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Dual power supply

Power supply B
Aoty

Quantum

U Example architecture

Asi bus {yellow cable
Passive splitter block
== 24 V power supply (black cable)

SEGMENT 1

Active splitter block

Flat cable - round cable
converter

ASi power supply
=
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TYPICAL DIFFERENCES BETWEEN INDUSTRIAL AND CONVENTIONAL NETWORKS
TIndustrial Conventional Cipulall S22
Primary Function Control of physical equipment Data processing and transfer £l 5 elid)
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, ofien 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
g, processing and utility

Deep, functionally separated hierarcl

protocols and physical standards

High

High

250 pis - 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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Controller Controller Controller
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Field Field Field Field Field Field
Equipment Equipment Equipment Equipment Equipment Equipment
Network Network Network Network Network Network
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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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Sending of a message 2
Master 1 - v Master 2
Traresfer of master fumction

Sendang of
Transfar of A message
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

l [
I [ |

= Master 4 Masters  |——#  Masters  [—

—— Piysical coupling
—=  Transfer of token passing

L) Jiinnal) Jumi adatil U 0dis, bl sae e 4380 3yl oo 3)le saToken

Jasad iy (e ) el 2y 4l G L] Daas Ui dllias 402l 3 ddasa S
LOlsial) ol e el Jui of g 0 ) ililaaal
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ISO/ Open System Interconnection

Cosmlall i

International Standard Organisation cilivalgell dalall ekl Cuald | el
L_lw‘ JJL\J PONAK|] (model C.\)AJ) ‘)_uu\ O :u—_w @A}J 1984 ?L‘; 1SO Networks

Oe et 5 Jailus Al (e uleall o3 (84 Can Lole JSE IS 8
Llall e oS il WS L L cildanal) Jali dul€a) o Laliall y uilise Gumicas
ceh o s (s Alual) ilasd) e

oalclidasae ) 23 el 1agl oy culSaal) Tl ¢y clidanall & Jolgl) ausy
- lbaall dallas (po Lilgl gy s A A8k dlgall e e

Reference model layers
7 | Application Application
Application dependent
[ Presentation F i Met
5 Session Session
Application independent
4 | Transport Transport |
3 Network Network |
2 Data back-up Link | Netwaork-dependant | 1SO/OSI reference
model
1| Transmission Physical
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ISO/ Open System Interconnection

AT G Gk e Slaanall J Jal Ga dusthall cilastl e pane Ak JS Jics SRR
Physical layer @ ﬁ;ﬂz'
(e lale o JiS) Tar gl e ililanall galall Jalailly Aadall oda e
Data link layer @
Lokl sUadl asmg ade (e 33l 5 Clidanal) adaily s
Network layer @
AY Gabi g Glidarall ya 43S e
~ Transport layer @
Llad a3
Session layer @
gl 5 larll Joli oy ied
Presentation layer @
(Syntax) culibud) 4,US 530 hdl aodins Al aclsl) Jgaty S
Application layer @ .
el dagl il Qi jealie :Jie) ikl (p Jealsill Cililee 51
oS et JIE] o ditide Ciillhg olliad Loasan - Cayyail) diuea )y A3LEY
(- ppead iy s Calgd) U g il L 5 5 seall S Ayl
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ISO/ Open System Interconnection

Hean®h 5 panll lgiany e Y50 sl 455l z3gaill 138 ardiiy e

MAP/EPA JsS5i5 5 TCP/IP JsSsiy 5 ISO/OSI oanpall mdsaill cpm 43)lia frdustia
OSI| Model TCP/IP EPA ;
o \
Application Application
Session Application
Presentation ‘
Transport Transport
\
Network Network
Data Link Data Link
Physical
Physical Physical
1SO/0SI reference

model

() by 4358 MAP/EPA Caidall z35ail) ardids 4pluldtll FieldBus) ala alass
)M‘zl\ alide e e Ji ﬁ;b
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1ot FB ) Akl leulil o aanal clyylas )l clllia
Message-oriented concept @
Station-oriented concept @

concept multimaster @

concept installation @

FieldBus Systems
(FB)
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Message oriented concept

DU pl) g ansall o Jilpl) of e dayll o3a adiat
el . Sgan JS 5l Jsane S S G Ble dilll il dasu il ol pastd
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(Physical connection) (salall Jlaiyl
etV s 5, mnd) lpaany go cillandl) JLaty AT g clilia , Aplail) o2a 3
Gllaall Jaliis e )l Slbaal) o Juai¥) 138 3 .Logical connection il

Station 1 l { Station 25 } [ Station 30 ]

B |

Twisted pair of wires — Physical connection

[ Station 17 J [ Station 3 ]
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Station oriented concept

e olatl) e pag Sl Jlaiy) alan A e cllaadd) o e digylall o34 adia okl i

Lelial
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Master

Station 3
Station 0
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FieldBus Systems.
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Station 1

Station 2 I
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Multimaster concept

3aad 3k (6% 38 Cllaacd) aad sal 3 i) Cldandd) G 388 o dayyhall 538 adiad
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.CAN bus (Controller Area Network) & 4kl e3¢l deriiosal) Lkl aaf

page 40 Ko pl€ee — AN A - ddulal) K (a)glyg Cud L3

gl iSad
Feliall
Industrial
Networks

I g gyl
FieldBus Systems.
(G



Installation concept
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deganae Sllla o) Cus Llid) Fieldbus g5 2 S g g\l\ ) Fieldbus Ji
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page 41 uSig flSee — BIAN Gindl — ddulel) LI R TICIPINN



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 Interference-free network of intelligent electronics in All bus staticns are equal, multimaster system with
automabiles simultanecus access and collision avoidance
(CSMA/CA — 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 lSa — R ) — Akl
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Comparsion of FieldBus types

Cosmlall i

Jeliall
Industrial
Networks
Data networks
%, (Data Bus)
£ § Local area networks
50 (Field Bus) Ethernet
Dl ¥ JcAhopds TCPIIP
L Fieldbus Flplg FIPWAY FTP-
D B Ethernet HTTP...
— (Rgcelbus) Modbus Plus TCP/IP
Sensor actu: Profibus-DP Modbus
g bus | ?B'VII"I:)ENEt
Zc nterbus
£5 (Sensor Bus ¥ |
5E | Modbus
= ASi
—_— : _—
~ o R e ) FieldBus types
| Simple Sophisticated
e B |
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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 | a1 ), Cud
CANopen is based on CAL o rrﬁiules Dﬁes Measuring devices| ﬂ i N
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
1S0/0SI ¢ b
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

page 47 Ko plSee — AN Al — ddulal) 40K (3)glyg Cud L3






Cmlall Sl
Feliall
Industrial
Networks

W R A S

Industrial Networks
ProfiBus Technology — &l 3ycalaall —

33585 Ut TS

Gied Anala — Al ALY Auia ad

page | | SigplSee — AN 4 — danlal) a0 (a)elyg S L3



page 2 oSl — A Al - danlall A<

ProfiBusll cibulu e
et @
Al & il oyl dalsd) LY @
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Profibus concepts e
Profibus topology e

