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TYPICAL DIFFERENCES BETWEEN INDUSTRIAL AND CONVENTIONAL NETWORKS

TIndustrial Conventional LY S, ooy A3
Primary Function Control of physical equipment Data processing and transfer R 5 el
Applicable Domain ing, 1 ing and utility distributi Corporate and home environments
Hierarchy Deep, functionally separated hierarchies with many | Shallow, integrated hierarchies with uniform protocol

protocols and physical standards and physical standard utilisation
Failure Severity High Low
Reliability Required High Moderate
Round Trip Times 250 ps - 10 ms. 50+ ms
Determinism High Low
Data Composition Small packets of periodic and aperiodic traffic Large, aperiodic packets
Temporal Consistency Required Not required
Operating Environment Hostile conditions, often featuring high levels of [ Clean environments, often specifically intended for

dust, heat and vibration sensitive equipment
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Primary Function
Applicable Domain
Hierarchy

Failure Severity
Reliability Required
Round Trip Times
Determinism

Data Composition
Temporal Consistency
Operating Environment

Control of physical equipment
ing, processing and utility

Deep, functionally separated hierarchies with many

protocols and physical standards

High

High

250 ps - 10 ms.

High

Small packets of periodic and aperiodic traffic

Required

Hostile conditions, often featuring high levels of

dust, heat and vibration

Data processing and transfer

Corporate and home environments

Shallow, integrated hierarchies with uniform protocol
and physical standard utilisation

Low

Moderate

50+ ms

Low

Large, aperiodic packets

Not required

Clean environments, often specifically intended for

sensitive equipment
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DCS

Process driven

Small geographic areas

Suited to large, integrated systems such as chemical processing and
electricity generation

Good data quality and media reliability =
Powertul. closed-loop control hardware

SCADA

Event driven

Large geographic arcas

Suited to multiple independent systems such as discrete manufacturing
and utility distribution

Poor data quality and media reliability

Power efficient hardware, often focussed on binary signal detection
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Message exchange within FBs
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Traresfer of master fumction

Sendang of
Transfar of A mesppe
master function

Multimaster
systems

= Transfer of
master function

Master 3

™

Sending of a message
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3aldll 2axia WUai Multimaster systems

Token passing

l Master 1

Master 2

Master 3

|

- Master 4 Masters

[

Master 6 f—

—— Physical coupling
—=  Transfer of token passing

L) el Juni alatil U 228005, il sac. (e 43586 5L30 e 3le saToken

Jasad iy (e G el 2y il G L] Dhsas Blgie dllias 402l 3 ddaas (S
-Olsial) Gl e el Jui o s 0 G cililaadl
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ISO/ Open System Interconnection

O lall S

International Standard Organisation cilialsall dialall dakiiall Cuald | ot
L_lw\ JJL\J PONAK|] (model C.\)AJ) ‘).utx.d\ O :u—_w @A}J 1984 e\_‘; 1SO Networks

Oe et 5 Jailas Al e uleall o3 (S Can Lale JSE IS 8 |
Lliall e oSa il WS i cildanal) Jali dul€) e Laliall g uilise Gumicae
cek ol s (50 Al ilasd) e
ol clida sae ) 23 el 13l oy culSaal) Tl ¢y clidaaall & Jolgl) ausy
- lbaall Aallas (po Bilugl gy s A Al dleall e e

Reference model layers
7 | Application Application |
Application dependent

[ Presentation F Net:
5 Session Session |

Application independent
4 | Transport Transport |
3 Network Netwark I |
2 Data back-up Link | Network-dependent | 1S0/0SI reference

| model

1 Transmission Physical 1 1

page 34 uSiq plSee — LA Al — Akl 2SN idye Cud L



ISO/ Open System Interconnection

AT G Gk a Slaanall S Jal Ga dusthall et e pane Ak JS Jis SRR
Physical layer @ ﬁ;ﬂz'
(e lale o JiS) Tar gl e ililanall galall Jalailly Aadall e e
Data link layer @
Lokl sUadl asmg are (e 33 5 Clidanal) adaily s
Network layer @
DAY Gubi o Shbadl a4, i
~ Transport layer @
Lled cldazall Jany ad
Session layer @
gty cllnal) ol palay a3
Presentation layer @
(Syntax) culibud) 4,US 5 3e bl aodins Al aelssl) Gty S
Application layer @ .
eiliall dagl il Qi jealie :Jie) ikl (p Jealsill Cililee 51
O et JIE] o ditide Cillhg lliad Loasan «Cayyail) diuea )y A5LEY
(-3 ppead iy s Catlgd) JS gl il Lo 5 5 cseall i Ayl
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ISO/ Open System Interconnection

et 5 anall Lpany pe NS5 5all A58l dsaill aa padig o

MAP/EPA JsS5i5 5 TCP/IP JsSsip 5 ISO/OSI canyall mdsaill o 45)lia frdustria
OSI| Model TCP/IP EPA a
Application Application
Session Application
Presentation ‘
Transport Transport
\
Network Network
Data Link | Data Link
| Physical
Physical | Physical
ISO/0SI reference

(o) llia 4368 MAP/EPA aidall =3 saill axdind ululidll FieldBusd) alas alass
)M‘zl\ alil ae G Ji ﬁ;u
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Industrial

Networks
tot FB ) Akl loulil o aanal eyl af @lllia
Message-oriented concept @
Station-oriented concept @
concept multimaster @
concept installation @
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Message oriented concept

O lall S

e AL 5 sl o Jilu)ll o e dayhl) o3 adied F
Juai . s S 5l Jstma U IS g sjle Jilul) Ji oy Gyl o3 aadind Networks
Juai¥) 13 ey gl o (of andali of (50 e Leaiany go IS 138 o ildaadll s
(Physical connection) (salall Jaiyl
JuaV) sa 5, and) Ly pe llaadll Jlat¥ jal g clllia Akl 028
Gldanal) Jaliiy Le bl cllaaal) o Juai¥) 138 24 .Logical connection ikl

Station 1 l { Station 25 } [ Station 30 ]

= B ppanss iyl
o FieldBus Systems
Twisted pair of wires — Physical connection (FB)

[ Station 17 J [ Station 3 ]
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Station oriented concept

e o) e g A, Uy alan e cllaadd) o e dagylall o34 adia okl i
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Master

Station 3

Station 0

I pans gyl
FieldBus Systems.
(G

Station 1

Station 2 I
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Multimaster concept
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Installation concept
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FieldBus Systems
(FB)
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Fieldbus types and areas

page 42

of application

Fieldbus type Area of application Characteristics

Profibus | Field level and cell networks with few stations There are three protocol profies for the Profibus, which
can be operated jointly on one line (RS 485 or fibe-optic
cable

Profibus-FMS Data exchange and monitoring Typical representative of the multimaster method

(fieldbus message - between networked systems and higher-order Topology: Line

specification) control systems.

- between field devices with FMS interface
Profibus-DP Data exchange and monitoring of decentralised Very quick reaction times.

(decentralised
peripherals)

processes, .g. compiling of sensor signals from more
than 100 sensors

Typical representative of a master/slave system
Topology: Line

Profibus PA (process

Expansion of Profibus-DP by a transmission technology

automation) which permits use in areas subject to explosion:
Transmission of complex measurement data, such as it
occurs in large quantities and often with very distant
measuring points
CAN k Interference-free network of intelligent electronics in All bus staticns are equal, multimaster system with
automabiles simultanecus access and collision avoidance
(CSMAJCA - Carrier-Sense Multiple Access/Collision
Avoidance).
Interbus | Such as Profibus-DP in the sensor/actuator area Very fast reaction times

Topology: Ring

Interbus Loop 10

Network system for binary sensors and actuators on
the lowest field level

Topology: Everything is possible

AS-Interface

Network system for binary and analogue sensors and
actuators on the lowest field level

Simple installation/network by means of seli-healing
cable technology

Topology: Apart from ring structure, everything is
possible

s S e — FAI sl —

Cagulall

Aeliall
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FieldBus types J &



Comparsion of FieldBus types

O lall S

Jeliall
Industrial
Networks
| Data networks
5, | (Data Bus)
£ § Local area networks
] (Field Bus) Ethernet
oe ¥ T Jciuondh ‘ TCP/IP
L Fieldbus FIPIge FIPWAY FTP-
D Bi Ethernet HTTP...
o (Device Bus) Mi;:dt;.:s PIS: T
Si tui roribus- Modbus
s o bensor achif DeviceNet
=FE » | Interbus
£5 (Sensor Bus ¥ |
5E Modbus
3 \
AS-i
|
'_‘1'. *E.I_;-_—_ pr— I —
T - - FieldBus types
- - > -
Simple | Sophisticate ‘
] |
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CANOpen

Industrial

Device Profile || Device Profile Device Profile | Device Profile: Networks
CiA DSP-401 CiA DSP-402 CiA DSP-404 CiA DSP-4xx | 51 ), Cu
CANopen is based on CAL o rrﬁiules Dﬁes Measuring devices| ﬂ i |
CiA DS-301 = Communication profile
7 APPLICATION =
CAL= CAN Application Layer
6 PRESENTATION EMPTY
5 SESSION EMPTY
4 TRANSPORT EMPTY
2 NETWORK EMPTY
2 LINK = LLC + MAC CAN 2.0 Aand B +1S0 11898
1SO/0SI gises e At
CAN 2.0 A and B =1S0 11898-1 and 2
1 PHYSICAL
ISO 11898 + DS-102
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Profibus
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7 | Application FMS = Fieldbus message specif.

