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Preface

There are already a large number of documents available for PROFIBUS. So why is the
Installation Guideline for Cabling and Assembly being added now? The answer is very simple:
The existing documents have been created at different times and therefore feature a different
structure. In addition, they contain extensive specifications directed at PROFIBUS device

developers. This information is not required for users and can be more confusing than helpful.

As the name indicates, the Installation Guideline for Cabling and Assembly is intended to
provide information on how to properly install PROFIBUS wiring and to provide practical

guidance on the best ways to achieve this.

The presentation of information in this document has been kept as simple as possible.
Accordingly, background knowledge about PROFIBUS mounting and cabling is not required.
However, a basic technical knowledge of electrical installation is assumed.

The operating principle of PROFIBUS is not discussed in the Installation Guideline for Cabling
and Assembly. If you require this information, please use the respective documents of the
PROFIBUS Nutzerorganisation e.V. or corresponding technical literature.

This document does not replace any existing document. The previous documents of the PI

remain in effect.
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Safety information

&

The use of the PROFIBUS Installation Guideline for Cabling and Assembly may involve

handling hazardous materials or tools or involve dangerous work. Due to the many and diverse
applications of PROFIBUS, it is not possible to take all options or safety requirements into
consideration. Each application makes different demands on the installer. In order to
competently judge possible dangers, you must inform yourself about the safety requirements
of the respective system before starting your work. Special attention must be paid to the laws
and regulations of the respective country in which the system will be operated. You should
also observe general health and safety requirements, as well as the requirements of the
company for which the system is being installed. In addition the manufacturer supplied

documentation for the PROFIBUS components used must be considered.
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Electrical safety during the assembling and cabling
Isolation from supply during assembling and cabling

Ensure isolation from supply voltage before assembling electrical components.

Touching a stripped core that is under supply voltage can lead to severe

burns and even to death.

In addition, a short circuit can cause severe equipment damage.

Cable damage

Damaged cables represent a high risk. They can energize system components, thereby
creating the risk of machine or plant damage. In addition, damaged cables can introduce the
risk of injury or death from electric shock. For this reason, damaged cables should always be

replaced.
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Disclaimer of liability

PROFIBUS Nutzerorganisation e.V. (PROFIBUS user organization, hereinafter in this
disclaimer referred to as “PNO”) has taken utmost care in the preparation of this document
and compiled all information to the best of its knowledge. This document is nevertheless based
on present knowledge, is of an informative character and is provided on the basis of liability
exclusion. This document may be subject to change, enhancement or correction in the future

without any expressive reference.

This document has no normative character. It may be useful in certain operating environments,
in certain technical constellations or when used in certain countries to deviate from the given
recommendations for action. In this case, the installer and operator of the installation should
weigh up the advantages and disadvantages of the recommendations made in the specific
application and, if deemed appropriate, decide on the implementation of a different solution if

necessary.

The user may not distribute, rent or make available the Information in any other way to any
third party at any time.

Any liability for defects as to quality or title of the information, especially in relation to the
correctness or absence of defects or the absence of claims or third-party rights or in relation
to completeness and/or fitness for purpose are excluded, except for cases involving gross
negligence, willful misconduct or fraudulent concealment of a defect. Any further liability is
excluded unless required by law, e.g. in cases of personal injury or death, willful misconduct,

gross negligence, or in case of breach of fundamental contractual obligations.
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Explanation of symbols
This document contains many illustrations which are intended to facilitate understanding of

the text. The illustrations are generally displayed in black and white. The color violet is used

only for emphasizing important details. The following field shows the color used.

The following line shape is used to display equipotential bonding and grounding cable.

In addition, the following symbol is used to display a functional earth connection Note: The

functional earth shall not be used as protective earth

A
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Furthermore, the following symbols are used. They provide a reference to particularly

important text passages.

Table 1: Symbols indicating important text

Symbol Name Meaning
Tip Used to mark a recommendation and / or
@@: summary of the current topic.

Important Used for information which, if not observed,

may result in malfunctions during operation.

Instruction Used for direct instructions.

Danger! Used to mark a danger to life and health. The

observance of an instruction marked in this

way is extremely important!
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Routing PROFIBUS cables

1 Routing PROFIBUS cables
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Routing PROFIBUS cables

1.1 Routing of PROFIBUS cables
1.1.1 Copper cable

General plant or factory cabling can carry high voltages and currents. Running PROFIBUS
cables parallel to such cables can lead to interference pickup and thus to data transmission
errors. Interference can be reduced by separating the PROFIBUS cable from the interference

source and also by minimizing the length of any parallel runs of cable.

1.1.2 Telecommunication cable

Special rules apply to public telecommunication cables (telephone cables, etc.). In this case,
the country-specific regulations must be observed (in many countries, telecommunication

cables must not be routed together with other cables).

1.1.3 Boundary conditions

Classifying the cables according to voltage classes is based on the assumption that the
interference voltages carried along are lower the lower the carried voltages and currents are.
For this reason, data transmission cables are generally without risk. Particularly critical are
interference voltages in the kHz to MHz range. High-frequency interference can also arise on
power supply cables with direct voltage or 50/60-Hz alternating voltage when the supply is
switched, e.g. through a frequently switching relay or an inverter.
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Routing PROFIBUS cables

1.1.4 Cable spacing

Fehler! Verweisquelle konnte nicht gefunden werden. shows the minimum required s
eparation distances between PROFIBUS cables and power cables to EN 50174-2(2009) that
must be maintained between PROFIBUS cables (shielded data cable) and other cables. The
table also lists two variants with a metal isolating segment. Here, it is assumed that a metal

partition has the same effect as a cable shield.

Figure 1: Cable spacing

@E In general, the greater the spacing between the cables and the shorter the
ek paths run parallel, the lower the risks of interference (crosstalk).

General notes on cable routing inside buildings

In general, power supply cables and communication cables shall be laid

separately.

You should first check where the power supply cables are laid or planned to be laid in the
plant. In practice, it may be impossible to completely separate the cables from each other. It
is permissible to use the same cable duct provided that the required minimum distances are

observed. Alternatively use special ducting with steel segregation sections or webs.
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Routing PROFIBUS cables

The Guidelines for the minimum cable distances are based on the following assumptions:

e Power cables with 1000 V maximum at 50/60 Hz are used.
e A meshed bonding network is in place.
e The shield of the PROFBUS cable is connected at both ends.

If your plant deviates from these assumptions, it is recommended to increase the cable
distances.

The specification for PROFIBUS cables does not specify a shield attenuation. Typically, the
shield attenuation is > 80 dB for cables with a combined braid and foil shield. In this case you
can use separation class d in Table 3-11. If you are unaware about the shield attenuation of
the cable, please use separation class b according Table 2.

How to read the table

To determine the minimum distance between PROFIBUS cables and other electrical cables,

proceed as follows:
1. Inthe right table section (spacing), select the type of cable separation to be used.

2. In addition, observe the regulations for the different routing areas found below Table 2.
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Routing PROFIBUS cables

Table 2: Minimum required separation distances S between PROFIBUS cables and power cables to EN

50174-2(2018)

Conduits used for information technology cables

and mains power cables

Separati | Separation without | Open metallic | Perforated Solid

on class | electromagnetic conduits a metallic metallic
barriers conduits b, ¢ conduits d

b 100 mm 75 mm 50 mm 0 mm

d 10 mm 8 mm 5 mm 0 mm

Shielding effect (0 MHz to 100 MHz) equivalent to welded meshed steel |
mesh size 50 mm x 100 mm. The same shielding effect can be achieved
cable trays (cable bundles, without cover) with a wall thickness of less th

and/or an evenly perforated surface of more than 20%.

Shielding effect (0 MHz to 100 MHz) equivalent to a steel cable tray (cab
without cover) with a minimum wall thickness of 1.0 mm and an evenly
surface of not more than 20%. This shielding effect can also be ach

shielded power cables which do not provide the features specified in foot

The top surface of the installed cables must be at least 10 mm below the t

of the barrier.

Shielding effect (0 MHz to 100 MHZz) equivalent to a steel installation pipe
thickness of 1.5 mm. The specified separation distance must be taken in

in addition to the separation distance required by dividers/barriers.

pasket with
using steel

an 1.0 mm

e bundles,
perforated
ieved with
note d.

op surface

with a wall

to account
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Routing PROFIBUS cables

Table 3: Factor P for power cabling

Type of electrical circuit | Number of circuits Factor for the power supply
a,b, ¢ cabling P
1to3 0,2
4t06 0,4
7t09 0,6
10to 12 0,8
13to 15 1,0
20 A, 230V, single-phase | 16 to 30 2
31to 45 3
46 to 60 4
61to 75 6
>75 6
& Three phase cable must be treated as 3 single-phase cables.
b More than 20 A must be treated as a multiple of 20 A.
¢ Power cables for lower AC or DC power must be treated based on their rating, i.e.
H. a 100 A/ 50 V-DC cable is equivalent 5 of the 20-A-cables (P = 0,4).