Profibus physical layers
RS485

Fiber optic
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PROFIBUS = Process FieldBUS J
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ProfiBus versions and types

el 2 )y 438 g Lial) Cllenll i o ity IS5 08 Dl [
st Blal) oda L dida (K1 Ciliialge g Lgie JS it indusal
Profibus-DP: Profibus Decentralized Peripherials @
Profibus-PA: Profibus Process Automation @

Profibus-FMS: Profibus Field Message Specifications @

'.
i Internet/Intranet
Management and
development
=]
b '

Production control|

Planning level

Ethernet

Controller level

PROFIBUS-FMS

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

monitoring

Actuator/
sensor
level

o\

-

Peripheral components
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Profibus Decentralized Peripherials DP

b))l cleSatia) i 5 dalae o Jbai¥) Gaeli ) Caagd Cilpany 465 o 3l
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Factory automation
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Process automation
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Profibus Decentralized Peripherials DP

Al leSaiall lae 5 Jalas G Juat¥) Ol ) Cangh Ciljrens A oo 3yl
@uh@y&dﬁ\%w*uwmwm, Qga (e Ac)gall
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Profibus DP in Factory automation

sl o /Jaal) Cagdy Layyy a5y Profibus DP ) ol ey cohliay) alaea o 1l
Baldll bl Juag

Profibus Dp in Process automation

A ile sana o JS Ly o5& Profibus DP I ld 4l ShLEY) alasa Y )las
(A Clpeatl) g g 3aldl Culyla sl @s/dsah clasg cagdy, Profibus PA

| \

A\
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Profibus Decentralized Peripherials DP

Market . P‘roceis Factory Motion Safety
Segment B/ / Control Application
PROFIBUS
Solution PROFIBUS PA PROFIBUSDP PROFIdrive Safety
(Common term)
Application PA Devices e.g.
Profile (and others) Ident Systems HRORISEIVS RECEIsetS
Communication PROFIBUS PROFIBUS PROFIBUS PROFIBUS
Technology DP DP DP DP
Transmission MEBEP [ MBP-IS RS 485
Technology RS485 /48545 o485 RS 42N MBP-IS
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Profibus Process Automation PA
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Bus Power
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| A

Intrinsically safe
Cililee vie A8lS Bl Al Y ks seaill gdaall gl 5 Ll sa
el 5 Joasll

A\

Configuration over the bus
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Analog/Digital input/output variable

:‘;_“&\ il o bl dded (e Alilal) 3)LEDU Aalad) Al ) S

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

il Jal e Gualall cull 5, Joatiall Alsyall Al J1 dag ) clilll aaaius
Aaie Jal o I 5 Jonial) Hadl J) 1 (800 (a Aaad ) Y1 (0S5 Luis
Digital value Status

(_/\H(_/H

Byte 1 Byte 2

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

variable PV

smlall Clus
" el
Status codes for good qu In‘élstriyal

. . 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.
0x8A Active high warning. .
0x8D Active low alarm.
0x8E Active high alarm.

Status codes for uncertain quality

0x4B Value is a substituted value (normally
used in Failsafe).

0x4ClOx4F Initial value.

0x47 Last usable value.
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Quality code for health of Process

variable PV

Cgulal) Kol
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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-V0, 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

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 aalgy, Profibusdl dgl agall il ods ilasall Cogias Ayl 05
O (50 Likia 480N Jsa Ll Gy j3alie cllna sac ellia Laiw 3aaly 30U dase
FRTY Sa\:\m ass

tllaall 8 la)en cos cobial Ball) hllasa (e le g lllia

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

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

3ol dasa Sl (68 Cusy lee ﬁkﬁ Ca g ,eLE:J\ A;'édl,ﬁ Gillasa 3ae dgag die
Tokin sf (cadll) dila Gph e L) ddee S5 Agie) daad J$ 5 Allad 30a);
ilaie gl 3 Aaaall Joestl) i 50L8 dlase (S o’ .ring
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Profibus communication messages

types

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

.Cyclic services 4yl cilaaally

| A

Cyclics services

Uane (pn laghead) Jols Llee DA (LS 5f 30)8) ALl el ) (40 de sana Jich
o She US55 5alke Aane 5 (JgY) Cinall (e Llle) 3018

A\

page 15 | uSigpl€ee — AN 4 — ddulal) K0 (a)glyg Cud L3

Calall @l
Feliall
Industrial
Networks

Profibus
concepts



Profibus communication messages

types

Culall S

deliall
Industrial
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Non time critical messages
onle e Juagl lee L LUl Gaidds Slages 5 8laddl Slagas Ja s .
Acyclic services 430U cilaaall concepts

| A

Acyclics services

() Ciiall e Lile) 50U8 Aana G At (LS 51 56 18) el (o de gana Jici
Sl ey s Agia) Clyed Baal el B g 3Ll Aaas alla e 3alie ddasa
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Profibus communication and device

features

Functional Levels

DP-v2
m Data Exchange Broadcast (Publisher / Subscriber)
m lsoc Mode (Equidistance

plus extensions:

Clock Synchronization & Time Stamps
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

Time

page 17 | .Sogpl€ie — AN dad) — danball 40K
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Devices configuration

padinall =ans General Station Description GSD -+ ew be giaall 355 R

Lelial

Gl Slaglea e ad )l Calall 138 ging Llee Algas dipylay olaill d 5heal oy Industrial

Networks

Aesaie Al 5heaill ale e Balall Aaas iy 5 Bheaill S e

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

Js \| I !

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 Guh (e gl 0 el i

Lelial

Addressing Netwaric

el By psliel) Bjea paitiadd) e cangy SN 0 po sl eillaae 3 -

e}s:v ,G.ALU,\X\ U'J)L oe Mj.ud\ 4:\1/“; V°'u @U\ Cauall %) ad\.\s Gllaas e\m\ die L«.u.\

aliall clyiayll) ] Jazd e.\i\.wd\ -
concepts

G Lo Sl Bba da selil e L (X,y) RIS slaall 4ilie (K Lyl Jaxd
(slot = 1, index = 109) (3 Gllazall 3618

r Y

-

109 -

Absolute =
index

Slot index
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Profibus bus scan

CA‘)AAIAJLM}&:!LLAALEXQd}&&,ujmwuﬁjﬂﬂbgﬁw\bﬂ4—1&&5 slall il

e lial)
53l QLL\;.A «L_\.u B uasl:\u ug&.ha u,n eéLﬁ Q\LLM Q}; L\JJJ usﬂ .éJ.m.A JS...M Industrial
Networks
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

.. . e Y . - Profibus
Alil) 138 Jae A5k V) Laladall Jiey .
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. PLO) (e.g. Engineering
station}

r e
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Profibus bus scan

Gl O 5 claaall Jeall 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 iSad
Feliall
Industrial
Networks

Profibus topology

Slave 3

!n{v:h :
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Profibus DP topology: Single

master/slave system

Master

cpmlall S
Jeliall

Industrial
Networks
2 3

lj Profibus topology

Slave 3

Q Bus terminating resistor
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Profibus DP topology: Bus termination