6 | Presentation

Session

Transport

Network

Physical RS485 or optical fibre 150/051
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Typicals cables

RS232:
Point-to-point link via 25-pin SUB-D connector.
Distance < 15 meters, speed < 20 Kbps.

RS422A:
Full duplex (simultaneous bidirectional) multi-drop bus on 4 wires.
2 transmission wires, 2 reception wires.

Good immunity to interference. Max distance 1200 meters at 100 Kbps.

RS485:
Same characteristics as RS422A but on 2 wires.
Half duplex (alternate bidirectional) multi-drop bus on 2 wires.
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(1) (Galloway ,B and al) Introduction to Industrial

networks,Journal of Computer engineering, IEEE 2012.
(2) Industrial Networks , Schneider Electric, 2011 bl

(3) Workbook TP 402, FESTO, 2003

(4) J. Powell and Henry Vandelinde, ‘Catching the process

fieldbus’, MOMENTUM PRESS, 2013
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ProfiBusdl ciluld e
Cauyet @
Al & ikl oyl dalsal LAY @

ProfiBus J <k @
Profibus concepts e
Profibus topology e

Profibus physical layers
RS485

Fiber optic

Other medias

components Network
Repeaters
couplers
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e U S5 138 apanal 5 gy o e L) S8 CNS 5 aal e 3)le
e At 323w Ty Gl Gyl e @ 5 wiladl 5 Jabedl Bl dlee Slalial

STEC 61158 ) dialsall (385 Lalle solaiel & hLiil JSY) yiin . mndl Lgany
.EN 50170 a3, dy5)5¥) daalsal) 5 DIN E 19 245 a3, dnlly) dacalsall

PROFIBUS = Process FieldBUS }

Lilss degana Jayy (Saall G 43) Sn, Jiisn 5 e smnge IS0 S50l 18 gy o
CJsSsi ) 1ag] a8 dniiaa (S0 ) dayd ASE A (90 (alila Cpmiae (e Gilules
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ProfiBus versions and types

el D )y 48 g Lial) Cllenll i ol ity US55 oS Dl [
1ot Blal) oda L dida K1 Ciliialge gy Lgia S aisy indusal
Profibus-DP: Profibus Decentralized Peripherials @
Profibus-PA: Profibus Process Automation @

Profibus-FMS: Profibus Field Message Specifications @

'.
i Internet/Intranet

Management and
development

Planning level

Ethernet

Controller level

PROFIBUS-FMS

Cell level g
it
Process management, control systems’
. PROFIBUS-DP, INTERBUS,
Field level Open and closed-loop control, DIQ CAN

monitoring

Actuator/
sensor
level

N\

j—ﬁ—

Peripheral components
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Profibus Decentralized Peripherials DP

b))l cleSatia) i 5 dalae o Jbai¥) aels ) Cangs Clpany 45 o 3l
S Bk Gk oo @A a0 per Bolal) 50l Anns 5, g (g0 Aol

5 Ao daas 125 ia clabiall e L) gpead de ju Jaatll 138 ey DY)
il e 23l i e Leas

L) Gy illenll Bl 3y Jaled) daal 8 5)lan S50 1an ekl

Factory automation

&&A&(M&M)Muaﬁ\@a&u\mém\ 138 andiiog
= Jot) dndaie lilaa) 038 ASed & JED A SHLEY) dapds L canlsall 5 o)
(<l

3!
| A

Process automation

5 lel) JIET (g IS ka3l Q:L.-qncu\ a0 e ‘_._ACJL..AAX\ 138 axiing
JS Al Ly ey daph L Aibesl) Slgall ; RETPCIW GL“ Jie oy iall Eaalgall
(- onSa o Gahaall il i) )5 ,80a da))) ole

v
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Profibus Decentralized Peripherials DP

Al leSaiall a5 Jalas G Juat¥) Ol ) Caagh Cljrens A oo Bl
@uhw}&dﬁ\%w*mmumﬂ&uj %w‘m‘u&!\
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CBladall (o 22al) (a e leayiss

L) Gy illeall Bl 8y Jabead) dial 3 5lan S8l 138 ekl

Profibus DP in Factory automation

sl za/Jaal) Cagdy Layyy a5y Profibus DP J) ol Ay cohliaY) alaea o s
Baldll bl Juag

| A

Profibus Dp in Process automation

I e sane (o S Jayys asis Profibus DP I o ,4Bila chlay) alaae oY 1l
(A Clpeatl) g g 3aldl culyla sl @s/dsan clasg cady, Profibus PA

A\
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Profibus Decentralized Peripherials DP

Market - P‘roceis Factory Motion Safety
n 1 e
Segment el B Ex e / Control Application
PROFIBUS
Solution PROFIBUS PA PROFIBUSDP A PROFIdrive Safety
(Common term)
Application PA Devices e.g.
Profile (and others)  Ident Systems ' Roridrive  PROFisafe
Communication PROFIBUS PROFIBUS PROFIBUS PROFIBUS
Technology DP DP DP DP
Transmission MEP [ MBP-IS RS 485
Technology RS485 /48545 o488 RS 4 MBP-IS
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Profibus Process Automation PA

GhLEY o Sl o 1l oS0 de ) pall Lilu gl JiS5i0sl e sk 4l o b)le
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Bus Power
Al Sl Ao Uiy ALl Syl g3ty o3 dusis 5a (Ualull) libal) Jis Jaguss
Al el cllee digas 5 Lole 8 585 ) s s V)

| A

Intrinsically safe

cllee e AilyeS Bhd Wil LS Y yiea peaill i gl 5 Ll sa
il 5 Juagll

A\

Configuration over the bus

Ll Ll 65 Jassy e Ll Sleall duley 5 il JLai¥) (S
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Analog/Digital input/output variable

:‘;_“SJ\ il o bl el (e Alilaal) 3)LEDU Aalad) Al ) <

IEEE Floating point value Status byte
A {_/H
r R
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5

Gaaill Jal e Gualdll culdl 5, Joatiall Alupal) dadll 1) dayyY) cililll aadis
Lol L .
daa dal e ) 5 ol Tal G L (800 (pa el 5LEY) (oS Ly
Digital value Status

(_/\H(_/H

Byte 1 Byte 2

:J);ld‘
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Quality code for health of Process

variable PV

Qsmlall Clus
. e luall
Status codes for good qu In‘éﬁjstr'\al

. Net k
Values in hex notation | Description cwere

0x80 Data is GOOD.
0x84 A parameter in the function block has
been changed: status active for 10 s.
0x89 Active low warning.
Ox8A Active high warning. N
0x8D Active low alarm.
0x8E Active high alarm.

Status codes for uncertain quality
Values in hex notation

0x48B Value is a substituted value (normally
used in Failsafe).

0x4ClOx4F Initial value.

0x47 Last usable value.

page 9 Sy plee — LA Al — Akl G idye Cud L



Quality code for health of Process

variable PV

Cgulal) lSul
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Status codes for bad quality

Values in hex notation

0x10 The LOE timer has expired: this could
be caused by LOE or by sensor malfunc-
tion: value is BAD.

ProfiBus PA

0x01 There is an error in the configuration of
the function blocks in PROFIBUS PA.
Ox1F The function block, or the transducer

block, has been placed out of service.
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Profibus Field Message Specifications
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Profibus layers

User program Application profiles
7 Application L PROFIBUS DP Protocol
pplication Layer (DP-VO, DP-V1, DP-V2)
6 Presentation Layer.
5 Session Layer T
4 Transport Layer
3 Network Layer
Fieldbus Data Link (FDL):
2 Data link Layer Master Slave principle
Token principle
1 Physical Layer Transmission technology
0S| Layer Model 0S| implementation at PROFIBUS
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Profibus layers and types

N
PROFIBUS DP PROFIBUS FMS PROFIBUS PA
PNO profiles PNO profiles PNO profiles
for DP devices for FMS devices for PA devices
Basic functions Basic functions
Extended functions Extended functions
DP User Interface Application Layer DP User Interface
Direct Data Link Mapper Interface (ALI) Direct Data Link Mapper
(DDLM}) (DDLM)
Layer 7 Application Layer
(Application) Fieldbus Message
Specification (FMS)
Layers 3to 6 n oot implemented
Layer 2 Data Link Layer Data Link Layer IEC Interface
(Link) Fieldbus Data Link (FDL}) | Fieldbus Data Link (FDL)
Layer 1 Physical Layer Physical Layer IEC 1158-2
(Physics) (RS 485/LWL) (RS 485/LWL)
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Profibus communication concepts

Master—slave

N e aalsy, Profibusl 4l Jigall il oda cillaad) Cagtas’ Aigyla yiad
O 00 Lilie ASu3N Jgaa L) 3o ,30lie Cillasa sac ollia Loy ,Baaly 5508 daae
o Sa\:\ﬂ\ ddans

tallaall 8 layen coa cobial 3alEl) chllasa (e le g lllia

Jie Jo¥) Cannall (g L) e lSaiall e il class one master @
(DCS, PLC)

(SIMATIC Process Jic 4l 5 b))l cilbas 3L class two master @
Device Manager PDM)

3ol das o Slilia (S0 Gy elee h\hﬁ Ca g ,eUaﬂ\ g;'édlfﬁ CGillasa 3ac dgag die
Tokin sf (oadll) dila Gph e L) ddee S5 Agie) daad J$ 5 Allad 30a);
Ailaie gl 3 Aaaall Joestl) i 5008 dlase (S o .ring
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Profibus communication messages

types

L 038 Jlead) Ao yun (pand) Lecany e calias, L) e cpdaas Sy
Time critical messages

oo e Juagil) an 2 oSl dlead derdiad) 253 /30l lilane Jua s
.Cyclic services 4yl cilaaally

| A

Cyclics services

Uase (pn laghead) Jols Llee DA (LS f 301 8) ALl el Y (40 de sana Jich
o She US55 5alie Aane 5 (U] canall (e Llle) 3018

