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Legal information
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Preface

Purpose of the manual
This manual describes all the steps that are necessary to implement the function module FM 
455. It helps you familiarize yourself with the FM 455 functions, quickly and effectively.

Contents of the Manual
This manual describes the hardware and software of the FM 455. It consists of an instruction 
section and contains reference material (appendices.)
The following subjects are covered:
• Basics of controlling
• Installing and disassembling the FM 455
• Wiring the FM 455
• Parameterizing the FM 455
• Programming the FM 455
• Appendices

Target group
The manual is aimed at the following target groups:
• Fitters
• Programmers
• Commissioning supervisors
• Service and maintenance personnel

Scope of this manual
This manual contains a description of the FM 455 function module that is valid at the time the 
manual is released. We reserve the right to describe modifications to the functionality of the FM 
455 in a separate Product Information.

Controller Module FM 455
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Position in the information landscape
This manual forms part of the S7-400 documentation.

System Documentation
S7-400 • S7-400 automation system, installation

• S7-400 Automation System CPU Specifications
• S7-400 Automation System Module Specifications
• S7-400 Operation List

Guide
The manual's navigation features outlined below support quick access to specific information:
• At the beginning of the manual you can find a comprehensive list of contents.
• The appendix is followed by a glossary which defines important specialist terminology used 

in this manual.
• At the end of the manual you will find a literature list and a detailed index which also speeds 

up access to the information you seek.

Approvals
For detailed information on approvals and standards, refer to the chapter "Technical data".

Standards
The SIMATIC S7-400 product series is compliant with IEC 61131-2.

Recycling and disposal
The FM 455 is low in contaminants and can therefore be recycled. For environmentally 
sustainable recycling and disposal of your old device, contact a certified disposal service for 
electronic scrap.

Additional support
If you have any further questions about the use of products described in this manual and do not 
find the right answers here, contact your local Siemens representative (http://
www.siemens.com/automation/partner):
A guide to the technical documentation for the various products and systems is available on the 
Internet:
• SIMATIC Guide manuals (http://www.siemens.com/simatic-tech-doku-portal)
The online catalog and online ordering systems are also available on the Internet:
• A&D Mall (http://www.siemens.com/automation/mall)
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Training center 
To help you get started with automation technology and systems, we offer a variety of courses. 
Contact your regional Training Center or the central Training Center in D-90327 Nuremberg, 
Germany.
• Internet: SITRAIN homepage (http://www.sitrain.com)

Technical Support
You can access technical support for all A&D projects via the following:
• Online support request form: (http://www.siemens.com/automation/support-request)

Service & Support on the Internet
In addition to our documentation, we offer a comprehensive online knowledge base on the 
Internet at:
Industry Automation and Drive Technologies - Homepage (http://www.siemens.com/
automation/service&support) 
There you will find the following information, for example:
• The newsletter that provides up-to-date information on your products.
• The documents you need via our Search function in Service & Support.
• A forum for global information exchange by users and specialists.
• Your local partner for Automation and Drives.
• Information about on-site service, repairs, and spare parts. Much more can be found under 

"Services".
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Product overview 1
1.1 Introduction

FM 455 variants
The FM 455 is available in the following 2 variants:
• C controller (continuous controller with analog outputs)
• S controller (step and pulse controllers with digital outputs)

Order numbers
Product Part of delivery Order number

FM 455 C • FM 455 C module, version ≥ 4 (continuous control‐
ler)

• CD with configuration package, manual and getting 
started

6ES7455-0VS00-0AE0

FM 455 S • FM 455 S module, version ≥ 4 (step and pulse con‐
trollers)

• CD with configuration package, manual and getting 
started

6ES7455-1VS00-0AE0

1.2 Functions of the FM 455

Introduction
The FM 455 function module is a controller module for use in the S7-400 automation system. 

Control techniques
Two different control techniques are carried out in the FM 455. For both control techniques there 
is support to optimize the control:

Control techniques Optimization by means of ...
Temperature controllers (fuzzy controllers) ... the module (self-tuning controller) 
PID controllers ... Parameterization interface of PID self tuner

Controller Module FM 455
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Control structures
You can use the FM 455 for the following control structures:
• Fixed set point control
• Sequence control
• 3-component control
• Cascade control
• Ratio control
• Mixed control
• Split range control

Operating modes
The FM 455 recognizes the following operating modes:
• Automatic
• Manual
• Safety mode
• Follow-up mode (change over to the default security value)
• Manipulated value DDC (direct digital control)
• Sequence / SPC controller (SPC = set point control)
• Backup mode (with CPU in STOP or CPU failure)

Number of channels
The FM 455 has 16 controllers in 16 channels. Each controller acts independently of the others.

Number of inputs and outputs 
The following table gives an overview of the number of inputs and outputs of the FM 455.

Table 1-1 Inputs and outputs of the FM 455
Inputs/Outputs FM 455 C FM 455 S

Analog inputs 16* 16*
Digital inputs 16 16
Analog outputs 16 -
digital outputs - 32
* a Pt 100 occupies two analog inputs. Therefore a maximum of eight Pt 100 can be connected to an FM 
455.

Product overview
1.2 Functions of the FM 455
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Diagnostic interrupt
The FM 455 can trigger a diagnostic interrupt in the case of the following events:
• The module is incorrectly configured
• Module defective
• Overflow and underflow with analog inputs
• Load break or short-circuit during analog outputs
• Wire break at a measuring range of 4 to 20 mA, at a Pt 100 and at thermocouples

Process interrupts
No process interrupts are required to operate the FM 455.

Reference junction
For operating with thermocouplers, the FM 455 has an additional analog input for connecting 
to a Pt 100 in 4-conductor technology. This input serves to measure the reference junction 
temperature and hence acts as compensation for thermocouples.

Parameterization
The FM 455 is configured using a parameterization interface.

1.3 FM 455 fields of application

Where can you use the FM 455?     
The FM 455 can be applied universally as a controller module for the following control tasks: 
• Temperature control
• Level control
• Fill level control
• Pressure control
• Flow control
• Concentration control

Applications  
The FM 455 can be applied in control tasks for, among others, the following sectors:
• General machine construction
• Systems engineering
• Industrial furnace construction

Product overview
1.3 FM 455 fields of application
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• Heating and cooling systems
• Food and beverage industry
• Process engineering
• Environmental technology
• Glass and ceramics production
• Rubber and plastics machines
• Wood and paper industry

Product overview
1.3 FM 455 fields of application
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1.4 The FM 455 hardware

Module view         
The following figure shows the FM 455 module with front connectors.   

1

2

3

4

5

6

7

X  5

6 7

① Version
② Type plate
③ Measuring range module
④ Front connector with front connector code
⑤ Labeling strips

Product overview
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⑥ Diagnostics and status LEDs
⑦ Order number

Figure 1-1 Module view of the FM 455

Front connectors     
The FM 455 offers the following possible connections via the front connectors: 
• 16 digital inputs
• 16 analog inputs
• 1 reference junction input
• 32 digital outputs (only S controllers)
• 16 analog outputs (only C controllers)
• 24 V DC supply voltage between L+ and M in order to supply the module and the digital / 

analog outputs
• Home position of the analog circuit MANA

The front connectors must be ordered separately (see "Spare parts (Page 257)" appendix).   

Front connector code     
When you plug in the front connector, the front connector code engages. Then this front 
connector can only be fitted to an FM 455.

Labeling strips   
The module comes with two labelling strips that you can individually label with your signal 
names.
The labeling strips have the pinout of the FM 455.   

Order number and version
The order number and version of the FM 455 are stated at the top next to the left fixing screw.     

Measuring range modules
There are eight measuring range on the side of the FM 455. They can be plugged in to four 
different positions and are used to adapt every two successive analog inputs together to a 
specific encoder type.

Diagnostics and status LEDs     
The FM 455 has 19 LEDs that serve both for diagnostics as well as to display the status of the FM 
455 and its digital inputs.

Product overview
1.4 The FM 455 hardware
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The following table lists the LEDs with their label, color and function.   

Table 1-2 Diagnostics and status LEDs
Labeling Color Function

INTF red Internal error
EXTF red External error
Backup Yellow Displays the back-up mode
I1 green Status of the I1 digital input
I2 Green Status of the I2 digital input
I3 Green Status of the I3 digital input
I4 Green Status of the I4 digital input
I5 Green Status of the I5 digital input
I6 Green Status of the I6 digital input
I7 Green Status of the I7 digital input
I8 Green Status of the I8 digital input
I9 Green Status of the I9 digital input
I10 Green Status of the I10 digital input
I11 Green Status of the I11 digital input
I12 Green Status of the I12 digital input
I13 Green Status of the I3 digital input
I14 Green Status of the I14 digital input
I15 Green Status of the I15 digital input
I16 Green Status of the I16 digital input

The FM 455 S also has 16 additional LEDs that display the status of the digital outputs:

Table 1-3 Additional FM 455 S LEDs
Labeling Color Function

Channel 1 Green Status of the digital output - open
Green Status of the digital output - close

Channel 2 Green Status of the digital output - open
Green Status of the digital output - close

Channel 3 Green Status of the digital output - open
Green Status of the digital output - close

Channel 4 Green Status of the digital output - open
Green Status of the digital output - close

Channel 5 Green Status of the digital output - open
Green Status of the digital output - close

Channel 6 Green Status of the digital output - open
Green Status of the digital output - close

Channel 7 Green Status of the digital output - open
Green Status of the digital output - close

Channel 8 Green Status of the digital output - open
Green Status of the digital output - close

Product overview
1.4 The FM 455 hardware
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Labeling Color Function
Channel 9 Green Status of the digital output - open

Green Status of the digital output - close
Channel 10 Green Status of the digital output - open

Green Status of the digital output - close
Channel 11 Green Status of the digital output - open

Green Status of the digital output - close
Channel 12 Green Status of the digital output - open

Green Status of the digital output - close
Channel 13 Green Status of the digital output - open

Green Status of the digital output - close
Channel 14 Green Status of the digital output - open

Green Status of the digital output - close
Channel 15 Green Status of the digital output - open

Green Status of the digital output - close
Channel 16 Green Status of the digital output - open

Green Status of the digital output - close

1.5 The FM 455 software

The FM 455 software package     
To integrate the FM 455 with the S7-400 you require a software package with
• Parameter assignment interface
• Software for the CPU (function blocks)

Parameterization interface   
The FM 455 is adapted to the respective task by means of parameters. These parameters are 
stored in the system data and when the CPU is in STOP they are transferred from the PG/PC to the 
CPU and to the FM 455. In addition, the CPU transfers these parameters to the module with every 
STOP to RUN transition.
You can specify the parameters via the parameterization interface. The parameterization 
interface is installed on your PG/PC and is called from STEP 7.

Online help   
You can obtain further information regarding parameterization from the integrated online help.

Product overview
1.5 The FM 455 software
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Software for the S7-400 CPU (function blocks)     
The software for the CPU consists of the function blocks:
• PID_FM for changing parameters and operating modes (for example, setpoint value, manual-

automatic changeover) during running operation and for reading process states (for 
example, process value).

• FORCE455 to force analog and digital inputs during commissioning (force = specify 
simulation values).

• READ_455 to read the analog / digital input values during commissioning.
• CH_DIAG to read channel-specific diagnostics values during commissioning.
• FUZ_455 to read the parameters of the self-regulating temperature controller (fuzzy  

controller) and to download these parameters to the FM 455 (e.g. during module 
replacement or renewed parameter identification of the controller).

• PID_PAR for special applications to change further parameters during operation.
The following figure shows an S7-400 structure with an FM 455 and with connected 
programming device.   

1

2 3

4

① Power supply module
② CPU with user program and FBs of the FM 455
③ FM 455
④ Programming device (PG/PC) with STEP 7 and the parameterization screens

Figure 1-2 Structure of a SIMATIC S7-400 with FM 455
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Information for the controller adjustment 2
2.1 Characteristic values of the control section

Establishing the time response from the step response       
The time response of the control section can be established by the time progression of the 
controlled variable PV after the stepped alteration of the manipulated variable from 0 to 100%.

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 21



1

2

PV

Tu

t

t

PV

T g

PV max

PV cold

T g

Vmax = =
PV

t

PV max PV cold

LMN

t

0 %
K s =

100 %

PV max  PV cold

LMN_HLM

LMN_HLM

① ON
② OFF
LMN Manipulated variable
LMN_HLM Range of the manipulated variable
Tu Delay time
Tg Balancing time
Ks Transfer factor of the control section
vmax max. increase speed of the controlled variable
PVmax Maximum value of the control section

Figure 2-1 Step response of a control section
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Most control sections are so-called control sections with balance (see figure above). The time 
response can be established approximately by the variables delay time Tu, balancing time Tg and 
the maximum value PVmax. The variables are recorded by positioned tangents on the maximum 
value and on the turning point of the step response. The assumption of the unit-step response 
up to the maximum value is not possible in many cases, as the controlled variable may not 
exceed certain values. Therefore, you use the increase speed vmax to gain information about the 
control section.
From the ratioTu

Tg

or 

it is possible to estimate the controllability of the process. The following is in effect:Tu

Tg Controllability of the control section
< 0,1 easy to control

0.1 to 0.3 still controllable
> 0,3 difficult to control

Control sections can be assessed using these values:
Tu < 0.5 min, Tg < 5 min = fast control section
Tu > 0.5 min, Tg > 5 min = slow control section

Characteristic values of important temperature control sections
Controlled 

variable
Type of control section Delay time 

Tu

Balancing time 
Tg

Increase in
 speed 

vmax

Temperature small, electrically heated furnace 0.5 to 1 min 5 to 15 min up to 60 K/min
large, electrically heated annealing furnace 1 to 5 min 10 to 20 min up to 20 K/min
large, gas-heated annealing furnace 0.2 to 5 min 3 to 60 min 1 to 30 K/min
Autoclaves 0.5 to 0.7 min 10 to 20 min  
High-pressure autoclaves 12 to 15 min 200 to 300 min  
Injection molding machines 0.5 to 3 min 3 to 30 min 5 to 20 K/min
Extruders 1 to 6 min 5 to 60 min  
Packaging machines 0.5 to 4 min 3 to 40 min 2 to 35 K/min

2.2 Type of controller (2-point / 3-point controllers)

Two-point controllers without feedback  
Two-point controllers have the states "ON" and "OFF" as switch functions. This corresponds to 
100 % or 0 % output. This causes a continuous oscillation of the controlled variable PV by the set 
value SP.

Information for the controller adjustment
2.2 Type of controller (2-point / 3-point controllers)

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 23



The amplitude and the duration of oscillation increases with the relationship of the delay time Tu 
with the balancing time Tgof the control section. These controllers are generally used for simple 
temperature regulations (e.g. for electrically, directly heated furnaces) or as limit indicators.

1

2

PV

LMN

SP

LMN_HLM

① ON
② OFF
LMN_HLM Range of the manipulated variable
SP Reference value

Figure 2-2 Characteristic curve of a two-point controller

Information for the controller adjustment
2.2 Type of controller (2-point / 3-point controllers)

Controller Module FM 455
24 Operating Manual, 03/2022, A5E00059359-AF



1

LMN

100 %

t

PV

Tu

SP

T g

t
0 %

PV Sd

① Unit-step response without controller
Tu Delay time
Tg Balancing time
PVSd Switching difference

Figure 2-3 Control function of a two-point controller without feedback

Two-point controllers with feedback  
The behavior of two-point controllers in the case of control sections with larger delay times, e.g. 
furnaces where the functional space is separated from the heating, can be improved by the use 
of electronic feedback.
With the aid of feedback, the switching frequency of the controller is increased and the 
amplitude of the controlled variable is reduced. Also, the controller results in dynamic operation 
can be considerably improved. The limit for the switching frequency is set by the output level. 
In the case of mechanical actuators like relays and contactors, 1 to 5 switches per minute should 
not be exceeded. With binary voltage and power outputs with series-connected thyristor or triac 
controllers you can select higher switching frequencies that lie way in excess of the limit 
frequency of the control section.
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As the switching pulses on the output of the control section are no longer ascertainable, you 
obtain comparable results as with continuous controllers.
Compared to continuous controllers, with which the amplitude of the output signal represents 
the manipulated variable, with two-point controllers with feedback the output size is depicted 
by the pulse width modulation.
Two-point controllers with feedback are used to control temperatures in furnaces, for processing 
machines in the plastics, textiles, paper, rubber and foodstuffs industries as well as for heating 
and cooling devices.