Culall S
Aeliall

‘RS485 S sl & Jla i a Pin 8 and Pin 3 Gl dauasdl ol RS

Networks
E 5V (Pin &)

3900

} Data line B (Pin 3) Profibus topology

2200

} Data line A (Pin 8)

3900

g 0V (Pin 5)

Bus terminating
resistor
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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

o B R - .- - A . ogalall il
M‘L;LASL_\E))SA e\m\%mﬂa\ég\m );:Jwy
max. 200m Industrial
Networks
we | [

D

|
Repeater
E E Profibus topology
I
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Profibus DP : Data exchange

Pomalyali bl 3alia 3as g JS

| 1. Data telegram | -
End Output data Header Cd
DP ‘ ! I I Slave 1
Masted L& \ 2. Data telegram |
- Header | Input data [ End |
| 3, Data telegram | >
End Output data Header slhve 2
ve
e ] 4. Data telegram |
- | Header | Input data | Eend |
\ 5. Data telegram =
| End ] Outputdata | Header | & £ o
ave
- | 6. Data telegram |
- | Header | Input data [ End |
. .
[ Penultimate data telegram | -
| _end [ outputdata | Header | Ed LastVe
ast slave
. | Last data telegram |
- [ Header | Input data [ Eed |
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Profibus DP : Data exchange

Culall S

e lial)
Industrial
Networks
o Header : adresse. @
watchdog time : response after @
req uest t|me 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 ga daede PLC With CPU e e 52l ddaas (65 3 ,ole JSi il it

Feliall
uau\ Cj\.x.q 9 dj{?““ CJLIA uﬂ.\ ‘):\:\A.:M i Industrial
Networks
WPl Profibus DP
interfac interface
Process
User images
program RAM
Profibus topology
Flags, timers, Bp Profibus
counters, RAM [ CPU R L oP < RAM | System data
system data Master
Operating Operating
system ROM Rom system

Ef
i

PLCinternal C-Bus
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Data routes

(raa Sllasal) Ji3 (3yky Profibus physical layers ol cilidally aad,
-Profibus ) lgiw Jayyy Al Jailagll (g edl) Juat¥) Jiay a3 LS LA
ASLY 5)La) ff As GLIT 5T RS485 Ay oDl (e sl ylall o2 (y5S5 8

RS-485 Standared Recommended

Al b JLEY Bl Com bl JluY il aadis Al ke B e Blae
0 S 1 5Lay) dad sl B a ) sl byl o il Alyeg 55 LS

O o 13, Ll 6= 5 15— ou A ddaiill 5 B Akl s o sl (38 IS 1Y)
1 syl
O i 13, Ll 6+ 5 1.5+ o A dlill 5 B dhiil) 55 gm sl (3 oIS 1Y)
02 5Ly
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specifications

Cmlall Sl
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Industrial
Networks

(A+n)-(B+n)=A—B+n»n=A—B| bmy\u_‘c@&d‘u#i °
039) als phais Gen lea 32 dpasi (Say @
(& Wat)

oy il 4alasind (K @
12 Mb/secC dcyu Ja by Ji4aSa @

RS485
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RS485 specifications

Cosmlall i

o)
Rtoric:

(bits per second) | (m) Qﬁ) sy i o Slea 32 Jiasi (S @

9.6 K 1200 (g e

Lok Lol sy lilal Adaiind Kay @

4545 K 1200 || et .. L

g 1200 12 Mb/sec dcpu Ja clily Ji4a€a @

187.5K 1000 RS485

500 K 400

1.5M 200

3M 100

6 M 100

12M 100
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RS485 specifications

Qslall S
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Networks
VP {6} \e (0

206 ma
RS485
- - A

o
!

390 0 £

T

32 stati
DGND (5) R 10ns max.

DGND {5)
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RS485 specifications

gl iSad
Feliall
Industrial
Networks

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 % 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 Sl
Bus connection D plug B

: . i 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)

3 RxD/T xD-P Receiving/sending-data-plus
B line
4 CNTR-P Signal for direction control P e
5 DGND Data reference potential (ground)
6 YP Supply voltage-Plus
7 P24 24V 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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Fiber optic advantages

Cmlall Sl
Aeliall
Industrial

Bus connection: Optical Link Module OLM Networks

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
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Fiber optic advantages

pulal) S
Feliall
Industrial

Bus connection: Optical Link Plug OLP R etroria

Fiber optic

~ .
Fosnggtic cobid 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
ndustrial
el SULY e el Tl e Al deUiu) uas o adiag Networks

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

<

E

= L Fo A | AN el R

T ¥ F Y Other medias

1TmA= — o
ﬂ'l bit f=— | bit times
1 bit =
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RS485-IS

Cmlall Sl
Feliall
Industrial
Networks

Inrinsically safe IS syaall Ghliall Jaf (e o<1 iy peadl LU ok

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% | ** had
31.25kHz
Wave attentuation at 39 kHz | 3 dB/km 5 dB/km 8 dB/km 8 dB/km
Capacitive asymmetry 2 nF/km 2 nF/km e b
Group distortion 1.7 ps/km - * aid
(7.9 1o 39 kHz)
Degree of covering of the 90 % pe ! - -
shield
Recommended 1900 m 1200 m 400 m 200 m

network size
(incl. stub lines)

pPage. 39, 5 wSi s 1l

T o) — Aol LK)

TE T
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@l 3sandl Jiay dale 2301 e Jal (e Lalazin) <Y1 8 RS485

Ll
Sl ISl agas dla ol 35S bl die aaii Fiber optics

Ulle ol (allSs o) ALk cililus Wireless

cpmlall S

Jeliall
° Industrial
Networks
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("]

Other medias
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Ll G
Repeater
il
‘mu
Segment A Segment B
@l
m i -
2 o
@ o

Re-generate
original signals
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Industrial
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Field device ¢ Repeater

Repeaters

um i -
B B

]

Field devices
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gatways |/ links / couplers

sial) Profibus PA. Jl Jisi 5 ,aSll (gl 3 5alall Profibus DPY sl Jies

gl iSad
Feliall
Industrial
Networks

gy Ahaeat Gph e Lo byl A s Alaial) 3

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 S plSee — A Al — Al 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 of
o g

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

Culall S

Zeliall
{ Industrial
L REEEEEE PROFIBUSDP  -------- Pt PROFIBUSPA -~ ---------- > Rletectis
i
:
R5485 segment Segment IEC 1158-2 segment
coupler [
DF/PA LJ ‘
s b s
Power supply
unit
(voltage supply)
couplers
IE' DP slave without .
terminating resistor Bus termination DP
5 |PAslave ) Bus termination PA Bus configuration with
without terminating resistor DP/PA segment coupler
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Initializaing phase,Restart and user Data communication e

page 2 Sl — 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 ald) e Alaidl llaaal) Blal (e Jaas JS) aay
i) Qo U leale Capatll 5 Lt
¢ o 2 e B