As a next step we will look at a calculation example for the recommend distances.
Assumptions:

e PROFIBUS cable used with shield attenuation > 80 dB: Use separation class d
according to Table 2
e Open metallic conduit: according Table 2 Minimum distance S = 8 mm

e 20 Power circuits with 20 A each according Table 3 Factor P = 2
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Routing PROFIBUS cables

¢ Recommended distance is twice the minimum distance according sections 11.5.2 of

the standard.

This results in:

Recommended_distance = 2 - Minimum_Distance
Minimum_Distance =S - P
Recommended_distance =2 ‘S -P
Recommended_distance =2 -8 mm -2 = 32 mm
Disclaimer:

The information regarding the minimum cable distances refers to installations in which
PROFINET / PROFIBUS cables run parallel to unshielded power lines over longer distances.
The values given here provide an orientation framework. For shorter parallel cable runs, e.g.
inside machines, with shielded power cables or when using hybrid cables, it is permissible to

stay below the minimum distances.

The application-specific reduced distances must be specified by the manufacturer of the

system cables. This procedure is provided for in EN 50174-2.

—T@ For more details about minimum separation distances please refer to the
L IEC 61784-5-3 or EN 50174-2 standard, respectively.
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Routing PROFIBUS cables

1.1.5 Cable routing inside of control cabinets

e The minimum spacing between cables
should be adhered to even for cables
routed within control cabinets. See Table
2 for details.

o Where cables must cross, they should

always do so at right angles.

¢ If the space is insufficient to maintain the
required spacing between the individual
categories, the cables must be routed in
separate, metallic trays. Each tray must

hold only cables of the same category.

These trays can then be arranged
directly next to each other.
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Routing PROFIBUS cables

The metal cable tray must be screwed to
the uprights of the frame or the cabinet
walls approximately every 50 cm.
Ensure that a large well-conducting area
is created between uprights and cable
tray. If the cabinet walls are painted or
coated, this can be accomplished by
using toothed lock washers or removing
the coating or paint.

Use threaded glands where the cable

enters the control cabinet.

50 cm
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Routing PROFIBUS cables

1.1.6 Cable routing inside buildings

The following must be observed when routing cables outside of control cabinets and inside of
buildings:

e The minimum spacing between two
cables can be found in Table 2. In
general, the risk of crosstalk is the lower,
the greater the separation between the

cables.

o If the cables are routed in metal cable
trays, the trays can be arranged directly

next to each other.

e If only one common metal cable tray is

available for all categories, the spacing

according to Table 2 must be followed. If

this is not possible due to space, the
different cable categories must be
separated by using metal separators or
partitions. The separators must be well-
bonded to the tray with a large surface

area.

I|B—|
l
WCwW—-—TO0OxXT

e Where cables must cross, they should
always do so at right angles.
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e The individual sub-system grounds and
all metal cable trays must be connected
to the building equipotential bonding
system.

e For this purpose, observe the notes
about equipotential bonding in Chapter
2.7 of this guide.
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1.1.7 Cable routing outside buildings

EED It is recommended that optical fiber cables are used for PROFIBUS

connections outside of buildings, because of their immunity to

electromagnetic interference. Because optical fiber cables provide electrical

isolation, equipotential bonding can then be omitted.

Use only approved cables for the routing outside of buildings. This applies

particularly to routing in the ground.

For interference-immune routing of PROFIBUS cables outside of buildings, the same rules
must be followed as those for cable routing inside of buildings. Additionally, the following

applies:

e Route the cables on cable racks with
good conductivity. Mesh openings shall

be small.

¢ Connect the butt joints of the cable racks
with a large surface area, forming a good
conduction. Ensure that the connection is
made from the same material as the
cable rack (do not mix materials,
otherwise electrochemical reactions may

cause corrosion).
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Ground the cable rack.

A sufficient equipotential bonding must
be ensured between the buildings and
external facilities, independent of the
PROFIBUS cables. According to
IEC 60364-5-54, the following cross

sections are required:
o Copper 6 mm?2
o Aluminum 16 mm?2

o Steel 50 mm2

Route the PROFIBUS cables in parallel
with and as close as possible to the
equipotential bonding cable.

Connect the shields of the PROFIBUS
cables to the building grounding system
as close as possible to the cable entry
point. Preferably, fiber optic cables
should be used for cabling across

buildings.

ro Plant
= segment 1
R
o
Il F
oy
B
1o
I s L | Plant
: segment 2
L..
3 PROFIBUS é
_ assmall as
possible

§ Equipotential bonding ?
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e Use an auxiliary metal terminal box
between outside and inside systems m

(crossing from direct-buried cable to

standard bus cable).

e Ground the auxiliary terminal box.

O Q
o Integrate PROFIBUS cables routed

outside of buildings in the lightning and
over-voltage protection system. The

planning of the lightning and over-voltage

protection system should be done by a
specialist company. % |

Use an over voltage-protector between the standard bus cable and the

I E direct-buried cable.
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1.1.8 Routing in the ground

Cables that must be routed in the ground must have a very robust

construction. For this reason, ground routing should only use PROFIBUS

cables approved by the manufacturer for routing in the ground.

In addition, the following is recommended for direct routing in the ground:

¢ Route the PROFIBUS cable in a trench 7
approximately 60 cm below the surface. i

60 cm

l

PROFIBUS >

o Protect the PROFIBUS cable against T,
mechanical damage, e.g. by using a

approx. 20 cm deep

plastic pipe. Place cable warning tape

above it (approximately 20 cm below the \'\\ Caution - Cable \".\
surface).

o) P
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e Route the equipotential bonding between FIITITITIFIFIFIITITIFIFIE,
the buildings approximately 20 cm above

the PROFIBUS cable (e.g. galvanized

ground strip). The ground strip is also <Equipotential SEMETE g
used as protection against the effects of T

a lightning strike. The minimum cross 20 cm

section for the equipotential bonding

according to IEC 60364-5-54 is: 1

o Steel 50 mm? HAOIFIEEE >

o If several cables of different categories

are routed in the same trench, maintain \
the minimum spacing distances specified \

in Table 2. You can use bricks as ‘
spacers, for example. ' h‘ .

e Maintain a minimum distance of 30 cm to

power supply cables up to a voltage of
1 000 V, unless other regulations require

a greater distance. Pertinent information

about this topic can be found in 30 cm
EN 50174-3:2003. For higher voltages,

please observe the corresponding —
standards and regulations. PROFIBUS

During excavation, watch for indicators to other cables or devices (e.g. cable

warning tape). Damage to another cable or device (e.g. power supply

cables, gas lines) can lead to property damage as well as to risk of health

and life.
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Lightning; protection

Equipotential bonding
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Figure 2: PROFIBUS cables outside of buildings
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1.1.9 Redundant PROFIBUS cables

Route redundant PROFIBUS cables on separate cable racks to avoid damage of both cables

by a common cause.

Master Slave

Route separately

Figure 3: Routing redundant PROFIBUS cables
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1.2

Mechanical protection of PROFIBUS cables

Mechanical protective measures are intended to protect PROFIBUS cables against breakage

or a short circuit of the cores or mechanical damage of sheath and shield.

The measures for mechanical safety described here apply to electrical and

optical cables alike!

the PROFIBUS cable

protective plastic pipe if you route the

Route in a

PROFIBUS cable away from cable racks.

In areas with heavy mechanical stresses,
route the PROFIBUS cables in high-
Hard PVC

conduits may be used in areas with lower

strength metal conduits.

mechanical stresses.

In case of 90° bends and building joints
(e.g. expansion joints), the protective
pipe may be interrupted. It must be
ensured that the PROFIBUS cable
cannot be damaged, e.g. by falling
objects.

In areas where people may step or
vehicles pass, route the PROFIBUS
cables in high-strength conduits or metal

cable trays.

———

T
=,

———

Page 36/ 125
© Copyright by PI 2019 — all rights reserved



Routing PROFIBUS cables

Additional information about routing PROFIBUS cables outside of buildings,

particularly in the ground, can be found in chapter 1.1.
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1.3 Laying PROFIBUS cable

1.3.1 General

PROFIBUS cables can only handle limited mechanical loading. In particular, the cables can
be damaged by excessive tension or pressure during installation. Twisting or excessive
bending (kinking) of the PROFIBUS cable has the same effect. The following notes will help
you avoid damage when laying PROFIBUS cables.

Replace PROFIBUS cables that were overstressed or damaged during

laying.

1.3.2 Storage and transport

¢ During transport, storage and laying, the
PROFIBUS cable must be closed with a
shrink cap at both ends. This prevents an
oxidation of the individual cores and any
accumulation of moisture and dirt within
the PROFIBUS cable.
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1.3.3 Temperature

The manufacturer specifies minimum
and maximum  temperatures for
PROFIBUS cable. The cable must be
kept within these limits otherwise it may
not meet the required mechanical and
electrical specifications. The cable must
be routed to avoid areas where the
temperature is outside the specified

limits.

The temperature values can be found on
the manufacturer's data sheets. Some
manufacturers print temperature data on

the cable sheath.

The temperature range for PROFIBUS
cable typically lies between -40 °C and
+60 °C. Caution: For some PROFIBUS
cable types, the lower temperature limit
is -25 °C!

— max. temp.

— min. temp.
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1.3.4 Tensile strength

The manufacturer specifies a maximum tensile strength for every cable type.