Three-point controllers  
Three-point controllers are used for heating / cooling. These controllers have two switch points 
as outputs. The controller results are optimized by means of electronic feedback structures. 
Application areas for such controllers are thermal, cooling and climatic chambers and tool 
heating for plastics processing machines.

PV

LMN

LMN 12 = LMN 21

SP

PV Sh

LMN 22

LMN 11

LMN Manipulated varia‐
ble

e.g. 
LMN11 = 100 % heating
LMN12 = 0 % heating
LMN21 = 0 % cooling
LMN22 = 100 % cooling

PV Control variable e.g. temperature in °C
SP Setpoint
PVSh Distance between switch point 1 and switch point 2

Figure 2-4 Characteristic curve of a three-point controller
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2.3 Controlling with different feedback structures

Controller behavior  
For the precision of control and for optimum disturbance variable deviation it is necessary to 
adapt the controller to the time response of the control section.
To do this, you use feedback structures, which, depending on the structure of the feedback have 
proportional control action (P), proportional derivitive control action (PD), proportional integral 
control action (PI) or proportional integral derivitive control action (PID). If a jump function to 
the controller input exists, jump responses arise under the condition that the delay times of the 
controller are negligibly small and that the controller reacts very rapidly.

P controller  

PV

t

LMN

100 %

0 %

t

LMN

t

Step function on the 

controller input

Step response of the 

continuous controller

Step response of the 

pulse controller

Input variable

Output variable

Output variable

Figure 2-5 The step response of a P controller
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Formula for P controllers
Output size and input size are directly proportionate, i.e.:
Change to output size = proportional factor x change to input size
LMN = GAIN x ER

PD controllers  

ER

t

TM_LAG

t

LMN

LMN

t

100 %

0 %

Step function on the 

controller input

Step response of the 

continuous controller

Step response of the 

pulse controller

Input variable

Output variable

Output variable

Figure 2-6 The step response of a PD controller
The D control elements are suitable solely for controlling as they no longer issue switch 
commands when the input size has readjusted itself to a static value.
In connection with P control elements you use the D part in order to generate an appropriate 
control pulse in dependence on the rate of change of the controlled variable. If a distrubance 
variable is having an effect on the control section, because of the changed degree of control the 
PD controller sets itself to another control deviation. Faults will not be fully corrected. The good 
dynamic behavior is advantageous. When starting and when changing the reference value a 
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well damped, non-oscillating transfer is achieved. However, a controller with D part is not 
appropriate if a process has oscillating measured variables, e.g. in case of pressure or flow 
control systems.

Formula for PD controllers
The following applies for the step response of the PD controller in the time range:

LMN =  GAIN  ¡¿  ER ¡¿ 1  +
TD

TM_LAG
¡¿ e

t

TM_LAG

t = time interval since the step of the input size
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PI controller  
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pulse controller

Input variable
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Figure 2-7 The step response of a PI controller
I control elements have the integral of the input size as the output size, i.e. the controller adds 
up the deviation from the set value over time. This means that the controller continues to adjust 
until the deviation from the setpoint value has been eliminated. In practice, depending on the 
demands on the controlling, a combination of the different timing elements is ideal. The time 
response of the individual elements can be described by the controller parameters Proportional 
band GAIN, Reset time TI (I-action) and Differential-action time TD (D-action) .
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Formula for PI controllers
The following applies for the step response of the PI controller in the time range:

t = time interval since the step of the input size
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PID controllers  

TM_LAG

ER

t

t

LMN

LMN

t

T n

Step function on the 

controller input

Step response of the 

continuous controller

Step response of the 
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Figure 2-8 The step response of a PID controller
Most of the controlling in process engineering can be governed by means of a controller with PI 
action. In the case of slow processes with a large dead time, for example temperature control 
systems, the control result can be improved by means of a controller with PID action.
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Figure 2-9 Step response with different controlling
Controllers with PI and PID action have the advantage that the process variable does not show 
a derivation from the setpoint value after the transient condition. The controlled variable 
oscillates over the set value upon start-up.

Formula for PID controllers
The following applies for the step response of the PI controller in the time range:

LMN =  GAIN  ¡¿  ER ¡¿ 1  +
TD

TM_LAG
¡¿ e

t

TM_LAG
+

t

TI

t = time interval since the step of the input size
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2.4 Selection of the controller structure for specified controlled 
systems

Selection of the Suitable Controller Structures     
Amongst the closed-control elements the controlled systems have a special position. Their 
properties are determined by the process-specific applications and cannot be changed 
afterwards. An optimal control-action result can thus only be achieved by the selection of a 
suitable controller whose response can be adapted to the system data within certain limits.

Controlled system Controller structure
P PD PI PID

Pure dead time Unusable Unusable Control 
+ disturbance

Unusable 

Dead time
+ first-order 
time-delay

Unusable Unusable Slightly worse 
than PID

Control 
+ disturbance

Dead time
+ second-order 
time-delay

Not suitable Bad Worse than PID Control 
+ disturbance

1. Order 
+ very small dead time 
(delay time)

Control Control at delay time Disturbance Disturbance at 
delay time

Higher order Not suitable Not suitable Slightly worse 
than PID

Control 
+ disturbance

Not self-regulating Control (without de‐
lay)

Control (with delay) Error (without de‐
lay)

Error (with de‐
lay)

Table 2-1 Suitable Controller for the Most Important Control Variables
Control variable Controller

P PD PI PID
Steady-state control deviation No steady-state control deviation

Temperature for less demands 
and with P sections 
with Tu / Tg < 0.1

Well suited The most suitable controller types for 
high-quality requirements (except for 
specially adapted special controllers)

Pressure Suitable, if the de‐
lay time is inconsid‐
erable

Unsuitable The most suitable controller types for 
high-quality requirements (except for 
specially adapted special controllers)

Flow rate If suitable, be‐
cause required 
GAIN range usually 
too large

Unsuitable Suitable, but I-ac‐
tion controller 
alone often better

Hardly required for 
these control varia‐
bles
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2.5 Establishing parameters by experiment

Procedure  
As an alternative to calculating the parameters you can establish the control parameters by 
means of targeted experimentation:
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Figure 2-10 Setting the controller by means of targeted experimentation
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Figure 2-11 Effects on the optimum controller setting when changing the controller parameters
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How Does the FM 455 Controller Module Work? 3
3.1 Basic Structure of the FM 455

Introduction
In this section block diagrams are used to explain the basic structure and the interconnection 
possibilities of the FM 455.

Basic Structure of the FM 455   
The FM 455 C and FM 455 S have a similar basic structure. They consist of the following function 
blocks:
• Inputs of the FM 455

– 16 analog inputs with analog value conditioning
– 1 reference junction input for compensating thermoelements
– 16 digital inputs

• Controller
– 16 controller channels independent of each other, each subdivided into the units system 

error formation, control algorithm and controller output
• Outputs of the FM 455

– 16 analog outputs (only FM 455 C)
– 32 analog outputs (only FM 455 S)

Controller Module FM 455
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Block Diagram of the FM 455 C  
The following shows the block diagram of the FM 455 C (continuous controller) and the 
interconnection possibilities between the individual function blocks.

Figure 3-1 Block Diagram of the FM 455 C (continuous controller)

Interconnection Possibilities of the FM 455 C  
The function blocks of the FM 455 C do not have a fixed assignment to each other. On the 
contrary, it is possible to interconnect them by means of configuration.
Each analog input has its own analog value conditioning (filtering, linearization, normalization).
You can assign up to 4 analog inputs and up to 5 digital inputs to each controller channel. Each 
controller channel can be interconnected to the conditioned analog values, the digital inputs or 
also the output of another controller channel.
Every analog output can be interconnected to a controller output or to an analog value 
conditioning. The possibility of interconnecting to an analog value conditioning can be used, for 
example, to convert a non-linear temperature value into a linear output signal.
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Block Diagram of the FM 455 S  
The following shows the block diagram of the FM 455 S (step controller) and the interconnection 
possibilities between the individual function blocks.

Figure 3-2 Block Diagram of the FM 455 S (step controller)

Interconnection possibilities of the FM 455 S 
The function blocks of the FM 455 S do not have a fixed assignment to each other. On the 
contrary, it is possible to interconnect them by means of configuration.
Each analog input has its own analog value conditioning (filtering, linearization, normalization).
You can assign up to 4 analog inputs and up to 5 digital inputs to each controller channel. Each 
controller channel can be interconnected to the conditioned analog values, the digital inputs or 
also the output of another controller channel.
Two digital outputs are permanently assigned to each of the 16 controller channels.

How Does the FM 455 Controller Module Work?
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3.2 Basic parameters

Introduction
The FM 455 has basic parameters that concern the interrupts and the response to CPU STOP.

Basic parameters
The basic parameters can be found in the HW Config in the "basic parameters" tab of the "FM 455 
properties ..." window. You have the following options: 
Choice of interrupt:
•     None
•     Diagnostic interrupt

If there is ... then ...
Choice of interrupt: None Interrupt generation: None
Choice of interrupt: Diagnostic interrupt Interrupt generation: Display the interrupt manage‐

ment

The response of the FM 455 to the CPU stop is: Continue

3.3 Inputs of the FM 455

Introduction
Different sensor types can be connected to the analog inputs. The input signals of the sensors 
are then conditioned in accordance with the requirements.
The digital inputs can be used to switch the module into various operating modes.
Continuous-action controllers and step controllers have the same structure at the analog and 
digital inputs.
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3.3.1 Analog inputs

Function Blocks of an Analog Input

A

D
Preprocessed 

analog valueSquare root Polyline StandardizeFilter

Sensor type

configured

Reference 

input

Figure 3-3 Analog value conditioning

Adapting to sensors
The analog inputs can be adapted to various sensors by means of parameter assignment. The 
following settings are possible:
• Analog input is not being processed (e.g. unused input)
• Current sensors 0 mA to 20 mA
• Current sensors 4 mA to 20 mA
• Voltage sensors 0 V to 10 V
• Pt 100, –200 ... 850 °C
• Pt 100, –200 ... 556 ºC (double resolution)
• Pt 100, –200 ... 130 ºC (quadruple resolution)
• Thermocouple elements type B, J, K, R and S (analog input set to ±80 mV)
• Free thermocouple element (analog input set to ±80 mV) 
You configure the analog inputs in the "analog input" screen.

Adapting to line frequency
The input signal processing system can be adapted to the line frequency in order to surprises 
errors in the measurement of analog signals. The following settings are possible:
• 50 Hz operation
• 60 Hz operation
This configuration is carried out in the parameter configuration interface (button: Module 
parameters).
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Toggling between Celsius / Fahrenheit
Temperatures can be measured in either °C or °F.
This configuration is carried out in the parameter configuration interface (button: Module 
parameters).

Reference junction
When a thermal element has been set up as a sensor on an analog input, you can connect a 
Pt 100 to the differential element input to compensate for the differential element temperature 
of thermal elements. Alternatively, a fixed reference junction temperature can be configured.
This configuration is carried out in the parameter configuration interface (button: Module 
parameters).
When using the reference junction input, the scanning time of each controller extends by the 
conversion time for the reference junction input.

Analog value conditioning
The analog processing system offers various configuration options for preparing input signals. 
The following table offers an overview of these parameters and the programmable values.

Parameters Values that can be set Note
Resolution • 12 bits

 
• 14 bits

Conversion time 20 ms (50 Hz)
Conversion time 162/3 ms (60 Hz)
Conversion time 100 ms

Filters • ON / OFF
• Time constant in s

Filter - 1st arrangement the time response 
of which is established by the time con‐
stant

Square root • ON / OFF For the linearization of sensor signals, 
where the actual value is available as a 
physical quantity and where a quadratic 
correlation with the measured process 
quantity is given.

Standardization • Lower
• Upper

To convert the input signal into a different 
physical unit by means of linear interpola‐
tion between the start value (lower) and 
the end value (upper)

Polyline • ON / OFF
• 13 control points selectable in

– mA with current input
– mV with voltage input

To linearize encoder characteristic curves

Note
Standardization/polyline: The conversion of the unit mA or mV into a physical unit takes place 
either via the polyline or - if this is not switched on - via standardization. The polyline is used for 
the linearization of a free thermal element or for any other linearization.
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3.3.2 Digital inputs

Parameterization
The digital inputs are used to change over operating modes of the individual controller channels. 
The direction of control action of the digital inputs can be configured.  The following settings are 
possible for each of the 16 digital inputs:
• High active
• Low active or open
This configuration is carried out in the parameter configuration interface: 
Command button: Module parameters 
The following operating modes can be selected:
• Change over to manipulated value by the FB PID_FM
• Changeover to tracking operation (manipulated-value specification via an analog input)
• Change over to safety manipulated value
You can furthermore specify the following signals via digital inputs for a step controller:
• Feeback: Control device on upper stop
• Feeback: Control device on lower stop

3.4 Controller

Controller structure 
The controllers of any channel of the module consist of the following blocks:
• Negative deviation generation

– Condition of setpoint value and actual value
– Signal selection for setpoint value, D-action input and disturbance variable

• Control algorithm
– Temperature controllers
– PID-action controller with dead band

• Controller output
– Manipulated value switchover
– Manipulated value conditioning

The parameter configuration is carried out in the masks "Negative deviation calculation", 
"Control algorithm" and "Controller output".
The figure below provides an overview of the controller structure.
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Figure 3-4 Controller structure

Controller Type 
You can set different controller types for each controller channel of a C or S controller module
• Fixed setpoint or cascade controller
• Three-component controllers
• Ratio/blending controllers
The following operating modes can furthermore be selected at the step (S) controller: 
• Pulse controller
• Step controller with position feedback
• Step controller without position feedback

System deviation generation 
In the case of all controller types realized in the FM x55 C and FM x55 S, the negative deviation 
generation is based on the same basic structure.
An effective setpoint value and an effective actual value is formed from the setpoint value and 
actual value by corresponding conditioning. The negative deviation that is fed to the controller 
is formed by subtracting the effective setpoint value and effective actual value.
A signal selection can be carried out for the setpoint and actual values. This results in universal 
application possibilities for the controller module.
The structures of negative deviation generation differ depending on the selected controller type. 
The differences are shown in the following figures.
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Figure 3-5 Negative Deviation Generation at Fixed Setpoint or Cascade Controller
The manipulated value of a master controller is selected at the setpoint value at the cascade 
controller. In the example from the figure below the manipulated value of Controller 1 is selected 
as the setpoint value at Controller 2.
If a slave controller that is configured as a fixed setpoint controller is switched to manual 
operation (not closed-loop control operation), the master controller is also switched 
automatically to manual operation by the module and is held to the last manipulated value. As 
soon as the slave controller returns to closed-loop control operation, the master controller also 
switches over to closed-loop control operation.
If the manipulated variable of a slave controller enters the limiting function or if the setpoint 
value increase of a slave controller is limited by the ramp function in the setpoint value branch, 
the I-action component of the master controller is blocked direction-specifically until the cause 
for the limitation has been eliminated in the slave controller.

