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1. Introduction

This document provides information on the desigg;dut, installation and testing of
PROFIBUS networks. The information contained og@s from a number of sources (see
bibliography).

Important Notice

Although considerable care has been taken to ernhatethe informatior
contained in this document is accurate and comphetaesponsibility can be
taken for errors in the document or installatiomt&arising from its use.

PROFIBUS is an extremely flexible and reliable commication technology, however, like
all high-speed digital communications systems, lamols can be caused by a number of
simple errors. Poor wiring and layout can causkypar interference in cables giving
corrupted telegrams. Incorrect termination and nathgr errors can cause reflections to
occur in fieldbus cables, resulting in distorted aonrrupted telegrams. In order to
understand how to avoid some of these problems ugt finst understand how they occur.

1.1. Pickup in Fieldbus Cables

Pickup occurs when outside influences such as sablequipment carrying high voltages
and/or high currents induce unwanted signals irfieldbus cables. There are two main
mechanisms for pickup of interference from othectlcal cables or equipment.

Electrostatic pickup

Here, electrostatic or capacitive coupling betwteninterference source and the fieldbus
cable induces electrical voltages in the cable.dbsger the cables the greater the coupling
between the cables and hence the worse the pickiupawCables carrying high voltages,
high frequencies or rapidly changing voltages amiqularly prone to inducing

electrostatic pickup.

Interference source /.\/ High Voltage
e.g. Power cable

— — : Capacitive coupling
H fanmnnns >
Signal cable N, pi
e.g. Instrumentation Pickup

Electromagnetic pickup

Here, magnetic or inductive coupling between therference source and the fieldbus
cable induces electrical currents in the cable.iyghe closer the cables the greater the
coupling and the worse the pickup will be. Cablasying high current or rapidly changing
current are particularly prone to inducing electagmetic pickup.

Interference source High Current

e.g. Power cable Th

Signal cable _: i
e.g. Instrumentation " ~, Pickup
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Pickup Reduction

Shielding or screening the signal cable can reéleerostatic pickup. However, shielding
is only effective when the shield is properly cocted to earth (ground). Unearthed
screening has no effect whatsoever; in fact itroake the pickup worse!

Interference source f\/ High Voltage

e.g. Power cable .
R EETEEEE Z—----Z—---:'-;\"'g Pickup passes to ground
1n : :

Signal cable T T .

e.g. Instrumentatioi' --------------- i' ’)(/ Pickup

Twisted pair cable significantly reduces electron&t pickup. This is because the
induced currents that flow in each loop of the taglspair cable are flowing in different
directions along the wire and hence on averagettendncel out.

LA A

:/\§=(< A\@\é\,{x Pickur

Induced currents in adjacent loops tends to cancel

Installation of the fieldbus cable in earthed, negrally impervious ducting (i.e. steel tray
or conduit) can further reduce both electrostatitt @lectromagnetic pickup. This is
because the steel provides magnetic shieldingheontagnetic fields that induce
electromagnetic pickup and the earthed enclosurages additional shielding against
electrostatic pickup.

Interference

Steel enclosure

/ provides electromagnetic screening
—— Earth connection

s provides electrostatic screening

1.2. PROFIBUS Connection Technology

PROFIBUS has an extremely wide range of applicadiosh therefore utilises several
different transmission technologies. PROFIBUS D& BNIS both use RS-485 (also called
H2) transmission. In addition fibre optic (FO) tsamssion can be used. PROFIBUS PA
uses Manchester Bus Powered (MBP) transmissiopeasfied in IEC 61158-2 (also

called H1).
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= = o

Layer
User FMS device DP device PA device
Profiles Profiles Profiles
Apblicati 7 Fieldbus Message DPVO basic functions
pplication (7) Specification also DPV1, DPV2 extensions

Layers (3) to (6) not

oSl used in fieldbus
model systems
Data Link (2) Fieldbus Data Link (FDL)
. ; : MBP
N Physical (1) RS-485 / Fibre-Optic (EC61158.2)

The PROFIBUS Open System Interconnection model

1.3. RS-485 Transmission

PROFIBUS DP and FMS both RS-485 transmission. DPop&rate at a range of standard
bit rates:

9.6, 19.2, 93.75, 187.5 and 500.0 kbit/s

1.5, 3.0, 6.0 and 12.0 Mbit/s

Note that 45.45 kbit/s is also used on some Siemewises, but this is actually a non-
standard bit rate. PROFIBUS RS-485 wiring useddbictwisted pair cable and can be
used to connect up to 32 devices in a single seg(peEte of cable). The allowable
segment cable length depends upon the bit ratg lnsied and varies from 100m maximum
at high speed to 1000m maximum at low speed (s#m®sel.3).

Balanced Transmission and screening

RS-485 is dalancedtwo-wire transmission system, which means thigttihe

“differential” or difference in voltage between ttveo wires that carries the information
rather than the voltage relative to ground or ed#ianced transmission is much less
sensitive to pickup and interference than singldeelnor unbalanced transmission. Let us
see why.

Unbalanced transmission

“Unbalanced transmission” is where we use a sigir@ and a zero-volt reference wire:

Transmitter Receiver
Interferenc

UL, - UL

Referenc ~ . .
! Reference is connected to low impedance ground

Signal
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Electrostatic and electromagnetic interferencebmpicked up by both the signal and
ground wire, however since the ground wire is catettto low resistance earth, the
induced voltages and currents pass to earth arallide effect. The signal wire, on the
other hand, picks up these induced signals regutticorrupted transmission. Unbalanced
transmission is surprisingly common: RS232, 4-20@Ad many other transmission
technologies use unbalanced transmission.

Earthed screening can reduce electrostatic pidiupinbalanced transmission can give

rise to “Earth Loops” if the reference wire is éa&d at both ends. Earth loops cause
variations in the reference voltage at the trarteménd receiver:

Interferencyx

Signal - —
1! [ r\f\/
Reference e e
ad .
Small ground current gives rise to Common
voltage drop. Earth

For this reason unbalanced systems are best witedhe reference and shield connected
at one end of the cable only (normally at the cdmtsom end only).

Balanced transmission

Balanced transmission is where both wires carnsitpeal, one positive and one negative.
The information is carried by difference betwees tbltages on the two wires
(differential). The term “balanced” means that tlve wires have identical electrical
characteristics and connections and so any inaréerthat is picked up on both wires
(common mode signals) tends to cancel out. Sireetis now no reference wire the
screen is totally independent from the signal. &@e any small currents flowing in the
cable shield will have little effect (although largscreed currents and voltages can still
cause pickup):

Interferenc

Signal +

I
Signal — , Lﬂﬂpl:
Ground7l7 > 717Ground

Small screen current has no effect

Balanced transmission is much less prone to pithap unbalanced transmission and
because the screen is connected at both ends céitheit is much more effective than
screens that are earthed at one end only.
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Screening balanced cables

PROFIBUS RS-485 transmission is balanced to imprmige rejection. Therefore we
should earth the cable screen at both ends toetisairit is effective at high frequencies.
This is normally done by connecting the cable sttedhe device earth via the connectors.
However, we must make sure that the device is ctyrearthed. Poor shielding or

earthing is a very common wiring error.

Connector Shielded, twisted-pair cable  Tg other

device:

From other
device:

‘ Earth the screen at %_'
e o | erervdevie D@ﬁ
| Device

'E ~ But also ensure every device-

properly earthe

PROFIBUS RS-485 transmission

1.4. Segmentation

RS-485 is anulti-drop system, which means that many devices can trarsrditeceive
(but not at the same time). In fact only one decae transmit whilst the others receive.
An RS-485 transmitter can drive the load of 31 iners, therefore a maximum 32 RS-485
devices to be connected together on a single sddmiene of cable). Note that all devices
that have an RS-485 driver count towards this 32egdimit, not just PROFIBUS

devices.

