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PROFIBUS-DP/PA -

# Specification by 13 industrial firms and 5 university
Institutes

# 1988 German DIN Standard 19245

# 1996 European Fieldbus Standard EN 50170

# 2000 International Standard IEC 61158

Profile PROFIBUS-DP IEC 61158 communication
(high speed) « < >

RS485 physic or fiber optic
max. 12 MBaud

IEC 61158 communigation

»

Profile PROFIBUS-PA

IEC 61158-2 physic

current supply 31,25 KBaud
over bus
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PROFIBUS - Transmission Technologies

Controller

FO

PROFIBUS DP

RS485 m

Repeater

S |

1,200 m

> 10km

[=]

Fiber optic m Rs485 [ |,

e

Coupler RS485iS %}

—‘ ‘ l:“ RS485iS @

PROFIBUS PA (MBP 1S)

Per PROFIBUS DP Master
system max. 125 DP slaves

OLM's (Optical Link Module)
for wide distances with high
EMC stability

Electrical networks can be
extended by means of
repeaters (segments)

& max. 32 DP slaves per
segment

RS485iS couplers for
intrinsically safe PROFIBUS
DP in EX areas

PROFIBUS PA for direct
connection of field devices
with power supply via bus
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PlB B PROFIBUS - Functional levels o

A Functional

PROFIBUS .
Family DP-V2 | extension:
m Peer Slave Communication (Publisher / Subscriber
Communication ® Isochron Mode (Equidistance)
Medias m Clock Synchronization & Time Stamps
) ®m HARTon DP
Topologies ® PROFIdrive
Cable length ® Redundancy
Devi Rul DP-V1 extensio'n: .
evices Rules m Acyclic Data Exchange between PC or PLC and Slave Devices
Installation m Integration within Engineering: EDD and FDT g
Rules m Portable PLC Software Function Blocks (IEC 61131-3) 8
_ m Fail-Safe Communication (PROFlIsafe) o
Troubleshooting m Alarms %
Training m Cyclic Data Exchange between PLC and Slave Devices > 90% =
= GSD Configuration 0
m Diagnosis ]

1

DP-VO Time



PI.. PROFIBUS - Master - Slave _

rend #Master (class 1) # Master (class 2)
genda i . .
. # Central control # Engineering tool for commis-
Family # Cyclical data exchange with sioning and parameter
azfgfgsunicaﬁon the slaves settings of the slaves

|
Topologies & Acyclical data exchange & Acyclical data exchange with
Cable length with the slaves the slaves
Devices Rules # Active with a high priority & Active with a low priority
Installation
Rules R s e e e e e o e
Troubleshooting ﬂ H
Training DD DD Master (class 1) Master (class 2)

PROFIBUS

| Bus slaves (passive)
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PI. . PROFIBUS DP/PA - Deterministic communication -

Deterministic communication according Master/Slave principle:
Agenda

PROFIBUS # Parameterized time behaviour of the bus and defined reaction

Famil .
/ times of the slaves are permanently guaranteed!
Communication

Medias

. Master class 1 Master class 2 . . .
Topologies <+«— cyclic —> acyclic <«— cyclic

- 1] [2][s %\1---:
S R

Read measured values, Read/write parameters
write manipulated and measured values of

N
Training 1 2 Q % variables a slave
\\PROFIBUS DP \\\

N NN\ Prorus ea
oYY, i

Slave 1 Slave 2

Cable length

Devices Rules

I
Installation
Rules \,\ v\\

Troubleshooting
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Configuration of the bus (GSD file) -

¥ Bus master (Class 1 Master) needs the technical data of the
attached field device.
# The GSD file describes the general and device specific
communication characteristic of a PROFIBUS device: sheet
# Supported transmission rates

& Length of the transferred I/O data
# Type of the field device (compact slave, modular slave)

PROFIBUS
Configurator
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PROFIBUS Family - Principle

& To create hierarchy in the network, PROFIBUS defines 2
types of stations: active (masters) and passive (slaves).

master

=]

ofTlefTle. commands

>

responses

0|1|0|1|0

network

a[

» At least 1 master is mandatory.
» PROFIBUS networks allow multiple masters.
» In total 127 stations can be addressed (masters +

slaves).
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Communication Medias