Figure 3-6 Two-loop cascade control
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Figure 3-7 Negative deviation generation for three-component controllers

Figure 3-8 Negative deviation generation for ratio or composition controllers
The following figure shows a blending control for three components.
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The total quantity controller is implemented as a three-component controller/pulse controller. 
The total quantity PV is calculated via its inputs "Actual value A", "Actual value B" and "Actual 
value C".
The slave controllers are configured as ratio/blending controllers. The manipulated variable of 
the master controller is connected via the "Actual value D"  input. The factor FAC1 to FAC3 is 
specified via the setpoint value input of the controller.
The manipulated variable LMN of the total quantity controller is specified in the range of values 
0% to 100%. The slave controller converts this variable at the Actual value input D into the value 
range of the Actual value A (the value range of the Actual value A consists of the "Upper" and 
"Lower" normalization values of the selected analog input).
If the manipulated variable of a slave controller enters the limiting function or if the setpoint 
value increase of a slave controller is limited by the ramp function in the setpoint value branch, 
the I-action component of the master controller is blocked direction-specifically until the cause 
for the limitation has been eliminated in the slave controller.

Figure 3-9 Mixed controllers for three components
The following figure shows a ratio control with two control loops. 
Controller 1 is configured as a fixed setpoint or cascade controller.
Controller 2 is configured as a ratio/blending controller. The actual value of Controller 1 is 
selected as the Actual value D of Controller 2. The ratio factor FAC is specified via the setpoint 
value input of Controller 2. If a controller output is called as ratio factor FAC, then the setpoint 
will be converted (standardized) with the help of an upper and lower barrier from "0 .. 100%" to 
the value range "bottom barrier... top barrier" (standardized).
If the manipulated variable of a slave controller enters the limiting function or if the setpoint 
value increase of a slave controller is limited by the ramp function in the setpoint value branch, 
the I-action component of the master controller is blocked direction-specifically until the cause 
for the limitation has been eliminated in the slave controller.
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Figure 3-10 Ratio control with two control loops

Signal selection for setpoint value, actual value, D-action input and disturbance variable     
You can carry out a selection amongst various signal sources for the setpoint value, the actual 
values, the value of the D-action input (differential input) and the disturbance variable of each 
controller channel. The following table provides an overview of the signal selection possibilities.

Table 3-1 Signal selection for setpoint value, D-action input and disturbance variable
Affected values Selectable signal source

Setpoint • A value specified by the user program through the function block
• The conditioned analog value of an analog input
• The manipulated value of another controller channel (when controllers 

are cascaded)
Actual values A, B and C • The conditioned analog value of an analog input

(Actual values B and C can also be deactivated)
Actual value D • Zero

(Actual value D can also be deactivated)
Value for D-action input 
(only relevant for PD- or 
PID-action controllers)

• The negative deviation after the dead band of the own controller channel
• The conditioned analog value of an analog input
• The negated effective actual value of the own controller channel

Interference • The conditioned analog value of an analog input
(the value zero can also be specified for the disturbance variable)
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Setpoint Value Conditioning 
Conditioning of the setpoint value to an effective setpoint value can be influenced by the 
following parameter configuration possibilities:
• Switching the safety setpoint value

The following can be set here:
– A safety setpoint value
– The reaction of the controller module at a CPU failure
– The reaction of the controller module at a startup

The alternatives for the reaction of the controller module are:
Setpoint value = Last setpoint value
Setpoint value = Safety setpoint value

• Ramp
You can limit the speed of change of the setpoint value by selecting a ramp-up time from the 
engineering starting value to end value.

• Limiting/Normalizing 
The setpoint value is limited to a specifiable lower and upper limit when the setpoint value is 
specified by the function block or when the setpoint value is a conditioned analog value of 
an analog input.
If, in the case of ratio controllers, a controller output is chosen as the set value, then this value 
acts as a factor for the multiplication of the actual value D. The set value that is given at the 
input in %, is in this case converted (standardized) with the aid of the bottom and top barriers.
If the manipulated value of another controller is used as the setpoint value at a fixed setpoint 
or cascade controller (for example at the cascade control function, this is normalized to an 
engineering value by means of the normalizing constant of the selected actual value 
channel.   

• Multiplication
At the "ratio controller" controller type, Actual value A is used as the controlled variable, 
Actual value D as the ratio variable. The setpoint value input serves as the ratio factor. It is 
conditioned as the effective setpoint value by multiplication with Actual value D and addition 
of an offset that can be set. If Actual value D is deactivated, only the offset is added to the 
setpoint value.

Actual Value Conditioning 
In the case of the "fixed-setpoint or cascade controllers" and "ratio controllers" control structures 
the effective actual value is identical with Actual value A.
In the case of the "Three-component controllers" control structure the effective actual value is 
formed by totaling the three actual values A, B and C and by adding an offset that can be set. 
Actual values B and C can be evaluated additionally through factors.

Interrupt  
A limit monitoring function is implemented in the controller module. This allows
• either the negative deviation or
• the effective actual value
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to be monitored to an upper and lower warning limit and an upper and lower interrupt limit. In 
addition you can set a hysteresis for these limits (refer to the following figure).

Figure 3-11 Hysteresis for warning and interrupt limits

Overview    
The following operating modes can be selected at the control algorithm:
• Temperature controllers (self-regulating fuzzy controllers)
• PID controllers
C and S controllers have the same structure of control algorithm (refer to the following figure).

PID

Manipulated variable follow-up

effective 

manipulated 

variable

Disturbance variable

D input

Error signal

effective process value

effective setpoint

Dead zone

Temperature 

controller

Figure 3-12 Block diagram of the control algorithm

Temperature controller  
The temperature controller is a self-regulating fuzzy controller, which, after an identification 
with the control section, works using control parameters it has ascertained itself.
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The following settings can be made on the temperature controller:
• Cooling controller
• Heating controllers
• Aggressivity 

The aggressivity parameter can be used to influence the speed of the transient response.

Possible values for the aggressivity:
-1 ≤ Aggressivity < 0 : Slower transient response than determined via identification
Aggressivity = 0 Transient response as determined via identification
0 ≤ Aggressivity < 1 Faster transient response than determined via identification

For a detailed description of the temperature controller, refer to chapter "Parameter 
Optimization at a Temperature Controller (Page 77)". 

Control algorithm and controller structure  
In the cycle of the planned sampling time the manipulated variable of the continuously 
operating controller is calculated from the control deviation in the PID positioning algorithm. 
The controller is implemented in a pure parallel structure. In each case, the proportional, integral 
or derivative parts can be switched off individually. With the integral and derivative part this 
takes place by setting the respective parameter TI or TD to zero.

+X

P

I

D

ER LMN

P_SEL

DISV_SEL

DISV

GAIN

(Linear combination)

Figure 3-13 Control algorithm of the FM 455 (parallel structure)
Feedforward control  
A disturbance variable DISV can additionally be applied to the output signal of the controller 
Activation and deactivation is carried out in the “control difference” window of the 
configuration tool by means of the switch “Signal selection disturbance variable controller”.
P/D Component in the Feedback      
In the parallel structure each component of the control algorithm receives the control deviation 
as the input signal. In this structure setpoint step changes act directly on the controller. The 
manipulated variable is influenced directly via the P and the D components by means of setpoint 
step changes. 
However, a different structure of the controller, in which the formation of the P and the D 
component is laid into the feedback, ensures a smooth course of the manipulated variable at 
step changes of the reference variable (see the following figure).  
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In this structure the I component processes the control deviation as the input signal, on the P and 
the D component only the negative controlled variable (factor = -1) is applied.. At the D 
component, the changeover is carried out in the feedback in the “Control deviation” window via 
the “D input controller” switch by selecting the negated effective actual value as the input signal. 
The input variable of the D component can also be selected via the parameter D_EL_SEL of the 
function block PID_FM.

X

D

I

P

ER

XPV

LMN
1

X

+

GAIN

Figure 3-14 Control Algorithm with P and D component in the Feedback Path
P and D components can also be switched individually into the feedback.

Reversing the control    
The reversing i.e. the changeover of the controller from the classification
• Rising process variable = rising manipulated variable
• Rising process variable = falling manipulated variable
can be achieved by setting a negative proportional factor on the GAIN parameter. The portent 
of this parameter value determines the direction of action of the controller.
Examples for the reversal of the controller action are cooling controllers or level controllers.
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P control  
With P controllers the I and the D parts are switched off. That is, the manipulated variable is also 
“0” when the control deviation ER = 0. If an operating point is to be ≠ 0, meaning that a numerical 
value is to be set for the manipulated variable at the control deviation zero, this can be achieved 
via the operating point: 
• Automatic working point:

When you switch from manual to auto mode, the controller automatically sets the operating 
point to the value of the current (manual) manipulated variable. 

• Operating point not automatic:
You can configure the operating point parameters. 
Example: Operating point AP = 5% results in a manipulated variable of 5%, with control 
deviation ER = 0.

X

P

IER
LMN+

P_SEL

GAIN

Operating point

Automatic

not automatic

Figure 3-15 Proportional controller with operating point setting via integral action

ER

ER(t)

t

(t)
Manipulated variable

Manipulated 

variable

Figure 3-16 Step response of the P controller
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PI control  
With the PI controller, the D part is switched off. A PI controller adjusts the output variable via the 
integral action until the control deviation has become ER = 0. However, this only applies if the 
output variable does not exceed the limits of the manipulating range in the process. If the 
manipulated value limits are exceeded, the integral action retains the value reached at the limit 
(anti reset wind-up).   

(t)

ER

ER(t)

t

GAIN * ER(t)

TI

GAIN * ER 0

GAIN * ER 0

Manipulated variableManipulated 

variable

Figure 3-17 Step response of the PI controller

Shock-free manual / automatic toggling    
In order to change over ”smoothly” from manual mode to automatic mode of the PI/PID 
controller, the integrator is tracked in manual mode so that the manipulated variable does not 
take a step through the proportional and derivative actions during the manual-automatic 
changeover. An existing control deviation is only compensated slowly via the integral action. If 
a smooth manual-automatic changeover is not selected, the manipulated variable takes a step 
which corresponds to the current control deviation from the current manual value during the 
manual-automatic changeover. An awaiting control deviation is corrected this quickly.

I control  
You can deactivate the proportional action in order to realize a pure integral-action control. This 
is also possible via the parameter P_SEL of the function block PID_FM.

PD control  
With the PD controller, the I part is switched off. That is, the output signal = 0 when the control 
deviation ER = 0. If an operating point is to be ≠ 0, meaning that a numerical value is to be set 
for the manipulated variable at the control deviation zero, this can be achieved via the operating 
point:
• Automatic working point:

When you switch from manual to auto mode, the controller automatically sets the operating 
point to the value of the current (manual) manipulated variable. 

• Operating point not automatic:
You can configure the operating point parameters. 

The PD controller images the input variable ER(t) proportionally to the output signal and adds 
the differential component formed by the differentiation of ER(t), which is calculated with 
double precision according to the trapezoid rule (Padé approximation). The time response is 
determined by the differentiation time constant (derivative action time) TD. 
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In order to smoothen the signal and to suppress noises a first-order delay (adjustable time 
constant: TM_LAG) is integrated into the algorithm for forming the derivative action . Usually a 
small value for TM_LAG is sufficient to achieve the desired effect.     

GAIN* TD
TM_LAG

ER 0

t

GAIN * ER 0
ER(t)

(t)

ER

TM_LAG

Manipulated variable

Manipulated 

variable

Figure 3-18 Step response of the PD controller

PID control  
With PID controllers the P, I and D parts are switched on. A PID controller adjusts the output 
variable via the integral component until the control difference ER = 0. However, this only applies 
if the output variable does not exceed the limits of the manipulating range in the process. If the 
manipulated value limits are exceeded, the integral action retains the value reached at the limit 
(anti reset wind-up).
The PID controller images the input variable ER(t) proportionally to the output signal and adds 
the components formed by the differentiation and integration of ER(t), which are calculated 
with double precision according to the trapezoid rule (Padé approximation). The time response 
is determined by the differentiation time constant (derivative action time) TD and the 
integration time constant (reset time). 
To smoothen the signal and suppress noises a first-order delay (adjustable time constant: 
TM_LAG) is integrated into the algorithm for forming the derivative action . Usually a small value 
for TM_LAG is sufficient to achieve the desired effect.

Figure 3-19 Step response of the PID controller
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Use and parameterization of the PID controller  
The configuration of the PI/PID controller, i.e. finding the ”correct” setting values for the 
controller parameters, is a great practical problem. The quality of this configuration is of decisive 
importance for ensuring that the PID closed-loop control functions in accordance with the task 
and requires either great practical experience, special knowledge or a great amount of time. 
The configuration tool  which houses the "optimize PIC controller" function allows the initial 
setting of the controller parameter by means of adaptive setting up.  In this case the process 
model is determined after a process identification and then the most favorable (optimal) setting 
values for the controller parameter are calculated from it. This procedure, which is automatic to 
a great extent, makes it unnecessary for the user to ”trim” the installed PID controller online 
manually. 

Dead zone  
A dead band is inserted in the PID controller. In a steady controller state the dead band 
suppresses the noise component in the signal of the control deviation, which can arise by a 
higher-frequency noise being superimposed on the controlled or reference variable, and can 
thus prevent undesired oscillating of the controller output.
The dead band width can be configured. If the control deviation is located within the adjusted 
dead band width, the value 0 (control deviation = 0) is issued on the output of the dead band. 
Not until the input variable leaves the sensitivity range does the output change by the same 
values as the input variable (refer to the following figure).
This results in a corruption of the transferred signal - also outside the dead band. However, this 
is put up with in order to avoid steps at the limits of the dead band. The corruption corresponds 
to the value of the dead band width and can therefore be controlled easily.

Error signal on the 

dead band input

Error signal on 

dead band output

Dead band width

Figure 3-20 Dead zone

See also
Relationship between FB parameters and parameter configuration interface (Page 121)
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3.4.1 Controller output

Controller output  
The block controller output of the control unit is structured differently with the C controller and 
with the three operating modes of the S controller.
Various interconnection possibilities are realized for the manipulated value, the tracking input 
and the safety manipulated value at the controller output (manipulated value changeover).
A limitation is provided in order to ensure that the manipulated value cannot assume invalid 
values for the process.
The split range function generates from the manipulated value as an input signal two 
differently standardized output signals - manipulated value A and manipulated value B. This way, 
for example, two values can be controlled with one manipulated value.   
The manipulated value correction prevents a step change at the manipulated value during the 
changeover from manual to automatic mode.   
The manipulated value remains unchanged during the changeover from manual to automatic 
mode. The control output correction is not active, if a pure P controller with fixed operating point 
has been implemented (”automatic” is not checked in the PID controller screen).   

Controller output of the C controller  
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external 

manipulated 

variable

Switching 

safety 

manipulated 

variable

Switch 

correction

Figure 3-21 Controller output of the continuous-action controller

Split range  
The splitrange function allows two control valves to be controlled with one manipulated 
variable. The split range function generates from the manipulated value LMN as an input signal 
the two output signals manipulated value A and manipulated value B.
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The following figure shows the effect of the parameters for the output manipulated value A.

Figure 3-22 Split-range function manipulated value A
The following figure shows the effect of the parameters for the output manipulated value B.
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Figure 3-23 Split range function of manipulated value B
The start of the input signal area must be less than the end of the input signal area.