This does not mean that only 32 devices can beemed in a PROFIBUS network. The
RS-485 limitation of 32 devices is overcome bytsiply larger networks into segments

that are electrically isolated but which commurecasing repeaters or fibre-optic links.

Each segment is a separate piece of copper cattlmtist adhere to RS-485 rules. The
overall network can have many more devices andraweuch longer distance than the
RS-485 rules imply.

Within a segment all PROFIBUS masters, slaves, rafgs, optical link modules, and
even telegram analysers count towards the 32-delioé. This means, for example, that
when two repeaters are connected to a segmentakientim number of PROFIBUS
stations is reduced to 3@.is good practice to leave at least 10% spareamfy per
segment for future expansion and/or diagnostic tamnnection i.e. we should consider
including a repeater if the device count approa@&s
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The standard says that a maximum of 9 repeaters rhayused between any master and
slave stationHowever many modern repeaters exhibit an inccedsiy, meaning a
maximum of only 4 repeaters giving 5 in-line segtee®I|d style repeaters had a repeater
direction control signal which switched the direatiof transmission (requiring an
additional wire). Most modern repeaters automdtiadtect the required transmission
direction and automatically switch to the correicection. However, this introduces a
small additional delay thereby restricting the nemf in-line repeaters to 4 for modern
devices. This implies a maximum of 5 in-line segtadrom a master to the furthest slave.

1.5. Fibre-Optic Transmission

Fibre optic transmission is an alternative to comadle. Two fibre-optic transmission
media are available: Plastic fibre, which is lowsicbut is generally limited to distances of
less than 50m and glass fibre which can be useddistances of several kilometres. Fibre
optic transmission offers the following advantagesr copper:

Larger distances between stations are possiblefiin optics than with copper.
Total immunity to electromagnetic and electrostatterference is provided.
Electrical isolation removes earth potential digiere and ground current problems.
Fibre optic cable has insignificant weight andaiggely immune to corrosion.

Fibre-optic transmission is typically used in cargtion with RS-485 wiring to build a
network. The copper to fibre-optic interface is@oplished using Optical Link Modules,
OLMs (see section 9.1). Like repeaters, OLMs akeehthe effect of splitting the network
into isolated segments.

1.6. MBP Transmission

PROFIBUS PA uses Manchester Bus Powered (MBP)rtressson (defined in IEC 61158-
2). There are several major differences betweed&&5Band MBP:

MBP operates using current variations to transiaiad

It operates at a fixed, data rate (31.25 kbit/s).

MBP cable can carry both power and data

MBP segments can be easily implemented for operatilazardous environments.

Typically, MBP segments are implemented using DP¢BAplers or link modules (see
section 5.1). Each PA segment can connect up A3@evices, however the number of
devices is significantly reduced when intrinsicaléfe operation is required.

2. Device Addressing

Each PROFIBUS station requires an address throtgthveommunications can be
directed. Devices such as repeaters and optid¢aiodules simply pass the telegrams on
to the next segment and thus do not require areaddr

Within a network, every PROFIBUS device or stat®given an address through which
communication is directed. Every device on a PRQSBetwork must have a unique
address. If two devices have the same addresotiesar the other or perhaps both will
fail to operate. This is because the two devicdisbheth attempt to respond to the master
request sent to the common address and each respoiise corrupted by the other.
Sometimes the stronger device will override a wedk&ice and will operate
satisfactorily, whilst the weaker device is drowsted.
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2.1. Setting Addresses

The address of every station must be set by theesgduring commissioning. Station
addresses can be set in several ways.

Physical address switch on the device

Here the device address is set by a physical switdine device. The switch can take a
variety of forms. Seven in-line, on-off binary wktgd switches, two decimally weighted
rotary switches or other forms.

9 0 4 9 0 4
8 2 8 2
8 16 32 64 7 3 7 3

o ol bl e

a) Binary-weighted address switch b) Decimal-weighted address switch

In the binary-weighted switch, each switch is wathinary digit: 1, 2, 4 ... 64. If a switch
is on then the digit contributes to the address.eixample figure a) shows switches 1, 4
and 16 as on, so the address would be 1+4+16 Ei@lre b) shows the same address
(#21) set on a decimal-weighted switch.

Note that the binary switches can be labelled @-®ven 1-7 on different devices.
Sometimes we even find an additional switch. Tigatbi (or perhaps first) switch has
some other function, for example hardware or sa#vealdress selection.

Note that the device power will normally need toceled (switched off and then on
again) for the new address to be recognised bgekiee.

Software setting of device address over PROFIBUS

Here the device address is set using a configurédiol (called a class 2 master). The tool
uses a “set slave address” command to effect taegeh Normally devices are delivered
with the address #126, which is a reserved addoeskis function. Note that an option in
the addressing command is to “lock” the address;lwmeans that it cannot be changed
again. However, there must always be a methodsettiag the device back to the factory
default address.

Special software and communication link

Here the device uses special software which comrates with the device via a serial port
or perhaps Ethernet. Devices that use this methedtting the address include Human
Machine Interfaces (HMIs) devices or Programmalagit. Controllers (PLCs). This is
because these devices need the software andcaialfor downloading the program or
configuration, so it is simple to add the PROFIBatfiress to this data.

2.2. Setting an address on a binary switch

To set an address on a binary weighted switch wewoatk down from the most-significant
switch deciding whether each should be off or omaA example, we will examine how to
set the address #50 (decimal). The procedure stiatti® most significant switch (64),
since the required address is less that this swatie, we can see that this switch is not
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required and so should be off. The next switch (82¢quired so should be on. This then
leaves 50 — 32 = 18 still required. The next sw({ti®) is required, so is on, leaving

18 — 16 = 2 still required. Thus of those switcledisonly the switch for (2) is required to
be on. All the other switches (8, 4 and 1) areraquired and should be off.

W64
Example of setting binary switch to address 50 L1l 32
[Tl 16
(M =on s
W] =of W4
(1?2
Hi:

off on

2.3. Reserved addresses

PROFIBUS supports 128 different addresses, numiieted27. However, some of these
addresses are reserved and recommendations sleofdiidved in how these addresses
are allocated:

Address 127 is reserved for global or broadcassages.

Address 126 is reserved for off the shelf deviceese address is set over the bus.
Address 0 should be reserved for an engineeringiteoa class-Il master).

When using a single class-1 master it is recommeidiat its address should be set
to 1. Further class 1 masters should be allocatdreases 2, 3 ... etc.

For example, when using a single master, we cae slaves at addresses 2 to 125. There
are thus 125-1 = 124 addresses available for slaves

3. PROFIBUS RS-485 Wiring

The PROFIBUS R485 wiring, employed for DP and FMs&s shielded twisted pair cable. It is
highly recommended that only PROFIBUS cable is ugddcharacteristics that are optimised
for RS-485 transmission (see section 6.1). DP dewian use various types of connector or
even screw terminals. However, PROFIBUS Internatibas defined the connections for
standard 9-pin sub-D connectors, M12 plugs andets¢tables 1 and 2) and for hybrid
connection system that can be used for fibre optiRS-485 connection with power supply.
Sub-D connectors are designed for use in cleadigrehvironments; M12 connectors can
provide protection up to IP67.

— e

“Qﬂ’“.o"’
}!‘ﬂﬁgm‘..