DP Master Class 1
Glhaall oo clihaeall Jolis e 5)90 IS8 IV Al (e 5oLl llass e
'2,333” leia @bﬁ 4 gana L;‘: Cillaaal) 538 aqied .:ﬂ.c)}a.‘\ salaall
Gua ,ibhaal) Jal e 5 Judiil) sale) , #EY) e ojlesinl Sy Set Prm - @
.:\.c)}d\ saliall callaaall éﬁ\ Q\)inbb.“ e Lja.nﬁ
Jaiill sale) 5 e38Y) xie Laf sglesid) 2. Chk Cfg @
(2AJda9) cldanall (gy5all Joliil) dallae a3l 138 4o Data_Exchange @
salaal) ddasall &
Pl saiall doaall Al (il Cilagles 3018 Ul 128 dega Slave Diag @
paiaall Cilgdanal 5l Jalal) (L f & Day)
8a3a0 Ae sane 5l Lmsen) 30laall Cillaall (e llall 45ege Global_Control @
Jolg Al e bajlal o (Jusby] pae ol Jlayl) bl Lgallay Caypel) (Lee
ool lpany ae Slidanall
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Parameters of Bus devices 2

Aaxined) ol sl ga 52l Adana 5 53U L g Bl ol ) Lahaiall G s

Feliall
Industrial
DF master Networks
= "': 4 0P slave
g0 |||| fnp s
i L =" .
- Initializaing
: phase,Restart
¥ Slave diagnosis request {Slave_Diag) and user Data
— T .
| communication
1
DP slave on bus ) A *
and ready for parameter Slave diagnosis response

-assignment and
configuration

*
1
1
1
¥  Save parameter request (Set_Prm)

Assign slave T
parameters = A v

v Check configuration request (Chk_Cfg)
o
o Acknowledgment Ad

Configura 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 cllaaa 5 Cilaapally Al dajall (e saldl) cillase Jid
A sl e cllaid) o2 adiad
Baliall chllaaall m)all 5 Jaall lasa 3¢))8 4%¢a RD_Outp RD_Inp @
32d) ddasall Y calac Yl 363 4iege Get Cfg @
Jla ) salie danal aaa (aly i slind) bl 138 dege Set Slave Add @

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

Culall S

Aariiall wlsill 5 el leaany o bl Jays A ALY V) Jpanll o Koh
Table Communication relationships between the various types of DP device o
Function/Service DP slave DP master DP master Through Through )

(ace. to EN 50170) (Class 1) (Class 2) SAP Layer 2 Initializaing
Requ  Resp | Requ  Resp | Requ  Resp | Number Service phase,Restart

Data_Exchange M M o] Default-SAP | SRD 22:1;?,;3:;2”

RD_Inp M [} 56 SRD

RD_Outp M 4] 57 SRD

Slave_Diag M M 8] 60 SRD

Set_Prm M M [0} 61 SRD

Chk_Cfg M M 0 62 SRD

Get_Cfg M o] 59 SRD

Global_Control M M 0 58 SDN

Set_Slave_Add o] (9] 55 SRD

M-M-Communication o] 0 (8] s} 54 SRD/SDN

DP V1 Services 0 o] [0} 5150 SRD

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

Culall S

Aeliall
Industrial

Networks

I ol g Layer 2 4gll dakll Ly o ) cleaad) 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 x x X
SDN Send Data without Acknowledge X x X
CSRD Cyclic Send and Request Data with Acknowledge *
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Set Prm 1

dale 5 ddas @il 10w IS e Parameter set <lsiahlll de gana (g4ias
oo bl JS0 sale Gl iaylll oda paat oy LBalial) lasll el g g Gaibad
.GSD ile Gyl oo sl lieaill ae picadll Ui e (355 alp Gk
EN &) ddalgall ye ddnge y320n0 Telegram Al JSG e Gljialll sda o
O desana o Jilugll o3 ggind Lyl 244 lgeaa j5lan ¥ Gany 50 170
tleaal il sialy L)
Jie - lghalae] 5 3alal) Aaadl Al gl Je o535 Stationstatus @
Jlol apaad ol Aiale 5 a0 3ol Cillne pe Jlai¥) Qe , Adlpall Aol Jpnis
Sync , Freeze <l
Gigan die 3okl Aanall Jae Jid Al Jasiay 48)al) delu mas Watchdog @
O+ rel IS8 (530 ) Cadad Cagas Baliall Aaddll 753 lilaes 8 Gl
Aoy 5 palll alaeY gy 3 A8l Aol pa ol 053 Janl) 5alial) ddasall
gl Jlaty)
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Set Prm 2

Profibus JsSsisl G s salial) ddasall b ) sag Ident — Number @
e Ay ol B2l Aase Jiid Y Camy G 138 (333 &4, International
b ethal Gigaa cuiaty (Sl L Galall gady ae ALl 8 8l il of o0
3alaall Cillasall cilgy e

8 in Gile gens Hann 326l illasall apeats ey Group — Ident @
e Wilihane ol dnea of Al 5ol el Jiind ,cile gena

Aaadl 8 aoadiidl Aald @lfiegl JWab meisi User — Prm — Data @
e aSatia il Jia 521l
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&L Al 038 ng:\;ﬁ salaad) calaadl) ‘A\ Q\J\J‘;\J\ Al y Jlayls sakall idass ?53:
a3l ddasall (Al 5 Jaall) Lol s Al cilbihaaall 4y 5 (Bhlia) s
J8 (e il Glaaydl pe aliaed 5y GSD Gu.u)l\ calall & clalac Y oda (pias
Ay Llal Y olay) sy calalacyl o3a oy e L ahiadl o A
block I/O ET200B <l Jlae u,_s. Jaxd of salie daae < (Kay @

modular I/O Jie Sueliy J<5 et ddasdll dee o (4550 o ke @
ET200M
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Slave Diag
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@l o)l QLY \gigala 5 salid) Aasall 35a o Capilly 52U ddasa a8
Unad) Jd e Ausyal) il Ay (ggind e MY die 32l nsall Alla aiis
Liase Clagleall 038 o LS (0355 o 8 Jhanll s ) Aaad) Alla e 30l
.EN 50 170 1 s, L
o Diagnostic Data

High e salal dhae ) Lo p Uiy lae (s Jloly alal dbadl) o

A Sldass bl 3kl Adass a8 Laie . Priority telegram

Low Priority saliall dasall Jusi padil) b g bl 35ag a2 Jls (& @
alall ddase ) telegram
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Data_Exchange 1

s 3Ll Adasa Ji (pe Aipall cilalac ) 5 i)l salidll M\mua'x_
dl.;‘sﬂu\ Mbaﬁ\_\ﬂ\&u&\‘dhﬂ)u\u}uhﬂpjdh‘sﬂ L@—\MUAJSL\SLJ
I padiial) Gilidasne Jalidl Biala LG_}‘MJUMM_}XMJAA)JL@_\G;&A\ Jgng ple

aJL.gﬂ\é\Ja;AcAé‘)jJ
gie allal) vie Jadh alial) Aasall (uslai, axdieal) Cililana Jalis ¢ L