Analog output  
At the analog output you can select for each channel which signal is to be output.  Usually this 
is the manipulated value A of a controller. However, you can also select the manipulated value 
B of a controller or also an analog input value. The latter can be used for the linearization of an 
analog value. This allows, for example, the signal supplied by a thermocouple to be linearized 
and converted to 0 V to 10 V.
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Controller output of the pulse controller  
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Figure 3-24 Controller output of the S controller (pulse controller mode)

Split range / pulse shaper        
The split-range function is the preparation of the analog signal for conversion to a binary signal. 
In the case of a two-point controller (e. g. a heating controller), only the manipulated value A 
is of relevance. The conversion of the manipulate value to the manipulate value A is shown in the 
following figure. The conversion to a binary output signal is carried out so that the ratio of pulse 
length to period duration corresponds to the manipulated value A at the assigned digital output. 
For example, a manipulated value A of 40% at a period duration of 60 seconds results in a pulse 
length of 24 seconds and a pause duration of 36 seconds.
The classification of the digital outputs to the controller channels can be found in the table in the 
section "Outputs of the FM 455 (Page 65)".
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Figure 3-25 Split-range function two-step controllers
In the case of a three-point controller (for example, as a heating and cooling controller) the 
statements above apply for the manipulated value A. The second signal for controlling the 
cooling is formed via the manipulated value B. The conversion of the manipulated value into the 
manipulated value A and B is shown in the figure below. The conversion to a binary output signal 
is carried out so that the ratio of pulse length to period duration corresponds to the manipulated 
values A and B at the assigned digital outputs.   
The classification of the digital outputs to the controller channels can be found in the table in the 
section "Outputs of the FM 455 (Page 65)".
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Figure 3-26 Split range function - three-point controllers
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Controller output of the step controller  
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Figure 3-27 Controller output of the step controller (step controller operating mode with position 
feedback)
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Figure 3-28 Controller output of the step controller (step controller operating mode without position 
feedback)

At a step controller without analog position feedback the external manipulated value and the 
safety manipulated value act as follows:
If a value between 40.0% and 60.0% is specified, no binary output is set and the actuating device 
remains unchanged.
If a value > 60.0% is specified, "Actuating signal high" is output until the checkback "Actuating 
device at upper limit" is triggered.
If a value < 40.0% is specified, "Actuating signal low" is output until the checkback "Actuating 
device at lower limit" is triggered.
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Functions and parameters of the controller output  
The following table lists the functions of the controller output and the setting possibilities.

Table 3-2 Functions of the controller output and setting possibilities
Functions of the controller output Settable parameters
Switching external manipulated val‐
ue  

The changeover between external manipulated value and effective manipulated value 
from the controller can alternatively take place using
• A binary value from the function block
• A signal that results from the ORing of a binary value from the function block and a 

digital input
Tracking input  The following alternative settings are available:

• The tracking input has the value zero
• The tracking input is the conditioned analog value of an analog input

Position feedback input (only step 
controller)    

The following alternative settings are available:
• The position feedback input has the value zero
• The position feedback input is the conditioned analog value of an analog input

Switching to tracking  The changeover between the manipulated value and the tracking input is carried out 
alternatively
• A binary value from the function block
• A signal that results from the ORing of a binary value from the function block and a 

digital input
Safety manipulated value switching  • Establishing the safety manipulated value

• Alternative reaction of the FM 455 during the startup:
– The FM 455 changes to closed-loop control
– The safety manipulated value is issued as the manipulated value

• The changeover to the safety manipulated value can alternatively take place with
– A binary value from the function block
– A signal that results from the ORing of a binary value from the function block and 

a digital input
• Reaction at a measuring transducer fault of the actual value A:  

– The operating mode of the controller remains unchanged at the setting "Closed-
loop control operation"

– With the "manipulated value = safety manipulated value" setting, it changes over 
to the safety manipulated value

• Reaction at a measuring transducer fault of an analog input:
– The operating mode of the controller remains unchanged at the setting "Closed-

loop control operation"
– With the "manipulated value = safety manipulated value" setting, it changes over 

to the safety manipulated value
Manipulated value boundary    Upper and lower boundary (cannot be switched off)
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Functions of the controller output Settable parameters
Formation of the split range manip‐
ulated value  

• In / out (only C controllers)
• Start and end value - input signal
• Start and end value - output signal

Pulse shaper (only S controllers)   • Motor control time
• Minimum duration of pulse
• Minimum cycle duration

3.5 Outputs of the FM 455

Analog outputs of the FM 455 C
You can carry out the following specifications for each analog output of the FM 455 C by means 
of configuration:
• Signal Selection
• Signal type
The outputs are configured in the screens ”Signal selection analog output” and ”Signal type 
analog output”.

Signal Selection at the Analog Outputs
With the signal selection you can specify which signal value is output at the analog output.
The following signal values can be configured:
• the value zero
• The conditioned analog value of one of the 16 analog inputs
• The manipulated value A of one of the 16 controller channels
• The manipulated value B of one of the 16 controller channels

Signal Selection at the Analog Outputs
You can determine the signal type for each analog output.
The following signal types can be configured:
• Current output     0 to 20 mA
• Current output     4 to 20 mA
• Voltage output     0 V to 10 V
• Voltage output     -10 V to 10 V
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Digital outputs of the FM 455 S
The digital outputs of the FM 455 S are used to control integrating or non-integrating final 
controlling elements.
The following table shows the assignment of the digital outputs to the controller channels and 
their meaning:

Table 3-3 Assignment and Meaning of the Digital Outputs
Controller 

channel
Digital outputs assigned 
to the controller channel 

Meaning of the digital 
outputs at the step con‐

troller 

Assignment of the Digital 
Outputs at the Pulse Con‐

troller
1 1 Open Manipulated value A

2 Close Manipulated value B
2 3 Open Manipulated value A

4 Close Manipulated value B
3 5 Open Manipulated value A

6 Close Manipulated value B
4 7 Open Manipulated value A

8 Close Manipulated value B
5 9 Open Manipulated value A

10 Close Manipulated value B
6 11 Open Manipulated value A

12 Close Manipulated value B
7 13 Open Manipulated value A

14 Close Manipulated value B
8 15 Open Manipulated value A

16 Close Manipulated value B
9 17 Open Manipulated value A

18 Close Manipulated value B
10 19 Open Manipulated value A

20 Close Manipulated value B
11 21 Open Manipulated value A

22 Close Manipulated value B
12 23 Open Manipulated value A

24 Close Manipulated value B
13 25 Open Manipulated value A

26 Close Manipulated value B
14 27 Open Manipulated value A

28 Close Manipulated value B
15 29 Open Manipulated value A

30 Close Manipulated value B
16 31 Open Manipulated value A

32 Close Manipulated value B
Open = Open the actuating element 
Close = close the control device
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3.6 Functional mechanisms and data storage in the FM 455

Overview
This chapter covers important functional mechanisms and the principle of data storage in the 
controller module.
The parameter configuration interface of the programming device/PC can be used to carry out 
the following actions on the controller module
• parameter configuration,
• optimizing,
• operator control and monitoring.
The PID_FM function block (FB) that belongs to the scope of delivery can be used to connect the 
module with a user program.

Parameterization       
The FM 455 is configured by means of a parameter configuration interface on the programming 
device (refer to the chapter "Parameterization of  the FM 455 (Page 111)"). All the parameter 
data is saved in an SDB on the PG.

Note
You can only download the SDB parameter configuration data via an online connection between 
the PG and the CPU to the CPU and to the FM 455 if the CPU is in STOP mode. This is only possible 
via the HW config. The parameter configuration interface must have been closed.

The parameters are transferred from the SDB in the CPU to the FM 455 during every startup and 
during the transition of the CPU from STOP to RUN.

Downloading the parameters directly to the FM 455   
You can also download the parameters via the parameter configuration interface directly to the 
FM 455 so that you do not have to close the parameter configuration interface and set the CPU 
to STOP mode several times consecutively while testing your configuration during setting up. 
Please note that the thus downloaded parameters are overwritten by the parameters from the 
SDB of the CPU when the CPU is started up and during the CPU transition from STOP to RUN. An 
FB call can also overwrite the parameters downloaded directly from the parameter 
configuration interface.  
Downloading directly to the FM 455 therefore only makes sense in order to test the 
configuration during the setup.
If you change parameters via the parameter configuration interface and then download them 
directly to the FM 455, jumps can occur in the manipulated value course. To achieve a controlled 
course of the manipulated value, we recommend the following procedure:
1. Switch to manual mode (for example via the loop display).
2. Change the parameters.
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3. Download directly to the FM 455
4. Switch to manual mode (for example via the loop display).

Flow of Data when Configuring via the Parameter Configuration Interface   
The following figure shows the path of the configuration data from the parameter configuration 
interface to the FM 455.
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Figure 3-29 Configuring the FM 455 via the PG and via the CPU

Connect the FM 455 with the user program
You have to use the FB PID_FM if you want to change the controller parameters (for example, 
controller gain, integration coefficient) of the FM 455 from the user program or by operator 
control on the PG. Assign an instance data module to this FB for each controller channel which 
you want to use.  If the parameter LOAD_PAR is set when the FB PID_FM is called by the user 
program, all the controller parameters of the FB are transferred to the FM 455. Controller 
parameters are all the parameters that lie in the instance data block after the cont_par variables.
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The parameters in the instance DB have a default. These default settings can be changed with 
the STL/LAD Editor.

Note
You must first call the FB PID_FM once with COM_RST = TRUE in the CPU startup so that the 
parameters which you do not want to change are not overwritten with the default values from 
the instance DB. The FB PID_FB then reads the parameters - which were transferred from the CPU 
to the FM beforehand - from the FM 455 and saves them in its instance DB. You can now change 
individual parameters and transfer all the parameters to the FM 455 with LOAD_PAR = TRUE.
Please note that the parameters in the FM 455 are overwritten by the values from the system 
data whenever the CPU is started up (transition from STOP to RUN).
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Load system data, run
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Figure 3-30 Configuration of the FM 455 via the System Data and via the FB PID_FM
The operating parameters (for example, setpoint value, manual manipulated value) of the FM 
455 are transferred cyclically from the FB PID_FM to the FM 455. Operating parameters are all 
the parameters that lie in the instance data block between the op_par and the cont_par 
variables. In order for the data transfer to be possible without a high run time in the CPU, 
transferring is normally carried out via direct periphery accesses, not via the SFC WR_REC. The 
data are multiplexed since only four bytes per channel are available in the periphery address area 
of the module. It can therefore take up to three cycles of the CPU or of the FM 455 until the 
operating values have been transferred to the FM 455 - the respectively longer cycle is decisive.
If you set the parameter LOAD_OP = TRUE, the operating parameters are then transferred in one 
program cycle via the SFC WR_REC to the module. This however costs more time (refer to chapter 
"Technical Specifications of the Function Blocks (Page 247)").
The process values (for example, actual value, manipulated value) can also be read by the FB 
PID_FM via direct periphery accesses. This transmission does not require much run time, 
however the following functional restrictions result. If the parameter READ_VAR = TRUE is set, 
then the process values are read from the FM 455 by means of the SFC RD_REC. This however 
costs more time (refer to chapter "Technical Specifications of the Function Blocks (Page 247)").
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Functional restrictions when READ_VAR is not set:
• The variables SP (setpoint variable from the FM), ER (control deviation), DISV (disturbance 

variable), LMN_A and LMN_B are not updated.
• The data are multiplexed. The actual value and manipulated value and the binary displays are 

not updated again until after four calls of the block.
• If the setpoint value and the manual manipulated variable were operated via the OP, these 

operating values are not updated (read out of the FM) by the FB during the CPU startup.

Reference
Further information about using instance DBs is available in this documentation in the sections 
"Integrating the FM 455 with the user program (Page 115)" and "Pin assignment of the DBs 
(Page 171)". 

3.6.1 Operation and Monitoring of the FM 455

Operator Control and Monitoring of the FM 455 by Means of the OP via the FB PID_FM  
Operator control and monitoring of the FM 455 is possible via the FB PID_FM.
If one of the following parameters ”Operating setpoint value SP_OP, Operating manipulated 
variable LMN_OP and the corresponding switches SP_OP_ON and LMNOP_ON was changed by 
operation via the OP, the FB PID_FM takes over these values from the FM after the CPU has been 
started up, if the parameter READ_VAR = TRUE is set.

Operator Control and Monitoring of the FM 455 by Means of the OP via MPI  
A maximum of three connections from the FM 455 to the OPs can be implemented.
Operator control of the FM 455 with the OP is only possible in the STOP mode of the CPU or at 
a CPU failure.
Monitoring of the FM 455 with the OP is always possible.
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The variable interface of the FM 455 contains 16 data blocks with the block numbers 101 to 116 
for the controller channels 1 to 16 (refer to the following figure). These data blocks are described 
in Chapter "Assignment of the DBs for operating and monitoring via the OP (Page 203)".

Note
The contents of the data blocks 101 to 116 do not automatically reflect the parameter value 
effective at the FM 455. Parameters changed with the OP are only transferred to the FM 455 after 
the operating bits LOAD_PAR or LOAD_OP have been set.
If you change a parameter using OP operation without setting the corresponding operating bit, 
the changed parameter value is entered in the data block, but the FM 455 continues to operate 
internally with the unchanged old value of the parameter.
After the operating bits have been set and the parameters have been transferred to the FM 455, 
the operating bits LOAD_PAR or LOAD_OP are reset by the FM 455.

Figure 3-31 Operation and Monitoring of the FM 455

* controlled by the READ_VAR parameter of the instance DB
** controlled by the LOAD_OP and LOAD_PAR parameters
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See also
Overview of the function blocks (Page 115)
Instance DB of the FB PID_FM (Page 171)

3.7 Characteristics of the FM 455

Overview 
The following topics contain information about 
• The processing sequence and sampling time
• Rules for operation
• Startup reaction
• Backup mode
• Firmware update

Sequence of execution  
The analog inputs and the controller channels of the FM 455 are combined into two groups of 
eight each:
Group 1: Analog input 1 to 8 and Controller Channel 1 to 8
Group 2: Analog input 9 to 16 and Controller Channel 9 to 16
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Figure 3-32 Processing sequence of the FM 455
Group 1 and group 2 are processed in parallel. Processing within each group is sequential. 
Within each group every controller channel is processed directly after the analog input with the 
same number has been processed and conditioned. This is followed by the processing of the 
analog input with the next higher number in the same group, etc. 
The reference junction is only processed in group 2 after controller channel 16.

Sampling time 
Within each group the common sampling time of all the controllers of the FM 455 results from 
the sum of the conversion times of the individual analog inputs. The conversion time for the 
reference junction, if used, has to be added for the controller channels of group 2 (Channels 9 
to 16).
The conversion time of an analog input depends on the resolution, the power frequency and 
controller type used (refer to the following table):

Table 3-4 Conversion Time of an Analog Input
Resolution Line frequency Controller type Conversion Time of an Analog 

Input
12 bits 60 Hz No temperature controller 16 2/3 ms
12 bits 50 Hz No temperature controller 20 ms
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Resolution Line frequency Controller type Conversion Time of an Analog 
Input

14 bits 50 or 60 Hz No temperature controller 100 ms
12 or 14 bits 50 or 60 Hz Temperature controller 100 ms

If an analog input is not processed, the identically-numbered controller will also not be 
processed (conversion time = 0).
There are no additional conversion times for the analog outputs. The analog output values of the 
FM 455 are output immediately after calculation of the corresponding initial values.
The following table contains further rules for the conversion time of the reference junction input.

Table 3-5 Rules for the Conversion Time
If there is ... then ...

a resolution of 12 bits was selected at all the analog 
inputs,

the reference junction requires the same conver‐
sion time as an analog input.

the higher resolution of 14 bits was selected at 
even only one analog input,

the reference junction requires a conversion time 
of 100 ms.

One of the controllers was configured as a temper‐
ature controller.