., ﬁf!nu,@_

RS-485 connectors
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Table 1 — Pin allocations for Sub-D PROFIBUS conhmesc

Pin No. Signal Function
1 Shield Ground connection Optiona
2 M24 Ground for 24V supply Optional
3 RxD/TxD-P | Data line plus (B-line) Mandatory
4 CNTR-P Repeater direction control signal Optional
5 DGND Data ground Mandatory
6 VP +5V supply for terminating resistors Mandatory
7 P24 +24V supply Optional
8 RxD/TxD-N | Data line minus (A-line) Mandatory
9 CNTR-N Repeater direction control signal Optional
Case Shield Ground connection Optional
Table 2 — Pin allocations for M12 connectors
Pin No. Signal Function
1 VP +5V supply for terminating resistors Mandatory
2 RxD/TxD-N | Data line minus (A-line) Mandatory
3 DGND Data ground Mandatory
4 RxD/TxD-P | Data line plus (B-line) Mandatory
5 Shield Ground connection Optional
Thread Shield Ground connection Optional

When 9-pin sub-D connectors or M12 connectors sed,the wiring must comply with that
set down in the standamdote that the cable shield should always be conedabn every
device, even though the tables show this as optiona

The two wires in the twisted-pair cable carry tBata line plus” (B-line) and “Data line minus”
(A-line) signals. The two wires in the PROFIBUS lealsually come colour coded. Normally
red and green are used, however other colours entpubd When red and green wires are
being used the following recommendations apply:

Red - B-line (RxD/TxD-P)
Green — A-line (RxD/TxD-N)

(Aide-memoir: “B to RED” — BREAD”)

3.1. Reflections and Termination

When electrical signals travel down a cable, apgtelcal discontinuity like additional
resistance, capacitance or the end of the wirecaase reflections to occur. In particular,
the end of the wire is a major discontinuity whire resistance suddenly increases to
infinity.

Just like an echo, the reflected signal can caudepie signals to appear on the line.
Reflections are bad news in high-speed communitati@cause signals are corrupted or
distorted by the reflection.

One way of minimising reflections at the end ofale is to terminate the end with a
specially chosen resistance that matches the patyerties (its characteristic impedance).

InstallationGuideV8.1.doc
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The resistance absorbs the energy of the signasigndicantly reduces the reflection
(theoretically to zero). The matching terminatiesistance looks to the signal like more
cable and so there is no reflection. PROFIBUS RS ukes amactive terminationnetwork
that must be supplied with 5V. This is why the +8¥ and DGND pins are mandatory on
PROFIBUS connectors.

PROFIBUS RS-485 Type-A cable has a characteristpedance of 180. The

termination network, when powered by 5V, appeararesffective resistance of &0
matching the cable impedance. However, in additiepowered termination network also
biases the cable to approximately +2V on the A éind +3V on the B line, so giving a 1V
differential when the line is quiet (i.e. no devicansmitting). This bias gives some
additional protection from interference because@okup which is less than 1V peak
cannot cause spurious transitions.

VP (+5V)

RxD/TxD-P

RxD/TxD-N

DGND (0V)

Normally built into connector.

Can be switched in or out.

Active termination used in PROFIBUS RS-485 wiring

To avoid reflections from the ends of the cable essential that each segment is
terminated at the two ends and nowhere elBarther RS-485 Termination networks
must be powered at all times (even when devicessaiiéched off!) otherwise reflections
can disrupt the remaining devices on the bus.

It is very common to find intermittent bus probleo@ised by incorrect termination. It is
also common to find PROFIBUS stations or even whelsvorks that never work caused
by incorrect termination.

Many PROFIBUS devices incorporate built-in termioatresistors that can be switched in
or out. In such cases it is important that the cketermination is switched out when not
required. It is common to find the device termioatswitch mounted on a circuit board,
which is hidden inside the device. The switch maydft switched on after pre-delivery
tests. A common error is to have these additiarahination resistors switched in, giving
additional termination in the middle of a segmeantilouble termination at the end of a
segmentAny additional termination(s) can cause reflections
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A correctly terminated segment
] running at 12Mbit/s

— - Powered termination on at both ends of
the segment, normal reflection less than
500mV peak-peak.

= N W

Termination at one end of the

I

o = segment only
3 feamd| |
3 (- |
v |
Effect of missing termination on RS-485 waveform
3.2. Spur lines

Spur lines (also called stub-lines or drop-linds)wdd generally be avoided because they
can cause reflections. The reason for this isttiet introduce additional capacitance on
the main trunk line where the spur Tee junctioloésated. Each segment should ideally be
connected as a single linear bus. That is, theecgiuld daisy chain from device to
device:

Tee/

junction

device device

Repeaters can be used to avoid spur lines, bytiisgldne branch cable that goes to a
device. This idea can be extended to many devadiesying devices to be connected to the
network via isolated branches:

-_— Repeater = = = -_ Repeater = - Repeater =
T T T
Isolated branch
T T T
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A Hub incorporates several miniature repeaterssimgle box. Hubs typically provide
connections for trunk in and trunk out and sevkrahch lines, each of which can use the
maximum segment length of cable and have up tce8ices connected. Hubs costs a
small fraction of the price for the individual regpers and provide a cost effective way to
connect devices without spur lines.

Profihub B5, IP-20 Profihub A5, IP-65

3.3. PROFIBUS RS-485 connectors and wiring tools

It is highly recommended that special PROFIBUS eators are used when wiring a
DP/FMS network. These connectors incorporate sefeatures that ensure reliable
operation and provide quick and robust connecilitrese features may include:

Built-in termination resistors that can be switclrednd out.

Quick and reliable connection of data wires aneélshi

Connections for incoming and outgoing cables.

Special inductors built in for operation at oves Mbit/s

Outgoing cable isolation when termination switchred

Additional piggy-back socket for connection of diagtic/programming tools.

Many manufacturers produce a PROFIBUS cabling swwith cable, connector and
stripping tool. It is important that these iteme aompatible. One area that can cause
problems is the use of stranded and solid core PBRJ% cable.

Solid core cables are best connected using “insalaisplacement”
technology, where the core insulation is not rendowbeit is pierced
by a blade in the connector:

Insulation displacement technology gives a reliaitght, low-
resistance connection to the cable cbtewever this type of
insulation displacement connection should not beedswith stranded core cable because
the individual cable strands can be completely bytthe connector.

Reliable connections can quickly be made usingiapsiripping tools and insulation
displacement connectors, as shown below:
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1. Hold the insulation 2. Match the cable end with 3. Insert the measured cable
stripper in your right hand the template. Use your left end into the stripper. Use
and the cable in your left. index finger as a guide. your index finger as a stop.

5. Rotate the stripper once. 6. With the clamp still closed,
pull the stripper off the end

of the cable. Be careful to
remove the protective film.

4. Clamp the cable gently in
the stripper. Close one more click and
rotate again. Repeat until

screen is cut.

Using the PROFIBUS stripping tool

Insulation Hinged
Screen displacement wire guide
connection blades )

] _ —

) o 1l

L

1l

—>le »i| Connector

Insulation displacement connector capreparatio

Stranded core cable is best used in conjunctioim sdtewed termination connectors.
The wire ends must be stripped of insulation. Igesmbootlace ferrule should be crimped
onto the bare wire using a proper crimp tool (H@rp). Do not twist the strands together.

i Screw
Screen connection Screen cla torminals
Y Q@
/=0
° @
Strip cores Fine boot-lace

ferrules

Screwed connectic cable preparatic
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The bus cable should be daisy-chained from connettoconnector This allows stations
to be disconnected without interrupting bus traffic

Modern PROFIBUS connectors normally have markedecattries for “incoming” and
“outgoing” cables. This distinction can be impoitan“isolating connectors” where the
outgoing cable is isolated when the terminatioswgched “in”. Such isolating connectors
are useful for commissioning and testing the netwdhey are also useful for
maintenance, where they allow sections of a segindr isolated whilst retaining correct
termination.