DP maste:
) = __m; ; : DP slave
:',\I .'IIII [
1 1
1
DP master transmits ¥ User data request Data_Exchange)
output data to "
the DP slave 1
1
l !
1
5 1
E:g:‘:v\:.r;:;: g < User data response, low pn'ur:rtv v
input data
Figure DP slave doring cyclic exchange of user data with the DP master
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Data_Exchange 2

mlad)

o Lo L Cgany 5Ll Aane el 335d) daad) a5, ardied) cilhes Jl ¢ P
. c " 1 Industrial
‘_A\L 4_)_9}_9\ LS}"‘“‘"‘ Cald ‘dLmJ LE)L ES
= Df_"':w DP slave
! II II )
I I —
1
1
DP master ransmits ¥ User data request (Data_Exchange]
output data to |
the DP slave I
1
l 1 User Data
1
DP slave acknowl- 1
edges with its input |
da?:znd calls g User data response, high priority W
diagnosis through 1
High priority response :
l 1
1
¥ Slave di is request (Slave_Diag)
DP master fetches |
the diagnostic data .
from the DP slave Slave diagnosis response v
Figure DP slave reports a current diagnostic interrupt
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Basic Design rules
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Llall sle)p ay RS485 JS aladiuls Profibus DP delia A0S aeal dic
ol

sl segment AN 332 sl ae Jslan Vics, @

Cilia (S Sl Just o ony @

dS Gl e 2pmy casy @

el Bl 5 sald sans JS (e 9 e ST alatiad axe Cny @
o
o
o
o

ProfiBus DP basic
Design
b Olsie 125 jolad axe g
SLAN 45 p30 g ol Lar g i) iyl sl
B IS e sanal 5 DL aylh (s
OSas 51 Jara sl o Ll (K1 7 ganse Jans e e 3080 apass
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Basic Design rules: adressing

Cosmlall i

e lial)
Industrial
3 work
t N il e Gulinll g5 Gun 5l Olsie 125 Silatae iy (S
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 I 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 0 for a visitor)
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Basic Design rules: maximum repeaters

number

Dol ¥ S lseatll L 5sald sy IS Gn <) K6 9 e ST alatind ase Cany
24t Qglhadll Gasll Ll (e

Up to 9 Rep (=10 gl 1ts) 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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Design
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Profihub

ProfiHub Do
Feliall
- g - . Industrial

- Networks
SREEEEr = ProfiHub A5 L

- - ot &
@ @un o On-
B G Qe Qo

ProfiBus DP basic
Design
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ProfiHub

VR

DP backhoneJ ProfiBus DP basic

Design

to the other

Wiring problems
do not spread
spur lines
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Redundancy

pulal) S
. Lelial
ProfiHub Industrial

Networks

PLC/DES 1 PLC/DES2

Address X Address X+ 1

ProfiHub B2+R

BEEE0 ProfiBus DP basic
& Design
Line redundancy

ProfiHub B2+R |
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Basic Design rules: baud rate Vs

segment length

el S,
A felil
.vu?d AalAS ed: e L_\...um; L,u &J)ﬂ\ d\}L\ )L\.ﬁa\ Industrial

Networks

Baud Max.

Rate Segment
(Kbaud) | Length
9.6 1,200m
19.2 1,200m
ProfiBus DP basic
45.45 1,200m Design

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
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Trunk topology
oasi) ) Tl ey L Cliagaill gy dle gyi La 2als sy JS e gsing

Star topology

ProfiBus PA basic
SHLEY) LIS Cun o el ing el g8 Lk g g Adle o giiny | RS
NSl

Tree topology

Chaeaill g5 8 lehe g )i aysh e Bae 5 o) S o g5ty

page 200 | SogpalSie — AN dad) — danball 4K aydyg Cud L



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
s
2
|

=

[ 5]

Star Topology
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Topologies

pii 0
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Basic Design rules

:35Y) Ll sldie) sy Profibus PAJ) @ilSud apenas dic

gl 2o pe iy of i gl alieY) okl @

)y piae 0 5 Class A JilS aladiul cay @

S yhd) Akl dapha e 5 coupler bl g e QS IS Johall aainy @
(b e

Ll 9 o ddane JS 4000 e sl

Ll 3ang e i) LAl Aad o i Clieadll s

e R e

Clagadl) 5 O Gl g
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1-12

13-14
15-18
19-24
A3

Basic Design rules 1

oAl 2o pe canlii o Cang gl Jlshel

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

120 m
90 m
60 m
30m
<lm

page 23 Sl — A Al - danlall A<

60 m

Not applicable
Not applicable
Not applicable
Not applicable

BTN
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Basic Design rules 2

Cosmlall i

deliall
O e LIS O i el Lils cany Cum :Coupler Ll I KU ki ddle Networce

el .o s
Class A w1900 ) Juay of (Saysybadll e hld) &4 @
Class A ;i 1000 jolai¥ 3yladll shlddl 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 )

(RS IS Jghal)

Lsszgment 3 Ltruuk: + ELspu'rs (1)
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Basic Design rules 2

Al 8 Glhaeaill s HLE sy

Isegment =5 ZIn s Imawfaultcurrent (2)

:gy.&\ alldl acd gl Joga sy

Vdrop 3 Isegment < Rloop Ed Lsegment (3)

tesudl Alal 3 Slea AT ) dualsl) 55l Gany

Wast - ‘/coupler + Vdrop (4)

Ll 9 N e gl sl 1 o6 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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el clubuall 1S3 e 5 s @)
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Sl libiall el s @)

AS-Interface clus Juit 5 dagic e
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AS-Interface network

b s lulin 5 EDlada (e Aliall ) A3l pualic oy days 4SS o Bl
AS-i o peaine J g ol S e lial) i€l clids

Al e e JS3 5 EN-50295 calall Hlad) b e Sl oda pla
LA Cljagad) dailial)

&Y hLEY) Ji gany ae Basadll COUISH e gana (0 dpaS IS 28 sliie)
AT dea e lgbiad 5 dea e D ladall 5 cilulial)

Planning level

Controllerlevel

PROFIBUS FMS

TEf &

TN, NTERsUS
can

A
- L é & A
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lewalaaiin) Calaal

oandl agany ae Guilide Curiias (e Clade 5 Glulua bl Ay ol
Lol A aslac) JSLie Crgan (90 A0l jualic it o s dilSa)
cald) e alall

SN Ales le Jio 4dla Gljeail Aalay

(J (i e 5LaY) 5 adaall) cBUISH s dalee b ol s ol
GGl oy Ji

Lo lall 4S8 s o ISy Baaae ye

IP67 dlle diles da
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8alie dana 31 5 saaly 33l dans acal Jlail 4S04
1ot e salid) el cilubuall cilgaly (5S8 of (Sa
AS with integrated dsess Juai) dgals ae Slubua —cDein @
AS-Intereface conn.
B laiall lghia 5 luluall (4) Jalae Auld @3 cDlaie — lulis Jsise @
AS-Interface module
Al b aaly baal 124 ) clalual) 5124 ) cDladall s doay of Sy
248 ) clibuall 5128 L) cBlaiall sae Juay Cpsliall dagi aladinly
Ol il allae IS A8l Sl Sa oo
i) i 5 Al Al SN o3
Jsb sl pae Loyl oS0 (Rl cdpand) 4808 jualiad AL ol alaic) oKy
2 100 11y
100 B Jhay 52l ddane 31 53008 dase 1 dal e oadaeY) dalladd) (0)
Al e 5 e i s s
1-31 w 2ase amg Olsie 30lee dasa S el

