Sercans - DC’s** Sercos Master solution

Sercans product family
Easy. Complete. Independent. Lean.

OPEN SOURCE
{%ggg

Se_rcans XS

pNG Al

OPEN SOURCE

SErcos

SOFTMASTER

! . v
Sercans XS* (Soft & Lean) and Sercans S/M/L
Sercans product family | Status: 2016-07-28

* In definition phase, partially available as evaluation version under customer agreement
** Drive&Control business of Bosch Group — Bosch Rexroth = The Drive&Control Company
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Sercans XS

(.

Hard Master Sercans S, M, L

" | Application |
Tfé i

=i | Master-Stack
= i
g’ ‘FE 5 CoSeMa

o

SQCOS\\ 1 8

plugin < - S 3]

card 3

+ Higher synchronicity
+ All Sercos features possible
+ Lower SW real-time requirements

J

S

Std.
Ethernet

+ Lower HW cost

+ Reduction of mechanical controller
size (no Sercos plugin card)

J

RTOS: Real-Time Operating System

NIC: Network interface card TTS: Time Triggered Send
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* Prototype
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Sercans XS

A

Soft Masrinzrlo_
n

RTOS Abstraction

Operating system (RTOS) |

INTEL 1210T1

Soft-Master FPGA
Support via Sourca

Customer value:
= Best price solution possible!

CPEN SOURCE

LGOS

SOF «JT ER

Sercans XS (Well approved prototype)

Incl. Soft-Master-Core, RTOS-Abstr., Sercos Il Stack
Economy: Easy-to-use stack, sample program, Standard
Ethernet, down to 500us cycle time (prototype, well approved)
Basic: Added: NIC triggered timing (TTS), down to 125ps cycle
time, Ring redundancy, UCC via master (prototype, in approval)
Advanced: Compatibilty to Sercans HW solutions, minimum
application programming efforts (still in definition phase!)
Evaluated hardware package available (var. HMI controls)
Support (multi-level tech support)

Customer value: g {:
= Shortest time to market! S
= Best Performance! ercans XS

RTOS: Real-time Operating System; UCC: Unified Communication Channel (Standard Ethernet transmission)

CoSeMa: Common Sercos Master is a free available middle-ware library for Sercos on sourceforge Rexroth
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Sercos Soft-Master as Sercans XS*

4 )

Sercos SoftMaster comfort package (Status 2016-07)

Host Application Sample (S3SM)**

Master stack (SII1)**
CoSeMa (CSMD) ***
)
@)
—
_______ o
Std. + e ANRREEEE TimeTriggered Send ***
Ethernet s — Hardware
Std.-Ethernet NIC e.g. INTEL i210
RTOS: Real-Time Operating System NIC: Network interface card timing *** AV Series status
* PT Prototype ** EW Prototype *** 1st real Application of AVB/TSN Technology
& /
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Sercans - Overview

Scalable performance for all applications

A Sercans XS* — Standard Ethernet Controller
B« Cost-efficient solution

= Connectable devices system dependant

Sercans S — PCle card

= |deal for small, simple series machines

.§ = Up to 16 devices connectable
c Sercans M - PCI/ PCle-card
PC_’. = Standard type for most applications
E = Up to 99 devices connectable
9 Sercans L — PCI Express-card
7 : :
o = |deal for big, complex, high-end-systems
= Extended data throughput to application
o (B (factor 10 compared to Sercans M)
Scroc il LN = Easy integration in operating system /
fonomw  gmmemw  Bewowers application

> . :
Bl T Up to 511 devices connectable

* Sercans XS still in prototype phase; well approved, re-prioritization upon request
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Sercans XS

Sercos software contributions

= Bosch Rexroth decided to leave Sercos
technology distribution to technology
providers (with Sercans as exception):

sourceforge Smof=s sercos

= Cannon Automata

= Hilscher
= HMS

= Other Processor/logic manufacturers

Massachusetts Institute of Technology ®

= Established ways to distribute Bosch Rexroth‘s
contribution

11

Example for a sercos (Il Metw ork Driver

11 weekly dow nloads

Common Sercos Master API
Softw are library for Sercos Industrisl Bhernet master implementations

9 w eekly dow nlcads

Sercos SoftMaster Core
Softw are-based Sercos Industrial Bthernet Master

2 weskly dow nloads

Sercos Internet Protocol Services

5w eekly dow nlcads

nonnowm

* Sercos Config Tool is still in project preparation phase!

...This project contains an example Code of an Bthernet Netw ork Driver for the Sercos Il netw ork w hic ..

...The Commen Sercos Il Master is 2 middle-w are library for the resh-time fieki-bus Sercos |l Together ...

...The Sercos SoftMaster core is intended for implementing a softw are-based Sercos Industrial Bhern. ..

...The Sercos Intemet Protocol Services (IPS) specifies different services for UC Channel communicati...