When any such connector has the termination swdttiné all the stations on the outgoing
side are disconnected, leaving a properly termthatd-segment on the ingoing cable. For
this reason the first and last connector on a sagsf®uld only use the ingoing entry:

Tertm;]nzztl‘(‘)n ) Termination
ll switched “on I/ switched “off”

t v t v

e @9

Outgoing

connection is m/
Fro

isolated when

To remaining

. . S controlling slaves
Use incomin termination
. master
entry only switched on
a) Connection for first and last b) Connections for all other
stations on the segment. stations on the segment.

Correct use of isolating connectors

Connector with
o Master
termination off
|
Connector with - > - >
termination on Properly terminated segment Isolated slaves

Incremental commissioning and maintenance usingtiag connectors

3.4. Piggy-back sockets

To allow for network analysis and troubleshootieg¢ch segment should have at least one
connector with a “piggy-back socket”. The extrak&i@llows monitoring or programming
devices to be plugged in without disrupting thenmek. Piggy-backs are best mounted at
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the end of each segment. Never use a piggy-badlestor adding slaves since it creates a
spur line.

At higher bit rates spur lines must not be used so

the test tool must be directly connected to the

piggy-back. Alternatively, an extra spare socket

should be provided for diagnostic tool

connection. Note that some diagnostic devices /
can draw up to 90mA from the socket 5V pin. In
such cases you should ensure that the socket is
attached to a device which can supply the
required current.

Piggy back

3.5. Common RS-485 wiring errors

It is common to find simple RS-485 wiring and latyetrors in the field. The most frequently
occurring errors are described below:

1. Termination problems:

a. Lack of terminations at the end of a segment.

b. Double termination, caused by devices with inldaitnination.

c. Termination in the middle of a segment (can beexhby devices with inbuilt

termination).
d. Unpowered terminations (unplugged or unpoweredcdsyi
e. Incorrectly wired isolating connectors (only becsmagoroblem when switched
on).

2. Pickup and interference caused by:

a. Laying bus cables too close to electrically noiswer cables or equipment.

b. Lack of proper earthing of the cable screen atyadevice.

c. Screen current due to earth potential differeneésd®en areas of the network.
3. Power supply problems

a. Insufficiently rated power supply (check voltagehafull load).
4. Wiring problems:

a. Wrong cable used (e.g. using PA cable for DP setgnen

b. Damaged cable (including squashed, over-bent)

c. Swapped cores at a device (B-RED rule broken)

d. Un-earthed screen (not connected at every devieeardhed devices etc.)
5. Segment rules broken:

a. Cable too long for the bit rate used.

b. Too many devices (never more than 32 RS-485 droreessegment).

c. Use of spur lines (keep short at lower bit ratesdon’'t use at higher bit rates).
6. Damaged or uncertified devices.

a. Excessive connection capacitance.

b. Faulty or poor quality RS-485 driver chips

3.6. Hand-held cable test tools

Hand-held bus test tools are available from sevaealufacturers. Such tools can quickly
and efficiently check PROFIBUS network cabling ahal/e device connections and can
help to minimise wiring faults in PROFIBUS DP netk® during installation and start-up.
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Pre-commissioning wiring, device and address tgstan save a lot of time and trouble at
the commissioning stage. The Siemens BT200 and NB&tS$est Il are examples of such
hand-held tools.

Hand-held testers can typically perform the follogichecks on PROFIBUS cabling:

Detection of breaks and short-circuits in wiresareens.

Checking termination resistor settings.

Checking the length of the installed cable (basedable resistance for BT200 —
not very accurate; based on reflections on NetlTestnuch more accurate).
Determining the location of faults.

Detection of reflection-generating faults.

Hand-held testers may also perform some or ahefollowing checks on PROFIBUS DP
slaves:

Check the health of the RS-485 driver.

Check the voltage (+5V) for line termination.
Checking slave addressing (bus scan).

Cable impedance measurement (NetTest Il only)
Exercise slave I/O (NetTest Il only).

Most hand-held testers have the useful facilitheihg able to store the test data obtained
whilst testing a bus segment. This data can thedolbaloaded onto a PC and a report
generated giving full documentation of the test$quened and the results.

3.7. Wiring Testing using the BT200

Basic cable testing

The wiring test is performed with the BT200 by ceating a special “Test Plug to one end
of the segment and switching the terminator on.dallices must be disconnected from the
cable. The BT200 is connected to each socket mwarking away from the test plug. It is
important to use a systematic procedure in tesiaies so that any faults can be
accurately determined and located (at least betaegitwo connectors). The test plug
should not be moved during testing and every saathetild be checked working away

form the test plug. The cable is tested from th@@I'back to the test plug, so as soon as a
first fault is detected then the fault must be tedan the section of cable just added,
between the current connector and the previousgladd one.

Note that it is important to check every socketsithere may be a fault local to a socket
that does not affect the rest of the cable. Fomgite: a single socket with the A and B
wires crossed over on both the incoming and outgoable would not be detectable from
the end of the cable.
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’4— Cable under tesl—>‘
&
Test-PIu;\

terminatonon ----- ===~~~ —  =----
BT200

Principle of the basic BT200 wiring test

Locating a short circuit

If the cable being tested has a short circuit thenwill be indicated by the BT200 no
matter where the short is located. In such a desesolating connector can be used to
isolate the rest of cable and so locate the sBortply switch on the termination at the
BT200 connector. Always remember to switch it gfdim afterwards.

Cable under test Isolated section
1
Test-plug _ §D Short location
Terminations o 15

BT200

Principle of locating a short using BT200

Use of the BT200 keypad and display

Presd® to power device on. The display themsiSiemens copyright then an automatic
battery check is carried out. The bar-graph shextdnd right across the display indicating
a fully charged battery. Note that the chargemissupplied with the BT200 and must be
purchased separately.

Normal, cable test mode

After switch on the BT200 enters “normal” (cablstjanode. You are prompted to press
“TEST” to perform a test.

Battery Start Test
TEST

If the BT200 cannot see the test plug, becausecabke fault, or perhaps because it is not
connected, the display will shoiX all wires ”. Should the tested cable section be fault
free you will see Cabling OK 7, followd by “(1R)” which means one termination resistor
has been detected, 2R)” indicating two terminations found.
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Cabling o.k. Fix short circ.
(2R) OK B-Shield TEST

Faults found include short circuit, open circurpssed wires etc. together with details of
the wires affected.

The BT200 menu

Other functions are available on the BT200 via aumd o reach the menu, we must press
“Esc” and “OK” simultaneously. The most important of these addél functions are:

“Cabling” — same as Normal mode.
“Station Test” — RS-485 test and 5V.
“Bus-scan” — Find slaves on the bus.

The station test is used to check the health @&véecd RS-485 driver and to check the
voltage supply for the termination. This test calyde done using a special multi-core
cable which is supplied with the BT200. PROFIBUSleaannot be used since only the
two signal wires are connected to the cable.

Cabeling Bus scan
Station test Station test

Note that the flashing cursor is always on thelitop of the display. Thus pressing “OK”
will always select the currently showing top-mdsn.

Performing a Bus-Scan

After selecting Bus scan ” from the menu and pressin@K”, you should see
confirmation that you are about to do the requiest. PressTEST” in response to the
prompt and you are then asked for a slave address.

Bus scan Slave address
TEST 000 OK

The default address is zero, which means the BB2@0as a master at address 0 and scans
all slave addresses from 1 to 126 looking for aydote that if you enter any other
address, it causes the BT200 to scan for that asldray.) After a delay of about 1 minute,
the display will show a list of found slaves in nemgal order.

