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Safety Guidelines

This manual contains notices intended to ensure personal safety, as well as to protect the products and
connected equipment against damage. These notices are highlighted by the symbols shown below and
graded according to severity by the following texts:

Danger

/N

are not taken.

indicates that death, severe personal injury or substantial property damage will result if proper precautions

Warning

>

precautions are not taken.

indicates that death, severe personal injury or substantial property damage can result if proper

Caution

>

indicates that minor personal injury can result if proper precautions are not taken.

Caution

indicates that property damage can result if proper precautions are not taken.

Notice

draws your attention to particularly important information on the product, handling the product, or to a

particular part of the documentation.

Qualified Personnel

Only qualified personnel should be allowed to install and work on this equipment. Qualified persons are
defined as persons who are authorized to commission, to ground and to tag circuits, equipment, and
systems in accordance with established safety practices and standards.

Correct Usage

Warning

Note the following:

This device and its components may only be used for the applications described in the catalog or the

technical description, and only in connection with devices or components from other manufacturers which
have been approved or recommended by Siemens.

This product can only function correctly and safely if it is transported, stored, set up, and installed
correctly, and operated and maintained as recommended.

Trademarks

SIMATIC®, SIMATIC HMI® and SIMATIC NET® are registered trademarks of SIEMENS AG.

Third parties using for their own purposes any other names in this document which refer to trademarks
might infringe upon the rights of the trademark owners.

Copyright Siemens AG 2004 All rights reserved

The reproduction, transmission or use of this document or its
contents is not permitted without express written authority.
Offenders will be liable for damages. All rights, including rights
created by patent grant or registration of a utility model or
design, are reserved.

Siemens AG

Bereich Automation and Drives
Geschaeftsgebiet Industrial Automation Systems
Postfach 4848, D- 90327 Nuernberg

Disclaim of Liability

We have checked the contents of this manual for agreement
with the hardware and software described. Since deviations
cannot be precluded entirely, we cannot guarantee full
agreement. However, the data in this manual are reviewed
regularly and any necessary corrections included in
subsequent editions. Suggestions for improvement are
welcomed.

Siemens AG 2004
Technical data subject to change.

Siemens Aktiengesellschaft
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Preface

Purpose of the Manual

The manual contains reference information on operator actions, descriptions of
functions and technical specifications of the central processing units, power supply
modules and interface modules of the S7-400.

How to configure, assemble and wire these modules in an S7-400 system is
described in the installation manuals for each system.

Required Basic Knowledge
You will need a general knowledge of automation to understand this manual.

In addition, you are required to know how to use computers or devices with similar
functions (e. g. programming devices) under Windows 2000 / XP operating
systems. Since S7-400 is configured with the STEP 7 basic software, you have to
have a good working knowledge of the software. You can acquire this knowledge in
the manual “Programming with STEP 7”. Read the notes on the safety of electronic
controllers in the appendix of the Installation manual — especially when using a
S7-400 in safety-relevant areas.

Target Group

This manual is aimed at people with the required qualifications to commission,
operate and maintain the products described.

Where is this Manual valid?

The manual is valid for the S7-400 programmable controller.

Certification

You can find details on the certificates and approvals in the reference manual
“General Technical Data”.

Place of this Documentation in the Information Environment

This manual forms part of the S7-400 documentation.

System Documentation Package

S7-400 ® S7-400 Programmable Controllers; Hardware and Installation
® S7-400 Programmable Controllers; Module Specifications

* Automation System S7-400 CPU Data

® S7-400 Instruction List

Automation System S7-400 Module Specifications
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Finding Your Way

To help you find special information quickly, the manual contains the following
access aids:

* At the start of the manual you will find a complete table of contents and a list of
the diagrams and tables that appear in the manual.

* You will find a glossary in the appendix at the end of the manual. The glossary
contains definitions of the main technical terms used in the manual.

* At the end of the manual you will find a comprehensive index which gives you
rapid access to the information you need.

Recycling and Disposal

The S7-400 is environmentally friendly and can thus recyclable. Consult a certified
disposal agency for electronics junk to recycle and dispose of your old equipment
in an environmentally friendly manner.

Further Support

If you have any technical questions, please get in touch with your Siemens
representative or agent responsible.

http://www.siemens.com/automation/partner

A guide for the technical documentation for the various SIMATIC products and
systems is found under:

http://www.siemens.de/simatic-tech-doku-portal
You find the online catalog and order system under:

http://mall.ad.siemens.com/

Training Centers

Siemens offers a number of training courses to familiarize you with the SIMATIC S7
automation system. Please contact your regional training center or our central
training center in D 90327 Nuremberg, Germany for details:

Telephone: +49 (911) 895-3200.

Internet: http://www.sitrain.com

. Automation System S7-400 Module Specifications
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A&D Technical Support

Worldwide, available 24 hours a day:

Johnson City

L e’

—i

hTechnicaI Support

Worldwide (Nuernberg)
Technical Support

24 hours a day, 365 days a year
+49 (180) 5050-222
+49 (180) 5050-223
mailto:adsupport@siemens.com
GMT: +1:00

Phone:
Fax:

Europe / Africa (Nuernberg)
Authorization

Local time: Mon.-Fri.
8:00 AM to 5:00 PM
+49 (180) 5050222
+49 (180) 5050-223

mailto:adsupport@siemens.com
GMT: +1:00

Phone:
Fax:

United States (Johnson City)

Technical Support and
Authorization

Local time: Mon.-Fri.
8:00 AM to 500 PM

+1 (423) 262 2522
+1 (423) 262 2289

mailto:simatic.hotline@sea.siemens.com
GMT: -5:00

Phone:
Fax:

Asia/ Australia (Beijing)

Technical Support and
Authorization

Local time: Mon.-Fri.
8:00 AM to 5:00 PM

Phone: +86 1064 757575
+86 1064 74 74 74

mailto:adsupport.asia@siemens.com
GMT: +8:00

Fax:

The languages of the SIMATIC Hotlines and the authorization hotline are generally German and English.

Automation System S7-400 Module Specifications
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Service & Support on the Internet
In addition to our documentation, we offer our Know-how online on the internet at:
http://www.siemens.com/automation/service&support
where you will find the following:

* The newsletter, which constantly provides you with up—to—date information on
your products.

* The right documents via our Search function in Service & Support.

* A forum, where users and experts from all over the world exchange their
experiences.

* Your local representative for Automation & Drives.

* Information on field service, repairs, spare parts and more under “Services”.

. Automation System S7-400 Module Specifications
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General Technical Specifications

What are General Technical Specifications?

General technical specifications include the following:

* The standards and test specifications complied with and met by the modules of
the S7-400 programmable controllers

* The test criteria against which the S7-400 modules were tested

Chapter Overview

Section Description Page
11 Standards and Approvals 1-2
1.2 Electromagnetic Compatibility 1-8
1.3 Shipping and Storage Conditions for Modules and Backup Batteries 1-11
1.4 Mechanical and Ambient Climatic Conditions for Operating the 1-13
S7-400

15 Information on Insulation Tests, Protection Class and Degree of 1-16
Protection

1.6 Using S7-400 in a zone 2 explosion-risk area 1-17

Automation System S7-400 Module Specifications

A5E00267842-01

11




General Technical Specifications

1.1

Standards and Approvals

Note

You will find the current approvals on the identification label of the respective
products.

IEC 61131-2

CE Mark

Ce

The S7-400 programmable controller satisfies the requirements and criteria of the
IEC 61131-2 standard (programmable controllers, part 2 on equipment
requirements and tests).

Our products satisfy the requirements and protection objectives of the

EC Directives listed below and comply with the harmonized European

standards (EN) promulgated in the Official Journals of the European Community for
programmable controllers:

» 73/23/EEC “Electrical Equipment Designed for Use between Certain Voltage
Limits” (Low-Voltage Directive)

* 89/336/EEC “Electromagnetic Compatibility” (EMC Directive)

* 94/9/EG “Devices and protection systems to be used as prescribed in potentially
explosive areas (Guidelines for Explosion Protection)”

The declarations of conformity are held at the disposal of the competent authorities
at the address below:

Siemens Aktiengesellschaft
Bereich Automation and Drives
A&D AS RD 42

Postfach 1963

D-92209 Amberg

These files are also available for download on the CUstomer Support Internet
pages, under “Declaration of Conformity”.

EMC Directive

1-2

SIMATIC products are designed for use in industrial environments.

Table 1-1  Use in an Industrial Environment

EMC Directive Requirements in respect of:
Emitted interference Immunity
Industry EN 61000-6-4 : 001 EN 61000-6-2 : 001

Automation System S7-400 Module Specifications
A5E00267842-01



General Technical Specifications

Low Voltage Directive

The products listed in the table below fulfill the requirements of EU low-voltage
directive (73/23/EEC). Adherence to this EU directive was tested in accordance
with IEC 61131-2.

Table 1-2  Products that Fulfill the Requirements of the Low-Voltage Directive

Name Order number
Digital Input Module SM 421; DI 32 x 120 VUC 6ES7421-1ELO00-0AAQ
Digital Input Module SM 421; DI 16 x 120/230 VUC 6ES7421-1FHO00-0AAQ0
Digital Output Module SM 422; DO 8 x 120/230 VAC/5 A 6ES7422-1FF00-0AAQ
Digital Output Module SM 422; DO 16 x 120/230 VAC/2 A 6ES7422-1FH00-0ABO
Relay Output Module SM 422; DO 16 x 30/230 VUC/Rel5A 6ES7422-1HH00-0AAO
Digital input module SM 421; DI 16 x UC 120/230 V 6ES7421-1FH20-0AA0
The 120/230 VAC Fan Subassembly 6ES7408-1TB00-0XA0
PS 407 4A 6ES7407-0DA01-0AAO0
PS 407 10A 6ES7407-0KA01-0AAO
PS 407 20A 6ES7 407-0RA01-0AA0
PS 407 10A R 6ES7407-0KR0O0-0AAOQ

Note

In the new releases, some of the devices listed above fulfil the requirements of the
explosion protection guidelines instead of that of the low-voltage directive. Please
note the information on the identification label.

Explosion Protection Guidelines

According to EN 50021 (Electrical apparatus for potentially explosive
atmospheres; Type of protection “n”)

@ 113G EExnA Il T3..T6
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Mark for Australia and New Zealand
0 Our products satisfy the requirements of Standard AS/NZS 2064 (Class A).

Note

You will recognize the approval assigned to your product from the mark on the
identification label. The opprovals are listed below UL/CSA or cULus.

UL Approval

UL recognition mark
Underwriters Laboratories (UL) to the UL 508 Standard:

E
F

® * Report E 85972

CSA Approval

CSA certification mark
sp Canadian Standard Association (CSA) to Standard C 22.2 No. 142:
®
* Certification Record 212191-0-000

or

cULus Approval

Underwriters Laboratories Inc. nach

u e UL 508 (Industrial Control Equipment)
C\" I. US -« CSAC22.2 No. 142 (Pocess Control Equipment)

or
cULus Approval, Hazardous Location

u CULUS Listed 7RA9 INT. CONT. EQ. FOR HAZ. LOC.
c\YL

US undenwriters Laboratories Inc. nach
HAZ. LOC. * ULS508 (Industrial Control Equipment)
¢ CSA C22.2 No. 142 (Pocess Control Equipment)
e UL 1604 (Hazardous Location)
e CSA-213 (Hazardous Location)
APPROVED for Use in

e Cl.1,Div.2,GP. A, B, C,DT4A
e Cl.1,Zone 2,GP.IIC T4

Please read the notes below.

Automation System S7-400 Module Specifications
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or
cULus Approvals, Hazardous Location for Relay Modules

u CULUS Listed 7RA9 INT. CONT. EQ. FOR HAZ. LOC.
C\" I- US underwriters Laboratories Inc. nach
HAZ. LOC. * ULS508 (Industrial Control Equipment)
e CSA C22.2 No. 142 (Pocess Control Equipment)
e UL 1604 (Hazardous Location)
e CSA-213 (Hazardous Location)
APPROVED for Use in
e Cl.1,Div. 2, GP. A, B, C, D T4A
e Cl. 1, Zone 2, AEXnC IIC T4
e Cl. 1,Zone 2, ExnC lIC T4

Please read the notes below.

Note

This plant has to be mounted according to the NEC (National Electric Code)
stipulations.

When used in environments according to class I, division 2 (see above), S7-400
must be mounted in a housing that corresponds to at least IP54 according to
EN 60529.

Automation System S7-400 Module Specifications
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cuULu requirements on hazardous location on the battery power supply for
CPUs

The power supply to the backup battery of a CPU must be via a non-incendive
plug. The figure below portrays the concept of such connection.

Battery or D CPU with connector
Power supply unit “ext. batt.”

Cc = Cable capacity
Lc = Cable inductance

Figure 1-1  Power supply to the backup battery

The following conditions apply to the performance characteristics of this

connection:

Voc (no load voltage) = 15V Vmax = 15V

Isc (short—circuit current )= 50 mA Imax = 50 mA

Ca = Battery capacity/ Ci =25 nF maximum
power supply

La= Battery inductance/ Li = 2 mH maximum

power supply

The battery/power supply which supplies the non—ingnitable connection must have
the following values:

Battery/Power supply CPU iput “Ext. Batt.” incl. cabel
Voc < Vmax (15V)
Isc < Imax (50 mA)
Battery/Power supply CPU iput “Ext. Batt.” incl. cable
Ca > Ci + Cc (25nF + Cc)
La > Li + Lc (2mH + Lc)

The batteries used must have the following properties:
* Battery technology: LI/SOCL2

* Model: AA

* Voltage: 3.6 V

Automation System S7-400 Module Specifications
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The batteries stipulated by Siemens fulfil requirements that go beyond the ones
mentioned above.

You may only use batteries approved by Siemens !

Note

If you do not know the capacity and inductance of the cable, you can use the
following values:

Cc =197 pF/m (60 pF/ft.), Lc = 0.66 pF/m (0.2 mH/ft)

Example

The battery of type 4022 from Varta together with a 1.5 m long cable and a plug
connection of type 02—02.1500 from Leonhardy meet these conditions.

FM Approval

Factory Mutual Approval Standard Class Number 3611, Class |, Division 2, Group
A, B, C, D.

apPROVED  Temperature class: T4 at 60 °C ambient temperature

i’i Warning
Personal injury or property damage can result.

In hazardous areas, personal injury or property damage can result if you create or
break an electrical circuit during operation of an S7-400 (for example, by means of
plug-in connections, fuses, switches).

Do not create or break live electric circuits unless you are certain there is no
danger of explosion.

If you use S7-400 under FM conditions, it has to be mounted in a housing, which
at least corresponds to IP54 in accordance with EN 60529.

Marine approvals
Classification organizations:
* ABS (American Bureau of Shipping)
* BV (Bureau Veritas)
* DNV (Det Norske Veritas)
* GL (Germanischer Lloyd)
* LRS (Lloyds Register of Shipping)
* Class NK (Nippon Kaiji Kyokai)

Automation System S7-400 Module Specifications
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Safety Requirements for Installation

1.2

The S7-400 programmable controllers are “open type” equipment to the
IEC 61131-2 standard and therefore adhere to the EU directive 73/23/EEC
“Low-Voltage Directive” and are UL/CSA certified as such.

To fulfill requirements for safe operation with regard to mechanical stability, flame
retardance, stability, and shock-hazard protection, the following alternative types of
installation are specified:

* Installation in a suitable cabinet
* Installation in a suitable housing

* Installation in a suitably equipped, enclosed operating area.

Electromagnetic Compatibility

Introduction

In this section you will find information on the noise immunity of S7-400 modules
and on radio interference suppression.

All the components of S7-400 automation systems meet the requirements of the
standards that apply in Europe provided they are installed in accordance with all
the appropriate regulations (see Installation Manual, Chapters 2 and 4).

Definition of “EMC”

/N

Electromagnetic compatibility (EMC) is the ability of an electrical installation to
function satisfactorily in its electromagnetic environment without interfering with
that environment.

Warning
Personal injury or property damage can result.

Installation of expansions that have not been approved for the S7-400 can result in
violations of the requirements and regulations for safety and electromagnetic
compatibility.

Use only expansions that have been approved for the system.

Automation System S7-400 Module Specifications
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Pulse-Shaped Interference

The following table shows the electromagnetic compatibility of modules when there
are pulse-shaped disturbance variables. A requirement for this is that the S7-400
system complies with the relevant requirements and guidelines on electric design.

Table 1-3  Pulse-Shaped Interference

to IEC 61000-4-5

* Asymmetrical coupling

® Symmetrical coupling

Pulse-Shaped Interference Test Voltage Degree of
Severity
Electrostatic discharge Discharge to air: =8 kV 3
To IEC 61000-4-2 Contact discharge: =6 kV
Bursts (fast transient interference in accor- 2 kV (power supply line)
dance with IEC 61000-4-4) 2 kV (signal line > 30 m) 3
1 kV (signal line < 30 m)
Energy-rich single impulse (surge) 3

2 kV (supply line) DC voltage with
protective elements

2 kV (signal line/data line > 30 m only),
possibly with protective elements

1 kV (supply line) DC voltage with
protective elements

1 kV (signal line > 30 m only), possibly
with protective elements

Sinusoidal Interference

The following table shows you the EMC behavior of the S7-400 modules when
there is sinusoidal interference.

Table 1-4  Sinusoidal Interference

Sinusoidal Interference Test Values Degree of
Severity
RF irradiation (electromagnetic fields) 10 V/m with 80% amplitude modulation of
To IEC 61000-4-3 1 kHz over the range from 80 MHz to
1000 MHz 3
To IEC 61000-4-3 10 V/m with 50% pulse modulation at 900 MHz
RF conductance on cables and cable Test voltage 10 V with 80% amplitude
shields to IEC 61000-4-6 modulation of 1 kHz over the range from 9 MHz 3
to 80 MHz
Automation System S7-400 Module Specifications
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Emission of Radio Interference

Interference emission of electromagnetic fields in accordance with EN 55011: Limit
value class A, Group 1.

Table 1-5 Interference emission of electromagnet fields
Frequency Range Limit Value
From 20 to 230 MHz 30 dB (uv/m)Q
From 230 to 1000 MHz 37 dB (uv/m)Q
Measured at a distance of 30 m (98.4 ft.)

Emitted interference via the mains AC power supply in accordance with EN 55011
Limit value class A, group 1.

Table 1-6 Interference emission via the mains AC power supply
Frequency Range Limit Value
From 0.15 to 0.5 MHz 79 dB (uV)Q
66 dB (uV)M
From 0.5 to 5 MHz 73 dB (uV)Q
60 dB (u)M
From 5 to 30 MHz 73 dB (uWV)Q
60 dB (uV)M

System Perturbation

The S7-400 AC Power Supply Modules fulfill the requirements of the following
standards for system perturbation:

Harmonic currents: EN 61000-3-2
Voltage fluctuations and flicker EN 61000-3-3

Additional Measures

If you want to connect an S7-400 system to the public power system, you must
ensure compliance with limit value class B in accordance with EN 55022.

Suitable additional measures must be taken, if you need to enhance the noise
immunity of the system as a result of high external noise levels.

Automation System S7-400 Module Specifications
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1.3 Shipping and Storage Conditions for Modules and

Backup Batteries

Shipping and Storage of Modules

S7-400 modules surpass the requirements of IEC 61131-2 in respect of shipping
and storage requirements. The following details apply to modules shipped and/or
stored in their original packing.

The climatic conditions conform to IEC 60721, Part 3-3, Class 3K7 for storage and
IEC 60721, Part 3-2, Class 2K4 for transport.

The mechanical conditions conform to IEC 60721, Part 3-2, Class 2M2.

Table 1-7  Shipping and Storage Conditions for Modules

Permitted Range

Free fall

=<1 m (up to 10 kg)

Temperature

—40°Cto+70 IC

Atmospheric pressure

1080 to 660 hPa (corresponds to a height of -1000 to
3500 m)

Relative humidity
(at +25 °C)

5 to 95 %, without condensation

Sinusoidal oscillations
to IEC 60068-2-6

5to 9 Hz: 3.5mm
9to 500 Hz: 9.8 m/s?

Shock to IEC 60068-2-29

250 m/s2, 6 ms, 1000 shocks

Shipping of Backup Batteries

Wherever possible, transport backup batteries in their original packing. No special
measures are required for the transport of the backup batteries used in the S7-400
system. The lithium component of the backup battery is less than 0.5 g.

Automation System S7-400 Module Specifications
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Storing Backup Batteries

Backup batteries must be stored in a cool, dry place. The maximum storage time is
10 years.

ii Warning
Risk of injury, material damage, release of hazardous substances.

Lithium batteries can explode if handled improperly. Their improper disposal may
result in the release of hazardous substances. Strictly adhere to the following in-
structions:

* Do not throw a new or low battery into an open fire and do not perform any sol-
dering work on the cell casing (max. temperature 100 °C). Do not recharge the
battery — risk of explosion! Do not open a battery. Replace a faulty battery onoly
with the same type. Replacement batteries can be ordered from SIEMENS (for
order numbers, refer to the “Module data” reference manual, in appendix C).
This will insure that your are installing a short circuit-proof type.

* Always try to return low batteries to the manufacturer or deliver these to a regi-
stered recycling company.

Automation System S7-400 Module Specifications
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1.4 Mechanical and Ambient Climatic Conditions for
Operating the S7-400

Operating Conditions

The S7-400 is designed for weather-protected use as a permanent installation. The
S7-400 fulfills the requirements for use in accordance with IEC 60721-3-3:

* Class 3M3 (mechanical requirements)

* Class 3K3 (ambient climatic conditions)

Use with Additional Measures
The S7-400, for example, must not be used without taking additional measures:
* Inlocations exposed to a high degree of ionizing radiation
* In hostile environments caused, for instance, by

Dust accumulation

Corrosive vapors or gases

Strong electric or magnetic fields
* Ininstallations requiring special monitoring, for example

Elevators

Electrical installations in particularly hazardous areas

An additional measure might be, for instance, installation of the S7-400 in a cabinet
or in a housing.

Ambient Mechanical Conditions

The ambient mechanical conditions for S7-400 modules are listed in the following
table in the form of sinusoidal oscillations.

Table 1-8 Mechanical Conditions

Frequency Range in Hz Test Values
10<f<58 0.075 mm amplitude
58 < f <500 1 g constant acceleration

Reducing Vibrations

If the S7-400 is subject to high levels of shock or vibration, you must take suitable
measures to reduce the acceleration or amplitude.

We recommend that you install the S7-400 on vibration-damping materials
(for example, rubber-metal antivibration mountings).

Automation System S7-400 Module Specifications
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Tests for Ambient Mechanical Conditions

The following table contains important information on the type and scope of tests
for ambient mechanical conditions.

Table 1-9 Ambient Mechanical Conditions Test

Test ...

Test Standard

Remarks

Vibrations

Vibration test in
accordance with
IEC 60068-2-6
(sinusoidal)

Type of oscillation: frequency sweeps with a
rate of change of 1 octave/minute.

10 Hz <[If < 58 Hz, constant amplitude
0.075 mm

58 Hz <[Jf < 500 Hz, constant acceleration
lg

Duration of oscillation: 10 frequency sweeps
per axis in each of three axes perpendicular
to each other

Shock

Shock test in
accordance with
|IEC 60068-2-29

Type of shock: half-sine

Severity of shock: 10 g peak value, 6 ms
duration

Direction of shock: 100 shocks in each of the
3 axes arranged vertically to each other

1-14
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Ambient Climatic Conditions

You can use the S7-400 under the following ambient climatic conditions:

Table 1-10 Ambient Climatic Conditions

Climatic Conditions Permitted Range Remark
Temperature 0to +60 °C
Temperature change Max. 10 °C/h

Relative humidity

Max. 95 % at +25 °C

No condensation,
corresponds to RH
stressing level 2 in
accordance with
IEC 61131-2

Atmospheric pressure

1080 to 795 hPa (corresponds to
a height of -1000 to 2000 m)

Concentration of
contaminants

SO,: < 0.5 ppm;
RH < 60 %, no condensation

H»S: < 0.1 ppm;
RH < 60 %, no condensation

Test: 10 ppm; 4 days

Test: 1 ppm; 4 days

Automation System S7-400 Module Specifications
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1.5 Information on Insulation Tests, Protection Class and
Degree of Protection

Test Voltages

Insulation resistance was demonstrated in routine testing with the following test
voltages in accordance with IEC 61131-2:

Table 1-11 Test Voltages

Circuits with Rated Voltage Ug to Other Circuits or Test Voltage
Ground
0V<Ug=<50V 350 V
50 V < Ug < 100 V 700 V
100V <Ug =150V 1300 V
150 V < U, =300 V 2200V

Protection Class

Safety class | to IEC 60536 (VDE 0106, Part 1). In other words, a connection is
required from the protective conductor to the power supply module.

Protection Against Ingress of Foreign Bodies and Water

Degree of protection IP 20 to IEC 60529. In other words, there is protection against
contact with standard probes.

There is no special protection against the ingress of water.

Automation System S7-400 Module Specifications
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1.6 Using S7-400 in a zone 2 explosion-risk area

You will find important information in different languages in the chapters below.

Chapter overview

Chapter

Thema

16.1

Einsatz der S7-400 im explosionsgeféhrdeten Bereich Zone 2

1.6.2

Use of the S7-400 in a Zone 2 Hazardous Area

1.6.3

Utilisation de la S7-400 dans un environnement a risque d’explosion en zone 2

1.6.4

Aplicacién del S7-400 en areas con peligro de explosion, zona 2

1.6.5

Impiego dell’ S7-400 nell’area a pericolo di esplosione zona 2

1.6.6

Gebruik van de S7-400 in het explosieve gebied zone 2

167

Brug af S7-400 i det eksplosionsfarlige omrade zone 2

1.6.8

S7-400:n kayttd rajahdysvaarannetuilla alueilla, vyéhyke 2

1.6.9

Anvandning av S7-400 i explosionsriskomrade zon 2

1.6.10

Uso do S7-400 em area exposta ao perigo de explosédo, zona 2

1.6.11

Xpnon mg ovoKeung S7-400 ok ...
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16.1 Einsatz der S7-400 im explosionsgefahrdeten Bereich Zone 2

Zone 2

Explosionsgefahrdete Bereiche werden in Zonen eingeteilt. Die Zonen werden
nach der Wahrscheinlichkeit des Vorhandenseins einer explosionsfahigen
Atmosphére unterschieden.

Zone Explosionsgefahr Beispiel
2 explosive Gasatmosphare tritt | Bereiche um Flanschverbindungen mit
nur selten und kurzzeitig auf Flachdichtungen bei Rohrleitungen in
geschlossenen Raumen
sicherer nein * aufRerhalb der Zone 2
Bereich .

Standardanwendungen von
dezentraler Peripherie

Nachfolgend finden Sie wichtige Hinweise fur die Installation der SIMATIC S7-400
im explosionsgeféhrdeten Bereich.

Weitere Informationen

Weitere Informationen zu den verschiedenen S7-400-Baugruppen finden Sie im
Handbuch.

Fertigungsort

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Zulassung

@ 113G EExnAllT3.T6 nach EN 50021 : 1999
Prifiummer:  KEMA 03ATEX1125 X

Hinweis

Baugruppen mit der Zulassung & 113G EExnAll T3..T6 dirfen nurin
Automatisierungssystemen SIMATIC S7-400 der Geratekategorie 3 eingesetzt
werden.

Automation System S7-400 CPU Specifications
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Instandhaltung

Fur eine Reparatur muss die betroffene Baugruppe an den Fertigungsort geschickt
werden. Nur dort darf die Reparatur durchgefuhrt werden.

Besondere Bedingungen

1. Die SIMATIC S7-400 muss in einen Schaltschrank oder ein metallisches
Gehause eingebaut werden. Diese missen mindestens die Schutzart IP 54
(nach EN 60529) gewahrleisten. Dabei sind die Umgebungsbedingungen zu
berticksichtigen, in denen das Gerat installiert wird. Fir das Gehduse muss
eine Herstellererklarung fir Zone 2 vorliegen (geman EN 50021).

2. Wenn am Kabel bzw. an der Kabeleinflihrung dieses Gehauses unter Betriebs-
bedingungen eine Temperatur > 70 °C erreicht wird oder wenn unter Betriebs-
bedingungen die Temperatur an der Aderverzweigung > 80 °C sein kann,
mussen die Temperatureigenschaften der Kabel mit den tatsachlich
gemessenen Temperaturen dbereinstimmen.

3. Die eingesetzten Kabeleinfilhrungen mussen der geforderten IP-Schutzart und
dem Abschnitt 7.2 (gemanR EN 50021) entsprechen.

4. Alle Geréte, einschlie3lich Schalter etc., die an den Ein- und Ausgéngen von
S7-400-Systemen angeschlossen werden, missen fur den Explosionsschutz
Typ EEX nA oder EEx nC genehmigt sein.

5. Es missen Malinahmen getroffen werden, dass die Nennspannung durch
Transienten um nicht mehr als 40 % Uberschritten werden kann.

6. Umgebungstemperaturbereich: 0° C bis 60° C

7. Innerhalb des Gehé&uses ist an einem nach dem Offnen gut sichtbaren Platz
ein Schild mit folgender Warnung anzubringen:
Warnung
Das Gehause darf nur kurze Zeit gedffnet werden, z. B. fir visuelle Diagnose.
Betatigen Sie dabei keine Schalter, ziehen oder stecken keine Baugruppen
und trennen keine elektrischen Leitungen (Steckverbindungen).
Diese Warnung kann unberucksichtigt bleiben, wenn bekannt ist, dass keine
explosionsgefahrdete Atmosphére herrscht.

Liste der zugelassenen Baugruppen
Die Liste mit den zugelassenen Baugruppen finden Sie im Internet:
http://www4.ad.siemens.de/view/cs/

unter der Beitrags-I1D 13702947

Automation System S7-400 CPU Specifications
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1.6.2 Use of the S7-400 in a Zone 2 Hazardous Area

Zone 2

Hazardous areas are divided up into zones. The zones are distinguished according
to the probability of the existence of an explosive atmosphere.

Zone Explosion Hazard Example
2 Explosive gas atmosphere Areas around flange joints with flat
occurs only seldom and for a gaskets in pipes in enclosed spaces
short time
Safe area No * Outside zone 2
e  Standard distributed 1/O
applications

Below you will find important information on the installation of the SIMATIC S7-400
in a hazardous area.

Further Information

You will find further information on the various S7-400 modules in the manual.

Production Location

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Certification

@ 113G EEXnAIlIT3..T6 in accordance with EN 50021 : 1999
Test number: KEMA 03ATEX1125 X

Note

Modules with € 113 G EEx nA Il T3 .. T6 certification can only be used in
SIMATIC S7-400 automation systems belonging to equipment category 3.

Automation System S7-400 CPU Specifications
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Maintenance

If repair is necessary, the affected module must be sent to the production location.
Repairs can only be carried out there.

Special Conditions

1.

The SIMATIC S7-400 must be installed in a cabinet or metal housing. These
must comply with the IP 54 (in accordance with EN 60529) degree of
protection as a minimum. The environmental conditions under which the
equipment is installed must be taken into account. There must be a
manufacturer's declaration for zone 2 available for the housing (in accordance
with EN 50021).

If a temperature of > 70 °C is reached in the cable or at the cable entry of this
housing under operating conditions, or if a temperature of > 80 °C can be
reached at the junction of the conductors under operating conditions, the
temperature-related properties of the cables must correspond to the
temperatures actually measured.

The cable entries used must comply with the required IP degree of protection
and Section 7.2 (in accordance with EN 50021).

All devices (including switches, etc.) that are connected to the inputs and
outputs of S7-400 systems must be approved for EEx nA or EEx nC explosion
protection.

Steps must be taken to ensure that the rated voltage through transients cannot
be exceeded by more than 40 %.

Ambient temperature range: 0° C to 60° C

A sign containing the following warning must be put up inside the housing in an
easily visible position when the housing is opened:

Warning

The housing can only be opened for a short time (e.g. for visual diagnostics). If
you do this, do not operate any switches, remove or install any modules or
disconnect any electrical cables (plug-in connections).

You can disregard this warning if you know that the atmosphere is not
hazardous (i.e. there is no risk of explosion).

List of Approved Modules

You will find the list of approved modules under the ID 13702947 on the Internet:

http://www4.ad.siemens.de/view/cs/.

Under the ID number 13702947
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1.6.3 Utilisation du S7-400 dans un environnement a risque
d'explosion en zone 2

Zone 2

Les environnements a risque d'explosion sont répartis en zones. Les zones se
distinguent par la probabilité de présence d'une atmospheére explosive.

Zone Risque d'explosion Exemple
2 Formation rare et bréve d'une Environnement de raccords a joints plats
atmosphere gazeuse explosive | dans le cas de conduites dans des locaux
fermés
Zone sdre [ Non *  Alextérieur de la zone 2
» Utilisation standard de périphérie
décentralisée

Vous trouverez ci-apres des remarques importantes pour l'installation du
SIMATIC S7-400 dans un environnement présentant un risque d'explosion.

Informations complémentaires

Des informations complémentaires sur les divers modules S7-400 se trouvent dans
le manuel.

Lieu de production

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Homologation

@ 113G EEx nAII T3 ..T6 selon EN 50021 ; 1999
Numéro de contrble : KEMA 03ATEX1125 X
Nota

Les modules homologués & 113G EEXnAIIT3..T6 ne peuvent étre utilisés
gue dans des automates SIMATIC S7-400 de catégorie 3.
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Entretien

Si une réparation est nécessaire, le module concerné doit étre expédié au lieu de
production. La réparation ne doit étre effectuée qu'en ce lieu.

Conditions particulieres

1.

Le SIMATIC S7-400 doit étre installé dans une armoire ou un boitier
métallique. Ceux-ci doivent assurer au moins l'indice de protection IP 54. || faut
alors tenir compte des conditions d'environnement dans lesquelles I'appareil
est installé. Le boitier doit faire I'objet d’'une déclaration de conformité du
fabricant pour la zone 2 (selon EN 50021).

Si dans les conditions d’exploitation, une température > 70 °C est atteinte au
niveau du cable ou de I'entrée du cable dans ce bottier, ou bien si la
température au niveau de la dérivation des conducteurs peut étre > 80 °C, les
capacités de résistance thermique des cables doivent corespondre aux
températures effectivement mesurées.

Les entrées de cables utilisées doivent avoir le niveau de protection IP exigé et
étre conformes au paragraphe 7.2 (selon EN 50021).

Tous les appareillages (y compris les interrupteurs, etc.) raccordés aux entrées
et sorties de modules de signaux a sécurité intrinséque doivent étre
homologués pour la protection antidéflagrante type EEx nA ou EEx nC.

Il faut prendre des mesures pour que la tension nominale ne puisse pas étre
dépassée de plus de 40% sous l'influence de transitoires.

Plage de température ambiante : 0° C a 60° C

A l'intérieur du bottier, il faut placer, a un endroit bien visible aprés ouverture,
une plaquette comportant I'avertissement suivant :

Avertissement

Ouvir le boitier le moins longtemps possible, par exemple pour effectuer un
diagnostic visuel. Ce faisant, n'actionnez aucun commutateur, ne déconnectez
aucun module et ne débanchez pas de cables électriques (connexions).

Le respect de cet avertissement n'est pas impératif s'il est certain que
I'environnement ne présente pas de risque d’explosion.

Liste des modules homologués

Vous trouverez sur Internet la liste des modules homologués :

http://www4.ad.siemens.de/view/cs/

référence ID 13702947
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164

Zona?2

Aplicacién de la S7-400 en areas con peligro de explosion,
zona 2

Las &reas con peligro de explosion se clasifican en zonas. Las zonas se
diferencian segun la probabilidad de la existencia de una atmdsfera capaz de sufrir
una explosion.

Zona Peligro de explosién Ejemplo
2 La atmosfera explosiva de gas | Areas alrededor de uniones abridadas con
s6lo se presenta rara vez y muy | juntas planas en tuberias en locales
brevemente cerrados
Area segura | No * Fuerade lazona2
* Aplicaciones estandar de la periferia
descentralizada

A continuacion encontrard importantes informaciones para la instalacion del
SIMATIC S7-400 en areas con peligro de explosion.

Otras informaciones

Encontrara otras informaciones relativas a los distintos moédulos S7-400 en el
Manual.

Lugar de fabricacion

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Homologacion

1-24

@ N3G EEXNAIIT3..T6 segun norma EN 50021 : 1999
Ndmero de comprobacion: KEMA 03ATEX1125 X

Nota

Los mddulos con la homologacion & 113G EExnAIIT3..T6 pueden
utilizarse Gnicamente en los automatas programables SIMATIC S7-400 de la
categoria de equipo 3.
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Mantenimiento

Para una reparacién se ha de remitir el médulo afectado al lugar de fabricacion.
Solo alli se puede realizar la reparacion.

Condiciones especiales

1.

El SIMATIC S7-400 se ha de montar en un armario eléctrico de distribucion o
en una carcasa metalica. Estos deben garantizar como minimo el grado de
proteccion IP 54 (conforme a EN 60529). Para ello se han de tener en cuenta
las condiciones ambientales, en las cuales se instala el equipo. La caja debera
contar con una declaracién del fabricante para la zona 2 (conforme a

EN 50021).

Si durante la operacion se alcanzara una temperatura > 70° C en el cable o la
entrada de cables de esta caja o bien una temperatura > 80° C en la
bifurcacién de hilos, deberan adaptarse las propiedades térmicas de los cables
a las temperaturas medidas efectivamente.

Las entradas de cable utilizadas deben cumplir el grado de proteccion IP
exigido y lo expuesto en el apartado 7.2 (conforme a EN 50021).

Todos los dispositivos —inclusive interruptores, etc.— conectados a las entradas
y salidas sistemas S7-400 deben estar homologados para la proteccion contra
explosiones del tipo EEx nA o EEx nC.

Es necesario adoptar las medidas necesarias para evitar que la tension
nominal se pueda rebasar en mas del 40 % debido a efectos transitorios.

Margen de temperatura ambiente: 0° C hasta 60° C

Dentro de la caja debera colocarse en un lugar perfectamente visible tras su
apertura un rotulo con la siguiente advertencia:

Precaucion

Abrir la caja s6lo brevemente, p.ej. para el diagnéstico visual. Durante este
tiempo Ud. no deberda activar ningun interruptor, desenchufar o enchufar
maodulos ni separar conductores eléctricos (conexiones enchufables).

Esta advertencia puede ignorarse si Ud. sabe que en la atmésfera existente no
hay peligro de explosion.

Lista de los mdédulos homologados

En internet hallara Ud. una lista con los médulos homologados:

http://www4.ad.siemens.de/view/cs/

bajo el ID de asignacién 13702947
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1.6.5 Impiego dell'S7-400 nell'area a pericolo di esplosione zona 2

Zona?2

Le aree a pericolo di esplosione vengono suddivise in zone. Le zone vengono
distinte secondo la probabilita della presenza di un‘atmosfera esplosiva.

Zona Pericolo di esplosione Esempio
2 L'atmosfera esplosiva si Aree intorno a collegamenti a flange con
presente solo raramente e guarnizioni piatte nelle condotte in
brevemente ambienti chiusi
Area sicura | No * Al difuoridella zona 2
*  Applicazioni standard di periferia
decentrata

Qui di seguito sono riportate delle avvertenze importanti per l'installazione del
SIMATIC S7-400 nell'area a pericolo di esplosione.

Ulteriori informazioni

Ulteriori informazioni sulle diverse unita S7-400 si trovano nel manuale.

Luogo di produzione

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Autorizzazione

@ 113G EExnAIllIT3.. T6 secondo EN 50021 : 1999
Numero di controllo: KEMA 03ATEX1125 X
Avvertenza

Le unita con l'autorizzazione € 113G EExnA Il T3..T6 possono essere
impiegate solo nei sistemi di controllori programmabili SIMATIC S7-400 della
categoria di apparecchiature 3.

Automation System S7-400 CPU Specifications
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Manutenzione

Per una riparazione, l'unita interessata deve essere inviata al luogo di produzione.
La riparazione puo essere effettuata solo Ii.

Condizioni particolari

1. 1l SIMATIC S7-400 deve essere montato in un armadio elettrico o in un
contenitore metallico. Questi devono assicurare almeno il tipo di protezione
IP 54 (secondo EN 60529). In questo caso bisogna tenere conto delle
condizioni ambientali nelle quali 'apparecchiatura viene installata. Per il
contenitore deve essere presente una dichiarazione del costruttore per la
zona 2 (secondo EN 50021).

2. Se nei cavi o nel loro punto di ingresso in questo contenitore viene raggiunta in
condizioni di esercizio una temperatura > 70 °C o se in condizioni di esercizio
la temperatura nella derivazione dei fili pu0 essere > 80 °C, le caratteristiche di
temperatura dei cavi devono essere conformi alla temperatura effettivamente
misurata.

3. Gliingressi dei cavi usati devono essere conformi al tipo di protezione IP
richiesto e alla sezione 7.2 (secondo EN 50021).

4. Tutte le apparecchiature, inclusi interruttori, ecc. che vengono collegati a
ingressi/uscite di sistemi S7-400, devono essere stati omologati per la
protezione da esplosione tipo EEx nA o EEx nC.

5. Devono essere prese delle misure per evitare che la tensione nominale possa
essere superata per piu del 40% da parte di transienti.

6. Campo termico ambientale: da 0° C a 60° C

7. All'interno del contenitore va apportata, in un luogo ben visibile dopo I'apertura,
una targhetta con il seguente avvertimento:
Attenzione
Il contenitore pud rimanere aperto solo per breve tempo, ad esempio per una
diagnostica a vista. In tal caso non azionare alcun interruttore, non
disinnestare o innestare unita e non staccare connessioni elettriche
(connettori).
Non & necessario tenere conto di questo avvertimento se & noto che non c’é
un’atmosfera a rischio di esplosione.

Elenco delle unita omologate
La lista con le unita omologate si trova in Internet al sito:
http://www4.ad.siemens.de/view/cs/

all'lD di voce 13702947
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1.6.6 Gebruik van de S7-400 in het explosief gebied zone 2

Zone 2

Explosieve gebieden worden ingedeeld in zones. Bij de zones wordt
onderscheiden volgens de waarschijnlijkheid van de aanwezigheid van een
explosieve atmosfeer.

Zone Explosiegevaar Voorbeeld
2 Een explosieve gasatmosfeer Gebieden rond flensverbindingen met
treedt maar zelden op en voor | pakkingen bij buisleidingen in gesloten
korte duur vertrekken
Veilig Neen *  Buiten de zone 2
gebied +  Standaardtoepassingen van
decentrale periferie

Hierna vindt u belangrijke aanwijzingen voor de installatie van de SIMATIC S7-400
in het explosief gebied.

Verdere informatie

In het handboek vindt u verdere informatie over de verschillende S7-400-modulen.

Productieplaats

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Vergunning

@ N3G EExnA 1l T3..T6 conform EN 50021 : 1999
Keuringshummer: KEMA 03ATEX1125 X

Opmerking

Modulen met de vergunning & 113G EExnAIIT3..T6 mogen slechts worden
gebruikt in automatiseringssystemen SIMATIC S7-400 van de
apparaatcategorie 3.
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Instandhouding

Voor een reparatie moet de betreffende module naar de plaats van vervaardiging
worden gestuurd. Alleen daar mag de reparatie worden uitgevoerd.

Speciale voorwaarden

1.

Het SIMATIC S7-400 moet worden ingebouwd in een schakelkast of in een
behuizing van metaal. Deze moeten minstens de veiligheidsgraad IP 54
(volgens EN 60529) waarborgen. Hierbij dient rekening te worden gehouden
met de omgevingsvoorwaarden waarin het apparaat wordt geinstalleerd. Voor
de behuizing dient een verklaring van de fabrikant voor zone 2 te worden
ingediend (volgens EN 50021).

Als aan de kabel of aan de kabelinvoering van deze behuizing onder
bedrijfsomstandigheden een temperatuur wordt bereikt > 70 °C of als onder
bedrijfsomstandigheden de temperatuur aan de adervertakking > 80 °C kan
zijn, moeten de temperatuureigenschappen van de kabel overeenstemmen
met de werkelijk gemeten temperaturen.

De aangebrachte kabelinvoeringen moeten de vereiste IP-veiligheidsgraad
hebben en in overeenstemming zijn met alinea 7.2 (volgens EN 50021).

Alle apparaten, schakelaars enz. inbegrepen, die worden aangesloten op de
in- en uitgangen van S7-400 systemen, moeten zijn goedgekeurd voor de
explosiebeveiliging type EEx nA of EEx nC.

Er dienen maatregelen te worden getroffen, zodat de nominale spanning door
transiénten met niet meer dan 40 % kan worden overschreden.

Omgevingstemperatuurbereik: 0° C tot 60° C

Binnen de behuizing dient op een na het openen goed zichtbare plaats een
bord te worden aangebracht met de volgende waarschuwing:
Waarschuwing

De behuizing mag slechts voor korte tijd worden geopend, bijv. voor een
visuele diagnose. Bedien hierbij geen schakelaar, trek of steek geen modulen
en ontkoppel geen elektrische leidingen (steekverbindingen).

Deze waarschuwing kan buiten beschouwing blijven, indien bekend is dat er
geen explosieve atmosfeer heerst.

Lijst van de toegelaten modulen

De lijst met de toegelaten modulen vindt u in het internet:

http://www4.ad.siemens.de/view/cs/

onder de bijdrage-ID 13702947

Automation System S7-400 CPU Specifications

A5E00267842-01

1-29


http://www4.ad.siemens.de/view/cs/

General Technical Specifications

1.6.7 Brug af S7-400 i det eksplosionfarlige omrade zone 2

Zone 2

Eksplosionsfarlige omrader inddeles i zoner. Zonerne adskiller sig indbyrdes efter
hvor sandsynligt det er, at der er en eksplosiv atmosfaere.

Zone Eksplosionsfare Eksempel
2 Eksplosiv gasatmosfeere Omrader rundt om flangeforbindelser med
optreeder kun sjeeldent og varer | flade pakninger ved rgrledninger i lukkede
kort rum
Sikkert Nej * Uden for zone 2
omrade »  Standardanvendelser decentral
periferi

| det fglgende findes vigtige henvisninger vedr. installation af SIMATIC S7-400 i det
eksplosionfarlige omrade.

Yderligere informationer

Yderligere informationer om de forskellige S7-400-komponenter findes i manualen.

Produktionssted

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Godkendelse

@ 113G EEXnAIlIT3..T6 efter EN 50021 : 1999
Kontrolnummer: KEMA 03ATEX1125 X

Bemaerk

Komponenter med godkendelsen & 113G EExnA Il T3..T6 mé&kun monteres
i automatiseringssystemer SIMATIC S7-400 - udstyrskategori 3.

Automation System S7-400 CPU Specifications
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Vedligeholdelse

Skal den pageeldende komponent repareres, bedes De sende den til
produktionsstedet. Reparation ma kun udfares der.

Seerlige betingelser

1.

SIMATIC S7-400 skal monteres i et kontrolskab eller et metalkabinet. Disse
skal mindst kunne sikre beskyttelsesklasse IP 54. | denne forbindelse skal der
tages hgjde for de omgivelsestemperaturer, i hvilke udstyret er installeret. Der
skal veere udarbejdet en erkleering fra fabrikanten for kabinettet for zone 2 (iht.
EN 50021).

Hvis kablet eller kabelindfgringen pa dette hus nar op pa en temperatur pa

> 70 °C under driftsbetingelser eller hvis temperaturen pa areforegreningen
kan veere > 80 °C under driftsbetingelser, skal kablernes
temperaturegenskaber stemme overens med de temperaturer, der rent faktisk
males.

De benyttede kabelindfgringer skal veere i overensstemmelse med den
kreevede IP-beskyttelsestype og afsnittet 7.2 (iht. EN 50021).

Alle apparater, inkl. kontakter osv., der forbindes med ind- og udgangene pa
S7-400 systemer, skal veere godkendt til eksplosionsbeskyttelse af
type EEX nA eller EEx nC.

Der skal treeffes foranstaltninger, der sgrger for, at den nominelle spaending via
transienter ikke kan overskrides mere end 40 %.

Omgivelsestemperaturomrade: 0° C til 60° C

| kabinettet skal der anbringes et skilt, der skal kunne ses, nar kabinettet
abnes. Dette skilt skal have fglgende advarsel:

Advarsel

Kabinettet m& kun &bnes i kort tid, f.eks. til visuel diagnose. Tryk i denne
forbindelse ikke pa kontakter, treek eller iseet ikke komponenter og afbryd ikke
elektriske ledninger (stikforbindelser).

Denne advarsel skal der ikke tages hgjde for, hvis man ved, at der ikke er
nogen eksplosionsfarlig atmosfeere.

Liste over godkendte komponenter

Listen med de godkendte komponenter findes pa internettet:

http://www4.ad.siemens.de/view/cs/

under bidrags-ID 13702947
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1.6.8 S7-400:n kaytto rajahdysvaarannetuilla alueilla, vyohyke 2

Vybhyke 2

Réajahdysvaarannetut alueet jaetaan vyohykkeisiin. Vyohykkeet erotellaan
rajahdyskelpoisen iimakehan olemassa olon todennékoisyyden mukaan.

Vybhyke R&jahdysvaara Esimerkki
2 Rajahtava kaasuilmakeha Alueet putkistojen lattatiivisteilla varustuilla
ilmaantuu vain harvoin ja laippaliitoksilla suljetuissa tiloissa
lyhytaikaisesti
turvallinen | Ei * vyOhykkeen 2 ulkopuolella
alue »  Hajautetun ulkopiirin
vakiosovellukset

Seuraavasta loydatte tarkeita ohjeita
SIMATIC S7-400 asennukseen rajahdysvaarannetuilla alueilla.

Lisatietoja

Lisatietoja erilaisiin S7-400-rakenneryhmiin I6ydatte ohjekirjasta.

Valmistuspaikka

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Hyvéksynta
@ 113G EEXnAIlIT3..T6 EN 50021 mukaan: 1999
Tarkastusnumero: KEMA 03ATEX1125 X

Ohje
Rakenneryhmat hyvaksynnan & 113G EEXnA Il T3..T6 kanssa saadaan

kayttaa ainoastaan laitekategorian 3 automatisointijarjestelmissa
SIMATIC S7-400.
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Kunnossapito

Korjausta varten taytyy kyseinen rakenneryhma lahettaa valmistuspaikkaan.
Korjaus voidaan suorittaa ainoastaan siella.

Erityiset vaatimukset

1.

SIMATIC S7-400 taytyy asentaa kytkentékaappiin tai metalliseen koteloon.
Naiden taytyy olla vahintaan kotelointiluokan IP 54 mukaisia. Talldin on
huomioitava ymparistéolosuhteet, johon laite asennetaan. Kotelolle taytyy olla
valmistajaselvitys vyohyketta 2 varten (EN 50021 mukaan).

Kun johdolla tai tamén kotelon johdon sisdanviennilla saavutetaan > 70 °C
l[ampdtila tai kun kayttdolosuhteissa lampétila voi piuhajaotuksella olla > 80 °C,
taytyy johdon lampdtilaominaisuuksien vastata todellisesti mitattuja [ampdtiloja.

Kaytettyjen johtojen sisdaanohjauksien taytyy olla vaaditun IP-kotelointiluokan ja
kohdan 7.2 (EN 50021 mukaan) mukaisia.

Kaikkien laitteiden, kytkimet jne. mukaan lukien, jotka liitetdén virheilta
suojattujen signaalirakenneryhmien tuloille ja 1ahdoille, taytyy olla hyvaksyttyja
tyypin EEx nA tai EEx nC rajahdyssuojausta varten.