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any
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Sercos UCC Ethernet Network Driver = Contribution to consortium development

(CIP-Safety, Sercos Monitor, Sercos Config
Tool*) w or w/o license fees in favor of
Sercos International

Provision of Master/Slave IP Core to Sercos
Technology provider(s) with license fees in
favor of Sercos International

Open source projects at SourceForge
(CoSeMA, S/IP Client, SoftMaster Core, UCC
Virtual Ethernet Driver)

Rexroth
Bosch Group



Sercans XS

Sercos SoftMaster Open Source Project (1)

Press Release SErcos

the automation bus

April 13,2015
Page 1 of 2
Sercos III Soft-Master-Core Open Source announced S e r c 0 S

Sercos International (SI) has announced that in cooperation with Bosch Rexroth a inte rin ational
Sercos IIT Soft-Master core will be provided as an open source software.

By using a Sercos III Soft-Master, a Sercos III master device can be implemented
without a specific Sercos III hardware controller in the form of FPGAs or ASICs.
Instead. a standard Ethernet controller is used and the Sercos III hardware functions

are emulated in a host-based driver software. With this implementation approach a

osadl.or8

sufficient real-time performance can be ensured for a large number of applications. If
an Ethernet controller is used that operates with multiple queues and a telegram ga\l r‘s ELB(E
scheduler (as e.g. the INTEL 1210™), a synchronicity similar to that of a hardware- EOET M AETEH

based master can be achieved.
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Sercos SoftMaster Core Open Source Project (2)

[ \ - . . .
Sercos soft Master O.pen Source Project started in cooperation
international with Bosch Rexroth and OSADL (planned

@@ Application cooperation with Schneider Electric)
» SoftMaster Core supporting Standard
Master stack Ethernet controller & Intel i210
= OS independent due to RTOS abstraction
%) CoSeMa = Compatible to CoSeMa 5V3 and 6V1
E =  With Std. network controller:
SoftMaster {gej,cos = Packet jitter achievable ~20..60us*
RTOS Abstr. = Slave-Synchronicity achievable ~1ps*
Std. Eth. HW =  With NIC Timing and TTS (e.g. INTEL i210):
almost HardMaster performance (<< 1ps)
+ Lower HW cost
+ Reduction of mechanical controller
size (no Sercos plugin card)

|8 < *) depending on platform (hardware & OS)

o , | | Rexroth
13 Gicrosal explotation. reproducton. oting, detion. =6 well 2o e svent of spplcations for e propery ights | oo o eERdg any Bosch Group



Sercos SoftMaster Core — Basis of Sercans XS

= Sercos SoftMaster provides an
interface to the Common Sercos
Master API (CoSeMa) which is available
as open source software on
Sourceforge: cosema.sourceforge.net

= CoSeMa

» This master function library contains
API routines for initializing, phase
Serces U Eeret ewor rer N sequencing, timing calculation and

...This project contains an example Code of an Bthernet Netw ork Driver for the Sercos Il netw ork w hic ..

ety Sourions functions for cyclical and acyclic

Common percos Master APl

L] Ll
for Sercos Industrisl Bhernet master implementations [-] co m m u n I catl o n

ercos Il Master is 3 middle-ware library for the reak-time figki-bus Sercos il Together ...

= Programming language: C

cos Industrial Bhernet Master [~]
ster core is intended for implementing a softw are-based Sercos Industrial Bthern...

* |Independent of operating system

S ...The Sercllf Internet Frotoc ol Services (IPS) specfies different services for UC Channel communicati.. @

/A = Sercos SoftMaster Core
» Added 12/2015 as extra project to
SourceForge
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http://cosema.sourceforge.net/

Sercans XS Overview

Open source licensing — Basis of Sercans XS

License handling of the Open Source
Sercos Softmaster

= Subject to open source license: Sercos
Soft Master Core

{: ﬂ = Technically: Sercos IP Core Emulation
S

soopétlrfé;a?si Illil— (S'CE)
massacnusens e o eennoogye @ License model: Changed from LGPL to
MIT

= Effective: 2015-12-15
= Programming language: C

= Independent of operating system

Free Software

» Further software components are

Free as in Freedom
prepared to follow
Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any h
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Broad RTOS support — Basis of Sercans XS*

. » Extension to IPC IndraControl VPB/VPP
e {SEECOS = Minimum cycle time: 500ps ... 1 ms
= Support of topology depends on realtime
capabilities of the Ethernet controller
(Standard or INTEL i210)

» Tested on IndraControl VPx with RTOS:
» |Ntime for Windows from tenAsys
» Windows 7 ext. RTX from IntervalZero
» Linux with PREEMPT_RT patch
= QNX Neutrino

QN INt‘lm@ * Windows Embedded Compact 7
= VxWorks

‘e = Improved Performance by NIC-based
Ol £7 Windows Embedded precision timing, supporting TTS (e.g
{GSADL Compact 7 1210 from Intel or similar)

VxWorks®

i rrven il 2 Zero | Well approved Prototype!