The other items on the menu include cable lengthsmmement and a reflection test. These
measurements are not very accurate and it is reeomied not to use these tests. An
oscilloscope provides a much more accurate measumtenh these characteristics; however
this is outside the scope of this document.
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Wiring Testing using the HMS NetTest |

The HMS Bustest Il device can also check out cthits, however this device does not
use a separate test plug and used a differentguoedased on progressive testing without
terminations, with one termination and finally witbth terminations. In addition it
provides accurate cable impedance and accuratthler@asurement.

3.8. M12 Connector Systems

M12 screw connectors are used on DP and PA wififgn connectors are used for RS-
485 wiring (DP) and 4-pin connectors may be used/BP wiring (PA). M12 connectors
are available with screw connection or insulati@pkhcement connection options for
cable connection. When using M12 connectors,ntast important that the shield is
connected properly and that the cable entry isdgaidoperly against water ingress. You
should always refer to the manufacturer’s instangi

M12 connectors are more difficult to make up oe-#litan 9-pin sub-D connectors and so
are often supplied pre-wired with cables. Devited are fitted with M12 connectors often
have two sockets for incoming and outgoing PROFIRidBles, however these make it
difficult to disconnect a device from a working biige connectors can be used to connect
to devices via a single connection. However, waikhoot use a spur line to connect to the
slave; just plug the tee directly into the slaveksd.

Termination is normally provided by a blind termtioa plug connected to the last device
or tee. Power for the termination is normally po®d by the device to which it is
connected (either directly or through a Tee). Th@nother reason for always connecting
the Tee directly to the slave, rather than viaatstable — the two-core cable cannot carry
the +5V termination supply to the terminator plagnge would result in an unpowered
termination network, causing reflections.
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M12 connector systems

The manufacturer’s instructions need to be followackfully for M12 connectors. In
particular, watch for a good screen connection Wwisdaistributed all the way around the
cable (360) rather than via a pig-tail or drain wire connentiAlso be sure to check the
security of the cable seal as it enters the plugteMngress through a poorly fitted seal can
cause corrosion of the terminals and further, tagencan travel along the cable by
capillary action to other connectors.

4. Layout of DP segments

When laying out a PROFIBUS DP network it is impatteo remember the rules for RS-
485 segments:

RS-485 segments should be laid out as a lineaniatisthe cable daisy chaining
from device to device. Spurs should be avoided /pessible.

Each RS-485 segment must be terminated at theoénide segment cable and
nowhere else.

RS-485 terminations must be powered at all timesnevhen the end device looses
power or is disconnected.

4.1. Ideal segment layout

When operating with a single master system, thal ickese is to have the master at one end
of the segment with the termination switched “ii'the Master loses power, for whatever
reason, the network will fail anyway so the lossesmination power is immaterial.

f—-’ To further segment

- -- Repeater--
T Slave Slave Slave Slave Slave
J I I L J
Piggy-back Segment 2 T
socket Galvanic isolation——— - 4 - Repeater 4 -
\I Segment 1 T
N N ( ([ DTS )
Master Slave Slave Slave Slave Slave

Ideal arrangement for a single master network reitleaters
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At the other end of the segment a repeater magée 1o extend the network. In this way
any station can be removed or replaced withoutttipgebus termination. Note that it is
essential that power is always supplied to theatgpe

A piggy-back socket should be provided at the mastallow us to examine the signals and
waveforms in the first segment. However, we neeattess all segments to check the health of
the whole network. Repeaters also provide a buiggy-back socket; however, we must be
careful because the piggy-back socket is normaliynected to one segment only. The piggy-
back socket normally allows us to examine the $sgmathe top segment. Therefore, it is good
practice to connect the incoming master cablegdtitom segment (usually called DP2) and
use the top segment (DP1) for the outgoing cabli$ way we can always connect to the
piggy-back socket to examine the signals on théarexutgoing segment.

Piggy-back socket.

/Segment DP\ Connected to top

segment (DP1) only

- +Repeatey - ‘ >Termination

\ switches

SegmentDPZ—

Correct connection of the repeater and piggy-backet

When a repeater is not used at the end of a segimen¢rmination must be “on” at the last
device. This means the last device needs to berpdaieall times to maintain the supply to the
termination network. If you have to replace thé ¢&vice, the whole network could become
unstable.

If, however, isolating connectors are used (ancectly wired) the above situation can be
avoided by switching on the termination on the itenate device. This will isolate the last
slave but still leave a correctly terminated segmen

M S S S S s
T J J I DIVDE
Properly terminated segment T Isolated

Use of isolating connectors to avoid terminatiosbiEms when the last slave is removed

When construction requirements force the mastespmater to be in the middle of the segment,
you need to have the terminations “on” at the érgl the last device on the segment only - not
at the master or repeater.

InstallationGuideV8.1.doc Page 21 of 37
Copyright © Verwer Training & Consultancy Ltd, Mdr2010



S S M S S S
S — | | S |

One segment é: -
T N AYaupumn Ve Y | ]
S S S S S S

\ 7

No terminations here

As an alternative to using the terminations indbenector, a separate “active terminator”
can be used. An active terminator is simply a teaton network that is separately
powered. The active terminator is connected toveepsupply and needs to be powered at
all times. The advantage of this arrangement isahg slave can be disconnected and
replaced without disrupting the network. Note thaditional termination (i.e. on the

connector) must not be switched on at the last dewsince this would result in double
termination.

AT || S S M S s S
% JC )| D] W | W)

s 1(\ \ NC AYs o

AT S S S S S S

No additional terminations here
Use of separate Active Terminators

4.2. Network Layout with Repeaters and OLMs

A single segment must be laid out as a linear Hosvever, when using repeaters and/or
fibre-optic links to segment a network, much maez=flom can be exercised. Every
repeater or fibre-optic link introduces anothensengt, which can itself be a branch of the
overall network. BUT, every segment must be laitlasua linear bus and must be
terminated at each end and nowhere else.

Segment 1 Segment 2
Master Slave Slave Slave Master Slave Slave Slave Slave
T 1 I I | l J1 I J1 IT
Repeater
P bhd 0 frrmzamamas Repeater
Slave Slave Slave T 5
I1 T1 IT A _:r Segment 4 -
| 1 1 |
Slave Slave Slave T Slave Slave Slave Slave
Optical Optical Optical T
Link Link Link
Segment 3 Segment 5
9 Module Module Module l_gl l_l T
T 1 ] | =
Slave Slave Slave - - Slave Slave Slave
Fibre-optic cable

T = termination on

Use of Repeaters and OLMs to produce a complexarktstructure
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4.3. RS-485 Cable Length Considerations

RS-485 segments can be up to 1.0km in length; hemténs only applies at lower bit rates.

As the data rate increases, the maximum segmegthleeduces significantly as shown in
table 3.

Table 3 — Maximum segment lengths achievable vatiper wire

Bit rate Maximum segment
length
9.6 kbit/s 1 000m
19.2 kbit/s 1 000m
45.45 kbit/s 1 000m Low speed
93.75 kbit/s 1 000m
187.5 kbit/s 1 000m
500.0 kbit/s 400m
1.5 Mbit/s 200m
3.0 Mbit/s 100m
6.0 Mbit/s 100m } High speed
12.0 Mbit/s 100m

When are spur lines allowed?

Stub-lines (also called “spur lines” or “drop-lifigare branches from the main segment
cable. Stub-lines can cause reflections to occcalree of the additional capacitance
introduced by the spur line cable. At low bit ratiesse reflections have only a small effect,
but at higher bit rates spur lines can cause pnadle

Reflections
Low bit rate

Reflections have a worse effect at higher bit rates

Spur lines are not allowed when using higher lggg>1.5Mbit/s). At bit rates of

1.5Mbit/s and less, spur lines are allowed up gonttaximum capacitance shown in table 4.
Note that additional termination at the end of audt-line should_notbe usedThat is, we
should never have more than two terminations pgmset.