A\
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Profibus communication messages

types
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Non time critical messages
onle e Juagl lee S LUl (aidds Slagea 5 8laddl Slagan Ja s -
Acyclic services 430U cilaaall concepts

l A

Acyclics services

() il (pe Lile) 5al8 ddana oy ALl (LES 5 56 18) SalgV1 (1o Ao gana Jich
Sl ey s Agia) Clyed Baal el 8 g 3Ll Aaaa alla ie 3alie ddasa
s BUY VSt 35):4\ salal) ddasa c_)la:\....ﬁ M

A\
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Profibus communication and device

features

O lall S

Zeliall
Industrial
Functional Levels pletworks
DP-v2
m Data Exchange Broadcast (Publisher / Subscriber)
= [soc Mode (Equidistance
plus extensions: Profibus
= Clock Synchronization & Time Stamps concepts
= HART on PROFIBUS
® Up/Download (Segmentation)
® Redundancy

DP-V1
= Acyclic Data Exchange between PC or PLC and Slave Devices

plus extensions:
= |ntegration within Engineering: EDD and FDT
= Portable PLC Software Function Blocks (IEC 61131-3)
= Fail-Safe Communication (PROF|safe)
= Alarms

DP-V0
= Cyclic Data Exchange between PLC and Slave Devices.

plus extensions:
= G8D Configuration
= Diagnosis

Device Features

Time
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Devices configuration

padiall =ans General Station DesE:ription GSD 2 (o L giadll 35y i
él’:ﬂ uLA)L.A LA‘: L;AS‘)” uld\ \JA éj& L\Ln.c .ug_u AAJ_')LJ Fﬁw\ Lﬁ W‘ GAJJ Industrial

Networks

Aesatie Al 5heaill oale o Balall Aaas sy 5 el B 2

User
Control | Engineering system
Profibus
concepts
Interpreter Frame Applic. Interface
GSD /EDD DTM TCI

-\ f !

Integration of device functionalities

Text Text Software Software
[esp || EDD | | DTM | | Device Tool

Description of device functionalities

Field device

Manufacturer
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Adressing - slot and index

slot (0 to 254) and index(0 to 254) la (paas ik (e Agall il i

Lelial

Addressing fcworts

Aigiall 488 5 sliall Ajra ol e Cangy J5Y) gl (e 52l Cillaas b |

e)s:v ,G.Ah),\l\ LD-})L oe Mj.ud\ 4\:‘.\&: V°'u @U\ Cauall ) ad\.\s Gillaas {a\d&u\ e L«.u.\

aaliall clyiayll) = Jagé e.\i\.wd\ -
concepts

sy le Slea Bha dapa sl M . (X,Y) AHICA slaall 4sliie J88 Aisial) Jaxd
(slot = 1, index = 109) (3 Gllazall 3618

r S

1 il 1
-
109 - I I I
| | |
I I I
| | |

Absolute =
index

Slot index
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Profibus bus scan

C.A‘)MLAJ\M}QLL;AL;QQSJMGQA,QJLMWHISJ&B;\S);M\aMW -v,i:d;:sw
53l QLL\;.A fu_u B uasl:\u ug&.\m u,n eéLﬁ Q\LLM «L\M L\JJJ QSAS .é.\.um JS...M ’{‘r;c::;trrlgl
master A class 1 slave 1, slave 2, slave 3, and slave 4 a
master B class 1 slave 5, slave 6, and slave 7
master C  class 2 no slaves
Profibus
concepts

alaill 1 Jae A4yl ‘é_“&\lak;d\ Jia

A B c
PROFIBUS-DP TOKEN PROFIBUS-DP TOKEN PROFIBUS-DP
Class 1 Master > Class 1 Master > Class 2 Master .
(e.g. PLC) (e.g. PLC) {e.g. Engineering
station)

ML =
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Profibus bus

Gl Oolg p cllaaall Jaall Jgaa

Master A gets the token

Master A sends outputs to slave 1 and asks for inputs
Slave 1 sends inputs to master A

Master A sends outputs to slave 2 and asks for inputs
Slave 2 sends inputs to master A

Master A sends outputs to slave 3 and asks for inputs
Slave 3 sends inputs to master A

Master A sends output to slave 4 and asks for inputs
Slave 4 sends inputs to master A

.

¥ Master A has a little bit of time to send an acyclic read or write
to one of its slaves. However this time it has no acyclic com-
mands pending, so it passes the token to master B.

Master B sends outputs to slave 5 and asks for inputs
Slave 5 sends inputs to master B
Master B sends cutputs to slave 6 and asks for inputs
Slave 6 sends inputs to master B
Master B sends outputs to slave 7 and asks for inputs
Slave 7 sends inputs to master B
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Profibus DP topology: Single

master/slave system

Master

gl GiSad
Feliall
Industrial
Networks

Profibus topology

Slave 3

&Lve‘i
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Profibus DP topology: Single

master/slave system

Master

sl S
Jeliall

Industrial
Networks

lj Profibus topology

Slave 3

Q Bus terminating resistor
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Profibus DP topology: Bus termination

.RS485 i< alasinl 5 Jla & ,a Pin 8 and Pin 3 (s dauasall puill

E 5V (Pin )

3900
} Data line B (Pin 3)
Bus terminating 2700
resistor
P Data line A (Pin 8)
3900

;g 0V (Pin5)

page 23 S plSee — A Al — Al A<

(3)glyg Cud L3

gl GiSad
Feliall
Industrial
Networks

Profibus topology



Profibus DP topology: general

caracteristics

1) Busis : 2-wire line og up to 200 m Max Or RS485

2) 3plugs, 1 X incoming, 1 X outgoing and 1 connection for the
module

3) branch line must not exceed 30 cm.

4) 31 stations Max.

5) Master station can activate up to 127 slaves.

6) stations with adress 126 and 127 reserved for commissioning
aids.
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Profibus DP topology: Repeater

(I A LS @)y S aladid ag el Aalad) die .
max. 200m Industrial

Networks

I 1

Fkepeater
E @ Profibus topology
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Profibus DP : Data exchange

tomalyali allat 3alia 3as g JS

| 1. Data telegram | - —
End Output data Header Cd Q
- o ] [ Toaaer ] :
Mastel | \ 2. Data telegram |
- Header | Input data [ End | N
| 3, Data telegram | > !
End OQutput data Header
Slave 2
pe \ 4. Data telegram |
- | Header | Input data | End | r 3
\ 5. Data telegram N
| _End | Outputdata | Header | e 1 v
-
- | 6. Data telegram | i
- | Header | Input data [ End | i F
. .
| Penultimate data telegram | — —
|_End | Outputdata | Header | 4 b
v
&~ | Last data telegram ] 1,
- [ Header | Input data [ Eed |
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Profibus DP : Data exchange

gl GiSad
Feliall
Industrial
Networks

.. Header : adresse. @
watchdog time : response after @
request time. Profibus topology

safe status : swtich off all @
outputs.

station failure: after 3°¢ request. @
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Profibus DP : CPU with integrated DP

master

laxie . alil e daede PLC With CPU e e 52l dhas (65 3 ,ole JSi i i

Aeliall
Loaldl C_“a.q 5 Jsagall CJ\.:.« [ ) ‘):\:\Aﬂ\ [N Industrial
Networks
WPl Profibus DR
interface interface
Process
User images
program RAM
Profibus topology
Flags, timers, ol Profibus
5, RAM [ CPU Ry Dl e DR < RAM | System data
system data Master
Operating Operating
system ROM Rom system

0 .
-
PLCinternal C-Bus
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Data routes

O lilaadl) Jui 3k Profibus physical layers aaldl calaally aas,
Profibus 11 Leis Jaypy il il gl (il JLai¥) iy 43 LS L4000
ALY 3y Asen Gl f RS485 duiiy DLl e s)le (ykall oda (5<5 a8

RS-485 Standared Recommended

Al b JLEY) Bl Com bl JlY il adis Al ke B e Blae
S0 S 1 5] e anl S el bl b B e il ey o6 LS

O i 13, Ll 6 5 1.5- op A Akl 5 B Ahil) 55 gm sl (3 oIS 13
1 syl
O i 13, Ll 6+ 5 1.5+ op A dlill 5 B Akl 55 gm sl (38 oIS 1Y)
02 5y
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(A+n)-(B+n)=A-B+n-n=A-B |
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RS485 specifications

DY) e manall (mds @

039 2als phis Gen lea 32 dpasi (Say @
(gt

i il 4alasind (K @
12 Mb/secC dcyu Ja Glily JiaSa @
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RS485 specifications

O lall S

et
Networie

e\ B
(bits per second) | (m) CUJ) i th e Jlen 32 Boa s oSas \@

9.6 K 1200 (tuag;\

LEE S 1200 sy lilad 4dlaiin) (Say @

45.45 K 1200 \ ey B

S a 1200 12 Mb/sec dcju s clily Ji4a€a @

187.5K 1000 RS485

500 K 400

1.5M 200

3IM 100

6 M 100

12M 100
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RS485 specifications

Qplall SlSud
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206 ma
RS485
— . A

o
|

390 0 £

T

32 stati
DGND (5) g . ions max.