The sampling time is indicated in the parameter configuration interface:
Command button: Module parameters
In the example in the preceding figure, the following sampling times result for each controller 
(at 50 Hz power frequency): 
For the controllers of group 1 (channelsl 1 to 8):
tsampling = 20 ms + 100 ms + 6 * 20 ms = 240 ms
For the controllers of group 2 (channelsl 9 to 16):
tsampling = 3 * 100 ms + 6 * 20 ms = 420 ms
Particularly short sampling times can be reached for controller channels 1 to 8, since the 
conversion time of the reference junction does not have to be included.
The following figure shows an example with five controller channels used from Group 1 and four 
controller channels used from Group 2.
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Figure 3-33 Processing sequence of the FM 455
In the example in the preceding figure, the following sampling times result for each controller 
(at 50 Hz power frequency): 
For the controllers of group 1 (channels 1, 2, 3, 4 and 8):
tsampling = 5 * 20 ms = 100 ms
For the controllers of group 2 (channels 9, 11, 15 and 16):
tsampling = 4 * 100ms +20 ms = 420 ms
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Rules for Operating the FM 455
The following rules can be summarized for operation with the FM 455:
• The controllers of the FM 455 can be cascaded freely. This means that you can switch the 

manipulated value of a controller channel to the setpoint value of another controller channel.
• The processing of a controller channel occurs immediately after the processing of the 

identically numbered analog input.
Bearing in mind short dead times, should a controller use several analog inputs, you should 
select the controller channel that corresponds to the highest analog input number being 
used.
Example: A controller requires the signals of the analog inputs 1, 2 and 3. The smallest dead 
time results if controller no. 3 is selected.

• If you select the setting ”Analog input is not processed” at an analog input, the controller 
channel with the same number is not processed either.  This means that no additional 
sampling time will be required for this analog input.

• If the reference junction input is used, it requires the same conversion time as the analog 
input with the highest conversion time.

• The sampling time of a controller is the sum of the conversion times of the analog inputs used 
in the same group. The conversion time for the reference junction input, if used, has to be 
added for controller channels 9 to 16 (group 2).

Startup reaction
During the startup the FM 455 first takes over the current parameters from its EEPROM and 
begins to control with these parameters. These are overwritten by the CPU with the parameters 
from the system data as soon as the P bus connection between the CPU and the FM 455 has been 
established. If the system data do not contain any parameters for the controller, the module 
continues to control with the parameters contained in the EEPROM. The FM 455 does not know 
a change to default parameters.
The following configurable possibilities exist for the manipulated valueat a restart after a 
failure of the power supply: 
• The controller begins with the safety manipulated value.

This setting remains effective until it is reversed by the user program via the function block.
• The controller changes over to closed-loop control.
The following configurable possibilities exist for the setpoint valueat a restart after a failure of 
the power supply: 
• The last setpoint value valid remains effective.
• The system changes over to the safety setpoint value.

This changeover only remains effective until the setpoint value is specified by the user 
program via the function block. Otherwise the setpoint value is specified by an analog input 
or controller output depending on the configuration.
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Characteristics of the FM 455 at an Own Power Supply
If the FM 455 has its own 24-V power supply, observe the following points:
• Startup without 24-V power supply at the FM 455:

– The CPU does not change to RUN if the run-time system error OB (OB 85) does not exist.
• Failure of the 24-V power supply of the FM 455 during RUN mode:

– The CPU changes to STOP if the insert/remove-module interrupt OB (OB 83) does not exist.
– The CPU changes to STOP if the periphery access interrupt OB (OB 122) does not exist.
– The communication link of the CPU to the FM 455 is interrupted.  In the FB PID_FM the 

output parameter RET_VALU contains an error value.

Backup mode
If the CPU goes into STOP mode or fails or the connection of the FM 455 to the CPU fails, the FM 
455 changes over to backup mode and continues to control with the parameters applying at the 
time of the fault. The FM 455 uses either the last setpoint value or the safety setpoint value 
depending on the configuration.

Firmware update
In order to extend functions and remedy faults it is possible to download firmware updates to the 
operating system memory of the FM 455. This functionality is described in the online help of the 
parameter configuration interface.

3.8 Parameter Optimization at a Temperature Controller

Demands on the process in the case of temperature controllers   
The process should fulfill the following requirements in order to achieve optimal control using 
the temperature controller:
• At bath heatings the liquid to be heated has to be mixed thoroughly.
• In case of bath-in-bath control systems both liquids have to be mixed thoroughly. At the same 

time good heat transitions between all the heat-transferring media have to be ensured. In the 
case of materials with poor heat-transferring properties large transfer surfaces should ensure 
good heat transportation.

• In case of room temperature control systems thorough mixing (for example with fans) has to 
be ensured.

• The controlling system gain may not exceed the factor of 3.
• The delay time may not exceed 3% of the recovery time.
• The temperature to be controlled should change by a maximum of 1‰ of the specified 

maximum temperature at the maximum manipulated value output within the sampling time 
of the controller.
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Classification of the Controlled Systems   
A controlled system or a process to be controlled is characterized by parameters such as the heat 
output, the heating mass or the heating capacity of the medium to be heated. With regard to the 
fuzzy controller a difference is made between "critical" and "non-critical" temperature controlled 
systems as follows: The control system becomes increasingly critical:
• The greater the heat output,
• the greater the heating capacity of the heating,
• The lower the heating capacity of the medium to be heated,
• the greater the heat transition resistance,
• the smaller the heat transfer surface.
After a manipulated value step change has been applied to the controlled system, it reacts with 
a step response. The controlled system can also be classified on the basis of this step response: 
The control system becomes increasingly critical the greater the ratio tu / ta is and the greater the 
controlled system gain is. With tu / ta < 1/10 you have a non-critical control section, refer to the 
following figure.

tu

ta

tu

ta t

Step response of a 

controlled system to a 

manipulated variable 

step change

Balancing time

Delay time

Figure 3-34 Step response of a controlled system to a manipulated value step change

Parameter Optimization at a Temperature Controller       
Parameter optimization is based on a self-optimizing fuzzy controller. 
In order for the temperature controller to operate optimally, the controlled system has to be 
identified. To this purpose the identification has to be activated by means of the FUZID_ON = 1 
parameter in the instance DB of the PID_FM function block and a setpoint value step change of 
≥12% of the maximum setpoint value carried out.
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The identification of the controlled system begins with a monitoring phase during which no heat 
output takes place. The duration of the monitoring phase is as follows:
• Monitoring phase continuous controller: Approx. 1 min
• Monitoring phase step controller: Approx. 1 min + 1/2 x actuating time of final control 

element
This time is used in order to determine temperature trends in the heating medium. Afterwards 
the maximum heating output of 100% is output. This is visible at the LMN output parameter in 
the instance DB of the PID_FM function block. 
The range of the first 4% of the temperature increase of the setpoint value range is used for the 
identification, whereby information about the process response is obtained at 1% and 4% 
respectively of the temperature increase on the basis of the time that has passed.
The identification is complete when the heating output becomes less than 100%. This behavior 
can be used, for example, to deactivate the identification via the user program. After the 
identification phase the controller continues to operate with the determined parameters.
A renewed identification is carried out at every further setpoint value step change ≥12% unless 
the identification has been deactivated again with FUZID_ON = FALSE.
If the setpoint value step change is not adjusted and if the heating output remains permanently 
at zero, the identification has been terminated unsuccessfully, meaning that the controller 
cannot control the connected controlled system. 

Preconditions for the Identification   
You have to ensure as far as possible that the controlled system has settled (no heating-up or 
cooling-down process) or is changing slowly and monotonously before the identification is 
carried out. The criterion can be that the temperature change is to approach a straight during a 
period of one minute. At faster processes this requirement is particularly relevant.
Since the manipulated variable zero is output for approx. one minute by the controller at the 
beginning of identification, the temperature to be controlled has to lie near the ambient 
temperature.

How To Start Identification   
In order to start identification you first have to switch the controller to the optimization mode. 
This is done by setting the FUZID_ON bit in the instance DB of the PID_FM FB, either by the user 
program or via the parameter configuration tool:
Call: Test >Controller optimization
The identification is started by a positive setpoint value step change, whereby the following 
conditions have to be fulfilled:
• 1. Condition: The minimum step change size: Setpoint value step change > 5 degrees
• 2. Condition: The setpoint value after the step change:

Setpoint value after > Actual value + Setpoint value limit x 0.12
with setpoint value limit = Upper setpoint value limit of the controller

It is also possible to restart the identification by reducing and then increasing the setpoint value. 
The setpoint value has to fulfill Condition 2 after it has been increased.
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Completing the Identification   
As long as the bit FUZID_ON = TRUE, the next identification is started whenever the setpoint 
value step change is sufficiently large. We therefore recommend that the optimization mode be 
deactivated immediately after the identification has been completed (FUZID_ON = FALSE).
Information about the state of the identification is available through the IDSTATUS parameter of 
the CH_DIAG FB. More information on this can be found at the end of this section under 
"Controller State Information".

Canceling Identification   
Identification can be canceled in the following cases:
• By the controller if a "critical" controlled system is identified. After canceling the controller is 

in the error state. This state is indicated by the fact that the manipulated variable is reset 
permanently by the controller. This is also not changed by deactivating the optimization. The 
error state is deleted by starting a new identification.
Information about the state of the identification is available through the IDSTATUS parameter 
of the CH_DIAG FB. More information on this can be found at the end of this section under 
"Controller State Information".

• By the operator by generating a negative setpoint value step change, whereby the setpoint 
value must lie below that of Condition 2 (see above "How To Start identification").
Note
Deactivation of the optimizing mode with FUZID_ON=0 before identification has been 
completed does not stop the identification. An identification process that has been started 
continues to run under all circumstances – with the exception of a negative setpoint value 
step change.

Controller behavior with different control sections   
Problems do not arise in case of an "uncritical" controlled system, neither during identification 
nor during controlling.
The identification of a controlled system that is "too critical" is cancelled. Controlling of an 
identified "critical" controlled system is carried out very "carefully" or slowly.

Controller State Information       
The IDSTATUS parameter of the FB CH_DIAG function block supplies information about the 
identification state.

20215

A I FX

Figure 3-35 IDSTATUS parameter of the CH_DIAG FB
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The IDSTATUS parameter contains the four hexadecimal values X, A, I and F. They have the 
following meaning:

X: Without meaning (always 0)
A: Action number:
 0 = Manual operation (or no closed-loop control operation);
 2 = Closed-loop control;
 4 = Optimization activated (FUZID_ON = true);
 6 = Transition state from manual operation to 2 or 4;
I: Display "Identification running" and "Parameters determined, but not yet stored in EEPROM"
 0 = Identification not running, no new parameters determined
 1 = Identification running, no new parameters determined
 2 = Identification not running, new parameters determined, but not yet stored in EEPROM
 3 = Identification running, new parameters determined, but not yet stored in EEPROM
F: Error number:
 0 = No error
 4 = Excessive step change of the actual value during the identification
 5 = Ratio of delay time to system time constant too large or strongly non-linear behavior of the 

controlled system.
 6 = Temperature drop or rise during identification start too large. System not settled sufficiently

How Does the FM 455 Controller Module Work?
3.8 Parameter Optimization at a Temperature Controller

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 81



How Does the FM 455 Controller Module Work?
3.8 Parameter Optimization at a Temperature Controller

Controller Module FM 455
82 Operating Manual, 03/2022, A5E00059359-AF



Installing and disassembling the FM 455 4
4.1 Prepare for installation

Configuring the mechanical structure      
Refer to manual /1/ for possibilities for the mechanical structure and how to proceed when 
configuring. The following offers a little extra information.
• The function module FM 455 occupies two slots. It can be installed in an S7 400 central 

controller or expansion device at all slots that are not intended for a power supply module or 
a receive IM.

• The maximum number is restricted only by the memory requirement of the software in the 
CPU that is required for the communication with the FM 455.

Note
The function module FM 455 can be operated in an expansion rack if IM 460-1 or IM 461-1 is 
used. However, only limited online functionality will be available.

Determining start addresses    
The start addresses of the FM 455 are required for the communication between the CPU and the 
FM 455. The start addresses must be entered in the instance DB of the required FBs (see chapter 
"Integrating the FM 455 with the user program (Page 115)" and chapter "Pin assignment of the 
DBs (Page 171)").
The entry takes place either with the aid of the STL / LAD Editor or from the user program.  
You specify the start addresses of the FM 455 under STEP 7.

Important safety information  
For the integration of an S7 400 with an FM 455 in a system or unit, there are important rules 
that you must observe. These rules and directives are explained further in the /1/ manual.

4.2 Installing and removing the FM 455

Rules  
You do not need to take any particular safety measures (ESD guidelines) to install the FM 455.
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Tools required
To install and remove the FM 455 you require a 3.5 mm cylindrical screwdriver.

Before installing
Check before installing the FM 455 whether you have to change the measuring range modules 
on the side of the module. Using these measuring modules, you can adapt the FM 455 to various 
sensors (see chapter "Setting the Measurement Type and the Measuring Ranges of the Analog 
Input Channels (Page 152)").

Installing the FM 455    
The following describes how you install the FM 455 in a subrack. You will find further 
information on installing modules in the /1/ manual.
1. Remove the cover from the slot in which you would like to insert the FM 455.
2. Hang the FM 455 and push it downwards.
3. If you feel resistance when pushing in the module, lift up the module slightly and then 

continue with the pushing motion.
4. Use the two fixing screws to screw down the FM 455 (tightening torque 0.8 ... 1.1 Nm).
5. Label the FM 455 with its slot number. Use the number wheel supplied with the rack for this 

purpose.
6. Refer to the /1/ manual to find out the system for carrying out the numbering and for the slot 

numbers.

Removing the FM 455 or replacing the module         
The following describes how you remove the FM 455. You will find further information on 
removing modules in the /1/ manual.
1. Switch off the supply voltage L+ on the front connector.
2. Remove the fixing screw of the front connector and then pull it off.
3. Remove the module fixing screws.
4. Swing the module out.
5. If necessary, install the new module.
6. Put the front connector back on and then screw it back down.
7. Switch on the supply voltage L+ on the front connector.

Further information
You will find further information on installing and removing modules in the /1/ manual.
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Wiring the FM 455 5
5.1 Terminal assignment of the front connector 

FM 455 C front connector       
The two 48-pin front connectors of the FM 455 C connect the digital inputs, the analog inputs 
and outputs and the supply voltage of the module.
The following figures show the connection diagrams, the connector pinout of the front 
connector is shown in the following table.
The connection diagram of the FM 455 C, right-hand front connector, shows an example of how 
the various sensors - current sensors, voltage sensors, thermocouples and resistance 
thermometers (Pt100) - can be connected to the analog inputs CH1 to CH16.  A different 
assignment of the sensors to the analog inputs is naturally also possible. However, you can only 
connect sensors of the same type to two adjacent analog inputs (CH1 and CH2, CH3 and CH4, 
etc.), since these analog inputs are adapted to the sensor type by means of a common coding 
key (see chapter "Setting the Measurement Type and the Measuring Ranges of the Analog Input 
Channels (Page 152)").
Please note that resistance thermometers (Pt100) require two adjacent analog inputs for their 
connection and that they can only be connected in the way shown in the connection diagram 
for the FM 455 C, right-hand front connector, to the analog inputs CH1, CH3, CH5, CH7, CH9, 
CH11, CH13 and CH15.
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Figure 5-1 Connection diagram for the FM 455 C, left-hand front connector. 