Table 4 — Maximum allowable spur line lengths

Bit rate Total allowable stub capacitance  Totalrs@ble length*
>1.5Mbit/s None None
1.5Mbit/s 0.2 nF 6.7m
500kbit/s 0.6 nF 20m
187.5kbit/s 1.0 nF 33m
93.75kbit/s 3.0 nF 100m
19.2kbit/s 15 nF 500m

* Calculated for PROFIBUS cable type A at 30pF/m
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Note thatthe total stub-line length shown represents thealdength of all spurs attached
to a segmentAlways try to avoid spurs on DP segments whessipte. Use a repeater to
create a branch segment if necessary.

Every PROFIBUS device already has short spur likimvthe casing carrying the bus
signals between the connector and the RS-485 drivipr Devices are tested for
reflections as part of the certification processybver,uncertified devices can cause
reflections

4.4. Special requirements for bit rates >1.5 Mbit/s

Use of bit-rate greater than 1.5 Mbit/s requirescggd connectors with built in
inductors.

Spur lines are not allowed when using bit rateatgrethan 1.5 Mbit/s.

The maximum segment length is 100m.

A minimum cable length of 1m is recommended between anystaimns.

This minimum cable length requirement is becausgosts that are closely connected can
together cause reflections even though they indalig meet the PROFIBUS certification
requirements. Separating stations with 1m of caftfeduces a small delay between the
devices, so the reflections do not add together.

= — = —

- JC I __Jbg__

Oscilloscope
trace:-

Effect of adding 1m of cable between closely spak®dces

5. Layout of PA segments

Manchester Bus Powered (MBP) transmission, whicefged in IEC61158-2, is used for
PROFIBUS PA. This is identical to the transmisssgatem used for Foundation Fieldbus
(FF), however, PROFIBUS and FF devices cannot sharsame cable.

Spur lines are common in MBP segments where figdimted junction boxes are often
used to route cable branches to individual devithere are, however, limitations on the
length/number of spurs. A total of up to 1900m alble can be used in a MBP segment,
however the characteristics of the cable (seeme6t2) and/or requirements for intrinsic
safety (see section 5.4) can reduce this signitigan
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Up to 32 devices can be connected to a PA segmewever the particular characteristics
of the segment power supply and/or requirementsfansic safety can again reduce this
significantly.

5.1. Coupler and link technology

Simple DP/PA couplers

PA slaves are controlled by DP masters and so v ase a DP/PA coupler to connect
PA segments to DP segments. The coupler convesebr RS-485 and MBP signals, in
addition it provides power for the PA segment.ifrgically safe couplers also incorporate a
protection barrier (Zenner barrier) to limit themr@nt and voltage supplied to intrinsically
safe segments.

Up to 32 devices can be connected to a PA segmmewgver power supply limitations or
intrinsically safe requirements may reduce this bensignificantly. Simple couplers,

when used on their own, do not have a PROFIBUSeaddtelegrams are simply translated
and passed through from segment to segment. Wheg aisimple coupler, each PA slave
is allocated an address which is unique on the arétvihowever, the DP segment must run
at low speed (45.45 or 93.75 kbit/s - dependinghercoupler manufacturer).

#10 #11

#1 #0
I 1) I #12

I DP segment running at 45.45 or 93.75 kbit/s
DP/PA — Power supply for PA segment
coupler
(no address) |

PA segment running at 31.25 kbit/s

#16

#17

#15
#13 #14

Use of a simple DP/PA coupler

Siemens DP/PA Link Module

A Siemens DP/PA link module acts like a slave ani® side and a master on the PA
side. Thus a link module must have a slave addinesagh which the DP master can
access the PA segment. The PA devices are thestfarty a new network. So the
addressing of the PA devices can overlap the askelsemn the rest of the network. A link
module allows the DP segment to run at high spepdd 12 Mbit/s), independently of the
PA bit rate. Typically a link module will incorpdeaseveral plug-in couplers to drive PA
segments.
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#10 #11
#1 #0
I 1 I #12

” | DP segment running at up to 12 Mbit/s

D?fprgepsk » -a— Couplers
in PA segment 2

|
module at DP |
address #13 | PA segment 1 |

#14
#13
#12
#10 #11

Use of a Siemens Link Module with Couplers

Pepperl+Fuchs Modular Coupler

Pepperl+Fuchs offer a modular coupler that behawvassimilar way to the Siemens link
module. Like a link module, the P+F Modular coug@tows the DP segment to run at up
to 12Mbit/s, however it does not take a DP addaeskappears transparent on the network.
Like a simple coupler, the PA addresses must netlay the DP addresses. Unfortunately
the nomenclature is rather confusing: The P+F nadidupler consists of a “head station”
plus a number of “power-link” modules, each of whean drive a PA segment.

#10 #11
#1 #0 | 1 | #12
1 ” DP segment running at up to 12 Mbit/s
Pe';\Jﬂpr(I;II:uchs -a— Plugin “power link modules”
odufar | | PA segment 2
coupler

PA segment 1

(no address) |

#17

#16

#15
#1314

Use of a P+F Modular Coupler with Power Link Modiile

5.2. MBP Spur Lines

The length of the individual spur lines on a PAmsegt depends upon the total number of
spurs used. Table 5 shows the recommended lengtdieidual MBP spur lines. Notice
that intrinsically safe installation requirementsyade an additional restriction on spur line

length.
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Table 5 — Recommended IEC61158-2 spur line lengths

Number of Maximum spur length Maximum spur length
spur lines  non-intrinsically safe installation intrinsically safe installation
2510 32 1m 1m
19to 24 30m 30m
15to0 18 60 m 60 m
13to 14 90 m 60 m
1to 12 120 m 60 m

Note that the maximum cable length of 1900m inclideable used for spurs

Devices can be installed and removed with powelieghpo the cable, however care must
be exercised to ensure that the leads do not simich would mean loss of power to the
other devices on the segment. Fused spurs andchuldse useful to avoid such problems.

5.3. MBP termination

Terminations should be used on PA segments fosdhee reasons as described for DP
segments, that is to stop reflections from theartie main trunk line. However the
termination network for MBP segments is very diferto that for RS-485 wiring. An
MBP termination consists of a capacitor and resistgeries connected between the two
wires. The resistor matches the characteristic dapee of PA cable and the capacitor is
included to block DC, otherwise significant currerduld flow through the resistor from

the power supply.
PA cable E: 100 2% %

1nf 120%]—

MBP Termination

Note that MBP terminators are not powered. Ternoirsaire mounted at the ends of the
main cable run only (i.e. not at the ends of spigd). Most segment couplers incorporate a
built-in terminator, which should be at one endh&f line. The other terminator is normally
mounted on the last or furthest device, or sometimehe last junction box.

PA slave PA slave PA slave | | PA slave

i PA slave
_I junction
’J_‘/ boxes

DP/PA 1 T PA slave

DP

coupler -I; =
l T PA slave
Power
supply PA slave| [PA slave PA slave
Termination Termination Alternative location
normally built in to in last junction for termination in last
coupler box device

PA segments can use spurs and tree structures
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Note that the position of the terminator determine® many spurs we have. For example
when the terminator is in the last junction boxtlnee have one more spur than if the
terminator is mounted in the last device. Termirgto junction boxes are preferred
because of the availability of off-the-shelf satuts. These junction boxes can be obtained
with a single spur, or with multiple spurs, withdamithout terminations and protection.