RTOS: Real-Time Operating System NIC: Network interface card/controller TTS: Time Triggered Send Rexro th
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Broad HW approval — Basis for Sercans XS*
= Industrial PC x86
o~ {:SE"WS = 32/64 Bit
IndraControl VBP / VPP
IndraControl VEP
Siemens IPC
Desktop Office PC
= ARM

= A8 and A9

= Beaglebone Black **

= |[ndraControl VR21 **

D
=
O
QU
>
n
>
0p)
u

*  Well approved Prototype!

** Under evaluation
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Sercos Config Tool (in preparation)

= Flexible Config of OEM controls

= Consortium (Sercos International, 3S)
= Rovema

= Phoenix Contact

» Bosch Rexroth
= |mplementation
= 35
» Shared costs (estimated 60 k€)

‘ RTOS Abstrac

E = Consortium members appreciated

I— | | Functions
> 10 m = Offline configuration (CoDeSys S3)

Operating system (RT@

= Online (Scan, Parameter r/w,
Diagnostics)

= |O-Link gateway

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPF3 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any h
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Sercans - Overview

Sercans inside DC’s open solution portfolio

Sercans X

Discover freedom and efficiency and a full range of solutions!

Bosch Connect: Sercos SoftMaster opens door to challenging high volume applications

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any h
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https://connect.bosch.com/forums/html/topic?id=afa77fae-df83-4e05-bbc8-02f1ba4ccf88

Sercans XS Hardware package

Advanced solution VPB 40.

[6)

16SADL

\ |
by
]

4.
5. 2xGBitLA
6. 6xUSB2.0
7. Slot

= 1xPCI

8. Mass storage
= Hard disk
= Hard disk RAID 1 (Option)

)5 = Solid-State-Disk (Option)
Windows® i RTX
Embedded  Windows7 Zero
Follow up: VPB 40.4 / PRxx (definition phase)
* Prototype
Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any Reerth
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Rexroth

Technical data

Housing: galvanised steel

CPU ARM Cortex-A8 800 MHz.

512 MB RAM, 256 MB Flash

— 1BSADL

E=N ECE 1x Ethernet 10/100 Mbit

Zero £7 \Cl!mggvys Embedded

2x USB 2.0 Host

power supply 24V DC

** Example, HW-Base in definition phase, not scheduled Rexroth

Electric Drives and Controls | | F. Scheurer | 2016-07-28Abteilung | | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any
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Overview and comparison

Sercans XS Economy

Sercans XS Basic

Sercos-FPGA / Sercans S, M, L

(SoftMaster) (SoftMaster) (HardMaster)
|Host Appllcatlon| |Host Appllcatlon| ég |Host Application
Master stack Master stack
wn 7)) o Integrated
. O CoSeMa O CoSeMa 05 Master stack
Architecture = e r© CoSeMa
= I
| H Std.-Eth.-HW | | H 2*NIC (TTS) |
HW 1 Std.-Ethernet-Controller 2 * INTEL i210-Ethernet-Controller Sercos-FPGA,;
(or TTS* capable HW) 2 * Ethernet-PHY
e Std.-HW, div. types * Quasi-Std.-HW - Benchmark reference -
* Typ. Cost benefit *  Typ. Cost benefit
» High synchronicity (Jitter <150ns
Pros
or even 40ns)
+ UCC@Master supported
* Ring redundancy
* Lower synchronicity * Min. cycle ~125us - Benchmark reference -
* Curr. only line topology * CPU load SoftMaster <5%
*+ UCC@Master not solved yet e CoSeMa 5V3 and 6V1
Cons )
* Min. Cycle ~ 500us
* CPU-load SoftMaster <5%
* CoSeMa 5V3 and 6V1

NIC: Network interface card/controller (precise Timing)

disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

TTS: Time Triggered Send

26 Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any
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Technical Comparison

Sercans XS Economy

Sercans XS Basic

Sercos-FPGA / Sercans S, M, L

(SoftMaster) (SoftMaster) (HardMaster)
|Host Application| |Host Application| é 2 HHost Application
Master stack Master stack
2 2 Master stack
: (@] (@)
Architecture = CoSeMa E CoSeMa CoSeMa
| H Std.-Eth.-HW | | H 2*NIC (TTS) |
1 Std.—Ethernet—ControIIr 2 * INTEL i210-Ethernet-Controller Sercos-FPGA / 1
HW W oot (or TTS* capable HW Sercans PC-board,; £
— # ‘ N 2 * Ethernet-PHY = ;
INTEL 1210 T1 Sercans S, M, L
: 500us 125ps 31,25us FPGA / 62,5us; 125ps; 2ms
Cycle time (Sercans L, M, S)
No. devices Only limited by Host Only limited by Host -/ 255, 128, 16 (Sercans L, M, S)
Synchronicity | 20...50us (~1ps by device PLL) 20...40ns 20...40ns
Topology Line Ring (Redundancy), Line, Dual Line | Ring (Redundancy), Line, Dual Line
uccC Within Line Routing@Master, Within Ring/Line Routing@ Master, Within Ring/Line
CPU Load <5% Load on Host <5% Load on Host Minimum load on Host