Toimenpiteet taytyy suorittaa, ettei nimellisjannite voi transienttien kautta ylittya
enemman kuin 40 %.

Ympaéristolampdétila-alue: 0° C ... 60° C

Kotelon sisdlle, avauksen jalkeen nakyvélle paikalle, on kiinnitettava kilpi,
jossa on seuraava varoitus:

Varoitus

Kotelo saadaan avata ainoastaan lyhyeksi ajaksi, esim. visuaalista diagnoosia
varten. Ala talloin kayta mitaan kytkimia, veda tai lita mitaan rakenneryhmia,
alaka erota mitdan sahkojohtoja (pistoliittimia).

TAata varoitusta ei tarvitse huomioida, kun on tiedossa, ettéd minkaanlaista
rajahdysvaarannettua ilmakehaa ei ole olemassa.

Hyvéksyttyjen rakenneryhmien lista

Lista hyvéaksiytyista rakennesarjoista 16ytyy internetista osoitteesta:

http://www4.ad.siemens.de/view/cs/

kayttajatunnuksella 13702947
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1.6.9 Anvandning av S7-400 i explosionsriskomrade zon 2

Zon 2

Explosionsriskomraden delas in i zoner. Zonerna delas in enligt sannolikheten att
en atmosfar med explosionsfara foreligger.

Zon Explosionsfara Exempel
2 Explosiv gasatmosfar uppstar Omraden kring flansforbindelser med
endast séllan eller kortvarigt packningar vid rorledningar i slutna
utrymmen
Sakert Nej e Utanfor zon 2
omrade »  Standardanvéndning av decentral
periferi

Nedan foljer viktiga anvisningar om installationen av SIMATIC S7-400 i ett
explosionsriskomrade.

Ytterligare information

Ytterligare information om de olika S7-400-komponentgrupperna finner du i
handboken.

Tillverkningsort

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

Godkannande

@ 113G EExnAIllIT3.. T6 enligt EN 50021 : 1999
Kontrollnummer: KEMA 03ATEX1125 X

Anvisning

Komponentgrupper med godkéannande & 113G EExnAIl T3..T6 far endast
anvandas i automatiseringssystemen SIMATIC S7-400 fran apparatgrupp 3.
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Underhall

Vid reparation méaste den aktuella komponentgruppen inséandas till tillverkaren.
Reparationer far endast genomforas dar.

Sarskilda villkor

1.

SIMATIC S7-400 maste monteras i ett kopplingsskap eller metallhus. Dessa
maste minst vara av skyddsklass IP 54. Darvid ska omgivningsvillkoren dar
enheten installeras beaktas. For kdpan maste en tillverkardeklaration fér zon 2
foreligga (enligt EN 50021).

Om en temperatur pa > 70°C uppnas vid husets kabel resp kabelinféring under
driftvillkor eller om temperaturen vid tradférgreningen kan vara > 80°C under
driftvillkor, maste kabelns temperaturegenskaper 6verensstamma med den
verkligen uppmatta temperaturen.

De anvanda kabelinféringarna maste uppfylla kraven i det kravda IP-
skyddsutférandet och i avsnitt 7.2 (enligt EN 50021).

Alla apparater, inklusive brytare osv, som ansluts S7 400 systemens in- och
utgéngar, maste vara godkanda for explosionsskydd av typ EEx nA eller
EEx nC.

Atgarder méste vidtas s&, att markspanningen ej kan éverskridas med mer &n
40 % genom transienter.

Omgivningstemperatur: 0° C till 60° C

Nar huset dppnats ska en skylt med féljande varning monteras pé ett tydligt
synligt stalle huset:

Varning

Huset far endast 6ppnas under Kkort tid, t ex for visuell diagnos. Anvand darvid
inga brytare, lossa eller anslut inga enheter och franskilj inga elektriska
ledningar (insticksanslutningar).

Ingen hansyn maste tas till denna varning om det ar sékert att det inte rader
nagon explosionsfarlig atmosfar.

Lista 6ver godkanda komponentgrupper

Lista over godkanda enheter aterfinns i Internet:

http://www4.ad.siemens.de/view/cs/

under bidrags-ID 13702947
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1.6.10

Zona?2

Uso do S7-400 em area exposta ao perigo de exploséo 2

As areas expostas ao perigo de explosao séo divididas em zonas. As zonas séo
diferenciadas de acordo com a probabilidade da existéncia de uma atmosfera
explosiva.

Zona Perigo de exploséo Exemplo
2 S6 raramente e por um breve Areas em torno de ligactes flangeadas
periodo de tempo surgem com vedacdes chatas em tubula¢des em
atmosferas explosivas recintos fechados
Area segura | N3o » foradazona?2
* AplicagBes padréo de periferia
descentralizada

A seguir, 0 encontrara avisos importantes para a instalacdo do SIMATIC S7-400
em area exposta ao perigo de exploséo.

Mais informacodes

Para obter mais informacg6es sobre os diversos componentes S7-400, consulte o
manual.

Local de producéo

Licenca

1-36

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrale 50
76187 Karlsruhe

Germany

@ 113G EExnAIlIT3..T6 seg. EN 50021 : 1999
NUmero de ensaio: KEMA 03ATEX1125 X

Aviso

Componentes com a licenca & 113G EEXnAIIT3..T6 s6 podem ser
aplicados em sistemas de automac&o SIMATIC S7-400 da categoria de
aparelho 3.
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Reparo

Os componente em questao deve ser remetido para o local de producéo a fim de
que seja realizado o reparo. Apenas la deve ser efetuado o reparo.

CondicOes especiais

1.

O SIMATIC S7-400 deve ser montado em um armario de distribuicdo ou em
uma caixa metdlica. Estes devem garantir no minimo o tipo de protecgéo IP 54.
Durante este trabalho deveréo ser levadas em consideracédo as condigbes
locais, nas quais o aparelho sera instalado. Para a caixa devera ser
apresentada uma declaracdo do fabricante para a zona 2 (de acordo com

EN 50021).

Caso no cabo ou na entrada do cabo desta caixa sob as condi¢des
operacionais seja atingida uma temperatura de > 70 °C ou caso sob condi¢bes
operacionais a temperatura na ramificacdo do fio possa atingir > 80 °C, as
carateristicas de temperatura dever&o corresponder as temperaturas
realmente medidas.

As entradas de cabo utilizadas devem corresponder ao tipo exigido de
protecéo IP e a se¢do 7.2 (de acordo com o EN 50021).

Todos os aparelhos, inclusive as chaves, etc., que estejam conectadas em
entradas e saidas dos sistemas do S7;400 devem possuir a licenca para a
protecdo de exploséo do tipo EEx nA ou EEx nC.

Precisam ser tomadas medidas para que a tensédo nominal através de
transitorios ndo possa ser ultrapassada em mais que 40 %.

Area de temperatura ambiente: 0° C até 60° C

No ambito da caixa deve ser colocada em um ponto bem visivel ap6s a sua
abertura uma placa com a seguinte adverténcia:

Adverténcia

A carcaca deve ser aberta apenas por um breve periodo de tempo, por ex.
para diagnoéstico visual. Ndo acione nenhum interruptor, néo retire ou conecte
nenhum componente e ndo separe nenhum fio elétrico (ligagdes de tomada).
Esta adverténcia podera ser ignorada caso se saiba que nao ha atmosfera
alguma sujeita ao perigo de exploséo.

Lista dos componentes autorizados

A lista com os componentes autorizados encontram-se na Internet:

http://www4.ad.siemens.de/view/cs/

sob o nimero de ID 13702947
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1.6.11 XpRon Tng cuokeung S7-400 o€ emikivdouvn yia éKpnén TTepIoXN,
{wvn 2
Zwvn 2
O1 emmkivOuveg yia €kpnén TTEPIOXES XwpidovTal o€ {wveg. O1 {wveg dlapépouv
oUpewva pe TNV mMlavoeTnTa UTTapéng vog IKavou yia £kpnén TepIBAAAoVTOG.
Zwvn Kivduvog ékpnéng Mapadeyya
2 EkpnkTIKO TTEPIBAAAOV agpiou Mepioxég yupw atmd @AavVTCwTEG
TTapoucIadeTal HOVO OTTAvIa Kol | oUVOETEIG PE TOINOUXEG O€ CWANVWOEIG O€
Y0 GUVTOUO XPOVIKO didaTnua [ KAEIoTOUG XWwpoug
Ac@aAng Oxi e Ek166 TnG Cwvng 2
TepIoXn e TUTTIKEG EQAPPOYEC OTTOKEVTPWHEVNC
TTEPIPEPEING
>1n ouvéxela Ba Bpeite onNUAvTIKEG UTTOEIEEIS yIa TNV £yKATAOTACH TOU dOUIKOU
ouykpoTiuarog SIMATIC S7-400 o€ eTmikivduvn yia €kpnén TreploxH.
EmimrAéov TAnpogopieg

EmimrAéov TTANpo@opieg yia Ta Sia@opa SOPIKA TUYKPOTAUATA (EvOTNTEG) S7-400 Ba
Bpeite aTo gyxelpidio.

TOTrog KATAOKEUNG

Adsia

1-38

Siemens AG, Bereich A&D
Ostliche Rheinbriickenstrasse 50
76187 Karlsruhe

Germany

@ N3G EEXNnAIIT3..T6 OUP@WVQ JE TO TTPOTUTTO
EN 50021 : 1999

ApIBuGG eAéyxou:  KEMA 03ATEX1125 X

Y1moédeign

Ta douik& CUYKPOTAKATA WE TNV Adela & 113G EEXnAIIT3..T6 EMTPETTETAI
va ToTmoBeTnBolv pévo o€ cuoTAPATa autouaTiopou SIMATIC S7-400 Tng
KOTNYopiag GUOKEUNG 3.
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ZuvTApnon

MNa pia €mokeun TTPETTEI va OTOABEI TO avTioToIXO OOPIKO OUYKPOTNHA GTOV TOTTO
KaTaokeung. Mévo ekei emTpETTETAI VA YiVEl N ETTIOKEUR.

IS1aiTepeg TTPOUTTOBEéCEIG

1.

To douiké ouykpoTnua SIMATIC S7-400 TTpETTEl va EVOWNOTWOEI o€ éva
eppAplo euéng i o€ éva PeTaANIKS TTepiBAnUa. Autd TTpéTTel va e€ao@aAilouv
10 AiyéTEpO TO BaBud TrpooTaciag IP 54. e auTrv TnV TTEPITITWON TTPETTEI VA
An@Bouv utréywn ol TTEPIBAANOVTIKEG OUVONKEG, OTIG OTToiEG Ba eyKATAOTAOEI N
ouokeun. MNa o TTepiBAnua TTPETTEl va TTPORAETTETAI BAAWGCN TOU KATAOKEUAOTH
yla 10 {wvn 2 (cupewva pe 1o TTpoéTuTro EN 50021).

Edv o1o kaAwdio 1} aTnv €icod0 Tou KaAwdiou auTou Tou TTEPIRAAUATOG KATW
atd ouvlnikeg Aeiroupyiag n Bepuokpaacia Eeepdoel Toug 70 °C 1 6TV KATW
atd ouvenikeg Aeiroupyiag n Bepuokpacia otn dilakAddwaon Tou oUpPATOG
pTTOPED Va gival yeyaAuTepn atrd 80 °C, TPETTEl 01 BEPUOKPATIOKES 1IB1OTNTEG
TWV KaAAwBiwV va TauTifovTal Pe TIG TTPAYUATIKA HETPNUEVES BEPUOKPATIEG.

O1 xpNOIYOTTOIOUHEVEG E100001 KAAWDIWV TTPETTEI VA CUPPOPPWVOVTAI JE TO
BaBud mTpooTtaaiag IP 54 atnv evoTnTa 7.2 (CUPPWVA PE TO TTPOTUTTO
EN 50021).

OAeg o1 OUOKeUEG, CUNTTEPIAANPBAVOUEVWV BIAKOTITWY K.d., TTOU GUvdEovTal
OTIG £10000UG Kal ££000UG TwV CUCTNPATWY S7-400, TTPETTEI VA PEPOUV
EYKPIPEVN TTpooTaoia Katd ékpnéng Tutou EEX nA rj EEx nC.

Mpétrel va AneBouv péTpa, va unv PTropei va yivel utrépBacn TNG oVOUAOoTIKAG
Tdong péow alpvidlag peTaBoAng Tng Tédong Tavw atod 40 %.

Mepioyn Beppokpaaiag TepIBAAAovToG: 0° C éwg 60° C

Mpétrel va ToTmoBeTNBEi péoa oTo TTEPIBANUA O€ UBIAKPITO ONUEIO PETA TO
dvolyua pia mvakida pe TV akdAouBn trpogidoTtroinon:

Mpocidotroinon

To TrepiBANPa ETTITPETTETAI VA AVOiyEl HOVO YIa HIKPO XPOVIKO dIdoTnua, TT.X. yid
T SIEVEPYEIA OTTTIKAG BIdyvwong. Mnv kavete xprion SIOKOTITWY, YNV TPABRATE N
EUBUOPATWVETE BOUIKA GUYKPOTAUATA KAl PN d1axwpileTe NAEKTPOPOPOUG
aywyoug (EMPOUPATWOINEG CUVOETEIG).

H trpoeidoTtroinan autr) &€ xpelddetal va Angoei utr’ dYiv, €Av gival yvwoTo OTI
dev ugioTaTal atudéoPaipa Trapoucidlouca Kivouvo €kpnéng.

KaTtdAoyog TwV eYKEKPIPEVWYV SOUIKWYV CUYKPOTNHATWY

H AioTa pe Ta eykpipgéva SOPIKA CUYKPOTAMATA UTTAPXEI OTO dIadiKTUO:

http://www4.ad.siemens.de/view/cs/

ME TOV KWOIKO ouvdpourg 13702947
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Racks

Chapter Overview
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21 Function and Structure of the Racks 2-2
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UR2; (6ES7400-1JA01-0AA0)
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ER2; (6ES7403-1JA01-0AA0)
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Racks

2.1 Function and Structure of the Racks

Introduction
The racks in the S7-400 have the following tasks:
* They hold the modules
* They supply the modules with operating voltage
* They connect the individual modules to each other via the signal buses

Structure of the Racks
A rack consists of the following elements:

* Mounting rail with threaded bolts for fixing the modules and lateral cutouts for
mounting the rack

* Plastic parts that function, among other things, as guides when swinging the
modules into place.

* A backplane bus, an I/O bus and, if necessary, a communication bus with bus
connector

* Connection for local ground

Figure 2-1 shows the mechanical configuration of a rack (UR1).

Aluminum carrier Plastic parts

-

[1U

©

® ®
o o

L
. [
E GlslalElelnliElslHlelBEEEiSElolE
Connection for local ground Bus connector (covered when shipped)

Figure 2-1  Structure of a Rack with 18 Slots

UL/CSA Note

Special requirements should be taken into consideration in the area of influence of
the UL/CSA; these may be fulfilled by installing the system in a cabinet.

Automation System S7-400 Module Specifications
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2.2 The Racks UR1; (BES7400-1TA01-0AAOQ) and
UR2: (6ES7400-1JA01-0AAQ)

Introduction

The UR1 and UR2 racks are used for assembling central racks and expansion
racks. The UR1 and UR2 racks have both an 1/0 bus and a communication bus.

Suitable Modules for UR1 and UR2
You can use the following modules in the UR1 and UR2 racks:

* When the UR1 or UR2 is used as a central rack:
All S7-400 modules with the exception of receive IMs

* When the UR1 or UR2 is used as an expansion rack:
All S7-400 modules with the exception of CPUs and send IMs

Special case: Power supply modules cannot be used in conjunction with the
IM 461-1 receive IM.

Structure of the UR1 and UR2

i R seael | [EEEEEEEEE
I :12@456ﬁ‘_‘8ﬁ3‘_‘ﬁ(‘;‘1112ﬁ3‘_‘14ﬁaﬁ6‘_‘1718§ 3123ﬁr‘5ﬂﬂ8 9|5
jFWWFWWF]F‘HF‘WWWWWWWWF: [Eﬁﬁﬁﬁﬁ[ﬁ
1/0O bus I/0 bus
290 mm 190mm§ LI Z ijJJJ || Z
| | ] | | commncaton s | || gommuncaton bus | |
O Bt o oamEes

465 mm 240 mm —=

v
A

)

482.5 mm 257.5 mm —=

v

Figure 2-2  Dimensions of the UR1 18-Slot or UR2 9-Slot Rack

Technical Specifications of the UR1 and UR2 Racks

Rack UR1 UR2
Number of single-width slots 18 9
Dimensions W x H x D (in mm) 482.5x290x 27.5 257.5x 290 x 27.5
Weight (in kg) 4.1 2.15
Buses I/0 bus and communication bus

Automation System S7-400 Module Specifications
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2.3 The Rack UR2-H: (6ES7400-2JA00-0AAQ)

Introduction

The UR2-H rack is used for assembling two central racks or expansion racks in
one rack. The UR2-H rack essentially represents two electrically isolated UR2
racks on the same rack profile. The main area of application of the UR2-H is in the
compact structure of redundant S7-400H systems (two devices or systems in one
rack).

Suitable Modules for the UR2-H
You can use the following modules in the UR2-H rack:
When the UR2-H is used as a central rack:
* All S7-400 modules with the exception of receive IMs
When the UR2-H is used as an expansion rack:

* All S7-400 modules apart from CPUs, send IMs, the IM 463-2, and the adapter
module

Special case: Power supply modules cannot be used in conjunction with the
IM 461-1 receive IM.

Structure of the UR2-H
Figure 2-3 shows the structure of the UR2-H rack with 2 x 9 slots.

System | System Il
R
I fEHHEEE0d dEHdHdd 0

[T T

0 0 L

@] @]
290 mm 190 mm J

il

40 mm

‘&

At

~———————————— 465 mm

4825 mMmm — W &

Figure 2-3  Rack Dimensions

Automation System S7-400 Module Specifications
2-4 A5E00267842-01



Racks

i'i Caution
Danger of damage to equipment.

If you insert a power supply module in a slot that is not permitted for power supply
modules, the module may be damaged. Slots 1 to 4 are permitted, whereby power
supply modules starting from slot 1 must be inserted without leaving gaps.

Make sure that power supply modules are only inserted in permitted slots. Take
particular notice of the option of swapping modules in slot 1 on rack Il and slot 9
on rack .

Technical Specifications of the UR2-H Rack

Rack UR2-H
Number of single-width slots 2x9
Dimensions W x H x D (in mm) 482.5x 290 x 27.5
Weight (in kg) 41
Buses Segmented I/O bus,
segmented communication bus

Automation System S7-400 Module Specifications
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2.4 The Rack CR2; (6ES7401-2TA01-0AAQ)

Introduction

The CR2 rack is used for assembling segmented central racks. The CR2 has both
an 1/0 bus and a communication bus. The I/O bus is split into two local bus
segments with 10 or 8 slots.

Suitable Modules for the CR2
You can use the following modules in the CR2 rack:

* All S7-400 modules with the exception of receive IMs

Structure of the CR2

Segment 1 | Segment 2
[ e e e
;’_1‘_“—2‘_“—3‘_‘ 4l 5 6’—7‘_"—8‘_"—9‘_‘10 11 12’73‘_"74‘_"1—5‘_‘16 17 18;
B crssssec: onzcazai
°l 1O bus I/0 bus K
290 mm 190 mmy| musmugrwm \twlw T . §e%m\ﬁn%\\2u y_ g

o
Communication bus ‘ H
AAAAAS

I
|
11,
1
4825mMmm — —  »

il

K
Attt

~———————————— 465 mm

40 mm

‘&

(] o

Figure 2-4  CR2 Rack

Technical Specifications of the CR2 Rack

Rack CR2
Number of single-width slots 18
Dimensions W x H x D (in mm) 482.5x290x 27.5
Weight (in kg) 4.1
Busses Segmented I/O bus,
continuous communication bus
Only one power supply module required

Automation System S7-400 Module Specifications
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2.5 The Rack CR3; (6ES7401-1DA01-0AA0)

Introduction

The CR3 rack is used for the assembly of CRs in standard systems (not in
fault-tolerant systems). The CR3 has an I/0O bus and a communication bus.

Suitable Modules for CR 3
You can use the following modules in CR3:
* All S7-400 modules with the exception of receive IMs
* You can only use the CPU 414-4H and CPU 417-4H in stand-alone operation.

Structure of the CR3

|
-1
ol

I

©]
190 mm j ||

o} ettt

115 mm

132 mm

Figure 2-5  CR3 Rack

Technical Specifications of the CR3 Rack

Rack CR3
Associated programming package As of STEP 7 V 5.1; ServicePack 3
Number of single-width slots 4
Dimensions W x H x D (in mm) 122.5x 290 x 27.5
Weight (in kg) 0.75
Buses I/0 bus and communication bus

Automation System S7-400 Module Specifications
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2.6 The Racks ER1; (6ES7403-1TA01-0AA0)
and ER2; (6ES7403-1JA01-0AAQ)

Introduction
The ER1 and ER2 racks are used for assembling expansion racks.
The ER1 and ER2 racks have only one I/O bus with the following restrictions:

* Interrupts from modules in the ER1 or ER2 have no effect since there are no
interrupt lines provided.

* Modules in the ER1 or ER2 are not supplied with 24 V. Modules requiring a
24 V supply are not provided for use in the ER1 or ER2.

* Modules in the ER1 or ER2 are not backed up either by the battery in the power
supply module or by the voltage supplied externally to the CPU or the receive
IM (EXT.-BATT. socket).

There is therefore no advantage in using backup batteries in the power supply
modules in ER1 and ER2.

Battery faults and backup voltage faults are not reported to the CPU.
The battery monitoring function of a power supply module installed in the ER1
or ER2 should therefore always be switched off.

Suitable Modules for ER1 and ER2
You can use the following modules in the ER1 and ER2 racks:
* All power supply modules
* Receive IMs
* All signal modules provided the above-mentioned restrictions are observed.

However: Power supply modules cannot be used in conjunction with the IM 461-1
receive IM.

Structure of ER1 and ER2
e
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Figure 2-6  ER1 Rack with 18 Slots and ER2 Rack with 9 Slots
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Technical Specifications of the ER1 and ER2 Racks

Rack ER1 ER2
Number of single-width slots 18 9
Dimensions W x H x D (in mm) 482.5x290x 27.5 257.5x 290 x 27.5
Weight (in kg) 25 1.25
3.8 as of version 03 2.0 as of version 03
Busses Restricted Restricted
1/0O bus I/O bus
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Power Supply Modules

Chapter Overview

Section Description Page
3.1 Common Characteristics of the Power Supply Modules 3-2
3.2 Redundant Power Supply Modules 3-4
3.3 Backup Battery (Option) 3-6
3.4 Controls and Indicators 3-8
3.5 Fault/Error Messages via LEDs 3-12
3.6 Power Supply Module 3-18
PS 407 4A; (6ES7407-0DA01-0AA0)

3.7 Power Supply Modules 3-20
PS 407 10A; (6ES7407-0KA01-0AA0) and
PS 407 10A R; (6ES7407-0KR00-0AAO0)

3.8 Power Supply Module 3-22
PS 407 20A; (6ES7407-0RA01-0AA0)

3.9 Power Supply Module 3-24
PS 405 4A; (6ES7405-0DA01-0AA0)

3.10 Power Supply Modules 3-26
PS 405 10A; (6ES7405-0KA01-0AA0) and
PS 405 10A R; (6ES7405-0KR00-0AAQ)

.11 Power Supply Module 3-28

PS 405 20A; (6ES7405-0RA01-0AA0)
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Power Supply Modules

3.1 Common Characteristics of the Power Supply Modules

Tasks of the Power Supply Modules

The power supply modules of the S7-400 supply the other modules in the rack with
their operating voltages via the backplane bus. They do not provide load voltages
for the signal modules.

Common Characteristics of the Power Supply Modules

The power supply modules share certain common characteristics in addition to
their special technical specifications. The most important common characteristics
are:

* Encapsulated design for use in mounting racks of the S7-400 system
* Cooling via natural convection
* Plug-in connection of the supply voltage with AC - DC coding

* Protection class | (with protective conductor) in accordance with IEC 60536;
VDE 0106, Part 1

* Limitation of making current in accordance with NAMUR recommendation part 1
of August 1998

* Short circuit-proof outputs

* Monitoring of both output voltages. If one of these voltages fails, the power
supply module signals a fault to the CPU.

* Both output voltages (5 VDC and 24 VDC) share a common ground.
* Primary clocked

* Battery backup as option. The parameters set and the memory contents (RAM)
are backed up via the backplane bus in the CPUs and programmable modules.
In addition, the backup battery enables you to carry out a restart of the CPU.
Both the power supply module and the backed up modules monitor the battery
voltage.

* Operating and fault/error LEDs on the front plate.

Warning

A mains disconnecting device must be provided when installing AC power supply
modules.

Automation System S7-400 Module Specifications
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Switching the Line Voltage Off/On

The power supply modules have a making-current limiter in accordance with
NAMUR.

Power Supply Module in Invalid Slot

If you insert the power supply module of a rack in an invalid slot, it will not power
up. In this case, proceed as follows to start up the power supply module correctly:

1. Disconnect the power supply module from the mains (not just the standby
switch).

2. Remove the power supply module.
3. Install the power supply module in slot 1.

4. Wait at least 1 minute and then switch the line voltage on again.

i'i Caution
Damage can result.

If you insert the power supply module in a slot that is not intended for power
supply modules, the module may be damaged. Slots 1 to 4 are permissible as long
as you start at slot 1 and leave no gaps.

Make sure that power supply modules are only inserted in permissible slots.

Automation System S7-400 Module Specifications
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3.2 Redundant Power Supply Modules

Order Numbers and Function

Table 3-1 Redundant power supply modules

Type Order Number Input Voltage Output Voltage See
Section
PS 407 10AR | 6ES7407-0KR00-0AAO0 |85 VAC to 264 VAC or |5 VDC/10 A and 3.7
88 VDC to 300 VDC 24 VDC/1 A
PS 405 10AR | 6ES7405-0KR00-0AA0 | 19.2 VDC to 72 VDC 5VDC/10 A and 3.10
24 VDC/1 A

Redundant Operation

If you use two power supply modules of type PS 407 10A R or PS 405 10A R, you
can install a redundant power supply on a mounting rack. We recommend this if

you want to increase the availability of your programmable controller, particularly if
you are operating it on an unreliable power system.

Configuring a Redundant Power Supply

Redundant operation is possible with any of the S7 CPUs and racks described in

this manual. STEP 7 as of V4.02 is also required.

To set up a redundant power supply, insert a power supply module in slots 1 and 3
of the rack. You can then insert as many modules as can be supplied by a single
power supply module. In other words, in redundant operation all the modules can

only draw a total of 10 A.

Automation System S7-400 Module Specifications
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Characteristics

The redundant power supply of an S7-400 has the following characteristics:

The power supply module delivers a making current in accordance with
NAMUR.

Each of the power supply modules can take over the supply of power to the
whole rack if the other one fails. There is no loss of operation.

Each of the power supply modules can be exchanged while the system is in
operation. No loss of power and no peak stress occurs with the effective
voltages when the modules are removed or inserted.

Each of the power supply modules monitors its function and sends a message if
it fails.

Neither of the power supply modules can generate an error which affects the
output voltage of the other power supply module.

A redundant battery concept (backup concept) is only provided when two
backup batteries are used in each of the power supply modules. If only one
battery is used in each module, only non-redundant backup is possible, since
both batteries are being used at the same time.

The failure of a power supply module is registered via a plug and remove
interrupt (default STOP). If used in the second segment of the CR 2 is no
message sent if the power supply module fails.

If two power supply modules are inserted but only one is switched on, there is a
power-up delay of up to one minute when the line voltage is switched on.

Note

The check box “Startup if preset configuration not equal to actual configuration”
should be activated in the “Properties” dialog box of the CPU.

Automation System S7-400 Module Specifications
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3.3 Backup Battery (Option)

Introduction

The power supply modules of the S7-400 have a battery compartment for one or
two backup batteries. Use of these batteries is optional.

Function of the Backup Batteries

If backup batteries have been installed, the parameters set and the memory
contents (RAM) will be backed up via the backplane bus in CPUs and
programmable modules if the supply voltage fails. The battery voltage must be
within the tolerance range.

In addition, the backup battery enables you to carry out a restart of the CPU after
power-on.

Both the power supply module and the backed up modules monitor the battery
voltage.

Power Supply Modules With Two Backup Batteries:

Some power supply modules contain a battery compartment for two batteries. If
you use two batteries and set the switch to 2BATT, the power supply module
defines one of the two batteries as the backup battery. This assignment remains in
force until the battery is empty. When the backup battery is completely discharged,
the system switches to the reserve battery which is then in turn used as the backup
battery for the duration of its life. The status “backup battery” is also stored in the
event of a power failure.

Battery Type
Only batteries approved by Siemens must be used (see Appendix C:|Spare Parts)

The batteries can form a passivation layer. Depassivation takes place when the
batteries are inserted in the power supply module.

Technical Specifications of the Backup Battery

Backup Battery
Order number 6ES7971-0BA00
Type 1 x lithium AA
Rated voltage 36V
Rated capacity 1.9 Ah

Automation System S7-400 Module Specifications
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Backup Times

The maximum backup time is based on the capacity of the backup batteries used
and the backup current in the rack. The backup current is the sum of all individual
currents of the inserted backed-up modules as well as the requirements of the
power supply module when the power is switched off.

Example for the Calculation of Backup Times

The capacity of the batteries is listed in the technical specifications of the power
supply. The typical and maximum backup current of the backed-up module is listed
in the technical specifications of the module.

The typical backup current of a CPU is an empirically determined value. The
maximum backup current is a worst-case value that is calculated based on the
corresponding manufacturer specifications for the memory blocks.

The following technical specifications produce backup times for a CR with a
PS 407 4A and a CPU 417-4 as the only backed-up module:

Capacity of the backup battery: 1.9 Ah

Maximum backup current (including own requirement at power off) of the power
supply:100 pA

Typical backup current of the CPU 417-4: 600 uA

A rated capacity of less than 100% is to be assumed when calculating the backup
time because the backup battery is also affected at power on by the regular
depassivation.

A battery capacity of 63% of the rated capacity produces the following values:
Backup time = 1.9 Ah * 0.63 / (100 + 600) uA = (1.197 / 700) * 1 000 000 = 1710 h

This produces a maximum backup time of 71 days.

Automation System S7-400 Module Specifications
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3.4 Controls and Indicators

Introduction

The power supply modules of the S7-400 have essentially the same controls and
indicators.The main differences are:

* Power supply modules with a backup battery have an LED (BATTF) that
indicates an empty, defective, or missing backup battery.

* Power supply modules with two redundant backup batteries have two LEDs
(BATT1F and BATT2F) to indicate empty, defective or missing backup batterie

Operator Controls and Indicators

Figure 3-1 shows you an example of a power supply module (PS 407 20A) with two
(redundant) backup batteries. The LEDs are at the top left of the module front
plate.

0O 42 Ele) ® Fixing screws

407-0RA00-0AAD

® LEDs INTF,
BAF, BATT1F, BATT2F, 5 VDC, 24 VDC
5VDC, 24 VDC
* FMR pushbutton (Failure Message Reset)
O. ¢ Standby switch (does not cut off mains)

Under cover

BATTL  BATT2

* Battery compartment

st ®* Switches BATT. INDIC.
ol 2 BATT, OFF, 1 BATT

Il

® 3-pin plug-in power connector
® Fixing screw

©]

Figure 3-1  Controls and Indicators on the PS 407 20A Power Supply Module

Automation System S7-400 Module Specifications
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Power Supply Modules

Meaning of the LEDs

The meaning of the LEDs on the power supply modules is described in the tables
below. Section 3.5 contains a list of the faults indicated by these LEDs and notes
on how to acknowledge the faults.

INTF, 5 VDC, 24 VDC

Table 3-2 INTF, DC 5V, DC 24 V LEDs

LED Color Meaning
INTF red | Lights up in the event of an internal fault
5VvDC green | Lights up as long as the 5 V voltage is within the tolerance limits
24 VDC green | Lights up as long as the 24 V voltage is within the tolerance
limits

BAF, BATTF

Power supply modules with a backup battery have the following indicators:

Table 3-3 BAF, BATTF LEDs

LED Color Meaning
BAF Red | Lights up if the battery voltage on the backplane bus is too low
and the BATT INDIC switch is at the BATT position
BATTF Yellow | Lights up if the battery is empty, if the polarity is reversed, or if
the battery is missing, and the BATT INDIC switch is at the BATT
position

BAF, BATT1F, BATT2F

Power supply modules with two backup batteries have the following indicators:

Table 3-4 BAF, BATT1F, BATT2F LEDs

LED Color Meaning

BAF Red | Lights up if the battery voltage on the backplane bus is too low
and the BATT INDIC switch is at the 1 BATT or 2 BATT position

BATTF Yellow | Lights up if battery 1 is empty or if the polarity is reversed or if
the battery is missing, and the BATT INDIC switch is at the
1 BATT or 2 BATT position

BATTF Yellow | Lights up if battery 2 is empty or if the polarity is reversed, or if
the battery is missing, and the BATT INDIC switch is at the
2 BATT position

Automation System S7-400 Module Specifications
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Power Supply Modules

Battery Voltage on the Backplane Bus

The battery voltage is either supplied by the backup battery or externally into the
CPU or receive IM. In its normal state, the level of the battery voltage is between
2.7V and 3.6 V.

The battery voltage is monitored for the lower limit. Violation of the lower limit is
indicated by the BAF LED and reported to the CPU.

BAF lights up if the battery voltage on the backplane bus is too low. Possible
causes of this include:

» Battery (batteries) empty or battery polarity has been reversed.

* External supply via CPU or receive IM is defective or supply from secondary
power supply module is defective or missing.

* Short circuit or overload on the battery voltage.

Note

Due to internal capacities, if you remove the battery or switch off the external
supply, some time may elapse before BAF, BATT1F, or BATT2F lights up.

Automation System S7-400 Module Specifications
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Power Supply Modules

Function of the Operator Controls

Table 3-5 Function of the operator controls of the power supply modules
FMR momentary- | For acknowledging and resetting a fault indicator after correcting the
contact fault
pushbutton
Standby switch Switches the output voltages (5 VDC/24 VDC) to 0 V by intervening in
the control loop (no mains disconnection).
® | : Output voltages at rated value
* () : Output voltages 0 V
BATT INDIC Used for setting LEDs and battery monitoring
switch
Where one battery can be used (PS 407 4A, PS 405 4A):
® OFF: LEDs and monitor signals inactive
* BATT: BAF/BATTF LEDs and monitor signals active
Where two batteries can be used (PS 407 10A, PS 407 20A, PS
405 10A, PS 405 20A):
® OFF: LEDs and monitor signals inactive
* 1BATT: Only BAF/BATT1F LEDs (for battery 1) active.
* 2 BATT: BAF/BATT1F/BATT2F LEDs (for batteries 1 and 2) active.
Battery For backup battery (batteries)
compartment
Power 3-pin connector for line voltage connection (do not plug in or remove
connection when power is on).

Cover

The battery compartment, battery selector switch, voltage selector switch and
power connection are housed under one cover. The cover must remain closed
during operation in order to protect these operator controls and to prevent static
electricity from affecting the battery connections.

If you have to carry out measurements on a module, you must discharge your body
before you start the measurement by touching grounded metallic parts. Use
grounded measuring devices only.

Automation System S7-400 Module Specifications
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Power Supply Modules

3.5

Fault/Error Messages via LEDs

Introduction

The power supply modules of the S7-400 indicate module faults and backup
battery faults via LEDs on the front plate.

Overview of the Fault/Error Messages

Table 3-6

Error messages of the power suppl

y modules

Type of Fault/Error

LEDs

Module fault

INTF
5VDC
24VDC

Backup battery fault

Power supplies with 1 backup battery:
BAF
BATTF

Power supplies with 2 backup batteries:
BAF
BATT1F
BATT2F

INTF, 5 VDC, 24 VDC

The following table shows the faults indicated by the INTF, 5 VDC, and 24 VDC
LEDs and lists how to remedy the faults.

The status of the BAF, BATTF, BATT1F, and BATT2F LEDs is not relevant here.

Table 3-7 INTF, DC5V, DC24V LEDs
LED
INTF | DC5V | DC24V Cause of Fault Remedy
D D D Standby switch in () position Set standby switch to the position

Line voltage missing Check line voltage

Internal fault, power supply module Replace power supply module

defective

Cutoff after overvoltage on 5 V or illegal | Disconnect from mains and reconnect

external supply after approximately 1 minute; if
necessary, remove external supply

Power supply module operated in Install the power supply module in the

wrong slot correct slot (slot 1)

Short circuit or overload on 5 V Switch off the power supply module,
remove the source of the short circuit;
after approximately 3 seconds, the
power supply module can be switched
on with the standby switch or via the
power system.*

D H D Overvoltage on 24 V Check if the supply is external; if not,
replace power supply module
H D* D Short circuit or overload on 5V and Check load on the power supply
24V module.
Possibly remove modules

3-12
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Power Supply Modules

Table 3-7 INTF, DC5V, DC24V LEDs, continued
LED
INTF | DC5V | DC24V Cause of Fault Remedy
H D* H/D ** | Short circuit or overload on 5 V Check load on the power supply
module. Possibly remove modules
H H D | If the standby switch is at the ¢ Remove all modules.
position, illegal external supply on 5V | Determine which module is faulty
If the standby switch is at the position, | Check load on the power supply
short-circuit or overload on 24 V module.
Possibly remove modules
D B H Voltage restored after short circuit or Press FMR momentary-contact
overload on 5 V if faults occur in pushbutton:
operation Flashing light changes to constant light
Dynamic overload on 5V Check load on the power supply
module.
Possibly remove modules
D H B Voltage restored after short-circuit or Press FMR momentary-contact
overload on 24 V if faults occur in pushbutton:
operation Flashing light changes to constant light
Dynamic overload on 24 V Check load on the power supply
module.
Possibly remove modules
D B B Voltage restored after short circuit or Press FMR momentary-contact
overload on 5V and 24 V if faults occur | pushbutton:
in operation Flashing light changes to constant light
D B B Dynamic overload on 5V and 24 V Check load on the power supply
module.
Possibly remove modules

D = LED is dark; L = LED lights up; F = LED flashing;

* |f the power supply module does not start up again after a few seconds once the
overload has been removed, remove power to the module for 5 minutes and then
switch it on again. If the module stills does not start up, you must replace it. This
applies to 6ES7407-0KA01-0AAO, release 3 and for 6ES7407-0KR00-0AAQ,
release < 5.

** Depending on the short-circuit resistance

If either the 5 VDC or 24 VDC LEDs remains dark after switching on, the system
has not powered up.

If either of the 5 VDC or 24 VDC LEDs of the PS 407 10AR remains dark for longer
than 1 or 2 seconds after it is switched on, the power supply module will not start

up.

Automation System S7-400 Module Specifications
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Power Supply Modules

The following power supply modules will switch off in the event of a short circuit or
overload after 1 s to 3 s. The module will try to restart after no more than 3 s. If the
error has been eliminated by then, the module will start up. This applies to the
following modules:

PS 405 4A (6ES7405-0DA01-0AAO0) PS 407 4A (6ES7407-0DA01-0AAO0)

PS 405 10A (6ES7405-0KA01-0AA0) PS 407 10A (6ES7407-0KA01-0AA0),
release =5

PS 405 10AR (6ES7405-0KR00-0AAO0) PS 407 10AR (6ES7407-0KR00-0AAO0),
release =7

PS 405 20A (6ES7405-0RA01-0AA0) | PS 407 20A (6ES7407-0RA01-0AA0)

Overload at 24 V

In the event of overload at 24 V the output current is electronically limited to a value
between 100% and 150% of the rated value. If the voltage then goes below the
undervoltage threshold of 19.2 V (-0/+ 5% corresponds to 19.2 V to 20.16 V), the
modules respond as follows:

* Inthe case of power supply modules with 4 A/0.5 A output current, the 24 V
voltage is disconnected and reconnected at a repeat rate of approx. 0.5sto1s
until there is an output voltage that exceeds the undervoltage threshold.

* Inthe case of power supply modules with 10 A/1 A or 20 A/1 A output current,
the voltage depends on the load impedance, and the module runs in
characteristic curve mode.

After the overload has been eliminated, the voltage returns to the rated range and
the green 24 V LED flashes. The CPU sets the EXTF LED (external fault) and
saves the fault in the diagnostic buffer. You can trigger other responses, such as
CPU STOP or a message to a control room, in OB 81 (power supply error). If

OB 81 is not parameterized, the CPU continues as normal.

Overload at 5V

In the event of an overload at 5V, the power supply modules with 10 A or 20 A
output current can retain an output current of 16 A or 26 A for 300ms. The power
supply modules with 4 A output current can retain an output current of 8 A for 300
ms. The CPU will then go to DEFECT afterwards. If the LED DC 5 V flashes on the
power supply and is resettable with the FMR button, you will be able to perform a
restart. The CPU will remain in STOP afterwards and will then require a memory
reset.

Automation System S7-400 Module Specifications
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BAF, BATTF

The following table applies to power supply modules with one battery if the BATT
INDIC switch is in the BATT position. It shows the faults indicated and lists how to
remedy the faults.

Table 3-8 BAF, BATTF; BATT INDIC LEDs on BATT
LED Cause of Fault Remedy
BAF | BATT
F
H H Battery empty or missing Insert new battery.
No backup voltage available | Press FMR momentary-contact
pushbutton
D H Battery empty or missing Insert new battery.
Press FMR momentary-contact
pushbutton
Battery has been stored for Depassivate battery
too long (see Installation Manual, Chapter 7)
H D Battery in order ® Fault after plugging in a module:
No backup voltage available Plugged-in module defective
(short circuit) * Fault after switching on: Remove all
modules and plug in individually
D D Battery in order -

D = LED is dark; L =LED lights up;

Automation System S7-400 Module Specifications
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Power Supply Modules

BAF, BATT1F, BATT2F

The following table applies to power supply modules with two batteries if the BATT
INDIC switch is in the 1BATT position. It shows the faults indicated and lists how to
remedy the faults.

Nothing is indicated about the condition of any second battery that may be in use.

Table 3-9 BAF, BATT1F, BATT2F; BATT INDIC LEDs on 1BATT
LED Cause of Fault Remedy
BAF | BATT1F | BATT2F
H H D Battery 1 empty or missing | Insert new battery in
No backup voltage available | compartment 1.
Press FMR
momentary-contact
pushbutton
D H D Battery 1 empty or missing | Insert new battery in
compartment 1.
Press FMR
momentary-contact
pushbutton
Battery has been stored for | Depassivate battery
too long (see Installation Manual,
Chapter 6)
H D D Battery 1 in order ® Fault after plugging in a
No backup voltage available module: Plugged-in
(short circuit) module defective
* Fault after switching on:
Remove all modules and
plug in individually
D D D Battery 1 in order -

D =LED is dark; L = LED lights up;

3-16
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Power Supply Modules

The following table applies to power supply modules with two batteries if the BATT
INDIC switch is in the 2BATT position. It shows the faults indicated and lists how to
remedy the faults.

Table 3-10  BAF, BATT1F, BATT2F; BATT INDIC LEDs on 2BATT
LED Cause of Fault Remedy
BAF | BATT1F | BATT2F
H H H Both batteries are empty or Insert new batteries in compartments 1
missing. and 2
No backup voltage available Press FMR momentary-contact
pushbutton

D H H Both batteries empty or missing Insert new batteries in compartments 1
and 2
Press FMR momentary-contact
pushbutton

H H D Battery 1 empty or missing Insert new battery in compartment 1.
Press FMR momentary-contact
pushbutton

No backup voltage available ® Fault after plugging in a module:
(short circuit or overload) Plugged-in module defective
* Fault after switching on: Remove all
modules and plug in individually

D H D Battery 1 empty or missing Insert new battery in compartment 1.
Press FMR momentary-contact
pushbutton

Battery has been stored for too Depassivate battery
long (see Installation Manual, Chapter 6)

H D H Battery 2 empty or missing Insert new battery in compartment 2.
Press FMR momentary-contact
pushbutton

No backup voltage available ® Fault after plugging in a module:
(short-circuit or overload) Plugged-in module defective
® Fault after switching on: Remove all
modules and plug in individually

D D H Battery 2 empty or missing Insert new battery in compartment 2.
Press FMR momentary-contact
pushbutton

Battery has been stored for too Depassivate battery
long (see Installation Manual, Chapter 6)
H D D Both batteries in order. ® Fault after plugging in a module:
No backup voltage available Plugged-in module defective
(short circuit) * Fault after switching on: Remove all
modules and plug in individually
D D D Both batteries in order. -

D = LED is dark; L =LED lights up;

Automation System S7-400 Module Specifications
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Power Supply Modules

3.6 Power Supply Module PS 407 4A;
(6ES7407-0DA01-0AA0)

Function

The PS 407 4A power supply module is designed for connecting to either an AC
line voltage of 85 to 264 V or a DC line voltage of 88 to 300 V and
supplies 5 VDC/4 A and 24 VDC/0.5 A on the secondary side.

Controls and Indicators of the PS 407 4 A

® Fixing screw

* LEDs INTF,
BAF, BATTF,
DC5V,DC 24V

* FMR pushbutton (Failure Message Reset)

Standby switch (does not cut off mains)

=
e
.

Under cover

* Battery compartment

* Switches BATT. INDIC.
BATT, OFF

® 3-pin plug-in power connector

® Fixing screw

Figure 3-2  Controls and Indicators of the PS 407 4 A

Power connection

An AC power connector is used for connecting the PS 407 4A to both an AC and
DC supply.

Automation System S7-400 Module Specifications
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Power Supply Modules

Polarity Reversal of L+ and L-

The polarity reversal of L+ and L- with supply voltages of between 88 VDC
and 300 VDC has no effect on the function of the power supply. The connection
should be made as described in the instructions in the Installation Manual,

Chapter 6.

Technical Specifications of the PS 407 4 A

Dimensions, Weight, and Cable Cross-Sections

Output Rating

Dimensions WxHxD (mm)
Weight
Cable cross-section

25x290x217
0.76 kg

3x1.5 mm 2 (litz wire
with wire end ferrule
with insulating collar;
use only flexible
sheath cable)

Output voltages
® Rated values

5.1 VDC /24 VDC

Output currents
® Rated values

5VDC:4A
24VDC:0.5A

Other Parameters

Protection class in accordance
with IEC 60536

I, with protective
grounding conductor

® Permitted range

Cable diameter 3to9mm
Input Rating
Input voltage
® Rated value 120/240 VDC
120/240 VAC

88 to 300 VDC,
85 to 264 VAC
(long-range input)

Overvoltage category

System frequency

Pollution severity 2
Rated voltage Ug Test Voltage
0<Ueg=50V 700 vDC
(secondary <—> PE)
150 V < Ug =300V 2200 vDC
(primary <—> PE)
Buffering of power failures: >20 ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Power consumption 240 VDC

52 W

¢ Rated value 50/ 60 Hz
® Permitted range 47 to 63 Hz
Rated input current

® At120 VAC 0.38 A

® At120VDC 0.37 A

® At240VAC 0.22 A

® At 240 VDC 0.19A
Leakage current <3.5mA

Power loss

20w

Overvoltage resistance

In accordance with DIN
VDE 0160, curve W2

Backup current

Max. 100 uA at power
off

Automation System S7-400 Module Specifications
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Backup battery (option)

1 x Lithium AA, 3.6 V/
1.9 Ah

Protective separation
to IEC 61131-2

Yes
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Power Supply Modules

3.7 Power Supply Modules
PS 407 10A; (6ES7407-0KA01-0AA0) and
PS 407 10A R; (6ES7407-0KR00-0AA0)

Function

The power supply modules PS 407 10A (standard) and PS 407 10A R
(redundancy-capable, see Section 3.2) are designed for connection to an AC line
voltage of 85 to 264 V or DC line voltage of 88 to 300 V and supply 5 VDC/10 A
and 24 VDC/1 A on the secondary side.

Controls and Displays of the PS 407 10A and thge PS 407 10A R

OO ® Fixing screw

407-0KROD-0AAD

* LEDs INTF,
BAF, BATT1F, BATT2F,
5VDC, 24 VDC
* FMR pushbutton (Failure Message Reset)
0. * Standby switch (does not cut off mains)

Under cover

* Battery compartment

* Switches BATT. INDIC.
2 BATT, OFF, 1 BATT

® 3-pin plug-in power connector

® Fixing screw

Figure 3-3  Controls and Displays of the PS 407 10A and PS 407 10A R

Power Connection

An AC connector is used for connecting the PS 407 10A and the PS 407 10AR to
both an AC and a DC supply.

Automation System S7-400 Module Specifications
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Power Supply Modules

Polarity Reversal of L+ and L-

The polarity reversal of L+ and L- with supply voltages of between 88 VDC
and 300 VDC has no effect on the function of the power supply. The connection
should be made as described in the instructions in the Installation Manual,

Chapter 4.

Technical Specifications of the PS 407 10A and the PS 407 10A R

Dimensions, Weight, and Cable Cross-Sections

Qutput Variables

50x290x217
1.36 kg

3 x 1.5 mm?2 (litz wire
with wire end ferrule
with insulating collar;
use only flexible
sheath cable)

Dimensions WxHxD (mm)
Weight
Cable cross-section

Output voltages
® Rated values

5.1 VDC /24 VDC

Output currents
® Rated values

5VDC:10A
24VDC:1.0A

Other Parameters

Protection class in accordance
with IEC 60536

1, with protective
grounding conductor

Cable diameter 3t0o 9 mm
Input Rating
Input voltage
® Rated value 110/230 VDC
120/230 VAC

® Permitted range
88 to 300 VDC,
85 to 264 VAC
(long-range input)

Overvoltage category

System frequency

Pollution severity 2
Rated voltage Ug Test Voltage
0<Ueg=50V 700 VDC
(secondary <—> PE)
150 V < Ug <300 V 2300 VDC
(primary <—> PE)
Buffering of power failures: >20ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Power input

105 W+

Power loss

29.7TW

¢ Rated value 50/60 Hz

® Permitted range 47 to 63 Hz
Rated input current

® At120 VAC 1.2A (0.9A%

® At 110 vDC 1.2A (1.0AY

® At 230 VAC 0.6 A (0.5A%

® At 230VDC 0.6 A (0.5A%)
Starting current inrush

® At230VAC Peak value 230 A,

half-value width 200 us

Peak value 63 A%,
half-value width 1 ms*
Peak value 230 A,
half-value width 200 us

Peak value 58 A*,
half-value width 1 ms

¢ At 300VDC

Backup current

Max. 100 uA at power
off

Backup batteries (optional)

2 x Lithium AA, 3.6 V/
1.9 Ah

Protective separation
to IEC 61131-2

Yes

Leakage current <3.5mA

In accordance with DIN
VDE 0160, curve W2

Overvoltage resistance

*PS 407 10A:
*PS 407 10AR:

As of version 5

As of version 7

Automation System S7-400 Module Specifications
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3.8 Power Supply Module PS 407 20A;
(6ES7407-0RA01-0AA0)

Function

The PS 407 20 A power supply module is designed for connecting to either an AC
line voltage of 85 to 264 VAC or a DC line voltage of 88 to 300 VDC and
supplies 5 VDC/20 A and 24 VDC/1 A on the secondary side.