Wiring the FM 455
5.1 Terminal assignment of the front connector 

Controller Module FM 455
86 Operating Manual, 03/2022, A5E00059359-AF



Figure 5-2 Connection diagram for the FM 455 C, left-hand front connector. 
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Table 5-1 Terminal assignment of the front connector of the FM 455 C
Left front connector Right front connector

Con‐
nec‐
tion 

Ana‐
log 
out‐
put 

Name Function Con‐
nec‐
tion 

Ana‐
log in‐

put 

Name Function

1 – – – 1 – – –
2 – – – 2 – – –
3 – L+ Power supply 24 V 3 – – –
4 – I1 Digital input 4 – I9 Digital Input
5 – I2 Digital Input 5 – I10 Digital Input
6 – I3 Digital Input 6 – I11 Digital Input
7 – I4 Digital Input 7 – I12 Digital Input
8 – I5 Digital Input 8 – I13 Digital Input
9 – I6 Digital Input 9 – I14 Digital Input

10 – I7 Digital Input 10 – I15 Digital Input
11 – I8 Digital Input 11 – I16 Digital Input
12 – – - 12 1 M + Measuring cable (pos)
13 1 Q1 Analog output 13 M- Measuring cable (neg)
14 MANA Reference point of the analog cir‐

cuit
14 2 M + Measuring cable (pos)

15 2 Q2 Analog output 15 M- Measuring cable (neg)
16 MANA Reference point of the analog cir‐

cuit
16 3 M + Measuring cable (pos)

17 3 Q3 Analog output 17 M- Measuring cable (neg)
18 MANA Reference point of the analog cir‐

cuit
18 4 M + Measuring cable (pos)

19 4 Q4 Analog output 19 M- Measuring cable (neg)
20 MANA Reference point of the analog cir‐

cuit
20 5 M + Measuring cable (pos)

21 5 Q5 Analog output 21 M- Measuring cable (neg)
22 MANA Reference point of the analog cir‐

cuit
22 6 M + Measuring cable (pos)

23 6 Q6 Analog output 23 M- Measuring cable (neg)
24 MANA Reference point of the analog cir‐

cuit
24 7 M + Measuring cable (pos)

25 7 Q7 Analog output 25 M- Measuring cable (neg)
26 MANA Reference point of the analog cir‐

cuit
26 8 M + Measuring cable (pos)

27 8 Q8 Analog output 27 M- Measuring cable (neg)
28 MANA Reference point of the analog cir‐

cuit
28 – IC+ Constant current line (positive)

29 – – – 29 – IC- Constant current line (negative)
30 – – – 30 – COMP+ Reference junction input (posi‐

tive)
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Left front connector Right front connector
Con‐
nec‐
tion 

Ana‐
log 
out‐
put 

Name Function Con‐
nec‐
tion 

Ana‐
log in‐

put 

Name Function

31 9 Q9 Analog output 31 – COMP- Reference junction input (nega‐
tive)

32 MANA Reference point of the analog cir‐
cuit

32 9 M + Measuring cable (pos)

33 10 Q10 Analog output 33 M- Measuring cable (neg)
34 MANA Reference point of the analog cir‐

cuit
34 10 M + Measuring cable (pos)

35 11 Q11 Analog output 35 M- Measuring cable (neg)
36 MANA Reference point of the analog cir‐

cuit
36 11 M + Measuring cable (pos)

37 12 Q12 Analog output 37 M- Measuring cable (neg)
38 MANA Reference point of the analog cir‐

cuit
38 12 M + Measuring cable (pos)

39 13 Q13 Analog output 39 M- Measuring cable (neg)
40 MANA Reference point of the analog cir‐

cuit
40 13 M + Measuring cable (pos)

41 14 Q14 Analog output 41 M- Measuring cable (neg)
42 MANA Reference point of the analog cir‐

cuit
42 14 M + Measuring cable (pos)

43 15 Q15 Analog output 43 M- Measuring cable (neg)
44 MANA Reference point of the analog cir‐

cuit
44 15 M + Measuring cable (pos)

45 16 Q16 Analog output 45 M- Measuring cable (neg)
46 MANA Reference point of the analog cir‐

cuit
46 16 M + Measuring cable (pos)

47 – – – 47 M- Measuring cable (neg)
48 – M Supply voltage ground 48 – MANA Reference point of the analog cir‐

cuit

Note
The connection MANA must be connected with low impedance to the reference point at the 
subrack (CPU grounding) (refer to illustration of supply voltage of the FM 455 and potential 
bonding in the chapter "Wiring front connector - overview  (Page 94)").   

FM 455 S front connectors
The two 48-pin front connectors of the FM 455 S connect the analog inputs, the digital inputs 
and outputs and the voltage supply of the module.
The following figures show the connection diagrams, the connector pinout of the front 
connector is shown in the following table.   
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The connection diagram of the FM 455 S, right-hand front connector, shows an example of how 
the various sensors - current sensors, voltage sensors, thermocouples and resistance 
thermometers (Pt100) - can be connected to the analog inputs CH1 to CH16.  A different 
assignment of the sensors to the analog inputs is naturally also possible. However, you can only 
connect sensors of the same type to two adjacent analog inputs (CH1 and CH2, CH3 and CH4, 
etc.), since these analog inputs are adapted to the sensor type by means of a common coding 
key (see chapter "Setting the Measurement Type and the Measuring Ranges of the Analog Input 
Channels (Page 152)")..
Please note that resistance thermometers (Pt100) require two adjacent analog inputs for their 
connection and that they can only be connected in the way shown in the connection diagram 
for the FM 455 S, right-hand front connector, to the analog inputs CH1, CH3, CH5, CH7, CH9, 
CH11, CH13 and CH15.
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Figure 5-3 Connection diagram for the FM 455 S, left-hand front connector. 
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Figure 5-4 Connection diagram for the FM 455 S, right-hand front connector 
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Table 5-2 Terminal assignment of the front connector of the FM 455 S
Left front connector Right front connector

Con‐
nec‐
tion 

Con‐
trol‐
ler 

chan‐
nel 

Name Function Con‐
nec‐
tion 

Ana‐
log in‐

put 

Name Function

1 – – – 1 – – –
2 – – – 2 – – –
3 – L+ Power supply 24 V 3 – – –
4 – I1 Digital Input 4 – I9 Digital Input
5 – I2 Digital Input 5 – I10 Digital Input
6 – I3 Digital Input 6 – I11 Digital Input
7 – I4 Digital Input 7 – I12 Digital Input
8 – I5 Digital Input 8 – I13 Digital Input
9 – I6 Digital Input 9 – I14 Digital Input

10 – I7 Digital Input 10 – I15 Digital Input
11 – I8 Digital Input 11 – I16 Digital Input
12 – L+ Power supply 24 V 12 1 M + Measuring cable (pos)
13 1  Open digital output 13 M- Measuring cable (neg)
14  Close digital output 14 2 M + Measuring cable (pos)
15 2  Open digital output 15 M- Measuring cable (neg)
16  Close digital output 16 3 M + Measuring cable (pos)
17 3  Open digital output 17 M- Measuring cable (neg)
18  Close digital output 18 4 M + Measuring cable (pos)
19 4  Open digital output 19 M- Measuring cable (neg)
20  Close digital output 20 5 M + Measuring cable (pos)
21 5  Open digital output 21 M- Measuring cable (neg)
22  Close digital output 22 6 M + Measuring cable (pos)
23 6  Open digital output 23 M- Measuring cable (neg)
24 – L+ Power supply 24 V 24 7 M + Measuring cable (pos)
25 6  Close digital output 25 M- Measuring cable (neg)
26 7  Open digital output 26 8 M + Measuring cable (pos)
27  Close digital output 27 M- Measuring cable (neg)
28 8  Open digital output 28 – IC+ Constant current line (positive)
29  Close digital output 29 – IC- Constant current line (negative)
30 9  Open digital output 30 – COMP+ Reference junction input (positive)
31  Close digital output 31 – COMP- Reference junction input (negative)
32 10  Open digital output 32 9 M + Measuring cable (pos)
33  Close digital output 33 M- Measuring cable (neg)
34 11  Open digital output 34 10 M + Measuring cable (pos)
35  Close digital output 35 M- Measuring cable (neg)
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Left front connector Right front connector
Con‐
nec‐
tion 

Con‐
trol‐
ler 

chan‐
nel 

Name Function Con‐
nec‐
tion 

Ana‐
log in‐

put 

Name Function

36 – L+ Power supply 24 V 36 11 M + Measuring cable (pos)
37 12  Open digital output 37 M- Measuring cable (neg)
38  Close digital output 38 12 M + Measuring cable (pos)
39 13  Open digital output 39 M- Measuring cable (neg)
40  Close digital output 40 13 M + Measuring cable (pos)
41 14  Open digital output 41 M- Measuring cable (neg)
42  Close digital output 42 14 M + Measuring cable (pos)
43 15  Open digital output 43 M- Measuring cable (neg)
44  Close digital output 44 15 M + Measuring cable (pos)
45 16  Open digital output 45 M- Measuring cable (neg)
46  Close digital output 46 16 M + Measuring cable (pos)
47 – L+ Power supply 24 V 47 M- Measuring cable (neg)
48 – M Supply voltage ground 48 – MANA Reference point of the analog circuit

Note
The connection MANA must be connected with low impedance to the reference point at the 
subrack (CPU grounding) (refer to illustration of supply voltage of the FM 455 and potential 
bonding in the chapter "Wiring front connector - overview  (Page 94)").   

5.2 Wiring front connector - overview 

Introduction     
The 24 V DC power supply of the FM 455 and the connections between the FM 455 and the 
sensors and actuators of your plant are created in two steps:
1. Wiring front connectors. In doing so, you connect the cables to the power supply and then 

sensors / actuators to the front connectors.
2. Plug the front connectors into the module.
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Supply voltage L+/M
For the voltage supply of the module and the supply of the digital outputs you connect a direct 
voltage of 24 V to the connections L+ and M (see figure on voltage supply of the FM 455 and non-
isolation).     

CAUTION
Only an extra-low voltage ≤ 60 V DC which is isolated safely from the network may be used for 
the 24 V DC power supply. The reliable electrical insulation can be realized in compliance with 
the following requirements: 
• VDE 0100 Part 410 / HD 384-4-41 / IEC 364-4-41 (as function low voltage with safe isolation) 
• VDE 0805 / EN 60950 / IEC 950 (as safe electrical low voltage SELV) 
• VDE 0106 part 101

An integrated diode protects the module from polarity reversal of the supply voltage.

Input filter for digital inputs
In order to suppress faults, the digital inputs I1 to I16 have input filters (RC elements) with a 
standardized filter time of 1.5 ms.     

digital outputs
To directly trigger control procedures the FM 455 S has 32 digital outputs.   
The digital outputs are supplied via the supply voltage L+.
The digital outputs are P switches and have a loading capacity of 0.1 A. They are protected 
against overload and short circuits.

Connecting Inductors 
Please observe the following points when connecting inductors to digital inputs of the FM 455 
S:

Note
The direct connection of inductors (for example, of relays and contactors) is possible without 
external circuiting. If SIMATIC output power circuits can be switched off by means of additionally 
installed contacts (e.g. relay contacts), in the case of inductors, additional overvoltage 
protection devices must be provided (refer to the following example for overvoltage protection).
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Example for overvoltage protection
The following figure illustrates an output power circuit requiring additional overvoltage 
protectors.

SIMATIC S7 

control

Contact in the output circuit

Inductance requires a circuit 

(refer to figure below)

Figure 5-5 Relay contact in the output power circuit

Circuit for coils operated with DC voltage
DC-activated coils will be wired with diodes or Z diodes.

+

-

+

-

with diode with Zener diode

Figure 5-6 Circuit for coils operated with DC voltage

Wiring with diodes / Zener diodes
Diode/Zener diode circuits have the following characteristics:
• Opening surge voltage can be totally avoided.

Zener diodes have a greater switch-off voltage.
• High switch-off delay (6 - 9 times greater than without suppressor circuits).

Zener diodes switch off more quickly than diode wiring.

Lines
You must observe a few rules when selecting the lines:   
• The cables for the digital inputs I1 to I16 have to be shielded if they are longer than 600 m.    
• The lines for the analog signals must be shielded.    
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• You have to apply the shields of the cables of the analog signals both at the sensor and 
directly near the module.

• Lay digital and analog signals in separate lines so as to avoid crosstalk.
The following figure shows details for connecting the analog signals.

Figure 5-7 Connection of Analog Signals

Potential Bonding   
The reference point of the analog circle MANA (connector 48 of the right-hand front connector) 
must be connected with low impedance to the reference point on the rack (CPU grounding) 
(refer to the following figure).   
• Use flexible lines with cross-sections of 0.25 to 1.5 mm2.  
• A wire end ferrule is not necessary for connection to the front connector.  If you do use 

ferrules, then use only those that come with or without insulating collars in accordance with 
DIN 46228, form A, normal design.  

• Use a cable lug for M4, a suitable spring lock washer (for example, conical spring washer DIN 
6796) and a pan head screw M4 x 6 for connection to the reference point.
Note
Unused analog inputs should be short-circuited and connected with MANA.

The following figure shows how you supply an FM 455 C or an FM 455 S with voltage and how 
you wire up the ground connections and the line shields. 
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FM 455C

VDC 24

FM 455S

+

Pin 3 Pin 3

Pin 47

Pin 36

Pin 24

Pin 12

Pin 48
(M ANA)

Pin 48
(MANA)Pin 48

Pin 48

Mass

Reference point 

(CPU mass)

Shield bus

Figure 5-8 Power Supply of the FM 455 and Potential Bonding

The 3 types of front connector
There are 3 different types of front connectors for the FM 455:
• Front connectors with crimp snap-on connector 
• Front connector with screw-type terminal  
• Front connector with spring-type connector 

Preparing for wiring the front connector
1. Insert a screwdriver at the marked point at the bottom left on the front connector and lift the 

bottom corner of the front connector´s cover.
2. Fold up the entire cover.
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3. Pull forward the opened cover at the bottom end and then fold it upwards.
4. Cut the wires to length so that there is no loop in the front connector after wiring has been 

completed.
The following figure shows how you open the cover and pull it off forwards.

1 2 3

① Lever up the cover
② Fold up the cover
③ Pull off the cover

Figure 5-9 Open the cover and pull it off forwards

Note
The front connectors include a bridge that is functionally necessary for some signal modules. 
Do not remove this bridge.
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5.2.1 Wiring Front Connectors, Crimp Snap-On Connection

Procedure  
Proceed as follows in order to wire the prepared front connectors:
1. Strip about 5 mm off the wires.
2. Cap the crimp contacts with the lines. Use crimping pliers to do this. You can order these as 

accessories to your signal modules.
3. Insert the crimp contacts in the recesses in the front connector. Start at the bottom of the 

front connector.
The order numbers of the crimp contacts are detailed in the chapter "Spare parts (Page 257)".
The following figure shows how to wire a front connector with crimp snap-on connector.

Figure 5-10 Wiring front connectors with crimp snap-on connector
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5.2.2 Wiring Front Connectors, Screw-Type Terminal

Procedure
Proceed as follows in order to wire the prepared front connectors:
1. Are you using conductor end sleeves?

If yes: Strip the wires to 10 mm. Squeeze the conductor end sleeves to the conductors.
If not: Strip about 8 to 10 mm off the wires.

2. Place the cores. Start at the bottom of the front connector.
3. Screw the ends of the lines with the front connector, tightening torque: 0.6 to 0.8 Nm. You 

should also tighten the unwired terminals.
The following figure shows how to wire a front connector with screw-type terminal.

Figure 5-11 Front connector with screw-type terminal 
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5.2.3 Wiring Front Connectors, Spring-type Connector 

Proceed as follows
Proceed as follows in order to wire the prepared front connectors:
1. Are you using conductor end sleeves?