PAge 5 . uSis ilSen — A Aid) — Al 1KY ahedys Cd La
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Jeliall
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AS-Interface components

A pealiall o Dlmieilubun datds 1Sk S5 ) 2

AS-Interface master @ Lfiéﬁi'
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

Pushbuttan expanded addres

(Slave 1)

(Slave 5B)

Standard sensor,
.. inductive senser

Standard sensr,
& Position sensor

0 module with relay contacts
Y| for the connection of standard

Contactor 24¥ DC
Standard poner pack 24Y DC
for external supply of
standard actuators.
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AS-Interface components

Culall S

Jemiia J b 0p b1 24 655 Jlise e 555 e (m CDlaial 5 o Kt
83 LS el Jial) JSU (538 Lay .AS-Interface black cable e
NE :

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

Cosmlall i

o Cua .Self healing Lo Loos dalldll A6 Ll Lillh dpe i pyins Js [T
i3 o) JiSl Sy eadlal) dslaie die Gl e 0 ) (55 ¥ gagal o 4l Adpla
2 X1.5 mm2 U plia . Jppasal o 4la e sl o2
\o Og 4 mm
6,5 mm

[\Rer]
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AS-Interface components: repeaters

GSe e ST alasi) ey L (AES J9 A3 Bang) Sl day 2385 Baay Adls)
cplad) (e alial) Al 2zl (S (i 300 AU ke dilud) Judul) e

AS-i Masler AS-i power unit AS-i power unit
711 |
! E E

% Slave Slave Slave Repeater = Slave Slave

== == - =5 e == -

TIR I 1L i - - -
e LI I n LR L2t

22F 22F 28 5 =&f 22

2 P2 P2 s b i 2 i 2

100 m 100 m
Using the Repeater
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AS-Interface components: extenders

gl iSad
Feliall

Industrial

Networks

AS-Interface lbaall Al e sam 33kl Aaaa (6 Ladie padiiuy

it i 100 gsbes dilue lhadll 3G e il sy of zasy Linstallation

& il aag auaghi 30N Uasall dga a Baaly dga (e Baldall Cillaad) axdis
o)SE Y g saldll sasg caila S clasa

AS-i Master AS-i power unit

—
I!l

Extender Slave Slave

[
o L] S8 2 2
: - =
- - b
- — -
o = = =
100 m 100 m

Using the Extender
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AS-Interface components: analyzer

Culall S

Feliall
" Industrial
SIMATIC with CP frdustria
il :
|
]
AS-i power unit  Slave Slave Slave &l Ry
il cilubual)
@ D
$8)
[ole] 6]
el @]
L]
H :_ P =2
PC
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Mode of operation: interface structure

Cosmlall i

= LAl BUTSWESP & 3alaa ddasna — 32l ddasa a.u‘).ka Gl oda Jaxt Inﬁ::“ri;
sl liblaadll (e cpe sy AS-Interface master ge ablas Y JSal) jionors

deall Clilare gl el Aie 5 Baulia, eldl) Ayl Jie) 2l eyl @
padiunall aliyy 5 alaladll Agaly (e JES dpeluall
oe AS-Interface slaves salic dhas 5 ddaaall o3 bzl Joli @
AS-Interface line J< Gk i et

PLC-PC AS-i Slave

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

AS-i line
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Mode of operation: telegram structure

Culall S

Jeliall
b Industrial
s AS-Interface master ¢y Aalgiall Ayl dy Y1 JKG) ma jletworks
:AS-Interface salve i
Master call Master interval  Slave response Slave interval
O |SB|A4|AZ[AZ|AL|AD] 14 |13 [12] 12| 10|PB| 1 Qlifiz{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

psty S CDladall  cluliall 5 38U o JLaVI AS-Interface salve Jie
Bl Aase Calalas dgals pe bVl asy LS, cBlaiall 5 cilubuall 235300 ey
0 Lere Ty of ol deid) S Gulal) Jals Faane (65 of 520l ubalas dgals) S
Aghalae Jgage Gyb

AS-i Master AS-i power supply

Branch

Inductive sensor
with integrated
AS-i connection

(Slave 1) Pushbutton

r 4l module for the
.4 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
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I/0O configuration and ID Code

I/O configuration

& Geaital)l Sllanal) lad 8 mladl) 5 Jaladdl 30a3 T/O configuration g
e Gund) alail) 38y 2xe JQ5 sale aaay g.Adasll

ID Code
Ay el (daw) Qi canm B 5, A2 ey Guh oo 58] Aaadl) st Caag
ID code, ID1 code, ID2 code Ji .dhsall piiadll 3ayha o 30yl 138 aiag

| A

Nl e e slael ALl S50 e 3ey S
ideall 42l J3 0N @
Aleall 4 2aly 226 OFf @
UL Lalolay) Al 1/0 o
lalac) i Ll TRI @
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I/0O configuration and ID Code

oe DO,D1,D2,D3 (e S i . cillandl) Lalail 5 sliall Y1 Jganl) masy yrerg
AS-Interface slave Jsmse 34 N 1 e bbb Alaial) cilhad) baghas ot

Code Do D1 D2 D3 N

0000 orr 0, on on on on

0001 or 1, on on on Off

0010 0f 2, on on on 110

0011 0r3, on on Off Off 2 .
0100 or 4, on on 1o 1o =Sial bl
01010r5, an Off Off Off

0110 0r 6, on 110 /0 1}

0111017, 110 110 110 110

1000 or 8, off off Off Off

100101 9, Off Off Off on

1010 or A, Off Off Qn Ifo

1011 0r By Off Off an an

1100 or G, off Off 10 /0

1101 or D, off on ON on

1110 or £, Off 110 110 110

11110rF, TRI TRI TRI I
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Addressing

Lis Glsinll 13 Gaginy ,(31..1) 2asw olsie llaii AS-Interface 3alie ddass JS

AS-Interface master dass 3ayh (o gl 23, AS-Interface 48us jeca

.AS-Interface slave i s 8513 Gaua (lsiall (585 &, Jise Ligie Slea

o) oakal)l ) olad) sy AS-Interface slave disic xic

Gbyall (e 23na e e Gllaaall (aaxd lsiall Jaed (S @

lelsie deaes (S Y 3l AS-Interface slave claad) oo g sl llia @
Olsie HAL G5 diss Loy 5ye 15 e 5SY
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Memory area in AS-Interface

gl Glea JSG el st

e lial)
Industrial
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AS-Interface

page 19 oSl — A ) — danlall 4K iy a8



Memory area in AS-Interface

Culall S

Aasal) Als op3as oy o 4 380 ) #Uas AS-Interface slave sali ddaaa S ——

Industrial
AS-Interface master ilass Gyh oo Lehaed &3 3510 o328 8 pletrorks
Bit number
Input/output byte of AS-nterface master 7 s Ws [+ 3 2 1 e
;3 |o2 |o1 |eo o3 |o;2 |or |oo
we [me [me [wa [w [w [we [m
ours | ours |ourz |oun | oura | ours | outz | oum
n Reservient 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
e Save 12 Siave 13
ns7 Slave 16 Slave 15
n+8 Slave 16 Slave 17
) S 18 Slave 19
nel0 Slave 20 | Slave 21
n+11 Slave 22 | Slave 23
etz Stave 26 Stave 25
ne1s Slave 26 [ stave 27
nels Slave 28 | Slave 29
ne1s Stave 30 [smen