Exceeding the maximum tensile strength damages or destroys the

PROFIBUS cable. This is of particular importance in drag chains and
garland suspensions due to the high mechanical load. Ensure that you
choose the right type of cable for your application:

¢ PROFIBUS standard cable
¢ PROFIBUS trailing cable
e PROFIBUS festoon cable
e PROFIBUS torsion cable

e Pull the PROFIBUS cable by hand only.

Do not apply force when pulling.

e Consider using rollers, for example, to

PROFIBUS

provide strain relief when laying
PROFIBUS cables. I_é—l él
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1.3.5 Pulling PROFIBUS cables with cable grips, protecting connectors

Use cable grips for pulling PROFIBUS
cables. If you have already assembled
the PROFIBUS cable, you must protect
the connector against mechanical load
before attaching the cable grip. This can
be achieved by placing a protective pipe

over the connector.

1.3.6 Strain relief

Attach a strain relief to all cables that are
subject to a tensile load at a distance of
approximately 1 m from the connection
point. The shield area at the cabinet entry
is not sufficient for strain reliefl
Appropriate strain relief fittings are

available from several manufacturers.

Slave

1m

ol
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1.3.7 Compression loads

e Do not squash the PROFIBUS cable,

e.g. by stepping on it or driving over it.

e In addition, avoid excessive stress or
pressure on PROFIBUS cables, e.g.
through pinching or squashing.

1.3.8 Twisting (torsion)

e Twisting the PROFIBUS cable can cause
the individual cable elements to unwind.
This, in turn, leads to a deterioration of
the electrical characteristics and poor
EMC performance. For this reason, do
not twist the PROFIBUS cable. If twisting
cannot be avoided, you must use torsion-
proof PROFIBUS cables.
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1.3.9 Flexible PROFIBUS cables

o Forfrequently twisted PROFIBUS cables
(for example as used in robots) use
flexible, torsion-proof PROFIBUS cables.

x-times

1.3.10 Trailing and garland cables

e Use only cables and corresponding

suspension components approved by the =

manufacturer for trailing and garland —
cables. The correct cables and parts are

available from various manufacturers.

Use only cables and corresponding suspension components approved by the
manufacturer for trailing and garland cables. The correct cables and parts are available

from various manufacturers.

Ensure that trailing and garland cable are not damaged or pinched by structural

components or other cables when in motion.

o Ensure that the cables are not crossed between festoon suspensions, since this can cause

stretching or stress on the cable. Use separate suspensions for each cable.
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e The chosen cable route must avoid any cable twisting. Twisting a PROFIBUS cable can

lead to mechanical damage and poor EMC performance.
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1.3.11 Maintaining bending radius

Always maintain the minimum
permissible cable bend radius. Dropping
below the minimum bending radius leads
to damage of the PROFIBUS cable and
changing of its electrical properties. The
minimum bend radius can be found on

the manufacturer’s data sheets.

For a simple bend, the radius should
typically not be less than 10 times the
cable diameter. If repeated bending is
expected during service, for example due
to attaching and detaching PROFIBUS
stations, a larger bend radius is required
(typically approximately 20 times the

cable diameter).

During laying, the PROFIBUS cable is
mechanically subjected to additional
tensile forces. For this reason, a larger
bend radius must be maintained during
pull-in than when in its final position.
Puling PROFIBUS cable around a
corner is a particular problem. For this
reason, you must use pulleys to avoid
any excessive stress and sharp bends
when pulling PROFIBUS cables around

corners.

The specified bend radius for flat
PROFIBUS cables applies only to

bending on the flat side. Bending such

Observe minimum

bending radius!
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cables sideways requires a significantly

larger bend radius.

1.3.12 Avoid looping

Pull the PROFIBUS cable straight off the
drum, which should be free to rotate.
Never unwind cable from a stationary

drum.

Use auxiliary equipment, such as drum
feeders or rotary plates for this purpose.
This prevents the formation of loops and
associated cable kinking. In addition, it
prevents the PROFIBUS cable from

being twisted.

If a loop should have occurred, wind the loop out of the PROFIBUS cable. Do not simply
pull the PROFIBUS cable straight since this would stretch and twist the PROFIBUS cable.
Since the copper core and the insulation behave differently under tension, the plastic may

contract leading to non-insulated cores and creating a short circuit.
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1.3.13 Avoid sharp edges

e Sharp edges can lead to PROFIBUS
cable damage. For this reason, remove
sharp edges and burrs with a file or a
triangular scraper. This includes cut
edges on cable trays.

A

o Protect edges at the end and corners

with edge protection strip.

1.3.14 Considerations after installation

If additional cables are routed, you should ensure that previously laid PROFIBUS cables or
other system cables are not overstressed or damaged. This can occur, for example, if the
PROFIBUS cables are routed together with other cables on a common cable tray (if the
electrical safety permits it). Special care should be exercised when rerouting new cables (for
repairs or expansion). Pulling several cables into an existing cable run can damage the

previously run cables.

Pull in the PROFIBUS cable last if you are laying it in a cable tray together with other cables.

Page 47/ 125
© Copyright by PI 2019 — all rights reserved



Routing PROFIBUS cables

1.4 Laying of optical fiber cables

Because optical fiber cables provide galvanic isolation and are immune to electromagnetic
pickup (EMC interference), their routing is simpler than for copper cables. However, optical
fiber cables must be mechanically protected. In addition, the optical plug connectors must be
kept clean. The same mechanical protection regulations that apply to copper cables also apply
to optical fiber cables. However, special attention should be paid to the bending radius and

tensile strength of optical fiber cables.

PROFIBUS cables can only handle limited mechanical loading. In particular, the cables can
be damaged by excessive tension or pressure during installation. Twisting or excessive
bending (kinking) of the PROFIBUS cable has the same effect. The following notes will help
you avoid damage when laying PROFIBUS cables.

Replace PROFIBUS cables that were overstressed or damaged during

laying
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1.4.1 Storage and transport

During transport, storage and laying, the
PROFIBUS cable must be closed with a
shrink cap at both ends. This prevents
any accumulation of moisture and dirt
within the PROFIBUS cable.

1.4.2 Temperature

The manufacturer specifies minimum
and maximum  temperatures for
PROFIBUS cable. The cable must be
kept within these limits otherwise it may
not meet the required mechanical and
optical specifications. The cable must be
routed to avoid areas where the
temperature is outside the specified

limits.

The temperature values can be found on
the manufacturer's data sheets. Some
manufacturers print temperature data on

the cable sheath.

The temperature range for PROFIBUS
cable typically lies between -5 °C and
+50 °C.

— max. temp.

— min. temp.
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1.4.3 Tensile strength

' The manufacturer specifies a maximum tensile strength for every cable type.
Exceeding the maximum tensile strength damages or destroys the
PROFIBUS cable. This is of particular importance in drag chains and
garland suspensions due to the high mechanical load. Ensure that you

choose the right type of cable for your application:

¢ PROFIBUS standard cable

¢ PROFIBUS trailing cable

¢ PROFIBUS festoon cable

e Pull the PROFIBUS cable by hand only.

Do not apply force when pulling.

OK
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e Consider using rollers, for example, to
PROFIBUS

provide strain relief when laying
PROFIBUS cables. é é

1.4.4 Protect the connectors from dirt

e Optical fiber connectors are sensitive to dirt.

e Protect unconnected plugs and sockets by fitting the supplied dust-protection caps.

1.4.5 Mechanical load of optical fiber cable

Optical fiber cables are particularly sensitive to mechanical loads. Exercise

extra caution when laying optical fiber cables.
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Observe the following instructions:

¢ Do not twist the optical fiber cable.

¢ Do not pinch the optical fiber cable.

o Observe the permissible tensile forces.

Do not overstretch the optical fiber cable.

I Observe maximum tensile
|
° strength!
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1.4.6 Use pulling supports, protect connectors

Use suitable pulling supports for pulling
in optical fiber cables. Some
manufacturers supply the correct pulling
support with the optical fiber cable. If no
pulling support is supplied, ask the cable
manufacturer for the appropriate pulling
support.

Protect pre-assembled plug connections
against damage and dirt. A cable conduit
can be used for this purpose. Pad any

cavities.

Ensure that the dust-protection caps are
fitted.

1.4.7 Attaching the strain relief

Some plug connections for optical fiber
cables feature their own strain relief.
Nevertheless, attach an additional strain
relief as close as possible to the
PROFIBUS station.

TS

PROFIBUS node

min
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1.4.8 Maintaining bending radius

Always maintain the minimum
permissible cable bend radius. Dropping
below the minimum bending radius leads
to damage of the PROFIBUS cable and
changing of its optical properties. The
minimum bend radius can be found on

the manufacturer’s data sheets.

During laying, the PROFIBUS cable is
mechanically subjected to additional
tensile forces. For this reason, a larger
bend radius must be maintained during
pull-in than when in its final position.
Puling PROFIBUS cable around a
corner is a particular problem. For this
reason, you must use pulleys to avoid
any excessive stress and sharp bends
when pulling PROFIBUS cables around

corners.

The specified bend radius for flat
PROFIBUS cables applies only to
bending on the flat side. Bending such
cables sideways requires a significantly

larger bend radius.