DGND {5)
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RS485 specifications

gl GiSad
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Surge impedance

135 to 165 £2, at a measuring frequency of 3 to 20 MHz

Cable capacitance

< 30 pF per meter

Core cross section

= 0.34 mm?, acc. to AWG 22

Cable type

Twisted pair, 1 x 2 or 2 % 2 or 1 x 4 conductors

Loop resistance

< 110Q per km

RS485

Signal attenuation

9 dB max. over the entire length of the cable section

Shielding

Braided copper shield or braided shield and foil shield
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RS485 specifications

Cosmlall s

g Geliall
Bus connection D plug i
. - r Networks
Pin assignment of the 9-pin sub D plug connector
View Pin No. Signal Name | Designation
. 1 SHIELD Shield or function ground
2 - M24 Ground of the 24 V output voltage
(auxiliary power)
' RxD/TxD-P Receiving/sending-data-plus
B line
4 CNTR-P Signal for direction control P R
5 DGND Data reference potential (ground)
' [ YP Supply voltage-Plus
7 P24 24 V Plus of the output voltage
(auxiliary power)
8 RxD/TxD-N Receiving/sending-data-Minus
A line
9 CNTR-N Signal for direction control N
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Fiber optic advantages
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=¥ Sl Ja Jia
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Fiber optic advantages

Cosmlall s

e lial)
Industrial
Bus connection: Optical Link Module OLM Networks
) Slave
Fiber optic

"™~ Fiber optic cable -
Example of a bus
£{] RS 485 bus connector | RS 485 bus connector configuration with
without terminating resistor with terminating resistor OLM technology

page 35 . uSis flSee — AN Gidl — ddulel) LK s Cue s



Fiber optic advantages

o pulal) lSu
Feliall
Industrial

Bus connection: Optical Link Plug OLP R ctworke

Fiber optic

~

. =
FiRinggtic ook Optical single-fiber ring with
il RS 485 bus connector with terminating resistor OLP technology
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Manchester Encoded Bus Powered MBP

Cmlall Sl
Feliall
Industrial

R ATIERET . S T 9. TR AT ST+ . g W Networks

F 3
bits 1 0 1 1 0
| -
19 mA

<

E

= L Fo s, || AN e

T ¥ F Y Other medias

1TmA= — o
‘-{'I bit f=— | bit times
1 bit ==

page 37 . uSig plee — LA Al — Akl 2JS0 idye Cud L



RS485-IS

Cmlall Sl
Feliall
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Networks

Inrinsically safe IS syaall Ghlial Jaf (e o<1 g el LU b

The fieldbus approach to explosive environments is to limit the
energy going to the bus and the devices to a level where it is impos-
sible for a spark or thermal effect to be generated. The devices
designed to this concept are said to be intrinsically,® or naturally,
safe.

Other medias
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Recommended cables for Profibus PA

Table 1.4 Recommended cable types for PROFIBUS PA

Type A Type B Type C Type D
(Reference) .

Cable design Twisted pair, One or more Several twisted | Several non-
shielded twisted pairs, pairs, twisted pairs,

total shield hielded hielded

Core cross section 0.8 mm?* 0.32 mm* 0.13 mm*® 1.25 mm?®

(rated) (AWG 18) (AWG 22) (AWG 26) (AWG 16)

Loop resistance 44 Qfkm 112 Qkm 264 Q/km 40 Q/km

(direct current)

Surge impedance at 100Q+20% |100Q+30% | ** hid

31.25 kHz

Wave attentuation at 39 kHz | 3 dB/km 5 dB/km 8 dB/km 8 dB/km

Capacitive asymmetry 2 nFlkm 2 nF/km = b

Group distortion 1.7 ps/km w o oie

(7.9 1o 39 kHz)

Degree of covering of the 90 % p= ol -

shield

Recommended 1900 m 1200 m 400 m 200 m

network size
(incl. stub lines)

pPage. 39, 5 wSi s 1l
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@l 2sandl Jiay dale 201 Cllee Jal (e Lalasin) 5iSY) 8 RS485 @
Ll

Sl JSlie g dla & ol 850 il die aasi Fiber optics @

e ehlis Callss o Al ola il Wireless @

T.,;;\ -
X 7
E 4

%
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ALIL:\L::A“ JA-' 3) éﬂ Llaal) J;i 8% tL;g_A JS ‘55 A 1) LL!\))SAM =l al.fu‘y\ ks lj\letworks
Ll G
Repeater
]
= A
Segment A Segment B
@l
m e re—
o o
Eeeed
2 <

Re-generate
original signals
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. A}.\;.“ paa Networks

Field device Q Repeater

O B =
= L[AL

Field devices
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gatways |/ links / couplers

a.l) Profibus PA. 1l Jici 5,403l (g )8l) 2 salall Profibus DPY alas (Jia

gl GiSad
Feliall
Industrial
Networks

gy Ahaeat Gph e ldn byl 2 e Al £

Product Baud rate
Company Name on DP side Comments

Siemens DP/PA Coupler

Siemens DPIPA Link/
Coupler

ABB DP/PA Linking

Device

Pepperl+Fuchs Segment Coupler
for PROFIBUS PA

(sK1)

PROFIBUS Power
Hub System (SK3)

Pepperl+Fuchs

page 42 Sl — A Al — danlall A<

Fixed at 45.45
k bits per second

Any baud rate
Any baud rate

Fixed at 93.75
k bits per second

Any baud rate

PA side uses the same address
space as DP side

PA side uses a different
address space than on the
PA side

PA side uses the same address
space as DP side

couplers
PA side uses the same address
space as DP side

PA side uses the same address
space as DP side

BTN



gatways |/ links / couplers

Master

PROFIBUS DP (any |rate up to 12 M bit/s)

DPIPA link module with

||_ ”_ two couplers and one

power supply

PROFIBUS PA (31.25 K bit/s)

| | PROFIBUS PA (31.25 K bitls)

¥

[l
o ol
e

Different address space than the DP network above
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gatways |/ links / couplers

O lall S

Zeliall
; Industrial
L REEEEEE PROFIBUSDP  -------- e PROFIBUSPA ------------ > fletectis
]
]
R5485 segment Segment IEC 1158-2 segment
coupler [
DF/PA - ‘
s —_ s
Power supply
unit
(voltage supply)
couplers
DP slave without S
terminating resistor Bus termination DP
5 |PAslave ) Bus termination PA Bus configuration with
without terminating resistor DF/PA segment coupler
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Initializaing phase,Restart and user Data communication °

page 2 oSl — A Al - danlall A<

Types Data e

Parameter Data
Configuration Data
Diagnostic Data
User Data

ProfiBus DP basic Design @)

ProfiBus PA basic Design @)

=0 @
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Parameters of Bus devices 1

G ) bl e e gena pald) e Alaidl illaaal) Bl (e Jaas JS) aag
i) Qo U8 leale oyl 5 Lt
& 5 S B

DP Master Class 1

Gl oo clihaeall Jols e 5)90 IS8 IV Al (e 5oLl llass Jasd
'2,333” leia @\‘53 4 gana L;‘: Cillaaal) 538 aqied .:&a‘)}d\ salaall

Gua,bhaal) ol e 5 Juadiil) sale) , &Y e ojlesinl Sy Set Prm @
.:\.c)}d\ saliall callasall éﬁ\ LL\\)'}.A‘JLL“ s d.-.u);

Jaiil sale) 5 ey xie Laf sslesid) 2. Chk Cfg @

(@AJda9) cldanall gy5all Joliil) dallas 3l 138 dege Data_Exchange @
salaall ddaaal) &

Pl sl Aol Uls (addil Cilagles 3018 AUl 128 dega Slave Diag @
paiuaall Cilgdanal g5l Jalal) (L f ¢ Day)

8a3a0 Aesane 5l Lmgen) 30aall Cilhaall e llall 4ieg Global_Control @
ol Aalie o Wybial 5l () pae 5l D) Ausetall Lesllay el (Lo
ool lpany ae Slidanadll
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Parameters of Bus devices 2

Aaxinedl) ol il ga 52l Adana 5 53U s g Bl ol ) Lahaiall G R s

Aeliall
Industrial
DF master Networks
= "': 4 0P slave
g0 |||i flp s
il =k -
- Initializaing
: phase,Restart
¥ Slave diagnosis request {Slave_Diag) and user Data
e .
| communication
1
DP slave on bus ) A *
and ready for parameter Slave diagnosis response

assignment and
configuration

*
1
1
1
¥  Shave parameter request (Set_Prm)

4

v Check configuration request (Chk_Cfg)
o
2 Acknowledgment Ad

Configure slave

DP slave ready l!l

for data exchange

*
!
'
¥ Slave diagnosis request (Slave_Diag)

Slave diagnosis responsa A

Principal sequence of the initialization phase of a DP slave
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Parameters of Bus devices 3

DP Master Class 2

. oalll 3l 5 (el cllaae g Cilaaprally Al dajall (e saldl) Gillase Jid
A sl e cllaid) o2 adiad
Baliall cllaaall m)all 5 Jaall lasa 3¢))8 4%¢0 RD_Outp RD_Inp @
32d) ddasall L) alac Yl 363 4iege Get Cfg @
Jla ) salie danal paa (aly olsic slind Ul 138 dege Set Slave Add @

(il Q) A6 301aal) Al sl
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Parameters of Bus devices 4

O lall S

Aariiall wlsill 5 el lean ga Silhadl by A8 Y1 Jpanll Gan Kot
Table Communication relationships between the various types of DP device i\‘etWO""S
Function/Service DP slave DP master DP master Through Through
(acc. to EN 50170) (Class 1) (Class 2) SAP Layer 2 Initializaing