NIC: Network interface card/controller (precise Timing)

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any

disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

TTS: Time Triggered Send

Rexroth
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Sercans XS

Benefits for Multiplier & OEM

Customer value

= Open Source, freely available Sercos SoftMaster

OPEN SOURCE '
Ser‘cos l = Fitting into suite of other Open Source Software
e——— e

' Rexrath N,

SOFTMASTER

(CoSeMa, S/IP Services, UCC-ETH Driver)
= RTOS and platform independent C Code

) = 6 supported RTOS
— {%}COS . = 2 supported HW platforms

= Full line solution concept Sercans XSto L *

» Hardware package option VPx/VR(high volume) *

=  Maximum component support (Drive, 10, Process)

Performance

»= HardMaster synchronicity (NIC based TTS, e.g. i210)
= Extendibility to Sercans S/M/L *

Ease of use, flexibility

= UCC always available (Engineering with full Ethernet
capabilities)

= Software compatible Sercans XSto L *
* Definition phase ** Evaluation in progress

= Software tested on Hardware package option **

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPF3 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any h
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Sercans Sales model

Use cases of migration — where to go?

Sercans XS Advanced
Compatibility option

Application — —

Application Application

Master stack
CoSeMa

DPRAM-IF
Add. Services
Master stack
CoSeMa

Master stack
CoSeMa

Master stack
CoSeMa

RTOS
RTOS

2*i210

Cycle times <125ps, Non-
Sercans ” realtime Host computer
or ” | Minimum application effort, Cycle times <500us

Minimum cost, minimum space, Cycle times >=500us

Cycle times <125ps, Non- ;

FPGA Minimum application effort, Cycle times <500us

2*i210

Std.-Eth.-HW.

Minimum cost, minimum space, Cycle times >=500us

SerCOS ” Cycle times <125ps, Non- >
realtime Host computer S
vV

ASlC Cycle times <500us

Minimum cost,, minimum space, Cycle times >=500us

_ Cycle times <125ps, Non-
Non-Sercos realtime Host computer > _ ,B
4

fieldbus or Cycle times <500ps
analog

Minimum cost,, minimum space, Cycle times >=500us

| Currently not available, up to application _ Rexroth
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Sercans XS - demo

Sercos SoftMaster on Tour (Hanover fair 2016)

P P

the automation bus

ais SECOS S

Hannes Richter (ISG, 2" right) explains INtime-based SoftMaster demo of ISG’s NC-Kernel, Virtuos, Phoenix
Contacts eCLR and Bosch Rexroths IndraDrive and SafelLogic Compact to Gary Liang (Phoenix Contact China,
2nd eft) accompanied by Kim Hartman (left) and Andreas Knape (TenAsys, right)

Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any h
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Sercans XS - demo

Demo scheme

2. Bildschirm
24", Virtuos
auf VPB

| sercos B* ‘
Sick C4000 Lichtvorhang_* -0 A
i EFI-Link
- S 24V DC 230V AC Netz
Netzteil I
rq' I
B = Buch :éT Sercos-Monitor Absmfllerung Hauot T
= Buchsenseite ' aupt- renn-
* = Auf Exponatplatte Endschalter 1&2 * NetZfilter = schiitz j= trafo
Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any
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OPEN SOURCE

Sercos

SOFTMASTER

TYPHENIX
CONTACT

Sercans XS in-a-box goes on tour to Asia

Components:

VPB40.3 i7-8core, PCle
INTELi210 T1 network card
- OCE demo suit case

- VDP15

Tour Plan:

- ION (Japan)
07/27/2016 Tokyo
08/24/2016 Nagoya

- Automation (India)
08/22-25/2016 Mumbai

- 1AS (China)
11/01-05/2016 Shanghai

Demo Software:

- ISG NC-Kernel

- Phoenix Contact Software
ProConOS eCLR PLC runtime

- |ISG Virtuos simulation &

commissioning

TenAsys INtime RTOS

Rexroth



Sercans XS - demo

Open Core Engineering with Open Standards

Rexroth duCowlV

OPEN SOURCE

SErcos

SOFTMASTER

Servo Drive
IndraDrive Cs
Multi-Touch Display
VDP15.3

Sercos

the automation bus

Supported by:

=

et Sz gk Grei

tensys

Servo Motor
IndraDyn S
MSKO030

Linear module
MKK40

Industrial PC
PHCENIX VPB40.3
CONTAcr |7 8core

1| Select from thousands of components*"

* Sercans XS needs << 5% of resources on an IPC ** from the whole Sercos Eco-system including Bosch Rexroth Rexroth
Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any
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Sercans XS* SoftMaster Sales model

Sercos goes Soft — a lean & scalable |E solution *

| -
‘ ||| Sercans_XS

| | Advanced
Compatibility option * **

A

Sercans XS

Basic

HighSynchro option * @%&Lﬁg
based on

Sercans XS
Economy

oncost” | garcans XS * SoftMaster

tion

The least cost Sercos Master solu

*Evalaton ooty ercos
valuation prototype

** Definition Phase The easiest way to use the automation bus ben

_ Customer value & benefits
IE Industrial Ethernet

Rexroth

disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. BOSCh Grou p
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Sercans XS (Sercos SoftMaster)

... makes your solution as light that you can fly!
N

OPEN SOURCE

SEercos

SOFTMASTER

OPEN SOURCE
@QQ§

Sercans XS
Graphics Source: http://openclipart.org/detail/28921/plane Sercos
- Unlimited Commercial Use the automation bus
- All Clipart are Released into the Public Domain
Electric Drives and Controls | | F. Scheurer | 2016-07-28 | DC-IA/SPC2 | For addressee only | © Bosch Rexroth AG 2016. All rights reserved, also regarding any e o
40 disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. BOSCh Grou p


http://openclipart.org/detail/28921/plane

Sercos - the automation bus

Sercans Master distribution concept

é:h & * ok = k% = B »

= - - - 3-:-'1 L4 -

o = - o = 3] @ &8

= ——— - = wrath Ind Z. o

& =] . y ed ReXr :

FREiEs approv L

R Option: Redute tskBY 0 = : = W
B exhl ar ~UUESYS m N1 ECONTACI' :!" I iri_i

oscn i uupl;:"" ’ . B Il

Device

vriver

s dre%’

Sercans XS Sercans S (passive/active,
(soft) standard)
Rexroth: System 2017 Rexroth: passive used

Sercans M Sercans L
(active, advanced) (active, high performing)

* http://de.codesys.com/produkie/codesys-fieldbus/echtzeit-ethernet/sercos.html  ** interest expressed by 3rd party
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https://www.phoenixcontact-software.com/de
https://www.phoenixcontact-software.com/de
http://de.codesys.com/produkte/codesys-fieldbus/echtzeit-ethernet/sercos.html

Sercans XS Sales model

A free software model for Sercans XS

Stimulate by Honest deal of

= |ow evaluation investment = Training, Support & Service

= Obstacle-free start charge
= Mutual benefit out of
continuous improvement

e )
m;“ji:_:_*" OPEN SOURCE

SEercos

SOFTMASTER

Sercans XS
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Sercans Sales model

Multiplier and (OEM) Direct sales model

Preferred: | . On Demandk:
DC- : s st ©

DC-

|IA/JEDF5 IA/EDF5
2nd Jevel 15t jevel
support ) support
(
Multi IierY
P DC-IA/SDF

DC<CU>-
Sales

OEM—ﬁaI

(C=21nniedn)

JANUITIO MTANT/A p—

OEM OEM
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Sercans Sales model

Sales and support chains

Sercos Soft Master Core Sercans S/M/L Sercans XS
(Series OSS product) (Series product) (Prototype & definition)
o é&jﬁ&“&% T (s
a et SercansXS
' '§ E — | sourceforge E;ﬂ sourceforge |:|
C o — o —
55 = 5 =08S Software . 0SS Software _ . g 9SS Software _ .
8 L. 8 S ==compeonent S =¢component—
e S=EE"Buffer i S=="Buffer
o £ —— I
S 3 —
2 'S
g o
nw o
S ’;g Q=
8.5 [Micronet,
o= o ]
E g ‘s .a e'g’ con.ssvs
() 2~ 0o
0 o a

3 4
~ 3| @)
1 1 L

OEM
Customer
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Sercans Sales model

Training, support and service projects

Initial workshop * Task analysis Please contact your local Bosch Rexroth
(Kick-off on-site) +  Conceptual design distributor or country unit! *

* Additional code module definition

+ Effort estimation

*  Schedule definition

Result: Quotation for final project

Integration support Platform integration preparation Please contact your local Bosch Rexroth

(Phone, Webex, * Application integration distributor or country unit! *
Skype and E-Mail) *  Problem analysis and solution
(consulting)

*  Bugfixing
Integration on-site * Code integration Please contact your local Bosch Rexroth
support (including + Testing & Debugging distributor or country unit! *
travel expenses) * Acceptance testing
Alternatively +  Specific definition of tasks, efforts  Flatrate (to be defined per project)
DIEN-Engineering- and conditions