# PROFIBUS Supports 3 transmission media

RS 485
2-wire CU-cable for

general purposes

MBP-IS
2-wire CU-cable with the option for
power over the bus and Ex-protection

Fiber Optic
Highest EMC protection
and wide distances
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PI. . Total Overview of the Technology -

Agenda
PROFIBUS
Family
Com_munlcatlon App. e E
Medias Profiles lI g - "
. o
Topologies S = cs
< o0
Cable Iength E ' T Y "é' g
. (@) e
Devices Rules 28
=Sy
Installation
Rules
) App. Common Application Profiles (optional):
Troubleshooting ;- " | PROFIsafe, Time Stamp, Redundancy, etc.
Training ?
Qs
IEC a g
o
comn. . L PROFIBUSDP  mu.oe 75
VO...V2 Qo
52
58
Physical RS 485 NRZ MBP Manchester Bus Powered S )
Layer RS 485-1S Intrinsic Safety mglz:lLSP Il-n(;\r,:InZict):WSea:fety § §
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PROFIBUS DP Topologies - General -
PROFIBUS communicates over a two wire bus structure.
listen. sending
taking over and
answerlng Wg

’ Yy A
|ooo .ooq[l."
Ybioloton}® ' . 0042|'|

listen listen
¥ Devices are addressed through a network address (0..126).
¥ Devices are coupled in parallel to the bus.
# Devices can be hot swapped and position does not matter.
& Each segment is terminated at both end with an active termination
# Spurs should be avoided as length is very limited
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PI. . PROFIBUS DP Topologies - Repeaters -

Single Repeaters PROFIBUS Hubs

L

Agenda

s W]

Communication _
Medias - Stations
c
. 5] oleloll6 6
TOpOlogIeS g 1ololo 00
Q blololo
Cable length N olo1a M
. plololo
Devices Rules ma
Installation -I
Rules g
ﬁ:-
. ity
Troubleshooting Stations
.. (Q\|
Training = oToToll0 0 Segment 1 Segment 2
GE) Iololol OO
o plololo OO ololol|6 O olololl6O
% °'°,:,',:°|, 2 N oto1ol00
plololo plololo
blololo 00 plololo
blololol]O0 blolelo

Benefit: Isolate part of your network from EMC/Noise
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PROFIBUS DP Topologies — Fiber Optic

Classic Topology Ring Topology

Fiber optic
cable

Coupler I Coupler

Coupler I Coupler

Benefits: Long distances and EMC/Noise isolation
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PI. . PROFIBUS DP Topologies - Wireless -

Connect your slaves through wireless couplers

Agenda ‘

PROFIBUS _

Family \\ \W
)

Communication
Medias

N

Topologies
Cable length

Devices Rules

Installation

Rules

Troubleshootin )
Training gateway

N Z
N = =

- _
e Wireless . .
gateway o 0 7ol
Wireless DP Wireless PN

Segment

Device Device
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PROFIBUS DP Topologies - Redundancy -

RS 485

olo [

Iololo

Ihnnn \V.'TJI

Ihnnm..

blo] ol 0 ll
00(]

Iololo

RS 485
coupler coupler
glasvezel
coupler coupler
glasvezel

RS 485

1=
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2.1

Transmission speed (baudrate) -

PROFIBUS offers the user the possibility to choose
from 10 transmission speeds (RS 485).

9,6 19,2 4545 093,75 187,5 500 1500 3000 6000 12000 kbps

Remarks:
#The transmission speed determines the maximum cable
length and vice versa.

#The transmission speed has to be set identically at all the
masters on the same bus.

FMost slaves detect the baudrate automatically.

#Because of economic and technical reasons some
products do not support all transmission speeds.

#Some older products do not support 45,45 kbps.
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2.1

PROFIBUS DP — Cable Length

# Baudrate vs Cable Length

Segment length
(m)

1200

1200

1200

1200

100

100

Segment length
(feet)

3940

3940

3940

3940

328

328

B
L =

3 baudrate transitions in which the cable
length reduces with more than 50 %.

# These lengths are defined for 1 segment with
32 bus loads!
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PI. ' Device Rules - Network -

# PROFIBUS Address Map

Agenda . _ _ _
S 0 Service-, diagnosis- and programming tool
Family

o o Masters (class 1)
Communlcatlon
Medias 3..125 Slaves (total or 124)
Topologies
Cable length 126 Address for: “Set Slave Address”
el 127 Broadcast address
Installation

Rules

Troubleshooting
¥ Most configuration tools block address 0 and 126 for slaves.