Observe minimum

bending radius!
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1.4.9 Avoid looping

e Pull the PROFIBUS cable straight off the
drum, which should be free to rotate.
Never unwind cable from a stationary

drum.

e Use auxiliary equipment, such as drum
feeders or rotary plates for this purpose.
This prevents the formation of loops and
associated cable kinking. In addition, it
prevents the PROFIBUS cable from
being twisted.

¢ If a loop should have occurred, wind the
loop out of the PROFIBUS cable. Do not
simply pull the PROFIBUS cable straight
since this would damage the optical
PROFIBUS cable.
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1.4.10 Avoid sharp edges

e Sharp edges can lead to PROFIBUS
cable damage. For this reason, remove
sharp edges and burrs with a file or a
triangular scraper. This includes cut
edges on cable trays.

N

o Protect edges at the end and corners

with edge protection strip.

1.4.11 EMC interference

Optical fibers are not susceptible to EMC interference (electrical pickup). For this reason,

optical fiber cables can be routed together with any copper cables, even power cables.
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1.4.12 Considerations after installation

If additional cables are routed, you should ensure that previously laid PROFIBUS cables or
other system cables are not overstressed or damaged. This can occur, for example, if the
PROFIBUS cables are routed together with other cables on a common cable tray (if the
electrical safety permits it). Special care should be exercised when rerouting new cables (for
repairs or expansion). Pulling several cables into an existing cable run can damage the

previously run cables.

Pull in the PROFIBUS cable last if you are laying it in a cable tray together with other cables.
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2 Assembling PROFIBUS cables
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2.1 PROFIBUS termination

For a good signal transmission it is necessary to terminate PROFIBUS segments by a bus
termination. For PROFIBUS RS485 a bus termination consists of a combination of three
resistors. For PROFIBUS MBP (PA) a bus termination consists of a resistor and a capacitor.

+ 5V
390 Q
line B I
220 Q
line A T
1
390 Q
Data ground T

Figure 4: Bus termination PROFIBUS RS 485

PA+

100 Q +/- 2%
= 1 UF +/- 20%

Figure 5: Bus termination PROFIBUS MBP (PA)

Bus terminations are available in different forms.

e Bus termination built into in a connector

e Bus termination built into a PROFIBUS-device
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Bus terminations that are built into PROFIBUS-devices or into PROFIBUS connectors can
often be switched on or off. Because of this it can easily happen that too many bus terminations
are used in a PROFIBUS segment. Therefore you must observe that PROFIBUS segments
are only terminated at the two segment ends and nowhere else. Any additional terminations
can cause corruption of the PROFIBUS signals and network malfunction.

In 9-pin Sub-D-connectors the switch for the bus termination often has a second function of
isolating the “outgoing” cable from the connector. It is essential, therefore, that only the
“incoming” cable entry is used on connectors located at the ends of a PROFIBUS segment. In
such situations only one PROFIBUS cable is connected and the bus termination is switched
on. If the incorrect cable entry is inadvertently used at such connectors, neither the
PROFIBUS-device nor the termination network will be connected to the segment. Most

connectors mark the incoming and outgoing cable entries with arrows.

g4/__ Bus termination
Switch

Bus termination off

e

Incoming cable Outgoing cable

Figure 6: Bus termination on /incoming and outgoing cable not connected
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|| Bus termination
- Bus termination on
Switch

Bus termination off

7

Incoming cable Outgoing cable

Figure 7: Bus termination off /incoming cable and outgoing cable connected

Read the manufacturer’s instructions. Where available, these instructions

may provide important information about the use of built-in bus terminations.
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2.2  Minimum cable length between two PROFIBUS DP nodes

The IEC 61158-2 standard recommends the use of connectors with integrated inductors for
connecting a PROFIBUS DP node to a PROFIBUS DP network. However, connectors without
integrated inductors are also available on the market. If connectors of this kind or screw
terminals should be used instead of the connectors recommended in the standard, a minimum
cable length of one meter between two PROFIBUS nodes should be observed. The
impedance of this cable segment will attenuate possible reflections that may result from the
increased starting current of the connected nodes and thus provide for reliable network

operation.
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2.3 Assembling connectors
Several types of connector are available to connect PROFIBUS copper cables to PROFIBUS
stations.

The 9-pin Sub-D connector is used for the area inside control cabinets. Outside control
cabinets, the M-12 or the hybrid connector can be used. The PROFIBUS station determines

the type of connector that is used.

Different connectors require different wiring techniques; therefore it is not possible to provide
general instructions for assembling plug connections. The types of connectors most frequently
used are: The 9-pin Sub-D connector and the 5-pin M-12 connector (3 contacts assigned) for
PROFIBUS-RS485 and the 4-pin M-12 connector for PROFIBUS-MBP (PA) (PROFIBUS-PA).
The hybrid connector is also available for PROFIBUS-DP.

You should also always observe the instructions of the connector manufacturer in addition to

the following assembly examples.

- E The type of connector is determined by the PROFIBUS station socket type.
: The PROFIBUS devices should be selected with this in-mind. Ensure that

device connectors meet your requirements for the environment in which they

are used.
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2.3.1 9-pin Sub-D connection

The 9-pin Sub-D connector is suitable for use inside control cabinets (IP 20). Unless using
pre-made cable assemblies, the connector must be fitted to the PROFIBUS cable.

The PROFIBUS cables are normally daisy-chained through the connector. This allows
PROFIBUS station connection without using T-junctions (which introduce spur lines). For this
reason, PROFIBUS connectors normally have two cable entries, each with a set of terminals.
Each set of terminals is normally labeled “A” and “B” or given a color reference, e.g. “green”
and “red”. These two terminals connect to the two data wires in the PROFIBUS cable. The
color scheme must be used consistently within a segment; i.e. the cores must not be swapped

over. The PROFIBUS guideline Interconnection Technology specifies the following

assignment:
A: green
B: red

Wiring techniques differ from manufacturer to manufacturer; these can be divided into two
groups: preassembled PROFIBUS cables and field-assembled PROFIBUS cables. The wiring
techniques for pre-assembled PROFIBUS cables require special tools. For this reason, you
should always select a method that can be field-assembled for on-site installation. This also
offers the benefit that the PROFIBUS cable can be easily reconnected in case of repair or

maintenance.

For field assembled PROFIBUS cables the following technologies are used:
a. Screw methods
b. Insulation displacement methods

c. Cage clamp method
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The following sections provide examples of a few implemented solutions from different
manufacturers. However, they do not provide full assembly instructions. You should always

refer to the specific manufacturer’s instructions.

Ensure that you are only using PROFIBUS cables approved by the connector manufacturer
for use with the respective connector. This applies particularly to the use of insulation

displacement technology.

E At least one of the PROFIBUS connectors should have a socket for a
sl programming or diagnostic device (piggy-back socket) which is best located

at the beginning or the end of the cable (segment).

= E Use only Sub-D-connectors that ensure a good conducting of the shield with
the connector by some grooves.
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Figure 8: pin assignment of 9-pin Sub-D-connector front side

Pin Signal Description Specification
Cable PROFIBUS-Device
1 (Shield) Shield or potential equalization Not recommended
2 Not Optional P
M24 assigned Ground of 24 V power supply
3 RxD / TxD-P Receive/Transmit data; line B (red) Mandatory
H b
4 CNTR-P NOt. Control of repeater direction Optional
assigned
5 DGND Not Data ground (reference voltage | Mandatory
assigned to VP)
6 VP /+5V? Not Power supply +5 V (e.g. for bus | Mandatory
assigned termination)
7 Not Optional °
P24 assigned +24 V power supply
8 RxD / TxD-N Receive/Transmit data; line A (green) Mandatory
i b
9 CNTR-N NOt. Control of repeater direction Optional
assigned

& Minimum current capability is 10 mA

b These signals should be provided by the device if converters from RS485 to fiber optic
transmission are to be supported

Page 66 / 125

© Copyright by PI 2019 — all rights reserved




Assembling PROFIBUS cables

2.3.2 Screw terminals

Read the manufacturer's instructions, these instructions may provide
important information about the connector design and use. The following

description shows the assembly process in general. It does not replace the

detailed instruction of the manufacturer.

The typical steps listed below may be followed:

e Open the connector.

e Strip the PROFIBUS cable insulation.

e Strip the insulation from the cores. /
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e - Insert the cores into the open contact
_I 2
chambers, ensuring a good connection | ot o
between  shielding and  shield m =0
_ o [S2INY,
connection. Make sure that the coloured

markings on the cores and on the

connector match.

e Using an appropriately sized
screwdriver, screw the terminals to grip
the stripped cable cores (observe the
torque).

e Check the cable shield connection and

ensure that there is no contact between

the shield and the cores.

Fasten the strain relief clamp.

Close the connector casing.

Ensure that, where provided, the termination switch is correctly set. The termination should

be switched on at both ends of the PROFIBUS segment and nowhere else.
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To ensure proper transmission and protection from interference, observe the following points:
1. Route the cores inside the connector without kinking.

2. The connection between the connector shield and the PROFIBUS cable shield

must have a large surface area.