Service R911297673

* Contact via Bosch Rexroth Web or send your inquiry to mailto://Friedrich.Scheurer@boschrexroth.de at DC-IA/SPC2
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https://www.boschrexroth.com/en/xc/contact/index
mailto:Friedrich.Scheurer@boschrexroth.de

Bosch Rexroth. The Drive & Control Company

f
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Sercans - Overview

) 2

[

'

Sercos Basics
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Sercos Basics

Topology Overview

Fast Ethernet

(Full-Duplex)
— Standard
Ethernet
ﬁi[:&.g buss Frames
.I Master
V CATSe ° - Line Topology

Baudrate : 100 Mbit/s
Cycle time: 31,25 ps ... 65 ms Ring Topology

: 1 i = it s Cyclic real-time
o ol iy oo 0 communication
_U| —U' —Q' ..___hgl —D| ——
- = = - - =
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Sercos Basics

Topo

ogy - Line and Ring

primary or

secondary channel

a
>

P1

A 4

P1

Slave 1
P2

Master

P2

v

secondary channel

P1

Slave 2

P2

\ 4

2ISIave 3 g

P P1

a

P
<

\ 4

primary channel

P1

79

P1

Master

P2

Slave 1
P2

\ 4

P1

Slave 2
P2

A 4

»
<

Slave 3
P2 P1

A

Cyclic redundant transmission of
real-time data in primary and secondary channel
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The master may
process the data
from the slaves
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Sercos Basics

Redundancy Overview

Redundancy,
e.g. Cable break

[Jf3€Rcos

SEercos

the automation bus

Baudrate : 100 Mbit/s
Cycle time: 31,25 ps ... 65 ms

0 0
"Il
Ul —Ul

- =
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Sercos Basics

Communication Timing in CP3 and CP4

< RTC >
MDT block AT block ucc MDT block
H|M H'S HIM
DS D|3 D|S
RIT RIH RIT
t1 (S-0-1006)
< > <«— MTU or greater —», M h d 1
16 (S-0-1017, List Element 0) R etho
t7 (S-0-1017, List Element 1)
B tScyc (S-0-1002) -
MDT block UccC AT block MDT block

HIM HIS HIM
D|S D3 DS
RIT R|H RIT

<+6><— MTU or greater —»,

. t7 R Method 2

t1
: tScyc ]
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Sercos Basics

Communication model P = Producer

C = Consumer
red = Connection
green = transmitted data

Master
Application Application

Connection| & I c P I C ..
in AT Communication

Connection
in MDT

Connection - I =

B N in AT

Application App Application

Slave Slave

Rexroth
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Sercos Basics

Sercos Cross Communication Concept

Real-time data exchanged in both directions within
the same communication cycle

Slave (n)

Master Slave 1 Slave 2
Direct cross communication in forward path

CAT5e
Direct cross communication in reverse path
(same transmission time from slave 1 to slave 2 and vice versa)

Real-time processing during passing through a node
— Signal transmission without interpretation

Tx: Ethernet transmitter, Physical Interface

Rx: Ethernet receiver, Physical Interface

Rexroth
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Sercos Basics

Communication error handling
in CPO to CP4, CPS, HPO to HP2

1 = CPS-Timeout of 200 ms or 500 ms

2 = no MST within 130 ms

3 = successive losses of MST exceeds S-0-1003
CPn = Communication phase

CPS = Communication phase switching

HPn = Hot-plug phase

NRT state = Non-Real-Time state

Sercos lll telegram loss (CP3/4) = if no valid telegram are received on P1 and P2 within one communication cycle
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Sercos Basics

Initialization
Communication phases (CPO to CP4)

Application L
Address Slave Communication parameter Cgmmumc.atmn
allocation identification parameter setup in operation
setup RTD are don‘t

care

S-0-0128

S-0-0127

store & forward
or
cut-through

1 = no MST-CPO within 130 ms
CP = Communication phase
NRT state = Non-Real-Time state
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Sercos Basics

Hot-plugging Overview

Jlfsercos

old device
is removed

Sercos

the automation bus

New device
is inserted

Baudrate : 100 Mbit/s
Cycle time : 31,25 ps ... 65 ms

Hot-Plug device
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Sercos Basics

Hot-plugging Hot-plug phases (HPO to HP2)

= Hot-plugging is possible with line only
= with ring, a ring break has to initiated first

= Hot-plug function active on one channel only (P or S)
S-0-0128 =0OK

» Master shall be prepared for the HP slave
= Hot-plugging consists of 3 phases (HPO to HP2)
S-0-0127