BTN



Memory area in AS-Interface: Example

cpmlall S

Memory area for AS-Interface slaves for the AS-Interface o

Industrial

Master CP 343-2 Networks

Byte address Byte address Byteaddressse | Bit number g
Inputs. Outputs | CP343-2 7 6 5 4 3 2 1 0
(image table) (image table) (peripheral data
area)

D3 02 o1 Do b3 b2 D1 Do

NG N3 m2 N1 N4 N3 N2 N1

oure |[ours [eur2 |oun [ours [ous [ourz [ oun
64 64 256 Reserved for diagnosis Slave 01
65 65 257 Slave 02 Slave 03
66 66 258 Slave 04 Slave 05

Gl Jaas 5 Asie

&7 67 [ 259 Slave 06 Slave 07 AS-Interface
o o 260 Slave 08 Slave 09
) ) 261 Stave 10 Stave 11
70 70 262 Slave 12 Slave 13
n n % Slave 14 Slave 15
72 Iz3 | 264 Slave 16 Slave 17
3 73 | 265 Slave 18 Slave 19
4 i | 266 Slave 20 Slave 21
75 7 267 Save 22 Siave3
76 76 | 268 Slave 24 Slave 25
7 ” 269 Slave 26 Slave 27
78 78 | 270 Slave 28 Slave 29
79 Ll 27 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

cpmlall S

Aeliall
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. gy
10 code D3 D2 D1 Do
Tu o o 1o o
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Memory area in AS-Interface: Example

Culall S

Jeliall
Industrial
Networks
Byte address. Byte address. | Byte address Bit number a
inputs outputs CP343-2 7 é 5 & -] 2 1 a
(image table) (image table) (peripheral data
ared)
T
o3 D2 D1 oo D03 D2 o1 Do
NG N3 INZ IN1 (LY IN3 Nz IN1
QuT4 ‘OUTS ouT2 ouT1 ouTs ouT3 ouT2 ouT1

Sl Jli 5 digie

64 fid 256 Reserved for diagnosis Slave 01 AS-Interface
65 65 | 257 Slave 02 Slave 03
&6 65 | 258 Slave 04 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
Tl
Industrial
Networks

t ot ol sae (385 Jaally 45020 Ta5 4l e 5l Gabss vie
1.l A5 dls e Offline phase @
sl cllaas Jooit s G startup phase o (NS
clled Jols la 2 normal operation @ ki
) IS (G Jall sl el oSy
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AS-Inteface commossioning

Qff-line phase ) Csmlal) GlSus
Initialisation liall

Industrial
Networks

Start-up phase

|
¥ ¥

Activation phase in Activation phase in
protected mode protected configuration mode
Gl Jaads g 4
l I A AS-Interface
| 1
Normal operation * * E

Data exchange phase

Management phase

Acceptance phase

) A —
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AS-Inteface commossioning

IS b LS A yla) 5 Jonapall Zgmls Rl e A8l Ala e oyl (S
Y

SF—| System fault

Normal eperation
Voltage monitor (AS-| power fail)
Configuration error

Automatic programming available

Configuration mode display

[Te[Je[[e[fe[ e[ [e]]e] [o] o]

g

b

—_—

Displays and control elements of the AS-Interface master CP
343-2
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Industrial Networks
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Gaplas 5 iesie @)
ProfiNet cuyes @
ProfiNet J cilSui alal @

ProfiNet J it dlaall st cilies @)
Devices in ProfiNet environment
ProfiNet interface

Modules of a ProfiNet device
ProfiNet CBA sProfiNet I/O

FieldBus J iekil ws i3)ic @)
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What is a ProfiNet

eliall Cufil 5 dga G ProfiBus DP (e JSI 1ysksi ProfiNet 1) JSisy i
Ry 5 e Lee Ol lsS50 Use 0 ey Cam 3 a0

e llanal) gues Joalss A5Sa) 5 cals81 5 gungill iy Balyy el liall IS,
Ale He gy gl by A,
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Objectives in ProfiNet

Culall S

Aeliall
i Ak Hulea e S jradl mgde jlea pladiul findustril

TCP/IP c¥Laiy) cNSgin 5 julea aladial
Field bus aakl JulS zas
il a3l Jaladl) allats Al calandilly oSl

ProfiNet J) <iSus Cilaal

Automation system

- =l @ e

k.
= Wl sm =
TR, el 1111
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ProfiNet Jl culSus Colygas

1Y) e IS Kl oda 8 Devices el aaly ol

Letial
Industrial
. Networks
aé.dam ileSalia J\ k_\:h.uba o sk Cut
GJL.AA/ Jalae Alesnes @
Dlaal) Cilyeaill @
(+-- Vo ) ) culal) Gl Gl @ o I
AS-Interface iskil ;5 ProfiBus ilSud s Layy Cligas @

g Automation system
) ® av
Wl sm [?ﬂ

I
Y Ty

Wireless

mPROFIBUS DP/PA
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ProfiNet Device Vs ProfiBus Device

s i { 4 i | A ¥ 3y Sl Gpulal) IS
.u\S,\.uJ\ oM (A Devices t—lbge;.“ Om @A 1YY . A..;L‘..AFM
Industrial
Networks

ProfiNet device

Juail Jaae éllieg of ey ProfiNet i) ae aaly Juadl Jane J8) e clbiay
-ProfiBus 1 4.4 xa

| A
o
S

ProfiBus device

<) (ProfiBus RS485 or Optical aSuill s asly Juail Jase J8Y1 e alliay
ProfiBus salé ihaae e axiie of cany ProfiNet I 4 e byl adayy Sa ¥
ProfiNet link or ProfiBus link with proxy functionality L, &)k oe

PROFINET
—

B =
D ED o P

W o @D
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Culall S
Jeliall

bl U85 dal e I (o plase IS5l 13 (35 Alelall el i Netwarts
coall Sl 3aa Jal (e Jaye A (o ST it 28 Clpgatl) (any 4800 Bt o -5

ProfiNet Interface has

MAC address (factory default) @
IP adress @ Profiet nterface

device name (NameOfStation) o

Y Jgaall T Jag)pal) 2an

Identification for interfaces and ports of PROFINET devices

Element Symbol Interface number

Interface X In ascending order starting from
number 1

Port P In ascending order starting from
number 1
{each interface)

page 7  uSis i€ — AN dald) — ddnlall 3 (a)glyg Cud L3
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Examples for identifying PROFINET interfaces RS
Sample labeling number Port number &
%2 P1 2 1
X1 P2 1 2
3 TRl CPU 4163 Pl6EST A1[VB.2 |2 ] - o
L ProfiNet interface
A < TER
G FER>
A 167
A ? X