Tee junctionboxes
for PA spurs

Typical PA Installation using junction boxes

5.4. Intrinsic Safety Considerations

When electrical equipment operates in a potentexfylosive atmosphere (a hazardous
environment) special precautions must be takemsare that it will not cause an
explosion. Several protection methods are availdddeever “intrinsically safe
protection”, EEx i, has many advantages for ins&ntation. Intrinsically safe protection is
based upon limiting the current and voltage (anttbgower) available to the field-
mounted device. Capacitance and inductance areatgmlled to limit the stored energy
available for a spark. Different classes of pratecare provided: EEX ib which is safe in
the event of a single fault and EEx ia which reraaafe in the event of a double fault.
EEX ia equipment can be used in a “zone 0” apptinathere the threat of explosion is
permanent or sustained. The gas group is considared some gasses are easier to ignite
than others. Gas group IIC has the most stringgntirements. Finally the surface
temperature must be limited to below the gas oouamnition temperature. Temperature
class T4 has the lowest requirement.

—O O3+ 111
VANEEERVAN #3$ %

Typical protection barrier circuit limits curremiévoltage even in the presence of faults

Special “barriers” that incorporate voltage andent limiting devices are placed in the
circuit. Certified devices must be used that mieetdapacitance and inductance
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requirements for the protection category. Alsodakle length and spur lengths must be
limited. This means that when used to protect ss@gment, the number of devices and
maximum cable length are significantly less thamlExC61158-2 specification would
allow for non-hazardous applications.

PROFIBUS PA segments can be designed to be irdaihgsafe by ensuring all devices
are certified for intrinsic safety and that the leadnd terminations meet the requirements.
Traditionally the “entity concept” was used for ggsng intrinsically safe applications,
however a relatively new method called the “Fieklintrinsically Safe Concept”, FISCO,
has been introduced to simplify system design. EI®0wer supplies for intrinsic safety
limit the available output power to a segment, haavein addition, the voltage is limited.
This allows greater current to be delivered togbgment (hence more devices).
Intrinsically safe DP/PA couplers incorporate bengithat provide current and voltage
limiting. A typical coupler certified for EEx ia garoup IIC might provide 110mA at a
voltage of 13V which would limit the number of de&s to 7 or 8 per segment (compared
to 32 devices for a non-hazardous application).

The FISCO model enforces the following restrictions
Each segment has only one source of power.
Every field device consumes a constant basic curren
The field devices act as passive current sinks.
Device capacitance and inductance limited to Cnk,%.i < 10uH.
Total cable length limited to 2000m maximur{including spurk
Individual spur line lengths limited to 60m maximum

The detailed design of an intrinsically safe PAmsegt is beyond the scope of this
document and the reader is referred to the PROFIBMSB Technical Guideline.

6. Cables for PROFIBUS

6.1. Cables for PROFIBUS RS-485 segments

The standard IEC61158 specifies a “type A” cabteufe with PROFIBUS RS-485 as
shown in table 6.

Table 6 — Cable specification for PROFIBUS RS-48ftA cable

Parameter

Impedance 135 to 168N at a frequency of 3 to 20 MHz
Capacitance <30pF/m

Resistance £110W km

Wire diameter > 0.64 mm
Conductor area| > 0.34 nim

In order to fit the cable into standard connecttrs,cable needs to have a sheath diameter
of 8.0 +/- 0.5 mm.
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The term “Type-A” is rather confusing because #llsemeans “Quality-A”, i.e. “best
quality”. Several different forms of Type A cableeavailable:

Standard PROFIBUS solid-core cable.

Stranded-core cables for flexibility.

Cables with special sheaths for use in the foodchednical industries.
Armoured cables for protection against rodent aheérodamage.

Zero Halogen (Low Smoke) cables for use in configigaices.

All can be obtained as “Type-A” cable.

6.2. Cable for PROFIBUS PA

IEC 61158-2 specifies four different types of caloleuse in PA segments (table 7). PA
type A cable (not the same as RS-485 Type A cabke)Ywo-core shielded twisted pair
cable which gives the best performance in ternmsgsfal attenuation and hence cable
length.

Table 7 — Cable specification for PROFIBUS PA cable

Conductor Max DC loop  Max total

Pairs Shield area resistance cable length
Type A | Single| Yes (90%) 0.8 nfm | 44Wkm 1900 m
Type B | Multi | Overall shield | 0.32 mm | 112Wkm 1200 m
Type C | Multi | None 0.13 mMm | 264Wkm 400 m
Type D | Multi | None 1.25 mMm | 40 Wkm 200 m

When using IEC61158-2 type A cable, the total segriength can be up to 1.9km
including all branches or spur lines. Intrinsicadbfe requirements will give significantly
reduced segment length (see section 5.4).

The recommendation is to use type A cable for mestailations. However, the ability to
use other types of cable is useful when fieldbuscds are being fitted to an existing plant
which already has cable installed.

7. Installing PROFIBUS cables

7.1. General Guidelines

Bus cables should ideally be installed in their steel cable channels or conduits. Plastic
trunking provides no screening whatsoever: it & picable tidy. Basket type cable trays
also do not provide screening.

Solid steel channelling with a lid or steel conduit
provides electrostatic and electromagnetic screenin
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If not installed in conduit bus cables should bightty coloured and installed where they
are clearly visible and separate from all othelesin order to improve any interference
pickup and to avoid accidental damage.

When installing, it is important not to distortdmmage bus cables since this can cause
reflections to occur in the network particular, do not twist or stretch bus cabledo not

squash or crimp them and adhere to the recommendedimum bend radiugtypically
for solid core: 75mm minimum, for stranded cabl&smm for a single bend and 65mm for

repeated bending).

/

Use cable pulleys to avoid damage and excessiv@irmpduring installation

7.2. Cable Segregation

To reduce the chances of interference pickup,imhortant that bus cables are run
separately from other types of cable. It is ustfudategorise various cable applications as
follows:

Cateqgory I:

Fieldbus and LAN cables (e.g. PROFIBUS, ASi, Etkégtc.).
Shielded cables for digital data (e.g. printer, B&S2tc.).

Shielded cables for low voltagé45V) analogue and digital signals.
Low voltage power supply cableB60V).

Coaxial signal cables

Category ll:

Cables carrying DC voltages >60V afd00 V
Cables carrying AC voltages >25V afidi0O0 V

Category lll:

Cables carrying DC or AC voltages >400 V
Cables with heavy currents.

Motor/drive/inverter cables.

Telephone cables (can have transients >2000V).

Category 1V:

Cables of categories | to Ill at risk from direighitning strikes (e.g. connections
between components in different buildings)
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320 cm

Cable s 10 cm Cable Cable

3 10
Category Category 4& Category
| 1

1350 cm
3 50cm Cable 350 cm
Category

Separation distances for cables of different catego

Sometimes it is impossible to adhere to the sejpardistances. Where cables have to
cross, they should cross at right angles and shmudr run in parallel even for short
distances.

7.3. Use of cable trays and channels

Cables from the same category can be bundled tegethaid directly beside each other in
the same cable trays. Cables of different categmst be separated by at least the
distances shown.

10cm

Cat lll Catl

Cables mounted on a cable tray, rack or ladder
must be separated by the recommended clearances

When separated by earthed steel partitions witee Bd, the bundles can be placed next
to each other. All channels and partitions mugpioperly earthed using flexible bonding
links protected against corrosion. Note that brdisteaps are better than solid metal for
high-frequency EMC protection.