Requ  Resp | Requ  Resp | Requ  Resp | Number Service phase,Restart
and user Data
Data_Exchange M M (0] Default-SAP | SRD communication
RD_Inp M [} 56 SRD
RD_Outp M (4] 57 SRD
Slave_Diag M M 0 a0 SRD
Set_Prm M M o 61 SRD
Chk_Cfg M M o 62 SRD
Get_Cfg M (0] 59 SRD
Global_Control M M (0] 58 SDN
Set_Slave_Add o] (9] 55 SRD
M-M-Communication o] 0 (8] [} 54 SRD/SDN
DP V1 Services o] 0 (o] 51/50 SRD

Requ =Requester, Resp = Responder, M =Mandatory function, O = Optional function
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Parameters of Bus devices 5

O lall S

Aeliall
Industrial

Networks

I sl g Layer 2 4gll dakll Ly o ) clexad) g )l oY) Joaal) G [N

PrOfiBUS phase,Restart

and user Data
communication

Table 1.5 PROFIBUS transmission services

Service Function Dp . PA FMS
SDA Send Data with Acknowledge %
SRD Send and Request Data with Acknowledge * * ®
SDN Send Data without Acknowledge X x X
CSRD Cyclic Send and Request Data with Acknowledge x
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Set Prm 1

Cosmlall s

Telial
Industrial
Aale 5 dglae cljio)l tge IS e Parameter set <jiah)lll de gana (gin Networks

oo il JSGs sale cliaylll oda aaat oy Lsalial) Gllasall Juaidil) a5 (ailiad §
.GSD Cile Gyl oo sl lieaill ae picadll Ji e 355 alp Gk
EN &) ddalgall je ddnge y320n0 Telegram Al JSG e Gljialll sda ol
O degene o Jilagll oda s5ind .yl 244 Laas 5lah ¥ Eusy 50 170
tlgaal <l i)yl Eotemeter Data
Jie - lghalae] 5 3alal Aaadl Al gl Je o433 Stationstatus @
Jlol et ol Aiale g a0 3ald Cillane pa Juai¥) Qe , Adlall Aol Jpnis
Sync , Freeze <yl
Gigan die skl Aaaall Joe Jid Al Jasiay 48)al) dele o Watchdog @
O +yel IS8 (55 ) Cadad Cagas Baliall Al 758 lilaes 8 Gl
Aoy 5 palll alaeY gy 3 A8l Aol a5l 0 Jaall 5alial) Adasall
Agsthadll Jlaty)
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Set Prm 2

Profibus JsSsisl G s salial) ddasall b ) sas Ident — Number @
O Ay of 3oLl ddane Jains Y Cumy )l 138 (385 &4, International
b ethal Cigan ity (Sl L Galall gady ae ALl 8 850 iy of o0
alaall illasall cilgy s

8 in Gile gena Ganin 326l llasall apeats ey Group — Ident @
e Wibitane ol dneas ol TLABABAE el Jiiid ), cile gana

dasdl 8 aoadiidl Aald @il JWab meisi User — Prm — Data @
e aSatia il Jia 52l
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S 3306 Unaal (Al 5 Jaall) Lehals s A1 kel Ly ((3hbia) Jlae
08 (e Al Slanayd) e Absad i GSD pussil Calall 3 lalacY) oa (a3
) LD Y LY iy Y o3 gy die . piaadl

block I/0 ET200B <uli Jlae 8 Jaxi of 30lis dlaae (I Sy @

modular I/0 Jis Sseliss S5 e dlanal) dee Jlae 058 of Sy @
ET200M
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Slave Diag

Cpulall il
deliall
Industrial
Networks
@l o)l QLY \gigala 5 salid) dasall dsa o Cayilly 52UEN ddasa a8 |
Unad) Jd e Ausyal) il Ay (ggind g MY die 32Eall Lnsall Alla aiis
Aiase Clagleall 038 o LS (0355 o (8 Janll s ) Adaad) Alla e 50l
.EN 50 170 1 s, Laf
o Diagnostic Data

High e salal dhae ) Lo g UsiY lae (s Jloly aal dbad) o

A Gldase (bl 33l Adass a8 Laie . Priority telegram

Low Priority s3ial) &asall Jusi padil) b g bl 35ag a2 Js (& @
salall ddase ) telegram
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Data_Exchange 1

psfi Ball) Aasa i (e Ao gal) lalac) 5 il pialy Ll 3alll M\mum
d\;sﬂu\ Mbmhﬂ\@@\uuj&wui&;a};}d&@ tlgina (e HIL
I padiial) Gilidasna Jalidl sials L@\mumu)luduytg_\\s;lk;\ Jgag pde
bj\ﬁs.“éda;.oc‘\é)jj

e allal) vie Jadh alial) Aasall quslai, axdieal) Cililana Jalis ¢ L

DP maste
5 — _'"I’ T DP slave
S 'I- | o
1
1
DP master transmits ¥ User data request [Data_Exchange)
output data to F1
the DP slave 1
1
l '
1
3 1
E:gz‘:v:i;: :: gt User data response, low priur:rtv v
input data
Figure DP slave during cyclic exchange of user data with the DP master
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Data_Exchange 2

Qmlad)

oo Lot Gigans 3aldl) Aasa 2Dle b 32l dasall 580 PRGN Gilbaza Jols o W felial
- r - . Mo “ Y 1 Industrial
.‘_A\L 4_)_9}_9\ LS}"“M <ald ‘dLmJ LE)L Networks
= Df_"':w DP slave
! II II i
I l —
[
1
DP master ransmits ¥ User data request (Data_Exchangel
output data to 1
the DP slave I
1
l 1 User Data
1
DP slave acknowl- 1
[ with its input |
d:?:aand calls " User data response, high priority W
diagnosis through 1
High priority response :
l 1
1
¥ Slave di is request (Slave_Diag)
DP master fetches I
the diagnostic data - *
from the DP slave Slave diagnosis response
Figure DP slave reports a current diagnostic interrupt
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Basic Design rules
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Lladl slefpm a2y RS485 JS aladiuly Profibus DP e lia 4808 avaal i
ol

sl segment AN 332 sl ae G Vics, @

Cilia (S Sl Jus® o ny @

JS Qg dle dms gy @

el Bl 58l sany JS (e 9 e ST alatiad axe Cny @
o
o
o
o

ProfiBus DP basic
Design
ke glsie 125 35lad aae cang
B S p30 pe oy Lar iU s
B IS Slesanal 5 BN ayli (s
OSan g1 Jara prual e el (K1 7 gense Jans e e 3080 apass
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Basic Design rules: adressing

Cosmlall s

Zeliall
Industrial
o work
t N sl e Gulinll g5 Gun il Olsie 125 Silatiare iy (R
PROFIBUS address range of 0 to 127
Address 127 reserved for broadcast messages (i.e. messag-
es that are sent to all devices on the network)
Address 126 reserved for new devices whose addresses N s DP basic
can only be set over the network (i.e. no Design

dip switches)
Addresses 0 to 125 available for masters and all slaves
Address 2 used for the main controller

Address 0 or 1 used for the engineering station (if you have
a permanent engineering station, then use
address 1, reserving O for a visitor)
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Basic Design rules: maximum repeaters

number

Dol ¥ S lseatll L 5ol sy IS Gn <) Se 9 e ST alatind ase Cany
24t Qglladll Gasll Ll (e

Up to 9 Rep (=10 gl 1tg) in a row b
the DP master and the DP slave |

DP Master

However, in the PROFIBUS network overall can be more than
9 Repeater in totall

DP Slave
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Profihub

ProfiHub el it
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ProfiBus DP basic
Design

page 17 (uSigpl€ee — QAN 40 — ddulal) 40K (3)glyg Cud L3



Profihub

ProfiHub

PROCENTEC

ProfiHub A5

Ore  Guo
Q@ Qoo Qo @

page 17 | .Sogpl€ie — AAN dad) — danball 40K

(3)glyg Cud L3

gl GiSad
Feliall

Industrial

Networks

ProfiBus DP basic
Design



ingiadl
DP backhoneJ

Profihub

spur line
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Wiring problems
do not spread
to the other
spur lines

ProfiHub

BTN
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Redundancy

ProfiHub

PLC/DES2

Address X Address X+ 1

ProfiHub B2+R

Line redundancy BJuls

ProfiHub B2+R
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Basic Design rules: baud rate Vs

segment length

sulall ClSl
3 felil
.vu?d AalAS eés e L_\....;UL L‘u &J)ﬂ\ d\}Ll )L\.ﬁ;\ Industrial

Networks

Baud Max.