¥ Address 126 is a default address for slaves with software
address settings.

¥ Address 127 is a broadcast address (only visible with a
busmonitor).

Training

2.0
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Device Rules - DP Segments

# Maximum 32 loads per RS485 segments

|

Max 31 Stations

Max 30 Stations

LI

olololl6 O
lololo 00
plololo
plololo
plololo

Segment 1

# Devices that generate new segments:
# Repeaters
# Fiber Optic Couplers
# Wireless gateways

# After these devices, PROFIBUS segment
rules are the same.
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Controller Layer Model
(Master) (ISO Standard since 1983)

Pl@ 8  PrROFIBUS-PA Network layout o

I Remote 10

o

[

)

D

e

oL

O

na

o IEC 61158-2
Manchester Bus Powered

(MPB)

Link 4 1 0 1 1
lg + 9MA
Ig |||‘
I - 9MA
=t
Gerétlil i ﬁ

»
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PROFIBUS
Family

Communication

Medias i
Topologies ﬂ”ﬂﬂWl DCS/PLC
Cable length -

Devices Rules

Installation PROFIBUS DP

Rules

Troubleshooting

Training

III DP/PA-Link
I

24V
PROFIBUS PA

Segment

111 T“

ll;/l/’
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PI. . PROFIBUS PA Topologies - Redundancy -

Coupler Redundancy

Agenda 5

2 = Coupler-Redundancy
PROFIBUS 5 DP/PA-coupler,
Family S redundant (M = master)

nd

o

Communication /

Medias IM 153, redundant Active Field Splitter

Topologies ; PROFIBUS PA .
Cable length B Bus termination 1

Devices Rules O Automatic bus termination i El

PA Ring Redundancy

Installation
Rules

= Coupler-Redundancy
= Media redundancy based on aring topology

Troubleshooting

Training

PROFIBUS DP

Active Field Distributor

/

IM 153, redundant

PROFIBUS PA
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PI. . Higher availability with Redundancy -

Agenda

PROFIBUS DP/PA Link
Family

.. ~ Field Device Coupler,
Com_munlcatlon redundant (M = master)
Medias

Topologies
Cable length PROFIBUS PA

Devices Rules

Short-circuit or

Installation wire break on trunk line

Rules
Troubleshooting PA Junction Box / Junction Box

//

Training —
[ /1 ] ]

O Automatic bus termination



PI.. Automatic Termination _

Automatic bus termination enables unique online changeability

Add new devices
EF Link - Enhance I|.ne
Enhance ring

@ Automatic bus termination

® Bus termination

PROFIBUS PA

AFD AFD AFD AFD

i
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Installation rules

# Grounding & Shielding

# PROFIBUS is digital communication, not 4-20mA
# Ground at both end
# Ungrounded shield has no effect
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PI' . Installation rules -

# Power Lines
Agenda # Digital communication is sensitive to power lines
PROFIBUS ¥ Watch out for cable runs in trays
Family # Respect distances for air separation

Communication
Medias _IIII| IIIIIII IIL IIIIIIIIIIII ]

Topologies S VO P

Cable length { J

Devices Rules

Installation 1->

Troubleshooting A N L N P PR SR IR EETETTRRR Jlf 3 T 3 : o

Training 1) 2 10} MATHA, 1.V, 2058, 5 (AT T S |
Power line too close AN T T

ot

Power line are removed
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# Some examples with Power Lines
Agenda

PROFIBUS
Family

-
-
|..
-
-
L
-
L
®
®
™
*
L
o
®
L
@
L ]
-

Communication
Medias

I N R T P

e b

Topologies

Cable length

m
1}

» DONNN

Devices Rules

Installation
Rules

Troubleshooting

Training
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Installation rules -
33

# Proper wiring and component selection
# Wiring and cable termination is critical
& \Wrong component selection leads to bad installation
# Take environment in account (humidity, sunlight...)
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Troubleshooting -

# Recognizing bad installations
# You cannot use the multimeter, this is digital comm.
# Specific tools are required

Oscilloscope

Cable Tester

Analyzer

# Find wiring errors such as short circuit

# |dentify missing termination and EMC

# Capture error messages and find the source of your
system shutdown

# Cost and time saving by using the right tools!
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Troubleshooting - Oscilloscope