Controls and Indicators of the PS 407 20 A

HO ¢ Ele) * Fixing screws

407-0RA01-0AA0

* LEDs INTF,
BAF, BATT1F, BATT2F, 5 VDC, 24 VDC

®* FMR pushbutton (Failure Message Reset)

. e Standby switch (does not cut off mains)

Under cover

* Battery compartment

o * Switches BATT. INDIC.
el 2 BATT, OFF, 1 BATT

Il

® 3-pin plug-in power connector

® Fixing screw

O

Figure 3-4  Controls and Indicators of the PS 407 20 A

Power Connection

An AC power connector is used for connecting the PS 407 20A to both an AC and
DC supply.

Automation System S7-400 Module Specifications
3-22 A5E00267842-01



Power Supply Modules

Polarity Reversal of L+ and L-

The polarity reversal of L+ and L- with supply voltages of between 88 VDC
and 300 VDC has no effect on the function of the power supply. The connection
should be made as described in the instructions in the Installation Manual,

Chapter 6.

Technical Specifications of the PS 407 20 A

Dimensions, Weight, and Cable Cross-Sections

Output Rating

Dimensions WxHxD (mm)
Weight
Cable cross-section

75x290%x217
2.2 kg

3x1.5 mm 2 (litz wire
with wire end ferrule
with insulating collar;
use only flexible
sheath cable)

Output voltages
® Rated values

5.1 VDC /24 VDC

Output currents
® Rated values

5VDC: 20 A
24VDC:1.0A

Other Parameters

Protection class in accordance

with IEC 60536

I, with protective
grounding conductor

Cable diameter 3to9mm
Input Rating
Input voltage
® Rated value 110/230 VDC
120/230 VAC

® Permitted range

88 to 300 VDC,
85 to 264 VAC
(long-range input)

Overvoltage category

System frequency

® Rated value 50/60 Hz
® Permitted range 47 to 63 Hz
Rated input current

¢ At120 VAC/110 vDC 1.5A

® At230VAC/230VDC 0.8A

Pollution severity 2
Rated voltage Ug Test Voltage
0<Ueg=50V 700 vDC
(secondary <—> PE)
150 V < Ug =300V 2300 VvDC
(primary <—> PE)
Buffering of power failures: >20ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Starting current inrush

Peak value 88 A
half-value width 1.1 ms

Power input

168 W

Power loss

44 W

Leakage current

<3.5mA

Overvoltage resistance

In accordance with DIN
VDE 0160, curve W2

Backup current

Max. 100 uA at power
off

Automation System S7-400 Module Specifications
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Backup batteries (optional) 2 x Lithium AA,
3.6 V/1.9Ah
Protective separation Yes

to IEC 61131-2
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3.9 Power Supply Module PS 405 4A;
(6ES7405-0DA01-0AA0)

Function

The PS 405 4A power supply module is designed for connection to a DC line
voltage of 19.2 to 72 VDC and supplies 5 VDC/4 A and 24 VDC/0.5 A on the

secondary side.

Controls and Indicators of the PS 4054 A

e
O

405-0DA01-0AA0

[

Fixing screw

LEDs INTF,
BAF, BATTF,
5VDC, 24 VDC

FMR pushbutton (Failure Message Reset)

Standby switch

Under cover

Battery compartment

Switches BATT. INDIC.
BATT, OFF

3-pin plug-in power connector

Fixing screw

Figure 3-5  Controls and Indicators of the PS 405 4 A

3-24
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Technical Specifications of the PS 4054 A

Dimensions, Weight, and Cable Cross-Sections

Output Rating

Weight
Cable cross-section

Dimensions WxHxD (mm)

25x290x217
0.76 kg

3 x 1.5 mm?2 (litz wire
with wire end ferrule;
use component
conductor or flexible
sheath cable)

Output voltages
® Rated values

5.1VDC /24 VDC

Output currents
® Rated values

5VDC:4A
24VDC: 0.5 A

Other Parameters

Protection class in accordance

with IEC 60536

I, with protective
grounding conductor

Overvoltage category

Cable diameter 3to9mm
Input Rating
Input voltage
® Rated value 24/48/60 VDC
® Permitted range Static:
19.2 VDC to 72 VDC
Dynamic:
18.5 VDC to 75.5 VDC
Rated input current 2A/1 AI0.8 A

Overvoltage resistance

In accordance with DIN
VDE 0160, curve B2

Automation System S7-400 Module Specifications
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Pollution severity 2
Rated voltage Ug Test Voltage
0<Ug=<50V 700 VDC
(secondary <—> PE)
150 V < Ug =300V 2200 vDC
(primary <—> PE)
Buffering of power failures: >20ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Power consumption (24 VDC)

48 W

Power loss

16 W

Backup current

Max. 100 uA at power
off

Backup battery (option)

1 x Lithium AA, 3.6 V/
1.9 Ah

Protective separation
to IEC 61131-2

Yes
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3.10 Power Supply Modules
PS 405 10A; (6ES7405-0KA01-0AA0) and
PS 405 10A R; (405-0KR00-0AAOQ)

Function

The power supply modules PS 405 10A (standard) and PS 405 10A R
(redundancy-capable, see Section 3.2) are designed for connection to a DC line
voltage of 19.2 VDC to 72 VDC and supply 5 VDC/10 A and 24 VDC/1 A on the
secondary side.

Controls and Displays of the PS 405 10A and the PS 405 10A R

PS40510A

0o * Fixing screw

* LEDs INTF,
BAF, BATT1F, BATT2F,
5VDC, 24 VDC

®* FMR pushbutton (Failure Message Reset)

o ® Standby switch

e e Under cover

* Battery compartment

ol * Switches BATT. INDIC.
2 BATT, OFF, 1 BATT

® 3-pin plug-in power connector

® Fixing screw

Figure 3-6  Controls and Displays of the PS 405 10A and PS 405 10A R

Automation System S7-400 Module Specifications
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Technical Specifications of the PS 405 10A and the PS 405 10A R

Dimensions, Weight, and Cable Cross-Sections

Output Rating

50x290x217
1.4 kg

3 x 1.5 mm?2 (litz wire
with wire end ferrule,
use component
conductor or flexible
sheath cable)

Dimensions WxHxD (mm)
Weight
Cable cross-section

Output voltages
® Rated values

5.1 VDC/24 VDC

Output currents
® Rated values

5VDC:10A
24VDC:1.0A

Other Parameters

Protection class in accordance

with IEC 60536

I, with protective
grounding conductor

Cable diameter 3to9mm
Input Rating
Input voltage
® Rated value 24/48/60 VDC
® Permitted range Static:
19.2 VDC to 72 VDC
Dynamic:

18.5 VDC to 75.5 VDC

Overvoltage category

Rated input current 43A21A/17A

Peak value 18 A
Half-value width 20 ms

Starting current inrush

In accordance with DIN
VDE 0160, curve B2

Overvoltage resistance

Automation System S7-400 Module Specifications
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Pollution severity 2
Rated voltage Ug Test Voltage
0<Ug=<50V 700 VDC
(secondary <—> PE)
150 < Ug =300V 2300 vDC
(primary <—> PE)
Buffering of power failures: >20ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Power input

104 W

Power loss

29w

Backup current

Max. 100 uA at power
off

Backup batteries (optional)

2 x Lithium AA, 3.6 V/
1.9 Ah

Protective separation
to IEC 61131-2

Yes
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3.11 Power Supply Module PS 405 20A;
(6ES7405-0RA01-0AA0)

Function

The PS 405 20A power supply module is designed for connection to a DC line
voltage of 19.2 VDC to 72 VDC and supplies 5 VDC/20 A and 24 VDC/1 A on the
secondary side.

Controls and Indicators of the PS 405 20 A

PS 405 20A

O ¢ B[] ® Fixing screws

* LEDs INTF,
BAF, BATT1F, BATT2F,
5VDC, 24 VDC
* FMR pushbutton (Failure Message Reset)
0 ¢ Standby switch

Under cover

* Battery compartment

o * Switches BATT. INDIC.
2 BATT, OFF, 1 BATT

Il

3-pin plug-in power connector

® Fixing screws

©]

Figure 3-7  Controls and Indicators of the PS 405 20 A
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Technical Specifications of the PS 405 20 A

Dimensions, Weight, and Cable Cross-Sections

Output Rating

Weight
Cable cross-section

Dimensions WxHxD (mm)

75x290%x217
2.2 kg

3x1.5 mm?2 (litz wire
with wire end ferrule;
use component
conductor or flexible
sheath cable)

Output voltages
® Rated values

5.1 VDC/24 VDC

Output currents
® Rated values

5VDC: 20 A
24VDC:1.0A

Other Parameters

Protection class in accordance

with IEC 60536

I, with protective
grounding conductor

Cable diameter 3to9mm
Input Rating
Input voltage
® Rated value 24/48/60 VDC
® Permitted range Static:
19.2 VDC to 72 VDC
Dynamic:

18.5 VDC to 75.5 VDC

Overvoltage category

Rated input current

7.3A3.45A12.75A

Starting current inrush

Peak value 56 A
half-value width 1.5 ms

Overvoltage resistance

In accordance with DIN
VDE 0160, curve B2

Automation System S7-400 Module Specifications
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Pollution severity 2
Rated voltage Ug Test Voltage
0<Ug=<50V 700 VDC
(secondary <—> PE)
150 V < Ug =300V 2300 vDC
(primary <—> PE)
Buffering of power failures: >20ms
Complies with the
NAMUR

recommendation NE
21 of August 1998 at a
repeatrate of 1 s

Power input

175 W

Power loss

51w

Backup current

Max. 100 uA at power
off

Backup batteries (optional)

2 x Lithium AA, 3.6 V/
1.9 Ah

Protective separation
to IEC 61131-2

Yes
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Digital Modules 4

Structure of the Chapter
The present chapter is subdivided into the following subjects:
1. Overview containing the modules that are available here and a description

2. Information that is generally valid — in other words, relating to all digital modules
(for example, parameter assignment and diagnostics)

3. Information that refers to specific modules (for example, characteristics,
diagram of connections and block diagram, technical specifications and special
characteristics of the module):

a) for digital input modules

b) for digital output modules

Additional Information

Appendix|A describes the structure of the parameter records (data records 0, 1 and
128) in the system data. You must be familiar with this structure if you want to
modify the parameters of the modules in the STEP 7 user program.

Appendix|B describes the structure of the diagnostic data (data records 0, 1) in the
system data. You must be familiar with this structure if you want to evaluate the
diagnostic data of the modules in the STEP 7 user program.

Automation System S7-400 Module Specifications
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Chapter Overview
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4.11 Digital Input Module SM 421; DI 16 x 120/230 VUC; 4-36
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4.1

Introduction

Module Overview

The following tables summarize the most important characteristics of the digital
modules. This overview is intended to make it easy to choose the suitable module
for your task.

Table 4-1 Digital Input Modules: Characteristics at a Glance

Module SM 421; SM 421, SM 421; SM 421; SM 421; SM 421; SM 421;
DI32x24 | DI16x 24 DI 16 x DI 16 x DI 16 x DI 16 x DI 32 x 120
VvDC vDC 120 VAC 24/60 VUC 120/230 120/230 vuUC
Characteristics (-1BLOx-) (-7BHO00-) (-5EH00-) (-7DHO00-) vUC vucC (-1ELOO-)
(-1FHO00-) (-1FH20-)
Number of 32 DI, 16 DI; 16 DI, 16 DI, 16 DI; 16 DI, 32 DI;
inputs isolated in isolated in isolated in isolated in isolated in | isolated in isolated in
groups of groups of 8 | groups of 1 | groups of 1 | groups of 4 | groups of 4 | groups of 8
32
Rated input 24VDC 24VDC 120 VAC 24VUCto |120VAC/ |120/230 120 VAC/
voltage 60 VUC 230 VDC vucC vDC
Suitable for... Switches
Two-wire proximity switches (BEROS)
Programmable No Yes No Yes No No No
diagnostics
Diagnostic No Yes No Yes No No No
Interrupt
Hardware No Yes No Yes No No No
interrupt upon
edge change
Adjustable input | No Yes No Yes No No No
delays
Substitute value |- Yes - - - - -
output
Special Features | High Quick and Channel- Interrupt For high, For high, High
packaging | with specific capability variable variable packaging
density interrupt isolation with low, | voltages voltages density
capability variable
voltages Input
characte-
ristic curve
to IEC
61131-2

Automation System S7-400 Module Specifications
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Table 4-2  Digital Output Modules: Characteristics at a Glance

Module SM 422; SM 422; SM 422; SM 422; SM 422; SM 422; SM 422;
DO 16 x 24 DO 16 x DO DO 32 x 24 DO 8 x DO 16 x DO 16 x
VDC/2 A 20-125 32x 24 VDC/0.5 A 120/230 120/230 20-120
(-1BH1x) | VDC/1.5A | VDC/0.5A | (-7BLOO) VAC/5 A VAC/2 A VAC/2 A
S;‘t"’i‘g“e' (-5EH10) (-1BLOO) (-1FF00) (-1FHO0) (-5EHO00)
Number of 16 DO; 16 DO; 32 DO; 32 DO; 8 DO; 16 DO; 16 DO;
outputs isolated in isolated isolated in isolated in isolated in isolated in isolated in
groups of 8 | and reverse | groups of groups of 8 | groups of 1 | groups of 4 | groups of 1
polarity 32
protection
in groups of
8
Output current | 2 A 15A 05A 05A 5A 2A 2A
Rated load 24VDC 20 to 125 24VDC 24VDC 120/ 120/ 20 to
voltage VvDC 230 VAC 230 VAC 120 VAC
Programmable | No Yes No Yes No No Yes
diagnostics
Diagnostic No Yes No Yes No No Yes
Interrupt
Substitute No Yes No Yes No No Yes
value output
Special For high For variable | High Particularly | For high - For variable
Features currents voltages packaging | quick and currents currents
density with with with
interrupt channel- channel-
capability specific specific
isolation isolation

Table 4-3 Relay Output Module: Characteristics at a Glance

Module
Characteristics

(-1HHO0)

SM 422; DO 16 x 30/230 VUC/Rel. 5 A

Number of Outputs

16 outputs, isolated in groups of 8

Load Voltage

125 VvDC
230 VAC

Special Features

4-4
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4.2

Sequence of Steps from Choosing to Commissioning

the Digital Module

Introduction

The following table contains the tasks that you have to perform one after the other
to commission digital modules successfully.

The sequence of steps is a suggestion, but you can perform individual steps either
earlier or later (for example, assign parameters to the module) or install other
modules or install, commission etc. other modules in between times.

Sequence of Steps

Table 4-4  Sequence of Steps from Choosing to Commissioning the Digital Module

Step Procedure Refer To...
1. Select the module Section' 4.1 and specific module section from
Section 4.7
2. Install the module in the SIMATIC S7 | “Installation” section in the manual S7-400
network Programmable Controllers, Hardware and Installation
3. Assign parameters to module Section|4.3/and, if necessary, the specific module
section as of Section|4.7
4, Commission configuration Section on commissioning in the manual S7-400
Programmable Controllers, Hardware and Installation
5. If commissioning was not successful, | Section 4.4
diagnose configuration

Automation System S7-400 Module Specifications
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4.3 Digital Module Parameter Assignment

Introduction

Digital modules can have different characteristics. You can set the characteristics
of dome modules by means of parameter assignment.

Tools for Parameter Assignment
You assign parameters to digital modules in STEP 7.

When you have set all the parameters, download the parameters from the
programming device to the CPU. When there is a transition from STOP to RUN
mode, the CPU transfers the parameters to the individual digital modules.

Static and dynamic parameters
The parameters are divided into static and dynamic parameters.
Set the static parameters in STOP mode of the CPU, as described above.

In addition, you can modify the dynamic parameters in the current user program in
an S7 programmable controller by means of SFCs. Note, however, that after a
change from RUN — STOP, STOP — RUN of the CPU, the parameters set in
STEP 7 apply again. You will find a description of the parameter assignment of
modules in the user program in Appendix A.

Configuration in RUN (CiR)

The parameters are divided into static and dynamic parametersCiR (Configuration
in RUN) is a method you can use to modify your system or edit the parameters of
individual modules. These changes are made while your system is in operation,
that is, your CPU will stay in RUN over a period of max. two seconds while these
changes are applied.

For detailed information on this topic, refer to the “Configuration in RUN by means
of CiR” manual. This manual is found, for example, as a file in PDF format on your
included STEP 7 CD.

Automation System S7-400 Module Specifications
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4.3.1

Parameters of the Digital Input Modules

The parameterized digital input modules use a subset of the parameters and
ranges of values listed in the table below, depending on functionality. Refer to the
section on a particular digital module, starting from Section 4.7, to find out which
subset it is capable of using.

Don't forget that some digital modules have different time delays after parameter

assignment.

The default settings apply if you have not performed parameter assignment in

STEP 7.

Table 4-5 Parameters of the Digital Input Modules

Parameter Value Range Default? | Parameter Scope
Type

Enable

* Diagnostic interruptl) Yes/no No Dynamic Module

* Hardware interruptl) Yes/no No

*  Destination CPU for 1to 4 B Static Module

interrupt

Diagnostics

* Wire break Yes/no No .

* No load voltage Yes/no No Static Channel

L+/sensor supply

Trigger for hardware

interrupt

* Rising (positive) edge | Yes/no EO Dynamic | Channel

. . o]

® Falling (negative) edge | Yes/no

Input delay 0.1 ms (DC) 3(DC) Static Channel
0.5 ms (DC)
3 ms (DC)
20 ms (DC/AC)

Reaction to error Substitutea value (SV) Sy Dynamic Module
Keep last value (KLV)

Substitute“1” Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.
2) Only in the CC (central controller) is It possible to start up the digital modules with the default settings and
without HWCONFIG support.

Automation System S7-400 Module Specifications
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4.3.2 Parameters of the Digital Output Modules

The parameterized digital output modules use a subset of the parameters and
ranges of values listed in the table below, depending on the functionality. Refer to
the section on the relevant digital module, starting from Section|4.16, to find out
which subset it is capable of using.

The default settings apply if you have not performed parameter assignment in
STEP 7.

Table 4-6  Parameters of the Digital Output Modules

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interrupt?) Yes/no No Dynamic Module
[ ] 1 i —_
pestlnatlon CPU for lto4 Static Module
interrupt
Reaction to CPU-STOP Substitute a value (SV) SV Dynamic Module
Keep last value (KLV)
Diagnostics
* Wire break Yes/no No
* No load voltage L+ Yes/no No .
¢ Short circuit to M Yes/no No Static Channel
® Short circuit to L+ Yes/no No
* Fuse blown Yes/no No
Substitute “1” Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ ER-2.

2)  Only in the CC (central controller) is it possible to start up the digital modules with the default settings and
without support from HWCONFIG.

Automation System S7-400 Module Specifications
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4.4 Diagnostics of the Digital Modules

Programmable and Non-Programmable Diagnostic Messages

In diagnostics, we make a distinction between programmable and
non-programmable diagnostic messages.

You obtain programmable diagnostic messages only if you have enabled
diagnostics by parameter assignment. You perform parameter assignment in the
"Diagnostics” parameter block in STEP 7 (refer to Section|5.7).

Non-programmable diagnostic messages are always made available by the digital
module irrespective of diagnostics being enabled.

Actions Following Diagnostic Message in STEP 7
Each diagnostic message leads to the following actions:

* The diagnostic message is entered in the diagnostics of the digital module,
forwarded to the CPU and can be read out by the user program.

* The fault LED on the digital module lights up.

* If you have parameterized “Enable Diagnostic Interrupt” in STEP 7, a diagnostic
interrupt is triggered and OB 82 is called (refer to Section 4.5).

Reading Out Diaghostic Messages

You can read out detailed diagnostic messages by means of SFCs in the user
program (refer to the Appendix “Diagnostic Data of Signal Modules™).

You can view the cause of the error in STEP 7 in the module diagnosis
(refer to the STEP 7 online help system).

Diagnostics Using the INTF and EXTF LEDs

Some digital modules indicate faults by means of their two fault LEDs INTF
(internal fault) and EXTF (external fault). The LEDs go out when all the internal and
external faults have been eliminated.

Refer to the technical specifications of the modules, starting at Section 4.7, to find
out which digital modules have these fault LEDs.

Automation System S7-400 Module Specifications
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Diagnostic Messages of the Digital Modules

4-10

The table below gives an overview of the diagnostic messages for the digital
modules with diagnostics capability.

You can find out which diagnaostic message each module is capable of in the
Appendix entitled| “Diagnostic Data of the Signal Modules”.

Table 4-7 Diagnostic Messages of the Digital Modules

Diagnostic Message LED Scope of the Parameters Can
Diagnosis Be Assigned
Module problem INTF/EXTF Module No
Internal malfunction INTF Module No
External malfunction EXTF Module No
Channel error present INTF/EXTF Module No
External auxiliary supply missing EXTF Module No
Front connector missing EXTF Module No
Module not parameterized. INTF Module No
Wrong parameters INTF Module No
Channel information available INTF/EXTF Module No
STOP mode - Module No
Internal voltage failure INTF Module No
EPROM error INTF Module No
Hardware interrupt lost INTF Module No
Parameter assignment error INTF Channel No
Short-circuit to M EXTF Channel Yes
Short-circuit to L+ EXTF Channel Yes
Wire break EXTF Channel Yes
Fuse blown INTF Channel Yes
Sensor supply missing EXTF Channel/channel Yes
group
No load voltage L+ EXTF Channel/channel Yes
group

Note

A prerequisite for detecting the errors indicated by programmable diagnostic
messages is that you have assigned parameters to the digital module accordingly

in STEP 7.

Automation System S7-400 Module Specifications
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Causes of Errors and Remedial Measures for Digital Modules

Table 4-8 Diagnostic Messages of the Digital Modules, Causes of Errors and Remedial

Measures

Diagnostic Message

Possible Error Cause

Remedy

Module malfunction

An error detected by the module
has occurred

Internal malfunction

The module has detected an error
within the programmable controller

External malfunction

The module has detected an error
outside the programmable controller

There is a channel
error

Indicates that only certain channels
are faulty

No external auxiliary
voltage

Voltage required to operate the
module is missing (load voltage,
sensor supply)

Supply missing voltage

No front connector

Jumper between connections 1 and
2 in the front connector missing

Install jumper

Parameters have not
been assigned to the
module

The module requires the information
as to whether it should work with
system default parameters or with
your parameters

Message queued after power-on until
parameter transmission by the CPU has
been completed; parameterize the
module, as required

Wrong parameters

One parameter or the combination
of parameters is not plausible

Reassign module parameter

Channel information
available

Channel error present; the module
can supply additional channel
information

Operating mode
STOP

Module was not parameterized and
the first module cycle has not been
completed

If after rebooting the CPU all the input
values are in the intermediate memory,
this message is reset

Internal voltage failure

Module is defective

Replace module

EPROM error

Module is defective

Replace module

Hardware interrupt lost

The module cannot send an
interrupt, since the previous
interrupt was not acknowledged;
configuration error possible

Change the interrupt handling in the CPU
(change priority for interrupt OB; shorten
interrupt program)

Parameter assignment
error

Incorrect parameters transferred to
the module (for example, impossible
input delay); the corresponding
channel is deactivated

Reassign module parameter

Short circuit to M

Overload of output

Eliminate overload

Short-circuit of output to M

Check the wiring of the outputs

Short circuit to L+

Short circuit of output to L+

Check the wiring of the outputs

Wire break

Lines interrupted

Close circuit

No external sensor supply

Wire sensors with 10 kQ to 18 kQ

Channel not connected (open)

Disable the “Diagnostics — Wire Break”
parameter for the channel in STEP 7

Connect channel

Automation System S7-400 Module Specifications

A5E00267842-01

4-11




Digital Modules

Table 4-8 Diagnostic Messages of the Digital Modules, Causes of Errors and Remedial
Measures, continued

Diagnostic Message

Possible Error Cause

Remedy

Fuse blown

One or more fuses on the module
has blown and caused this fault.

Remove the overload and replace the
fuse

No sensor supply

Overload of sensor supply

Eliminate overload

Short circuit of sensor supply to M

Eliminate short circuit

No
load voltage L+

Power supply L+ to module missing

Feed in supply voltage L+

Fuse in module is defective

Replace module

4-12
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4.5 Interrupts of the Digital Modules

Introduction

This section describes the interrupt behavior of the digital modules. The following
interrupts exist:

* Diagnostic Interrupt
* Hardware interrupt

Note that not all digital modules have interrupt capability or they are only capable of
a subset of the interrupts described here. Refer to the technical specifications of
the modules, starting at Section|4.7, to find out which digital modules have interrupt
capability.

The OBs and SFCs mentioned below can be found in the online help system for
STEP 7, where they are described in greater detail.

Enabling Interrupts

The interrupts are not preset — in other words, they are inhibited without
appropriate parameter assignment. You enable the interrupts in STEP 7
(refer to Section|4.3).

Special Feature: The Module is Inserted in ER-1/ER-2

Note

If you use the digital module in ER-1/ER-2, you must set the parameters for
enabling all the interrupts to “No” because the interrupt lines are not available in
ER-1/ER-2.

Diagnostic Interrupt

If you have enabled diagnostic interrupts, then active error events (initial
occurrence of the error) and departing error events (message after troubleshooting)
are reported by means of an interrupt.

The CPU interrupts the execution of the user program and processes the
diagnostic interrupt block (OB 82).

In the user program, you can call SFC 51 or SFC 59 in OB 82 to obtain more
detailed diagnostic information from the module.

The diagnostic information is consistent until such time as OB 82 is exited. When
OB 82 is exited, the diagnostic interrupt is acknowledged on the module.

Automation System S7-400 Module Specifications
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Hardware Interrupt

A digital input module can trigger a hardware interrupt for each channel at a rising
or falling edge, or both, of a signal status change.

You perform parameter assignment for each channel separately. It can be modified
at any time (in RUN mode using the user program).

Pending hardware interrupts trigger hardware interrupt processing in the CPU
(OB 40 to OB 47). The CPU interrupts the execution of the user program or of the
priority classes with low priority.

In the user program of the hardware interrupt OB (OB 40 to OB 47) you can specify
how the programmable controller is to respond to an edge change. When the
hardware interrupt OB is exited, the hardware interrupt is acknowledged on the
module.

For each channel the digital input module can buffer an interrupt that has not been
triggered. If no higher priority run-time levels are waiting to be processed, the
buffered interrupts (of all modules) are serviced one after the other by the CPU
according to the order in which they occurred.

Hardware Interrupt Lost

In an interrupt has been buffered for a channel and another interrupt occurs on that
channel before it has been processed by the CPU, a diagnostic interrupt “hardware
interrupt lost” is triggered.

More interrupts on this channel are not acquired until processing of the interrupt
buffered on this channel has been executed.

Interrupt-Triggering Channels

4-14

The interrupt-triggering channels are stored in the local data of the hardware
interrupt OBs (in the start information of the corresponding OB). The start
information is two words long (bits 0 to 31). The bit number is the channel number.
Bits 16 to 31 are not assigned.
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4.6 Input Characteristic Curve for Digital Inputs

IEC 61131, Type 1 and Type 2
The IEC 61131 standard requires the following for the input current:
* Inthe case of type 2, an input current of = 2 mA already at + 5V

* Inthe case of type 1, an input current of = 0.5 mA already at + 5V

EN 60947-5-2, Two-Wire BEROs

The standard for BEROs (EN 60947-5-2) specifies that there can be a current of
< 1.5 mA for BEROs in the “0” signal state.

The input current of the module in the "0” signal state is decisive for the operation
of two-wire BEROs. This must be in accordance with BERO requirements.

Automation System S7-400 Module Specifications
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Input Characteristic Curve for Digital Inputs

As long as the current flowing into the module remains < 1.5 mA, the module
recognizes this as a “0” signal.

Resistance characteristic
curve

| min to IEC 61131, type 2

I min to IEC 61131, type 1

‘ Typ. switching threshold
BERO
standard
I = 1.5mA
2 ] :. - - 4 ,_ —_— e
15 ] 1, |
05 ; -
| | I [ ] |
-30V 0 5 11 1315 24 30
| || |
I “0" . e I
L+ TTooTT oo
1 E
2-Wire BERO '
0 | < 1.5mA . -—-> “0" signal
\'I
M

PLC
input resistance

Figure 4-1
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Input Characteristic Curve for Digital Inputs
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4.7 Digital Input Module SM 421; DI 32 x 24 VDC,;
(6ES7421-1BL01-0AA0)

Characteristics

The digital input module SM 421; DI 32 x 24 VDC has the following features:
* 32inputs, isolated in a group of 32
* 24 VDC rated input voltage

Suitable for switches and two/three/four-wire proximity switches (BEROs,
IEC 61131, type 1)

The status LEDs indicate the process status.

Automation System S7-400 Module Specifications
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Terminal Assignment and Block Diagram of the SM 421; DI 32 x 24 VDC
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Figure 4-2  Terminal Assignment and Block Diagram of the SM 421; DI 32 x 24 VDC
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Technical Specifications of the SM 421; DI 32 x 24 VDC

Dimensions and Weight

Status, Interrupts, Diagnostics

Dimensions W x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 500 g

Data for Specific Module

Number of inputs
Length of cable

® Unshielded

® Shielded

32

Max. 600 m
Max. 1000 m

Status display Green LED per

channel
Interrupts None
Diagnostic functions None

Substitute value can be applied No

Data for Selecting a Sensor

Voltages, Currents, Potentials

Power rated voltage of the
electronics L+

Number of inputs that can be
triggered simultaneously

Isolation

® Between channels and
backplane bus

® Between the channels

Permitted potential difference

® Between the different
circuits

Insulation tested with

® Channels against
backplane bus and load
voltage L+

Current consumption

®  From the backplane bus

Power dissipation of the
module

Not required

32

Yes

No

75 VDC /60 VAC

500 VDC

Max. 20 mA
Typ. 6 W

Input voltage

® Rated value 24VDC

® Forsignal “1” 13Vto30V

® For signal “0” -30Vto5V
Input current

® Atsignal “1” 7 mA

Input delay

* At“0"to“1” 1.2 msto 4.8 ms
* At“1"to“0” 1.2msto 4.8 ms

Input characteristic curve
Connection of two-wire BEROs Possible

® Permitted bias current Max. 1.5 mA

To IEC 61131; type 1

Automation System S7-400 Module Specifications
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4.8 Digital Input Module SM 421; DI 16 x 24 VDC,;
(6ES7421-7BH01-0ABO)

Characteristics
The digital input module SM 421; DI 16 x 24 VDC has the following features:
* 16 inputs, isolated in 2 groups of 8
* 24 VDC rated input voltage

* Suitable for switches and two/three/four-wire proximity switches
(BEROs, IEC 61131, type 2)

* 2 short-circuit-proof sensor supplies for 8 channels each

* External redundant power supply possible to supply sensors

* “Sensor supply (Vs) O.K.” status display

* Group error display for internal faults (INTF) and external faults (EXTF)
* Programmable diagnostics

* Programmable diagnostic interrupt

* Programmable hardware interrupt

* Programmable input delays

* Parameterizable substitute values in the input range

The status LEDs indicate the process status.

Note

The spare parts of this module is compatible with SM 421; DI 16 x DC 24 V;
(6ES7421-7BH00-0ABO).

To be able to use the new function “input delay 50 us”, you require STEP 7 as of
V5.2,

Automation System S7-400 Module Specifications
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Terminal Assignment and Block Diagram of the SM 421; DI 16 x 24 VDC
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Figure 4-3  Terminal Assignment and Block Diagram of the SM 421; DI 16 x 24 VDC
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es

Terminal Assignment Diagram for Redundant Supply of Sensors

The figure below shows how sensors can additionally be supplied by means of Vs
with a redundant voltage source — for example, via another module).

Short-circuit-
proof driver

Digital input
module

S AL+
\r 1L+
|
VS 4 - 2L
‘M

to the sensors

Figure 4-4

Technical Specifications of the SM 421; DI 16 x 24 VDC

Terminal Assignment Diagram for the Redundant Supply of Sensors of the
SM 421; DI 16 x 24 VDC

Dimensions and Weight

Voltages, Currents, Potentials

Dimensions W
(in millimeters)

Weight

X H x D

Approx. 600 g

25 x 290 x 210

Data for Specific Module

Number of inputs 16
Length of cable
® Unshielded
input delay
- 0.1ms Max. 20 m
- 05ms Max. 50 m
- 3ms Max. 600 m
® Shielded
input delay
- 0.1ms Max. 30 m
- 05ms Max. 70 m
- 3ms Max. 1000 m

4-22

Rated supply voltage of the
electronics and sensor L+

® Reverse polarity protection

Number of inputs that can be
triggered simultaneously
Isolation

® Between channels and
backplane bus

® Between channels and
power supply of the
electronics

® Between the channels
— In groups of
Permitted potential difference

® Between the different
circuits

Insulation tested with

® Channels against
backplane bus and load
voltage L+

® Channel groups between
themselves

Current consumption
® From the backplane bus
® From the power supply L+

Power dissipation of the
module

24 VDC

Yes
16

Yes

No

Yes

75 VDC, 60 VAC

500 VDC

500 VDC

Max. 130 mA
Max. 120 mA

Typ.5W

Automation System S7-400 Module Specifications
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Status, Interrupts, Diagnostics

Time, Frequency

Status display

Interrupts
® Hardware interrupt

® Diagnostic Interrupt

Diagnostic functions

® Monitoring of the power
supply voltage of the
electronics

® Load voltage monitor
® Group error display

— For internal fault
— For external fault

® Channel error display (F)

® Diagnostic information can
be displayed

Monitoring for
¢  Wire break

Substitute value can be applied

Green LED per
channel

Parameters can be
assigned

Parameters can be
assigned

Yes

Green LED per group

Red LED (INTF)
Red LED (EXTF)

None

Yes

I<1mA

Yes

Sensor Power Supply Outputs

Number of outputs

Output voltage
® with load

Output current
® Rated value
® Permitted range

Additional (redundant) supply

Short-circuit protection

2

Min. L+(-2.5 V)

120 mA
0to 150 mA

Possible

Yes, electronic

Data for Selecting a Sensor

Internal preparation time 1) for

® only status recognition

— Input delay of the
channel groups
0.05 ms/0.05 ms

— Input delay of the
channel groups
0.05 ms/0.1 ms or 0.1
ms/0.1 ms

— Input delay of the
channel groups
>=0.5ms

® Status recognition and
enable process interrupt

— Input delay of the
channel groups
0.05 ms/0.05 ms 2

— Input delay for the
channel groups
0.05 ms/0.1 ms or 0.1
ms/0.1 ms

— Input delay of the
channel groups
>=0.5ms

Internal preparation time for
diagnostics/diagnostic interrupt

Input delay

® Parameters can be
assigned

®* Rated value

® Input frequency
(with a time delay of
0.1 ms)

max

max

max

max

max

max

max.

Yes

.50 us

.70 us

.180 us

.60 us

.80 us

.190 us

5ms

0.1/0.5/3 ms

<2

kHz

Values go into cycle and response times.

Input voltage

¢ Rated value
® Forsignal “1”
® For signal “0”
Input current

® Atsignal “1”
® Atsignal “0”

Input characteristic curve

Connection of two-wire BEROs
® Permitted bias current

24VDC
11Vto30V
-30Vto5V

6 mA to 12 mA
<6 mA

To IEC 61131,
type 2
Possible

Max. 3 mA

Sensor Circuit

Resistance circuit of the sensor

for wire break monitoring

10 to 18 kQ

I) The filter times are added to the overall runtime of the

selected input delay.

2) substitute functionality; diagnostics and diagnostic

interrupt are not to be selected.

Automation System S7-400 Module Specifications
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4.8.1 Assigning Parameters to the SM 421; DI 16 x 24 VDC

Parameter Assignment

You will find a description of the general procedure for assigning parameters to
digital modules in Section 4.3.

Parameters of the SM 421; DI 16 x 24 VDC

You will find an overview of the parameters you can set and their default settings
for the SM 421; DI 16 x 24 VDC in the table below.

Table 4-9 Parameters of the SM 421; DI 16 x 24 VDC

Parameter Value Range Default?) | Parameter Scope
Type

Enable

* Diagnostic interruptl) Yes/no No Dynamic Module

* Hardware interrupt?) Yes/no No

*  Destination CPU for 1to 4 B Static Module

interrupt

Diagnostics

® Wire break Yes/no No Static gﬂ;::g:

* No load voltage Yes/no No rou

L+/sensor supply group

Trigger for hardware

interrupt

* Rising edge Yes/no B Dynamic | Channel

* Falling edge Yes/no

Input delay 0.05 ms 3ms Static Channel
0.1 ms group
0.5 ms
3ms

Reaction to Error Substitute a Value (SV) SV Dynamic Module
Keep Last Value (KLV)

Enable substitute value “1” | Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are not
available in ER-1/ER-2.
2) Only in the CC (central controller) is it possible to start up the digital modules with the default settings.

Assignment of the Encoder Supplies to Channel Groups

The two encoder supplies of the module are used to supply two channel groups:
inputs 0 to 7 and inputs 8 to 15. In these two channel groups, you parameterize the
diagnostics for the encoder supply, too.

Automation System S7-400 Module Specifications
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Ensuring a Wire Break Check Is Carried Out

To ensure that a wire break check is carried out, you require an external sensor
circuit using a resistor of 10 k< to 18 kQ2. The resistor should be connected parallel
to the contact and should be arranged as closely as possible to the sensor.

This additional resistor is not required in the following cases:
* If two-wire BEROs are used

* If you don’t parameterize the “Wire Break” diagnosis

Setting the Input Delay for Channel Groups

You can only set the input delay for each group of channels. In other words, the
setting for channel 0 applies to inputs 0 to 7 and the setting for channel 8 applies to
inputs 8 to 15.

Note

The parameters that are entered for the remaining channels (1 to 7 and 9 to 15)
must be equal to the value 0 or 8, otherwise those channels will be reported as
being incorrectly parameterized.

Any hardware interrupts that have occurred in the meantime will be reported after
acknowledgement.

Optimum Signal Propagation Delay
You can achieve the fastest signal propagation delay with the following settings:
* Both channel groups are parameterized with an input delay of 50 us
» All the diagnoses (load voltage error, wire break) are deactivated

* Diagnostic interrupt is not enabled

Automation System S7-400 Module Specifications
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4.8.2 Behavior of the SM 421; DI 16 x 24 VDC

Effect of Operating Mode and Supply Voltage on the Input Values
The input values of the SM 421; DI 16 x 24 DC depend on the operating mode of

the CPU and on the supply voltage of the module.

Table 4-10 How the Input Values Depend on the Operating Mode of the CPU and on the
Supply Voltage L+ of the SM 421, DI 16 x 24 VDC

CPU Operating Mode Power Supply L+ Input Value of Digital Module
to Digital Module

POWER ON | RUN L+ exists Process value

L+ missing 0 signal *

STOP | L+ exists Process value

L+ missing 0 signal*
POWER - L+ exists -
OFF .

L+ missing -

* Depends on the parameter assignment (see Table|4-9 )

Behavior upon Failure of the Supply Voltage

Failure of the supply voltage of the SM 421; DI 16 x 24 DC is always indicated by
the EXTF LED on the module. Furthermore, this information is made available on
the module (entry in diagnosis).

Triggering of the diagnostic interrupt depends on the parameter assignment.

Short-Circuit of Sensor Supply Vs

Irrespective of the parameter assignment, the corresponding Vs LED goes out if a
short-circuit of the encoder supply Vs occurs.

4-26
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Effect of Errors and Parameter Assignment on the Input Values

The input values of the SM 421; DI 16 x 24 DC are affected by certain errors and
the parameter assignment of the module. The following table lists the effects on the
input values.

You will find more diagnostic messages of the module in the Appendix entitled

‘Diagnostic Data of the Signal Modules”.

Table 4-11 How the Input Values Are Affected by Faults and by the Parameter Assignment of the
SM 421; DI 16 x 24 VDC

Diagnostic Message | “Diagnostics” “Reaction to Input Value of Digital Module
Parameter Error”
Parameter
Module not Cannot be Not relevant 0 signal (all channels)
parameterized disabled
No front connector Y Parameterized substitute value
KLV Last read, valid value
Incorrect parameters | Cannot be Not relevant 0 signal (module/all incorrectly
(module/channel) disabled parameterized channels)
STOP operating mode | Cannot be - Process value (not updated)
disabled
Internal voltage failure | Cannot be SV Parameterized substitute value
disabled KLV Last read, valid value
Hardware interrupt lost | Cannot be Not relevant Current process value
disabled
Wire break (for each Deactivated - 0 signal
channel) Activated SV Parameterized substitute value
KLV Last read, valid value
Sensor supply missing | Deactivated - 0 signal
(also activated via "No - - X
Load Voltage L+”) Activated SV Parameterized substitute value
KLV Last read, valid value
No load voltage L+ (for | Deactivated - 0 signal, if the contact is connected via the
each channel group) sensor supply; process value for the
external sensor supply
Activated SV Parameterized substitute value
KLV Last read, valid value

Automation System S7-400 Module Specifications
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Behavior when the Input Delay Equals 0.1 ms and an Error Occurs
If you have parameterized the following:
* Aninput delay of 0.1 ms or 0.05 ms
e KLV or SV as the response to an error
* Substitute “1”
In the event of a fault on a channel that has a 1 signal, the following could occur:
* An O signal may be briefly output
* If parameterized, a hardware interrupt may be generated

This occurs before the last valid value or substitute value “1” is output.

4.9 Digital Input Module SM 421; DI 16 x 120 VAC;
(6ES7421-5EH00-0AA0)

Characteristics
The SM 421; DI 16 x 120 VAC has the following features:
* 16 inputs, isolated
* 120 VAC rated input voltage

* Suitable for switches and two-wire proximity switches
(BEROs, IEC 61131, type 2)

Automation System S7-400 Module Specifications
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Terminal Assignment Diagram of the SM 421; DI 16 x 120 VAC
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Figure 4-5 Terminal Assignment Diagram of the SM 421; DI 16 x 120 VDC
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Technical Specifications of the SM 421; DI 16 x 120 VAC

Dimensions and Weight

Sensor Selection Data

Dimensions W x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 650 g

Data for Specific Module

Number of inputs
Length of cable

® Unshielded

® Shielded

16

600 m
1000 m

Voltages, Currents, Potentials

Number of inputs that can be
triggered simultaneously

Isolation

® Between channels and
backplane bus

® Between the channels
— In groups of
Permitted potential difference

® Between Mipternal @and the
inputs

® Between the inputs of the
different groups

Insulation tested with

Current consumption
® From the backplane bus

Power dissipation of the
module

16

Yes

Yes

120 VAC

250 VAC

1500 VAC

Max. 0.1 A
Typ. 3.0 W

Input voltage

® Rated value

® Forsignal “1”

® For signal “0”

® Frequency range

Input current

® Atsignal “1”
® Atsignal “0”
Input delay

® At“0"to“1”
® At“l"to“0"

Input characteristic curve

Connection of two-wire BEROs
® Permitted bias current

120V

72 t0 132 VAC
0to20V

47 to 63 Hz

6to 20 mA
0to4 mA

2to15ms
5to 25 ms

To IEC 61131; type 2

Possible
Max. 4 A

Status, Interrupts, Diagnostics

Status display

Interrupts

Diagnostic functions

Green LED per
channel

None

None

4-30
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4.10 Digital Input Module SM 421, DI 16 x 24/60 VUC,
(6ES7421-7DH00-0ABO)

Characteristics
The SM 421; DI 16 x 24/60 VUC is characterized by the following features:

16 inputs, individually isolated

Rated input voltage 24 VUC to 60 VUC

Suitable for switches and two-wire proximity switches (BEROS)
Suitable as active high and active low input

Group error display for internal faults (INTF) and external faults (EXTF)
Programmable diagnostics

Programmable diagnostic interrupt

Programmable hardware interrupt

Programmable input delays

The status LEDs indicate the process status.

Automation System S7-400 Module Specifications
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Terminal Assignment and Block Diagram of the SM 421; DI 16 x 24/60 VUC
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Figure 4-6  Terminal Assignment and Block Diagram of the SM 421; DI 16 x 24/60 VUC
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Technical Specifications of the SM 421; DI 16 x 24/60 VUC

Dimensions and Weight

Dimensions W x H x D 25x 290 x 210
(in millimeters)

Weight Approx. 600 g
Data for Specific Module
Number of inputs 16
Length of cable
® Unshielded
input delay
— 0.5ms Max. 100 m
- 3ms Max. 600 m
— 10/20ms Max. 600 m
® Shielded line length 1000 m

® Channel error display (F)
® Diagnostic information can

be displayed
Monitoring for
®  Wire break

None
Possible

1>0.7 mA

Substitute value can be applied No

Sensor Selection Data

Voltages, Currents, Potentials

Number of inputs that can be 16
triggered simultaneously

Isolation

® Between channels and Yes
backplane bus

® Between the channels Yes
— In groups of 1

Permitted potential difference

® Between the different
circuits

75 VDC, 60 VAC

Insulation tested with

Input voltage
® Rated value

® For signal “1”

® For signal “0”

Frequency range

Input current

® Atsignal “1”

Input characteristic curve
Connection of two-wire BEROs
® Permitted bias current

24 VUC to 60 VUC

15to 72 VDC
-15VDC to -72 VDC
15to 60 VAC

-6 VDC to +6 VDC
0 VACto5VAC

47 DC/AC to 63 Hz

Typ. 4 mA to 10 mA
Similar to IEC 61131 1)

Possible
Max. 0.5 mA to 2 mA2)

Time, Frequency

Internal preparation time for

® Only hardware interrupt
enable

® Enable hardware and
diagnostic interrupts

Input delay
® Parameters can be
assigned

® Rated value

Max. 450 ps

Max. 2 ms

Yes

0.5/3/10/20 ms

Values go into cycle and response times.

Sensor Circuit

® Channels against 1500 VAC
backplane bus and load
voltage L+
® Channels among one 1500 VAC
another
Current consumption
®  From the backplane bus Max.150 mA
Power dissipation of the Typ. 8 W
module
Status, Interrupts, Diagnostics
Status display Green LED per
channel
Interrupts
® Hardware interrupt Parameters can be
assigned
® Diagnostic Interrupt Parameters can be
assigned
Diagnostic functions Parameters can be
assigned

® Group error display
— For internal fault
— For external fault

Red LED (INTF)
Red LED (EXTF)

Resistance circuit of the sensor

for wire break monitoring

® Rated voltage 24 V
(15Vto 35V)

® Rated voltage 48 V
(30Vto60V)

¢ Rated voltage 60 V
(50 V to 72V)

18 kQ

39 kQ

56 kQ

Automation System S7-400 Module Specifications
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1y IEC 61131 does not specify any data for UC
modules. The values have been adapted as much
as possible to IEC 61131.

2)  Minimum closed-circuit current is required for wire
break monitoring.
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4.10.1 Assigning Parameters to the SM 421; DI 16 x 24/60 VUC

Parameter Assignment

You will find a description of the general procedure for assigning parameters to
digital modules in Section 4.3|

Parameters of the SM 421; DI 16 x 24/60 VUC

The following table contains an overview of the parameters you can set and their
default settings for the SM 421; DI 16 x 24/60 VUC.

Table 4-12 Parameters of the SM 421; DI 16 x 24/60 VUC

Parameter Value Range | Default?) Parameter Scope
Type
Enable
* Diagnostic interruptl) Yes/no No Dynamic Module
* Hardware interrupt?) Yes/no No
® Destination CPU for interrupt lto4 - Static Module
Diagnostics
* Wire break Yes/no No Static Channel

Trigger for hardware interrupt

* Rising (positive) edge Yes/no - Dynamic Channel

* Falling (negative) edge Yes/no

Input delay3) 0.5 ms (DC) 3ms Static Channel group
3 ms (DC) (DC)

20 ms (DC/AC)

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.

2) Only in the CC (central controller) is it possible to start up the digital modules with the default settings.

3) If you assign 0.5 ms , then you should not parameterize a diagnosis because the internal processing time
for diagnostic functions can be > 0.5 ms.

Ensuring a Wire Break Check Is Carried Out

To ensure that a wire break check is carried out, you require an external sensor
circuit using a resistor of 18 to 56 k2. The resistor should be connected parallel to
the contact and should be arranged as closely as possible to the sensor.

This additional resistor is not required in the following cases:
* If two-wire BEROSs are used

* If you don't parameterize the “Wire Break” diagnosis

Automation System S7-400 Module Specifications
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Setting the Input Delay for Channel Groups

You can only set the input delay for each group of channels. In other words, the

setting for channel 0 applies to inputs 0 to 7 and the setting for channel 8 applies to
inputs 8 to 15.

Note

The parameters that are entered for the remaining channels (1 to 7 and 9 to 15)
must be equal to the value O or 8, otherwise those channels will be reported as

being incorrectly parameterized.

Any hardware interrupts that have occurred in the meantime will be reported after

acknowledgement.

Optimum Signal Propagation Delays

You can achieve the fastest signal propagation delay with the following settings:

* Both channel groups are parameterized with an input delay of 0.5 ms

* The Diagnostics parameter is disabled

* The Diagnostic Interrupt parameter is disabled

Circuit as for active high or active low input

+ +
1 N o/o - -
Active high Active low
L+ L+
”1” HOH

U_s Us

ov 0 ov

U_S ” ” 1

1
— L+ - L+
Input threshold

Channel x of the
DIl 421 16 x 24/60 VUC

Figure 4-7  Circuit as for Active High or Active Low Input
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411 Digital Input Module SM 421; DI 16 x 120/230 VUC;
(6ES7 421-1FHO0-0AAO0)

Characteristics
The SM 421; DI 16 x 120/230 VUC is characterized by the following features:
* 16 inputs, isolated
* Rated input voltage 120/230 VUC

* Suitable for switches and two-wire proximity switches

Automation System S7-400 Module Specifications
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Terminal Assignment and Block Diagram of the SM 421; DI 16 x 120/230 VUC
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Figure 4-8  Terminal Assignment and Block Diagram of the SM 421; DI 16 x 120/230 VUC

Automation System S7-400 Module Specifications
A5E00267842-01 4-37



Digital Modules

Technical Specifications of the SM 421; DI 16 x 120/230 VUC

Dimensions and Weight

Status, Interrupts, Diagnostics

Dimensions W x H x D
(in millimeters)

25x290 x 210

Status display

Interrupts

Diagnostic functions

Green LED per
channel

None

None

Data for Selecting a Sensor

module

Weight Approx. 650 g
Data for Specific Module
Number of inputs 16
Length of cable
® Unshielded 600 m
¢ Shielded 1000 m
Voltages, Currents, Potentials
Number of inputs that can be 16 at 120 V
triggered simultaneously 8 at 240 V
16 with fan
subassembly
Isolation
® Between channels and Yes
backplane bus
® Between the channels Yes
— In groups of 4
Permitted potential difference
® Between Mjpternal and the 230 VAC
inputs
® Between the inputs of the 500 VAC
different groups
Insulation resistance 4000 VAC
Current consumption
® From the backplane bus Max. 100 mA
Power dissipation of the Typ. 3.5 W

Input voltage
® Rated value
® For signal “1”

® For signal “0”

® Frequency range
Input current

¢ Atsignal “1”

¢ Atsignal “0”

Input delay

® At“0"to*“1”

* At“1"to“0"

Input characteristic curve
Connection of two-wire BEROs
® Permitted bias current

120/230 VUC

79 to 264 VAC
80 to 264 VDC

0 VUC to 40 VUC

47 to 63 Hz

2mAto5mA
OtolmA

5to 25 ms
5to25ms

To IEC 61131; type 1

Possible
Max. 1 mA

4.12

Characteristics

Digital Input Module SM 421; DI 16 x 120/230 VUC;
(6ES7421-1FH20-0AA0)

The SM 421; DI 16 x 120/230 VUC is characterized by the following features:

* 16 inputs, isolated in groups of 4
* Rated input voltage 120/230 VUC

* Input characteristic curve to IEC 61131; type 2

» Suitable for switches and two-wire proximity switches (BEROS)

The status LEDs indicate the process status.