Rate Segment
(Kbaud) | Length
9.6 1,200m
19.2 1,200m
4545 1,200m B, O

93.75 1,200m
187.5 1,000m

500 400m
1,500 200m
3,000 100m
6,000 100m
12,000 100m
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Topologies

Gaulall GlSs
Feliall
Industrial

Qe Lol & el ALl ‘55 Glaadll @‘)f .L:.AAJ Jaal) _LA_M,} k il e )j:u Networksr

Trunk topology
edasi) ) Tl ey L Cliagaill gy dle i Lo 2als sy JS e gsing

Star topology

S ; R g ProfiBus PA basic
3 B LA Qe ) Npiias , CHMESERIER 0 in s f ble e i Design
NeuslSal

Tree topology

c el 558 Lgie 55 s ale Bae 5 oy JS o (sgin
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Topologies
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i

ProfiBus PA basic
Design

Trunk Topology
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Topologies
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E ProfiBus PA basic
Design
¥
]

ki

5|

Star Topology
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Topologies
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Tree Topology
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Basic Design rules

O lall S

Aeliall
Industrial
Networks
:35Y) Ll slac) sy Profibus PAJN @lSud apenas dic §
gl 220 aa iy o amg o il alieY) Jskl) @
aly aiae 0 5 Class A S aladiil sy @
sl 8ylad) dilidl dapb e 5 coupler kbl g e JSU KU Gl adiay @
(o 2 o
Ll 9 o ddana JS k5 e ST Design

Ll 3ang e padead) Hlall dad e g Cljeanl) sae
COLSH dles paiay can
ineal 5 O Gapl g
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1-12

13-14
15-18
19-24
AN

Basic Design rules 1

oAl 3o ae canlii o Cang g al) Jlshel

Number of Maximum length Maximum length ‘
spur lines for non-IS for IS

120 m
90 m
60 m
30 m
<l m

page 23 S plSee — A Al — Al A<

60 m

Not applicable
Not applicable
Not applicable
Not applicable

BTN
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Basic Design rules 2

Cosmlall s

deliall
) e B9 i ol Ll oy Gua :Coupler Ll JSI IS Jshll dle Betonria

.ub:\eéiu a
Class A w1900 ) Jeay of (Saysybadll e hld) 4 @
Class A 1 1000 jolai¥ 3yladll shldll 4 @

Siemens coupler voltage is 31 V DC for non IS coupler + 1 V J

ProfiBus PA basic
Design

Siemens coupler voltage is 13.5 V DC for IS 1 V J

RS S Jghal)

Lsszgment 3 Ltruuk: ik ELspu'r's (1)
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Basic Design rules 2

Al 8 el s HLE sy

Isegment =5 ZIn s Imawfaultcurrent (2)

:g}»&\ alldl o gl Joga sy

Vdrop 3 Isegment " Rloop & Lsegment (3)

tesndl Aal 3 Slea AT ) dialsl) 55l Cany

Wast - choupler + Vdrop (4)

L1 9 JN) e gl sl e o o g
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J. Powell and Henry Vandelinde, ‘Catching the process fieldbus’,
MOMENTUM PRESS, 2013

J. Weigmann and G. Kilian, ‘Decentralization with Profibus
DP/DPV1’, SIEMENS PRESS, 2003
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AS-Interface network

b s lulin 5 EDlade (e Aliall ) A3kl pualic oy days 4SS oo Bl
AS-i o peaine J L Jal) S e lial) i€l clids

GSal e JEiwe JS3 5 EN-50295 callall Hlad) 5pb e Sl oda pla
LS Cljagad) dailiall

&Y bl Ji gany ae Basadll COUISH e gana (o dpaS IS 28 sliie)
AT dga e lgbiad 5 dea e D adal 5 cilulial)

Planning level

Controllerlevel

PROFIBUS FMS

1
|-
Lol
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oandl apany ae Guilide Gurias (e Clade 5 Glulua bl Ay ol
Lol A atlac) JSLie Cigan (90 S0 jualic it o s Al
=l e alalanll

SN Ales le Jio 4dla Gljeail Aalay

(D i e 5LaY) 5 adaall) cDUISH 1o dalee b Sl aa el
bl gy Jis

e lall 4S8 s o JSy Baaae e

IP67 dlle diles da
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8alie dana 31 5 saaly 33l dans aal Jlail 4S04
10t e Balia) el cilubuall cilgaly ¢5<8 o Say
AS with integrated dses Jua) dgals pe Glulua —Dxic @
AS-Intereface conn.
CBlaiall lghia 5 ilubuall (4) Jalae Auld Gl cDlaie — lulus Jsise @
AS-Interface module
Al b oaaly baal 124 ) clalual) 5124 ) cDladall sae doay of oSy
248 ) cluluall 5128 L) cleiall s Juay (pslinll das s aladinly
Ol il e IS A8l Sl e Joas
Cliba) Jis 5 4l el dpaaall JSll o)
Jsb sl pae Loyl oS0 (Rl cdand) 4808 jualiad A& ol alaic) oKy
2 100 1 Lad
100 1 Ik 524 ddane 31 53008 daaa 1 dal e oadaeY) dalladd) (0)
Al e 5 e e
1-31 (G 2ase amg Olsie 30lae dasa S el
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AS-Interface components

Ay Sl e Dl et 180 S ) 2

AS-Interface master @ ﬁiﬁz'
AS-Interface salves @ .
AS-Interface line @
AS-Interface network @
Addressing device @ .

AS-i power supply

(Stave 2)

Sonar sensor
with integrated
AS-iconneetion

Inductive sensor Abaweig M12
with integrated

(Slave 54)
ASH connection

A5 module with

Pushbutton expanded addres

(Slave 1)

(Slave 5B)

Standard sensor,
. inductive senser

e apon e madule with relay cantadts
¢ the connecton of stancard
uators (slave 4
Contactor 24v D
1| Standard poner pack 247 D
forextemal suppiy of
standard actuators
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AS-Interface components

Juatia JS Gpb oo Ll 24 058 Jiine jaine Jish auie (po Cladall 305 2
S0 LS cluluall el JSI g3y iy LAS-Interface black cable e
Qe

AS-Interface slave with external voltage supply
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AS-Interface components: AS-I cable

Cosmlall s

o i .Self healing Lo Leais dallaall L6 Lals Lllhe e e priae I [N
i O DU Sy - oDl Al e 9 ) (5355 Szl o 5 Ta
2 X1.5 mm2 Jil aleie - Jgpasal e Alai sic gl 030
\O O/ mm
6,5 mm

[\R @]
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AS-Interface components: repeaters

O lall S

e lial)
Industrial
Networks
OpSe o ST aladinl aiey L(AES J<0 4385 5ang) Sl amy £330 Baag AdLa) Cany &
comlad) e 50l el alasind (Say (ie 300 ALSY akie dilue) Juludll e
AS-i Master AS-i power unit AS-i power unit il il
— [ Glaluall
711 | E E
—
% Slave Slave Slave Repeater = Slave
T 22| 22) 22 BE 22| 28
- |- - I # -
: ool o0l e ok
o B34 1| G - 32
2zl 2 il e
100 m 100m
Using the Repeater
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AS-Interface components: extenders
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AS-Interface clbaall Al ge sam 83kl Aaaa (6 Ladie padtiy
it i 100 gsbes dilue lhadll 3G e il sy of zaw Linstallation
& Al aag auaghi 30N Uasall dga (a Baaly dgn (e Baldall Cillaal) aadis

o)SE Y g saldll sasg caila S closa

AS-i Master AS-i power unit

——

1T | H
Extender e Slave  Slave

e
B 28 82

.| {
gy
100 m 100 m

Using the Extender
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AS-Interface components

SIMATIC with CP
mail |

Slave

AS-i power unit

AS-i Analyzer

analyzer
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Mode of operation: interface structure

O lall S

= LAl BUTSWEIP & 3alaa ddasna — 32l ddasa AA.I‘).LL\ | (| IR g Dot In?:t‘:‘al
tlaa Glidaxall e (e g AS-Interface master ge hlas Y (Al fletworks

ideall Clilare gl el die s Baulin, eldl) Ayl Jia) 2l eyl @
paiunall aliyy 5 alaladll Agaly (e JES dpeluall
oe AS-Interface slaves salic dhas 5 daaall o3 bzl Joli @
AS-Interface line J< Gyk s et

PLC-PC AS-i Slave

CPU AS-i Master
1jo
User
rogram
PIE Interface to the
user program
Y Configuration Para-
meter
Address

AS-i line
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Mode of operation: telegram structure

O lall S

Jeliall
b Industrial
s AS-Interface master ¢ Aalgiall Auyl) dy Y1 JKE) = jletorks
:AS-Interface salve |
Master call Master interval  Slave response Slave interval
O |SB|A4|AZ[AZ|AL|AD] 14 |13 [12] 12| 10(PB| 1 opiz{iz{n|o|rel1
5T EB ST EB
ST = Start bit
SB = Control bit (differentiation between |/0 data, configuration data or command call)
A4..A0 = AS-Interface address of slaves (5 bit)
14...10 = Information from master to slave (5 bit)
13..10 = Information from slave master (4 bit)
PB = Parity bit, completes the 1-bit of the telegram to an even (or odd) number (depending on

manufacturer) and assists the monitoring of data transfer

EB = Endbit
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Mode of operation: AS-i Slave

psiy Cua L CDadall 5 Slulaal) 5 JSI o JLaiY) AS-Interface salve Jia
Bl Aase Calalas dgals pe bVl asy LS cladall 5 ciliubuall 35300 ey
0 Lere T of Sl daid) o Gulal) Jals Aaane (68 of 52l Qubalas dgals) S
Aghalae Jgage Gpb

AS-i Master AS-i power supply

Branch

Inductive sensor
with integrated
AS-i connection

(Slave 1) Pushbutten

r 41 module for the
.Y connection of
+- standard sensors

Standard sensor, (slave 3

e.g inductive sensor
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AS-i Slave properties

: AS-Interface salve <l

4 data inputs and data outputs (4 data lines) @

as process outputs, set or cancelled by AS-i master, or o
as process inputs, read when As-i master want to. e

page 15 | Sogpl€ie — aAIAN dad) — danball 40K
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I/0O configuration and ID Code