3. The cable must not be pinched by the strain relief.

Some connector types have an integrated bus termination with outgoing

cable isolation. Additional information about isolating connectors can be

found in chapter 2.1. In such cases, always read the manufacturer’s

information.

2.3.3 Insulation displacement method

Read the manufacturer's instructions, these instructions may provide

important information about the connector design and use.
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The major advantage of the insulation displacement method lies in simplifying and speeding

up the cable connection.

The insulation displacement method generally consists of a matched system
of connector, PROFIBUS cable and wire stripper. Use only components that

are designed to work together as described in the manufacturer’s

instructions, otherwise problems may occur.

When using the insulation displacement method, the cable end must be cut
off for every connection (e.g. when changing connectors). Never re-use the

cable-ends without cutting them off after a connector has been removed,

otherwise a poor contact may result.

¢ Open the connector

| .
caevle Ly

e Strip the insulation from the cable. Cores
and shielding should be stripped to the
specified length (observe the connector
manufacturer’s instructions). Note that
the individual cores should not be

stripped of insulation with this type of

connector.

Page 70/ 125
© Copyright by PI 2019 — all rights reserved



Assembling PROFIBUS cables

e Insert the cores fully into the opened
contact block. Observe the marking for
the incoming and outgoing cables.

e Close the contact blocks.

o Ensure that a good connection is made

between the cable shield and the

4:kA

connector shield connection. Ensure that

there is no contact between the shielding

and the cores.

¢ Close the connector and fasten the strain

relief.

e On each connector, check the position of
the switch for activating the termination
resistors, if present. Note that the
termination resistors may only be
switched on at the ends of the bus

segment.
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Wire stripping tools are normally available for insulation displacement technology that matches
the manufacturer’s connectors and cables. These tools significantly simplify and speed-up the

connection.

Some cable stripping tools can be fitted with different cutter cassettes for

stripping shielded cables with different geometry. Please ensure that the

stripping tool has the correct cutter cassette for the PROFIBUS

cable/connector system being used.

2.3.4 M-12 plug connections

PROFIBUS RS 485
The 5-pin M-12 connector is another type of connector for PROFIBUS-RS485 devices where

extreme industrial environments exist.

Only shielded connectors are used for PROFIBUS. The connectors feature a mechanical key
(B-coding). The following variant of the M-12 connector is used for PROFIBUS-RS485.
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A

v

Screwed gland

Viewing direction A

Figure 9: 5-pin M-12 socket (PROFIBUS-RS 485)

Pin 1 Not connected

Pin 2 Data core A
(green)

Pin 3 Not connected

Pin 4 Data core B
(red)

Pin 5 Not connected

Screwed Shielding

gland

Pins 1 and 3 are used by PROFIBUS stations to provide a supply for a termination network.

Pin 5 may be connected to shielding (not recommended).

Screwed gland

Viewing direction A

Figure 10: 5 pin M-12 plug for RS 485

Pin 5 may be connected to shielding (not recommended)

Pin 1 Not connected

Pin 2 Data core A
(green)

Pin 3 Not connected

Pin 4 Data core B
(red)

Pin 5 Not connected

Screwed Shielding

gland
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MBP (PA) connectors

The 4-pin M12 connector is used for PROFIBUS-MBP (PA). Three of the four contacts are
used. The following variant of the M-12 connector (A-coding) is used for the PROFIBUS-
MBP (PA).

Pin 1 PA+

Pin 2 Not connected
Pin 3 PA-

Pin 4 Not connected
Screwed gland Shielding

Screwed gIandW
« M12x1 T

A
Viewing direction Viewing direction
4?./7§3 I ¢

1 t 2

Keyed

Figure 11: 4-pin M-12 connector (for MBP (PA)) — plug (left) and socket (right)

M-12 connectors are suited for use outside of control cabinets (IP 65/67). One side of the
connector is permanently installed in the PROFIBUS station and the other connector is

connected to the cable.

In many applications, the installation can be simplified by using preassembled PROFIBUS

cables. These PROFIBUS cables are available ready-tested and in different lengths.

Tee units are available for M-12 connectors to connect PROFIBUS cable segments. For
PROFIBUS-MBP (PA), the PROFIBUS stations are generally connected via tee units. For
PROFIBUS-RS485, tee units are available as options. Special Tee units containing

decoupling circuits need to be used for date rates from 3 to 12 Mbit/s.
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Read the manufacturer’s instructions. Where available, these instructions

may provide important information about the tee units.

The connections of the M-12 connector feature the contact positions as shown in Figure 11.

Some M-12 connectors label the pins “A” and “B” or give a color reference e.g. “green” and
“red”. These two pins connect to the two data wires in the PROFIBUS cable. The color scheme
must be used consistently within a segment; i.e. the cores must not be swapped over. The

PROFIBUS guideline Interconnection Technology specifies the following assignment:

A: green

B: red

Wiring techniques differ from manufacturer to manufacturer; these can be divided into two
groups: preassembled PROFIBUS cables and field-assembled PROFIBUS cables. The wiring
techniques for pre-assembled PROFIBUS cables require special tools. For this reason, you
should always select a method that can be field-assembled for on-site installation. This also
offers the benefit that the PROFIBUS cable can be easily reconnected in case of repair or
maintenance.
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For field assembled cables the following technologies are used:
a. Screw methods
b. Insulation displacement methods

c. Cage clamp technology

The wiring techniques for the pre-assembled PROFIBUS cables require special tools. For this
reason, you should always select a method that can be field-assembled for an on-site
installation. This also offers the benefit that the PROFIBUS cable can be reconnected in case

of repair or maintenance.

The following sections provide examples of a few implemented solutions from different
manufacturers. However, they do not provide full assembly instructions. You should always

refer to the specific manufacturer’s instructions.

Ensure that you are only using PROFIBUS cables approved by the connector manufacturer
for use with the respective connector. This applies particularly to the use of insulation
displacement technology. In addition, ensure that the conductor diameter matches the
connector housing for IP 65 applications. Only then is a correct seal between the connector
and cable ensured.

For M-12 connectors, there are several methods for establishing the bus termination. These

are:
e Use of termination connectors
e Termination integrated in the tee unit

e Termination integrated in the device

Note that the PROFIBUS segment must be terminated at each end using

one of the listed methods.
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Screw terminals

Read the manufacturer's instructions these instructions may provide

important information about the connector design and use.

IP 67 connectors generally consist of several parts. Open the package and

The typical steps listed below may be followed:

ensure that all parts are available.

¢ Open the connector.

Pass the cable through the screwed gland
and any other parts of the connector housing
that are required.

Page 77/ 125
© Copyright by PI 2019 — all rights reserved



Assembling PROFIBUS cables

o Strip the PROFIBUS cable insulation;
ensure that the stripped cable
dimensions are applicable to the

connector you are using.

e Strip the insulation from the cores.

¢ Insert the cores into the opened contact
block.

e Using an appropriately sized
screwdriver, screw the terminals to grip
the stripped cable cores (observe the
torque).

Observe

% torque!
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e Connect the cable shield to the
connector housing. For this shield is
normally folded back over the cable to
make a good contact. Place the seal ring
in the bush and push into the connector
housing to grip the cable shield. Ensure
that there is no contact between the

shield and the cores.

e Fasten the screwed gland to provide
cable strain relief and seal the connector.

¢ Close the connector
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Insulation displacement method

Read the manufacturer’'s instructions these instructions may

provide important information about the connector design and use.

The major advantage of the insulation displacement method lies in simplifying and speeding

up the cable connection.

The insulation displacement method generally consists of a matched system

of connector, PROFIBUS cable and wire stripper. Use only components that

are designed to work together as described in the manufacturer’s

instructions, otherwise problems may occur.

When using the insulation displacement method, the cable end must be cut

off for every connection (e.g. when changing connectors). Never re-use the
cable-ends without cutting them off after a connector has been removed,

otherwise a poor contact may result.
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The basic steps are as follows:

¢ Open the connector

e Pass the cable through the screwed
gland and any other parts of the
connector that are required.

e Strip the insulation from the cable;
ensure that the stripped cable
dimensions are applicable to the
connector you are using (observe the

connector manufacturer’s data).

e Connect the shield; ensure that there is
no contact between the shielding and the

cores.
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e Insert the cores in the opened contact
block.

¢ Close the contact block.

e Close the connector housing and
screwed gland to provide strain relief on
the cable and seal the connector.

Manufacturers often supply wire strippers that match their insulation displacement connectors.

Such tools significantly speed up and simplify the connection procedure.
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Wire strippers can be adapted for different shielded cables by using different

cutter cassettes. Ensure that the cutter cassette being used is correct for

your cable/connector system.

2.3.5 Hybrid connectors

Figure 12: Hybrid connectors

Hybrid connectors simplify installation of PROFIBUS stations by wiring the voltage supply and
the PROFIBUS cable in a single connector. Preassembled cables, which are available in
different lengths from the cable manufacturers, provide a particularly simple solution.