4-38
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Digital Modules

Terminal Assignment and Block Diagram of the SM 421; DI 16 x 120/230 VUC
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Figure 4-9  Terminal Assignment and Block Diagram of the SM 421; DI 16 x 120/230 VUC
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Digital Modules

Technical Specifications of the SM 421; DI 16 x 120/230 VUC

Dimensions and Weight

Data for Selecting a Sensor

Dimensions W x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 650 g

Data for Specific Module

Number of inputs
Length of cable

® Unshielded

® Shielded

16

600 m
1000 m

Voltages, Currents, Potentials

Power rated voltage of the
electronics L+

Number of inputs
that can be triggered
simultaneously

Isolation

® Between channels and
backplane bus

® Between the channels
— In groups of
Permitted potential difference

® Between Mjpternal and the
inputs

® Between the inputs of the
different groups

Insulation resistance

Current consumption
® From the backplane bus

Power dissipation of the
module

None

16

Yes

Yes

250 VAC

500 VAC

4000 VAC

Max. 80 mA
Typ. 12 W

Input voltage
® Rated value
® Forsignal “1”

® For signal “0”

Frequency range

Input current
® Atsignal "1" (120 V)

® Atsignal "1" (230 V)

® Atsignal “0”

Input delay
® At“0"to*“1”

® At“1"to*“0”

Input characteristic curve

Connection of two-wire BEROs
® Permitted bias current

120/230 VUC

74 to 264 VAC
80 to 264 VDC
—80 to —264 VDC

0to 40 VAC
—40 to +40 VDC

47 to 63 Hz

Typ. 10 mA AC
Typ. 1.8 mA DC

Typ. 14 mA AC
Typ. 2 mA DC

0to 6 mA AC
0to2 mADC

Max. 20 ms AC
Max. 15 ms DC

Max. 30 ms AC
Max. 25 ms DC

To IEC 61131;
type 2

Possible
Max. 5 mA AC

Status, Interrupts, Diagnostics

Status display

Interrupts

Diagnostic functions

Green LED per
channel

None

None

Substitute value can be applied No
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Digital Modules

4.13 Digital Input Module SM 421, DI 32 x 120 VUC;
(6ES7421-1EL00-0AAOQ)

Characteristics
The SM 421; DI 32 x 120 VUC is characterized by the following features:
* 32 inputs, isolated
* Rated input voltage 120 VUC

* Suitable for switches and two-wire proximity switches

Automation System S7-400 Module Specifications
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Digital Modules

Terminal Assignment and Block Diagram of the SM 421; DI 32 x 120 VUC
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Figure 4-10 Terminal Assignment and Block Diagram of the SM 421; DI 32 x 120 VUC
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Digital Modules

Technical Specifications of the SM 421; DI 32 x 120 VUC

Dimensions and Weight

Status, Interrupts, Diagnostics

Dimensions W x H x D (mm)

Weight

25x290 x 210

Approx. 600 g

Data for Specific Module

Status display

Interrupts

Diagnostic functions

Green LED per
channel

None

None

Number of inputs
Length of cable

® Unshielded

® Shielded

32

600 m
1000 m

Data for Selecting a Sensor

Voltages, Currents, Potentials

Rated load voltage L+

® Reverse polarity protection

Number of inputs that can be
triggered simultaneously

Isolation

® Between channels and
backplane bus

® Between the channels
— In groups of
Permitted potential difference

® Between Mipternal @and the
inputs

® Between the inputs of the
different groups

Insulation tested with

Current consumption
® From the backplane bus

Power dissipation of the
module

79to 132 VAC
80 to 132 VDC

Yes
32

Yes

Yes

120 VAC

250 VAC

1500 VAC

Max. 200 mA
Typ. 6.5W

Input voltage
® Rated value
® For signal “1”

® For signal “0”
® Frequency range

Input current

¢ Atsignal “1”
¢ Atsignal “0”
Input delay

® At“0"to“1”
® At“l"to“0"

Input characteristic curve

Connection of two-wire BEROs
® Permitted bias current

120 vuC

79 to 132 VAC

80 VDC to 132 VDC
Oto20V

47 to 63 Hz

2mAto5mA
OtolmA

5to 25 ms
5to25ms

To IEC 61131; type 1

Possible
Max.1 mA
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Digital Modules

4.14 Digital Output Module SM 422;
DO 16 x 24 VDC/2 A; (6ES7422-1BH11-0AA0)

Characteristics
The digital output module SM 422; DO 16 x 24 VDC/2 A has the following features.
* 16 outputs, isolated in two groups of 8
e 2 A output current
* 24 VDC rated load voltage

The status LEDs also indicate the system status even when the front connector is
not inserted.

A Note about Commissioning

The following technical feature applies to the digital output module SM 422;

DO 16 x 24 VDC/2 A with the order number 6ES7422-1BH11-0AA0 but not to the
digital output module SM 422; DO 16 x 24 VDC/2 A with the order number
6ES7422-1BH10-0AAQ:

To commission the module, it is no longer necessary to apply load voltage (1L+
and 3L+, for example,) to each group of 8 outputs. The module is fully operative
even if only one group is supplied with L+.

Note

It is no longer possible to switch off all the outputs by disconnecting a single L+
supply as might have been the case with the previous module
(6ES7422-1BH10-0AAQ)L+.

Automation System S7-400 Module Specifications
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Digital Modules

Terminal Assignment and Block Diagram

of the SM 422; DO 16 x 24 VDC/2 A
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Digital Modules

Technical Specifications of the SM 422; DO 16 x 24 VDC/2 A

Dimensions and

Weight

Data for Selecting an Actuator

Dimensions W x H x D
(in millimeters)

25x290x 210

Output voltage
¢ Atsignal “1”

Output current

® Atsignal “1”
Rated value
Permitted range

® Atsignal “0” (leakage
current)

Output delay (for resistive load)
®* From*“0"to“1"

® At“1"to“0”

Load resistor range

Lamp load

Parallel connection of 2
outputs

® For redundant triggering of
a load

® To increase performance
Triggering a digital input
Switch rate

® For resistive load

® Forinductive load to IEC
947-51, DC 13

® For lamp load

Limit (internal) of the inductive
circuit interruption voltage up to

Short-circuit protection
of output?)

® Threshold on

Min. L+ (-0,5 V)

2A
5mAto24A
Max. 0.5 mA

Max. 1 ms

Max. 1 ms
24 Q to 4 kQ
Max. 10 W

Possible (only outputs
of the same group)

Not possible

Possible

100 Hz

0.2HzatlA
0.1 Hz at 2A

Max. 10 Hz
Max. -30 V

Electronically cyclic?

28At06 A

Weight Approx. 600 g
Data for Specific Module
Number of outputs 16
Length of cable
® Unshielded 600 m
® Shielded 1000 m
Voltages, Currents, Potentials
Power rated voltage of the 24 VDC
electronics L+
Rated load voltage L+ 24 VDC
Aggregate current of
the outputs (two outputs
per supply group 1)
Upto 40 °C Max. 3 A
Upto 60 °C Max. 2 A
Isolation
® Between channels and Yes
backplane bus
® Between the channels Yes
In groups of 8
Permitted potential difference
® Between the different 75 VDC /60 VAC
circuits
Insulation tested with
® Channels against 500 VDC
backplane bus and load
voltage L+
¢ Between the outputs of the 500 VDC
different groups
Current consumption
® From the backplane bus Max. 160 mA
®  Power supply and load Max. 30 mA
voltage L+ (no load)
Power dissipation of the Typ.5W
module
Status, Interrupts, Diagnostics
Status display Green LED per
channel
Interrupts None
Diagnostic functions None

4-46

Da supply group always consists of two adjacent
channels starting with channel 0. Channels 0 and 1, 2
and 3 and so on up to 14 and 15 therefore form one

supply group.

2) Following a short circuit, reclosing under a full load is
not guaranteed. To prevent this, you can do one of the

following things:

® Change the signal at the output
¢ Interrupt the load voltage of the module

¢ Briefly disconnect the load from the output
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Digital Modules

4.15 Digital Output Module SM 422;
DO 16 x 20-125 VDC/1.5 A; (6ES7422-5EH10-0ABO)

Characteristics
The SM 422; DO 16 x 20-125 VDC/1.5 A has the following features:

16 outputs, each channel is fused; reverse polarity protection and isolated in
groups of 8

1.5 A output current

Rated load voltage 20 to 125 VDC

Group error display for internal faults (INTF) and external faults (EXTF)
Programmable diagnostics

Programmable diagnostic interrupt

Programmable substitute value output
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Digital Modules

Terminal Assignment Diagram of the SM 422; DO 16 x 20-125 VDC/1.5 A
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Figure 4-12  Terminal Assignment Diagram of the SM 422; DO 16 x 20-125 VDC/1.5 A
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Digital Modules

Technical Specifications of the SM 422; DO 16 x 20-125 VDC/1.5 A

Dimensions and Weight

Data for Selecting an Actuator

Dimensions W x H x D 25x 290 x 210

(in millimeters)

Weight Approx. 800 g
Data for Specific Module

Number of outputs 16

Length of cable

® Unshielded Max. 600 m

¢ Shielded Max. 1000 m

Voltages, Currents, Potentials

Rated load voltage L1 20 VDC to 138 VDC
® Reverse polarity protection  Yes, with fuse
Total current of the outputs 1)

Upto 40 °C With fan
Up to 60 °C sub
assembly
Max. 16 A 21 A
Max.8A 14 A
Isolation
® Between channels and Yes
backplane bus
® Between the channels Yes
In groups of 8

Permitted potential difference

® Between the outputs of the 250 VAC
different groups

Insulation tested with 1500 VAC

Current consumption

® From the backplane bus Max. 700 mA

® From load voltage L + Max. 2 mA
(without load)

Power dissipation of the Typ. 10 W

module

Output voltage

¢ Atsignal “1”

Output current

¢ Atsignal “1”
Rated value
Permitted range
Permitted surge current

® Atsignal “0”" (leakage
current)

Output delay (for resistive load)
®* From*“0"to“1”

* At“1"to“0"

Parallel connection of 2
outputs

® For redundant triggering of
a load

® To increase performance

Triggering a digital input
Switch rate
® For resistive load

® Forinductive load
to IEC 947-5-1, DC 13

Short-circuit protection
of output

® Threshold on
Replacement fuses

Min. L+ (=1,0 V)

15A
10mAto15A

Max. 3 A
(for 10 ms)

Max. 0.5 mA

Max. 2 ms
Max. 13 ms

Possible (only outputs
of the same group)

Possible (only outputs
of the same group)

Possible

Max. 10 Hz
Max. 0.5 Hz

Electronically
protected?)

Typ. 04 Ato5A

Fuse, 8 A/250 V, quick
blow

Status, Interrupts, Diagnostics

Status display Green LED per

channel

Interrupts

® Diagnostic Interrupt Parameters can be
assigned

Diagnostic functions Parameters can be
assigned

® Group error display
— For internal fault Red LED (INTF)
Red LED (EXTF)

® Diagnostic information Yes
readable

Substitute value can be applied

— For external fault

Yes, programmable

Automation System S7-400 Module Specifications
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1) 7o achieve maximum performance capability,
distribute the high-current load between the two
groups.

To reset a deactivated output,
first set the output signal to 0 and then to 1.

If output signal 1 is written to a deactivated
output and the short circuit remains, additional
interrupts are generated (provided the diagnostic
interrupt parameter was set).

2)
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Digital Modules

Note

If the power supply is switched on by means of a mechanical contact, a voltage
pulse may occur at the outputs. The transient pulse lasts a maximum of 0.5 ms.

Changing Fuses

i: Warning
This can result in injury.

If you change a fuse without removing the front connector of the module, you could
be injured by an electric shock.

Consequently, always remove the front connector before you change the fuse.

Automation System S7-400 Module Specifications
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Digital Modules

4.15.1

Parameter Assignment

Assigning Parameters to the SM 422; DO 16 x 20-125 VDC/1.5 A

You will find a description of the general procedure for assigning parameters to
digital modules in Section|4.3.

Parameters of the SM 421; DO 16 x 20-125 VDC/1.5 A

You will find an overview of the parameters you can set and their default settings
for the SM 422; DO 16 x 20-125 VDC/1.5 A in the following table.

Table 4-13 Parameters of the SM 422; DO 1 x 20-125 VDC/1.5 A

upn

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) | Yes/no No Dynamic Module
[ ] 1 I —_
!:)estmatlon CPU for lto4 Static Module
interrupt
Reaction to CPU-STOP Substitute a value (SV) SV Dynamic Module
Keep last value (KLV)
Diagnostics
* No load voltage L+ Yes/no No Channel
® Short circuit to M Static group
No
Yes/no Channel
Enable substitute value Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.
2) Only in the CC (central controller) is it possible to start up the digital modules with the default settings.

Assigning the “No Load Voltage L+" Diaghosis to Channel Groups

You can only set the “No Load Voltage L+" diagnosis separately for each channel
group. In other words, the setting for channel 0 applies to inputs 0 to 7, and the

setting for channel 8 applies to inputs 8 to 15.

Automation System S7-400 Module Specifications
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Digital Modules

4.16 Digital Output Module SM 422; DO 32 x 24 VDC/0.5 A;
(6ES7422-1BL00-0AA0)

Characteristics
The SM 422; DO 32 x 24 VDC/0.5 A has the following features:
» 32 outputs, isolated in a group of 32
* Power is supplied to 8 channels in groups.

* A supply group always consists of eight adjacent channels starting with channel
0. Channels 0 to 7, 8 to 15, 16 to 23 and 24 to 32 therefore form one supply

group

* Each of these supply groups can be switched off separately by isolating L+,
however you have to take note of the common ground connection.

* 0.5 A output current
* 24 VDC rated load voltage

The status LEDs also indicate the system status even when the front connector is
not inserted.

Automation System S7-400 Module Specifications
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Digital Modules

Terminal Assignment and Block Diagram of the SM 422; DO 32 x 24 VDC/0.5 A
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Figure 4-13 Terminal Assignment and Block Diagram of the SM 422; DO 32 x 24 VDC/0.5 A
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Digital Modules

Technical Specifications of the SM 422; DO 32 x 24 VDC/0.5 A

Dimensions and Weight

Status, Interrupts, Diagnostics

Dimensions W x H x D
(in millimeters)

Weight

25x290x 210

Approx. 600 g

Data for Specific Module

Status display
Interrupts

Diagnostic functions

Green LED per channel
None

None

Number of outputs

Length of cable
® Unshielded
® Shielded

32

600 m
1000 m

Data for Selecting an Actuator

Voltages, Currents, Potentials

Power rated voltage of the
electronics L+

Rated load voltage L+

Aggregate current of
the outputs (per supply
group?) of 8 outputs)
Upto 40 °C

Upto 60 °C

Isolation

® Between channels and
backplane bus

® Between the channels

Permitted potential difference

® Between the different
circuits

Insulation tested with

® Channels against
backplane bus and load
voltage L+

® Load voltage L+ against
backplane bus

Current consumption

®  From the backplane bus

® Power supply and load
voltage L+ (no load)

Power dissipation of the
module

24 VDC

24VDC

Max. 4 A
Max. 2 A

Yes

No

75 VDC /60 VAC

500 VDC

500 VDC

Max. 200 mA
Max. 30 mA

Typ. 4 W

4-54

QOutput voltage
® Atsignal “1”

Output current

® Atsignal “1”
Rated value
Permitted range

® Atsignal “0”" (leakage
current)

Output delay (for resistive
load)

®* From*“0"to“1"
® At“1"to“0”
Load resistor range
Lamp load

Parallel connection of 2
outputs

® For redundant triggering of
a load

® To increase performance

Triggering a digital input
Switch rate
® For resistive load

® Forinductive load
to IEC 947-5-1, DC 13

® For lamp load

Limit (internal) of the inductive
circuit interruption voltage up
to

Short-circuit protection of the
output

® Threshold on

Min. L+ (-0,3 V)

05A
5mAto0.6 A

Max. 0.3 mA

Max. 1 ms
Max. 1 ms
48 Q10 4 kQ
Max. 5 W

Possible (only outputs
of the same group)

Possible (only outputs
of the same group)

Possible

Max. 100 Hz

Max. 2 Hz at 0.3 A
Max. 0.5 Hzat0.5 A

Max. 10 Hz
Typ.—27V

Electronically cyclic

Typ.0.7At01.5A

1) A supply group always consists of eight adjacent
channels starting with channel 0. Channels 0 to 7, 8 to
15, 16 to 23 and 24 to 32 therefore form one supply

group.
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Digital Modules

4.17 Digital Output Module SM 422; DO 32 x 24 VDC/0.5 A;
(6ES7422-7BL00-0ABO)

Characteristics

The digital output module SM 422; DO 32 x 24 VDC/0.5 A has the following
features:

32 outputs, fused and isolated in groups of 8

0.5 A output current

24 VDC rated load voltage

Group error display for internal faults (INTF) and external faults (EXTF)
Programmable diagnostics

Programmable diagnostic interrupt

Programmable substitute value output

The status LEDs also indicate the system status even when the front connector is
not inserted.
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Digital Modules

Terminal Assignment and Block Diagram of the SM 422; DO 32 x 24 VDC/0.5 A
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Digital Modules

Technical Specifications of the SM 422; DO 32 x 24 VDC/0.5 A

Dimensions and Weight

Dimensions W x H x D
(in millimeters)

Weight

25x290x 210

Approx. 600 g

Data for Specific Module

Number of outputs

Length of cable
® Unshielded
® Shielded

32

600 m
1000 m

Voltages, Currents, Potentials

® Group error display
— For internal fault
— For external fault

® Diagnostic information
readable

Monitoring for
® Short circuit
®  Wire break

Substitute value can be applied

Red LED (INTF)
Red LED (EXTF)

Yes

> 1A (typ.)
<0.15mA

Yes

Power rated voltage of the
electronics L+

Rated load voltage L+

Total current of the outputs (per

group)

Upto 40 °C

Upto 60 °C

Isolation

® Between channels and
backplane bus

® Between the channels
In groups of

Permitted potential difference

® Between the different
circuits

Insulation tested with

® Channels against
backplane bus and load
voltage L+

® Between the outputs of the
different groups

Current consumption

® From the backplane bus

® Power supply and load
voltage L+ (no load)

Power dissipation of the
module

24 VDC

24 VvDC

Max. 4 A
Max. 2 A

Yes

Yes

75VDC, 60 VAC

500 vDC

500 VDC

Max. 200 mA
Max. 120 mA

Typ. 8 W

Data for Selecting an Actuator

Status, Interrupts, Diagnostics

Output voltage
¢ Atsignal “1”

Output current

® Atsignal “1”
Rated value
Permitted range

® Atsignal “0” (leakage
current)

Load resistor range

Parallel connection of 2
outputs

® For redundant triggering of
a load

® To increase performance

Triggering a digital input
Switch rate
® For resistive load

® Forinductive load
to IEC 947-5-1, DC 13

® For lamp load

Limit (internal) of the inductive
circuit interruption voltage up to

Short-circuit protection of the
output

® Threshold on

Min. L + (- 0.8 V)

05A
5mAto 0.6 A

Max. 0.5 mA

48 Qto 4 kQ

Possible (only outputs
of the same group)

Possible (only outputs
of the same group)

Possible

Max. 100 Hz
Max. 2 Hz

Max. 2 Hz
Typ. L+ (-45V)

Electronically cyclic

Typ. 0.75Ato 1.5 A

Status display

Interrupts
¢ Diagnostic Interrupt
® Hardware interrupt

Diagnostic functions

® Monitoring of the load
voltage

Green LED per
channel

Parameters can be
assigned

Parameters can be
assigned

Yes
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Time, Frequency

Internal preparation time
between backplane bus and
input of the output driver

Up to hardware release 03

® independent of enable max. 100 us
diagnostics/diagnostic
interrupt/ substitute value

Up to hardware release 04

® without enable diagnostics/ max. 60 us
diagnostic interrupt/

substitute value max. 100 us

® with enable diagnostics/
diagnostic interrupt/
substitute value

overall runtime on the module
(< 100 us for resistive load)

DThe switching time of the output driver is added to the
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4.17.1

Parameter Assignment

Assigning Parameters to the SM 422; DO 32 x 24 VDC/0.5 A

You will find a description of the general procedure for assigning parameters to
digital modules in Section| 4.3,

Parameters of the SM 422; DO 32 x 24 VDC/0.5 A

You will find an overview of the parameters that you can set and their default
settings for the SM 422; DO 32 x 24 VDC/0.5 A in the table below.

Table 4-14 Parameters of the SM 422; DO 3 x 24 VDC/0.5 A (6ES7422-7BL00-0ABO0)

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) Yes/no No Dynamic Module
*  Destination CPU for 1to 4 B Static Module
interrupt
Reaction to CPU-STOP Substitute a value (SV) SV Dynamic Module
Keep last value (KLV)
Diagnostics
* Wire break No Channel
Yes/no
* No load voltage no Channel
Yes/no i
L+/sensor supply Static group
® Short circuit to M Yes/no No
® Short circuit to L+ No Channel
Yes/no
Channel
Substitute “1” Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are

not available in ER-1/ER-2.

2) Only in the CC (central controller) is it possible to start up the digital modules with the default settings.
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4.17.2 Behavior of the SM 422; DO 32 x 24 VDC/0.5 A

Effect of Operating Mode and Supply Voltage on the Output Values

The output values of the SM 422; DO 32 x 24 VDC/0.5 A depend on the operating
mode of the CPU and on the supply voltage of the module.

Table 4-15 Dependence of the Output Values on the Operating Mode of the CPU and on
the Supply Voltage L+ of the SM 422; DO 32 x 24 VDC/0.5 A

CPU Operating Mode Power Supply L+ Output Value of Digital
to Digital Module Module
POWER ON | RUN L+ exists CPU value
L+ missing 0 signal
STOP L+ exists Substitute value/last value (0
signal preset)
L+ missing 0 signal
POWER - L+ exists 0 signal
OFF L+ missing 0 signal

Behavior in the Event of Failure of the Supply Voltage

The failure of the supply voltage of the SM 422; DO 32 x 24VDC/0.5 A is always
indicated by the EXTF LED on the module. Furthermore, this information is made
available on the module (entry in diagnosis).

Triggering of the diagnostic interrupt depends on the parameter assignment (see
Section|4.17.1).
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4.18 Digital Output Module SM 422; DO 8 x 120/230 VAC/5 A,
(6ES7422-1FF00-0AA0)

Characteristics
The SM 422; DO 8 x 120/230 VAC/5 A has the following features:
* 8 outputs, isolated in groups of 1
e OQutput current5 A
* 120/230 VAC rated load voltage

The status LEDs also indicate the system status even when the front connector is
not inserted.
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Terminal Assignment and Block Diagram of the SM 422;
DO 8 x 120/230 VAC/5 A
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Figure 4-15 Terminal Assignment and Block Diagram of the SM 422; DO 8 x 120/230 VAC/5 A
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Technical Specifications of the SM 422; DO 8 x 120/230 VAC/5 A

Dimensions and Weight

Data for Selecting an Actuator

Dimensions W x H x D
(in millimeters)

Weight

25x290x 210

Approx. 800 g

Data for Specific Module

Number of outputs

Length of cable
® Unshielded
® Shielded

8

600 m
1000 m

Voltages, Currents, Potentials

Rated load voltage L1
Permitted frequency range

Total current of the outputs

Upto 40 °C
Upto 60 °C

Isolation

® Between channels and
backplane bus

® Between the channels
In groups of

Permitted potential difference

® Between the outputs of the
different groups

Insulation resistance

Current consumption

® From the backplane bus

® From load voltage L +
(without load)

Power dissipation of the
module

79 to 264 VAC
47 to 63 Hz

With fan
sub-
assembly

24 A
20A

Max. 16 A
Max. 8 A

Yes

Yes
1

500 VAC

4000 VAC

Max. 250 mA
Max. 1.5 mA

Typ. 16 W

Status, Interrupts, Diagnostics

Status display

Interrupts

Diagnostic functions

® Group error display

— For internal fault

—  For external fault

Green LED per
channel

None

Parameters cannot be
assigned

Red LED (INTF)
failed fuse

Red LED (EXTF)
failed load voltage

Output voltage
¢ Atsignal “1”

Output current

¢ Atsignal “1”
Rated value
Permitted range

Permitted surge current
(per group)

® Atsignal “0” (leakage
current)

Output delay (for resistive load)

® From*“0"to“1”

® At“1l"to“0”

Minimum load current

Zero cross inhibit voltage
Size of the motor starter

Lamp load

Parallel connection of 2
outputs

® For redundant triggering of
a load

Triggering a digital input
Switch rate
® For resistive load

® For inductive load
to IEC 947-5-1, DC 13
® For lamp load

Short-circuit protection of the
output

®  Min. current required for
fuse to blow

® Max. response time

Replacement fuses

®  Wickmann

® Schurter

® Littelfuse

At maximum current
min. L1 (-1.5 Vrms)

At maximum current
min. L1 (-10.7 Vrms)

5A
10 mAto5A
Max. 50 A per cycle

Max. 3.5 mA

Not more than 1 AC
scan cycle

Not more than 1 AC
scan cycle

10 mA

Max. 55 V
Max. size 5 to NEMA

Max. 100 W

Possible (only outputs
connected to the same
load)

Possible

Max. 10 Hz
Max. 0.5 Hz

1Hz

Fuse, 8 A, 250 V (per
output)

Min. 100 A

Max. 100 ms

Fuse, 8 A, quick-acting
194-1800-0
SP001.1013

217.008
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Changing Fuses

/N

4.19

Warning

This can result in injury.

If you change a fuse without removing the front connector of the module, you could
be injured by an electric shock.

Consequently, always remove the front connector before you change the fuse.

Digital Output Module SM 422; DO 16 x 120/230 VAC/2 A;
(6ES7422-1FH00-0AA0)

Characteristics

4-64

The SM 422; DO 1 x 120/230 VAC/2 A has the following features:
* 16 outputs, isolated in groups of 4

e 2 A output current

e 120/230 VAC rated load voltage

The status LEDs also indicate the system status even when the front connector is
not inserted.
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Terminal Assignment and Block Diagram of the SM 422; DO 16 x 120/230 VAC/2 A
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Figure 4-16  Terminal Assignment and Block Diagram of the SM 422; DO 16 x 120/230 VAC/2 A
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Technical Specifications of the SM 422; DO 16 x 120/230 VAC/2 A

Dimensions and Weight

Data for Selecting an Actuator

DimensionsW x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 800 g

Data for Specific Module

Number of outputs
Length of cable

® Unshielded
¢ Shielded

16

600 m
1000 m

Voltages, Currents, Potentials

Rated load voltage L1
Permitted frequency range

Total current of the outputs (per
group)

Upto 40 °C
Upto 60 °C
Isolation
® Between channels and
backplane bus
® Between the channels
In groups of
Permitted potential difference

® Between the outputs of the
different groups

Insulation resistance
Current consumption
®  From the backplane bus

® From load voltage L +
(without load)

Power dissipation of the
module

79 to 264 VAC
47 to 63 Hz

With fan subassembly
Max. 4 A 6 A
Max. 2 A 5A

Yes

Yes
4

500 VAC

4000 VAC

Max. 400 mA
1.5mA

Typ. 16 W

Status, Interrupts, Diagnostics

Status display

Interrupts

Diagnostic functions

® Group error display

— For internal fault

—  For external fault

Green LED per
channel

None

Parameters cannot be
assigned

Red LED (INTF)
failed fuse

Red LED (EXTF)
failed load voltage

Output voltage
® Atsignal “1”

Output current

® Atsignal “1”
Rated value
Permitted range

Permitted surge current
(per group)

® Atsignal “0” (leakage
current)

Output delay (for resistive load)
® From*“0"to“1"

® At“1"to*“0”

Minimum load current

Zero cross inhibit voltage
Size of the motor starter

Lamp load

Parallel connection of 2
outputs

® For redundant triggering of
a load

Triggering a digital input
Switch rate
® For resistive load

® For inductive load, to
IEC 947-5-1, AC 15
® For lamp load

Short-circuit protection of the
output

® Min. current required for
fuse to blow

® Max. response time
Replacement fuses

® Wickmann

® Schurter

® Littelfuse

At maximum current
min. L1 (-1.3 Vrms)

At minimum current
min. L1 (-18.1 Vrms)

2A
10mAto2 A
Max. 50 A per cycle

Max. 2.6 mA

Max. 1 ms

Not more than 1 AC
scan cycle

10 mA

Non-zero cross outputs
Max. size 5 to NEMA

Max. 50 W

Possible (only outputs
connected to the same
load)

Possible

Max. 10 Hz
Max. 0.5 Hz

1Hz

Fuse, 8 A, 250 V (per
group)
Min. 100 A

Max. 100 ms

Fuse, 8 A, quick-acting
194-1800-0
SP001.1013

217.008
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Changing Fuses

i: Warning
This can result in injury.

If you change a fuse without removing the front connector of the module, you could
be injured by an electric shock.

Consequently, always remove the front connector before you change the fuse.
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4.20 Digital Output Module SM 422; DO 16 x 20-120 VAC/2 A;
(6ES7422-5EH00-0ABO0)

Characteristics
The SM 422; DO 16 x 20-120 VAC/2 A has the following features:
* 16 outputs, isolated in groups of 1
e 2 A output current
* Rated load voltage 20 VAC to 120 VAC
* Group error display for internal faults (INTF) and external faults (EXTF)
* Programmable diagnostics
* Programmable diagnostic interrupt

* Programmable substitute value output
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Terminal Assignment Diagram of the SM 422; DO 16 x 20-120 VAC/2 A
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Figure 4-17 Terminal Assignment Diagram of the SM 422; DO 16 x 20-120 VAC/2 A
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Technical Specifications of the SM 422; DO 16 x 20-120 VAC/2 A

Dimensions and Weight

Dimensions W x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 800 g

® Diagnostic
information readable

Substitute value can be applied

Possible

Yes, programmable

Data for Selecting an Actuator

Data for Specific Module

Number of outputs
Length of cable

® Unshielded
® Shielded

16

Max. 600 m
Max. 1000 m

Voltages, Currents, Potentials

Rated load voltage L+
® Permitted frequency range

Total current of the outputs

Upto 40 °C
Upto 60 °C
Isolation

® Between channels and
backplane bus

® Between the channels
In groups of
Permitted potential difference

® Between Mjpternal @nd the
outputs

® Between the outputs of the
different groups

Insulation tested with
Current consumption
® From the backplane bus

®  From load voltage L +
(without load)

Power dissipation of the
module

20to 132 VAC
47 Hz to 63 Hz

With fan subassembly
Max. 16 A 24 A
Max. 7 A 16 A

Yes

Yes
1

120 VAC

250 VAC

1500 vDC

Max. 600 mA
Max. 0 mA

Typ. 20 W

Status, Interrupts, Diagnostics

Status display

Interrupts

® Diagnostic Interrupt

Diagnostic functions

® Group error display

— For internal fault

— For external fault

Green LED per
channel

Parameters can be
assigned

Parameters can be
assigned

Red LED (INTF)
Red LED (EXTF)

Output voltage

® Atsignal “1”

Output current

® Atsignal “1”
Rated value
Permitted range

Permitted surge current
(per group)

® Atsignal “0”" (leakage
current)

Output delay (for resistive load)
® From*0"to“1"

® At“1"to“0”

Zero cross inhibit voltage

Size of the motor starter

Lamp load

Parallel connection of 2
outputs

® For redundant triggering of
a load

® To increase performance
Triggering a digital input
Switch rate

® For resistive load

® Forinductive load
to IEC 947-5-1, DC 13

® For lamp load

Short-circuit protection of the

output

®  Min. current required for
fuse to blow

® Max. response time

Replacement fuses
® Littelfuse

L1 (-1.5 Vrms)

2A
100 mAto 2 A

Max. 20 A/2 cycles

Max. 2.5 mA at 30 V
Max. 4.5 mA at 132 V

1ms

1 AC cycle

Non-zero cross outputs
Max. size 5 to NEMA
Max. 50 W

Possible (only outputs
of the same group)

Not possible

Possible

Max. 10 Hz
Max. 0.5 Hz

1Hz

Fuse 8A/125 V 2AG
(per output)

Min. 40 A
Typ. 33 ms

Fuse, 8 A, quick-acting
225.008

4-70

Automation System S7-400 Module Specifications

A5E00267842-01




Digital Modules

Changing Fuses

Warning

/N

This can result in injury.

If you change a fuse without removing the front connector of the module, you could
be injured by an electric shock.

Consequently, always remove the front connector before you change the fuse.

4.20.1

Parameter Assignment

Assigning Parameters to the SM 422; DO 16 x 20-120 VAC/2 A

You will find a description of the general procedure for assigning parameters to
digital modules in Section 4.3.

Parameters of the SM 422; DO 16 x 20-120 VAC/2 A

You will find an overview of the parameters you can set and their default settings
for the SM 422; DO 16 x 20-120 VAC/2 A in the following table.

Table 4-16 Parameters of the SM 422; DO 16 x 20-120 VAC/2 A

uln

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) | Yes/no No Dynamic Module
* Destination CPUfor |, B Static Module
interrupt
Reaction to CPU STOP | Substitute a value (SV) )Y Dynamic Module
Keep last value (KLV)
Diagnostics
* Fuse blown Yes/no No Static Channel
Enable substitute value | Yes/no No Dynamic Channel

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.
2) Only in the CC (central controller) is it possible to start up the digital modules with the default settings.
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4.21 Relay Output Module SM 422; DO 16 x
30/230 VUC/Rel. 5 A; (6ES7422-1HHO0-0AAOQ)

Characteristics
The SM 422; DO 16 x 30/230 VUC/Rel. 5 A has the following features:
* 16 outputs, isolated in 8 groups of 2
e OQutput current5 A
* Rated load voltage 230 VAC/ 125 VDC

The status LEDs also indicate the system status even when the front connector is
not inserted.
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Terminal Assignment and Block Diagram of the SM 422;
DO 16 x 30/230 VUC/Rel. 5 A
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Figure 4-18 Terminal Assignment and Block Diagram of the SM 422; DO 16 x 30/230 VUC/Rel. 5 A
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Technical Specifications of the SM 422; DO 16 x 30/230 VUC/Rel. 5 A

Dimensions and Weight

Data for Selecting an Actuator

Dimensions W x H x D 25 x 290 x 210

(in millimeters)

Weight Approx. 700 g
Data for Specific Module
Number of outputs 16

Length of cable
® Unshielded
® Shielded

Max. 600 m
Max. 1000 m

Voltages, Currents, Potentials

Total current of the outputs

(per group)
With fan subassembly
Up to 40 °C Max. 10 A 10A
Up to 60 °C Max. 5 A 10A
Isolation
® Between channels and Yes
backplane bus
® Between the channels Yes
In groups of 2
Permitted potential
differences:
® Between the outputs of 500 VAC
the different groups
Insulation resistance 4000 VAC
Current consumption
® From the backplane bus Max. 1 A
Power dissipation of the Typ. 4.5W
module
Status, Interrupts, Diagnostics
Status display Green LED per channel
Interrupt None
Diagnostic functions None

Relay Features

Relay response times

® Powerup Max. 10 ms
Typ. 5.5 ms

® Power down Max. 5 ms
Typ. 3 ms

Debouncing time Typ. 0.5 ms

Max. 5 A
10 mA

Continuous thermal current
Minimum load current
External fuse for relay outputs  Fuse, 6 A, quick-acting
Switching capacity and lifetime of the contacts

® For resistive load

Voltage Current  No. of
switching
cyc. (typ.)

30 VDC 5.0A 0.18 mill

60 VDC 12A 0.1 mill

125vDC 0.2A 0.1 mill

230 VAC 50A 0.18 mill

® Forinductive load to IEC 947-5-1
13 DC/15 AC

Voltage Current  No. of
switching
cyc. (typ.)

30VvDC 50A 0.1 mill

(t=7 ms max.)

230 VAC 50A 0.1 mill

(pf=0.4)

Size of the motor starter Max. size 5 to NEMA
Lamp load Max. 60 W
Contact protection (internal) None

Connecting two outputs in parallel

® For redundant actuation of Possible (only outputs

a load with identical load
voltage)

® To increase performance Not possible
Triggering a digital input Possible
Switch rate
® Mechanical Max. 20 Hz
® For resistive load Max. 10 Hz
® Forinductive load to 1Hz

IEC 947-5-1,

13 DC/15 AC
® For lamp load 1Hz
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Note

Use a suppressor circuit in environments with high humidity and where sparks
might occur at the relay contacts. This will increase the life of the relay contacts.

To do this, connect an RC element or a varistor parallel to the relay contacts or to
the load. The dimensions depend on the size of the load (see Chapter 4 of the

installation manual).
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Analog Modules 5

Structure of the Chapter
The present chapter is broken down into the following subjects:
1. Overview containing the modules that are available here and a description

2. Information that is generally available — in other words, affects all analog
modules (such as parameter assignment and diagnostics)

3. Information that refers to specific modules (for example, characteristics,
diagram of connections and block diagram, technical specifications and special
characteristics of the module):

a) For analog input modules

b) For analog output modules

STEP 7 Blocks for Analog Functions

You can use blocks FC 105 and FC 106 to read and output analog values in
STEP 7. You will find the FCs in the standard library of STEP 7 in the subdirectory
called “S5-S7 Converting Blocks” (for a description refer to the STEP 7 online help
system for the FCs).

Additional Information

Appendix|A describes the structure of the parameter records (data records 0 and 1)
in the system data. You must be familiar with this structure if you want to modify the
parameters of the modules in the STEP 7 user program.

Appendix|B describes the structure of the diagnostic data (data records 0, 1) in the
system data. You must be familiar with this structure if you want to evaluate the
diagnostic data of the modules in the STEP 7 user program.
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51 Module Overview

Introduction

The following tables summarize the most important characteristics of the analog
modules. This overview is intended to make it easy to choose the suitable module
for your task.

Table 5-1 Analog Input Modules: Characteristics at a Glance

SM 431, SM 431, SM 431, SM 431; SM 431; SM 431, SM 431;
Al8x 13 Al8x 14 Al8x14 | Al13x16 | Al16x16 | AI8Xx RTD | AlI8x 16
Bit Bit Bit Bit Bit 16 Bit Bit
L -1KF00- -1KF10- -1KF20- -OHHO- -7QH00- -7KF10- -7KF00-
Characteristics ( ) ( ) ( ) ( ) (7Q ) ( ) ( )
Number of Inputs | 8 Al U-/I 8 Al for U/l | 8 Al for U/l | 16 inputs 16 Al for U/ | 8 inputs 8 inputs
measurem | measure- measure- I/tempera-
ent ment ment ture mea-
4 Al for 4 Al for re- | 4 Al for re- surement
resistance | sistance/ sistance 8 Al for re-
measure- tempera- measure- sistance
ment ture mea- ment measure-
surement ment
Resolution 13 bits 14 bits 14 bits 13 bits 16 bits 16 bits 16 bits
Measuring Method | Voltage Voltage Voltage Voltage Voltage Resistors Voltage
Current Current Current Current Current Current
Resistors Resistors Resistors Resistors Tempera-
Tempera- Tempera- ture
ture ture
Measuring Integrating | Integrating | Instanta- Integrating | Integrating | Integrating | Integrating
Principle neous
value en-
coding
Programmable No No No No Yes Yes Yes
Diagnostics
Diagnostic No No No No Adjustable | Yes Yes
Interrupt
Limit value No No No No Adjustable | Adjustable | Adjustable
Monitoring
Hardware No No No No Adjustable | Adjustable | Adjustable
Interrupt upon
Limit Violation
Hardware No No No No Adjustable | No No
Interrupt at End of
Cycle
Potential Analog section isolated from CPU Non- Analog section isolated from CPU
Relationships isolated
Max. Permissible Between Between Between Between Between Between Between
Common Mode the the chan- the chan- the chan- the chan- channel the chan-
Voltage channels or | nels or nels or be- | nels or be- | nels orbe- |andcentral | nels or be-
between between tween the tween the tween the ground tween the
the refer- the channel | reference reference channel point: channel
ence po- and central | potential of | potential of | and central | 120 vaC and central
tential of ground the con- the con- ground ground
the con- point: nected nected point: point:
nected 120 VAC sensors sensor and | 120 VAC 120 VAC
sensors and Mana: | central
and Mana: 8 VAC ground
30 VAC point:
2 VDC/AC
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Table 5-1 Analog Input Modules: Characteristics at a Glance, continued

Module SM 431; SM 431; SM 431; SM 431; SM 431; SM431; | SM 431;
Al 8x 13 Al8x 14 Al 8x 14 Al13x16 | AlI16x16 | AI8XxRTD | AlI8x 16
Bit Bit Bit Bit Bit 16 Bit Bit

Characteristics (-1KF00-) | (-1KF10-) | (-1KF20-) | (-OHHO-) | (-7QHO00-) | (-7KF10-) | (-7KF00-)

Ext. Power Supply | No 24 VDC 24 VDC 24 VDC 24 VDC No No

Necessary (only with (only with (only with (only with
current, current, current, current,
2-DMU) 2-DMU) 2-DMU) 2-DMU)

Special Features - Suitable for | Rapid AID | — Suitable for | Resistance | Internal
tempera- change, tempera- thermome- | measuring
ture mea- suitable for ture mea- ter can be | resistor
surement highly dy- surement configured | Field con-
Tempera- namic pro- Tempera- Lineariza- | nection
ture sensor | C€sSses ture sensor | tion of the | with inter-
types can Smoothing types can sensor nal refer-
be of the mea- be character- | ence tem-
configured | sured val- configured | istic curves | perature
Lineariza- | Ues Lineariza- | Smoothing | (included
tion of the tion of the | of the mea- | With the
sensor sensor sured val- | module)
character- character- | ues Smoothing
istic curves istic curves of the mea-
Smoothing Smoothing sured val-
of the mea- of the mea- ues
sured val- sured val-
ues ues

2-DMU

5-4

Two-wire transmitter

Table 5-2  Analog Output Modules: Characteristics at a Glance

Module
Characteristics

SM 432; AO 8 x 13 Bit

(-1HF00-)
Number of outputs 8 outputs
Resolution 13 bits
Output type Channel by channel:
* \oltage
* Current
Programmable diagnostics No
Diagnostic Interrupt No
Substitute value output No
Potential relationships Analog section isolated from:
* CPU

®* The load voltage

Max. permissible common mode voltage

Between the channels and the channels
against MANA 3VDC

Special Features

Automation System S7-400 Module Specifications
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5.2

Sequence of Steps from Choosing to Commissioning

the Analog Modules

Introduction

The following table contains the tasks that you have to perform one after the other
to commission analog modules successfully.

The sequence of steps is a suggestion, but you can perform individual steps either
earlier or later (for example, assign parameters to the module) or install other
modules or install, commission etc. other modules in between times.

Sequence of Steps

Table 5-3 Sequence of Steps from Choosing to Commissioning the Analog Module

Step Procedure Refer To...
1. Select the module Section 5.1 and specific module section from
Section 5.18
2. With some analog input modules: set | Section 5.4
the measuring method and
measuring range by means of the
measuring range module
3. Install the module in the SIMATIC S7 | “Installation” section in the manual S7-400
network Programmable Controllers, Hardware and Installation
4. Assign parameters to module Section 5.7
5. Connect measuring sensor or loads | Sections|5.8 to 5.15
to module
6. Commission configuration “Commissioning” section in the manual S7-400
Programmable Controllers, Hardware and Installation
7. If commissioning was not successful, | Section 5.16
diagnose configuration
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Analog Modules

5.3 Analog Value Representation

Introduction

This section describes the analog values for all the measuring ranges and output
ranges which you can use with the analog modules.

Converting Analog Values
Analog input modules convert the analog process signal into digital form.

Analog output modules convert the digital output value into an analog signal.

Analog Value Representation with 16-Bit Resolution

The digitized analog value is the same for both input and output values having the
same nominal range. The analog values are represented as a fixed-point number
in two’s complement. The resulting assignment is as follows:

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value of bits | 215 214 213 212 211 210 29 28 | 7 26 25 24 23 22 21 20

Bit 15 Can Be Interpreted as a Sign
The sign of the analog value is always contained in bit number 15:
e “0"— +

o« 417 s _

Resolution Less than 16 Bits

If the resolution of an analog module has fewer than 16 bits, the analog value is
stored left-justified on the module. The lower-order bit positions not used are
padded with zeros (“0”).

Automation System S7-400 Module Specifications
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Example

In the following example you can see how the positions not padded with “0” are
written for low resolution.

Table 5-4 Example: Bit Pattern of a 16-Bit and a 13-Bit Analog Value

Resolution Analog Value
Bit 15 14 13 12 117 10 9 8|7 6 5 4 3 2 1 O
16-bit analog value o 1 o o o 1 1 0ofO 1 1 12 0 O 1 1
13-bit analog value o 1 o o o 1 1 O0ofO 1 1 12 0 O o0 O
531 Analog Value Representation for Analog Input Channels

Introduction

The tables in this chapter contain the measured value representations for the
various measuring ranges of the analog input modules. The values in the tables
apply to all modules with the corresponding measuring ranges.

Notes for Readers of the Tables
Tables 5-6 to 5-8 contain the binary representation of the measured values.

Since the binary representation of the measured values is always the same,
starting at 5-9 these tables only contain the measured values and the units.

Measured-Value Resolution

The resolution of the analog values can differ depending on the analog module and
its parameter assignment. With resolutions < 16 bit, the bits marked with “x” are set
to “0".

Note: This resolution doesn’t apply to temperature values. The changed
temperature values are the result of recalculation in the analog module
(see Tables|5-16 to 5-30).