I/0O configuration

& Geaiiall Sllanal) lad 8 mladl) 5 Jaladdl 3083 T/O configuration g
e Gund) aUaill 385 2ae JQ5 sale aaay g.Adasl

ID Code
Ay el (daw) Qi camm B8 5, L2 ey Guh oo 3aEd) Aaadl) st Caa
ID code, ID1 code, ID2 code Ji .dhsall piiadll 3ayha e 30yl 138 aiag

l A

Nl e e slael QL) S50l e ey IS
ideall 42l J32 0N @
Aleall 4 2aly 226 Off @
ULy Lalolay) A8 @l 1/0 o
Glalac) i Ll TRI @
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I/0O configuration and ID Code

0= DO,D1,D2,D3 (e IS i .cllaaall Llail 5 cppgliall (V) gl sy yrerg
AS-Interface slave Jsmse 34 1 e byl Alaial) cilghad) baghas et

Code Do D1 D2 D3

0000 orr 0, on on on on

0001 0r 1,, on on on Off

0010 0f 2, on on On 110

0011 0r 3, an on off Off <
0100 or 4, on on 10 1o EBlail bl
0101015, On Off Off Off

0110 0r 6 Qn {Vls] /o 110

01110r7, 10 1o ) 10

1000 or 8, off off off Off

100101 9, Off Off Off on

1010 or A, Off Off Qn Ijo

1011 0r B, Off Off. On On

1100 or C, Off Off 1o )

1101 or D, off on ON an

1110 0r E,, Off ) 10 )

1111orFy, TRI TRI TRI TRI
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Addressing

L ofginl) gy Caginy,(31..1) 23ma olgie il AS-Interface salie ddase S

AS-Interface master dass ayh (e Lgnll 23, AS-Interface 48us joca

.AS-Interface slave i il 8513 Gaa Oyl (385 &5, Jiie Ligie Slea

o) oakal)l ) ola) sy AS-Interface slave disic e

Ghyall (e 23na e e Gllaaal) (haxd lsiall el (S @

lelsie deaes oSy Y S AS-Interface slave claad) oo g sl llia - @
Olsie HAL G5 diss Loy 5ye 15 e 5SY

page 18 Ko pl€ee — AN 4l — ddulal) 40K (3edyg Cud L3

Cmlall Sl
Feliall
Industrial
Networks

Gl Jain g Aigie
AS-Interface



Memory area in AS-Interface

(gl Glea JSG el st
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Gl Jain g Aigie
AS-Interface
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Memory area in AS-Interface

O lall S

Aasal) s (p3a3 oy o 4 380 ) zUad AS-Interface slave salie daas S ——

Industrial
AS-Interface master ilass Gyh oo Lehaed &3 3510 o2 8 pletworks
Bit number
Input/output byte of AS-nterface master BN (E BE 2 i e
5 | |m | |3 |02 |o;n oo
e s Jma [m e [me [we [m
outs | ours |ourz |our | oura | ours | outz | oum
n Reservien fur Diagnaze Siave 1
nel Slave 02 Slave 03
ne2 Slave 04 Slave 05
ne3 Stave 06 Slave 07 S Jali 5 Basie
AS-Interface
fied Slave 08 Slave 09
nes Stave 10 Stave 11
[ Slave 12 Siave 13
ns7 Slave 16 Slave 15
n+8 Slave 16 Slave 17
) S 18 Siave 19
nel0 Slave 20 | Slave 21
n+11 Slave 22 | Slave 23
etz Stave 26 Stave25
ns+13 Slave 26 [ Slave 27
nels Slave 28 | Slave 29
ne1s Stave 30 [‘smen
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Memory area in AS-Interface: Example

Cpulall il
Memory area for AS-Interface slaves for the AS-Interface b
Industrial
Master CP 343-2 pletworks
Byte address Byteaddress | Byteaddressse | Bitnumber &
Inputs. Outputs | CP343-2 7 6 5 4 3 2 1 o
(image table) (image table) (peripheral data
area)
D3 02 b1 Do D3 b2 D1 Do
NG 4 N3 N2 N1 N4 N3 N2 N1
64 64 256 Reserved for diagnosis. Slave 01
65 65 257 Slave 02 Slave 03
66 66 258 Slave 04 Slave 05 _
Sl Jaldi g Asgic
67 67 259 Slave 06 Slave 07 AS-Interface
70 70 262 Slave 12 Slave13
7 72 | 264 Slave 16 Slave 17
73 3 | 265 Slave 18 Slave19
4 7 | 266 Slave 20 Slave 21
75 3 267 Slave 27 Slave 23
76 % | 268 Slave 24 Slave 25
78 = | 270 Slave 28 Slave 20
79 9 271 Slave 30 Slave 31
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Memory area in AS-Interface: Example

The AS-Interface master CP343-2 is plugged into slot 4 of the
S7-300 system. With this, it is automatically and permanently
assigned the peripheral bytes 256 to 271 by the S7 system.
Slave 1 is therefore assigned addresses 1256.0 to 1256.3 and
Q256.0 to Q256.3. The input/output addresses are to be
derived according to the same formula.
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Memory area in AS-Interface: Example

sl S

e lial)
Industrial
Networks
The AS-Interface slave occupies the AS-Interface address 4. It
is identified by the 10 code 7 H . In this case, the four data lines
DO to D3 as well as inputs and outputs are used. The memory
area in the image table for inputs/outputs of the AS-Interface
slaves starts from byte 64. s oo
10 code D3 D2 D1 Do
Tu [Ils] o 1o o
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Memory area in AS-Interface: Example

O lall S

Feliall
Industrial
Networks
Byte address. Byte address. | Byte address Bit number &
inputs outputs CP343-2 7 6 5 4 =) 2 1 Q
(image table) (image table) (peripheral data
ared)
|
T
D3 D2 D1 oo D3 D2 D1 Do
IN& IN3 INZ IN1 M4 IN3 N2 IN1
OUT4 JOUTS ouT2 ouTi ouTS ouT3 ouT2 ouT1

Sl Jali 5 digie

64 64 256 Reserved for diagnosis Slave 01 AS-Interface
65 65 | 257 Slave 02 Slave 03
66 66 258 Slave D4 Slave 05

For slave 04
IN1 = 166.4, IN2 = 166.5, IN3 = 166.6, IN4 = 166.7
OUT1 = Q66.4, OUT2 = Q66.5, OUT3 = Q66.6, OUT4 = Q66.7
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AS-Inteface commossioning

Cmlall Sl
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tod Jabasae (385 Jaall 3803 Ta5 450 e 56l Gadss vie
i3l 443 ds e Offline phase @

3l il i L o5 startup phase @ -
lhed)l Jols L &5 normal operation @ RS

P IR (G Jaldll sl el oSy
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AS-Inteface commossioning

Off-line phase ) Csulal) GlSs
Initialisation Lall

Industrial
Networks

Start-up phase

|
¥ ¥

Activation phase in Activation phase in
protected mode protected configuration mode
Sl Jaldi g Asgic
l I A AS-Interface
1 1
Normal operation * * E

Data exchange phase

Management phase

Acceptance phase
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AS-Inteface commossioning

JU A LS A L) 5 Jsagall Agaly Ayl e 2S04 du@;uﬂ\usg o cs
";“, Industrial

Networks

— &
/ 0 System fault

Normal operation

Voltage monitor (AS-| power fail)

Configuration error

o] hutomatic programming available

Sl Jaldi g Asgic
Configuration mode display AS-Interface

Displays and control elements of the AS-Interface master CP
343-2
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Gl s i @) B
ProfiNet cuys @
ProfiNet J) cilSui alal @

ProfiNet 1 (i dlaall it cilies @)
Devices in ProfiNet environment @
ProfiNet interface @

Modules of a ProfiNet device @
ProfiNet CBA sProfiNet I/O @

FieldBus J ieksil ws i3)ic @)

page 2 | uSig i€ — @A dal) - ddnlall 3 (3)glyg Cud L3



What is a ProfiNet

O lall S
Jeliall

@=liall il 5 den e ProfiBus DP e IS sk ProfiNet 3l gy e Neworie
sk (53l et e ) 5SS ll Le O e im0 e 00

e llaad) gaen Joalsi 48 5 a2tV 5 gl A5 50 3l o liall KLY

gle Ao 5 gl iy A8 ...
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Objectives in ProfiNet

Gl Gl e o Jwe juad) Zde jlee aladiul
TCP/IP c¥Laiy) eV gin 5 julea aladial

Field bus 4kl JilS zas

o) il Jalaill ey Al culiadailly oSl

Automation system
|

i E_ (P b
R

lﬁl | L

T ==
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ProfiNet Jl culSus chljagan

(W) e JS Sl 038 3 Devices il sl

ke ileatie 5 s
s [ Jalae e pane
lial) el

(+-- ¥ o) Ka) ulall ilKad @l e
AS-Interface iakil 5 ProfiBus <ilSud s Layy Cljsgas

Q Automation system

EPROFIBUS DP/PA
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ProfiNet Device Vs ProfiBus Device

o B . . - > . / PR -
.u\S,\.uJ\ oM (A Devices t—lbge;.“ Om @A 1YY . A..;L‘..AFM
Industrial
Networks

ProfiNet device

Juail Jaae ellieg of ey ProfiNet i) ae aaly Jual Jane g8 e elbigy
-ProfiBus 1 4.4 xa

ProfiBus device

<) (ProfiBus RS485 or Optical aSuill as asly Juail Jane J8Y1 e alliay
ProfiBus salé iaae e axiiy of cany ProfiNet 1 4us e Byl adayy Sa ¥
ProfiNet link or ProfiBus link with proxy functionality L, &)k oe

o
S
=

2 o .
EE B ’ ad
p -1’ PROFIBUS
between PROFINET and
PROFIBUS
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ol UK Jal e I e culane JSsindl 138 (385 Alalall el cllics e
wpntll S 58a% Jal (e Jadye 3 (e ST G 8 Clingatl) (ay ,A050 .