Numb Description

er

0] PROFINET interface of an 10 controller in STEP 7

@ PROFINET interface of an 10 device in STEP 7

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

Representation of the PROFINET interface in STEP 7
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ProfiNet interface J 4gdll cilacalsall gl

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 | 243 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 /full | 50m Use when there are
150 [ IEC POF fiber-oplic cable duplex large differences in
61754-24 (Polymer Optical Fiber) potential
980/1000 pm (core Insensitive towards
diameter / external electromagnetic
diameter) radiation
ISONEC 60793-2 | Low line attenuation
Plastic-cladded glass fiber | 100 Mbps/full | 100m Greater tapping
(Polymer Cladded Fiber, | duplex protection
FCF) |
200/230 um (core |
diameter / extemal
diameter)
_ |1sonEc 607932 h il 4
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Cagalall
- . - luall
R - ’
ProfiNet interface J 4l ciliialsall 43 Industrial
Networks
Physical Connection | Cable type / transmission | Transmission rate | Max_ segment | Advantages ]
properties | methods. medium / mode length <
standard
BFOC Monomode glass fiber | 100 Mbps / full 26 km
(Bayonet optic cable | duplex
Fiber Optic 10/125 pm (core diameter
C:;g"cc’”} { external diamater)
p ISO/IEC 60793-2
Connector) | Menomode glass fiber 100 Mbps / full 3000 m ProfiNet interface
ISO/IEC optic cable duplex .
60874 50125 pm and
62.5/125 pm (core
diameter / external
diameter)
ISO/EC 93144
Radio waves - IEEE 802.11 [ 54 Mops / naif 100m Greater mobilty
tuplox in2.4 Gz, Cost-effective
band (IEEE networking to remote,
802.11g) difficult to access nodes
54 Mbps / half
duplex in 5 GHz
band (IEEE
802.11 h)
24 Mbps / half
duplex (IEEE
| 802.11 a)
| Dynamic
adaptation to 9,
|12, 16, 18, 24, 36,
48 Mbit/s
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slots and submodules

3alEal) ilaaall & il dgilia Jiase 4 ProfiNet device cilpeadll ellic 58
vl Jsasall ol Jsaasal) puims by 2 3362 038 3 (Ulas 225 . Slave DP
1Y) I 8 LS, clland) GES 5 5e Al il g sall o2 cllis

Sl

6)

@a[@;‘@) ielce]

Figure Structure of a PROFINET device
Number Description

@ Slot with interface module
@ Slot with module

® Subslot with subrmodula
@ Channel

A slot can 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 o088 Cun e gall cliplill b i Jls) Ayl o Bl
-ProfiBus 3 <l

ProfiNet CBA: Component Based Automation

sV ki) e 5 dnal Ak e sle
daandl jualiall S il dis @

| A

Machine-Machine communication 4l ;41 ;u JL=N1 @
ke S350 oo Hle Lilugl 5 e L 088 cilleal) Gl el s

A\
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ProfiNet CBA ; ProfiNet I/O ;u Jelail

ilee aca ProfiNet 10 4ai g1l Jal s ProfiNet CBAN dpki cxis [

Feliall
i T - Industrial
d‘ cA 4}\ dLaJ\}” Networks
o o=
== 'l ==
o===0 o—=—x
o= —r==t
PROFINET
Industrial Ethernet
7 ProfiNet 1/0
ProfiNet 1/
w RO 1 © ProfiNet CBA
Intelligent field
device on Etherne
PROFIBUS
Component with
distributed 10 on
Ethernet

« PROFINET

Compenent with communication

distributed 10 on
PROFIBUS

PROFINET CBA - modular concept
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ProfiNet CBA ; ProfiNet I/O ;u Jelail

: ystaall JS3) b ProfiNet I0) ; ProfiNet CBAN dpyksi (n Gl mny RIS

Zeliall
Industrial
Networks
PROFINET B
Component view 10 data view
PROFINET CBA PROFINET 10
o s | e [ o 30
] m— —c] oo
o—1C—10 oC—— —0
o——o o——0 ProfiNet 1/0
ProfiNet CBA
- Distributed intelligence - Distributed 1/0s
- Plant-wide engineering - Usual 1O view in STEP 7
~
B PCD GSD
1 (PROFINET Component Description) Ll (Generic Station Description)

IT standards, standard applications

protocals, controller, etc.

Differentiation between PROFINET 10 and PROFINET CBA
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ProfiNet Vs ProfiBus

Cmlall Sl

N (P .o o . Aeliall
i) \@JL‘J ol Industrial
Networks

PROFINET PROFINET g
Controller Device

Profi
) Akl pe 43l
FieldBus

| HMI - Panel

'

Redundancy directly at the products,
FO required for Redundancy no FO necessarily required
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ProfiNet Vs ProfiBus

Cagalall
Lelial
. ot o RS B - . Industrial
.dl..a.h{\ ATy g &.l\.\lé.\s‘ P 43\5:1.\.1 cua e Networks
PROFIBUS NET
Bus cpcle
12MBit/s 100MBit/s
1000MBit/s
Backbone
_ Min. 300us Min. 31,25us AR e dlia
FieldBus
Number 125 256 (with CPUs)
d 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 i tion in the device number on a
Ethernet network.
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ProfiNet Vs ProfiBus

Culall S

Zeliall

de“ Ja;\.m_j d}S}B}‘).\ C'_\...t; UA Industrial

Networks

PROFINET 4
Real-Time
HTTP | NMP| ket
PC 3 PRl rr wr PROFINET
Field devices

s s
i1

E=

Internet Explorer 1 '*:P[Lipp 6
g P

Sensor system
PC PROFINET
SNMP/OPC server e PLC

PROFINET features standard TCP/IP communications

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

:aeal) 5 sl JS0 day Galy e
d ial
Conventional automation topologies with fieldbuses R o
such as EtherCAT, Ethernet Powerlink, PROFIBUS, Interbus and other G a5
PGIPC HMI PLC '
WLAN s
Industrial . p‘fﬁ_,. "
Ethernet . L
N |I ‘PLC 6iégn6§tics
EI‘“ l 1|ﬁ Field device g
I '3 Field deyice Web/TCP/IP
% @EVICE
(a)glyg Cud L3
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ProfiNet Vs ProfiBus

Clieatl) 5 sl JS8 ang aly Tt
Industrial

Automation topologies with PROFINET Networks

| sy Bt
PG/PC HMI PLC — U.ﬂ

IWLAN

) Akl pe 43l
FieldBus

I.‘-J.i.agm;étics

i Motion
- -Control

Access-
] Point

| | Field device

Field device

Web/TCP/IP
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FieldBus

in HTML pages
and via applets
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ProfiNet Vs ProfiBus

igline S dlael) Alee o
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MSEIETH 2.0}

ars)

unication modles)

et (PMS1-ETH - Onboard Ethernet)
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