# Good signal

= T—u,.] = s« N — Tr‘ e — _f.v.nr.\,m_.,., S——
J i
# Missing termination
— .
_r ____;___,WN_J_ e

| i

""Iw;l" ___"é'""" "fm”_\.__""""""_____
. ; ﬂxwm | v,-f"‘-am
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Troubleshooting - Analyzer

36

# Capture all PROFIBUS messages

# Useful for random errors

¥ Shows underlying conditions

¥ Device diagnostic
Frame=Nr |Tim.95t,a.mp |Idle time |Attentic\n |Frame |Addr |Service |Hsg type R, Be
JE54497 zg-May-z... 43 EBit sDd O-=z Token pass Pas=s token
IeE4498 ZE-May—-2. .. 40 EBit 2DE Z-»10 ZDD HIGH Data Exchange Beqg
ZEE44939 gz-May-E. .. 16 EBEit BDEZ £=-10 oL Data Exchangs Res
3e&4E500 2E-May-2._ .. 39 Bit EDE 2-=12 S0 HICH Lata Exchange Beqg
JeE4501 2Z-May-z._ .. 18 Eit BDE 2=-12 oL Data Exchange Res
664502 EE-May-2._ .. 33 Bit EDE Z=-=14 SED» _HIGH Lata Exchange Beg
3654503 zz-May-z. .. 17 Eit SDE Z=-14 oL Data Exchange Res=s
3664504 EE-May-2. .. 33 Bit BDE Z-=Z0 SEI»_HIGH Lata Exchange Reg
zz-May-zZ... 26 Bit Parity error Illegal
3664508 ZE-May—-2. .. 17Z Bit 2DE Z-=Z0 ZDD HIGH Data Exchange Beqg
3664507 ZE-May-2. .. 2lé EBit 2DE Z2-rZ1 ZDD HICH Data Exchange Peqg
J6545082 zé-May-2._ .. 207 Bit Bepeat (lost) BDE Z-=z1 SPEI» HIGH Data Exchange Reg
664509 ZE-May-2._ .. 216 Bit EDE Z-rZZ SED» _HIGH Lata Exchange Bedg
3664510 zZ-May-z._ .. 207 Bit Bepeat (lost) EDE Z-FZZ SED_HICGH Data Exchange Reg
3664511 EE-May-2. .. 3l& Bit SDE Z-xZ3 SED_HIGH Lata Exchange Reqg
366451 E ze-May-2... 307 Bit Bepeat BDE Z-rZ23 SED_ HIGH Data Exchange Reqg
JEE4513 zg-May-z... 26 Bit EDE z=-Z23 oL Data Exchange Res=s
3664514 ZE-May—-2. .. 32 Bit 2DE Z-rZ4 ZDD HIGH Data Exchange Beqg
ZEE451E gz-May-E. .. 25 Bit BDEZ Ea-Ed4 oL Data Exchangs Res
3664516 2E-May-2._ .. 40 Bit EDE Z2-»ZE S0 HICH Lata Exchange Beqg
3654517 2Z-May-z._ .. 49 EBit BDE Z=-Zk5 oL Data Exchange Res
3664518 EE-May-2._ .. 40 Bit EDE Z=-rZB SED» _HIGH Lata Exchange Beg
3654513 zz-May-z. .. L4 Eit SDE Ze-Z6 oL Data Exchange Res=s
3664520 EE-May-2. .. 40 Bit BDE Z-=E7 SEI» HIGH Lata Exchange Reg
E11 T 3 zg-May-z... &z Bit EDE z=-Z7 oL Data Exchange Res=s




P8 &

PROFIBUS - PROFINET

Agenda

PROFIBUS
Family

Communication
Medias

Topologies
Cable length
Devices Rules

Installation
Rules

Troubleshooting

Training

Training -
¥ Certified Training by PROFIBUS International

Benefits
# Avoid basic errors that cost time and money
# Quality assurance for design and
commissioning
# Faster project delivery
# Better installation, longer operation

Various courses available

# PROFIBUS Certified Engineer
# PROFIBUS Certified PA Module
# PROFIBUS Certified Installer
Certified by

# PROFINET Certified Engineer PI. .

PROFIBUS - PROFINET
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