When it is necessary to assemble hybrid connectors on site, the manufacturer’s instructions
must be followed. The contacts of the hybrid plug are generally crimped. Only suitable
crimping tools should be used; these are generally available from the connector manufacturer.
Only correctly crimped connections ensure a permanent, high-quality connection.
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Figure 13: Pin assignment for Hybrid connector by Desina

Pin Usage Comment

1 +24 V DC Not Switched

2 Ground (0 V) Ground for Pin 1
3 Ground (0 V) Ground for Pin 4
4 +24V DC Switched

A Line A

B Line B
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Read the manufacturer's instructions, these instructions may provide

important information about the connector design and use.

The general steps to assemble such a connector are as follows:

IP 67 connectors generally consist of several parts. Open the package and
ensure that all parts are available.

¢ Open the connector

e Pass the cable through the screwed
gland and any other parts of the
connector that are required.
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e Strip the insulation from the cable;
ensure that the stripped cable
dimensions are applicable to the

connector you are using (observe the

manufacturer’s data).

e Strip the insulation from the cores

e Crimp the contacts onto the cable cores.

e |Insert the contacts in the appropriate
connector block openings. 4\’9;0’

e Connect the cable shield.

e Close the connector and fasten the

screwed gland to provide strain relief.
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2.4  Direct connection of PROFIBUS stations

Some PROFIBUS stations provide direct connection to the PROFIBUS cable. The connection
methods used are similar to those for installing cable into connectors, for example, screw
terminals or insulation displacement connection. However, the design of the connections
differs greatly. Always use the manufacturer’s instructions if available. The following section

provides only typical installation instructions.

Read the manufacturer’s instructions. \Where available, these instructions

may provide important information on how to connect the PROFIBUS cable

to the device.

The general steps are as follows:

e Strip the PROFIBUS cable insulation;
ensure that the stripped cable

dimensions are applicable to the device.

e Strip the insulation from the cores.

Page 87 /125
© Copyright by PI 2019 — all rights reserved



Assembling PROFIBUS cables

¢ Insert the cores in the contact openings
according to the core assignment
(A=green, B=red).

e Using an appropriately sized
screwdriver, screw the terminals to grip
the stripped cable cores (observe the

torque).

o Ensure that a good connection is made
between the cable shield and the device
shield connection. Ensure that there is no
contact between the shielding and the ;\'
cores. L ~‘
N—
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e Fasten the strain relief.

e Close the PROFIBUS station.

The direct connection of the PROFIBUS cable to a PROFIBUS station using the insulation
displacement method is similar to the connection of a PROFIBUS station with screw terminals.
However, the individual cores should not be stripped of insulation with the insulation

displacement method of connection.

The insulation displacement method generally consists of a matched system

of PROFIBUS cable, wire stripper and connection components. Use only

components that are designed to work together as described in the

manufacturer’s instructions, otherwise problems may occur.

When using the insulation displacement method, the cable end must be cut

off for every connection (e.g. when changing stations). Never re-use the
already-fastened cable after a device has been removed, otherwise a poor

contact may result.
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2.5 Flexible PROFIBUS cables

The cores of flexible PROFIBUS cables consist of many fine strands. In general, stranded
cores should be fitted with wire-end ferrules (boot-lace ferrules) to keep the strands together
and prevent them shorting. In many cases, however, the screw terminals on PROFIBUS
components are designed to directly accept stranded cable without wire-end ferrules. To
determine whether the screw terminals can directly accept stranded cable without a ferrule,
you should compare the terminals with the following two figures. However, you should always
follow the terminal manufacturer’s instructions.

Figure 14: Screw terminals - suitable for stranded cables without wire-end ferrules

However, terminals where only one screw pushes onto the core from the top are not allowed
without wire-end ferrules.

Figure 15: Screw terminals - not suitable for stranded cables without wire-end ferrules

Page 90/ 125
© Copyright by PI 2019 — all rights reserved



Assembling PROFIBUS cables

The following must be observed in the use of wire-end ferrules:

e It is best to use plated copper wire-end
ferrules. Never use wire-end ferrules

made from aluminum.

e Use wire-end ferrules that fit the cross
section of the cores. Incorrectly fitting
wire-end ferrules lead to a bad contact.

e Ensure that the length of the wire-end

ferrules is completely filled. If the wires

end before the end of the wire-end

ferrules, additional insulation must be

removed. OK

T~
No
e Do not twist the strands before inserting - -
into the wire-end ferrule. Leave the
strands straight.
No

e Crimp the wire-end ferrules only with
crimping pliers with positive lock. Positive
lock means that the crimping pliers can
only be opened if the wire-end ferrule

was completely crimped.
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¢ Never use any other pliers or cutters for
crimping. They do not exert sufficient
crimping force. In this case, the contact
between wire-end ferrule and core is
insufficient. In addition, there is the risk of
damaging the cores.
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2.6 Assembling optical fiber cables
The optical fiber cables listed in Table 4 are standard for PROFIBUS.

Table 4: Optical fiber cables for PROFIBUS

Use for line lengths Type of fiber Fiber diameter Operating
wavelength
Core/Sheath

up to 100 m Plastic Optical | 980 /1 000 pm 650 nm
Fiber

up to 500 m PCF or HCS fiber | 200/ 230 pm 660 nm
*1

up to 3 km Multimode  fiber | 50 / 125 ym 850 nm
optic 62.5/ 125 um

up to 15 km Single mode fiber | 10/ 125 um 1320 nm
optic

*1 PCF and HCS are trademarks

The technical data of the optical fiber components can be found on the

manufacturer’s data sheets.

Either Plastic Optical Fibers or PCF™/HCS™ fibers can be used at the same optical interface.

Multimode and single mode optical fibers each require their own interface design.
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The required components for an optical path may be determined as follows:

1. Determine the length of the path to be covered
2. Determine the fiber type required for this path according to Table 4.
3. Select a suitable device for this fiber type

4. The device description shows which connector type fits the optical interface of the

selected device.

The assembly of an optical fiber cable depends upon the fiber and connector type. In general,
optical fiber cables with a smaller fiber diameter require a higher precision in assembly.

Correspondingly, assembly tools will be more expensive.

2.6.1 Fiber Connectors for PROFIBUS

Always handle fiber connectors with special care and assemble them
thoroughly in order to make sure that the attenuation values applicable for

fiber optic connections are not exceeded.

BFOC/2.5 connectors (ST connectors)

PROFIBUS stations with an optical interface generally use connectors of type BFOC/2.5. This
worldwide standardized connector is also offered under the product name “ST connector” by

some manufacturers.

FOEIEREQ &=

Figure 16: BFOC/2.5 type connector (ST connector)

[=ria])

Other connector types

However, other connector types can also be found specifically for optical interfaces for plastic

optical fiber. These connector types generally feature a simpler design than the BFOC/2.5
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connector. The manufacturer’s instructions will show which connector type must be used. If in

doubt, please contact the manufacturer of the PROFIBUS components.

2.6.2 Plastic optical fiber cable

Optical fibers made from plastic are relatively soft with a diameter of approximately 1 mm. For
this reason, they are well suited for field assembly. Many manufacturers offer specially
developed connectors for field assembly. When used together with the appropriate assembly

tools, such connectors allow untrained people to successfully assemble plastic optical fibers.

Read the manufacturer’s instructions. Where available, these instructions

may provide important information.

The example shows the typical steps for assembling an ST connector.
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e Strip the optical fiber cable insulation.

e Separate the optical fiber pair using a
sharp knife (do not pull the fibers apart,
because of the risk of fiber breakage)

e Strip the optical fiber outer covering
(Observe the correct stripping diameter!
1.5 mm for ST connectors)

e Pass the optical fiber cable through the
connector housing and any other parts

that are required.

e Crimp the connector (use the correct

crimping tool)
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e Polish the end of the optical connector in
two steps (coarse and then fine polish).
Use a figure of 8 pattern during polishing. =

¢ Remove any abrasion

N

Do not plug the connector into the PROFIBUS component until the cable is

completely assembled. The end of the optical fiber protruding from the

connector could damage the optical interface.

2.6.3 Glass optical fiber cable

The assembly of glass optical fiber cables requires special tools. The tools are always
matched to a specific connector type and can only be used with this type of connector. Many

manufacturers offer “mounting kits” to help with cable and connector assembly.

The individual requirements dependent upon the fiber type being used:

PCF-/HCS™ optical fibers

o PCF-/HCS™ optical fibers incorporate a relatively coarse glass fiber are so are well

suited for field assembly.
e Many manufacturers offer connectors specially developed for the field assembly.

e The necessary tool kits for assembly are available from the connector

manufacturer.
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e The operating steps depend upon the connector type and tools used. For this
reason, follow the manufacturer’s instructions pertaining to the tool and the
connector. With a little training and practice connectors can be successfully
assembled.

Glass optical fibers 50/125, 62.5/125 and 10/125

e The assembly of these fine fibers requires a high degree of precision that can only
be accomplished with special tools.

e If you use glass optical fibers only occasionally, it is more cost-efficient to use
preassembled cables. They are available in different lengths from the cable

manufacturer.

o If you frequently have to assemble glass optical fibers, contact a connector
manufacturer and ask for advice with respect to the connectors and tool kits being
offered.