If yes: Strip the wires to 10 mm. Squeeze the conductor end sleeves to the conductors.
If not: Strip about 8 to 10 mm off the wires.

2. Use a screwdriver (0.5 x 3.5 mm DIN 5264) to unlock the spring terminal of the first 
connection. Start at the bottom of the front connector.
You can unlock the individual spring terminals at three points, from the front, from the side 
and from the rear (refer to the following figure).

3. Push the first core into the unlocked spring terminal and then pull back the screwdriver.
4. Repeat steps 2 and 3 for all other cores.

The following figure shows how to wire a front connector with spring-type connector.

1

2

3

① Unlocking spring terminals from the rear 
② Unlocking spring terminals from the side
③ Unlocking spring terminals from the front

Figure 5-12 Wiring a front connector with spring-type connector
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Principle of the spring terminal
The following figure shows the principle of the spring terminal. It shows the unlocking and 
locking from the front.

1

2

3

① Insert the screwdriver
② Insert the conductor into the spring terminal up to its stop.
③ Pull the screwdriver: The line clamps on the contact

5.3 Apply strain relief

Cable ties as strain relief
After you have wired the front connectors, attach the enclosed cable ties to the bottom of the 
front connector - these act as strain relief for the connected lines.
You can attach the strain relief in three variants in accordance with the thickness of the line. To 
do this there are three openings on the underside of the front connector.
The following figure shows how you can attach a strain relief.

Wiring the FM 455
5.3 Apply strain relief

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 103



Figure 5-13 Attaching strain relief (viewed from below)

5.4 Labeling the front connectors

Address Labels and Wiring Diagrams  
Each FM 455 has three labels, namely 2 address labels and a printed label with the wiring 
diagram of the inputs and outputs.
The following figure shows you where to attach the individual labels on the front connector.
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① Label in the front connector
② Wiring diagram, inside 
③ External label

Figure 5-14 Attaching labels to the front connector
To label a front connector, proceed as follows:
1. Enter the addresses of the individual channels in the two labels. Not the slot numbers on the 

labels, in order to record the assignment of the front connector to the module.
2. Attach a label to the left in the opened front connector. The label has a T-shaped punchout 

in the center. You can use this to fix the label to the front connector housing. Slightly splay 
the punchout to the side and whilst insetting the label guide the punchout behind the 
respective punchout on the front connector (refer to the following figure).

3. Attach the cover to the front connector.
4. Slide the label with the wiring diagram of the inputs or outputs into the inside of the front 

connector cover.
5. Slide an outer label in the cover of the front connector.
The following figure shows in detail how to attach an inner label in the front connector.
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1

2

① Label with punchout
② Punchout in the front connector

Figure 5-15 Attaching a label in the front connector

5.5 Installing the front connector

Introduction 
In the case of rewiring or a module replacement, to reduce the risk of inadvertently connecting 
a wired front connector to an incorrect type of module, the FM 455 is equipped with a code 
element for front connectors. 

Operating principle of the code element
A code element consists of two parts, as delivered the one part is fixed to the module, the second 
part is still connected to the first part (refer to the following figure). 
If you attach a front connector, the second part of the code element engages in the connector 
and releases itself from the part that is linked with the signal module. Both parts of the code 
element are counterparts to one another, you cannot attach a front connector with an incorrect 
counterpart to this signal module.
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Inserting the front connector 
You can only insert the front connectors if the module is installed (you must have tightened the 
upper and lower fixing screws).

CAUTION
Modules can get damaged.
You can damage the module, if for example, you connect a front connector of a digital input 
module to a digital output module. You can damage the module, if for example, you connect 
a front connector of an analog input module to an analog output module. 
Ensure that the module and the front connector are compatible when you engage the front 
connector.

To connect the front connector, proceed as follows:
1. Hold the front connector horizontal and engage the front connector into the code element. 

After an audible click, the front connector engages in the pivot point and can then be swung 
upwards.

2. Fold up the front connector. In doing so, the two parts of the code element separate from 
each other.

3. Screw the connector firmly into place.
The following figure shows you how to hang the front connector.
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1

1

2

① Code element
Figure 5-16 Hanging the front connector

The FM 455 front connector code  
The following table shows the assignment of the front connector code element to the front 
connectors of the FM 455.

Table 5-3 Front connector code
Module Front connectors Color of the front connector code element

Yellow Green
FM 455 C Left  ●

Right  ●
FM 455 S Left ●  

Right  ●
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Screw the front connector down tightly

Figure 5-17 Screw the front connector down tightly
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Parameterization of  the FM 455 6
6.1 Installing the Parameterization Interface

Prerequisites
STEP 7 must be correctly installed on your PG / PC.

Delivery format
The software is delivered on CD ROM.

Proceed as follows     
To install the configuration package:
1. Place the supplied CD in the CD drive of your programming device / PC.
2. Start the program "Setup.exe".
3. Follow the operating instructions provided by the installation program.
Important information can be found in the readme file.  
The following will be installed on your programming device / PC:
• Parameterization interface
• Function blocks
• Program examples
• Online help

Program examples  
The program examples can be found in the STEP 7 catalog in the sub-catalog "Examples" in the 
project FM_PIDEx.
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6.2 Configuring the hardware

Proceed as follows    
Configuration assumes that you have set up a project in which you can save the configuration. 
Further information on configuring modules can be found in the online help for  STEP 7. The key 
steps are explained below.
1. Launch the SIMATIC Manager and then call the configuration table in your project.
2. Select a subrack and arrange this.
3. Open the subrack. 
4. Select the FM 455 in your module catalog.
5. Drag the FM 455 to the corresponding row in your configuration table.
6. From the configuration table, note the input address of the module, e.g. 512.

The value that you read off is displayed in decimal format.

6.3 Parameterization

Procedure 
After configuration, you can start with the parameter assignment.
When assigning parameters you set the module parameters.
1. Double click on the order number of the module in the configuration table or select the 

module and use the menu command  Edit > Object properties.
Result: You end up in the "Properties" dialog box.

2. Click on the "Basic parameters" tab.
Result: You end up in the "Basic parameters" dialog box.

3. Parameterize the basic parameters of the module.
4. Click on "Parameter ...".

Result: You end up in the parameterization interface.
5. Parameterize the module and save the parameters entered with File > Save.
6. End the parameterization interface:
7. Save your project in the HW Config with Station > Save and compile.
8. Transfer the parameter data with the CPU in STOP mode by selecting Target system > 

Download to Module...
Result: The data is located in the CPU´s memory and will be directly transferred from there 
to the module.

9. Carry out a CPU start-up.
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What you should note with parameterization. 
The controller module checks the parameters only to the point at which a secure module 
function is guaranteed. This applies, e.g. for parameters that are used for address generation, as 
well as for time-dependent variables (e.g integration time constants > half scanning time). 
When the controller module detects a parameterization error, then an entry is made in the DS0 
and DS1 of the module (see chapter "Errors and diagnostics (Page 219)") and the red error LED 
EXTF lights up. You can read off parameterization errors in the Target system > 
Parameterization error display menu of the parameterization interface.
Further tests for established thresholds or plausibility (e.g. upper limit > lower limit) are not 
carried out.
In the parameterization interface you can select the assignment between inputs and controller 
channels as well as between controller channels and outputs. Note the following:

Note
The parameterization tool does not provide an error message if when assigning the controller 
channels to the inputs you assign two channels to one input.

Integrated help 
Included in the parameterization interface is an integrated help that supports you in the 
parameterization of the controller module. You have the following possibilities of calling the 
integrated help:
• Via the menu command Help > Help topics ...
• By pressing the F1 key
• By clicking on the help button in the individual parameterization screens
The integrated help´s description of the parameterization of the module goes into more detail 
than that of the manual.

See also
Technical Specifications of the Function Blocks (Page 247)
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Integrating the FM 455 with the user program 7
7.1 Overview of the function blocks

Summary  
 This chapter contains all the information required to program the FM 455 in the S7-400. 
You are provided with six STEP 7 blocks for the integration of the FM 455 in a user program. 
These enable you to handle the desired functions with ease.
This chapter describes the following blocks:
• FB PID_FM for operator control and monitoring via the CPU as well as online modification of 

controller parameters
• FB FUZ_455 for reading and writing the parameters of all temperature controllers of the FM 

455. The block enables a fast adaptation of the controller to changes in the control section, 
and a parameterization of the temperature controllers after a module replacement or new 
identification.

• FB FORCE455 for simulating (forcing) the analog and digital input values (to support the 
commissioning)

• FB READ_455 for reading off the digital and analog input values (to support the 
commissioning).

• An FB CH_DIAG for reading off further channel-specific parameters (to support the 
commissioning)

• The FB PID_PAR for online changing of other parameters.
• The FB CJ_T_PAR for online changing of the configured reference junction temperature

Note
You cannot use FB 39 or FB 40 from the FM_PID library "FM 355, 355 PID Control" for S7 400 CPUs 
as of firmware version 5.0. Copy the relevant blocks from the FM_PID library "FM 355 PROFINET".

7.2 The function block PID_FM

Purpose             
You link the FM 455 to the user program by means of the FB PID_FM. With this FB you can change 
the operating parameters during runtime. You can, for example, assign a set value and the 
manipulated value or change over to an external manipulated value.
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The data required for the FB PID_FM is stored in an instance DB on the CPU. The FB PID_FM reads 
program-controlled data from the FM 455 and writes program-controlled data to the FM 455.
The individual parameters are described in the online help and in the chapter "Pin assignment of 
the DBs (Page 171)".

Setting up and supply the instance DB   
Before you program the module with the user program, for each controller channel you wish to 
use you must set up an instance DB and supply it with important data.
1. Under STEP 7 generate the instance DBs for the controller channels as data blocks with 

assigned function blocks PID_FM (see chapter "Instance DB of the FB PID_FM (Page 171)").
2. For each instance DB, enter the module address in the MOD_ADDR parameter. 

The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Enter the channel number of the corresponding controller channel (1, 2, 3 to 16) in the 
CHANNEL parameter for each instance DB. 

4. Save the instance DBs.

Call
The FB PID_FM must be called in the same OB as all other FBs that access the same FM 455.
The FB PID_FM is usually called up in the cyclic interrupt OB 35. It requires an initialization run 
which is arranged by setting the parameter COM_RST = TRUE during the start-up of the CPU. It 
is possible to call the FB in the OB start-up, but not necessary. After the initialization run, the FB 
PID_FM sets the COM_RST parameter to FALSE.

7.2.1 Operating via the FB PID_FM

Transferring the operating parameters       
The operating parameters (e.g. setpoint value, manual manipulated value) of the FM 455 are 
cyclically transferred from the FB PID_FM to the FM 455. Operating parameters are all the I/O 
parameters that lie in the instance DB of the function block between the op_par and the 
cont_par parameters.
To enable the data transmission without great time expenditure in the CPU, the transmission 
usually takes place (if LOAD_OP = FALSE) via direct peripheral access. As only four bytes are 
available for each channel in the peripheral address area of the module, the data is multiplexed. 
It can therefore take up to three cycles of the CPU or the FM 455 for the operating values for the 
FM 455 to be transferred and effective there - the longer cycle is decisive in each case.
If you would like the operating values to be transmitted immediately to the FM 455 (in one cycle 
of the CPU or the FM 455), then you can set the LOAD_OP parameter to TRUE. The transmission 
then takes place by means of SFC WR_REC, the FB requires more time for this (refer to chapter 
"Technical Specifications of the Function Blocks (Page 247)"). After a successful data 
transmission, the LOAD_OP parameter of the FB PID_FM is set to FALSE again.
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SDB_SEL parameter
As of V1.5, you can specify at the FB PID_FM block whether or not to overwrite the controller 
parameters of FM 355 or FM 455 with the corresponding SDB data after a CPU STOP to RUN 
transition. The controller parameters are the parameters P_SEL (72.0) to BREAK_TM (144.0) of 
FB PID_FM. You can prevent the application of the controller parameters to the controller 
module by setting parameter SDB_SEL = TRUE. In other words: Parameter changes made using 
FB PID_FM are retained after a CPU STOP to RUN transition.

Table 7-1 In/out parameters of the instance DB for FB PID_FM
Add. Declaration Name Type Initial value Comment Explanation 
72.2  MONERSEL BOOL ... ... ... 
72.4 Stat (in_out) SDB_SEL BOOL FALSE SDB/DB selec‐

tion STOP-RUN 
SDB_SEL=TRUE: The controller 
parameters of FB PID_FM 
are not overwritten with the 
SDB parameters in FMx55 af‐
ter a CPU transition from STOP 
to RUN. The parameter is inclu‐
ded as of FB PID_FM V1.5. 

74.0  D_EL_SEL INT ... ... ... 

7.2.2 Monitoring via the FB PID_FM

Reading the process values   
The FB PID_FM cyclically ready process values (e.g. actual value, manipulated value) from the FM 
455. Process values are all output parameters of the function block after the parameter out_par.
The FB PID_FM also reads the process values via direct periphery accesses, if READ_VAR = FALSE. 
This transfer takes less time, but does result in the function restrictions listed below.
If the parameter READ_VAR = TRUE is set, then the process values are read from the FM 455 by 
means of the SFC RD_REC. This however costs more time (refer to chapter "Technical 
Specifications of the Function Blocks (Page 247)"). After a successful data transmission, the 
READ_VAR parameter of the FB PID_FM is set to FALSE again.

Function in the READ_VAR = TRUE
If one of the following parameters "operating set value SP_OP, "operating set value LMN_OP" and 
the associated switches "SP_OP_ON" and "LMNOP_ON" are changed by an operation via the OP, 
then, after the start-up of the CPU, the FB PID_FM adopts these values from the FM.
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Function restrictions with READ_VAR = FALSE
• The SP parameters (set value from the FM), ER (control deviation), DISV (disturbance 

variable), LMN_A and LMN_B are not read from the FM.
• The data will be multiplexed. Actual value, manipulated value and binary displays are then 

updated with every fourth call of the block.
• If the set value and manual manipulated variable is operated via the MPI, then these 

operating values are not read from the FB during the start-up of the CPU.
Note
The multiplexing of the data to be transferred via direct peripheral access in the case of access 
to the FM 455 is controlled via the FB PID_FM. This multiplex control does not function if two 
instances of the FB PID_FM are accessing the same channel number of a module. The result 
are incorrect parameters in the FM 455 (e.g. set value and manual manipulated value) and 
the incorrect display of the FB PID_FM on its output parameters. 

Error displays
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59. 
RET_VAL can be evaluated if the READ_PAR and LOAD_PAR parameters are not reset. The values 
from the RET_VALU are described in the /2/ reference manual.
When calling the FB PID_FM a peripheral access error (PAE) can occur if the FM 455 is not 
connected or has no voltage supply. In this case, the CPU goes to STOP if no OB 122 is loaded in 
the CPU.

See also
Assignment of the DBs for operating and monitoring via the OP (Page 203)

7.2.3 Changing controller parameters via the FB PID_FM

Procedure       
Controller parameters (e.g. controller gain, integration factor) are all the I/O parameters that lie 
in the instance DB of the function block after the cont_par parameter. Controller parameters are 
initially configured via the parameterization interface and transferred via the system data of the 
FM 455 (refer also to chapter "Functional mechanisms and data storage in the FM 455 
(Page 67)"). 
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Changing the controller parameters via the FB PID_FM makes sense if you want to change them 
during operation depending on the process states. To do this, proceed as follows:
1. During the start-up of the CPU, set the COM_RST parameter of the FB PID_FM to TRUE.

The FB then reads all the controller parameters from the FM 455 and stores them in its 
instance DB. The instance DB of the FB PID_FM is now compared with the parameters of the 
parameterization interface (system data). After the successful reading of the parameters, the 
FB PID_FM sets the COM_RST parameter to FALSE.