1 = no MST-CP4 within 130 ms or HP not supported
2 = HP Slave activates Loopback
Master commands FF to last slave
3 = Master switches from HP field to SVC
4= Master activates timing of CP3/4 (S-0-0127)
5 = Master activates OL (S-0-0128)
6 = Master activates operation mode
NRT state = Non-Real-Time state
HP = Hot-plugging MST-CP4
OL = Operating level
OM = Operation mode
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Sercos Basics

|IP Communication - Overview

[Jf3€Rcos

Integration of
Standard Ethernet

Sercos devices

the automation bus

Baudrate : 100 Mbit/s
Cycle time : 31,25 ps bis 65 ms

0 0 0 [r—
g, o 4B
0 0 ap TAEE
a o o E DD
- m om
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Sercos Basics

|IP Communication

TFTP (Trivial File Transfer Protocol)

Familie: TCRAP

Service defines exchange of Sercos Il data Laden von Bstebssystemen

Einsatzgehiet: und anderen Daten dber
das Metzwerk

Ports: B3/UDP
» TFTP (trivial file transfer protocol) LA (G R AT o

- Standard protocol based on UDP _

. Trahsport UDP
- TCP/IP Stack isn‘t necessary I H I
. Internet IP (1P, IPB)
- used for firmware download
Netzwerk || Ethernet Token To.ken FODI |:|
Bus || Ring
Standards: RFC 1350 &7 (1992)
= Sercos Internet Protocol S/IP ; . —
amilie: Internetpratokolifamilie
- Standard protocol between nodes . . Datendbertragung,
Einsatzgebiet: Dateiverwaltui ’
- Defined on TCP/IP and UTP/IP :
) . Port: 20/TCP DATA Port,
- This protocol leads on mechanism of OPC-UA. : 21/TCP Control Part
- Protocol is under verification FTP im TCP/IP-Protokolistapel:
. . A d
- used to modify and setup parameters in the slave
Transport TCF
‘ Internet H 1P (IPwd | IPE) ‘
Taken || Token
Netz-Zugang || Ethemet Bus || Ring FDDI |:|
Standards: RFC 955 & (1985)
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Sercos Basics

|IP Communication - General

primary or Master
secondary channel P1 P2 ‘ L
Sercos Illl Telegrams and
> > > IP Telegrams
Slave 1 Slave 2
P1 P2 | P1 P2 | Slave 3
) P2

= Collision Buffer is available in each slave

. IP Telegrams onl
= |f the slave receives an IP telegram and the Sercos 8 y

network is busy, then the IP telegram is stored in the
collision buffer

= |f the Sercos network is free again and the IP
telegram is not consumed by the slave itself, then
the IP telegram is automatically forwarded.

= PC receives Sercos lll telegrams and IP telegrams
= PC transmits IP telegrams only
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Sercos Basics

7 PC1

\ Ethernet (Office)

Sercos

the automation bus

/O

Rexroth
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Sercos Basics

IP Communication — |IP switch with ring topology
p—

o Std-Ethernet e.g. netSwitch by Hilscher
i “—'—# or S3EC Bridge by Cannon-Automata
::'==='-i- /
P1| P2 /
UD UU IP SWitCh e UU
il N, =
1 Nemors B
— = IP couple in or ou :
Function of IP Switch:
*  During UCC non-Sercos Il
telegrams are coupled in Standard Industrial
resp. coupled out Ethernet Switch
« Sercos lll telegram passes
through (fast-forward) ———
— UC domain
- =ikl — Sercos |l
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Sercos Basics

PC1

\ Ethernet (Office)

D
serco

the automation bus
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Sercos Basics

IP Communication - Line with Managed Switch

S lll telegrams using Broadcast address

serco

[ljsErcos
the automation bus

0
0 0 0
aster ﬂ .D_l ﬂ
. = L =
i Broadcast-Filter

Managed Switch—

<

Ethernet (office)

Rexroth
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Sercos Basics

|P Communication
Commissioning without Sercos Ill communication

IP Std.-Ethernet
" el _#ﬂ_l 0
%‘; g g e .
4 U0 00 snnls 00
3 1 1 Ghnn 1
- - Bgad _—
I/O

= Download/Upload of parameters via S/IP possible

= Firmware download via TFTP possible

= PCis connected to a unused Sercos Il port

= Address assignment with ,,zero-conf-service® (part of DHCP)
= |P addresses are listed in the PC

= LED flashes, if slave is addressed

S/IP = defined services, e.g. how to read and write parameters
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Sercos Basics

Communication performance

UCC
not used 1500 Byte 250 Byte
125 pus 20 us
31,25 8 7 -- 2 1/1
62,5 12 14 -- 8 1/1
125 16 26 -- 21 1/1
250 12 61 (10) 30 57 1/1
250 32 33 17 31 1/1
500 12 122 (20) 94 120 2/2
1000 12 251 220 245 4/4
1000 32 137 120 134 4/4
1000 50 97 85 95 4/4
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Sercos Basics