Do not leave behind any waste from assembling optical glass fiber cables.
The fine fibers of the optical fiber cable can cause physical injuries. Dispose

of the waste so that it will not cause any injuries.
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2.7

Grounding and equipotential bonding

Information on functional equipotential bonding and shielding can be found in the Directive on
functional equipotential bonding and shielding of PROFIBUS and PROFINET, Order No.:
8.101. In addition to this directive, the following recommendations can be made:

the plant so that no current flows over the shielding of the PROFIBUS-cable.

Use copper cables or galvanized ground
strips for the equipotential bonding in the
system and between system

components.

Connect the equipotential bonding to the
grounding terminal or bar with a large

surface area.

Connect all PROFIBUS node shield and
ground connections (if available) to the

equipotential bonding system.

PROFIBUS station

o]

:| Plant

Equipotential bonding

Plant grounding
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e Connect the mounting surface (for
example cabinet panel or mounting rails)

with the equipotential bonding system.

e Connect the PROFIBUS equipotential
bonding system to the building Plant
equipotential bonding system as often Equipotential bonding of plant
as possible.

Equipotential bonding of
buildina

o If parts are painted, remove the paint

from the connecting point before the

connection. Q

e Protect the connecting point against
corrosion after mounting, e.g. with zinc

or varnish paint.

e Protect the equipotential bonding
against corrosion. One option consists of

painting the contact points.

e Use secure screw or terminal
connections for all ground and bonding
connections. Use locking washers to
avoid the connections becoming loose

because of vibration or movement.

e Use wire-end ferrules or cable lugs for

flexible equipotential bonding cables.
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The cable ends should never be tinned

(no longer allowed)!

¢ Route the equipotential bonding as close
as possible to the PROFIBUS cable. /
“
Equipotential bonding
_— — — —_ —
PROFIBUS N

_—

e Connect the individual parts of metal
cable trays to each other. Use special
bonding links or jumpers for this

purpose. Ensure that bonding links are
made from the same material as the
cable trays. Cable tray manufacturers
will be able to supply appropriate

bonding links.

¢ Connect cable trays made out of metal
as often as possible with the

equipotential bonding system.

e Use flexible bonding links for expansion
joints. Bonding links are available from

cable manufacturers.

2.7.1 Connecting the shielding with the equipotential bonding

The shield is a necessary part of the PROFIBUS copper cable. It shields the two data cores
in the cables against electrostatic interference. For the shielding to be effective, it must be
connected to the equipotential bonding system. Ungrounded shielding has no effect
whatsoever. The PROFIBUS copper cable shield must be connected with the equipotential

bonding system at the following points:
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2.7.2 At the PROFIBUS station

Connect the PROFIBUS cable shield to
the equipotential bonding at every
PROFIBUS station.

The PROFIBUS connector, where used,
provides connection for the cable shield.
However, this requires a properly made
the shield connection in the connector.
Additional  information  about the
connector assembly can be found in

chapter 2.1.

PROFIBUS  stations  with  direct
PROFIBUS cable connection generally
also offer an option for connecting the
cable shield with the equipotential
bonding. If the PROFIBUS cable is
correctly assembled, no additional
connection of the PROFIBUS cable
shield is required. Additional information
about the direct connection of
PROFIBUS stations can be found in
chapter 2.4.

L

OK

No

%
SH
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If no shield connection exists, the
shielding of the PROFIBUS cable must
be connected to the equipotential
bonding as close as possible to the
PROFIBUS station. Additional
information about establishing the
connection between shielding and
equipotential bonding can be found in
chapter 2.7.3.

If the PROFIBUS station features a
ground terminal, it must also be
connected with the equipotential

bonding.

Connect the mounting bracket (e.g.
mounting rails) with the equipotential
bonding system. For some PROFIBUS
stations, the connection between
shielding and equipotential bonding is

established via the mounting screws.

Monting
plate
Schirm-
klemme @
\'F PROFIBUS-
O u station E
/
PROFIBUS station
O I )
L+

Q11—
@
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2.7.3 Equipotential bonding and earthing of PROFIBUS MBP (PA)

Information on functional equipotential bonding and shielding can be found in the guideline
Functional equipotential bonding and shielding of PROFIBUS and PROFINET, Order No.:
8.102.
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3 Connection of PROFIBUS stations
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3.1  Static electricity (ESD)

Everyone will probably have encountered static electricity, or electrostatic charging. One
touches a door handle or some other metal part and receives an electric shock. Electrostatic
charging is created through friction of two objects isolated from each other. This can be, for
example, running with shoes with a synthetic sole on a plastic flooring or the friction of
synthetic clothes. The generated electrostatic charging can measure up to 10,000 V. Upon
touching a grounded metal part, an electric discharge similar to lightning occurs.

Electronic components are very sensitive to high voltages. If the discharge of the electrostatic
charge occurs via an electronic component the component may be damaged. For this reason,
you should observe the following safety rules when handling PROFIBUS devices to prevent
the electronics from being destroyed.

o Before handling PROFIBUS
components, touch a grounded metal
part. This allows your body to be

discharged.

¢ Do not touch the plug or screw contacts
of the device. %

e Touch connectors only at the housing

when you connect them.
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Disconnect the PROFIBUS cable from all
PROFIBUS stations before starting to
work with the PROFIBUS cable.
Assemble PROFIBUS cables with
connectors at both ends before
connecting it to a PROFIBUS station.

In case of directly connected cables,

touch the insulation and not the cores.

PROFIBUS PROFIBUS
node node
1 1
PROFIBUS
'
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3.2 Connecting PROFIBUS stations via plug connections

Plug connection is the most frequent type of connection for PROFIBUS stations. Most of the
devices using RS-485 transmission technology and copper cables are equipped with a 9-pin
Sub-D plug connection. In addition, M-12 plug connections are used for RS-485 transmission
technology as well as for PROFIBUS-MBP (PA) transmission. However, the two connector
variants differ slightly from each other.

Station connection using connectors is very simple. After assembling the PROFIBUS cable,
the plug connection only needs to be pushed into the station socket. The shield connection of
the PROFIBUS cable with the PROFIBUS station is also carried out via the plug connection.

The following instructions apply to all types of plug connections for copper cables. The

connectors shown in the following diagrams are examples only.

e Due to their construction, twisting the
connectors is generally not possible. To
prevent damage, check how the plug and
socket fit together before making the
connection. This is particularly important

for M-12 plug connections.

e Touch connectors only at the housing.

e Do not apply excessive force when

connecting the plug connection.
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¢ In case of tightness, check the plug pins. /
In the case of bent pins, replace the \
connector. &G
/ O\

e Tighten the connector fastening screws
after making the connection. They are a 6
part of the strain relief system. In

addition, they will avoid the connector

becoming loose.

If an integrated bus termination exists, observe the switch setting. It should
only be activated at the two ends of the segment
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4 Installations with safety technology
(PROFlIsafe)

(PROFIsafe)
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PROFIBUS DP supports the operation of safety relevant devices (such as light curtains,
remote I/O, drives with integrated safety, etc.) via the safe communication protocol
"PROFIsafe". Special care must be taken with these applications with assembling, cabling
and commissioning due to potential hazards for people and equipment.

The following provides some general rules on how to proceed in these cases:

Each and every device on PROFIBUS DP (standard and safety) shall provide a

PROFIBUS test certificate or at least a corresponding manufacturer declaration.

e Each and every safety device shall provide a safety certificate by a “Notified Body" (e.g.
TOV, BIA, HSE, INRS, UL, etc.).

e The 24 V power supplies in use shall be one-error proof and provide SELV / PELV only.
In the USA the power supplies shall provide a current limitation of 8 A (UL508C).

¢ No spurs or branch lines are permitted in a RS485 segment.

e Ensure effective cable shielding especially after bending the cable or after changing

connectors. In case of doubt, a more flexible and robust cable type should be used.

e Sub-D connectors shall have multi contact features at the connector housing in order to
provide an optimal contact between the cable shield, the cable connector and its
counterpart at the PROFIBUS device. Please take care to achieve a good (low

impedance) contact between the cable shield and connector housing.

e Use only M12 connectors that guarantee a good contact between cable shield and
connector housing. Certain instruction manuals require wiring from the cable shield to the
connector PIN 5. In case of doubt, it is more important to connect the cable shield to the

connector housing using the largest possible contact area.

e The power cabling for drives and motors shall be carried out using 5 wire cables that
keep the "N" line and the "PE" lines separate (so-called TN power networks). Thus
currents due to potential differences and electro-magnetic inference can be avoided as

much as possible.

e A cabinet of protection class IP54 (dust, shower water) is normally used for safety
devices that are offering a lower protection class such as IP20. Cabinets with a lower
protection class may only be used if safety devices explicitly permit other environments

according to the manufacturer's information (e.g. heat problems).
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Itis highly recommended to create records after a visual check of the plant. Whenever possible
the quality of the network shall be documented: no double addressing, no reflections, no

repeat telegrams, etc.
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5 Terms and definitions
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DIN

German Institute for Standardization ( www.din.de )

EN (European Standard)

The official standard that is recognized and applied by all European countries that are member
of the European Union. Many of the IEC standards are also accepted as EN standards. There
are three European committees: the European Committee for Standardization (Comité
Européen de Normalisation, CEN) the European Committee for Electrotechnical
Standardization (Comité Européen de Normalisation Electrotechnique, CENELEC) and the

European Telecommunications Standards Institute (ETSI).