Automation System S7-400 Module Specifications
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Table 5-5 Possible Resolutions of the Analog Values

Resolution Units Analog Value
in Bits Decimal Hexadecimal High-Order Byte Low-Order Byte
9 128 80y 00000000 IXXXXXXX
10 64 404 00000000 O1XXXXXX
1 32 20y 00000000 001XxXXXX
12 16 104 00000000 0001xxxXx
13 8 81 00000000 00001xxx
14 4 4y 00000000 000001xx
15 2 24 00000000 0000001x
16 1 14 00000000 00000001

5-8
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Binary Representation of the Input Ranges

The input ranges shown in Tables 5-6 to 5-8 are defined in two’s complement
representation:

Table 5-6  Bipolar Input Ranges

Units Measured Data Word Range
Value
in % 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
32767 >118.515 0 1 1 1 1 1 11 1 1 1 1 1 1 1 1 |Over-
flow
32511 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over
27649 |>=100004(0 1 1 0 1 1 0 0 0 0O O O O O o 1 |"@n9e
27648 100.000 0 1 1 0 1 1 0O 0 0O OOOO O 0 O
1 0.003617 0O 0O O O o0 o 0O 0 0O O OO0 0 0 12
0 0.000 0O 0O O O o0 o 0O 0 0O OOOO O O O |Rated
1 000317 [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |"@nee
—-27648 | -100.000 1 0 O 1 0 1 0O 0 0O OOOO O 0O
-27649 | <-100.004 (1 O O 1 0 O 1 1 1 1 1 1 1 1 1 1 |Under
32512 |-117593 |1 0O O O O O O 1 0 0 0 0 0O O 0 o |9
-32768 | <-11759% |1 0 O O O O 0O 0 0O O OO O O O O0 |Under-
flow
Table 5-7  Unipolar Input Ranges
Units | Measured Data Word Range
Value
in % 215 9ol4 213 212 211 210 29 28 27 26 25 24 23 22 21 20
32767 >118.515 |0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |Overflow
32511 117.589 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over-
range
27649 >100.004 |0 1 1 0 1 0O 0 0O 0OOO0O 0 0 12
27648 | 100.000 0 1 1 0 1 0O 0 0O OOOO O OO
1 0.003617 0O 0O O o0 o0 0O 0 0O OOO0O 0O 0 1 |Rated
range
0 0.000 0O 0O O o0 o 0O 0 O OOOO O 0O O
-1 -0.003617 |1 1 1 1 1 11 1 1 1 1 1 1 1 1 |Under-
range
-4864 | -17.593 1 1 1 0 1 0O 1 0 0 0O OO O OO
-32768 | <-1759% (1 0 O O O 0O 0 0O OOO O O O O |Under-
flow
Automation System S7-400 Module Specifications
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Analog Modules

Table 5-8 Life-Zero Input Ranges
Units Measured Data Word Range
Vii'l;/(: 215 214 9213 912 211 210 29 28 27 26 25 24 23 22 2l 20
=32767 | =118.515 |0 1 1 1 1 1 11 1 1 1 1 1 1 1 1 |Over-
flow
32511 | 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over
range
27649 =100004 (O 1 12 O0 1 1 O O O O O O O O 0 1
27648 100.000 o 1 1 0 1 1 0 O O 0O 0O 0 O O 0 O |Rated
1 0003617 ([0 0 0O O O O 0O 0 0 0 0 0 0 0 o 1 |M@"9®
0 0.000 o o o0 o O O OO0 0O O O O o0 o0 0o
-1 —0.003617 |1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 |Under-
—4864 —17.593 11 1 0 1 1 O 1 O O O O O O O O range
In the event of wire break, the module reports 7FFFy
Analog Value Representation in Voltage Measuring Ranges
Table 5-9 Analog Value Representation in Voltage Measuring Ranges + 10 Vto + 1V
System Voltage Measuring Range
Dec. Hex. +10V +5V +25V +1V
118.515% | 32767 7FFF ]111.851V 5.926 V 2.963V 1.185V Overflow
117.593% | 32512 7F00
117.589% | 32511 7EFF | 11.759 V 5879V 2.940 V 1.176 V Overrange
27649 6C01
100.000% | 27648 6C00 |10V 5V 25V 1V
75.000% | 20736 5100 |75V 3.75V 1.875V 0.75V
0.003617% | 1 1 361.7uV | 180.8uV [90.4uV | 36.17 uv
0% |0 0 ov oV ov oV Rated range
-1 FFFF
—75.00% | —20736 |AF00 |-7.5V -3.75V -1875V |-0.75V
—100.000% | -27648 |9400 |-10V -5V -25V -1V
—27649 | 93FF Underrange
—117.593% | —-32512 | 8100 |-11.759V |-5.879V |-2.940V |-1.176V
—117.596% | -32513 | 80FF Underflow
—118.519% | -32768 |8000 |-11.851V |-5.926V |-2.963V |-1.185V

5-10
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Analog Modules

Table 5-10 Analog Value Representation in the Voltage Measuring Ranges + 500 mV to = 25 mV

System Voltage Measuring Range
Dec. Hex. | £500mV | £250mV | +80mV | +50 mV +25mV
118.515% | 32767 7FFF | 592.6 mV | 296.3mV  |94.8 mV 59.3 mV 29.6 mv Overflow
117.593% | 32512 7F00
117.589% | 32511 7EFF | 587.9mV | 2940mV | 94.1mV 58.8 mV 29.4 mv Overrange
27649 6C01
100.000% | 27648 6C00 | 500 mV 250 mV 80 mV 50 mV 25 mv
75% | 20736 5100 |375mv 187.54 mV | 60 mV 37.5mv 18.75 mV
0.003617% | 1 1 18.08 uVv 9.04 uv 2.89 uwv 1.81 uv 904.2 nvV Rated range
0% | 0 0 omv omv omv omv omv
-1 FFFF
-75.00% | 20736 | AFOO | —375 mV -187.54 mV | -60 mV -37.5mV | -18.75 mV
—100.000% | —27648 | 9400 | -500 mV —-250 mV —-80 mV -50 mV —-25 mV
—-27649 | 93FF Underrange
—117.593% | -32512 |8100 | -587.9mV |-2940mV |-941mV |-588mV |-29.4mV
—117.596% | —32513 | 80FF Underflow
-118.519% | -32768 | 8000 |-592.6mV |-296.3mV |-948mV |-59.3mV |-29.6 mV

Table 5-11 Analog Value Representation in the Voltage Measuring Ranges 1 to 5V and 0 to 10 V

System Voltage Measuring Range
Dec. Hex. lto5V Oto10V
118.515% | 32767 TFFF 5741V 11.852V Overflow
117.593% | 32512 7F00
117.589% | 32511 7TEFF 5.704 V 11.759 V Overrange
27649 6C01
100.000% | 27648 |6C00 |5V oV
75% | 20736 | 5100 3.75V 75V
0.003617% | 1 1 1V +144.7 W 0V +361.7 uv Rated range
0% (0 0 1V oV
-1 FFFF Underrange
—17.593% | —-4864 EDOO |0.296V Negative values not
-4865 | ECFF pessll Underflow
=-17.596% | —-32768 | 8000
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Analog Value Representation in Current Measuring Ranges

Table 5-12 Analog Value Representation in the Current Measuring Ranges = 20 mA to = 3.2 mA

System Current Measuring Range
Dec. Hex. =20 mA =10 mA =5 mA = 3.2mA
118.515% 32767 7FFF | 23.70mA [11.85mA |5.93mA 3.79 mA Overflow
117.593% 32512 7F00
117.589% 32511 7EFF | 23.52mA [11.76 mA |5.88 mA 3.76 mA Overrange
27649 6C01
100.000% 27648 | 6C00 | 20 mA 10 mA 5 mA 3.2mA
75% 20736 5100 |15 mA 7.5 mA 3.75mA 2.4 mA
0.003617% |1 1 723.4 nA 361.7nA |180.8nA |115.7 nA
0% 0 0 0 mA 0 mA 0 mA 0 mA Rated range
-1 FFFF
—75% —20736 | AF0O0 | -15mA —7.5mA -3.75mA |-2.4 mA
—100.000% |-27648 |9400 |-20mA -10 mA -5mA -3.2mA
-27649 | 93FF Underrange
-117.593% |-32512 |8100 |-23.52mA |-11.76mA |[-5.88 mA |-3.76 mA
-117.596% |-32513 |80FF Underflow
-118.519% |-32768 |8000 |-23.70mA |-11.85mA [-5.93mA |-3.79 mA

Table 5-13 Analog Value Representation in Current Measuring Ranges 0 to 20 mA

System Current Measuring Range
Dec. Hex. 0to 20 mA
118.515% | 32767 7FFF | 23.70 mA Overflow
117.593% | 32512 7F00
117.589% | 32511 7EFF | 23.52 mA Overrange
27649 6C01
100.000% | 27648 6C00 |20 mA
75% | 20736 5100 |15 mA
0.003617% |1 1 723.4 nA Rated range
0% |0 0 0 mA
-1 FFFF Underrange
—17.593% | —4864 EDOO [|-3.52 mA
—4865 ECFF Underflow
< -17.596% |—-32768 | 8000

5-12
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Table 5-14 Analog Value Representation in Current Measuring Ranges 4 to 20 mA

System Current Measuring Range
Dec. Hex. 4to 20 mA
118.515% | 32767 7FFF | 22.96 mA Overflow
117.593% | 32512 7F00
117.589% | 32511 7EFF | 22.81 mA Overrange
27649 6C01
100.000% | 27648 6C00 |20 mA
75% | 20736 5100 |16 mA
0.003617% | 1 1 4 mA + Rated range
578.7 nA
0% |0 0 4 mA
-1 FFFF Underrange
—17.593% | —4864 EDOO | 1.185mA
Underflow
< -17.596% | -32767 | 7FFF

Analog Value Representation for Resistance-Type Sensors

Table 5-15 Analog Value Representation for Resistance-Type Sensors from 48 Q to 6 kQ2

System Resistance-Type Sensor Range
Dec. Hex. 48 Q 150 Q 300 Q 600 Q 6 kQ
118.515% | 32767 7FFF | 56.89 Q |177.77Q2 |355.54Q | 711.09 Q | 7.11 kQ | Overflow
117.593% | 32512 7F00
117.589% | 32511 7EFF | 56.44Q |176.38 Q |352.77 Q | 705.53 Q | 7.06 kQ | Overrange
27649 6C01
100.000% | 27648 6C00 | 48 Q 150 Q 300 Q 600 Q 6 kQ
75% | 20736 5100 |36 Q 1125 Q 225Q 450 Q 4.5 kQ Rated
0.003617% | 1 1 1.74mQ [5.43mQ | 10.85mQ | 21.70mQ | 217.0me | "2"9°
0% |0 0 0Q 0Q 0Q 0Q 0Q
(negative values physically not possible) Underrange
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Analog Value Representation for Resistance Thermometers Pt x00 Standard

Table 5-16 Analog Value Representation for Resistance Thermometers Pt 100, 200, 500,1000

Pt x00 Units Pt x00 Units Pt x00 Units
Standard Standard Standard
in °C Deci- Hexa- in °F Deci- Hexa- in K Deci- Hexa- Range
(1 Digit = mal deci- (1 Digit = mal deci- (1 Digit = mal deci-
0.1°C) mal 0.1 °F) mal 0.1K) mal
> 1000.0 32767 7FFFy | >1832.0 32767 | 7TFFFy | >1273.2 32767 | 7TFFFy | Overflow
1000.0 10000 | 2710y 1832.0 18320 | 4790y 1273.2 12732 | 31BCy
: : : : : : : : : Overrange
850.1 8501 2135y 1562.1 15621 |3D05y | 1123.3 11233 2BE1y
850.0 8500 2134y 1562.0 15620 |3D04y | 1123.2 11232 2BEOy
: : : : : : : : : Rated range
—200.0 —2000 F8304 -328.0 -3280 F3304 73.2 732 2DCy
—200.1 —-2001 F82F, | -328.1 -3281 F32Fy 73.1 731 2DBy
: : : : : : : : : Underrange
—243.0 —2430 F682y —405.4 -4054 | FO2AL | 30.2 302 12E4
<-243.0 |-32768 |80004 <-405.4 |-32768 | 8000y < 30.2 32768 | 8000y Underflow

Analog Value Representation for Resistance Thermometers Pt x00 Climatic

Table 5-17 Analog Value Representation for Resistance Thermometers Pt 100, 200, 500,1000

Pt x00 Units Pt x00 Units
Climatic Climatic
in °C in °F Range
(1 Digit = | Decimal | Hexadecimal | (1 Digit = | Decimal | Hexadecimal
0.01°C) 0.01 °F)
> 155.00 32767 TFFFY > 311.00 32767 TFFFy Overflow
155.00 15500 3C8CH 311.00 31100 797CH
: : : : : : Overrange
130.01 13001 32C9%y4 266.01 26601 67E9
130.00 13000 32C8y 266.00 26600 67E8y
: : : : : : Rated range
-120.00 —12000 D120y -184.00 —18400 B820y
-120.01 —-12001 D11Fy -184.01 -18401 B81Fy
: : : : : : Underrange
—-145.00 —14500 C75Cy —229.00 —22900 AB8CH
<-145.00 |-32768 8000y <-—229.00 | -32768 8000y Underflow
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Analog Value Representation for Resistance Thermometers Ni x00 Standard

Table 5-18 Analog Value Representation for Resistance Thermometers Ni100, 120, 200, 500, 1000

Ni x00 Units Ni x00 Units Ni x00 Units
Standard Standard Standard
in °C Deci- Hexa- in °F Deci- Hexa- in K Deci- Hexa- Range
(1 Digit = mal deci- (1 Digit = mal deci- (1 Digit = mal deci-
0.1°C) mal 0.1 °F) mal 0.1K) mal
>295.0 32767 | 7FFFH | >563.0 32767 | 7FFFH | >568.2 32767 | 7TFFFy | Overflow
295.0 2950 B86 563.0 5630 15FE, | 568.2 5682 1632y
Overrange
250.1 2501 9C54 482.1 4821 12D5, | 523.3 5233 1471y
250.0 2500 9C4y 482.0 4820 12D4y | 523.2 5232 14704
Rated range
—-60.0 —600 FDA8y | -76.0 -760 FDO8y | 213.2 2132 854y
—60.1 —601 FDA7y | -76.1 -761 FDO7y 213.1 2131 853y
Underrange
-105.0 -1050 | FBE6y | -157.0 -1570 | F9DEy | 168.2 1682 692y
<-105.0 |-32768 | 8000y <-157.0 —32768 | 8000y <168.2 32768 | 8000y | Underflow

Analog Value Representation for Resistance Thermometers Ni x00 Climatic

Table 5-19 Analog Value Representation for Resistance Thermometers Ni 100, 120, 200, 500, 1000

Ni x00 Units Ni x00 Units
Climatic Climatic
in °C in °F Range
(1 Digit = | Decimal | Hexadecimal | (1 Digit = | Decimal | Hexadecimal
0.01°C) 0.01°F)
> 295.00 32767 TFFFy >325.11 32767 TFFFH Overflow
295.00 29500 733Chq 327.66 32766 7TFFEQ
: : : : : : Overrange
250.01 25001 61A9y 280.01 28001 6D61H
250.00 25000 61A8y 280.00 28000 6D60y
: : : : : : Rated range
—60.00 —-6000 E890y —76.00 —7600 E2504
—60.01 —-6001 E88F -76.01 -7601 E24F,
: : : : : : Underrange
—105.00 —10500 D6FCH -157.00 —-15700 C2ACH
<-105.00 |-32768 8000y <-157.00 |-32768 8000y Underflow
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Analog Value Representation for Resistance Thermometers Cu 10 Standard

Table 5-20 Analog Value Representation for Resistance Thermometers Cu 10

Cu 10 Units Cu 10 Units Cu 10 Units

Standard Standard Standard
in °C Deci- Hexa- in °F Deci- Hexa- in K Deci- Hexa- Range

(1 Digit = mal deci- (1 Digit = mal deci- (1 Digit = mal deci-

0.01°C) mal 0.01 °F) mal 0.01 K) mal
>312.0 32767 7FFFy | >593.6 32767 | 7FFFy | >585.2 32767 | 7TFFFy | Overflow
312.0 3120 C30y 593.6 5936 1730y 585.2 5852 16DCy
: : : : : : : : : Overrange
260.1 2601 A29y 500.1 5001 12D5, | 533.3 5333 14D5y
260.0 2600 A28y 500.0 5000 1389y 533.2 5332 14D4y
: : : : : : : : : Rated range
—200.0 —2000 F8304 -328.0 -3280 F3304 73.2 732 2DCy
—200.1 —-2001 F82F, | -328.1 -3281 F32Fy 73.1 731 2DBy
: : : : : : : : : Underrange
—240.0 —2400 F6A0, | —400.0 —4000 FO60y 33.2 332 14Cy
<-240.0 |-32768 |80004 <-400.0 |-32768 | 8000y <33.2 32768 | 8000y Underflow

Analog Value Representation for Resistance Thermometers Cu 10 Climatic

Table 5-21 Analog Value Representation for Resistance Thermometers Cu 10

Cu 10 Units Cu 10 Units
Climatic Climatic
in °C in °F Range
(1 Digit = | Decimal | Hexadecimal | (1 Digit = | Decimal | Hexadecimal
0.01°C) 0.01 °F)
>180.00 32767 TFFFY >325.11 32767 TFFFy Overflow
180.00 18000 4650y 327.66 32766 TFFEQ
: : : : : : Overrange
150.01 15001 3A99, 280.01 28001 6D61AY
150.00 15000 3A98, 280.00 28000 6D60y
: : : : : : Rated range
-50.00 -5000 EC78y4 -58.00 -5800 E958y
-50.01 -5001 EC77y -58.01 -5801 E957
: : : : : : Underrange
—60.00 —6000 E890H —76.00 —7600 E2504
<-60.00 |-32768 8000y <-76.00 |-32768 8000y Underflow
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Analog Value Representation for Thermocouple Type B

Table 5-22 Analog Value Representation for Thermocouple Type B

Units Units Units
Type B Type B Type B
ﬁ) °oC Deci- Hexg- >|/r? o Deci- Hexg- yIE K Deci- Hexg— Range
mal deci- mal deci- mal deci-
mal mal mal
> 2070.0 32767 | 7TFFFy | > 3276.6 3276.6 | 7FFFy | >2343.2 32767 | 7FFFy | Overflow
2070.0 20700 |50DCy | 3276.6 32766 | 7FFE4 | 2343.2 23432 | 5B88y
: : : : : : : : : Overrange
1821.0 18210 | 4722y 2786.6 27866 | 6CDAY | 2094.2 20942 | 51CEy
1820.0 18200 | 4718y 2786.5 27865 | 6CD9y | 2093.2 20932 | 51C4y
: : : : : : : : : Rated range
0,0 0 0000y -32.0 -320 FECOy | 273.2 2732 0AACH
: : : : : : : : : Underrange
-120.0 -1200 | FB504 |-184.0 -1840 | F8DOy | 153.2 1532 05FCy
<-120.0 —32768 | 8000y <-184.0 —32768 | 8000y <153.2 32768 | 8000y | Underflow
Analog Value Representation for Thermocouple Type E
Table 5-23 Analog Value Representation for Thermocouple Type E
Units Units Units
Type E Type E Type E
?/rfoc Decimal ngade- )Ilr? °F Decimal He_xade- ):E K Deci- Hexg— Range
cimal cimal mal deci-
mal
>1200.0 32767 TFFFy >2192,0 32767 TFFFy > 1473.2 32767 | 7TFFFy | Overflow
1200.0 12000 2EEOy 2192.0 21920 55A04 1473.2 14732 | 398Cy
: : : : : : : : : Overrange
1000.1 10001 2711y 1833.8 18338 47A2y 1274.2 12742 | 31Céy
1000.0 10000 2710y 1832.0 18320 4790y 1273.2 12732 | 31BCy
. . . . . . . . . Rated
: : : : : : : : : range
—-270.0 —2700 F574y —454.0 —4540 EE44y 0 0 0000y
<-270.0 <-2700 |<F574y |<-454.0 <-4540 |<EE44y |<O <0 <0000y | Underflow
In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example, incorrect thermocouple type), the analog input module reports an
underflow...
...If FOC4y is violated and outputs | ...if FB70y is violated and outputs | ...if ESD4y is violated and
8000y 8000y outputs 8000y
Automation System S7-400 Module Specifications
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Analog Value Representation for Thermocouple Type J

Table 5-24 Analog Value Representation for Thermocouple Type J

Units Units Units
TypeJ TypeJ TypeJ
iynpoc Decimal | Hexade- m)o,: Decimal | Hexa- )I/I“? K Deci- | Hexade- Range
cimal decimal mal cimal
>1450.0 32767 TFFFy >2642.0 32767 TFFFy >1723.2 32767 | TFFFy Overflow
1450.0 14500 38A4y 2642.0 26420 6734y 1723.2 17232 | 43504
: : : : : : : : : Overrange
1201.0 12010 2EEA4 2193.8 21938 55B24 1474.2 14742 | 3996y
1200.0 12000 2EEOy 2192.0 21920 55A04 1473.2 14732 | 398Cy
. . . . . . . . . Rated
: : : : : : : : : range
-210.0 —2100 F7CCy | -346.0 —3460 F27Cq 63.2 632 0278y
<-210.0 <-2100 |<F7CCy |<-346.0 <-3460 |<F27Cy |<63.2 <632 <0278y
Underflow
In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example incorrect thermocouple type), the analog input module reports an
underflow...
...if F31Cy is violated and outputs | ...if EAOCy is violated and ...If FDC8y is violated and
8000y outputs 8000y outputs 8000y
Analog Value Representation for Thermocouple Type K
Table 5-25 Analog Value Representation for Thermocouple Type K
Units Units Units
Type K Type K Type K
>|/rl1j °c Decimal | Hexade- )llr? °F Decimal | Hexa- ):E K Deci- | Hexade- Range
cimal decimal mal cimal
>1622.0 32767 TFFFy > 2951.6 32767 TFFFy >1895.2 32767 | TFFFy Overflow
1622.0 16220 3F5CH 2951.6 29516 734Cy 1895.2 18952 | 4A08y
: : : : : : : : : Overrange
1373.0 13730 35A24 2503.4 25034 61CAH 1646.2 16462 | 404Eh
1372.0 13720 3598y 2501.6 25061 61B8, 1645.2 16452 | 4044y
. . . . . . . . . Rated
' ’ ' ’ ’ ’ ) ) ) range
—-270.0 —2700 F574y —454.0 —4540 EE44y 0 0 0000y
<-270.0 <-2700 |<F574y | <-454.0 <-4540 |<EE44y | <0 <0 <0000y | Underflow

In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example, incorrect thermocouple type), the analog input module reports an
underflow...

...if FOC4y, is violated and outputs | ...if ESD4y is violated and ...If FB70y is violated and
8000y outputs 8000y outputs 8000y

Automation System S7-400 Module Specifications
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Analog Value Representation for Thermocouple Type L

Table 5-26 Analog Value Representation for Thermocouple Type L

Units Units Units
Type L TypelL Type L
?/np°C Decimal He_xa- ?IIE) o Decimal Hexe}- )IIE K Deci- Hexa— Range
decimal deci- mal decimal
mal
>1150.0 32767 7TFFFH >2102.0 32767 7TFFFH >1423.2 32767 7TFFFH Overflow
1150.0 11500 2CECyH | 2102.0 21020 521Ch 1423.2 14232 3798y
: : : : : : : : : Overrange
901.0 9010 2332y 1653.8 16538 409Ay | 1174.2 11742 2DDEy
900.0 9000 2328y 1652.0 16520 4088y 1173.2 11732 2DD4y
. . . Rated
: : : : : : : : : range
—200.0 —2000 F830y -328.0 -3280 F3304 73.2 732 02DCh
<-200.0 <-2000 |<F830y | <-328.0 <-3280 |<F330y | <73.2 <732 <02DCy | Underflow
In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example, incorrect thermocouple type), the analog input module reports an
underflow...
...if F380y is violated and outputs | ...if EACOy is violated and ...if FE2Cy is violated and
8000y outputs 8000y outputs 8000y
Analog Value Representation for Thermocouple Type N
Table 5-27 Analog Value Representation for Thermocouple Type N
Units Units Units
Type N Type N Type N
>|/rl1) °c Decimal | Hexade- )llr? °F Decimal | Hexade- ylg K Deci- | Hexade- | Range
cimal cimal mal cimal
>1550.0 32767 7TFFFy >2822.0 32767 TFFFy >1823.2 32767 TFFFy Overflow
1550.0 15500 3C8Cy 2822.0 28220 6E3CH 1823.2 18232 | 4738y
. . . Overrang
: : : : : : : : : e
1300.1 13001 32C9%y 2373.8 23738 5CBAY 1574.2 15742 3D7EH
1300.0 13000 32C8y 2372.0 23720 5CA8H 1573.2 15732 | 3D74y
. . . Rated
: : : : : : : : : range
-270.0 —2700 F574y —454.0 —4540 EE44y 0 0 0000y
<-270.0 <-2700 |<F574y | <-454.0 <—4540 |<EE44y | <0 <0 <0000y | Underflow
In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example, incorrect thermocouple type), the analog input module reports an
underflow...
...if FOC4y, is violated and outputs | ...if ESD4y is violated and ...if FB70y is violated and
8000y outputs 8000y outputs 8000y
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Analog Value Representation for Thermocouple Types R, S

Table 5-28 Analog Value Representation for Thermocouple Types R, S

Units Units Units

Types R, S - Types R, - Types R, -

YF;n °C Deci- Hexa- ypS Deci- Hexa- ypS Deci- Hexa- Range

mal deci- o mal deci- : mal deci-
in °F in K
mal mal mal

> 2019.0 32767 TFFFH > 3276.6 32767 TFFFy >2292.2 32767 7FFFy | Overflow
2019.0 20190 4EDEy | 3276.6 32766 TFFEy | 2292.2 22922 598Ay

: : : : : : : : : Overrange
1770.0 17770 4524y, 3218.0 32180 7DB4y | 2043.2 20432 4FDOy

1769.0 17690 451A4 3216.2 32162 7DA2y | 2042.2 20422 4FC6y

: : : : : : : : : Rated range
-50.0 -500 FEOCH | -58.0 -580 FDBCy | 223.2 2232 08B8y
-51.0 -510 FEO24 -59.8 -598 FDAAL | 222.2 2222 08AEH

: : : : : : : : : Underrange
-170.0 -1700 F95Cy | -274.0 -2740 F54Cy 103.2 1032 0408y

<-170.0 —-32768 | 8000y <-274.0 —32768 | 8000y <103-2 <1032 | 80004 Underflow

Analog Value Representation for Thermocouple Type T

Table 5-29 Analog Value Representation for Thermocouple Type T

Units Units Units
Type T Type T Type T
?/np°C Decimal Hex_a- Yr? o Decimal He_xa- %E K Deci- ngade- Range
deci- decimal mal cimal
mal
>540.0 32767 TFFFY >1004.0 32767 TFFFH >813.2 32767 TFFFY Overflow
540.0 5400 1518 1004.0 10040 2738y 813.2 8132 1FC4y
: : : Overrange
401.0 4010 OFAAY
400.0 4000 OFAOY 752.0 7520 1D60y 673.2 6732 1AACyH
. . . . . . . . . Rated
' ’ ' ' ' ' ' ’ ' range
-270.0 —2700 F5744 -454.0 —4540 EE44y 3.2 32 0020y
<-270.0 <-2700 |H <-454.0 <-4540 | <EE44y | <3.2 <32 <0020y | Underflow

In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the
negative range (for example, incorrect thermocouple type), the analog input module reports an
underflow...

...If FOC4y is violated and ...If E5D4y is violated and ...iIf FB70y is violated and
outputs 8000y outputs 8000y outputs 8000y
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Analog Value Representation for Thermocouple Type U

Table 5-30 Analog Value Representation for Thermocouple Type U

Units Units Units
Type U Type U Type U
ﬁ) °oC Decimal Hex_a- )IIE o Decimal Hex_a- ):E K Deci- He_xa- Range
deci- deci- mal decimal
mal mal

> 850.0 32767 7FFFy | > 1562.0 32767 7FFFy | >1123.2 32767 | 7TFFFy Overflow
850.0 8500 2134y 1562.0 15620 2738.0 | 1123.2 11232 2BEOy

: : : : : H : : :

Overrange
601.0 6010 177Ay 1113.8 11138 : 874.2 8742 2226y
2B82y

600.0 6000 W | 17704 1112.0 11120 2B704 | 873.2 8732 221Cq

: : : : : : : : : Rated range
—200.0 —2000 F830y -328.0 -3280 F330y4 73.2 732 02DCy

<-200.0 <-2000 |H <-328.0 <-3280 |H <732 <732 <02DCy | Underflow
In the case of incorrect wiring (for example, polarity reversal or open inputs) or of a sensor error in the

negative range (for example, incorrect thermocouple type), the analog input module reports an

underflow...

...if F380y is violated and ...if EACOy is violated and ...if FE2Cy is violated and

outputs 8000y outputs 8000y outputs 8000y
Automation System S7-400 Module Specifications
A5E00267842-01 5-21



Analog Modules

5.3.2 Analog Value Representation for Analog Output Channels

Introduction

The tables in this chapter contain the analog value representation for output
channels of the analog output modules. The values in the tables apply to all
modules with the corresponding output ranges.

Notes on How to Read the Tables
Tables 5-31 to 5-33 contain the binary representation of the output values.

Since the binary representation of the output values is always the same, starting at
5-34 these tables only contain the output ranges and the units.

Binary Representation of the Output Ranges

The output ranges shown in Tables 5-31 to 5-33 are defined in two’s complement
representation:

Table 5-31 Bipolar Output Ranges

Units Output Data Word Range
Val;oe in 215 914 913 912 211 210 99 98 o7 26 95 94 93 22 ol 90
=>32512 | 0% 0 1 1 1 1 1 1 1 x X X X X X X X |Overflow
32511117589 |0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over
27649 [>100004 0 1 1 0 1 1 0 0 0 0 0 0 0 0 o 1 |°"%¢
27648100000 |0 1 1 0 1 1 0 0 0 O 0 O 0 O 0 O
1000317 [0 0 0 O 0O O 0O 0 O 0 O 0 O 0 0 1
0 | 0.000 0O 0 0 0 00O 00OOG OGO OTG OO 0 0 |Ratd
1]/-000317(1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
27648|-100000 ({1 0 O 1 0 1 0 0 0 0 0 0 0 O 0 O
27649 <100004 |1 O O 1 0 O 1 1 1 1 1 1 1 1 1 1 |Under
32512|-117593 |1 0 O O O O O 1 0 0 0 0 O 0 o o |1@"9e
<32513 | 0% 1 0 0 0 0O O 0 0 x x X X X X X x [Under-
flow
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Table 5-32 Unipolar Output Ranges

Units Output Data Word Range
Value in
% 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
=>32512 | 0% 0 1 1 1 1 1 1 1 x X X X X X x x |Overflow
32511 | 117.589 o 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over-
27649 =100004 |0 1 1 0 1 1 0 0 0 0O 0 O 0 0 O 1 |M@n9%®
27648 | 100.000 o 1 12 0 1 1 0O O 0O O O O O o o o
1(0003617 /O 0O O O O O O O O O O O O O O 1 |Rated
range
0| 0.000 O 0O 0O O O O O O O0O O Oo0OO0OO0OMU/0DW90wo
-1 |0.000 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |Limited
to rated
range
lower
-32512 1 0 0 O O O O 1 0 0 0O 0 O O O O [|mitof
0V and
0 mA
<32513 | 0% 1 0 0O O o 0 O 0 X X X X X X X X |Under-
flow
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Table 5-33 Life-Zero Output Ranges

Units Output Data Word Range
Valuein % | 15 514 913 912 911 210 29 28 27 26 95 94 23 92 ol 20
> 32512 |0 % 0 1 1 1 1 1 1 1 x X X X X X X X |OQver-
flow
32511 | 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 |Over-
27649 =100004 |O 1 1 0 1 1 0 0 0 0 0 O O O o0 1 |anee
27648 | 100.000 0 1 1 0 1 1 0O 0 00O OO O 0 O O |Rated
10003617 |0 0 0 0O O O 0 0O 0O O 0O O O 0 0 1 |M@9®
0 | 0.000 0 0 0 0 0 0 0O 0 0 OO OO O OO
-1 (-0.003617 |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |Under-
6912|-25000 |1 1 1 O O 1 0 1 0 0 0 0O O O O o |@nee
—6913 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 |Limited
to
over-
range
—-25.000 lower
-32512 1 0 0 0 0 0 0O 1 0 0 0 0O 0 0o 0O O l(l)n:/lt
and
0 mA
<-32513 | -25% 1 0 0 0 0 0 0 0 x X X X X X X X |Under-
flow
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Analog Value Representation in Voltage Output Ranges

Table 5-34 Analog Value Representation in Output Range =[10 V

System Voltage Output Range
Dec. Hex. 10V
118.5149% | 32767 7FFF ]0.00V Overflow, off circuit and deenergized
32512 7F00
117.589% | 32511 7TEFF |11.76 V Overrange
27649 6CO01

100% | 27648 6C00 |10V
75% | 20736 5100 |75V

0.003617% | 1 1 361.7 uVv Rated range
0% (0 0 ov
-1 FFFF |-361.7 uv

—75% | —20736 |AFO0 |-7.5V
-100% | —27648 |9400 |-10V

—27649 | 93FF Underrange
—117.593% | -32512 |8100 |-11.76 V
—-32513 | 80FF Underflow, off circuit and deenergized

—-118.519% | -32768 | 8000 |0.00V

Table 5-35 Analog Value Representation in Output Ranges 0to 10 Vand 1to 5V

System Voltage Output Range
Dec. Hex. |Oto 10V lto5V
118.5149% | 32767 7FFF | 0.00V 0.00V Overflow, off circuit and
32512 7E00 deenergized
117.589% | 32511 7EFF | 11.76 V 5.70V Overrange
27649 6C01
100% | 27648 6C00 |10V 5V
75% | 20736 5100 |75V 3.75V
0.003617% | 1 1 361.7uV 1V+144.7uV | Rated range
0% | 0 0 oV 1V
-1 FFFF Underrange
—25% | -6912 E500 oV
-6913 E4FF Not possible.
The output value is limited
-117.593% | -32512 | 8100 to 0 V.
—32513 | 80FF Underflow, off circuit and
118.519% | -32768 | 8000 |0.00V 0.00 V deenergized
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Analog Value Representation in Current Output Ranges

5-26

Table 5-36 Analog Value Representation in Output Range +[20 mA

System Current Output Range
Dec. Hex. |20 mA
118.5149% | 32767 7FFF ] 0.00 mA Overflow, off circuit and deenergized
32512 | 7F00
117.589% | 32511 7EFF | 23.52 mA Overrange
27649 | 6C01
100% | 27648 6C00 | 20 mA
75% | 20736 5100 | 15mA
0.003617% | 1 1 723.4 nA
0% |0 0 0 mA Rated range
-1 FFFF | —723.4 mA
—75% | -20736 | AFOO | -15mA
—100% | —27648 |9400 |-20 mA
—27649 | 93FF Underrange
—117.593% | —32512 | 8100 |-23.52 mA
—-32513 | 80FF Underflow, off circuit and deenergized
—-118.519% | —-32768 | 8000 | 0.00 mA

Table 5-37 Analog Value Representation in Output Ranges 0 and 20 mA and 4 to 20 mA

System Current Output Range
Dec. Hex. | O0to 20 mA 4to 20 mA:
118.5149% | 32767 7FFF ] 0.00 mA 0.00 mA Overflow, off circuit
32512 7E00 and deenergized
117.589% | 32511 7EFF | 23.52 mA 22.81 mA Overrange
27649 6C01
100% | 27648 6C00 | 20 mA 20 mA
75% | 20736 5100 |15 mA 15 mA Rated range
0.003617% | 1 1 723.4 nA 4mA+578.7 nA
0% |0 0 0 mA 4 mA
-1 FFFF Underrange
—25% | —6912 E500 0 mA
-6913 E4FF Not possible. The
output value is
-117.593% | —32512 | 8100 limited to 0 mA.
—32513 | 80FF Underflow, off circuit
~118.519% | 32768 | 8000 |0.00 mA 0.00 mA and deenergized
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54 Setting the Measuring Method and Measuring Ranges
of the Analog Input Channels

Two Procedures

There are two procedures for setting the measuring method and the measuring
ranges of the analog input channels of the analog modules:

* With a measuring range module and STEP 7

* By wiring the analog input channel and STEP 7

Which of these two methods is used for the individual analog modules depends on
the module and is described in detail in the specific module sections.

The procedure for setting the measuring method and measuring range of the
module in STEP 7 is described in Section 5.7.

The following section describes how you set the measuring method and the
measuring range by means of measuring range modules.

Setting the Measuring Method and the Measuring Ranges with Measuring Range
Modules

If the analog modules have measuring range modules, they are supplied with the
measuring range modules plugged in.

If necessary, the measuring range modules must be replugged to change the
measuring method and the measuring range.

Attention

Make sure that the measuring range modules are on the side of the analog input
module.

Before installing the analog input module, therefore, check whether the measuring
range modules have to be set to another measuring method and another
measuring range.

Possible Settings for the Measuring Range Modules
The measuring range modules can be set to the following positions: “A”, “B”, “C” and
“D.

Which measuring range module positions you must select for the individual
measuring methods and measuring ranges is described in detail in the specific
module section.

The settings for the various types of measurement and measuring ranges are also
printed on the analog module.

Automation System S7-400 Module Specifications
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Replugging Measuring Range Modules
If you want to replug a measuring range module, perform the following steps:

1. Use a screwdriver to ease the measuring range module out of the analog input
module.

Figure 5-1  Levering the Measuring Range Module out of the Analog Input Module

Automation System S7-400 Module Specifications
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2. Insert the measuring range module (correctly positioned (1) into the analog
input module.

The measuring range selected is the one that points to marker point on
module (2).

Figure 5-2  Inserting the Measuring Range Module into the Analog Input Module

Perform the same steps for all other measuring range modules.

The next step is to install the module.

A Caution
This can result in damage.

If you have not set the measuring range modules correctly, the module may be
destroyed.

Make sure that the measuring range module is in the correct position before
connecting a sensor to the module.

Automation System S7-400 Module Specifications
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5.5 Behavior of the Analog Modules

Introduction
In this section, you will find information on:

* How the analog input and output values depend on the operating modes of the
CPU and the supply voltage of the analog module

* The behavior of the analog modules depending on where the analog values lie
within the value range

* The effect of errors on analog modules with diagnostics capability

* The effect of the operational limit of the analog module on the analog input and
output value, as illustrated by an example

5.5.1 Effect of Supply Voltage and Operating Mode

The input and output values of the analog modules depend on the operating mode
of the CPU and on the supply voltage of the module.

Table 5-38 Dependencies of the Analog Input/Output Values on the Operating Mode of the CPU and the
Supply Voltage L+

CPU Operating Supply Voltage L+ at | Output Value of the Analog Input Value of the
Mode Analog Module Output Module Analog Input Module*
POWER | RUN L+ present CPU values Measured value
ON Until the first conversion... 7FFFy until the first
* after power-up has been | conversion following
completed, a signal of 0 | POWer-up or after
mA or 0 V is output. parameter assignment of
o aft ; the module has been
after parameter completed
assignment has been
completed, the previous
value is output.
L+ missing 0 mA/OV
POWER | STOP L+ present Substitute value/last value Measured value
ON .
(default values: 0 mA/O V) 7FFFy until the first
conversion following
_ power-up or after
L+ missing 0mA/0V parameter assignment of
the module has been
completed
POWER |- L+ present 0 mA/OV -
OFF L+ missing 0 mA/O VvV -

* L+ only required with 2-wire transmitters
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Behavior on Failure of the Supply Voltage

Failure of the load power supply L+ of the diagnostics-capable analog module is
indicated in the case of configured two-wire transmitters by the EXTF LED on the
module. Furthermore, this information is made available on the module (entry in
diagnostic buffer).

Triggering of a diagnostic interrupt depends on the parameter assignment
(see Section 5.7).

5.5.2 Effect of Range of Values of the Analog Values

Effect of Errors on Analog Modules with Diagnostics Capability

Any errors that occur can lead to a diagnostics entry and a diagnostic interrupt with

analog modules with diagnostics capability and corresponding parameter
assignment. You will find the errors that might be involved in Section 5.16.

Effect of Range of Values on the Analog Input Module

The behavior of the analog modules depends on where the input values lie within
the range of values.

Table 5-39 Behavior of the Analog Input Modules as a Function of the Position of the
Analog Value Within the Range of Values

Measured Input Value LED Diagnostics Interrupt
Value In (EXTF)
Rated range Measured - - -
value

Overrange/ Measured - - -

underrange value

Overflow 7FFFH Flashes? | Entered? Diagnostic
interruptd)

Underflow 8000H Flashesl) | Entered?) Diagnostic
interrupt)

Beyond the Measured - - Hardware

programmed value interruptd)

limit

1) Only for modules with diagnostics capability and depending on parameter assignment
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Effect of Range of Values on the Analog Output Module

The behavior of the analog modules depends on where the output values lie within
the value range.

Table 5-40 Behavior of the Analog Output Modules as a Function of the Position of the
Analog Value Within the Range of Values

Process Value | Output Value LED Diagnostics Interrupt
Lies Within (EXTF)

Rated range CPU value - - _

Overrange/und | CPU value - - _

errange

Overflow 0 signal - - -

Underflow 0 signal - - -

5.5.3 Effect of Operational Limit and Basic Error Limit

Operational Limit

The operational limit is the measuring error or output error of the analog module
over the entire temperature range authorized for the module, referred to the rated
range of the module.

Basic Error Limit

The basic error limit is the operational limit at 25°C, referred to the rated range of
the module.

Note

The percentage details of operational and basic error limits in the technical
specifications of the module always refer to the highest possible input and output
value in the rated range of the module. In the measurement range + 10 V this
would be the 10 V
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Example of Determination of the Output Error of a Module

An analog output module SM 432; AO 8 x 13 Bit is being used for voltage output.
The output range “+10 V” is used. The module is operating at an ambient
temperature of 30°C. The operational limit thus applies. The technical
specifications of the module state:

* Operational limit for voltage output; X +0.5%

An output error, therefore, of £0.05 V (£ 0.5% of 10 V) over the whole rated range
of the module must be expected.

This means that with an actual voltage of, say, 1V, a value in the range from 0.95
V to 1.05 V is output by the module. The relative error is +5% in this case.

The figure below shows for the example how the relative error becomes
increasingly less the more the output value approximates to the end of the rated
range of 10 V.

+0.05V +0.05V +0.05V
(A +£5%) (& +0.625%) (& +0.5%%)
/ \
R e S Wt L ~— ) -
' v ' ' v Output Value
-1V 0V 1V 8V 10V
* Operational limit

Figure 5-3  Example of the Relative Error of an Analog Output Module
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5.6 Conversion, Cycle, Setting and Response Time of
Analog Modules

Conversion Time of Analog Input Channels

The conversion time consists of a basic conversion time and additional processing
times of the module for:

* Resistance test
* Wire-break monitoring

The basic conversion time depends directly on the conversion method of the
analog input channel (integrating method, instantaneous value conversion).

In the case of integrating conversion methods, the integration time has a direct
influence on the conversion time. The integration time depends on the interference
frequency suppression that you set in STEP 7 (refer to Section 5.7).

To find out the basic conversion times and additional processing times of the
different analog modules, refer to the technical specifications of the module
concerned, starting at Section|5.18.

Scan Time of Analog Input Channels

Analog-to-digital conversion and the transfer of the digitized measured values to
the memory and/or to the bus backplane are performed sequentially —in other
words, the analog input channels are converted one after the other. The scan time
—in other words, the time elapsing until an analog input value is again converted, is
the sum of the conversion times of all activated analog input channels of the analog
input module.

The following figure illustrates the components of the scan time for an n-channel
analog module.

l .

Conversion time,
channel 1

'

Conversion time,
channel 2 ‘ > Cycle time

Y
Conversion time,
channel n

‘ _/

Figure 5-4  Scan Time of an Analog Input or Output Module
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Basic Execution Time of the Analog Input Channels

The basic execution time corresponds to the cycle time for all the enabled
channels.

Setting the Smoothing of Analog Values

You can set the smoothing of the analog values in STEP 7 for some analog input
modules.

Using Smoothing
Smoothing of analog values ensures a stable analog signal for further processing.

It makes sense to smooth the analog values with slow variations of measured
values —for example, with temperature measurements.

Smoothing Principle

The measured values are smoothed by digital filtering. Smoothing is accomplished
by the module calculating average values from a defined nhumber of converted
(digitized) analog values.

The user assigns parameters to smoothing at not more than four levels (none, low,
average, high). The level determines the number of analog signals used for
averaging.

The higher the smoothing level chosen, the more stable is the smoothed analog
value and the longer it takes until the smoothed analog signal is applied after a
step response (refer to the following example).
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Example

The following figure shows the number of module cycles for a step response after
which the smoothed analog value is approximately 100% applied, as a function of
the smoothing that has been set. The figure applies to every change of signal at
the analog input.

Signal variation Step response for any analog input signal
in percent

100 S I —

P -
- /
, ~
63f|- - -~ -t -7
’ /
50 7

0 50 100 150 200
Smoothing: low: . - Module cycles
average: = - - - - - -
high: —_—

Figure 5-5  Example of the Influence of Smoothing on the Step Response

Additional Information on Smoothing

Refer to the specific section on the analog input module (from Section 5.18) to
determine whether smoothing can be set for the specific module and for any
special features that have to be taken into account.

Conversion Time of the Analog Output Channels

The conversion time of the analog output channels comprises the transfer of the
digitized output values from the internal memory and the digital-to-analog
conversion.

Scan Time of Analog Output Channels

The analog output channels are converted sequentially — in other words, the
analog output channels are converted one after the other.

The scan time — in other words, the time elapsing until an analog output value is
again converted — is the sum of the conversion times of all activated analog output
channels (refer to 5-4).
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Basic Execution Time of the Analog Output Channels

The basic execution time corresponds to the cycle time for all the enabled
channels.

Tip
You should disable any analog channels that are not being used to reduce the scan
time in STEP 7.

Overview of the Settling Time and Response Time of the Analog Output Modules

VA

tl t2 t3

ta

tz

tp = response time

tz = cycle time corresponds to n X conversion time (n = activated channels)
tg = settling time

t; = new output value is present

to = output value transferred and converted

t3 = specified output value reached

Figure 5-6  Settling and Response Times of the Analog Output Channels

Settling Time

The settling time (t, to t3) — in other words, the time elapsing from application the
converted value until the specified value is reached at the analog output — is
load-dependent. A distinction is made between resistive, capacitive and inductive
loads.

For the settling times of the different analog output modules as a function of load
refer to the technical specifications of the module concerned, starting at
Section|5.18.

Response Time

The response time (t; to t3) — in other words, the time elapsing from application of

the digital output values in the internal memory until the specified value is reached
at the analog output — in a worst case scenario is the sum of the scan time and the
settling time.

You have a worst case situation if, shortly prior to the transfer of a new output
value, the analog channel has been converted and is not converted again until all
other channels are converted (cycle time).
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5.7 Analog Module Parameter Assignment

Introduction

Analog modules can have different characteristics. You can set the characteristics
of the modules by means of parameter assignment.

Tools for Parameter Assignment
You assign parameters to analog modules with STEP 7.

When you have set all the parameters, download the parameters from the
programming device to the CPU. When there is a transition from STOP to RUN
mode, the CPU transfers the parameters to the individual analog modules.

In addition, if necessary you must place the measuring range modules of the
module in the necessary position (refer to Section 5.4)|

Static and Dynamic Parameters
The parameters are divided into static and dynamic parameters.
Set the static parameters in STOP mode of the CPU, as described above.

You can similarly modify the dynamic parameters in the current user program by
means of SFCs. Note, however, that after a change from RUN — STOP, STOP —
RUN of the CPU, the parameters set in STEP 7 apply again. You will find a
description of the parameter assignment of modules in the user program in
Appendix A.

Configuration in RUN (CiR)

You can use this method to modify the system or the configuraion of specific
modules while the system is in RUN. That is, the CPU stays in RUN upt o a
maximum period of 2.5 seconds.

For further information on this topic, refer to the "Configuration in RUN by means of
CiR” manual. This manual is included in PDF format on the STEP 7 CD.
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5.7.1 Parameters of the Analog Input Modules

The analog input modules use a subset of the parameters and ranges of values

listed in the table below, depending on the functionality. Refer to the section on the
module concerned, starting from Section|5.18, to find out which subset the module
is capable of using.

The default settings apply if you have not performed parameter assignment in

STEP 7.

Table 5-41 Parameters of the Analog Input Modules

Parameter Value Range Default?) | Parameter Scope
Type
Enable
. i ici 1)
Diagnostic interrupt Yes/no mg Dynamic Module
* Hardware interrupt®) Yes/no
. !Z)estlnatlon CPUfor |1to4 - Static Module
interrupt
Trigger for hardware
interrupt .
No Static Channel
* End of scan cycle Yes/no
reached at input
Constraint possible due to measuring
range .
* High limit 32511 to ~32512 - Dynamic | Channel
* Low limit —32512 to 32511
Diagnostics
* Wire break No
Yes/no
* Reference channel No
Yes/no .
error No Static Channel
Yes/no
Underflow No
Yes/no
Overflow No
Yes/no

Short circuit to M
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Table 5-41 Parameters of the Analog Input Modules, continued

Parameter Value Range Default?) | Parameter Scope
Type
Measurement
® Measuring type Disabled U
U Voltage
4DMU Current
(four-wire transmitter)
2DMU Current
(two-wire transmitter)
R-4L  Resistance
(four-conductor connection)
R-3L  Resistance
three-conductor connection Static Channel
RTD-4L Thermal resistor
(linear, four-conductor
connection)
RTD-3L Thermal resistor
(linear, three-conductor
connection)
TC-L  Thermocouple (linear)
® Measuring range For the settable measuring ranges of | £10V
the input channels, please refer to the
individual module description.
* Reference —273.15 to 327.67 °C o°C Dynamic Module
temperature
* Temperature unit Degrees Celsius; degrees Fahrenheit; | Degrees Static Module
Kelvins Celsius
® Temperature Platinum (Pt) 0.00385
coefficient for 0.00385 Q/Q/°C
temperature 0.003916 Q/Q/°C
measurement with 0.003902 Q/Q/°C
thermal resistor 0.003920 Q/Q/°C
(RTD) Nickel (Ni)
0.00618 Q/Q/°C
0.00672 Q/Q/°C Static Channel
* |nterference 400 Hz; 60 Hz; 50 Hz; 10 Hz; none 50 or 60
frequency Hz
suppression
®*  Smoothing None None
Low
Average
High
® Reference junction None None
Internal
RTD on channel 0
Reference temperature value dynamic

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.
) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.

N
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5.7.2

Parameters of the Analog Output Modules

The analog output modules use a subset of the parameters and ranges of values

listed in the table below, depending on the functionality. Refer to the section on the
module concerned, starting from Section 5.18, to find out which subset the module
is capable of using.

The default settings apply if you have not performed parameter assignment in

STEP 7.

Table 5-42 Parameters of the Analog Output Modules

output channels, please refer to the
individual module description.

Parameter Value Range Default) | Parameter Scope
Type
Output
* Type of output Disabled U
Voltage
Current Static Channel
® Output range For the settable measuring ranges of the | £10 V

1) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.
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5.8 Connecting Sensors to Analog Inputs

Introduction

You can connect different sensors to the analog input modules depending on the
measuring method; voltage and current sensors, and resistors.

This section contains general information that is generally applicable to all the
connection options for sensors described in the sections that follow.

Cables for Analog Signals

To reduce electrical interference, you should use twisted-pair shielded cables for
the analog signals. The shield of the analog signal cables should be grounded at
both cable ends.

If there are potential differences between the cable ends, an equipotential bonding
current can flow over the shield, which leads to an interference of the analog
signals. In such a case, you should ground the shield at one end of the cable only.

Non-lIsolated Analog Input Modules

In the case of the non-isolated analog input modules there is an electrical
connection between the reference point of the measuring circuit Maya and chassis
ground.

You use non-isolated analog modules if there are few or no potential differences
between the measuring sensors and chassis ground.

Isolated Analog Input Modules

With the isolated analog input modules there is no electrical connection between
the reference point of the measuring circuit Mana and chassis ground.

You use isolated analog input modules if a potential difference U,;gg can occur
between the reference point of the measuring circuit Mana and chassis ground. By
means of an equipotential bonding conductor between the Mana terminal and
chassis ground, make sure that U;gg does not exceed the permitted value.

Limited Potential Difference Ugp

Only a limited potential difference Uy (common mode voltage) may occur
amongst the M— measuring lines of the input channels and between the leads and
the reference point of the measuring circuit Mana. In order to prevent the
permissible value from being exceeded, you must take different actions, described
below, depending on the potential connection of the sensors.
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Abbreviations and Mnemonics Used in the Figures Below

The abbreviations and mnemonics used in the figures below have the following

meanings:
M +: Measuring line (positive)
M —: Measuring line (negative)

Mana:  Reference potential of the analog measuring circuit

Ucwm: Potential difference between inputs and reference potential of
the Mana Measuring circuit

Uiso: Potential difference between Mana and chassis ground

Connection of Isolated Measuring Sensors

The isolated sensors are not connected with the local ground potential (local
ground). They can be operated free of potential.

With isolated sensors, potential differences might arise between the different
sensors. These potential differences can arise as a result of interference or the
local distribution of the sensors.

To ensure that the permissible value for Ug)y is not exceeded during use in heavily
EMC-affected environments, connect M—to Mana in modules with an Mana

connection.
| S
L'_M;/O
Isolated
Gﬁﬁ
— O
. : I O
Connection requwed/l |
for modules with || 8
Mana Ll Manal O
Uiso
—l— Chassis ground

Figure 5-7  Connecting Isolated Sensors to an Isolated Al

Note

Do not connect M- to Mana When connecting two-wire transmitters for current
measurement and when connecting resistance-type sensors. This also applies to
inputs which are not used.

Non-Isolated Sensors

The non-isolated sensors are connected with the local ground potential (local
ground). When using non-isolated sensors, you must connect Mana to chassis
ground.
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Connecting Non-Isolated Sensors

Caused by local conditions or interference, potential differences Ugy (static or
dynamic) can occur between the locally distributed individual measuring points. If
the potential difference Ug) exceeds the permissible value, you must provide
equipotential bonding conductors between the measuring points.

. @)
Non-isolated M+ O
sensors /'S[_ M=LO

:/ = M+ /O
e
o= @)
| Ucm O
I M @)
| ANA | O
|~ /—TT—
Equipotentiall U
bonding conductor . « « oYa o 'S0
- Chassis ground

Figure 5-8  Connecting Non-Isolated Sensors to an Isolated Al

Note

Do not use non-isolated two-wire transmitters and non-isolated resistance sensors!
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5.9 Connecting Voltage Sensors

Note

The necessary connecting cables, which result from the potential connection of the
analog input module and the sensors, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.8 with
its generally applicable information on connecting sensors.

Abbreviations and Mnemonics Used in the Figure Below

The abbreviations and mnemonics used in the figure below have the following

meanings:
M +: Measuring line (positive)
M—: Measuring line (negative)

Mana:  Reference potential of the analog measuring circuit

Connection of Voltage Sensors

O M+
M—
M+
M-

R
©

OOOOéOb

| O Mana
L —~——————~ |

* Connection required in the case of modules with Mana

Figure 5-9  Connecting Voltage Sensors to an Al
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5.10

Connecting Current Sensors

Note

The necessary connecting cables, which result from the potential connection of the
analog input module and the sensors, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.8 with
its generally applicable information for connecting sensors.

Abbreviations and Mnemonics Used in the Figures Below

The abbreviations and mnemonics used in the figures below have the following
meanings:

M +: Measuring line (positive)
M —: Measuring line (negative)

Mana:  Reference potential of the analog measuring circuit

M : Ground terminal

L +: Terminal for 24 VDC supply voltage
Un: Auxiliary supply

M4 Current measuring line (positive)
My Voltage measuring line (positive)

Supply Voltage of the Sensors
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The two-wire transmitter receives its short-circuit-proof power supply via the
terminals of the analog input module.

This transmitter then converts the measured variable into a current.

Because the two-wire transmitter is supplied by the module, you must not ground
the M- cables.

Four-wire transmitters require a separate supply voltage Uy (auxiliary supply).
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Connecting Two-Wire Transmitters

+24 'V
Sensor, for example, O
pressure gauge Two-wire Jo) L
transmitter + M+
_ O M.
_ - O M+
E‘: Two-wire O M.
transmitter O
O
O
O
O
S O Mana
M —+——Q M
! S~~~

—_

* Connection required in the case of modules with Mana

Figure 5-10 Connecting Two-Wire Transmitters to an Isolated Al

SM 431; 8 x 13 Bit: Connecting Two-Wire Transmitters

Because the supply voltage for the two-wire transmitters is not fed by the SM 431;
8 x 13 Bit, you must supply the sensors separately with 24 V.