Communication and device profiles

Sercos |lI GDP - Generic Device Profile FSP- Function Specific Profiles
Network
. 1 1.* ) 1.* 1.*
Device ) SubDevice Resource
includes > includes >
1 1
owns> owns >
- |1 - 11
*
Sercos I 1 1. Slave
interface includes >
SCP - Sercos communication profile
Sercos Ill Device
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Sercos Basics

Addressing scheme / logical comm. channels

GDP FSP
Sercos Il
Network
. 1 1.* , 1.* 1.*
Device . Sub-device Resource
includes > includes >
A
1 1
owns > owns >
1 1
ucc
Peromememememes ¥ Sercos Il S|
) 1 1% ave
interface -
. - Sercos address
includgs > | T, | ind
- IP-parameter opoiogy Inaex
A
RTC i
< i
1
i
i
SVC i
(94 _____________________________________________________________________________ 9 SCP
Sercos Il Device
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Sercos Basics

Parameter Stucture (Identification Numbers IDN)

= Every parameter can consist of up to 7 elements.

= 3 elements are mandatory

Element No. Description Requirement
1 IDN mandatory
2 Name optional
3 Attribute mandatory
4 Unit optional
5 Min. Value optional
6 Max. Value optional
7 Data mandatory
99 dicpossl, expltiation reproduction edting isrbuion 25 well 2 n th ovent of aplication for il proporty fighs, e ﬁ?ﬁ ';s?} ui.!



Sercos Basics

|dentification Number — IDN (Element 1: write access)

< IDN (Sercos Ill) >
«— Si > < SE >< IDN (Sercos ) ——
31 24 16 12 0

EERERERREEEEEEN HEEEEEEEEEEEEEN
N N  u\ 7 -~

Bit 11-0: Data block number

Bit 14-12: Parameter Set ("PS")

Bit 15: S/P parameter ("S/P")

Bit 23-16: Structure Element ("SE")

Bit 31-24: Structure Instance ("SI")
®= < IDN>.<SI>.<SE> e.g.S-0-1530.2.5

= SE:0-127, are used for Standard parameters

= SE: 128-255, are usable for product specific parameters

=  Sl: 0-255, addressing the structure of the same type (instance)
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Sercos Basics

Addressing area with Sl, SE and Parameter set

.
AN

o . $-1-1530.1.1

S-0-1530.1.3
S-0-1530.0.7
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Sercos Basics

Attribute (Element 3)

= Display format 0 Data length
= binary 0 fixed with 2, 4, 8 byte
= unsigned decimal 0 variable with list elements of 1, 2, 4, 8 byte
= signed decimal O  Write protection

] h X im I i
exadecima 0 Conversion factor

* floating point

- text (UTF8) O Decimal point

= IDN
= Time
Display format
Data length binary |unsigned| signed hex text IDN float
dec dec
2 byte X X X X
4 byte X X X X X X
8 byte X X X X X
1 byte list X X X X
2 byte list X X X X
4 byte list X X X X X X
8 byte list X X X X X
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Sercos Basics

Operation Data (Element 7)

2 Byte ]

4 Byte [tow [ high ]

8 Byte [low [ [ ] high |

variable Length

2 Byte 2 Byte 1 to 65532 Byte
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Sercos Basics

Data Scaling of Operation data

= Scaling for all Position data
= Scaling for all Velocity data
= Scaling for all Torque/Force data

= Scaling for all Acceleration/Jerk data
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Sercos Basics

Data Scaling - Scaling Parameter

= Scaling Type
= Scaling Factor

= Scaling Exponent

= Rotational Position Resolution (for position data only)
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Sercos Basics

Data Scaling - Scaling selections

= Scaling types = Preferred Scaling

= No scaling = Parameter Scaling

s
Linear = Data reference

= Rotational = Motor shaft
= Load
" Processing format

= absolute

= modulo
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Position Scaling Diagram

Position data scaling type (IDN 00076)

IDN 00076 bit 0-2
none Linear Rotational
IDN 00076 bit 6
Load or motor Load or motor Load or motor
IDN 00076 Preferred Parameter Preferred Parameter
bit 3 scaling scaling scaling scaling
|DNbQ?276 Meter Meter Degrees Degrees
[
7 Variable Resolution: Variable
LSB= 10 m LSB weight 3600000 LSB weight
(IDN 00077) | (LS8 = 00001 10 50074
(IDN 00078) degrees
- | | Rexroth
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Sercos Basics

More information

= Sercos elearning

= Sercos technology overview web

= Sercos brochures

= Sercos webinars

= Sercos specifications in Wiki (Register here!)
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http://www.sercos.org/technology/sercos-elearning/
http://www.sercos.org/technology
http://www.sercos.org/downloads/brochures/
http://www.sercos.org/downloads/webinar-recordings/
https://wiki.sercos-service.org/current/Main_Page
https://accredit.sercos-service.org/accredit/en/register
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