removed in days 15474
._I Insert DCC chart 178 |p3100 RTC time stamp mode 1 Opere
» Configuration 17
> Expert list Al |- r3102[0] |RTC read UTC time 50643145
» Contral logic Al Lyz1o201] |RTC read UTC time 15474
B Inputs/outputs 182 o Cere
S Communication 183 |p3104 Bl: RTC real tine synchronization PING CL320.2-0P < r209001 Opere
% Diagnostics 184 |2 r3107 RTC synchronizing time
1 Infeeds 185 | [ r3107[0] |RTC synchronizing time: 40880459
1 Input/output components 186 | [ r3107[1] |RTC synchronizing time: 15474
1 Encoder 187 | [ r3107[2]  |RTC synchronizing time: 15476856
1 Drives 188 | S r3107[3]  |RTC synchronizing time: 1
_1 Documentation 189 |2 r3108 RTC last synchronization deviation
-1 SIMAMICS LIBRARIES 190 |-r31 08[(0] |RTC Ias1 synchronlzat\on dewaﬂan 1 =
- e ! | A
Praject | _% CU320 2 OP cuzeoxz0F | i cuseeeor
) 8 Ataimns | B Compile/check output E Target system output | 3F Diagnostics overview |
Press F1 to open Help display. |TCP:’\F’ -» Belkin USB Ethernet Ad... / |0n|ine mode ,}
9. The diagnostic buffer of the control unit also contains the entry that the time has been changed to

UTC time format.

['W’-'STARTER - clocksync_57_SINAMICS - [Device Diagnostics - [CU320x2:DP]]

@Pmiect Edit Target system “iew Options ‘“window Help _|5|_|

T e e e e e e T A T T e[| 5| il =
|=—————— & =
E-E] clocksyns_§7_SINAMICS
‘_| Insert zingle dive unit Diagrostics buffer |
i S i%?ozra:iz[)czﬂﬁgu,ation Help for event Display hex values only I
) Overview

&% Communication
- » Topology

= '*'E.! Cl320:2 e % (21627673 (20192 Cyofic deba eehangs FZD IF1 completed
% Insert DCC chant % 021627369 02.01.92  Fault DO 2: Fault code 8501, faul value 040
» Configuration 27 021340105 02.01.92  RamZRom of DO 0 performed
> Expertlist 28 021337257 02.01.92  Ram2Rom of DO O started
> Contral lagic 29 021308753 02.01.92  Cyclic data exchange PZD IF1 started
B Inputs/outputs 30 021307381 02.01.92 Harn_p—un compleleq, cyelic operation
S Commurication A 021306175 02.01.92  Device commizsioning: Mew status P9=0
y 32 021306167 02.01.92  Commissioning DO 3 New status F10=0 =
% Diagnostics Pt e A ke ' _|_|
1 Infeeds ! L
Tl Input/output components Evert details: 23 of 202 Event |D: 1648 F360:2414
1 Encoder
1 Diives Switchaver ta UTL time for operating hours count 1 8267297 =
= . Incoming event
1 Documentation
-0 SINAMICS LIBRARIES
-0 MONITOR .
Hr ]
Project | [l cuzzn 2 0P [ [l CU320:240P r§ CU320s20P |
) 8 Ataimns | B Compile/check output E Target system output | 3F Diagnostics overview |
Fress F1 to open Help display. |TER/IP -» Belkin USE Ethernet Ad... / |Online mode V
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5 Related literature

Table 5-1

Topic

Title / Link

\1\ | Siemens Industry
Online Support

http://support.automation.siemens.com

\2\ Download page of
this entry

http://support.automation.siemens.com/WW /view/en/88231134

\3\ SINAMICS S120

http://support.automation.siemens.com/WW /view/en/68042590

(Function Manual 2013)

6 Contact

Siemens AG

Industry Sector

| DT MC PMA APC
Frauenauracher Strasse 80
91056 Erlangen

Germany

mailto: profinet.team.motioncontrol.i-dt@siemens.com

7 History

Table 7-1
Version Date Modifications
V1.0 02/2014 First version
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