+24V

Sensor, for example, Two-wire
pressure gauge transmitter

|—O My
—O M,
QO M,

P
i [P — Two-wire

transmitter

O M-
|—O My+
—O M+
O M+

O M-

O Mana

— |

Figure 5-11  Connecting Two-Wire Transmitters to an SM 431; 8 x 13 Bit
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Connecting Four-Wire Transmitters

Sensor,

for example, IE‘: +

pressure gauge i Four-wire -r*
E: transmitter  +

F

=L
F

00000DVOO

ﬁ

* Connection required in the case of modules with Mana

Figure 5-12 Connecting Four-Wire Transmitters to an Al

SM 431; 8 x 13 Bit: Connecting Four-Wire Transmitters

To ensure that the permissible value for Ug)y is not exceeded, you must connect
the M— cables to Mapna.

My+
M+
Ml
M-

Sensor, for example,
pressure gauge

IE: Four-wire -
transmitter

S

M|+
M+
M-

00b6bO6bL
z
5

c—
I |

O

M

.||_

Figure 5-13  Connecting Four-Wire Transmitters to an SM 431; 8 x 13 Bit
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5.11 Connecting Resistance Thermometers and Resistors

Note

The necessary connecting cables, which result from the potential connection of the
analog input module and the sensors, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.8 with
its generally applicable information for connecting sensors.

Abbreviations and Mnemonics Used in the Figures Below

The abbreviations and mnemonics used in the figures below have the following

meanings:
lcs: Constant-current lead (positive)
le: Constant-current lead (negative)
M, Measuring line (positive)
M-—: Measuring line (negative)

Connecting Resistance Thermometers and Resistors

The resistance thermometers/resistors are wired in a four-conductor,
three-conductor or two-conductor connection.

With four-conductor and three-conductor connections, the module supplies a
constant current via terminals I¢ + and I _ so that the potential drop occurring on
the measuring cables is compensated. It is important that the connected constant
current cables are directly connected to the resistance thermometer/resistor.

Measurements with four-conductor or three-conductor connections supply a more
precise measuring result due to compensation than measurements with a
two-conductor connection.
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Four-Conductor Connection of a Resistance Thermometer

5-50

The voltage generated at the resistance thermometer is measured via the M, and
M- terminals. When you connect, watch out for the polarity of the connected cable
(connect I + and M+ as well as Ic_ and M- to the resistance thermometer).

Make sure that the connected cables I + and M+ and SO and SE+ and cables
Ic —and M—and AGND and SE- are connected directly on the resistance

thermometer.

O M.
QO M-

/C) I+

Lﬁ_ﬁc_

OOOOO\O

SE+
SE-
SO
AGND

Figure 5-14 Four-Conductor Connection of Resistance Thermometers on an Al
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Three-Conductor Connection of a Resistance Thermometer

During three-conductor connection to modules with 4 terminals per resistance
thermometer, you must set up a jumper between M- and Ic— and SE- and
AGND (see Figure 5-15).

The module compensates in this circuit for the effect of the line resistance between
the module and the resistance thermometer/resistor.

Make sure that the connected cables Ic + and M+ and the cables SO and SE+ are
directly connected to the resistance thermometer.

To get an accurate measurement, make sure that the connected cables M+, Ic +
and Ic— and the cables SE+, SO and AGND are the same length and have the
same cross-section.

\O M, SE+

O M- SE-

lc+  so

-— L é_ AGND
\Aﬁ Ic /8
O
O
O
O
]

Figure 5-15 Three-Wire Connection of Resistance Thermometers to an Al

Two-Conductor Connection of a Resistance Thermometer

With a two-conductor connection, you must insert jumpers on the module between
M. and Ic+ and between M— and Ic_.

Note: Cable resistance is also measured.

-O M-

lc-

000000

Figure 5-16 Two-Wire Connection of Resistance Thermometers to an Al
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5.12

Connecting Thermocouples

Design of Thermocouples

A thermocouple consists of a pair of sensors and the necessary installation and
connecting parts. The thermocouple consists of two wires of dissimilar metals or
metal alloys soldered or welded together at the ends.

There are different types of thermocouple, depending on the composition of the
material used — for example, K, J, N thermocouples. The measuring principle of all
thermocouples is the same, irrespective of their type.

__— Measuring junction

: ./%\ Thermocouple with positive or
1 \ negative limbs

Connecting point
= Compensating leads

e o-
- - -F 3 Reference
junction

—F==— Leads

..... ™ Measurement input
e

Figure 5-17 Design of Thermocouples

Principle of Operation of Thermocouples
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If the measuring point is subjected to a temperature different from that of the free
ends of the thermocouple (point of connection), a voltage, the thermo emf, occurs
at the free ends. The magnitude of the thermo-e.m.f. generated depends on the
difference between the temperature at the measuring junction and the temperature
at the free ends, as well as on the material combination used for the thermocouple.

Since a thermocouple always measures a temperature difference, the free ends
must be kept at a known temperature at a reference junction in order to determine
the temperature of the measuring junction.

The thermocouples can be extended from their point of connection to the reference
junction by means of compensating wires. These compensating wires consist of
the same material as the thermocouple wires. The supply leads are copper wire.
Note: Make sure these wires are connected with the correct polarity, otherwise
there will be considerable measuring errors.
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Compensation of the Reference Junction Temperature

There are several options for you to choose from for acquiring the reference
junction temperature in order to obtain an absolute temperature value from the
difference in temperature between the reference junction and measuring point.

You can use internal or external compensation, depending on where you want the

reference junction to be.

The last column of the following table lists the feature you must set for the
“Reference Junction” parameter in STEP 7. The reference temperature value is a

separate parameter in STEP 7.

Table 5-43 Options for Compensation of the Reference Junction Temperature

Option Explanation Ref.
Junction
No compensation When you want to acquire only the difference in None
(refer to Figure 5-18 for connection) |temperature between the measuring point and the
reference junction
Internal compensation If you employ internal compensation, the internal Internal
(refer to Figure 5-18 for connection) | temperature of the module is used for comparison
purposes.
External compensation with a You have already acquired and compensated the None
compensating box in leads of an reference junction temperature using a
individual thermocouple compensating box, which you have looped into an
(see Figure| 5-19 for connection) individual thermocouple.
No further processing is necessary owing to the
module.
External compensation with a You can acquire the reference temperature by RTD on
resistance thermometer to obtain means of a resistance thermometer (pt 100) and Channel 0
the reference junction temperature | have it calculated by the module for any
(recommended method) thermocouple.
(see Figure|5-20 for connection)
External compensation with a Use a resistance thermometer on a module that RTD on
resistance thermometer when measures the reference junction temperature. Read | Channel 0
thermocouples with the same in the climatic temperature value to the CPU and
reference junction are divided transfer the value to the other modules using
amongst several modules SFC55.
(see Figure 5-20 for connection)
Constant reference junction If the reference junction temperature is constant Reference
temperature (thermometer, ice bath; | and known, you can specify this value in parameter | temperature
see Figure|5-1§ for connection) assignment in STEP 7. value

Theory of Operation of Internal Compensation

With internal compensation, you can establish the reference point across the
terminals of the analog input modules. In this case, you must run the compensating
lines right up to the analog module. The internal temperature sensor acquires the

temperature of the module and supplies a compensation voltage.

Note that internal compensation is not as accurate as external compensation.
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Theory of Operation of External Compensation with Compensating Box

If you employ external compensation, the temperature of the reference junction of
the thermocouples is taken into account via a compensating box, for example.

The compensating box contains a bridge circuit calibrated for a definite reference
junction temperature. The reference junction is formed by the connections for the
ends of the thermocouple’s compensating leads.

If the actual temperature deviates from the compensating temperature, the
temperature-sensitive bridge resistance changes. This results in a positive or
negative compensating voltage, which is added to the thermo-e.m.f.

Abbreviations and Mnemonics Used in the Figures Below

The abbreviations and mnemonics used in the figures below have the following

meanings:
M ,: Measuring line (positive)
M _: Measuring line (negative)
lcs: Constant-current lead (positive)
lc_: Constant-current lead (negative)
Note

The necessary connecting cables, which result from the potential connection of the
analog input module and the sensors, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.8 with
its generally applicable information for connecting sensors.
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Connection of Thermocouples without Compensation or Using the Reference
Temperature Value

Connect the thermocouples to the inputs of the module, either directly or by means
of compensating lines. Each channel can use a thermocouple type supported by
the analog module independently of the other channels.

. O My
-0 M-
O M
< . O M=
O
O
Compensating leads 8
(same material as
thermocouple)
~

Figure 5-18 Connection of Thermocouples without Compensation or Using the Reference
Temperature Value to an Isolated Al

Connecting the Compensating Box

The compensating box is looped in in the leads of each thermocouple. The
compensating box must have an isolated supply. The power supply must have
adequate filtering, for example by means of a grounded shielding winding.

Each channel can use a thermocouple type supported by the analog module

independently of the other channels. Each channel requires its own compensating
box.

Note

Use compensating boxes with a reference junction temperature of 0 °C for
analog input modules.
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Recommended Compensating Box

We recommend you to use a comparison point (with integrated power supply unit)
from Siemens as a compensating box. You will find the necessary ordering data in
the table below.

Table 5-44 Ordering Data of the Comparison Point

Recommended Compensating Box Order Number
Reference junction with integrated power supply M72166-00000
unit, for rail mounting T_T A
Auxiliary power 230 VAC B

110 VAC !
24 VAC 5
24 VDC B
3
Connection to thermocouple Fe-CuNi Type L B 1
Fe/Cu Ni Type J 4 2
Ni Cr/Ni Type K 3
Pt 10% Rh/Pt Type S 4
Pt 13% Rh/Pt Type R 5
Cu-CuNi Type U 6
Cu/Cu Ni Type T 7
Reference temperature 0°C 8

Connecting to the Comparison Point (Order No. M72166-xxx00)

Compensating leads (same
material as thermocouple)
+ -
— ~ o (2] ol|lo |—
™ il ,% J,J-— 5ol L O M
Aucxiliary power °of° = &[|°T|°® M+
tl oo o | & = ol oo+ —O B
= 22
O M
O M-
O
O
@)
Output ®
(Cu wires)
— |

Figure 5-19  Connection of a Thermocouple with Reference Junction (Order No. M72166-xxx00) to an
Isolated Al
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Connecting Thermocouples and Resistance Thermometers

Connect the resistance thermometer to channel O of the module. Make sure that
you parameterize the “RTD on Channel 0“ reference junction in STEP 7 for each
channel that has a thermocouple connected to it.

If all thermocouples connected to the inputs of the module have the same
comparison point, you compensate as follows:

RTD on Channel 0
: Z * ' O M,
Equalizing line (same ! L O M-
material as - — O lc+
thermocouple) : - O e
' - O M
O\ o
-~ — O M«
< -~ "~ O M-
. Reference | —
junction

Incoming line (Cu)

Figure 5-20 Connection of Thermocouples of the Same Type with External Compensation
by Means of a Resistance Thermometer, Connected to Channel O
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5.13

Connecting Loads/Actuators to Analog Outputs

Introduction

You can use the analog output modules to supply loads and actuators with current
and voltage.

This section contains general information that is generally applicable to all the
connection options for loads and actuators described in the sections that follow.

Cables for Analog Signals

Forthe analog signals, you should use shielded and twisted pair cables. The cables
Qv and S+ and M and S—, respectively, are to be twisted together. This reduces the
interference. Ground the screen of the analog cables at both ends of the cables.

If there are potential differences between the cable ends, an equipotential bonding
current, which can flow over the shield, can cause interference of the analog
signals. In such a case, you should ground the shield at one end of the cable only.

Isolated Analog Output Modules

5-58

With the isolated analog output modules there is no electrical connection between
the reference point of the measuring circuit Maya and chassis ground.

You must use isolated analog output modules if a potential difference U;so can
occur between the reference point of the measuring circuit Mana and chassis
ground. By means of an equipotential bonding conductor between the Mana
terminal and chassis ground, make sure that U;gsg does not exceed the permitted
value.
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5.14 Connecting Loads/Actuators to Voltage Outputs

Connecting Loads to a Voltage Output

Connecting loads to a voltage output is possible both in a four-conductor and a
two-conductor connection.

Note

The necessary connecting cables, which result from the potential connection of the
analog output module, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.13 with
its generally applicable information for connecting loads and actuators.

Abbreviations and Mnemonics Used in the Figures Below

The abbreviations and mnemonics used in the figures below have the following

meanings:
Qv: Analog output voltage
S +: Detector lead (positive)
S— Detector lead (negative)

Mana:  Reference potential of analog circuit

R: Load impedance

L +: Terminal for 24 VDC supply voltage

M: Ground terminal

Uiso: Potential difference between Mana and chassis ground

Four-Conductor Connection of Loads to a Voltage Output

A high accuracy at the load can be achieved through the four-conductor
connection. You must therefore connect the sensor leads (S— and S+) directly to
the load. The voltage is thus measured and corrected directly at the load.

Problems or a voltage drop can result in a potential difference between the sensor
lead S— and the reference circuit of the analog circuit MANA. This potential
difference (Ucym) must not exceed the permissible value. If the permissible potential
difference is exceeded, the accuracy of the analog signal is impaired.
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Le O +24V

Qv O
s+ RL
S- O.

Mana

Q00O

M Uiso
— 0V

O
(

—l— Chassis ground

Figure 5-21 Connecting Loads to a Voltage Output of an Isolated AO over a
Four-Conductor Connection

Two-Conductor Connection of Loads to a Voltage Output

In the case of a two-conductor connection, connect Qy to S+ and Mana to S—on
the front connector. However, this will not produce the accuracy of a four-conductor
connection.

Connect the load to terminals Qy and to the reference point of the measuring
circuit Mana of the module.

L, O +24V

Qv

S+ RL

Mana

[¢2]
|
elelelelolelelele

Uiso

z
O

ov

—l— Chassis ground

Figure 5-22 Two-Conductor Connection of Loads to a Voltage Output of an Isolated AO
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5.15 Connecting Loads/Actuators to Current Outputs

Note

The necessary connecting cables, which result from the potential connection of the
analog output module, are not drawn in the figures shown below.

In other words, you must continue to take note of and implement Section 5.13 with
its generally applicable information for connecting loads/actuators.

Abbreviations and Mnemonics Used in the Figure Below

The abbreviations and mnemonics used in the figure below have the following
meanings:

Qi Analog output current

Mana:  Reference potential of analog circuit

R.: Load impedance
L +: Terminal for 24 VDC supply voltage
M : Ground terminal

Uiso: Potential difference between Mana and chassis ground

Connecting Loads to a Current Output

You must connect loads to Q; and the reference point of the analog circuit Mana of
a current output.

L O +24V
O
Ql 8\
O EJ R
Mana O
O
3
O Uiso
Mol oy
W
—l— Chassis ground

Figure 5-23  Connecting Loads to a Current Output of an Isolated AO
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5.16 Diagnostics of the Analog Modules

Programmable and Non-Programmable Diagnostic Messages

In diagnostics, we make a distinction between programmable and
non-programmable diagnostic messages.

You obtain programmable diagnostic messages only if you have enabled
diagnostics by parameter assignment. You perform parameter assignment in the
“Diagnostics” parameter block in STEP 7 (refer to Section 5.7).

Non-programmable diagnostic messages are always made available by the analog
module irrespective of diagnostics being enabled.

Actions Following Diagnostic Messages in STEP 7
Each diagnostic message leads to the following actions:

* The diagnostic message is entered in the diagnosis of the analog module,
forwarded to the CPU and can be read out by the user program.

* The error LED on the analog module lights.

* If you have enabled diagnostic interrupts in STEP 7, a diagnostic interrupt is
triggered and OB 82 is called (refer to Section 4.5).

Reading out Diagnostic Messages

You can read out detailed diagnostic messages by means of SFCs in the user
program (refer to the Appendix “Diagnostic Data of Signal Modules”).

You can view the cause of the error in STEP 7 in the module diagnosis
(refer to the STEP 7 online help system).

Diagnostic Message in the Measured Value of Analog Input Modules

Every analog input module supplies the measured value 7FFFy irrespective of the
parameter assignment when an error is detected. This measured value means
either Overflow, Malfunction or a channel is disabled.

Diagnostic Message via the INTF and EXTF LEDs

Some analog input modules indicate faults by means of their two fault LEDs INTF
(internal fault) and EXTF (external fault). The LEDs go out when all the internal and
external faults have been eliminated.

Refer to the technical specifications of the modules, starting at Section 5.18, to find
out which analog input modules have these fault LEDs.
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Diagnostic Messages of the Analog Input Modules

The table below gives an overview of the diagnostic messages for the analog input
modules with diagnostics capability.

You can find out which diagnostic messages are possible with which modules in
the Appendix entitled|“Diagnostic Data of the Signal Modules”.

Table 5-45 Diagnostic Messages of the Analog Input Modules

Diagnostic Message LED Diagnostics Parameters Can
Effective for Be Assigned

Module problem INTF/EXTF Module No
Internal malfunction INTF Module No
External malfunction EXTF Module No
Channel error present INTF/EXTF Module No
External auxiliary supply missing EXTF Module No
Front connector missing EXTF Module No
Module not configured. INTF Module No
Wrong parameters INTF Module No
Channel information available INTF/EXTF Module No
Coding key incorrect or missing INTF Module No
Thermocouple connection fault EXTF Module No
STOP operating mode - Module No
EPROM error INTF Module No
RAM error INTF Module No
ADC/DAC error INTF Module No
Hardware interrupt lost INTF Module No
sagnment ertor o Channel No
Short-circuit to M EXTF Channel Yes
Wire break EXTF Channel Yes
Reference channel error EXTF Channel Yes
Underflow EXTF Channel Yes
Overflow EXTF Channel Yes
User connection not wired EXTF Channel No
Open conductor in + direction EXTF Channel No
Open conductor in — direction EXTF Channel No
Run time calibration error EXTF Channel No
Underrange or overrange EXTF Channel No
Open conductor in the current EXTF Channel No
source
User calibration doesn’t EXTF Channel No
correspond to the parameter
assignment
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Note

A prerequisite for detecting the errors indicated by programmable diagnostic
messages is that you must have assigned parameters to the analog module
accordingly in STEP 7.

Causes of Errors and Remedial Measures for Analog Input Modules

Table 5-46 Diagnostics Messages of the Analog Input Modules, Causes of Errors and Remedial

Measures

Diagnostics
Message

Possible Error Cause

Remedy

Module malfunction

An error detected by the module
has occurred

Internal malfunction

The module has detected an error
within the programmable controller

External malfunction

The module has detected an error
outside the programmable controller

There is a channel
error

Indicates that only certain channels
are faulty

No external auxiliary
voltage

Load voltage to supply the 2-wire
transmitter is missing on terminals
L+ and M

Feed supply L+

No front connector

Jumper between connections 1 and
2 in the front connector missing

Install jumper

Parameters have not
been assigned to the
module

The module requires the information
as to whether it should work with
system default parameters or with
your parameters

Message queued after power-on until
parameter transmission by the CPU has
been completed; parameterize the
module, as required

Wrong parameters

A parameter or combination of
parameters is incorrect;
impermissible measurement range,
for example

Reassign module parameter

Channel information
available

Channel error present; the module
can supply additional channel
information

Measuring range
module
incorrect/missing

One or more measuring range
modules is missing or incorrectly
inserted

Insert the measuring range modules on the
module according to the parameter
assignment of the type of measurement
and the measurement range

STOP operating mode

Module not configured and the first
module cycle not completed

If a reboot of the CPU all the digitized
analog values are in the intermediate
memory, this message is reset

EPROM error

RAM error

ADC/DAC error

The module is defective

Replace module

5-64

Automation System S7-400 Module Specifications
A5E00267842-01




Analog Modules

Table 5-46 Diagnostics Messages of the Analog Input Modules, Causes of Errors and Remedial
Measures, continued

Diagnostics
Message

Possible Error Cause

Remedy

Hardware interrupt lost

The module cannot send an
interrupt, since the previous
interrupt was not acknowledged;
configuration error possible

Change interrupt handling in the CPU
(change priority for interrupt OB; shorten
interrupt program)

Configuring/parameter
assignment error

lllegal parameters transferred to
module

Check measuring range module

Reassign module parameter

Short circuit to M

A short circuit to the M potential has
occurred on the sensor supply of
two-wire transmitters

Eliminate short circuit

Wire break

Resistance too high in the sensor
connection

Use different type of sensor or
connection, e.g. use conductors with a
larger cross-sectional core area

Open circuit between module and
sensor

Close circuit

Channel not connected (open)

Disable channel (“Measuring Type”
parameter)

Connect channel

Reference channel
error

The reference junction connected at
channel 0 is faulty due to a wire
break, for example

Check terminals

The reference temperature value
transferred is not within the value
range

Reparameterize the reference
temperature

Underflow

Input value violates underrange,
error may be caused:

Wrong measuring range selected

Configure other measuring range

With the measuring ranges 4 to

20 mA and 1 to 5V, if necessary by
polarity reversal of sensor
connection

Check terminals

Overflow

Input value overflows overrange

Configure other measuring range

Run time calibration
error

A wiring fault has occurred on a
channel during the calibration cycle

Eliminate the wiring fault (fault remains

until the next calibration; in other words,
a maximum 6 minutes or until there is a
STOP-RUN transition of the CPU)
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5.17

Analog Module Interrupts

Introduction

In this Section, the interrupt behavior of the analog modules is described. The
following interrupts exist:

* Diagnostic Interrupt
* Hardware interrupt

Note that not all analog modules have interrupt capability or they are only capable
of a subset of the interrupts described here Refer to the technical specifications of
the modules, starting at Section|5.18, to find out which analog modules have
interrupt capability.

The OBs and SFCs mentioned below can be found in the online help system for
STEP 7, where they are described in greater detail.

Enabling Interrupts

The interrupts are not preset — in other words, they are inhibited without
appropriate parameter assignment. You enable interrupts in STEP 7
(refer to Section|5.7).

Special Feature: The Module is Inserted in ER-1/ER-2

Note

If you use the analog module in ER-1/ER-2, you must set the parameters for the
input of all the interrupts to “No” because the interrupt lines are not available in
ER-1/ER-2.

Diagnostic Interrupt

5-66

If you have enabled diagnostic interrupts, then active error events (initial
occurrence of the error) and departing error events (message after troubleshooting)
are reported by means of an interrupt.

The CPU interrupts the execution of the user program and processes the
diagnostic interrupt block (OB 82).

In the user program, you can call SFC 51 or SFC 59 in OB 82 to obtain more
detailed diagnostic information from the module.

The diagnostic information is consistent until such time as OB 82 is exited. When
OB 82 is exited, the diagnostic interrupt is acknowledged on the module.
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Hardware Interrupt with Trigger “Upper or Lower Limit Exceeded”

Define a working range by setting parameters for an upper and lower limit value. If
the process signal (for example, the temperature) leaves this working range, the
module triggers a hardware interrupt, provided the interrupt is enabled.

The CPU interrupts execution of the user program and processes the hardware
interrupt block (OB 40).

In the user program of OB 40, you can set how the programmable controller is
required to react to a limit value being surpassed or not being reached.

When OB 40 is exited, the hardware interrupt is acknowledged on the module.

Note

Note that a hardware interrupt is not triggered if you have set the upper limit above
the overrange or the lower limit below the underrange.

Structure of the Start Information Tag OB40_POINT_ADDR of OB 40

The limit values exceeded by the different channels are entered in the start
information of OB 40 in the tag OB40_POINT_ADDR. The following figure shows
the assignment to the bits of local data double word 8.

LB 8 LB 9 -“-I-_E-,:-Ll-
... 1.0
313029 28272625 24 1716/ 1 0] Bitno.
LD falal PP L T fafaf oo LD 8

‘ Value falls below lower limit for channel 0
Value falls below lower limit for channel 1

Value exceeds upper limit for channel 0
Value exceeds upper limit for channel 1

Figure 5-24  Start Information of OB 40: Which Event Triggered the Hardware Interrupt at the Limit Value

Hardware Interrupt on Trigger “Reached End of Scan Cycle”

By parameterizing the hardware interrupt a the end of the scan cycle, you have the
option of synchronizing a process with the scan cycle of the analog input module.

A scan cycle includes the conversion of the measured values of all enabled
channels of the analog input module. The module processes the channels one
after the other. After all the measured values have been converted, the module of
the CPU reports by means of an interrupt that there are new measured values on
all channels.

You can use the interrupt to load the currently converted analog values.
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5.18 Analog Input Module SM 431; Al 8 x 13 Bit;
(6ES7431-1KF00-0ABO)

Characteristics
The analog input module SM 431; Al 8 x 13 Bit has the following features:
* 8 inputs for voltage/current measurement
* 4 inputs for resistance measurement
* Various measurement ranges, can be adjusted in parallel
* 13-bit resolution
* Analog section isolated from CPU

* The maximum permissible common mode voltage between the channels and
between the reference potential of the connected sensors and Mana is 30 VAC
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Block Diagram of the SM 431; Al 8 x 13 Bit

MVO+
MI0+

MI0+ ‘ ‘

crol |

CH1— CH1 —

MO-

—

CH7— CH7 —

L

Suppressor circuit, current jumpering

Front

__| connector
F_CON monitoring

+— Bus S7-400

Bus control

.

+5V -«

MANA

o [

-5v =

+5V

-~

ov

-~

Bus S7-400

Bus S7-400

Figure 5-25 Block Diagram of the SM 431; Al 8 x 13 Bit

Warning

The module can be damaged.

The shunt of an input channel can be destroyed if you inadvertently connect a

voltage sensor to the M— /MI+ terminals of a channel.

Make sure that the front connector wiring corresponds to the following terminal
assignment diagram.
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Terminal Assignment Diagram of the SM 431; Al 8 x 13 Bit
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Figure 5-26  Terminal Assignment Diagram of the SM 431; Al 8 x 13 Bit
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Technical Specifications of the SM 431; Al 8 x 13 Bit

Dimensions and Weight

Suppression of Interference, Limits of Error

Dimensions W x H x D 25x 290 x 210

(in millimeters)

Weight Approx. 500 g

Data for Specific Module

Number of inputs 8

® For resistance-type sensor 4

Length of cable

® Shielded max. 200 m

Voltages, Currents, Potentials

Rated load voltage L+ Not required

Constant measured current for ~ Typ. 1.67 mA

resistance-type sensor

Isolation

® Between channels and Yes
backplane bus

® Between the channels No

Permitted potential difference

® Between inputs and Maya 30 VAC
(Uewm)

® Between the inputs (Ecp) 30 VAC

® Between Mana and 75 VDC /60 VAC
Mintemal (UISO)

Insulation tested with

® Between bus and analog
section 2120 VDC

® Between bus and chassis 500 VDC
ground

¢ Between analog section 2120 vDC
and chassis ground

Current consumption

® From the backplane bus Max. 350 mA

Power dissipation of the Typ. 1.8 W

module

Analog Value Generation

Measuring principle Integrative

Integration time/conversion (Does not go into the
time/resolution (per channel) response time)

® Parameters can be Yes
assigned

® Interference voltage 60/50
suppression f1 in Hz

® Integration time in 16.7/20
milliseconds

® Basic conversion time in 23/25
ms

® Resolution including sign 13/13 Bit

Smoothing of the measured Not possible

values

Basic execution time of the 184/200

module, in ms (all channels
enabled)

Interference voltage suppression for f = nx (f1 +1%),
(f1 = interference frequency) n =1, 2, ...

¢ Common-mode >100 dB
interference
(Ucm<30V)

® Series-mode interference
(peak value of
interference < rated value
of input range)

Crosstalk between the inputs

> 40 dB

>50dB

Operational limit (in the entire temperature range, with
reference to the input range)

® \Voltage input

- 1V + 1.0%

- 10V + 0.6%

- 1Vto5V + 0.7%
® Current input

- +20mA + 1.0%

— 4 mAto20 mA + 1.0%
® Resistance measurement + 1.25%

0 to 500 Q; four-conductor

measurement (in the range

of 600€2)
Basic error (operational limit at 25 °5C, referred to input
range)
® \oltage input

- 1V + 0.7%

- 10V + 0.4%

- 1Vto5V + 0.5%
® Current input

- +20mA + 0.7%

— 4mAto20 mA + 0.7%
® Resistance measurement + 0.8%

0 to 500 Q; four-conductor
measurement (in the range
of 600€2)

Temperature error with reference to the input range

® In the resistance + 0.02% K
measurement range

® In all the other + 0.007% K
measurement ranges

Linearity error (with reference + 0.05% K

to the input range)

Repeat accuracy (in the steady + 0.1%
state at 25 °C, referred to the
input range)
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Status, Interrupts, Diagnostics

Interrupts None
Diagnostic functions None
Substitute value can be applied No

Data for Selecting a Sensor

Input range (rated values)/input

resistance
® \Voltage + 1V/200 kQ2
+ 10 V/200 kQ
1V to 5V/200 kQ
® Current + 20 mA/80 Q
4 mA to 20 mA/80 Q
® Resistors 0 to 600 Q; of use up
to 500 Q
Maximum input current for 40 mA continuous

current input (destruction limit)

Connection of the signal
sensors

® For measuring voltage

® For measuring current
— As two-wire
transmitter

—  As four-wire
transmitter

® For measuring resistance

—  With two-conductor
terminal

— With three-conductor
terminal

— With four-conductor
terminal

Possible

Possible; with external
transmitter supply

Possible

Possible; cable
resistance is also
measured

Possible

5.18.1 Commissioning the SM 431; Al 8 x 13 Bit

You set the mode of operation of the SM 431; Al 8 x 13 Bitin STEP 7.

Parameters

You will find a description of the general procedure for assigning parameters to

analog modules in Section 5.7.

An overview of the parameters that you can set and their default settings are

shown in the table below.

Table 5-47 Parameters of the SM 431; Al 8 x 13 Bit

Parameter Value Range Default!) | Parameter Scope
Type
Measurement
* Measuring Disabled U
method U Voltage
4ADMU  Current (4-wire transmitter)
2DMU Current (2-wire transmitter)
R-4L  Resistance (four-conductor Static Channel
connection)
* Measuring Refer to Section|5.18.2|for the measuring +10V
range ranges of the input channels that you can
set.
® Interference 60 Hz; 50 Hz 50 Hz
suppression

1) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.
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5.18.2 Measuring Methods and Measuring Ranges of the SM 431,
Al 8 x 13 Bit

Measuring Methods

You can set the following measuring methods for the input channels:

* \oltage measurement

¢ Current measurement

* Resistance test

You perform the setting with the “Measuring Type” parameter in STEP 7.

Wiring for Resistance Measurement

The following conditions apply when measuring the resistance with the SM 431,

Al 8 x 13 Bit:

Table 5-48 Channels for Resistance Measurement of the SM 431; Al 8 x 13 Bit

Measuring Type Permissible Condition
Parameter for Channel n
Resistance 0,2,40r6 You must disable the[IMeasuring Type” parameter for
(four-conductor channels n+1 (1, 3, 5, 7).
connection)

The reason: The connections of channel n+1 are used to
supply the resistance that is connected to channel n.

Unused Channels

Unused channels can be left open. You can improve the noise immunity of the
module in a measuring environment with serious interference by short-circuiting the
channels and connecting to Mana. Disable the “Measuring Type” parameter for
unused channels. In this way you shorten the scan time of the module.
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Measuring Ranges

You set the measuring ranges by means of the “Measuring Range” parameter in
STEP 7.

Table 5-49 Measuring Ranges of the SM 431; Al 8 x 13 Bit

Method Selected Measuring Description
Range
U: Voltage 1V You will find the digitized analog values in
lto5V Section 5.3.1 in the voltage measuring
10V range
2DMU: Current (two-wire | 4 to 20 mA You will find the digitized analog values in
transmitter) Section 5.3.1 in the current measuring
range
4DMU: Current 4to 20 mA You will find the digitized analog values in
(four-wire transmitter) + 20 MA Section 5.3.1/in the current measuring
range
R-4L: Resistance 600 Q You will find the digitized analog values in
(four-conductor Section|5.3.1/in the resistance measuring
connection) range

Default Settings

5.19

The default measuring method of the module is “Voltage”, at a range of “+ 10 V".
You can use this combination of measuring method and measuring range without
parameterizing the SM 431; Al 8 x 13 bitin STEP 7.

Analog Input Module SM 431; Al 8 x 14 Bit;
(6ES7431-1KF10-0ABO0)

Characteristics

5-74

The analog input module SM 431; Al 8 x 14 Bit has the following features:

* 8 inputs for voltage/current measurement

* 4 inputs for resistance and temperature measurement

* Various measuring ranges, adjustable in parallel

* 14-bit resolution

» Particularly suitable for measuring temperatures

» Parameter can be assigned to temperature sensor types

* Linearization of the sensor characteristic curves

* Supply voltage 24 VDC required only for the connection of 2-wire transmitters
* Analog section isolated from CPU

* The maximum permissible common mode voltage between the channels and
between the channel and the central ground point is120 VAC
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Block Diagram of the SM 431; Al 8 x 14 Bit
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Figure 5-27 Block Diagram of the SM 431; Al 8 x 14 Bit
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Terminal Assignment Diagram of the SM 431; Al 8 x 14 Bit
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M3 IC1-
M+ cya Word 8 M2+
Ma— M2—
M5+ cps Word 10 IC2+
M5— IC2—
M6+ g word 12 M3+
M6— M3—
M7+ chz Word 14 IC3+
M7— IC3—
M M

Resistance measurement
Resistance thermometer

Word 0

Word 4

Word 8

Word 12

Figure 5-28 Terminal Assignment Diagram of the SM 431; Al 8 x 14 Bit
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Technical Specifications of the SM 431; Al 8 x 14 Bit

Dimensions and

Weight

Dimensions W x H x D
(in millimeters)

25x 290 x 210

Current consumption
® From the backplane bus
® From the backplane bus L+

Power dissipation of the
module

Max. 600 mA

Max. 200 mA (with 8
connected, fully
controlled two-wire
transmitters)

Typ.3.5W

Analog Value Generation

® Reverse polarity protection

Power supply of the
transmitters

® Supply current
® Short-circuit proof

Constant measured current for
resistance-type sensor

Isolation

® Between channels and
backplane bus

® Between the channels

® Between channels and
load voltage L+

Permitted potential difference

® Between inputs and Mana
(Uewm)

® Between the inputs (Ecm)

® Between Mpana and
Minternal (Uiso)

Insulation tested with

® Between bus and L+/M
® Between bus and analog

section

® Between bus and chassis
ground

® Between analog section
and L+/M

® Between analog section
and chassis ground

® Between L+/M and chassis
ground

Weight Approx. 500 g
Data for Specific Module

Number of inputs 8
® For resistance-type sensor 4
Length of cable
® Shielded Max. 200 m

in the 80 mV input range Max. 50 m

and with thermocouples

Voltages, Currents, Potentials
Rated load voltage L+ 24 VVDC (required only
for the supply of

two-wire transmitters)
Yes

max. 50 mA
Yes
Typ. 1.67 mA

Yes

No
Yes

120 VAC

120 VAC
75 VDC /60 VAC

2120 vDC

2120 vDC
500 VDC

707 VDC
2120 VvDC

2120 VvDC

Measuring principle

Integration time/conversion

time/resolution (per channel)

® Parameters can be
assigned

® Interference voltage
suppression f1 in Hz

® Integration time in
milliseconds

® Basic conversion time in
ms

® Additional conversion time
for measuring resistance in
ms

® Additional conversion time
for open-circuit monitoring
inms

¢ Additional conversion time
for measuring resistance
inms

® Resolution including sign
— Smoothing activated

Smoothing of the measured
values

Basic execution time of the
module, in ms (all channels
enabled)

Integrative
(Does not go into the

response time)
Yes

60/50

16.7/20

20.1/23.5

40.2/147

4.3/4.3

5.5/5.5

14/14 bit
16/16 bit

Parameters can be
assigned in 4
stages

161/188
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Suppression of Interference, Limits of Error

¢ Common-mode
interference
(Ucm <120 Vs)

® Series-mode interference
(peak value of interference
< rated value of input
range)

Crosstalk between the inputs

+ 80 mV
+ 250 mV
+ 500 mV
+1V

+ 25V
+5V
1Vto5V
+ 10V

® Current input

0...20mA
+ 20 mA
4 mA to 20 mA

® Resistance test

0to 48 Q;
four-conductor
measurement

0to 150 Q,
four-conductor
measurement

0to 300 Q,
four-conductor
measurement

0to 600 Q;
four-conductor
measurement

0 to 5000 Q;
four-conductor
measurement (in
the range of
6000 Q)

0to 300 Q;
three-conductor
measurement

0 to 600 Q;
three-conductor
measurement

0 to 5000 Q;
three-conductor
measurement (in
the range of
6000 Q)

Interference voltage suppression for f = nx (f1 +1%),
(f1 = interference frequency) n=1, 2, ...

> 100 dB

> 40 dB

>70 dB

H W W K H K K H

Operational limit (in the entire temperature range, with
reference to the input range)

® \Voltage input

0.38%
0.35%
0.35%
0.35%
0.35%
0.35%
0.35%
0.35%
0.35%
0.35%
0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.5%

0.5%

0.5%

Thermocouples

TC type B
TCtype R
TC type S
TCtype T
TCtype E
TC type J
TC type K
TC type U
TC type L
TC type N

+ 148K
+ 9.4K
+ 10.6 K
+ 22K
+ 4,0K
+ 52K
+ 7.6 K
+ 35K
+ 51K
+ 55K

Resistance thermocouples, four-conductor

standard measuring range

Climatic measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

+ 46K
+ 57K
+ 46K
+ 3.7K
+ 09K
+ 09K

+ 05K
+ 05K
+ 0.5K
+ 0.5K
+ 09K
+ 09K

Resistance thermocouples, three-conductor

standard measuring range

Climatic measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

+ 52K
+ 82K
+ 6.5K
+ 52K
+ 1.3K
+ 1.3K

+ 0.7K
+ 0.7K
+ 0.7K
+ 0.7K
+ 1.3K
+ 1.3K
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range)
® \Voltage input
- +80mVv
- + 250 mV
- £ 500 mV
- 1V
- +25V
- x5V
- 1Vto5V
- 10V
® Current input
— O0mAto 20 mA
- +20mA
- 4..20mA
® Resistance test

- 0to48Q;
four-conductor
measurement

- 0t0150Q,
four-conductor
measurement

- 0t0 3009,
four-conductor
measurement

- 0t0 600 Q;
four-conductor
measurement

— 01to0 5000 Q;
four-conductor

the range of
6000 Q)

— 01to 300 Q;

measurement
— 0to 600 Q;

measurement
— 0105000 Q;

the range of
6000 Q)

® Thermocouples
— TCtypeB
- TCtypeR
— TCtypeS
— TCtypeT
— TCtypeE
— TCtypeld
- TCtypeK
— TCtypeU
— TCtypel
— TCtypeN

measurement (in

three-conductor

three-conductor

three-conductor
measurement (in

H W H K H W K H

HH

H H W H H W K H W

Basic error (operational limit at 25 °C, referred to input

0.17%
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

0.15%
0.15%
0.15%

0.15%

0.15%

0.15%

0.15%

0.15%

0.3%

0.3%

0.3%

8.2K
52K
59K
12K
18K
23K
3.4K
18K
23K
29K

® Resistance thermocouples, four-conductor
standard measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Climatic measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

+ 20K
+ 25K
+ 20K
+ 16K
+ 04K
+ 04K

+ 0.2K
+ 02K
+ 0.2K
+ 0.2K
+ 04K
+ 04K

® Resistance thermocouples, three-conductor
standard measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Climatic measuring range

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Temperature error (with
reference to the input range)
Linearity error (with reference
to the input range)

Repeat accuracy (in the steady
state at 25 °C, referred to the
input range)

+ 31K
+ 49K
+ 3.9K
+ 3.1K
+ 0.8K
+ 0.8K

+ 04K
+ 04K
+ 04K
+ 04K
+ 0.8K
+ 0.8K
+ 0.004% K

+ 0.01% K

+ 0.1%
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Status, Interrupts, Diagnostics

® Resistors

® Thermocouples

® Resistance thermometer

Maximum input voltage for
voltage input (destruction limit)

Maximum input current for
current input (destruction limit)

Interrupts None

Diagnostic functions None

Substitute value can be applied No

Data for Selecting a Sensor

Input range (rated values)/Input

resistance

® \Voltage + 80 mV/1 MQ
+ 250 mV/1 MQ
+ 500 mV/1 MQ
+ 1V/1 MQ
+ 2.5V/1 MQ
+ 5V/1 MQ
1to 5V/1 MQ
+ 10 V/I1 MQ

® Current 0to 20 mA/50 Q
+ 20 mA/50 @

4 to 20 mA/50 Q

0to 48 Q/1 MQ

0 to 150 ©/1 MQ
0 to 300 /1 MQ

0 to 600 Q/1 MQ

0 to 6000 Q/1 MQ
(can be used up to
5000 Q)

TC type B/1 MQ
TC type R/1 MQ
TC type S/1 MQ
TC type T/1 MQ
TC type E/1 MQ
TC type J/1 MQ
TC type K/1 MQ
TC type U/1 MQ
TC type L/1 MQ
TC type N/1 MQ
Pt 100/1 MQ

Pt 200/1 MQ

Pt 500/1 MQ

Pt 1000/1 MQ
Ni 100/1 MQ

Ni 1000/1 M2

Max. 18 V continuous
75V for 1 ms (cycle
factor 1 : 20)

40 mA continuous

Connection of the sensor
® For measuring voltage
® For measuring current
— As two-wire transmitter

— As four-wire
transmitter

® For measuring resistance

—  With two-conductor
terminal

—  With three-conductor
terminal

—  With four-conductor
terminal
® Load of the two-wire
transmitter

Characteristic linearization
® For thermocouples

®* For
resistance thermometers

Temperature compensation

® Internal temperature
compensation

® External temperature
compensation with
compensating box

® External temperature
compensation with Pt 100

® Compensation for
definable reference
junction
temperature

Unit for temperature
measurement

Possible

Possible
Possible

Possible; cable
resistance is also
measured

Possible
Possible
Max. 750 Q

Parameters can be
assigned

TypesB, R, S, T, E, J,
K, UL, N

Pt 100, Pt 200, Pt 500,
Pt 1000, Ni 100,
Ni 1000

Yes, programmable
No

Possible

Possible

Possible

Degrees Celsius
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5.19.1

Commissioning the SM 431; Al 8 x 14 Bit

You set the mode of operation of the SM 431; Al 8 x 14 Bit by means of measuring
range modules on the module and in STEP 7.

Measuring Range Module

Parameter

A measuring range module of the module matches two channels and one
resistance channel to each type of sensor. If necessary, the measuring range
modules must be replugged to change the measuring method and the measuring
range. The steps you have to perform to do this are described in detail in
Section|5.4.

The corresponding table in Section|5.19.2 tells you which assignment you have to
select for which measuring method and measuring range. In addition, the
necessary settings are embossed on the module.

You will find a description of the general procedure for assigning parameters to
analog modules in Section 5.7.

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-50 Parameters of the SM 431; Al 8 x 14 Bit

®* Measuring type | Disabled

Parameter Value Range Defaultl) Parameter | Scope
Type
Diagnostics
* Wire break Yes/no No Static Channel
Measurement

U Voltage
4DMU  Current (four-wire transmitter) | U
2DMU Current (two-wire transmitter)
R-4L  Resistance (four-conductor

terminal)
R-3L  Resistance (three-conductor
terminal)
RTD-4L Thermal resistor Static Channel

(linear, four-conductor terminal)
RTD-3L Thermal resistor
(linear, three-conductor
terminal)
TC-L  Thermocouple (linear)

suppression

* Measuring Refer to Section|5.19.2|for the + 10V
range measuring ranges of the input channels
that you can set.
* Reference —273.15 to 327.67 °C 0,00 °C .
Dynamic Module
Temperature
* |nterference 60 Hz; 50 Hz 50 Hz

Static Channel
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Table 5-50 Parameters of the SM 431; Al 8 x 14 Bit, continued

Parameter

Value Range

Defaultl)

Parameter
Type

Scope

® Smoothing

® Ref. junction

None
Low
Average
High

None
RTD on Channel 0
Reference temperature value dynamic

None

None

Static

Channel

1) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.

Smoothing of the Measured Values

You fill find information that is generally applicable to the smoothing of analog
values in Section|5.6.

The following figure indicates for the module in the case of a step response the

number of module cycles after which the smoothed analog value applies at almost
100%, depending on the smoothing setting. The figure applies to every change of
signal at an analog input.

5-82

. - Step response for any analog input signal
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Figure 5-29 Step Response of the SM 431; Al 8 x 14 Bit
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5.19.2

Measuring Methods

Measuring Methods and Measuring Ranges of the SM 431,
Al 8 x 14 Bit

You can set the following measuring methods for the input channels:

* \oltage measurement

¢ Current measurement

* Resistance test

e Temperature measurement

You specify the setting by means of the measuring range modules on the module
and by means of the “Measuring Type” parameter in STEP 7.

Circuit Variants for the Channels

Two channels are set with each measuring range module. There are therefore
restrictions as regards the measuring method for the adjacent channels 0/1, 2/3,

4/5 and 6/7, as shown in the following table:

Table 5-51 Selection of the Measuring Method for Channel n and Channel n+1 of the SM 431,

Al 8 x 14 Bit
Meas. Method Disa- | Voltage | Current | Current | R-4L | R-3L |RTD-4L | RTD-3L | TC-L
Chan. n+1 bled 4-DMU | 2-DMU

Meas. Method

Channel n

Disabled X X X

Voltage

Current four-wire X

transmitter

Current two-wire X X

transmitter

Resistor X

four-conductor

Resistor X

three-conductor

Thermal resistor X

four-conductor

Thermal resistor X

three-conductor

Thermocouples X X X

Example
If you select “current (two-wire transmitter)” for channel 6, you can then only
deactivate the measuring method or set “current (two-wire transmitter)” for
channel 7.
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Wiring for Resistance and Temperature Measurement

The following conditions apply when measuring the resistance and temperature
with the SM 431; Al 8 x 14 Bit:

Table 5-52 Channels for Resistance and Temperature Measurement with the SM 431; Al 8 x 14 Bit

(linear, four-conductor termi-
nal)

Measuring Type Parameter Permissible Condition
for Channel n

Resistor 0,2,40r6 You must disable the[IMeasuring Type” parameter for
(four-conductor terminal) channels n+1 (1, 3, 5, 7).
Resistor 0,2,40r6 The reason The connections of channel n+1 are used
(three-conductor terminal) to supply the resistance that is connected to
Thermal resistor 0,2,40r6 channel n.
(linear, four-conductor termi-
nal)
Thermal resistor 0,2,40r6

Wiring for Junction Compensation for Thermocouples

If you select “RTD on Channel 0” as a reference junction for reference junction
compensation for thermocouples, the following applies:

Table 5-53 Thermocouple with Reference Junction Compensation via RTD on Channel 0

Reference Junction Permissible Condition
Parameter for
Channel n
RTD on Channel 0 2to 7 You must connect and parameterize on channel 0 a

resistance thermometer with linearization, a 3— or
4-conductor connection in the climatic range (channels

0 and 1 are thus assigned).

The reason: If channel O is to be used as the reference
junction, a resistance-type sensor must be connected
there to record absolute temperatures in the climatic

range.

Unused Channels

Unused channels can be left open. Set the measuring range module to position
“A”. You can improve the noise immunity of the module in a measuring environment
with serious interference by short-circuiting the channels.

Disable the “Measuring Type” parameter for unused channels. In this way you
shorten the scan time of the module.
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Measuring Ranges

You set the measuring ranges by means of the measuring range modules on the
module and the “Measuring Type” parameter in STEP 7.

Table 5-54 Measuring Ranges of the SM 431; Al 8 x 14 Bit

Method Selected

Measuring Range
(Type of Sensaor)

Measuring Range
Module Setting

Description

U: Voltage + 80 mV A You will find the digitized analog
+ 250 mV values in Section 5.3.1]in the
+ 500 MV voltage measuring range
+1V
+ 25V
+5V
lto5V
+ 10V
2DMU: Current (two-wire | 4 to 20 mA D To supply these transmitters with
transmitter) current you must connect 24 V to
the L+ and M front connector
terminals.
You will find the digitized analog
values in Section 5.3.1/in the
current measuring range
4DMU: Current 0to 20 mA C You will find the digitized analog
(four-wire transmitter) 410 20 mA values in Section 5.3.1/in the
+ 20mA current measuring range
R-4L: Resistors 48Q A You will find the digitized analog
(four-conductor 150 Q values in Section 5.3.1 in the
connection) 300 O resistance measuring range
600 Q
6000 2
R-3L: Resistors 300 Q
(three-conductor 600 Q
connection) 6000 Q
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Table 5-54 Measuring Ranges of the SM 431; Al 8 x 14 Bit, continued

Method Selected

Measuring Range
(Type of Sensor)

Measuring Range
Module Setting

Description

(linear, four-conductor
connection)
(temperature
measurement)

RTD-3L: thermal resistor

(linear, three-conductor
connection)
(temperature
measurement)

Pt 200 climatic
Pt 500 climatic
Pt 1000 climatic
Ni 100 climatic
Ni 1000 climatic
Pt 100 standard
Pt 200 standard
Pt 500 standard
Pt 1000 standard
Ni 100 standard
Ni 1000 standard

TC-L: Thermocouple Type B A
(linear) Type N
(temperature T E
measurement) ype
Type R
Type S
Type J
Type L
Type T
Type K
Type U
RTD-4L: thermal resistor | Pt 100 climatic A

You will find the digitized analog
values in Section 5.3.1in the
temperature range

Default Settings

The module has the following default settings in STEP 7:

* Channels 0 to 7: “Voltage” for the measuring method ; “+ 10 V” for the
measuring range

You can use these measuring methods and measuring ranges without

parameterizing the SM 431; Al 8 x 14 Bitin STEP 7.
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Wire Break Check for Temperature or Resistance Measurement

The wire break check is intended primarily for temperature measurements (TC,
RTD) or resistance measurements. Always parameterize the wire break check in
these cases as this ensures that, in the event of a wire break, the measured value
provided by the module accepts the data for overrun 7FFFH.

Special Characteristics of the Wire Break Check for the Voltage Measurement
Methods

In some transmitters, incorrect measured values may be obtained due to the fact
that the wire break check is enabled. If so, disable the wire break check.