Fiber Optic (FO)

In industrial environments it may happen, that an usual bus physic in copper technology makes
problems because of EMC interference. This problem can be solved by using optical fiber
technology. See "Optical Data Transmission".

Hazard

IEC 61508-4: Potential source of harm. The term includes danger to persons arising within a
short time scale (for example, fire and explosion) and also those that have a long term effect

on a person’s health (for example, release of a toxic substance).

IEC

International Electrotechnical Commission (located in Geneva, CH). ( www.iec.ch)
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Ingress Protection (IP-Code)

IEC/EN 60529: The IP Code indicates the degree of protection provided by enclosures for
electrical equipment, e.g. IP67. The first numeral indicates protection of persons against
access to dangerous parts and protection of internal equipment against the ingress of solid

foreign objects.

0 - No Protection

1 - Protected against solid objects > 50 mm, e.g. accidental touch by hands
2 - Protected against solid objects > 12 mm, e.qg. fingers

3 - Protected against solid objects > 2.5 mm, e.g. tools and wires

4 - Protected against solid objects of 1 mm, e.g. tools, wire and small wires
5 - Protected against dust (limited ingress permitted)

6 - Protected against dust (totally)

The second numeral indicates protection of internal equipment against harmful ingress of

water.

0 - No Protection

1 - Protected against water falling vertically (condensation)

2 - Protected against direct sprays up to 15° from vertical

3 - Protected against direct sprays up to 60° from vertical

4 - Protected against sprays from all directions (limited ingress permitted)

5 - Protected against low pressure jets from all directions (limited ingress permitted)

6 - Protected against high pressure jets from all directions. (limited ingress permitted), e.g. for

use on ship decks.
7 - Protected against immersion between 15 cm and 1 m

8 - Protected against immersion under pressure
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Intrinsic safety (Ex i)

A type of protection in which a portion of the electrical system contains only intrinsically safe
equipment (apparatus, circuits and wiring) that is incapable of causing ignition in the
surrounding atmosphere. No single device or wiring is intrinsically safe by itself (except for
battery-operated self-contained apparatus such as portable pagers, transceivers, gas
detectors, etc., which are specifically designed as intrinsically safe self-contained devices) but
is intrinsically safe only when employed as part of a properly designed intrinsically safe

system.

MBP (PA) (Manchester coded, Bus powered) and MBP (PA)-IS

Refers to the transmission technology PROFIBUS Manchester-coded & Bus-powered.
PROFIBUS-MBP (PA) is used for the data transfer with PROFIBUS PA. MBP (PA)-IS is the
intrinsic safety version of MBP (PA).

Optical Data Transmission
IEC 61158-2: Type of medium attachment unit (MAU) with the following characteristics:
- Fiber optic cable (FOC) manufactured from quartz or plastic
- Large range, independent of the transmission speed
- Insensitivity to electromagnetic disturbance
- Galvanic isolation between the connected stations
- Star, ring, line and mixed topologies (tree)
- Connection to electrical network segments
- Data rates: 9,6/ 19,2/ 45,45/ 93,75/ 187,5/ 500 kbits/s; 1,5/ 3/ 12 MBit/s
Possible Fiber optic cables
- Multi-mode glass fiber
- Single-mode glass fiber

- Plastic fiber
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- HCS glass fiber (step index, Hard Clad Silica)

PROFIBUS

IEC 61784-1: Communication network according communication profile family 3 (CPF3);
incorporating application profiles and system integration aspects like interfaces and languages

for engineering tools and HMI.

PROFIBUS is an open, digital communication system with a wide range of applications,
particularly in the fields of factory and process automation. PROFIBUS is suitable for both fast,

time-critical applications and complex communication tasks.

PROFIBUS cables

Medium for digital data transmission, implemented as copper cable or optical fiber cable

PROFIBUS components

Refers to all components that make up a PROFIBUS network (e.g. cables, connectors,

master/slave interfaces, repeaters, etc.)

PROFIBUS Device

Device that communicates with other devices via the PROFIBUS cable (master, slave)

PROFIBUS DP

Acronym for "PROFIBUS for Decentralized Peripherals”.

PROFIBUS PA

Refers to “PROFIBUS for Process Automation”. This is an application profile based on the
communication protocol PROFIBUS DP and independent of the physical layout (RS 485,
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optical, MBP (PA)). The requirements for continuous production processes are covered in the

application profile “PA devices” in combination with MBP (PA).

PROFIBUS user organization (PI)

The PNO is the German Regional Association of PROFIBUS & PROFINET International, (PI).
PROFIBUS International (Pl) has engaged PNO (PROFIBUS Nutzerorganisation e. V.),
Germany to establish Committees (C), Working Groups (WG) and Project Groups (PG) in
order to define and maintain the open and vendor independent PROFIBUS technology. PNO
was founded in 1989. PNO is a non-profit organization with its headquarter in Karlsruhe,
Germany. Members of PROFIBUS International have the right to join the Technical
Committees (TC) and Working Groups (WG) of PNO. A member may take an active part in
maintenance and further development of the PROFIBUS technology. This guarantees
openness and vendor independence of the PROFIBUS technology. See

http://www.profibus.com/pi-organization for details.

Programming Unit (PU)

According to the size of a particular PLC several types of programming devices and/or
software are provided by the manufacturer:

- Single instruction programmer attachable to the PLC. This programmer is useful for

a small edit of an existing program.

- Usually a dedicated manufactures computer hardware and software (PC compatible)
for dedicated programming languages such as ladder logic including special features
for the support of automation applications or for industrial environment. These
programming units are completed to engineering tools thus enabling all the

commissioning steps.

- PC compatible software to allow a standard desktop or laptop computer to be the
programming unit. In order to complete the system to an engineering tool additional

hardware is required, e.g. a PROFIBUS DP interface.

RS 485
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Refers to the standard transfer technology for PROFIBUS that operates with a data transfer
technology according to the RS-485 standard. PROFIBUS RS485 is used for the data transfer
with PROFIBUS DP. It allows high data transfer rates and is primarily used in factory

automation.

RS 485-IS

Names a PROFIBUS transmission technology on a 4-conductor-basis (separate data and
supply lines) which operates according to the RS-485 standard with adaptions that enable the
use in explosion protected areas of protection-type EEX i. IS refers to Intrinsic Safety.

Terminator

IEC 61158-2: A resistor connecting conductor pairs at both ends of a wire medium segment
to prevent reflections from occurring at the ends of cables. Ideally it should be the wave
impedance of the wire.
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6 Index
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9-pin Sub-D connector Grounding See Equipotential bonding
Insulation displacement method 69 Grounding and equipotential bonding 99
Screw terminals 67 PROFIBUS-MBP 104

Assembling PROFIBUS cables 58 Installations with safety technology 110
9-pin Sub-D plug connection 64 M12 connector
Assembling connectors 63 Insulation displacement method 80
BFOC/2.5 connectors 94 PROFIBUS MBP 74
Connecting the shielding with the equipotential PROFIBUS RS 485 72

bonding 101

Screw terminals 77

Direct connection of PROFIBUS stations 87
PROFIBUS termination 59

Fiber connectors for PROFIBUS 94
PROFIsafe 110

Flexible PROFIBUS cables 90
Routing PROFIBUS cables 18

Glass optical fiber cable 97
Bending radii 54

Hybrid connectors 83
Bending radiuses 45

Insulation displacement method 69, 80
Cable routing inside of buildings 27

M-12 connectors 72
Cable routing inside of control cabinets 25

optical fiber cables 93
Cable routing outside of buildings 29

Other connector types 94
Cable spacings 20

Plastic optical fiber 95
Compression loads 42

PROFIBUS termination 59
Connector of optical fiber cable 51

Screw terminals 67, 77
Considerations after installation 47, 57

Wire-end ferrules See Flexible PROFIBUS

cables Copper cable 19

Electrical safety - assembling 12 Electrical safety during the assembling 12

Cable damage 12 EMC interferences of optical fiber cables 56
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Laying of optical fiber cables 48 Routing of PROFIBUS cables 19
Laying the cables 38 Sharp edges 47, 56
Looping 46, 55 Storage and transport 38, 49
Mechanical load of optical fiber cable 51 Strain relief 41, 53
Mechanical protection of PROFIBUS cables 36 Telecommunication cable 19
minimum cross section of equipotential bonding Temperatures 39, 49

33

Tensile strength 40, 50

Pulling supports 41
Torsion 42

Pulling supports for optical fiber cables 53
Trailing and garland cables 43

Redundant PROFIBUS cables 35
Twisting 42

Routing in the ground See Cable routing outside of

buildings
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Addresses

PROFIBUS Competence Center

Pl Competence Center (PICC), accredited by PNO, are qualified partners for all questions
regarding PROFIBUS and located all over the world. The services offered by the PICCs range
from a telephone hotline, support for field device development, troubleshooting in systems
through the organization of specific, problem-oriented workshops. These impart not only the
fundamental principles of PROFIBUS, facilitating entry to the technology, but also detailed
information that provides developers with information on how to develop field devices. The

current contact addresses can be obtained at www.profibus.com area support.
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