Cat lll

Cable groups separated in steel compartments cplated next to each other

7.4. Cabling Within Wiring Cabinets

The braided shields of all PROFIBUS cables entettiegwiring closet should be earthed
with metal clamps as close as possible to the mdiantry to the cabinet. This is because
the cable screen can carry pick-up into a cabimeiravit can disrupt sensitive electronic
equipment. Earthing the screen close to the pdiahtsy minimises this problem.
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S

Str‘_';un Earth cable shield Cable
rellef - entry

Enclosure or cabinet

Earthing the cable screen close to the pint ofrestl@ntry

A more robust solution is to use M12 bulkhead anlagihese have the additional
advantage that they also allow the internal witmgpe completed and tested off-site.

M12
connectors

Enclosure or cabinet

Bulkhead connector
provides earthing

A more robust solution using earthed bulkhead cotongs

Try to avoid parallel routing of PROFIBUS cablesl amternal cabinet wiring, even with
cables of the same category. Try to maintain sépardistances, but where cables of
different categories must cross, they should dogst angles. If the separation distances
cannot be maintained, use earthed metallic chamntidonded partitions to separate
cables.

Remember to observe the minimum cable length remént of 1m between devices for
networks running at over 1.5 Mbit/s. The excesdecalin be easily looped out of the way,
but do remember the minimum bend radius requirerugrihe cable being used. Even
when using rates of 1.5 Mbit/s or less, it is gpaaktice to observe this 1m cable length
between devices. You may wish to upgrade the besdsat some later date.

7.5. Potential Equalisation

In order for the screen to be effective at higlg@ienciesthe screen must be earthed at
both ends of the cableésometimes, however the local earth at differemtspof the plant

can be at significantly different potential, whicéin lead to current passing along the cable
screenSuch screen current is to be avoided since it caad to interference pickup.
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Earth potential problems are common where:

a) The network cable covers a large area or extenesaiong distance.
b) Power is supplied to different sites from differentirces (i.e. sub stations).
c) Heavy electrical currents are present (e.g. artaitgs, power stations etc).

One solution is to install potential equalisation cabl®etween the different earth
potentials. The potential equalisation cable caryagnificant current and should be
sized accordingly (16 mhis not uncommon). Finely stranded cable, withrgdasurface
area, should be used to ensure that effectivenésghafrequencies. Potential equalisation
cable should be laid parallel to and as close asible to the network cable to minimise
the area enclosed between the two.

Cabinet 1 Cabinet 2

7 . . \

Local Potential Local

ground equalisation cable | ground
Bus cable t

Close as possible

Figure 20 — Installation of a potential equalisatime

NOTE: The network cable screen must never be usadpbtential equalisation.

An alternative to running heavy potential equal@atables is to use capacitive shield
grounding at one end of the cable. This techniqogiges a good path to ground for high
frequency signals that can cause pickup, yet willatiow DC current to pass along the
PROFIBUS cable shield. A repeater should be usedéh cases to also isolate the data
lines (A and B):

Repeater
| Don’t short to ground!
g { J—
C <10nF, T~ [ Capacitive .
V > 1500V grounding
_| =— Differentearth —]
= potentials =
Capacitive grounding
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Remember that optical-fibre segments provide istdation from one end to the other.
They also are totally immune to any electrical ifeieence and can be used over long
distances.

8. Repeaters

An RS-485 repeater amplifies the data signals anlibes and provides isolation between
individual bus segments. A repeater is requirecerwh

a) there is a need to connect more than 32 devicketbus, or
b) there is a need to isolate sections of the bus, or
c) the segment exceeds the maximum permissible cadgh for the bit-rate used.

Repeaters can also be useful to create branch sé&gmeyour network.

Some older repeaters do not incorporate automgtrate detection and hence the bit rate
must be explicitly set using a switch provided loa tlevice.

9. Fibre Optic Components

An optical fibre cable transfers data signals udigigt which travels along a glass or
plastic fibre. Several types of fibre-optic transsidn media are available:

Plastic fibre which is low cost, simple to make bpt is generally limited to
distances of less than 50m.

Multi-mode glass fibre which can be used over dis¢és of up to 2km.
Single-mode glass fibre which can be used oveaunitgts of up to 50km.

Glass-fibre cable requires special techniques aold for making up and testing. Plastic
fibre transmission is less expensive and can ebsilyjade up on-site.

9.1. Optical Link Modules

Fibre-optic PROFIBUS transmission requires theafd®S-485 to fibre optic conversion
called Optical Link Modules (OLMs). OLMs are avéila from various manufacturers.
Each optical channel on an OLM requires two optocainections: one for transmission
and one for reception. Some OLMs have duplicatealpthannels (i.e. 2 in plus 2 out)
allowing two optical segments or redundant fibré@paths to be implemented. Like
repeaters, OLMs also have the effect of splittlmgnetwork into isolated segments.

When using OLMs to connect two segments, two fdptc cables are required; one for
the signal in each direction. Other, more comptgotogies are possible using more
OLMs.

Single channel OLMs

Segment 1 ¥ Segment 2

AY

OLMSs connecting two segments
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Optical segments are normally arranged as a rimgyumsultiple single-channel OLMs.

1 N O

OLMs can be used to give tree, star and even rethayd

I < |
R
Segment 1 - L.— Segment 2
—1 OLM OM [—
- -
B |
Lo
_._.<.._._

Redundant fibre optic connection using two cha@id\is
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45.45 kbit/s, 3 high speed requirements, 24
9-pin sub-D connectors, 8 hubs, 12, 27

active termination, 10 IEC 61158-2, 2, 6, 30

active terminator, 22 inductive coupling, 1
address setting, 7 installing cables, 30
balanced transmission, 3 insulation displacement, 12
baud rate. See bit rate insulation displacement connectors, 12
binary switch, 7 interference, 1

bit rate, 3, 6, 15, 23, 24, 25 intrinsic safety, 28

BREAD rule, 9 isolating connectors, 14, 21
BT200, 16 junction boxes, 27

bus scan, 18 M12 connector, 8, 20
Bustest Il, 16 M12 connectors, 19
cabinets, 32 MBP, 6, 24

cable categories, 31 modular coupler, 26

cable channels, 33 multi-drop, 5

cable length, 23, 29 Net Test I, 19

cable specification, 29, 30 network layout, 20

cable test tools, 15 OLM, 22, 35, See optical link module
cable trays, 32 optical link module, 6, 35
capacitive coupling, 1 pickup, 1, 2

channels, 32 piggy-back, 12, 14, 21
connectors, 12 potential equalisation, 33
crossing cables, 32 reflections, 9, 23

data rate. See bit rate repeater, 5, 6, 11, 21, 22, 34, 35
decimal switch, 7 reserved addresses, 8
device addressing, 6 RS 485, 2

DP/PA Coupler, 25 screening, 2, 3, 5, 30
DP/PA Link Module, 25 segment, 5, 6, 23

drop-line. see stub-line segment length, 23, 30
ducting, 2 segment rules, 15

earth loops, 4 segmentation, 5

earthing, 5, 32, 33 segregation, 31
electromagnetic, 6 shielding, 2

electromagnetic pickup, 1 solid core cable, 12
electrostatic, 6 spur line length, 23, 27
electrostatic pickup, 1 spur lines, 11, 23, 26, 27, 30
fibre optic, 2, 35 stranded cable, 12
fibre-optic, 6 stripping tool, 12

FISCO, 29 stub line. See spur line

FO. See fibre optic termination, 9, 23, 27
Foundation Fieldbus, 24 twisted pair, 2

H1. See IEC 61158-2 unbalanced transmission, 3
H2. See RS 485 wiring faults, 15

hand held test tools. See cable test tools Zenner barrier, 25
hazardous environment, 28

InstallationGuideV8.1.doc Page 37 of 37
Copyright © Verwer Training & Consultancy Ltd, Mdr2010