The reason Some transmitters try to correct the test current and in doing so corrupt
the setpoint value provided.
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5.20 Analog Input Module SM 431; Al 8 x 14 Bit;
(6ES7431-1KF20-0ABO0)

Characteristics
The analog input module SM 431; Al 8 x 14 Bit has the following features:

* Rapid A/D changeover, therefore particularly suitable for highly dynamic
processes

* 8 inputs for voltage/current measurement

* 4 inputs for resistance measurement

* Various measuring ranges, adjustable in parallel

* 14-bit resolution

* Supply voltage: 24 VDC required only for the connection of 2-wire transmitters
* Analog section isolated from CPU

* The maximum permissible common mode voltage between the channels and
between the reference potential of the connected sensors and Mapa is 8 VAC

Block Diagram of the SM 431; Al 8 x 14 bits

—| Measuring |—»{
CHO —= range ™
CH1 —= mogule —
! D
: — —>—> — Bus S7-400
' °
X 1<
o
1 o
1 [%2]
! @
MANA ! A
' o
. |
Measuring x
range |
CH6 ——&| module > %
-
chr —x| 3 - 2
+5V -— ENABLE <—|
II\_/|+ + 15V -— +5y fe——— Bus S7-400
M oV =— OVie———— Bus S7-400
ANA _ 15V ~-—]

Figure 5-30 Block Diagram of the SM 431; Al 8 x 14 Bit
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Terminal Assignment Diagram of the SM 431; Al 8 x 14 Bit

0 Voltage measurement Resistance measurement
O Current measurement
UJ 1
UJ 2 .
= P B
UJ 5
[ 6 MO+ cHo  wordo MO+
] 7 E\D MO— MO—
UJ 8
] 9| | T CHO Word 0
UJ 10
N Lm M+ ch1  word2  ICO+
12 M1- ICO-
13
] 14
[] 15 T
Ol 16 M2+ cH2  Word 4 M1+
UJ 17 M2— M1-
UJ 18
[] 9 || | oo CH2 Word 4
UJ 20
O 21 M3+ CH3  Word 6 IC1+
UJ 22 M3— IC1-
UJ 23
24
2 et
o 267~ MANA
] P A e
] 28 M4+ M2+
CH4 Word 8
U] 29 z@ M4— M2—
] 30
0 31 | T CH4 Word 8
OJ 32
0 33 M5+ cp5  word 10 1C2+
UJ 34 z@ M5— IC2—
OJ 35
36
725 1
] 38 M6+ M3+
T CH6  Word 12
O 39 M6— or M3—
] 40
0 al | CH6 Word 12
] 42
UJ 43 M7+ IC3+
T CH7  Word 14
] 44 M7- IC3-
] 45
UJ 46
47 M M ””””””””””””””””
48
1]

Figure 5-31 Terminal Assignment Diagram of the SM 431; Al 8 x 14 Bit
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Technical Specifications of the SM 431; Al 8 x 14 Bit

Dimensions and

Weight

Dimensions W x H x D
(in millimeters)

25x290 x 210

Current consumption
® From the backplane bus

® From the backplane bus L+

Power dissipation of the
module

Max. 1000 mA

Max. 200 mA (with 8
connected, fully
controlled 2-wire
transmitters)

Typ. 49 W

Analog Value Generation

Weight Approx. 500 g
Data for Specific Module
Number of inputs 8
® For resistance-type sensor 4
Length of cable
® Shielded Max. 200 m
Voltages, Currents, Potentials

Rated load voltage L+

® Reverse polarity protection

Power supply of the
transmitters

® Supply current
® Short-circuit proof

Constant measured current for
resistance-type sensor

Isolation

® Between channels and
backplane bus

® Between the channels

® Between channels and
load voltage L+

Permitted potential difference

® Between inputs and Mana
(Uewm)

® Between the inputs (Ecm)

® Between Mpana and
Minternal (Uiso)

Insulation tested

® Between bus and analog
section

® Between bus and chassis
ground

® Between analog section
and L+/M

® Between analog section
and chassis ground

® Between L+/M and chassis
ground

24 VVDC (required only
for the supply of 2-wire
transmitters)

Yes

Max. 50 mA
Yes
Typ. 1.67 mA

Yes

No
Yes

8 VAC

8 VAC
75 VDC/60 VAC

2120 vDC
500 vDC
707 VvDC
2120 vDC

2120 VvDC

Measuring principle

Integration time/conversion
time/resolution (per channel)

® Parameters can be
assigned

® Interference voltage
suppression f1 in Hz

® Basic conversion time in
ms

® Resolution (incl.
overrange)

Smoothing of the measured
values

Time constant of the input
filter

Basic execution time of the
module, in ms (all channels
enabled)

Actual-value
conversion

(Does not go into the
response time)

Yes

None/400/60/50

52 us

14/14/14

Can be configured
“none — a lot”

15 us

0.420
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Suppression of interference, Limits of Error

Status, Interrupts, Diagnostics

filter 400/60/50 Hz

¢ Common-mode
interference
(Ucm <11 Vgg)

range)

® \Voltage input
- =1V
- 10V
- 1Vto5V

® Current input

- +20mA
— 4mAto 20 mA

® Resistance test

- 0...600 Q;

range)

® Voltage input
- 1V
- 1oV
- 1..5V

® Current input

- £ 20mA
— 4mAto20 mA

® Resistance test
— 0to 600 Q;

Temperature error (with

to the input range)

input range)

® Series-mode interference
(peak value of interference
< rated value of input

Crosstalk between the inputs

reference to the input range)

Linearity error (with reference

Repeat accuracy (in the steady
state at 25 °C, referred to the

Interference voltage suppression configured for
f=nx (f1 £1%), (f1 = interference frequency) n=1, 2,

>80 db

> 40 dB

>70dB

Operational limit (in the entire temperature range, with
reference to the input range)

+ 0.7%
+ 09%
+ 0.9%

+ 0.8%
+ 0.8%

+ 1.0%

Basic error (operational limit at 25°C, referred to input

H

0.6%
0.75%
0.75%

H W

0.7%
+ 0.7%

H

H

0.7%

H

0.03% K

H

0,05% K

+ 0.2%

Interrupts None

Diagnostic functions None

Substitute value can be applied No

Data for Selecting a Sensor

Input range (rated values)/Input

resistance

® \Voltage + 1V/10 MQ
+ 10 V/10 MQ
1Vto5V/10 MQ

® Current + 20 mA/50 Q

® Resistors

Maximum input voltage for
voltage input
(destruction limit)

Maximum input current for
current input (destruction limit)

Connection of the signal
sensor

® For measuring voltage

® For measuring current
— As two-wire
transmitter

— As four-wire
transmitter

® For measuring resistance

—  With two-conductor
terminal

— With three-conductor
terminal

—  With four-conductor
terminal

® Load of the two-wire
transmitter

4 mA to 20 mA/50 Q

0 to 600 €2/10 M2

Max. 18 V continuous;
75V for 1 ms (cycle
factor 1: 20)

40 mA continuous

Possible

Possible

Possible

Possible; cable

resistance is also
measured

Possible

Max. 750 Q
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5.20.1 Commissioning the SM 431; Al 8 x 14 Bit

You set the mode of operation of the SM 431; Al 8 x 14 Bit by means of measuring
range modules on the module and in STEP 7.

Measuring Range Modules

A measuring range module of the module matches two channels and one
resistance channel to each type of sensor. If necessary, the measuring range
modules must be replugged to change the measuring method and the measuring
range. The steps you have to perform to do this are described in detail in

Section 5.4.

The corresponding table in Section|5.20.2 tells you which assignment you have to
select for which measuring method and measuring range. In addition, the
necessary settings are embossed on the module.

Parameters

You will find a description of the general procedure for assigning parameters to
analog modules in Section|5.7.

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-55 Parameters of the SM 431; Al 8 x 14 Bit (6ES7431-1KF20-0ABO)

Parameter Value Range Defaultl) Parameter | Scope
Type
Measurement
® Measuring type | Disabled
U Voltage

4DMU  Current (four-wire transmitter) | U
2DMU  Current (two-wire transmitter)

R-4L  Resistance (four-conductor Static Channel
terminal)
* Measuring Refer to Section 5.20.2 for the +10V
range measuring ranges of the input channels
that you can set.
® Interference 400 Hz; 60 Hz; 50 Hz; none 50 Hz
suppression
® Smoothing None None
High

1) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.
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Smoothing of the Measured Values

You will find information that is generally applicable to the smoothing of analog
values in Section 5.6/ You can only set strong smoothing for the SM 431;

Al 8 x 14 Bit.

The module cycle time is a constant, irrespective of how many channels are
enabled. It therefore has no effect on the filter settling time, which is defined by the
parameter assignment of interference frequency suppression and smoothing.

Note

It is only advisable to parameterize smoothing if you also parameterize
interference frequency suppression; otherwise, the measured value resolution will
be reduced to 9 bits (analog value representation is right aligned in this case).

Filter Settling Time with Strong Smoothing

Table 5-56 Interference Frequency Suppression and Filter Settling Time with Smoothing of

the SM 431; Al 8 x 14 Bit (6ES7431-1KF20-0AB0)

Interference Suppression Smoothing | Filter settling time in ms
None High -
50 Hz High 100
60 Hz High 83.333
400 Hz High 12.5
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Step Response with Strong Smoothing

The following figure illustrates the contents of Table 5-56. It shows the filter settling
time after which, in the case of a step response, the smoothed analog value is
applied to almost 100%, depending on the interference frequency suppression that
has been set. The figure applies to every change of signal at an analog input.

Signal variation Step response for any analog input signal
in percent
100 L
A
S0
! p // !
63 -+ // :
/ 1
50 ; )z
| v ‘
| / ! !
| ‘/ : |
// | ‘
7/ | ‘
7 o
/" | \
0 125 30 60 83.333 100 120 150
Interference frequency suppression 400 Hz: ——M— Filter settling time in ms
60 Hz: _—
50 Hz: _———

Figure 5-32 Step Response of the SM 431; Al 8 x 14 Bit (6ES7 431-1KF20-0AB0)

5.20.2 Measuring Methods and Measuring Ranges of the SM 431,
Al 8 x 14 Bit

Measuring Methods
You can set the following measuring methods for the input channels:
* Voltage measurement
* Current measurement
* Resistance test

You specify the setting by means of the measuring range modules on the module
and the “Measuring Type” parameter in STEP 7.
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Circuit Variants of the Channels

Two channels are set in each case with the measuring range module. There are
therefore restrictions as regards the measuring method for the adjacent channels
0/1, 2/3, 4/5 and 6/7, as shown in the following table:

Table 5-57 Selection of the Measuring Method for Channel n and Channel n+1 of the SM 431,
Al 8 x 14 Bit (6ES7431-1KF20-0AB0)

Meas. Type Disabled | Voltage | Voltage Voltage Current | Current R-4L
Channel n+1 +1V lto5V +10V 4-DMU 2-DMU

Meas. Type Chan=
nel n

Disabled X X X X X X
Voltage +1V X X

Voltage 1to 5V X X X

Voltage +10V X X X

Current four-wire X X

transmitter

Current two-wire X X
transmitter

Resistance X
four-conductor

Example

If you select “current (two-wire transmitter)” for channel 6, you can only disable the
measuring method or set “current (two-wire transmitter)” for channel 7.

Circuit for Resistance Measurement

The following conditions apply when measuring the resistance with the SM 431;
Al 8 x 14 Bit:

Table 5-58 Channels for Resistance Measurement of the SM 431; Al 8 x 14 Bit (6ES7431-1KF20-0ABO0)

Measuring Type Parameter Permissible Condition
for Channel n
Resistor 0,2,40r6 You must disable the[IMeasuring Type” parameter for
(four-conductor terminal) channels n+1 (1, 3, 5, 7).

The reason The connections of channel n+1 are used
to supply the resistance that is connected to
channel n.

Unused Channels

Unused channels can be left open. Set the correspondingmeasuring range
modules in position “B”. You can improve the noise immunity of the module in a
measuring environment with serious interference by connecting M— and Mapa.
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Measuring Ranges

You set the measuring ranges by means of the measuring range modules on the
module and the “Measuring Type” parameter in STEP 7.

Table 5-59 Measuring Ranges of the SM 431; Al 8 x 14 Bit (6ES7431-1KF20-0AB0)

Method Selected

Measuring Range
(Type of Sensor)

Measuring Range
Module Setting

Description

(four-conductor
terminal)

U: Voltage +1V A You will find the digitized analog
105V B values in Secﬂo_n 5.3.1/in the
voltage measuring range
+ 10V
2DMU: Current 41020 mA D To supply these transmitters with
(two-wire transmitter) current you must connect 24 V to
the L+ and M front connector
terminals.
You will find the digitized analog
values in Section 5.3.1in the
current measuring range
4DMU: Current 41020 mA C You will find the digitized analog
(four-wire transmitter) + 20 mA values in Section|5.3.1in the
current measuring range
R-4L: Resistor 600 Q A You will find the digitized analog

values in Section 5.3.1/ in the
resistance measuring range

Default Settings

The module has the following default settings in STEP 7:

* Channels 0 to 7: “Voltage” for the measuring method ; “+ 10 V” for the
measuring range

You can use these measuring methods and measuring ranges without

parameterizing the SM 431; Al 8 x 14 Bitin STEP 7.
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5.21 Analog Input Module SM 431; Al 16 x 13 Bit;
(6ES7431-0HHO0-0ABO)

Characteristics
The analog input module SM 431; Al 13 x 16 Bit has the following features:
* 16 inputs for voltage/current measurement
* Various measuring ranges, adjustable in parallel
* 13-bit resolution
* Non-isolated between the analog section and bus

* The maximum permissible common mode voltage between the channels and
the reference potentials of the connected sensors and central ground point is
2 VDC/VAC
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Block Diagram of the SM 431; Al 16 x 13 Bit
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Figure 5-33  Block Diagram of the SM 431; Al 16 x 13 Bit
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Terminal Assignment Diagram of the SM 431; Al 16 x 13 Bit
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Figure 5-34  Terminal Assignment Diagram of the SM 431; Al 16 x 13 Bit
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Technical Specifications of the SM 431; Al 16 x 13 Bit

Dimensions and Weight

Dimensions L x Hx D 25x 290 x 210
(in millimeters)

Basic execution time of the 880/1040
module, in ms (all channels

enabled)

Suppression of Interference, Limits of Error

Weight Approx. 500 g
Data for Specific Module

Number of inputs 16

® Shielded Max. 200 m

Voltages, Currents, Potentials

Rated load voltage L+ 24 VDC (only required
for the supply of 2-wire
transmitters)

® Reverse polarity protection  Yes

Power supply of the
transmitters

® Supply current Max. 50 mA
® Short-circuit proof Yes
Constant measured current for ~ Typ. 1.67 mA
resistance-type sensor
Isolation
® Between channels and No
backplane bus
® Between the channels No
® Between channels and No
load voltage L+
Permitted potential difference
® Between inputs and Mana 2 VDC/2 VACsg
(Uewm)
® Betweentheinputs (Ecy) 2 VDC/2 VACgs
Insulation tested with
® Between bus and chassis 500 VDC
ground
Current consumption
®  From the backplane bus Max. 100 mA
®  From load voltage L+ Max. 400 mA
(with 16 connected, fully
controlled two-wire
transmitters)
Power dissipation of the Typ. 2 W

module

Interference voltage suppression for f = nx (f1 +1%),
(f1 = interference frequency) n =1, 2, ...

¢ Common-mode > 86 dB
interference
(Uem<2V)

® Series-mode interference
(peak value of interference
< rated value of input
range)

Crosstalk between the inputs

> 60 dB

>50dB

Operational limit (in the entire temperature range, with
reference to the input range)

® \Voltage input

- 1V + 0.65%
- 10V + 0.65%
- 1Vtob5V +1%

® Current input
- +20mA + 0.65%
— 4 mAto20 mA + 0.65%

Basic error (operational limit at 25 °C, referred to input
range)

® \Voltage input

- 1V + 0.25%
- 10V + 0.25%
- 1VtoS5V + 0.5%
® Current input
- £ 20mA + 0.25%
— 4mAto20 mA + 0.25%
Temperature error (with + 0.01%
reference to the input range)
Linearity error (with reference + 0.05%
to the input range)
Repeat accuracy (in the steady + 0.01%

state at 25 °C, referred to the
input range)

Analog Value Generation

Status, Interrupts, Diagnostics

Measuring principle Integrative

Integration time/conversion (Does not go into the
time/resolution (per channel) response time)

® Parameters can be Yes
assigned

® Interference voltage 60/50
suppression f1 in Hz

® Integration time in 50/60
milliseconds

® Basic conversion time in 55/65
ms

® Resolution including sign 13 bits

Smoothing of the measured Not possible

values

Interrupts None
Diagnostic functions

Substitute value can be applied No

None
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Data for Selecting a Sensor

Input range (rated values)/Input
resistance

® \Voltage

® Current

Maximum input voltage for
voltage input

(destruction limit)

Maximum input current for
current input (destruction limit)

+ 1V/10 MQ
+ 10 V/100 MQ
1Vto5V/100 MQ

+ 20 mA/50 Q
4 mA to 20 mA/50 Q

20 V continuous;
75V for 1 ms (cycle
factor 1 : 20)

40 mA

Connection of the signal
sensor

® For measuring voltage
® For measuring current
— As two-wire
transmitter
—  As four-wire
transmitter
® Load of the two-wire
transmitter

Possible

Possible

Possible

Max. 750 Q
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Analog Modules

5.21.1 Commissioning the SM 431; Al 16 x 13 Bit

You set the mode of operation of the SM 431; Al 16 x 13 Bit by means of
measuring range modules on the module and in STEP 7.

Measurement Range Modules

A measuring range module of the module matches two consecutive channels to
each type of sensor. If necessary, the measuring range modules must be
replugged to change the measuring method and the measuring range. The steps
you have to perform to do this are described in detail in Section|5.4.

The corresponding table in Section|5.21.Z tells you which assignment you have to
select for which measuring method and measuring range. In addition, the
necessary settings are embossed on the module.

Parameters

You will find a description of the procedure of assigning parameters to analog
modules in Section 5.7

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-60 Parameters of the SM 431; Al 16 x 13 Bit

suppression

Parameter Value Range Default!) | Parameter Scope
Type
Measurement
® Measuring type | Disabled U
U Voltage
4DMU  Current (four-wire transmitter) )
2DMU  Current (two-wire transmitter) Static Channel
* Measuring Refer to Section|5.21.2|for the measuring +10V
range ranges of the input channels that you can
set.
® Interference 60 Hz; 50 Hz 50 Hz

1) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.
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5.21.2

Measuring Methods and Measuring Ranges of the SM 431,
Al 16 x 13 Bit

Measuring Methods

You can set the following measuring methods for the input channels:
* \oltage measurement
* Current measurement

You specify the setting by means of the measuring range modules on the module
and the “Measuring Type” parameter in STEP 7.

Circuit Variants of the Channels

Example

Two channels are set in each case with the measuring range module. There are
therefore restrictions as regards the measuring method for the adjacent channels
0/1, 2/3, 4/5, 6/7, 8/9, 10/11, 12/13 and 14/15, as shown in the following table:

Table 5-61 Selection of the Measuring Method for Channel n and Channel n+1 of the
SM 431; Al 16 x 13 Bit

Meas. Type | Disabled | Voltage | Voltage | Voltage | Current | Current
Channel n+1 1V lto5V +10V 4-DMU 2-DMU

Meas. Type

Channel n

Disabled X X X X X X
Voltage +1V X X

Voltage 1to5V X X X

Voltage +10V X X X

Current four-wire X X

transmitter

Current two-wire X X
transmitter

If you select “current (two-wire transmitter)” for channel 6, you can only disable the
measuring method or set “current (two-wire transmitter)” for channel 7.

Unused Channels

Unused channels can be left open. Put the measuring range modules in position
“B”. You can improve the noise immunity of the module in a measuring environment
with serious interference by interconnecting M— and Mana.

Disable the “Measuring Type” parameter for unused channels to reduce the scan
cycle time of the module.
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Measuring Ranges

You set the measuring ranges by means of the measuring range modules on the
module and the “Measuring Type” parameter in STEP 7.

Table 5-62 Measuring Ranges of the SM 431; Al 16 x 13 Bit

Method Selected

Measuring Range
(Type of Sensor)

Measuring Range
Module Setting

Description

U: Voltage +1V A You will find the digitized analog
105V B values in Secthn 5.3.1lin the
voltage measuring range
+ 10V
2DMU: Current 41020 mA D To supply these transmitters with
(two-wire transmitter) current you must connect 24 V to
the L+ and M front connector
terminals.
You will find the digitized analog
values in Section 5.3.1/in the
current measuring range
4DMU: Current 41020 mA C You will find the digitized analog
(four-wire transmitter) + 20 mA values in Section 5.3.1in the

current measuring range

Default Settings

The module has the following default settings in STEP 7:

* Measuring method “voltage”

* Measuring range “+/-10 V".

You can use this combination of measuring method and measuring range without

parameterizing the SM 431; Al 16 x 13 Bit inSTEP 7
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Analog Modules

5.22 Analog Input Module SM 431; Al 16 x 16 Bit;
(6ES7431-7QHO0-0ABO)

Characteristics
The analog input module SM 431; Al 16 x 16 Bit has the following features:

* 16 inputs for voltage/current and temperature measurement with thermocouple
(TC)

* 8inputs for resistance and temperature measurement with thermocouple (TC)
* Various measuring ranges, adjustable in parallel

* 16-bit resolution

* Programmable diagnostics

* Programmable diagnostic interrupt

* Programmable hardware interrupt when limit has been exceeded

* Programmable end-of-scan-cycle interrupt

* Analog section isolated from CPU

* The maximum permissible common mode voltage between the channels and
between the channel and central ground is 120 VAC
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Block Diagram of the SM 431; Al 16 x 16 Bit
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Figure 5-35 Block Diagram of the SM 431; Al 16 x 16 Bit
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Terminal Assignment Diagram of the SM 431; Al 16 x 16 Bit
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Figure 5-36  Terminal Assignment Diagram of the SM 431; Al 16 x 16 Bit
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Technical Specifications of the SM 431; Al 16 x 16 Bit

Dimensions and Weight

Dimensions W x H x D
(in millimeters)

Weight

25x290x 210

Approx. 500 g

Data for Specific Module

Number of inputs
® For resistance-type sensor

Length of cable

¢ Shielded
in the input ranges = 80
mV and with
thermocouples

16
8

Max. 200 m
Max. 50 m

Voltages, Currents, Potentials

Rated load voltage L+

® Reverse polarity protection

Power supply of the
transmitters

® Supply current
® Short-circuit proof

Constant measured current for
resistance-type sensor

Isolation

® Between channels and
backplane bus

® Between the channels

® Between channels and
load voltage L+

Permitted potential difference

® Between inputs and Mana
(Ucwm)

® Between the inputs (Ecym)

® Between Mpana and
Minternal (Uiso)

24 VDC (only required
for the supply of
two-wire transmitters)

Yes

Max. 50 mA
Yes
Typ. 1.67 mA

Yes

No

Yes

120 VAC

120 VAC
75 VDC/60 VAC

Insulation tested with
® Between bus and L+/M

® Between bus and analog
section

® Between bus and chassis
ground

® Between analog section
and L+/M

® Between analog section
and chassis ground

® Between L+/M and chassis
ground

Current consumption

® From the backplane bus
(5V)

® From load voltage L+
(with 16 connected, fully
controlled two-wire
transmitters)

Power dissipation of the
module

2120 vDC

2120 vDC
500 VDC

707 VDC
2120 vDC

2120 vDC

Max. 700 mA

Max. 400 mA

Typ. 45W

Analog Value Generation

5-108

Measuring principle

Integration time/conversion
time/resolution (per channel)

® Parameters can be
assigned

® Interference voltage
suppression f1 in Hz

® Integration time in ms

® Basic conversion time in
ms

® Additional conversion time
for measuring resistance,
inms

® Additional conversion time
for open-circuit monitoring,
inms

® Additional conversion time

for measuring resistance
inms

® Resolution including sign

Smoothing of the measured
values

Basic execution time of the
module, in ms (all channels
enabled)

Integrative

(Does not go into the
response time)

Yes

400/60/50

2.5/16.7/20
6/20.1/23.5

12/40.2/47

4.3/4.3/4.3

5.5/5.5/5.5

16/16/16 bit

Parameters can be
assigned in 4
stages

96/322/376
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Suppression of Interference, Limits of Error

® Common-mode
interference
(Ucm < 120 Vgs)

® Series-mode interference
(peak value of interference
< rated value of input
range)

Crosstalk between the inputs

reference to the input range)
® \Voltage input
- +£25mV
50 mV
80 mVv
250 mv
500 mV
1v
25V
- x5V
- 1Vto5V
- z 10V

I
H W W H H

® Current input

— 0mAto 20 mA
- £ 5mA
- +10mA
- £ 20mA
- 4 mAto20mA

® Resistance test

— 0to48 Q;
four-conductor
measurement

- 0t0150Q,
four-conductor
measurement

- 0t0300Q,
four-conductor
measurement

- 01t0 600 Q;
four-conductor
measurement

— 0to 5000 €;
four-conductor
measurement (in
the range of
6000 Q)

— 010300 Q;
three-conductor
measurement

- 010600 Q;
three-conductor
measurement

Interference voltage suppression for f = nx (f1 +1%),
(f1 = interference frequency) n =1, 2, ...

>100dB

> 40 dB

>70dB

H H W H H W K H KW

H W W H W

H

Operational limit (in the entire temperature range, with

0.35%
0.32%
0.31%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%

0.3%
0.3%
0.3%
0.3%
0.3%

0.3%

0.3%

0.3%

0.3%

0.3%

0.4%

0.4%

0 to 5000 Q;
three-conductor
measurement (in
the range of
6000 Q)

Thermocouples

Resistance thermocouples, four-conductor
standard measuring range

Climatic measuring range

Resistance thermocouples, three-conductor
standard measuring range

Climatic measuring range

TC type B
TCtype R
TCtype S
TCtype T
TCtype E
TC type J
TC type K
TC type U
TCtype L
TC type N

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

Pt 100
Pt 200
Pt 500
Pt 1000
Ni 100
Ni 1000

+ 0.4%

+ 115K
+ 7.3K
+ 83K
+ 17K
+ 3.2K
+ 43K
+ 6.2K
+ 28K
+ 42K
+ 44K

+ 3.1K
+ 49K
+ 3.9K
+ 3.1K
+ 0.8K
+ 0.8K

+ 04K
+ 04K
+ 04K
+ 04K
+ 0.8K
+ 0.8K

+ 42K
+ 65K
+ 52K
+ 42K
+ 1.0K
+ 1.0K

+ 05K
+ 0.5K
+ 05K
+ 05K
+ 1.0K
+ 1.0K
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® Voltage input

+ 25 mV
50 mV
80 mV
250 mV
500 mV
1v

25V

+5V

1Vto5V
+=10V

H oW H W H W

¢ Current input

0 mAto 20 mA
+ 5mA
+ 10 mA
+ 20 mA
4 mA to 20 mA

® Resistance test

0to 48 Q;
four-conductor
measurement

0to 150 Q,
four-conductor
measurement

0to 300 Q,
four-conductor
measurement

0 to 600 Q;
four-conductor
measurement

0 to 5000 Q;
four-conductor
measurement (in
the range of
6000 Q)

0to 300 Q;
three-conductor
measurement

0 to 600 Q;
three-conductor
measurement

0 to 5000 Q;
three-conductor
measurement (in
the range of
6000 Q)

H W W H H H K H K H

H H W H

Basic error (operational limit at 25 °C, referred to input
range)

0.23%
0.19%
0.17%
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

0.15%
0.15%
0.15%
0.15%
0.15%

0.15%

0.15%

0.15%

0.15%

0.15%

0.3%

0.3%

0.3%

5-110

® Thermocouples

— TCtypeB
- TCtypeR
— TCtypeS
— TCtypeT
— TCtypeE
— TCtypeld
— TCtypeK
— TCtypeU
— TCtypelL
— TCtypeN

+ 7.6 K
+ 48K
+ 54K
+ 11K
+ 1.8K
+ 23K
+ 34K
+ 1.7K
+ 23K
+ 26K

® Resistance thermocouples, four-conductor

standard measuring range

- Pt100
- Pt200
- Pt500
— Pt 1000
— Ni 100
— Ni 1000
Climatic measuring range
- Pt100
- Pt200
— Pt500
— Pt1000
— Ni100
— Ni 1000

+ 16K
+ 25K
+ 20K
+ 16K
+ 04K
+ 04K

+ 0.2K
+ 0.2K
+ 0.2K
+ 0.2K
+ 04K
+ 04K

® Resistance thermocouples, three-conductor

standard measuring range

- Pt100
- Pt200
- Pt500
- Pt 1000
— Ni 100
— Ni 1000

Climatic measuring range
- Pt100

- Pt200

- Pt500

— Pt 1000

— Ni 100

— Ni 1000

Temperature error (with
reference to the input range)

Linearity error (with reference
to the input range)

Repeat accuracy (in the steady
state at 25 °C, referred to the
input range)

+ 31K
+ 49K
+ 3.9K
+ 31K
+ 0.8K
+ 0.8K

+ 04K
+ 04K
+ 04K
+ 04K
+ 0.8K
+ 0.8K

+ 0.004% K

+ 0.01% K

+ 0.1%
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Status, Interrupts, Diagnostics

Interrupts

® Hardware interrupt

® Hardware interrupt when
limit has been exceeded

® Diagnostic Interrupt

Diagnostic functions
® Group error display

— For internal fault
— For external fault

¢ Diagnostic information
readable

Substitute value can be applied

Parameters can be
assigned

Parameters can be
assigned

Parameters can be
assigned

Red LED (INTF)
Red LED (EXTF)

Yes

No

Data for Selecting

a Sensor

Input range (rated values)/Input

resistance

® \oltage

® Current

® Resistors

® Thermocouples

+ 25 mV/1 MQ
+ 50 mV/1 MQ
+ 80 mVv/1 MQ
+ 250 mV/1 MQ
+ 500 mV/1 MQ
+ 1V/1MQ

+ 2.5V/1 MQ

+ 5V/1 MQ
1Vto5V/i1MQ
+ 10 V/I1 MQ

0 mA to 20 mA/50 Q
+ 5mA/50 Q

+ 10 mA/50 Q

+ 20 mA/50 Q

4 mA to 20 mA/50 Q

0to 48 Q/1 MQ
0to 150 ©/1 MQ
0 to 300 €2/1 MQ
0 to 600 €2/1 MQ
0 to 6000 Q/1 MQ
(can be used up to
5000 Q)

TC type B/1 MQ
TC type R/1 MQ
TC type S/1 MQ
TC type T/1 MQ
TC type E/1 MQ
TC type J/1 MQ
TC type K/I1 MQ
TC type U/1 MQ
TC type L/1 MQ
TC type N/1 MQ
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® Resistance thermometer

Maximum input voltage for
voltage input
(destruction limit)

Maximum input current for
current input (destruction limit)

Connection of the signal
sensor

® For measuring voltage

® For measuring current

— As two-wire
transmitter

— As four-wire
transmitter

® For measuring resistance

—  With two-conductor
terminal

—  With three-conductor
terminal

—  With four-conductor
terminal

® Load of the two-wire
transmitter

Characteristic linearization

® For thermocouples

® For
resistance thermometer

Temperature compensation

® Internal temperature
compensation

® External temperature
compensation with
compensating box

® External temperature
compensation with Pt 100

® Compensation for
definable reference
junction
temperature

Unit for temperature
measurement

Pt 100/1 MQ
Pt 200/1 MQ
Pt 500/1 MQ
Pt 1000/1 MQ
Ni 100/1 MQ
Ni 1000/1 MQ

Max. 18 V continuous;
75V for 1 ms (cycle
factor 1 : 20)

40 mA

Possible

Possible

Possible

Possible; cable
resistance is also
measured

Possible

Possible

Max. 750 Q

Parameters can be
assigned

TypesB, R, S, T, E, J,
K, UL, N

Pt 100, Pt 200, Pt 500,
Pt 1000, Ni 100,
Ni 1000

Yes, programmable

No

Possible

Possible

Possible

Degrees Celsius
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5.22.1 Commissioning the SM 431; Al 16 x 16 Bit

You set the mode of operation of the SM 431; Al 16 x 16 Bit by means of
measuring range modules on the module and in STEP 7.

Measuring Range Module

A measuring range module of the module matches two channels and one
resistance channel to each type of sensor. If necessary, the measuring range
modules must be replugged to change the measuring method and the measuring
range. The steps you have to perform to do this are described in detail in

Section 5.4.

The corresponding table in Section 5.22.2tells you which assignment you have to
select for which measuring method and measuring range. In addition, the
necessary settings are embossed on the module.

Parameters

You will find a description of the procedure for assigning parameters to analog
modules in Section 5.7.

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-63 Parameters of the SM 431; Al 16 x 16 Bit

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) | Yes/no No Dynamic Module
* Hardware interrupt!) | Yes/no No
i pestlnatlon CPU for 1to4 - Static Module
interrupt
Trigger for hardware
interrupt
P Yes/no No Static Channel
®* End of scan cycle
reached at input
® High limit 32511 to —32512 .
L - Dynamic Channel
®* Low limit —-32512 to 32511
Diagnostics
*  Wire break No
Yes/no
* Reference channel No
Yes/no .
error No Static Channel
Yes/no
* Underflow No
Yes/no
* OQverflow Yes/no No
® Short circuitto M
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Table 5-63 Parameters of the SM 431; Al 16 x 16 Bit, continued

RTD on Channel 0
Reference temperature value

Parameter Value Range Default?) | Parameter Scope
Type
Measurement
® Measuring type Disabled U
U Voltage
4DMU  Current
(4-wire transmitter)
2DMU Current
(two-wire transmitter)
R-4L  Resistor
(four-conductor terminal)
R-3L  Resistor
(three-condgctor terminal) Static Channel
RTD-4L Thermal resistor
(linear, four-conductor
terminal)
RTD-3L Thermal resistor
(linear, three-conductor
terminal)
TC-L  Thermocouple (linear)
® Measuring range Refer to Section 5.22.2 for the +10V
measuring ranges of the input
channels that you can set.
* teference —273.15 to 327.67 °C 0.00 °C
Temperature
® |Interference 400 Hz; 60 Hz; 50 Hz 50 Hz
suppression
® Smoothing None None
,I&?/\clsvrage Dynamic Module
High
® Ref. junction None None

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.

N
~

Only in the CC (central controller) is it possible to start up the analog modules with the default settings.

A Point to Note About Channels for Hardware Interrupts with the End of Scan

Cycle Trigger

You can parameterize hardware interrupts for the end of scan cycle for one of the
16 channels because the module can only trigger these interrupts on one channel.
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Smoothing of the Measured Values

You fill find information that is generally applicable to the smoothing of analog
values in Section 5.6.

The following figure indicates for the module the number of module cycles after
which, in the case of a step response, the smoothed analog value is applied at
almost 100%, depending on the smoothing setting. The figure applies to every
change of signal at an analog input.

Signal variation Step response for any analog input signal
in percent
100

63 F---- /,/,,,,/,

50
0 20 40 60 80 100
Smoothing: low: R
average: - - - - - - Module cycles
high: _—

Figure 5-37 Step Response of the SM 431; Al 16 x 16 Bit (6ES7431-7QHO00-0ABO)

Displaying Parameter Assignment Errors

The SM 431, Al 16 x 16 Bit has diagnostics capability. Below you will find an
overview of the displays that are possible for modules with parameter assignment
errors.

Table 5-64 Diagnostic Information of the SM 431; Al 16 x 16 Bit

Incorrect Parameter Possible Display Explanation
Assignment
Of the module * Module malfunction You can find an explanation of
. Tables 4-7 and 5-46 on Pages
Wrong parameters 4-10 and 5-64
Affecting certain * Module malfunction
channels * Internal malfunction

®* There is a channel error
* Wrong parameters

¢ Channel information
available

* Vector channel error

® Channel parameter
assignment error

Automation System S7-400 Module Specifications
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5.22.2 Measuring Methods and Measuring Ranges of the SM 431,

Al

16 x 16 Bit

Measuring Methods

You can set the following measuring methods for the input channels:

Voltage measurement
Current measurement
Resistance test

Temperature measurement

You specify the setting by means of the measuring range modules on the module
and the “Measuring Type” parameter in STEP 7.

Circuit Varian

ts for the Channels

Two channels are set in each case with the measuring range module. There are
therefore restrictions as regards the measuring method for the adjacent channels
0/1, 2/3, 4/5, 6/7, 8/9, 10/11, 12/13 and 14/15, as shown in the following table:

Table 5-65 Selection of the Measuring Method for Channel n and Channel n+1 of the SM 431;

Al 16

x 16 Bit

Meas. Type Disabled | Voltage | Current | Current | R-4L | R-3L | RTD-4L | RTD-3L | TC-L
Channel n+1 4-DMU | 2-DMU

Meas. Type

Channel n

Disabled X X X X X

Voltage X X X

Current four-wire X X

transmitter

Current two-wire X X

transmitter

Resistance X

four-conductor

Resistance X

three-conductor

Thermal resistor X

four-conductor

Thermal resistor X

three-conductor

Thermocouples X X X
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Example

If you have select “current (two-wire transmitter)” for channel 6, you can only
disable the measuring method or set “current (two-wire transmitter)” for channel 7.

Circuit for Resistance and Temperature Measurement

The following conditions apply when measuring the resistance and temperature
with the SM 431; Al 16 x 16 Bit:

Table 5-66 Channels for Resistance and Temperature Measurement of the SM 431; Al 16 x 16 Bit

Measuring Type Parameter Permissible Condition
for Channel n
Resistor 0, 2, 4,6, 8, 10, | You must disable the []Measuring Type” parameter
(four-conductor terminal) 12 or 14 for channels n+1 (1, 3, 5, 7, 9, 11, 13, 15).
Resistor 0, 2, 4, 6, 8, 10, | The reason The connections of channel n+1 are used
three-conductor terminal 120r14 to supply the resistance that is connected to
Thermal resistor 0,2,4,6,8,10, channel n.
(linear, four-conductor termi- 12 or 14
nal)
Thermal resistor 0,2,4,6,8,10,
(linear, four-conductor termi- 12 or 14
nal)
Thermocouple (linear) Oto 15 You can select the reference junction. It is only

advisable to specify a reference junction with

thermocouples.

Circuit for Reference Junction Compensation for Thermocouples

If you select “RTD on Channel 0” as a reference junction for reference junction
compensation for thermocouples, the following applies:

Table 5-67 Reference Junction Compensation via RTD on Channel O of the SM 431; Al 16 x 16 Bit

Reference Junction Permissible Condition
Parameter for
Channel n
RTD on Channel 0 2to 15 You must connect and parameterize on channel 0 a

resistance thermometer with linearization, a 3- or
4-conductor terminal in climatic range. This means that
channels 0 and 1 are assigned.

The reason If channel 0 is to be used as the reference
junction, a resistance-type sensor must be connected
there to establish the absolute temperatures in the

climatic range.

Unused Channels

Unused channels can be left open. Set the measuring range modules to position
“A”. You can improve the noise immunity of the module in a measuring environment
with serious interference by short-circuiting the channels.

Disable the “Measuring Type” parameter for unused channels to reduce the scan
cycle time of the module.
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Measuring Ranges

You set the measuring ranges by means of the measuring range modules on the
module and the “Measuring Type” parameter in STEP 7.

Table 5-68 Measuring Ranges of the SM 431; Al 16 x 16 Bit

Method Selected Measuring Range Measuring Range Description
(Type of Sensor) Module Setting
U: Voltage + 25 mV A You will find the digitized
+ 50 mV analog values in Section
5.3.1/in the voltage
+ 80mvV measuring range
+ 250 mV
+ 500 mV
+1V
+ 25V
+5V
lto5V
+ 10V
2DMU: Current (two-wire 410 20 mA D To supply these transmitters
transmitter) with current you must
connect 24 V to the L+ and
M front connector terminals.
You will find the digitized
analog values in Section
5.3.1in the current
measuring range
4DMU: Current (four-wire + 5mA C You will find the digitized
transmitter) + 10 mA analog values in Section
5.3.1/in the current
010 20 mA measuring range
410 20 mA
+ 20 mA
R-3L: Resistor 300 Q A You will find the digitized
(three-conductor terminal) | 600 Q g”gafg vtz;]llues |ptSect|on
.3.1]in the resistance
6000 Q (max. 5000 Q) measuring range
R-4L: Resistor 48Q
(four-conductor terminal) 150 Q
300 Q
600 Q
6000 Q (max. 5000 Q)
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Table 5-68 Measuring Ranges of the SM 431; Al 16 x 16 Bit, continued

Method Selected

Measuring Range
(Type of Sensor)

Measuring Range
Module Setting

Description

linear, three-conductor
terminal (temperature
measurement)

RTD-4L: thermal resistor

linear, four-conductor
terminal (temperature
measurement)

Pt 200 climatic
Pt 500 climatic
Pt 1000 climatic
Ni 100 climatic
Ni 1000 climatic
Pt 100 standard
Pt 200 standard
Pt 500 standard
Pt 1000 standard
Ni 100 standard
Ni 1000 standard

TC-L: Thermocouple Type B A You will find the digitized
(linear) Type N analog values in Section
(temperature T E 5.3.1in the temperature
measurement) ype range

Type R

Type S

Type J

Type L

Type T

Type K

Type U
RTD-3L: thermal resistor Pt 100 climatic A You will find the digitized

analog values in Section
5.3.1 in the temperature
range

Default Settings

The default measuring method of the module in STEP 7 is “Voltage”, at a range of
“+ 10 V". You can use this combination of measuring method and measuring
range without parameterizing the SM 431; Al 16 x 16 Bitin STEP 7.

Wire Break Check

The wire-break check is intended primarily for temperature measurements (TC,
RTD) or resistance measurements. Always parameterize the wire break check in
these cases as this ensures that in the event of a wire break the measured value
provided by the module accepts the data for overrun 7FFFH.

Special Characteristics of the Wire Break Check for the Voltage Measurement

Methods

In some transmitters, incorrect measured values may occur due to the fact that the
wire break check is enabled. If so, disable the wire-break check.

The reason Some transmitters try to correct the test current and in doing so corrupt
the setpoint value they provide.
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Points to Note About the Wire Break Check when Current Sensors Are
Connected

A wire break check of current sensors is not possible for the SM 431; Al 16 x 16 Bit
except in life-zero areas. You can therefore only parameterize the wire break check
for the “Current (four-wire transmitter)” measuring method and the “4 to 20 mA”
measuring range.

Checking for Reference Channel Errors when Connecting Thermocouples

If you have connected a thermocouple, you can then enable the “Reference
channel error” diagnosis if you have configured an “RTD on Channel 0" or
“Reference Temperature Value” reference junction.

Points to Note About Checking for “Underflow” with some Measuring Methods
and Measuring Ranges

There is now underflow in life-zero areas. A value that is too low or is negative is
interpreted as a wire break. You can therefore not parameterize the underflow
check for the SM 431; Al 16 x 16 Bit for the following measuring methods and
ranges:

Table 5-69  Points to Note when Checking for “Underflow”

Measuring Method Measuring Range
Voltage lto5V
Current (four-wire transmitter) 410 20 mA
Current (two-wire transmitter) 410 20 mA

Points to Note About the “Short Circuit to M” Diagnosis

You can only parameterize the check for “Short Circuit to M” for the SM 431;
Al 16 x 16 Bit for the “Current (2-wire transmitter)” measuring method.
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5.23

Analog Input Module SM 431; Al 8 x RTD x 16 Bit;
(6ES7431-7KF10-0ABO)

Characteristics

The analog input module SM 431; Al 8 x RTD x 16 Bit has the following features:

8 differential inputs for the resistance thermometer

Parameters can be assigned to the resistance thermometer
Linearization of the resistance thermometer characteristic curves
16-bit resolution

Update rate of 25 ms for 8 channels

Programmable diagnostics

Programmable diagnostic interrupt

Programmable hardware interrupt when limit has been exceeded
Analog section isolated from CPU

The maximum permissible common mode voltage between the channel and the
central ground point is 120 VAC

Calibration Software

5-120

The calibration software is only available on the Internet. You can find the current
version under article ID 12443337.

After installing the software, you can define user-specific calibration values for each
channel and and each module input range. You will find further information under
ID 12436891 at the Customer Support FAQ site.
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Block Diagram of the SM 431; Al 8 x RTD x 16 Bit

SO+0 ——@—
e
SE-0 —
AGND _—* CHO
] CH1
— Isolation
T CH2
—] — Backplane
] _— AID bus (———> Bus
] CH3 converter interface S7-400
] CH4 Internal
voltage
supply
— -—
— - —
CH5 «—
| CH6
SO+7 —
SE+7 —
SE-7 —

Figure 5-38 Block Diagram of the SM 431; Al 8 x RTD x 16 Bit

Note

An external protective network is required in the signal leads in accordance with
IEC 61000-4-5 (12 V MOV CT19-506, connected in series with all inputs as
recommended by the manufacturer).
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Terminal Assignment Diagram of the SM 431; Al 8 x RTD x 16 Bit

O
O
[] | INTF 1
[] | EXTF 2 ]
O 3
] 4
[] 5/ |t
O 6 SE+0
[ ! 3 SE-0 CHO Word 0
L] 8| — SO0 or
L] 9| — AGND
] 0, 0 | T
] 11 j SE+1
12 SE-1 CH1 Word 1
13| so1
] 14| AGND
[] T
O 16 SE+2
L] 17 j SE-2
] 18 | — sO2 CH2 Word 2
L] 19| — AGND
L] P20l B
] 21 SE+3
[] 22 SE-3
0 23 S03 CH3 Word 3
] 24 AGND
P27 N
26
[] 270
UJ 28 SE+4
] 29 SE-4
0 30 S04 CH4 Word 4
O 31 AGND
] 32
] 33 SE+5
UJ 34 SE-5
] 35 SO5 CH5 Word 5
UJ 36 AGND
728 1
38 SE+6
UJ 39 SE-6
0 0 S06 CH6 Word 6
UJ 41 AGND
] 42\
UJ 43 SE+7
L] 44 SE~7 CH7 Word 7
UJ 45 so7
[] 46 AGND
] 47
48
1]

Figure 5-39 Terminal Assignment Diagram of the SM 431; Al 8 x RTD x 16 Bit
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Technical Specifications of the SM 431; Al 8 x RTD x 16 Bit

Dimensions and Weight Crosstalk between the inputs >70dB
Dimensions W x H x D 25x290 x 210 Operational limit (over entire temperature range, referred
(in millimeters) to 0 to 60 °C input range)
Weight Approx. 650 g ® RTD-Input RTD-4L RTD-3L
Data for Specific Module Pt 100 +1.8°C=3.4°C
Number of inputs 8 ii 288 f 82 og f é; og
Length of cable Pt 1000 £0.3°C+0.4°C
® Shielded Max. 200 m Ni 100 +15°C+21°C
Voltages, Currents, Potentials Ni 1000 £02°C=03°C
Constant current for Max. 1 mA Basic error (operational limit at 25 °C, referred to input
resistance-type sensor range)
Isolation ® RTD-Input CRTD-4L RTD-3L
Pt 100 +05°C+1.0°C
® Between channels and Yes Pt 200 +03°C +05°C
backplane bus Pt 500 +0.3°C+04°C
Permitted potential difference Pt 1000 +0.2°C=x0.2°C
® Between Manpa and 120 VAC Ni 100 +03°C=0.6°C
Minternal (Uiso) Ni 1000 +0.2°C+0.2°C
Insulation tested with 1500 VAC
Current consumption Linear!ty error (with reference
®  From the backplane bus Max. 650 mA o the input range) additional error
[ ] - - -
Power dissipation of the Typ. 3.3 W 'IjtTlDOgnput RI)DZ 4é RI]D?) ?IC‘:
| +*= U. = U.
module _ Pt 200 £0.2°C £0.2°C
Analog Value Generation Pt 500 +0.1°C +0.1°C
Measuring principle Integrative Pt 1000 +0.1°C £0.1°C
Integration/conversion time/ (Does not go into the N! 100 +0.1 :C +0.2 :C
resolution (per channel) response time) Ni 1000 +01°C =0.1°C
®  parameterizable Yes Repeat accijracy (in the steady
e Basi ion time i 22125 state at 25 °C, referred to the
asic conversion ime in input range) additional error
ms * RTD-Input CRTD-4L RTD-3L
¢ Additional conversion time  Max. 200 Pt 100 +0.5°C £[0.3°C
_for measuring resistance, Pt 200 +0.3°C #[0.2°C
inms Pt 500 +03°C=x0.1°C
® Resolution including sign 16/16 bit Pt 1000 £02°C=+0.1°C
® Noise suppression 60/50 Ni 100 i 82 g :‘: 8i g
for interference frequency Ni 1000 = =
flin Hz Status, Interrupts, Diagnostics
Smoothing of the measured Parameters can be Interrupts
values assigned in 4 stages ® Hardware interrupt when  Parameters can be
Basic response time of module  22/25 ms limit has been exceeded assigned
(all channels enabled) ® Diagnostic Interrupt Parameters can be
Suppression of interference, Limits of Error assigned
Noise suppression for f = nx (f1 +1%), Diagnostic functions Parameters can be
(f1 = interference frequency) n = 1, 2, etc. assigned
b _Common—mode ® Group error display
|nte'rference (_UCM <120v)  >100dB —  For internal fault Red LED (INTF)
* Series-mode interference 5 5 g —  For external fault Red LED (EXTF)
(peak value of interference ) o ) ]
< rated value of the input ® Diagnostic information can  Possible
range) be displayed
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Data for Selecting a Sensor

Input range (rated values) input
resistance

® Resistance thermometer Pt 100/> 10M
Pt 200/> 10M
Pt 500/> 10M
Pt 1000/> 10M
Ni 100/> 10M
Ni 1000/> 10M

® Maximum input voltage for 35 V continuous;
voltage input (destruction 75V formax. 1ls
limit) (duty factor 1:20)

Connection of the sensor
® For measuring resistance

With three-conductor Possible
terminal
With four-conductor Possible
terminal
Characteristic linearization
® For resistance Pt100...1000,
thermometer 0.00385 Alpha to
DIN IEC 751
Ni 100...1000,
0.00618 Alpha to
DIN 43760
Unit for temperature Degrees Celsius;
measurement degrees Fahrenheit
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5.23.1 Commissioning the SM 431; Al 8 x RTD x 16 Bit

You set the mode of operation of the SM 431; Al 8 x RTD x 16 Bitin STEP 7.

Parameters

You will find a description of the general procedure for assigning parameters to
analog modules in Section 5.7.

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-70 Parameters of the SM 431; Al 8 x RTD x 16 Bit

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) | Yes/no No Dynamic Module
* Hardware interrupt®) Yes/no No
. !Z)estlnatlon CPU for lto4 - Static Module
interrupt
Trigger for hardware
interrupt3)
* High limit 32767 to — 32768 - Dynamic | Channel
* Low limit — 32768 to 32767
Diagnostics
*  Wire break Yes/no No
® Underflow Yes/no No
* Overflow Yes/no No
Measurement
® Measuring type Disabled RTD-3L
RTD-4L Thermal resistor
(linear, four-conductor Static Channel
terminal)
RTD-3L Thermal resistor
(linear, three-conductor
terminal)
® Measuring range Refer to Section 5.23.2|for the Pt 100
measuring ranges of the input standard
channels that you can set.
® Temperature unit Degrees (_?elsms; degrees Degr_ees Static Module
Fahrenheit Celsius
® Temperature For platinium (Pt) 0.00385
coefficient for 0.00385 Q/Q/ °C
temperature 0.003916 Q/Q/ °C
measurement with 0.003902 Q/Q/ °C
thermal resistor (RTD) | 0.003920 Q/Q/ °C Static Channel
For nickel (Ni)
0.00618 Q/Q/ °C
0.00672 Q/Q/ °C
® Interference 60 Hz; 50 Hz; none 60 Hz
suppression
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Table 5-70 Parameters of the SM 431; Al 8 x RTD x 16 Bit, continued

Parameter Value Range Default?) | Parameter Scope
Type
® Smoothing None None
,I/_\(\)/\clevrage Static Channel
High

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are
not available in ER-1/ER-2.

2) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.

3 The limit values must be within the temperature range of the connected sensor.

Smoothing of the Measured Values

You fill find information that is generally applicable to the smoothing of analog
values in Section 5.6.

The following figure shows for the module the number of module cycles, in the
case of a step response, after which the smoothed analog value is applied to
almost 100%, depending on the smoothing setting. The figure applies to every
change of signal at an analog input.

Signal variation Step response for any analog input signal
in percent
100 e
- - — -
. -
/
63 Lo A
50 ’

20 40 60 80 100
Smoothing: low:
average: - - - - - - Module cycles
high: -

Figure 5-40 Step Response of the SM 431; Al 8 x RTD x 16 Bit
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Displaying Parameter Assignment Errors

The SM 431; Al 8 x RTD x 16 Bit is capable of diagnostics. Below you will find an
overview of the displays that are possible for modules with parameter assignment

errors.