ProfiNet Interface has

MAC address (factory default) @
IP adress @
device name (NameOfStation) o

ProfiNet interface

Y Jgaall [FPR RN

|dentification for interfaces and ports of PROFINET devices

Element Syn-l:ol Imarfaca numbsr

Interface X In ascending order starting from
number 1

Port P In ascending order starting from
number 1
{each interface)
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:Jbs Industrial
Examples for identifying PROFINET interfaces (RS
Sample labeling number Port number ]
%2 P1 2 1
X1 P2 1 2
: ra CPUATCIPTeEST V.2 _2/_/" ProfiNet interface
=2 < TERT
G ER>
Al 167
A ? X

Numb Description

er

0] PROFINET interface of an 10 controller in STEP 7

@ PROFINET interface of an |0 device in STEP 7

@ This line represents the "interface” of a PROFINET interface.
@ These lines represent the "port” of a PROFINET interace.

Representation of the PROFINET interface in STEP 7
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ProfiNet interface J 4adll cilacalsall flemers

Table Technical Specifications of PROFINET Interface ]
Physical "~ [Connection Cable type / transmission | Transmission rate | Max. segment | Advantages
properties. methods medium / mode length
standard
Electrical RJ 45 cable | 100Base-TX 100 Mbps / full 100m Simple and cheap
connector | 2,3 twisted, symmetrical | duplex dependingon | POwer cannection
1SO B0603-7 | ang shielded copper the cable type,
cable, CAT 5 transmission shorter lengths ProfiNet interface
requirement as maximum
IEEE 802.3 lengths are
possible
Optical SCRJ 45 100Base-FX | 100 Mbps /fun |50 m Use when there are
150 [ IEC POF fiber-oplic cable duplex large differences in
61754-24 (Polymer Optical Fiber) potential
980/1000 um (core Insensitive towards
diameter / external electromagnetic
diameter) radiation
ISONIEC 60793-2 | Low line attenuation
Plastic-cladded glass fiber | 100 Mbps / full 100m Greater tapping
(Palymer Cladded Fiber, | duplex protection
FCF) |
200230 um (core |
diameter / extemnal
diameter)
_ |1sonEc 607932 - h i 4
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O el
n q . Liall
TR - :
ProfiNet interface J 4l cildialsall 43 Industrial
Networks
Physical Connedtion | Cable type / transmission | Transmission rate. | Mex. segmant | Advantages ]
properties | methods medium Jmode length Q
standard
BFOC Monomode glass fiber | 100 Mbps /full | 26 km
(Bayonet | optic cable | duplex
Fiber Optic 10/125 pm (core diameter
C:;g"ccm’} f external diameter) ‘
p ISO/IEC 60793-2
Connector) | Monomode glass fiber | 100 Mops /full | 3000 m e
|SO/EC optic cable duplex
80874 501125 ym and
82.5/125 pm (core
diameter f external
diameter)
ISO/IEC 33144 [
Radio waves - IEEE 802.11 [ 54 Mbps / naif 100m Greater mobility
[[duex Injz:aiGik Costeffective
band (IEEE networking to remote,
| 802.11 g} difficult to access nodes
| 54 Mbps / halt
duplexin 5 GHz
band (IEEE
802,11 h)
24 Mbps / half
duplex (IEEE
| 802.11 a)
| Dynamic
adaplation 10 9,
[12, 16, 18, 24, 36,
48 Mbil's
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slots and submodules

3alEal) ilaaall & il dgilia Jiuase 4 ProfiNet device cilpeadll ellic 58
vl Jsasall ol Jsposal) pums by 2 3362 038 3 (Ul 225 - Slave DP
t ) A LS, cldanall LS 5 5o ) lg g 5all 530 Al

)
19}
© @ @ 6 @
— ®
0 ©]
1
: \ ®
@
Lo 18
Figure: Structure of # PROFINET device
Number Description
@ Slot with interface module
@ Slot with module
® Subslot with submodula
@ Channel

A slot ean be subdivided into additional subslots which, in turn, contain submodules.
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ProfiNet J culy,las

ProfiNet I/O

Ao 1) Aalal Vgl 208 Cun e gall cllpalaill b it Jls) Ayl o bl
-ProfiBus 3 <l

ProfiNet CBA: Component Based Automation

s ki) e 5 dnal Ak oo sle
daandl jualiall @S il das @

l A

Machine-Machine communication 4l ;41 ;u JL=N1 @
Al “Wsage 0o Do Bilusll 5 Cineat L 0588 Sllead) il mans G

A\
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ProfiNet CBA ; ProfiNet I/O 5o Jelail

e (yan ProfiNet TOM aakl z13) dal e ProfiNet CBA dgykas axdis e

Jeliall
-y T - Industrial
d‘ cA 41\ dl.aad‘)” Networks
E%E"l =0
o= =0 ="
== =0
PROFINET

Industrial Ethernet

v b
ProfiNet 1/0
Y ; g
M PROX' o ProfiNet CBA

Intelligent field
davice on Ethernel

PROFIBUS

Component with
distributed I0 on
Ethernet

¢ PROFINET
communication

Compenent with
distributed 10 on
PROFIBUS

PROFINET CBA - modular concept
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ProfiNet CBA ; ProfiNet I/O 5o Jelail

i skl JR3N 8 ProfiNet IO 5 ProfiNet CBAY 43,k g 34l s el iy

Zeliall
Industrial
Networks
PROFINET .
T = T
Component view 10 data view
PROFINET CBA PROFINET 10
1 v - i 1 > I
o110 o3 =0
oC—1C—o or—ar—o
o—1C—10 oE—= —10
o—1—o o——o sProfiNet 1/0
ProfiNet CBA
= >
- Distributed intelligence - Distributed 1/0s
- Plant-wide engineering - Usual IO view in STER 7
= = —
Bl FCD L GSD
1ol (PROFINET Component Description) Lol (Generic Station Description)
=
IT standards, standard applications \

protocals, controller, efc.

Differentiation between PROFINET 10 and PROFINET CBA
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ProfiNet Vs ProfiBus

okl Adals s (4

— WJ

bP siave L(

PROFINET PROFINET
Controller Device
N,
) |
-
IEET T
- el
/
. | HMI - Panal
'} PROFINET L PROFINET
Device ‘ Device

Redundancy directly at the products,
FO required for Redundancy no FO necessarily required

page 15 | Sogpl€ie — aAIAN dad) — danball 40K

(3)glyg Cud L3

Industrial
Networks

) Akl pe 43l
FieldBus



ProfiNet Vs ProfiBus

Gslall il
Aeliall
. ot i1 RS 4 - . Industrial
.dl..a.h{\ ATy g &.l\.\lé.\n o 43\531.\.1 cua e Networks
PROFIBUS NET -
Bus cydle
12MBit/s 100MBit/s
1000MBit/s
Backbone
Min. 300us Min. 31,25us RS e dlia
FieldBus
125 256 (with CPUs)
ONE limitad 128 (with CPs)
PROFIBUS PROFIBUS PROFINET Conlroller
15MBt 12 MBIt -
10 Data 244 Byte 1440 Byte

- Higher performance

- Devices with more 10-Data

- fast Parameterization / Diagnostic

- reduce interfaces and components.

- Higher quantity of devices, no li on in the device number on a
Ethernet network.
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ProfiNet Vs ProfiBus

Gulal) ClSal
) ! el

:dsu.“ Ja...\.m_j d}S}S}_}.\ ;{.}; e Industrial

Networks
PROFINET g
Real-Time
HTTP | NMP| ket
PC 3 PEEl rr PROFINET
Field devices

|!II\II_IIIIéi i a

Internat Explorer 1 *P[@P 6
g IP

Sensor system
PC PROFINET
SNMPI/OPC server & PLC

PROFINET features standard TCP/IP communications

in compliance with IEEE 802.3 and real-time
communications
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ProfiNet Vs ProfiBus

plall S

1 el 5 Abgiuad)l JST sy (als et

d |
Conventional automation topologies with fieldbuses L tvoris
such as EtherCAT, Ethernet Powerlink, PROFIBUS, Interbus and other B35y a0
PGIPC HMI PLC
WLAN =
Industrial o :
- 2 Al e 25l
Ethernet 3 4' FieldBus
N |I ‘PLC biégnsstics
TN E Field device
B J
» Field device Web/TCP/IP

| 5
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ProfiNet Vs ProfiBus

el 5 lsial) JS8 g aly R
Industrial

Automation topologies with PROFINET Networks

PGIPC HMI PLC o4 lﬂ ‘e

IWLAN

) Akl pe 43l
FieldBus
[;J'i'agnc_rs.tics
M Motion
- [comml Field device
| 1 |
Drive /. = ~J
Web/TCP/IP

Access-
] Point

| | Field device
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) Akl pe 43l
FieldBus

in HTML pages
and via applets
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Networks
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w

B Fle Edt Wew Poject Tooks Window Hel
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2
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ey | % cur
e) | 3¢ pelete
l
nedd Devi 3
Updske Device.

) Akl pe 43l
FieldBus

MSEIETH ¥2.0)
ars)

unication modues)
eyt (PMS1-ETH - Onboard Ethernst)
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