Table 5-71 Diagnostic Information of the SM 431; Al 8 x RTD x 16 Bit

Incorrect Parameter
Assignment

Possible Display

Explanation

Of the module

Module malfunction
Internal malfunction
Wrong parameters
Module not configured.

You can find an
explanation of the
diagnostic information in
Tables 4-7 and 5-46 on
Pages 4-10 and 5-64.

Affecting certain ®* Module malfunction

channels * Internal malfunction

®* There is a channel error

* \Wrong parameters

® Channel information available
® Vector channel error

® Channel parameter assignment
error

® User calibration doesn’t
correspond to the parameter
assignment
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5.23.2 Measuring Methods and Measuring Ranges of the SM 431,
Al 8 x RTD x 16 Bit

Measuring Methods

As the measuring method for the input channels, you can set the temperature
measurement.

Unused Channels

Disable the “Measuring Type” parameter for unused channels. In this way you
shorten the scan time of the module.

Measuring Ranges

You set the measuring ranges with the “Measuring Type” parameter in STEP 7.

Table 5-72 Measuring Ranges of the SM 431; Al 8 x RTD x 16 Bit

Method Selected Measuring Range Description

RTD-3L: Thermal resistor Pt 100 standard You will find the digitized analog values
(linear, three-conductor Pt 200 standard in Section 5.3.1 in the temperature

z(t-:'rmlnal)t Pt 500 standard range
emperature
measurement) Pt 1000 standard

Ni 100 standard
Ni 1000 standard

RTD-4L: Thermal resistor
(linear, four-conductor
terminal)

(temperature
measurement)

Default Settings

The default settings of the module in STEP 7 are “Thermal resistor (linear,
3-conductor terminal)” for the measuring method and “Pt 100 standard” for the
measuring range. You can use this measuring method with this measuring range
without parameterizing the SM 431; Al 8 x RTD x 16 Bit with STEP 7.
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5.24 Analog Input Module SM 431; Al 8 x 16 Bit;
(6ES7431-7KF00-0ABO)

Characteristics
The analog input module SM 431; Al 8 x 16 Bit has the following features:
* 8isolated differential inputs for voltage/current/temperature measurement
* Unlimited measuring range selection
* Linearization of the thermocouple characteristic curves
* 16-bit resolution
* Programmable diagnostics
* Programmable diagnostic interrupt
* Programmable hardware interrupt when limit has been exceeded
* Analog section isolated from CPU

* The maximum permissible common mode voltage between the channels and
between the channel and the central ground point is 120 VAC

* Field connection (6ES7431-7K00-6AA0) with internal reference temperature
(included with the product)

Calibration Software

The calibration software is only available on the Internet. You can find the current
version under article ID 12443337.

After installing the software, you can define user-specific calibration values for each
channel and and each module input range. You will find further information under
ID 12436891 at the Customer Support FAQ site.

Automation System S7-400 Module Specifications
A5E00267842-01 5-129



Analog Modules

Block Diagram of the SM 431; Al 8 x 16 Bit

A/D
converter

Internal
supply
LCHo o

CH1

CH2

CHS3

CH4

CH5

Backplane
bus
interface

K(———> Bus

S7-400

CHG6

CH7

Figure 5-41 Block Diagram of the SM 431; Al 8 x 16 Bit
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Note

An external protective network is required in the signal lines in accordance with
IEC 61000-4-5 (150 V/14 mm MOV across each + and — input to chassis ground)

Automation System S7-400 Module Specifications

A5E00267842-01



Analog Modules

Terminal Assignment Diagram of the SM 431; Al 8 x 16 Bit
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Thermocouples
Voltage measurement
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Figure 5-42  Terminal Assignment Diagram SM 431; Al 8 x 16 Bit
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Technical Specifications of the SM 431; Al 8 x 16 Bit

Dimensions and Weight

Suppression of Interference, Limits of Error

Dimensions W x H x D
(in millimeters)

Weight

25x 290 x 210

Approx. 650 g

Data for Specific Module

Number of inputs

Length of cable
® Shielded

8

200 m

Voltages, Currents, Potentials

Isolation

® Between channels and
backplane bus

® Between the channels

® Between Mpana and
Minternal (Uiso)

Insulation tested with

Current consumption

® From the backplane bus
(6V)

Power dissipation of the
module

Permitted potential difference

® Between the inputs (Ucyn )

Yes

Yes

120 VAC
120 VAC

1500 VAC

Max. 1200 mA
Typ. 4.6 W

Interference voltage suppression

forf=nx (f1 £ 1%),

(f1 = interference frequency) n=1.2 ...

¢ Common-mode
interference
(Uem < 120 V)

Current,
thermoelement and
Voltage ranges < 2.5V

Voltage ranges =2.5 V

Crosstalk between
inputs (Ucm < 120 V)

Current,
thermoelement and
Voltage ranges =2.5 V

Voltage ranges[#2P2.5 V
® Series-mode noise

>120dB

>95dB

>120dB

>95dB
>80dB

Analog Value Generation

(peak value of noise
< nominal value of
input range)

Operational limit (in the entire temperature range, with
reference to the input range)

+ 0.30 %
+ 0.50 %

® \Voltage input
® Current input

Measuring principle

Integration time/conversion
time/resolution (per
channel)

® Parameters can be
assigned

® Integration time in
milliseconds

® Basic conversion time
including integration
time in milliseconds

® Resolution in bits (incl.
overrange)

® Noise suppression for
frequency f1 in Hz

Smoothing of the measured
values

Integration

(Does not go into the
response time)

Yes

25 16.7 20 100

10 16.7 20 100

16 bits

400 60 50 10

Parameters can be
assigned in 4
stages

Basic reaction time of
module (enable all
channels)

40 67 80 400

® Temperature error (reference to the input
range)? across the temprature range of:

Type U
-100 °C to 600 °C +3.6°C
Type L
0°Cto 900 °C +29°C
Type T
-100 °C to 400 °C +2.1°C
Type J
-100 °C to 1200 °C +5.0°C
Type E
-100 °C to 1000 °C +4.6°C
Type K
0°Cto 1372 °C +3.8°C
Type N
0°Cto 1300 °C +5.7°C
Type S
200 °C to 1769 °C +5.3°C
Type R
200 °C to 1769 °C +6.7°C
Type B
400 °C to 1820 °C +7.3°C
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Suppression of Interference, Limits of Error

Status, Interrupts, Diagnostics

Basic error (operational limit at 25 °C, referred to input

range)
® Voltage input
® Current input

® Temperature error
(reference to the input
range)2 across
temprature range of :

Type U
—100 °C to 600 °C

Type L
0°Cto 900 °C

Type T
—100 °C to 400 °C

Type J
—100 °C to 1200 °C

Type E
—100 °C to 1000 °C

Type K
0°Cto 1372 °C

Type N
0°Cto 1300 °C

Type S
200 °C to 1769 °C

Type R
200 °Cto 1769 °C

Type B
400 °C to 1820 °C

Linearity error (with
reference to the input
range)

Repeatability (in steady
state at 25 °C, with
reference to the input
range)

Connection for
compensating the cold
junction

Operational limit

® Error internal
temperature
compensation

+ 0.10 %
+ 0.17%

+1.2°C
+1.0°C
+0.7°C
+1.7°C
+15°C
+1.3°C
+1.9°C
+1.8°C
+22°C
+22°C
Additional error

+ 0.05%

Additional error
+ 0.05%

6ES7431-7KF00-
6AAO0

Additional error

+ 2.01C

Interrupts
® Hardware interrupt

® Hardware interrupt on
exceeding the limit
value

® Diagnostic interrupt

Diagnostic functions

® Group error display
— For internal fault
— For external fault

¢ Diagnostic information
can be displayed

Monitoring on
® wirebreak

Programmable
Programmable

Programmable
Programmable
Programmable
Red LED (INTF)
Red LED (EXTF)
Yes

Data for Selecting a Sensor

Automation System S7-400 Module Specifications
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Input range (rated
values)/Input resistance

® \Voltage

® Current

® Thermocouple

Maximum input voltage for
voltage input (destruction
limit)

Maximum input current for
current input (destruction
limit)

Connection of the sensor
® For measuring voltage
® For measuring current

As four-wire transmitter

Characteristic linearization

® For thermocouples

Temperature compensation

® Internal temperature
compensation

Unit for temperature
measurement

+ 25 mV >2 MQ
+ 50 mV >2 MQ
+ 80 mV >2 MQ
+100 mVv >2 MQ
+250 mV >2 MQ
+500 mV >2 MQ
+1V >2 MQ
+ 25V >2 MQ
+5V >2 MQ
+ 10V >2 MQ
+20mA 50 Q

+4to

20 mA 50 Q

+10mA 50 Q

+5mA50 Q
+3,2mA50 Q

Types B, N, E, >2 MQ
R,S,J, L TK,

U

35 V continuous;
75V formax.1ls
(duty factor 1:20)

32 mA

Possible

Possible

TypesB,N,E,R, S, J, L,
T, K, U

Yes, programmable
Possible

Degrees Celsius; degrees
Fahrenheit
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Notes to the technical specifications

Note

1) The 6ES7431-7KF00-0ABO does not support the high and low ranges defined
in S7 for thermocouples. When the module reaches the operational limit defined
for S7, the system outputs a corrsponding underflow (32768) or overflow (32767)
signal.

Note

2) Thermocouples can be operated above the specified temperaturs.
* The specified accuracy improves in the lower range and at higher temperature.

* The accuracy of the thermocouple module can be calculated for other
temperature ranges based on the accuracy limit values of the input voltage and
the emf/°C of the thermocouple.
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5.24.1 Commissioning the SM 431; Al 8 x16 Bit

You set the mode of operation of the SM 431; Al 8 x16 Bitin STEP 7.

Parameter

You will find a description of the procedure of assigning parameters to analog
modules in Section 5.7

An overview of the parameters that you can set and their default settings are
shown in the table below.

Table 5-73 Parameters of the SM 431; Al 8 x16 Bit

Parameter Value Range Default?) | Parameter Scope
Type
Enable
* Diagnostic interruptl) | Yes/no No Dynamic Module
* Hardware interrupt) | Yes/no No
® Destination CPU for lto4 - Static Module
interrupt
Trigger for hardware
interrupt3)
S Dynamic Channel
® High limit 32767 to —32768 -
* Low limit -32768 to 32767 -
Diagnostics
*  Wire break Yes/no No
* Reference channel Yes/no No Static Channel
error
* Underflow Yes/no No
*  Overflow Yes/no No
Measurement
®* Measuring method Disabled TC-L
U Voltage
4DMU Current
(four-wire transmitter) Static Channel
TC-L  Thermocouple (linear)
® Measuring range Refer to Section 5.24.2 ffor the Type J
measuring ranges of the input
channels that you can set.
* Reference —273.15t0 327.67 °C 100 °C Dvnamic Module
temperature —327.68 to 327.67 °F y
* Temperature unit4 Degrees Celsius; degrees Fahrenheit | Degrees
Celsius
* |nterference 400 Hz; 60 Hz; 50 Hz; 10 Hz 60 Hz .
. Static Module
suppression
®* Smoothing None, Low, Average, High None
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Table 5-73 Parameters of the SM 431; Al 8 x16 Bit, continued

junction)

Reference temperature value dynamic

Parameter Value Range Default?) | Parameter Scope
Type
* Reference junction None Internal Static Module
(reference to the cold | Internal

1) If you use the module in ER-1/ER-2, you must set this parameter to “No” because the interrupt lines are

not available in ER-1/ER-2.
2) Only in the CC (central controller) is it possible to start up the analog modules with the default settings.

3 The limit values must be within the temperature range of the connected sensor.

4 Valid for the format of the output temperature and the dynamic reference temperature

Smoothing of the Measured Values

You fill find information that is generally applicable to the smoothing of analog
values in Section 5.6

The cycle time of the module is a constant in the SM 431; Al 8 x 16 Bit that is not
dependent on the number of channels that are enabled. It therefore has no effect
on the step response, which is defined by the parameter assignment of

interference frequency suppression and smoothing.

Step Response

Table 5-74 How Response Times Depend on the configured Interference Frequency Suppression and
Smoothing of the SM 431; Al 8 x 16 Bit

Interference Frequency Response Time in ms with Configured Smoothing:
Suppression in Hz None Low Average High
10 100 200 1600 3200
50 20 40 320 640
60 16.7 33.3 267 533
400 10 20 160 320

The following figures illustrate the contents of Table 5-74. They show the response
time required for a step response before the smoothed analog value is almost
applied to 100%. The figures apply to every change of signal at an analog input.

5-136
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Step Response at an Interference Frequency Suppression of 10 Hz

Signal variation Step response for any analog input signal
in percent
100 ] —_—— — — —
il
i
!
ol
Smoo- !
thing: ---- )
None: —— |
Low: —— 1l
Average: ]
High: I
{1
’//
0 800 1600 2400 3200
100 Response time in ms
200

Figure 5-43 Step Response at 10 Hz Interference Frequency Suppression of the SM 431;
Al 8 x 16 Bit

Step Response at an Interference Frequency Suppression of 50 Hz

Signal variation Step response for any analog input signal
in percent
100 | r T ——————— _————
!
'l /
! /
Smoo- X /
thing: ---- !
None: —_——
Low: —_—
Average:
High:
0 400 480 560 640
Response time in ms

Figure 5-44  Step Response at 50 Hz Interference Frequency Suppression of the SM 431,
Al 8 x 16 Bit
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Step Response at an Interference Frequency Suppression of 60 Hz

Signal variation

Step response for any analog input signal

in percent
100 i i —— —— —— —
[ , 7
| /
{ /
Smoo- '
thing: - /
None: —_—— /
Low: —— 1l
Average: .', /
High: i /
4
0 80 160 240 320 400 480 | 560 640
16.7 267 533 Response time
33.3 in ms

Figure 5-45 Step Response at 60 Hz Interference Frequency Suppression of the SM 431,

Al 8 x 16 Bit

Step Response at an Interference Frequency Suppression of 400 Hz
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Signal variation

Step response for any analog input signal

in percent
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Figure 5-46 Step Response at 400 Hz Interference Frequency Suppression of the

SM 431; Al 8 x 16 Bit
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Displaying Parameter Assignment Errors

The SM 431; Al 8 x 16 Bit has diagnostics capability. Below you will find an
overview of the displays that are possible for modules with parameter assignment

errors.

Table 5-75 Diagnostic Information of the SM 431; Al 8 x 16 Bit

Incorrect Parameter
Assignment

Possible Display

Explanation

Of the module

Module malfunction
Internal malfunction
Wrong parameters
Module not configured.

Affecting certain
channels

Module malfunction
Internal malfunction

You can find an
explanation of the
diagnostic information in
Tables 4-7 and 5-46 on
Pages 4-10 and 5-64.

®* There is a channel error

* \Wrong parameters

® Channel information available
® Vector channel error

® Channel parameter assignment
error

® User calibration doesn’t
correspond to the parameter
assignment

5.24.2 Measuring Methods and Measuring Ranges of the SM 431,

Al 8 x 16 Bit

Measuring Methods
You can set the following measuring methods for the input channels:
* Voltage measurement
* Current measurement
* Temperature measurement

You specify the setting by means of the “Measuring Type” parameter in STEP 7.

Unused Channels

Disable the “Measuring Type” parameter for unused channels. In this way you
shorten the scan time of the module.
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Measuring Ranges

You set the measuring ranges by means of the “Measuring Range” parameter in

STEP 7.

Table 5-76 Measuring Ranges of the SM 431; Al 8 x 16 Bit

Method Selected

Measuring Range

Description

U: Voltage

+25mVv
+50 mV
+80 mV
+100 mV
+250 mV
+500 mV
+1V
+25V
+5V
+10V
lto5V

You will find the digitized analog
values in Section 5.3.1in the
voltage measuring range

4DMU: Current (four-wire
transmitter)

+3.2mA
+5 mA
+10 mA
+20 mA
0to 20 mA
41020 mA

You will find the digitized analog
values in Section 5.3.1/in the
current measuring range

TC-L: Thermocouple (linear)
(temperature measurement)

Type B
Type N
Type E
Type R
Type S
Type J
Type L
Type T
Type K
Type U

You will find the digitized analog
values in Section 5.3.1 in the
temperature range

Default Settings

The default settings of the module in STEP 7 are “Thermocouple (linear)” for the
measuring method and “Type J” for the measuring range. You can use this
combination of measuring method and measuring range without parameterizing the
SM 431; Al 8 x 16 Bitin STEP 7.
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5.25 Analog Output Module SM 432; AO 8 x 13 Bit;

(6ES7432-1HF00-0ABO)

Characteristics
The SM 432; AO 8 x 13 Bit has the following features:

Block Diagram of the SM 432; AO 8 x 13 Bit

8 outputs

The individual output channels can be programmed as

— \Voltage outputs

— Current outputs

13-bit resolution

Analog section Isolated to CPU and load voltage

Maximum permissible common mode voltage between the channels and the

channels against Mana is 3 VDC

Bus S7-400—]

Bus control

shldlilelelul

24V

CHO

CH1

CH2

CH3

CH4

CH5

CH6

CH7

Analog supply

L+/M

Figure 5-47 Block Diagram of the SM 432; AO 8 x 13 Bit
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Terminal Assignment Diagram of the SM 432; AO 8 x 13 Bit
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Figure 5-48 Terminal Assignment Diagram of the SM 432; AO 8 x 13 Bit
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Technical Specifications of the SM 432; AO 8 x 13 Bit

Dimensions and Weight

Analog Value Generation

Dimensions W x H x D
(in millimeters)

Weight

25x290 x 210

Approx. 650 g

Data for Specific Module

module

Number of outputs 8

Length of cable

® Shielded Max. 200 m

Voltages, Currents, Potentials

Supply voltage of the 24VDC

electronics L+

Rated load voltage L+ 24 VDC

® Reverse polarity protection Yes

Isolation

® Between channels and Yes
backplane bus

® Between the channels No

® Between channels and Yes
load voltage L+

Permitted potential difference

® Between the outputs (Ecy) 3 VDC

® Between S—and Mana
(Uewm) 3VDC

® Between Mana and
Minternal (Uiso) 75 VDC/60 VAC

Insulation tested

® Between bus and L+/M 2120 vDC

® Between bus and analog
section 2120 VDC

® Between bus and chassis 500 VDC
ground

® Between analog section 707 VDC
and L+/M

® Between analog section 2120 vDC
and chassis ground

¢ Between L+/M and chassis 2120 VDC
ground

Current consumption

®  From the backplane bus Max. 150 mA

®  Power supply and load Max. 400 mA
voltage L+ (with rated load)

® Power supply and load Max. 200 mA
voltage L+ (no load)

Power dissipation of the Typ. max. 9 W

Resolution including sign 13 bits

Conversion time (per channel)

® Intheranges1Vto5V 420 us
and 4 mA to 20 mA

¢ Inallranges 300 us

Basic response time of module

(all channels enabled)

® Intheranges1Vto5V 3.36 ms
and 4 mA to 20 mA

® In all the other ranges 2.4 ms

Settling time

® For resistive load 0.1 ms

® For capacitive load 3.5ms

® Forinductive load 0.5ms

Suppression of Interference, Limits of Error

Automation System S7-400 Module Specifications
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Interference voltage suppression for f = n x (f1 + 1%),
(f1 = interference frequency) n=1.2 ...

® Common-mode >60 dB
interference
(Ucm < AC 3 Vge/50 Hz)

Crosstalk between the outputs > 40 dB

Operational limit (in the entire temperature range, with
reference to the output range)

® \Voltage outputs

- 10V +05%

- OVtoloV + 05%

- 1Vtob5V + 05%
® Current outputs

- £ 20mA + 1%

- 4mVto20 mV + 1%

Basic error (operational limit at 25 °C, referred to the
output range)

® \Voltage outputs

- 10V + 0.5%

- OVtoloVv + 0.5%

- 1Vto5V + 0.5%
® Current outputs

- +20mA + 0.5%

— O0OmAto20mA + 0.5%
Temperature error (with + 0.02% K
reference to the output range)

Linearity error (with reference + 0.05%

to the output range)
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Repeat accuracy (in the steady + 0.05%
state at 25 °C, referred to the
output range)

Output ripple; band width 0 to + 0.05%
50 kHz (with reference to the

output range)

Status, Interrupts, Diagnostics

Interrupts None
Diagnostic functions None

Substitute value can be applied No

Data for Selecting an Actuator

Output ranges (rated values)

® \Voltage + 10V
OVtoloV
1Vto5V

+ 20 mA
0 mAto 20 mA
4 mAto 20 mA

® Current

Load resistance (in the nominal
range of the output)

® For voltage outputs Min. 1 kQ
— capacitive load Max. 1 uF
® For current outputs Max. 500 Q

Uemto<1V
— Inductive load Max. 1 mH

Voltage outputs

® Short-circuit protection Yes

® Short-circuit current Max. 30 mA

Current outputs

® No-load voltage Max. 19 V

Destruction limit for voltages/
currents connected from
outside

® \Voltage at outputs to Mana

® Current

Connection of actuators
® For voltage output

— Two-conductor
connection

— Four-conductor
connection
(measuring circuit)

® For current output

— Two-conductor
connection

Max. 20 V continuous
75V for 1 ms (cycle
factor 1 : 20)

Max. 40 mA
continuous

Possible, without
compensation for
circuit resistance

Possible

Possible

600 Q with reduced
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5.25.1 Commissioning the SM 432; AO 8 x 13 Bit

Parameter

You will find a description of the procedure of assigning parameters to analog
modules in Section 5.7

You will find an overview of the programmable parameters and their default values
in Table 5-42, on page 5-41.

Assigning Parameters to Channels

You can configure each output channel of the SM 432; AO 8 x 13 Bit individually.
You can thus assign different parameters to each output channel.

5.25.2 Output Ranges of the Analog Output Module SM 432;
AO 8 x 13 Bit

Wiring the Analog Outputs

You can wire the outputs as voltage or current outputs, or disable them. You wire
the outputs by means of the “Type of Output” parameter in STEP 7.

Unused Channels

To ensure that output channels of the SM 432; AO 8 x 13 Bit remain de-energized,
you must disable the “Type of Output” parameter and leave the terminal open.

Output Ranges

You program the output ranges for voltage and current outputs in STEP 7.

Table 5-77 Output Ranges of the Analog Output Module SM 432; AO8 x 13 Bit

Selected Type of Output Output Range Description
Voltage lto5V You will find the digital
Oto1l0V analog values in Section
+10V 5.3.2]in the voltage and
Current 010 20 MA current output ranges
410 20 mA
+20 mA

Default Settings

The default settings of the module are “Voltage” for the output type and “+ 10 V”
for the output range. You can use this combination of output type and output range
without parameterizing the SM 432; AO 8 x 13 Bitin STEP 7.

Automation System S7-400 Module Specifications
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Interface Modules

Chapter Overview

Section Description Page
6.1 Common Features of the Interface Modules 6-2
6.2 The Interface Modules IM 460-0; (6ES7460-0AA01-0AB0) and 6-7
IM 461-0; (6ES7461-0AA01-0AA0)

6.3 The Interface Modules IM 460-1; (6ES7460-1BA01-0AB0) and 6-10
IM 461-1; (6ES7461-1BA01-0AA0)

6.4 The Interface Modules IM 460-3; (6ES7460-3AA01-0AB0) and 6-14
IM 461-3; (6ES7461-3AA01-0AA0)

6.5 The Interface Modules IM 460-4; (6ES7460-4AA01-0ABO0), 6-18

IM 461-4; (6ES7461-4AA01-0AA0)

You will find a description of the IM 463-2 in Chapter 7.
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Interface Modules

6.1 Common Features of the Interface Modules

Function

Interface modules (a send IM and a receive IM) are required if one or more
expansion units (EU) are to be connected to a central controller (CC). This
configuration is described in the Installation Manual, Chapter 4.

Configuration

Interface modules must always be used together. The send modules (send IMs)
are inserted in the CC, whilst the corresponding receive modules (receive IMs) are
plugged into the series-connected EU.

Table 6-1 Interface Modules of the S7-400

Partner Areas of Application

IM 460-0 | Send IM for local link without PS transfer; with communication bus
IM 461-0 | Receive IM for local link without PS transfer; with communication bus
IM 460-1 | Send IM for local link with PS transfer; without communication bus
IM 461-1 Receive IM for local link with PS transfer; without communication bus
IM 460-3 | Send IM for remote link up to 102.25 m; with communication bus

IM 461-3 Receive IM for remote link up to 102.25 m; with communication bus
IM 460-4 | Send IM for remote link up to 605 m; without communication bus

IM 461-4 | Receive IM for remote link up to 605 m; without communication bus

Overview of the Properties of the Connections

Note the rules for connections in the section after next.

Table 6-2 Overview of the connections

Local connection | Remote connection
Send IM 460-0 460-1 460-3 460-4
Receive IM 461-0 461-1 461-3 461-4
(l\:/lhii(hnumber of connectable EMs per 4 1 4 4
Max. distance 5m 15m 102.25 m 605 m
5 V transfer No Yes No No
Max. current transfer per interface - 5A - -
Communication bus transmission Yes No Yes No

6-2
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Interface Modules

Connection possibilities for central racks and expansion racks

Central rack CR

IM 460-4
IM 460-3

IM 460-0
’7

o~ 'D‘@
[ Ly e 3]

n

‘7 IM 460-1

Expansion without 5 V local transfer

Expansion rack ER 1

G 1125

Expansion with 5 V local transfer

Expansion rack ER 1

o -m:-‘@@ P

Chain length max. 1.5 m

Expansion rack ER 1

IM 461-1

Remote expansion

5 -@:-‘@9 7

Expansion rack ER 1

Expansion rack ER 4

[

Chain length max. 5 m

Expansion rack ER 4

Chain length max. 102.25 m

Expansion rack ER 4

|

Chain length max. 605 m

IM 461-0

IM 461-3

IM 461-4
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Interface Modules

Rules for Connection

Terminator

6-4

When you connect a central rack to expansion racks, you must observe the
following rules:

* You can connect up to 21 ERs of the S7-400 to one CR.

* The ERs are assigned numbers to identify them. The rack number must be set
on the coding switch of the receive IM. Any rack number between 1 and 21 may
be assigned. Numbers must not be duplicated.

* You may insert up to six send IMs in one CR. However, only two send IMs with
5V transfer are allowed in one CR.

* Each chain connected to the interface of a send IM can comprise up to four ERs
(without 5 V transfer) or one ER (with 5 V transfer).

* The exchange of data via the communication bus is limited to 7 racks, meaning
the CR and ER numbers 1 to 6.

* The maximum (total) cable lengths specified for the type of connection must not
be exceeded.

Table 6-3 Cable for different connections

Connection type Maximum (total) line
length
Local connection with 5 V transfer via IM 460-1 and IM 461-1 15m
Local connection without 5 V transfer via IM 460-0 and IM 461-0 5m
Remote connection via IM 460-3 and IM 461-3 102.25 m
Remote connection via IM 460-4 and IM 461-4 605 m

The bus must be terminated in the last EU of a line. To do this, plug in the
appropriate terminator in the lower front connector of the receive IM in the last EU
of the line. Unused front connectors in a send IM do not have to be terminated. The
IM 461-1 does not require a terminator.

Table 6-4 Terminators for the Receive IMs

Receive IM Terminator
IM 461-0 6ES7461-0AA00-7AA0
IM 461-3 6ES7461-3AA00-7AA0
IM 461-4 6ES7461-4AA00-7AA0

Automation System S7-400 Module Specifications
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Interface Modules

The following figure shows you a typical configuration with send IMs, receive IMs
and terminators.

Receive IM
K
Terminator
Receive IM ~
a4
il

Send IM

oa
[y |5

CcC

Figure 6-1  Example: Configuration with Send IMs, Receive IMs and Terminators

Connecting Cable

Precut cables are available in different fixed lengths for connecting the individual
interface modules. (See Appendix|C:|Accessories and Spare Parts)

Table 6-5 Connecting Cable for Interface Modules

Interface Modules Connecting Cable
IM 460-0 and IM 461-0 6ES7468-1... (P bus and communication bus are
IM 460-3 and IM 461-3 transferred)
IM 460-1 and IM 461-1 6ES7468-3... (P bus is transferred; mounting rack is
supplied with current via the IM)
IM 460-4 and IM 461-4 6ES7468-1...

Automation System S7-400 Module Specifications
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Interface Modules

Installation and Removal of the Modules During Operation

/N

6-6

Please read the following warning on the insertion and removal of the interface
modules and associated connecting cables.

Caution
Data may be lost or corrupted.

Removing or inserting the interface modules and/or their associated connecting
cables under voltage can result in the loss or corruption of data.

Switch off the power supply modules to the CC and EUs you are working on
before you carry out any changes.

Automation System S7-400 Module Specifications
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Interface Modules

6.2 The Interface Modules
IM 460-0; (6ES7460-0AA01-0AB0) and IM 461-0;
(6ES7461-0AA01-0AA0)

Position of the Operator Controls and Indicators of the IM 460-0 and IM 461-0

IM 460-0

[]O3t

460-X000KK-XXXX

s ExTF
3 c1
o] C2

)

C

X1

)

C

©)

IM 460-0

EXTF

Cc2

Interface C1

Interface C2

LEDs

Under cover

Connector X1:

Connector X2:

IM 461-0

INTF
EXTF

DIP switch

ouT

ofekr

461-X00006-XXXX

INTF
EXTF

X1

C

©

Figure 6-2 Position of the Operator Controls and Indicators of the IM 460-0 and IM 461-0
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Interface Modules

The interface module pair IM 460-0 (send IM) and IM 461-0 (receive IM) are used

for a local link.

Parameter Assignment for the Mounting Rack Number

Using the DIP switch on the front panel of the module, you must set the number of
the mounting rack in which the receive IM is installed. The permitted range is 1 to

21.

Setting/Changing the Number

Proceed as follows:

1. Put the switch of the power supply module in the EU in which you want to make
a change in the position O (Output voltage 0 V).

2. Enter the number using the DIP switch.

3. Switch the power supply module on again.

Operator Controls and Indicators on the Send IM

Table 6-6  Operator controls and Indicators on Send IM

EXTF LED Lights up in the event of an external fault Line 1 or line 2 is faulty
(red) (terminator missing or broken cable)
Cl LED Line 1 (via front connector X1, connection 1) is correct.
(green)
Cl1LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or
green) * A module has not yet completed the initialization process
C2 LED Line 2 (via front connector X2, connection 2) is correct.
(green)
C2 LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or

reen s
9 ) * A module has not yet completed the initialization process
Front Connector (output) for line 1 and line 2
cor;n;;:tors X1 | X1 = upper front connector; X2 = lower front connector
an
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Interface Modules

Operator Controls and Indicators of the Receive IM

Table 6-7 Operator controls and Indicators on Receive IM

INTF LED (red) Lights up if a rack number > 21 or = 0 was set.
Lights up if you have changed the rack number under voltage.

EXTF LED (red) Lights up in the event of an external fault (line fault, for example, if
the terminator is not inserted or if a module has not yet completed
the initialization process).

DIP switch DIP switch to set the number of the mounting rack.

Front connector X1 | Upper connector (input) for the connecting cable from the previous
interface module.

Front connector X2 | Lower connector (output) for the connecting cable to the next
interface module or for the terminator.

Technical Specifications of the IM 460-0 and IM 461-0

Maximum line length (total)

5m

Dimensions W x H x D (mm)

25x 290 x 280

Weight

* [IM460-0 600 g

* IM461-0 610 g

Current consumption from the S7-400

bus 5 VDC Typ. 130 mA

* IM460-0 Max. 140 mA
Typ. 260 mA

* IM461-0 Max. 290 mA

Power loss

* M 460-0 Typ. 650 mW
Max. 700 mW

* IM461-0 Typ. 1300 mW
Max. 1450 mW

Terminator 6ES7461-0AA00-7AA0

Backup current No

Automation System S7-400 Module Specifications
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Interface Modules

6.3

The Interface Modules IM 460-1;
(6ES7460-1BA01-0ABO0) and IM 461-1;

(6ES7461-1BA01-0AA0)

Position of the Operator Controls and Indicators of the IM 460-1 and IM 461-1

IM 460-1 IM 460-1
2
Of:
460-X0000K- XK LEDs
& e EXTF
= C1
<l ci
[e] c2 c2

Under cover

X1

O

)
HH Connector X1:
§§§ Interface C1
\/
Connector X2:
(oe)
RH Interface C2
\/

IM 461-1 |Masr-t T
]O:

461-X0006-XXXX

INTF
EXTF

INTF

[o[ To[ ]

5VvVDC

o]

DC5V

:,@I
Q
A

]

&Y

=)
0

DIP switch

X
90 7
Cr

.
-

D)

C

X1

©)

Figure 6-3
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Position of the Operator Controls and Indicators of the IM 460-1 and IM 461-1
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Interface Modules

Function

The interface module pair IM 460-1 (send IM) and IM 461-1 (receive IM) are used
for a local link (up to a maximum 1.5 m in total). A 5V supply voltage is also
transferred with these interface modules. Please particularly remember the
following points:

* The current requirements of the module plugged into the EU must not exceed
5V/5A.

* You can only connect one EU per line.

* The modules in this mounting rack are not supplied with 24 V and are not
backed up.

* The communication bus is not transferred with the interface module pair
IM 460-1 and IM 461-1.

* You must not use a power supply module in the EU.

Note

If you connect an EU via a local link with 5 V transmission, ungrounded operation
is prescribed for the EU (see Installation Manual, Chapter 4)

Parameter Assignment for the Mounting Rack Number

Using the DIP switch on the front panel of the module, you must set the number of
the mounting rack in which the receive IM is installed. The permitted range is
1to 21.

Setting/Changing the Number

Proceed as follows:

1. Put the power supply module in the CC into the position © (Output voltage 0 V).
2. Enter the number using the DIP switch.

3. Switch the power supply module on again.

Automation System S7-400 Module Specifications
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Interface Modules

Operator Controls and Indicators on the Send IM

Table 6-8 Operator controls and indicators on the Send IM

EXTF LED Lights up in the event of an external fault Line 1 or line 2 is faulty
(red) (terminator missing or open circuit)

C1LED Line 1 (via front connector X1, connection 1) is correct.
(green)

Cl1LED A module has not yet completed the initialization process
(flashing

green)

C2 LED Line 2 (via front connector X2, connection 2) is correct.
(green)

C2 LED A module has not yet completed the initialization process
(flashing

green)

Front Connector (output) for line 1 and line 2

connectors X1

and X2

X1 = upper front connector; X2 = lower front connector

Operator Controls and Indicators of the Receive IM

6-12

Table 6-9 Operator controls and indicators on the Receive IM

INTF LED (red)

Lights up if a rack number > 21 or = 0 was set.
Lights up if you have changed the rack number under voltage.

EXTF LED
(red)

Lights up in the event of an external fault (line fault, for example, if the
terminator is not inserted or if a module has not yet completed the
initialization process, but not when the CC is switched off)

5 VDC (green)

Power supply in the EU is correct.

DIP switch

DIP switch to set the number of the mounting rack.

Front
connector X1

Upper connector (input) for the connecting cable from the previous
interface module.

Caution

Modules can be damaged.

If you want to connect an EU via the IM 461-1 interface module and use a power
supply module in this EU, you might damage the modules.

Don’t use a power supply module in an EU that you want to connect to the CC via

the IM 461-1 interface module.
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Interface Modules

Technical Specifications of the IM 460-1 and IM 461-1

Maximum line length (total)

1.5m

Dimensions W x H x D (mm)

25x 290 x 280

Weight

* IM460-1 600 g

* IM461-1 610¢g

Current consumption from the S7-400

bus 5 VDC Typ. 50 mA max. 85 mA

* IM460-1 Typ.120mA  max. 100 mA
* IM461-1

Power loss

* IM460-1 Typ. 250 mW max. 425 mW
* IM461-1 Typ. 500 mW max. 600 mW

Power supply for EU

5 V/5 A per line

Backup current

No

Automation System S7-400 Module Specifications
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Interface Modules

6.4

The Interface Modules IM 460-3;

(6ES7460-3AA01-0AB0) and IM 461-3;
(6ES7461-3AA01-0AA0)

Position of the Operator Controls and Indicators of the IM 460-3 and IM 461-3

(Mae0s | |M 460-3 M 461-3
]OX IM 461-3 |[]O %2
480-XO000K-XXXX 461-X00006-XO0K
- LEDs
= 27 | EXTF INTF = e
He | Cl EXTF =
Cc2
DIP switch
Under cover
o (oo
B Connector X1: i
sgs Interface C1 IN 333
X1 X1
(o (ee)
§§§ Connector X2: §§§
§§§ Interface C2 ouT §§§
X2 X2
Figure 6-4  Position of the Operator Controls and Indicators of the IM 460-3 and IM 461-3
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Interface Modules

Function

The interface module pair IM 460-3 (send IM) and IM 461-3 (receive IM) are used
for a remote link of up to a maximum 102.25 m (exactly: 100 m plus inputs/outputs
of 0.75 m in the line).

Parameter assignment

Using the DIP switch on the front panel of the module, you must set the number of
the mounting rack that the receive IM is installed on. The permitted range is
1to 21.

If required, you can change the distance setting for the line on the programming
device using STEP 7.

The default setting for the distance is 100 m.

Ensure that the distance corresponds as closely as possible to the current length
(the sum of all the connecting cables per line) as this will accelerate data
transmission.

Note

The distance set must always be longer than the actual length of cable per line.

Setting/Changing the Number
Proceed as follows:

1. Put the switch of the power supply module in the EU in which you want to make
a change in the position O (Output voltage 0 V).

2. Enter the number using the DIP switch.

3. Switch the power supply module on again.

Automation System S7-400 Module Specifications
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Operator Controls and Indicators on the Send IM

Table 6-10 Operator controls and indicators on the Send IM

EXTF LED Lights up in the event of an external fault Line 1 or line 2 is faulty
(red) (terminator missing or broken cable)
Cl1LED Line 1 (via front connector X1, connection 1) is correct.
(green)
Cl1LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or
green) C

* A module has not yet completed the initialization process
C2 LED Line 2 (via front connector X2, connection 2) is correct.
(green)
C2 LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or
green)

A module has not yet completed the initialization process

Operator Controls and Indicators of the Receive IM

6-16

Table 6-11 Operator controls and indicators on the Receive IM

INTF LED (red)

Lights up if a rack number > 21 or = 0 was set.
Lights up if you have changed the rack number under voltage.

EXTF LED (red)

Lights up in the event of an external fault (line fault, for example, if
the terminator is not inserted or if a module has not yet completed
the initialization process, or if the CC is switched off)

DIP switch

DIP switch to set the number of the mounting rack.

Front connector X1

Upper connector (input) for the connecting cable from the previous
interface module.

Front connector X2

Lower connector (output) for the connecting cable to the next
interface module or for the terminator.
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Technical Specifications of the IM 460-3 and IM 461-3

Maximum line length (total) 102 m

Dimensions W x H x D (mm) 25 x 290 x 280

Weight

* IM460-3 6309

* IM461-3 620 g

Current consumption from the S7-400

bus 5 VDC Typ. 1350 mA

* IM460-3 Max. 1550 mA
Typ. 590 mA

* IM461-3 Max. 620 mA

Power loss

* |M460-3 Typ. 6750 mW
Max. 7750 mW

e IM461-3 Typ. 2950 mW
Max. 3100 mW

Terminator 6ES7461-3AA00-7AA0

Backup current

No
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6.5

The Interface Modules

IM 460-4; (6ES7460-4AA01-0ABO0) and
IM 461-4; (6ES7461-4AA01-0AA0)

Position of the Operator Controls and Indicators of the IM 460-4 and IM 461-4

6ES7461-4AA01-0AA0

M 460-¢ IM 460-4 IM 461-4 M 461-4
2
E []O3f
480-X0OXXX-XXXX 461-X0000K-XXXX
_ LEDs _
- 5™ | EXTF INTF i
5] c2 C1 EXTF I
c2
CIK
x1[1)
DIP switch -
LY
Under cover
(o (o]
8 Connector X1: B
333 Interface C1 IN §§§
X
X1 X1
(o] (o]
333 Connector X2: §§§
Interface C2 ouT
X2 x2
Figure 6-5  Position of the Operator Controls and Indicators of the IM 460-4 and IM 461-4
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Interface Modules

Function

The interface module pair IM 460-4 (send IM) and IM 461-4 (receive IM) are used
for a remote link of up to a maximum 605 m (exactly: 600 m plus inputs/outputs of
1.5 min the line).

Parameter assignment

Using the DIP switch on the front panel of the module, you must set the number of
the mounting rack in which the receive IM is installed. The permitted range is
1to 21.

If required, you can change the distance setting for the line on the programming
device using STEP 7.

The default setting for the distance is 600 m.

Ensure that the distance corresponds as closely as possible to the current length
(the sum of all the connecting cables per line) as this will accelerate data
transmission.

Note

The distance set must always be longer than the actual length of cable per line.

Setting/Changing the Number
Proceed as follows:

1. Put the switch of the power supply module in the EU in which you want to make
the change in the position © (Output voltage 0 V).

2. Enter the number using the DIP switch.

3. Switch the power supply module on again.
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Operator Controls and Indicators on the Send IM

Table 6-12 Operator controls and indicators on the Send IM

EXTF LED Lights up in the event of an external fault Line 1 or line 2 is faulty
(red) (terminator missing or broken cable)
Cl1LED Line 1 (via front connector X1, connection 1) is correct.
(green)
Cl1LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or
green) C

* A module has not yet completed the initialization process
C2 LED Line 2 (via front connector X2, connection 2) is correct.
(green)
C2 LED An EU in the line is not ready for operation because
(flashing * The power supply module is not switched on or
green)

A module has not yet completed the initialization process

Operator Controls and Indicators of the Receive IM

6-20

Table 6-13 Operator controls and indicators on the Receive IM

INTF LED (red)

Lights up if a rack number > 21 or = 0 was set.
Lights up if you have changed the rack number under voltage.

EXTF LED (red)

Lights up in the event of an external fault (line fault, for example, if
the terminator is not inserted or if a module has not yet completed
the initialization process, or if the CC is switched off)

DIP switch

DIP switch to set the number of the mounting rack.

Front connector X1

Upper connector (input) for the connecting cable from the previous
interface module.

Front connector X2

Lower connector (output) for the connecting cable to the next
interface module or for the terminator.
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Technical Specifications of the IM 460-4 and IM 461-4

Maximum line length (total) 605 m

Dimensions W x H x D (mm) 25 x 290 x 280

Weight

* IM460-4 6309

e IM461-4 620 g

Current consumption from the S7-400

bus 5 VDC Typ. 1350 mA

* IM460-4 Max. 1550 mA
Typ. 590 mA

* IM461-4 Max. 620 mA

Power loss

* IM460-4 Typ. 6750 mW
Max. 7750 mW

e IM461-4 Typ. 2950 mW
Max. 3100 mW

Terminator 6ES7461-4AA00-7AA0

Backup current No

Compatibility

You cannot use the IM 460-4 and IM 461-4 interface modules with CPUs that have
the following order numbers:

Automation Syste
A5E00267842-01

6ES7412-1XF00-0ABO
6ES7413-1XG00-0ABO
6ES7413-2XG00-0AB0O
6ES7414-1XG00-0ABO
6ES7414-2XG00-0ABO
6ES7416-1XJ00-0ABO

m S7-400 Module Specifications

6-21



Automation System S7-400 Module Specifications
A5E00267842-01



IM 463-2

Chapter Overview

Order Number

Section Description Page
7.1 Using SIMATIC S5 Expansion Units in an S7-400 7-2
7.2 Rules for Connecting S5 Expansion Units 7-3
7.3 Operator Controls and Indicators 7-4
7.4 Installing and Connecting the IM 463-2 7-6
7.5 Setting the Operating Modes of the IM 314 7-8
7.6 Configuring S5 Modules for Operation in the S7-400 7-10
7.7 Pin Assignments of the 721 Connecting Cable 7-11
7.8 Terminating Connector for IM 314 7-13
7.9 Technical Specifications 7-14

| IM 463-2 6ES7463-2AA00-0AA0
Automation System S7-400 Module Specifications 71

A5E00267842-01



IM 463-2

7.1 Using SIMATIC S5 Expansion Units in an S7-400

Area of Application

The IM 463-2 interface module is used for distributed connection of S5 expansion
units to an S7-400.

You can use the IM 463-2 in the CR of the S7-400. In the S5 expansion unit, you
use an IM 314.

This allows you to connect the following S5 expansion units to an S7-400:
e EU 183U
* EU 185U
* EU 186U
e ER701-2
e ER701-3

Accordingly, you can use all digital and analog I/0O modules suitable for these EUs
or ERs.

Basic Requirement

If you connect an S5 expansion unit to a CR of the S7-400 via an IM 463-2, the
SIMATIC S5 basic requirements concerning EMC, ambient conditions, etc., apply
for the overall system.

Note

In environments contaminated by radiated noise, you must apply the type 721
cable shield (see Installation Manual, Chapter 4).

Expanding the Distributed Connection

You can also centrally expand the EUs connected in a distributed configuration via
an IM 463-2. The following table lists the S5 interface modules that you can use for
this purpose.

Table 7-1 S5 Interface Modules

Module Order Number

IM 300 6ES5300-5CA11
6ES5300-3AB11
6ES5300-5LB11

IM 306 6ES5306-7LA11

Automation System S7-400 Module Specifications
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7.2 Rules for Connecting S5 Expansion Units

Introduction

When you connect S5 expansion units to an S7-400 via the IM 463-2, there are
rules to observe with regard to cable length, maximum expansion, use of a
terminating connector and permissible potential differences.

Cable Length

The maximum cable length per IM 463-2 from the CR of the S7-400 to the last
S5 expansion unit is 600 m. You set the actual cable length at the IM 463-2
(see Section|7.3).

Maximum Expansion
You can use up to four IM 463-2s in one S7-400 CR.

At each IM 463-2 interface (C1 and C2), you can connect up to four S5 expansion
units in a distributed configuration.

You can connect further EUs centrally to the EUs connected in the distributed
configuration.

Addressing of the S5 modules
All S5 address areas are available (P, Q, IM3, IM4)

Note

Note that every S5 address can only be used once, even across different chains.

Terminating Connector

You must terminate the IM 314 of the last EU in each chain with the
6ES5760-1AA11 terminating connector.

Permissible Potential Differences

For the safe functioning of the distributed configuration, you must ensure that the
potential difference between two devices is not more than 7 V. Use an equipotential
bonding conductor.
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7.3

Operator Controls and Indicators

Introduction

All controls and indicators on the IM 463-2 are arranged on the front plate. The
following figure shows the arrangement of the controls and indicators.

IONONON]
Q

Ct1,C2 OFF

C1,62 [o7]
ON ON
C20ON

LENGTH
100m
600 m- 250m

450 m

C

O

LEDs EXTF, C1,C 2

Interface selector switch

Cable length selector switch

X1 connector
Cl1l interface

X2 connector
C2 interface

7-4

Figure 7-1

Layout of the Controls and Indicators of the IM 463-2
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LEDs

Table 7-2  LEDs of the IM 4632

LED
LED EXTF (red)

Meaning

Lights up in the event of an external fault. Chain 1 or chain 2 has a
fault (power supply failed in the EU; terminating connector missing;
wire break, or interface selector switch wrongly set).

LED C1 (green)
LED C2 (green)

Chain 1 (via front connector X1, connection 1) is in order.

Chain 2 (via front connector X2, connection 2) is in order.

Front connector X1
and X2

Connector plug (output) for chain 1 and chain 2.
X1 = upper front connector; X2 = lower front connector

Interface Selector Switch

Table 7-3  Switch Position: Interface Selector of the IM 463-2

Switch Position

Meaning

C1ON

You use only interface C1.

C2 ON You use only interface C2.
C1,C2ON You use both interfaces.
C1, C2 OFF You use neither of the two interfaces.

You do not want to operate an S5 EU at present.

Cable Length Selector Selector

Table 7-4  Switch Position: Cable Length Selector of the IM 463-2

Switch Position

Meaning

100 Cable length 1 to 100 m

250 Cable length 100 to 250 m

450 Cable length 250 to 450 m

600 Cable length 450 to 600 m
Warning

Danger of data loss.

Changing the setting of the interface selector switch and the cable length selector
switch in RUN mode can result in loss of data.

Change the settings of these switches only in STOP mode of the CPU.
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7.4 Installing and Connecting the IM 463-2

Introduction

To install an IM 463-2 in a CR of the S7-400, proceed in the same way as when
installing other S7-400 modules (see Installation Manual, Chapter 5).

To connect an IM 463-2, follow the steps outlined below:

1. Prepare the connecting cable

2. Plug in the connecting cable

3. Select the interface

4. Select the cable length

Preparing the Connecting Cable

You can use the 721 connecting cable. However, you must change the connector
housing on the connection side of the IM 463-2.

Two connector housings are enclosed with every IM 463-2. You can prepare a
connecting cable for an IM 463-2 using one of these connector housings and a 721
connecting cable (see Catalog ST 54.1). To prepare the connecting cable, follow
the steps outlined below:

1. Remove one connector housing on the 721 connecting cable.

2. Open one of the connector housings enclosed with the IM 463-2.

3. Attach this connector housing to the 721 connecting cable.

4. Close the connector housing.

Automation System S7-400 Module Specifications
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Plugging in the Connecting Cable
To plug in the connecting cable, follow the steps outlined below:

1. Open the cover of the IM 463-2.

2. Plug the new connector of the connecting cable into one of the connectors of
the IM 463-2.

Interface C1 corresponds to the upper connector; interface C2 corresponds to
the lower connector.

3. Screw the connector of the connecting cable onto the connector of the
IM 463-2.

4. Close the cover.

Selecting the Interface

You select the interface with the selector switch on the front plate. Set the
interface(s) here that you want to use. Make the settings on the IM 463-2 only
when the CPU is in STOP mode.

Selecting the Cable Length

You select the cable length with the selector switch on the frontplate. Set the range
corresponding to the chain length. Make the settings on the IM 463-2 only when
the CPU is in STOP mode.
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7.5 Setting the Operating Modes of the IM 314

Introduction

To operate the IM 463-2, you must set on the IM 314 the S5 expansion unit used
and the address area of the S5 1/O modules.

Setting the S5 Expansion Unit

You set the S5 expansion unit in which you want to use the IM 314 using jumpers
BR1, BR2, and BR3 on the IM 314.

The following figure shows where these jumpers are located on the IM 314 and
which setting corresponds to which expansion unit.

Used in EU 185U, EU 186U Used in EU 183U
21321 21321

s1 off s1 off

o P alallaisla b T lnalaina
X3 X1 X3 X1

321 321

BR 3] o ae] BR3[ ae o]

X4 X2 X4 X2

Used in ER 701-2, ER 701-3

. 1@%}3 A o

X X

321

H

iy w

——-
N =

Figure 7-2  Settings of the IM 314 with Expansion Units
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Setting the Address Area

Automation System S7-400 Module Specifications

A5E00267842-01

The address area of the S5 1/O modules is set on the IM 314. This setting applies
only for the digital and analog 1/0O modules.

The address areas P, Q, IM3, and IM4 are available. Set the switch to the relevant
position to address the digital and analog I/O modules in these areas.

Table 7-5  Settings Address Areas on the IM 314

1/0 Area Address

Switch Position

P area: FO0O0O0 - FOFF
Q area: F100 - F1FF

IM3 a