2. If COM_RST = FALSE, in the user program you can now change individual controller 
parameters in the instance DB of the FB PID_FM.
To do this, call the FB PID_FM with LOAD_PAR = TRUE. The FB PID_FM then transfer all the 
controller parameters from the instance DB to the FM. After the successful transmission of 
the parameters, the FB PID_FM resets the LOAD_PAR parameter.
Note
Please note that with each start-up of the CPU (goes from STOP to RUN), the parameters in 
the FM 455 are overwritten with the values from the system data.

7.2.4 Changing the controller parameters via the OP

Procedure
If you want to change controller parameters of the FB PID_FM at the OP, proceed as follows:
1. Write the parameters that are to be changed from the OP into an auxiliary DB (see ①).
2. Do not transfer these parameters that are to be changed from the auxiliary DB into the 

instance DB of the FB PID_FM until after the initialization of the FB PID_FM triggered by 
COM_RST = TRUE (see ②) has been carried out (see ③).

3. Transfer the parameters to the controller module by setting LOAD_PAR (see ④).
Storage of the parameters in an auxiliary DB is necessary, because, after the start-up of the CPU 
with COM_RST = TRUE, the FB PID_FM reads those parameters from the module that the CPU had 
transferred beforehand from the system data to the FM.
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Figure 7-1 Changing the controller parameters via the OP

If COM_RST = TRUE is set, the CHANNEL parameter is also checked. If an invalid channel number 
was configured at the CHANNEL parameter, the outputs QMOD_F and QCH_F are set, COM_RST 
remains set and no further action of the FB is carried out.
If no error is found during the check and the parameters were read successfully from the module, 
the COM_RST parameter is reset by the FB PID_FM.

Note
If the FB is called at the first call with COM_RST = FALSE and an invalid channel number is 
configured at the MOD_ADDR or CHANNEL parameters, the FB accesses an incorrect I/O address 
without any further check.
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7.2.5 Saving the parameters in EEPROM

Principle
In the case of program-controlled reconfiguration (LOAD_PAR, LOAD_OP) of the controller 
module by the FB PID_FM, the time thereof increases. The new parameters are always 
immediately effective and are also stored in a non-volatile memory (EEPROM). After saving the 
parameters in the EEPROM, any resaving is delayed by 30 minutes as the life span of the EEPROM 
is restricted by the number of write operations. After recovery of the supply voltage, it is possible 
to immediately save new parameters in EEPROM. Whether the reconfiguration of the controller 
module takes place by the FB PID_FM shock-free depends on the choice of the parameters.

7.2.6 Relationship between FB parameters and parameter configuration interface

Overview  
The following figures show the relationship between the FB PID_FM and the parameter 
configuration interface of the controller module. 
The parameters act at the same point at three-component controllers and ratio/blending 
controllers as at fixed setpoint or cascade controllers. This also applies for the parameters that 
exist equally at continuous-action controllers, at controllers with a pulse output as well as at step 
controllers. As a rule the same command buttons also contain the same parameters. Therefore, 
in order to obtain a clearly structured overview not all the structure screens are shown and not 
all the parameters are drawn in all the screens.
However, the parameters of the FB PID_FM are contained in all the figures – with the exception 
of the parameters MOD_ADDR, CHANNEL, QMOD_F, QPARA_F, QCH_F, QLMNR_ON, RET_VALU, 
COM_RST, LOAD_PAR, READ_VAR, LOAD_OP.
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At which points do the parameters of the FB PID_FM act?   
The following figures show at which points in the module the parameters of the FB PID_FM act.
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Figure 7-2 Negative deviation generation at fixed setpoint or cascade controller
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At which points are the parameters of the FB PID_FM generated?   
The following figures show at which points in the module the output parameters of the FB 
PID_FM are generated.

Figure 7-8 Negative deviation generation at fixed setpoint or cascade controller
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Figure 7-9 Block diagram of the control algorithm
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Figure 7-10 Controller output of the continuous-action controller

Figure 7-11 Controller output of the step controller (pulse controller operating mode)
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Figure 7-12 Controller output of the step controller (step controller operating mode with position feedback)
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Figure 7-13 Controller output of the step controller (step controller operating mode without position 
feedback)

See also
Instance DB of the FB PID_FM (Page 171)
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7.3 The function block FUZ_455

Use        
The FB FUZ_455 is available for the temperature controller of the FM 455 (fuzzy controller). With 
this FB you can read and write the parameters of all the temperature controllers of the FM 455. 
This function is suitable for the following application cases:
• Transferring the controller parameters of the FM 455 that have been established by 

identification after the module replacement
• Adapting the FM 455 to the different control sections

Note
The parameters that have been established by the FM 455 by means of an identification may 
not be altered as they have been optimized for the control section.

The FB FUZ_455 does not require an initialization run.

Setting up and supply the instance DB  
Before you program the module with the user program, you must set up an instance DB and 
supply it with important data.
1. Under STEP 7 generate the instance DB as a data block with assigned function block FB 

FUZ_455 (see chapter "Instance DB of the FB FUZ_455 (Page 192)"). 
2. In the case of an instance DB, enter the module address in the MOD_ADDR parameter. 

The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Save the instance DB.

Call
The FB FUZ_455 must be called in the same OB as all other FBs which access the same FM 455.

Procedure and results
Once you have carried out an identification of the temperature controller and have regulated the 
control to your satisfaction, then you call the DB FUZ_455 and, in doing so, set the READ_PAR 
parameter to TRUE.
The FB then reads the parameters of all the temperature controllers of the FM 455 and stores 
them in its instance DB. After the successful reading of the temperature controller parameters, 
the FB FUZ_455 sets the READ_PAR parameter to FALSE.
During the start-up of the CPU you should set the LOAD_PAR of the FB FUZ_455 and then call the 
block in the cyclic program provided LOAD_PAR = TRUE. If the LOAD_PAR = TRUE parameter is set, 
then the FB writes the parameters of all the temperature controllers of the FM 455 from the 
instance DB to the FM 455. After a successful transmission of the parameters, the FB PID_FM sets 
the LOAD_PAR parameter to FALSE.
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When reading the temperature controller parameters a parameterization error display of the 
temperature controller parameters is also displayed in the PARAFFUZ as follows:
High byte of PARAFFUZ unequal to zero means that there is a parameterization error. The low 
byte includes the byte offset of the faulty parameter, referring to the start of the static variables. 
Hence, e.g. PARAFFUZ = W#16#0104 means that the second parameters is faulty.
The error display can then only appear if you manipulate the temperature controller parameters 
in the instance DB and write to the FM 455. You can read off these parameterization errors in the 
Target system > Parameterization error display menu of the parameterization interface.
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59. 
RET_VALU can be evaluated if the READ_PAR and LOAD_PAR parameters are not reset. The values 
from the RET_VALU are described in the /2/ reference manual.

7.4 The function block FORCE455

Use        
The FB FORCE455 serves to simulate (force) the analog and digital input values in order to 
support the commissioning. 
The FB FORCE455 does not require an initialization run. It is usually called cyclically.

Setting up and supply the instance DB  
Before you program the module with the user program, you must set up an instance DB and 
supply it with important data.
1. Under STEP 7 generate the instance DB as a data block with assigned function block FB 

FORCE455 (see chapter "Instance DB of the FB FORCE455 (Page 194)"). 
2. In the case of an instance DB, enter the module address in the MOD_ADDR parameter. 

The module address of the FM 455 is determined by the configuration of your hardware. 
Adopt the start address from the HM Config.

3. Save the instance DB.

Call
The FB FORCE455 must be called in the same OB as all other FBs which access the same FM 455.

Simulation of the Analog Values    
The simulation of the analog values for the channels 1 to 16 is switched on via the switches 
S_AION[ i ] or S_PVON[ i ], whereby 1 ≤ i ≤ 16. "The function block FORCE455 (Page 129)" shows 
the point at which the simulated analog value becomes effective.
The simulation values for the channels 1 to 16 are assigned via the PV_SIM[ i ] parameter.
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You can make the simulation values effective at two points:
• S_AION[ i ] = TRUE (1 ≤ i ≤ 16)

The value PV_SIM[ i ] is used in the place of the value from the analog input i of the module.
• S_PVON[ i ] = TRUE (1 ≤ i ≤ 16)

The value PV_SIM[ i ] is used in the place of the prepared value from the analog input i of the 
module.

Simulation of the digital values
The simulation of the values for the digital inputs 1 to 16 is switched on via the switches 
S_DION[ i ], whereby 1 ≤ i ≤ 16.
The simulation values are specified via the DI_SIM[ i ] parameter.
• S_DION[ i ] = TRUE (1 ≤ i ≤ 16)

The value DI_SIM[ i ] is used in the place of the value of the digital input i of the module.
Note
The LEDs I1 to I16 always show, even in the case of a simulation, the status of the associated 
digital input.
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Figure 7-14 Effect of the simulation values
When restarting the FM 455 after power off, the simulation switches on the FM 455 are again 
set to FALSE.
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The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59. The 
values of the RET_VALU are described in the /2/ reference manual.

Note
The switching on and the assignment of the simulation values (forcing) does not take place via 
the parameterization interface. Therefore, the respective switches and connections are 
illustrated by a dashed line.

7.5 The function block READ_455

Use        
The FB READ_455 serves to read off the digital and analog input values so as to support the 
commissioning.
The FB READ_455 does not require an initialization run. It is usually called cyclically.

Setting up and supply the instance DB  
Before you program the module with the user program, you must set up an instance DB and 
supply it with important data.
1. Under STEP 7 generate the instance DB as a data block with assigned function block FB 

READ_455 (see chapter "Instance DB of the FB READ_455 (Page 196)"). 
2. In the case of an instance DB, enter the module address in the MOD_ADDR parameter. 

The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Save the instance DB.

Call
The FB READ_455 must be called in the same OB as all other FBs which access the same FM 455.

Displayed values 
The following values are displayed:
• The parameter CJ_TEMP possesses the reference junction temperature that has been 

measured at the reference junction in either degrees C or degrees F (depending on the 
temperature unit that has been configured). If on sensor type "thermocouple element" has 
been configured or if the configured reference junction temperature is chosen with all the 
analog inputs, then the CJ_TEMP parameter shows 0.0.

• The actual status of the digital inputs 1 to 16 are shown at the parameters STAT_DI[1] to 
STAT_DI[16], even if these have been simulated.
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• The value of the analog inputs 1 to 16 is displayed in the unit mA or mV at the parameters 
DIAG[1].PV_PER to DIAG[16].PV_PER.  If the simulation of the analog input value has been 
switched on via the FB FORCE455, the simulated value will be shown.

• The prepared analog input value 1 to 16 is shown as a physical unit at the parameters 
DIAG[1].PV_PHY to DIAG[16].PV_PHY.  If the simulation of the prepared physical analog value 
has been switched on via the FB FORCE455, the simulated value will be shown.
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Figure 7-15 Displayed input values
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59.
The values from the RET_VALU are described in the /2/ reference manual.

7.6 The function block CH_DIAG

Use    
The FB CH_DIAG reads additional channel-specific parameters from the module (to support the 
commissioning).
The FB CH_DIAG does not require an initialization run. It is usually called cyclically.
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Setting up and supplying the instance DB 
Before you program the module with the user program, for each controller channel you wish to 
use you must set up an instance DB and supply it with important data.
1. Under STEP 7 generate the instance DBs for the controller channels as data blocks with 

assigned function blocks CH_DIAG (see section "Instance DB of the FB CH_DIAG 
(Page 198)"). 

2. For each instance DB, enter the module address in the MOD_ADDR parameter. 
The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Enter the channel number of the corresponding controller channel (1, 2, 3 to 16) in the 
CHANNEL parameter for each instance DB. 

4. Save the instance DBs.

Call
The FB CH_DIAG must be called in the same OB as all other FBs that access the same FM 455.

Displayed values        
The following values are displayed:
• The SP_R parameter is only relevant in the case of ratio or mixed controllers. It indicates the 

ratio factor that has been specified by the set value input (see following figure).
• The PV_R parameter is only relevant in the case of ratio controllers. It shows the effect actual 

value ratio and is calculated as follows: PV_R = (PV - Offset) / PV_D. The offset is the parameter 
that can be configured by the "Multiplication" button.

• DIF_I is the input value of the D component of the PID controller, not only at ratio or blending 
controllers (refer to figure  "Displayed diagnostic values of the control deviation").

• TRACKPER is the tracking input value of the controller output (refer to figure "Displayed values 
of the control algorithm" ).

• IDSTATUS is is the status display of the temperature controller if the controller was 
configured (refer to figure "Displayed values of the C controller or S controller"). The display 
IDSTATUS is described in the chapter "Parameter Optimization at a Temperature Controller 
(Page 77)".

• LMN_P is the P component of the PID controller
(see figure "Displayed values of the control algorithm").
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• LMN_I is the I component of the PID controller
(see figure "Displayed values of the control algorithm").

• LMN_D is the D component of the PID controller
(see figure "Displayed values of the control algorithm").

Figure 7-16 Displayed diagnostic values of the control deviation
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Figure 7-18 Displayed values of the C controller or the S controller 
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59.
The values from the RET_VALU are described in the /2/ reference manual.
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7.7 The function block PID_PAR

Use  
The FB PID_PAR serves to make an online change of further parameters that cannot be specified 
by the FB PID_FM.
The FB PID_PAR requires an initialization run. For this purpose it must be called once here in the 
startup by using the parameter COM_RST = TRUE. Otherwise, by calling the FB a 
parameterization error of the module will be generated. You can also read out these parameter 
assignment errors by using the PLC > Parameter Assignment Error  menu of the parameter 
configuration interface.
To save time, the FB PID_PAR should not be called cyclically, but only when the parameters are 
to be changed. COM_RST must then be FALSE.

Setting up and supplying the instance DB 
Before you program the module with the user program, for each controller channel you wish to 
use you must set up an instance DB and supply it with important data.
1. Under STEP 7 generate the instance DBs for the controller channels as data blocks with 

assigned function blocks FB PID_PAR (see chapter "Instance DB of the FB PID_PAR 
(Page 200)"). 

2. For each instance DB, enter the module address in the MOD_ADDR parameter. 
The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Enter the channel number of the corresponding controller channel (1, 2, 3 to 16) in the 
CHANNEL parameter for each instance DB. 

4. Save the instance DBs.

Call
The FB PID_PAR must be called in the same OB as all other FBs which access the same FM 455.

Changing Parameter Values      
With the FB PID_PAR, with each call you can change in each case one of the REAL parameters 
listed in the following table and any INT parameters.
The assignment of the specified value to the parameter takes place via the index numbers 
included in the table. These were specified with INDEX_R or INDEX_I parameters in the instance 
DB of the FB PID_PAR.
If the input COM_RST = TRUE, the FB reads the parameters from the system data and saves them 
in static variables. The parameters to be changed are overwritten there and then the complete 
data records are transferred to the FM. As the FB has its own data storage for the parameters in 
its static variables, additional parameters can also be changed. To do this you must call the same 
instance DB several times one after the other with COM_RST = FALSE and with different index 
numbers.
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The COM_RST parameter is an input parameter that is not reset by the FB PID_PAR.
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59.
The values from the RET_VALU are described in the /2/ reference manual.

Note
Please note that during start-up, the parameters that you have changed with the aid of the FB 
PID_PAR will be overwritten with the parameters from the system data. 

Example
During operation, you want to modify the start-up time of the ramp  for the reference variable 
and, depending on the process state, use different analog input values as the actual value.
• During the start-up of the CPU, call the FB PID_PAR and set with COM_RST = TRUE.
• To configure the starting time of the ramp for the control variable on 10.0, during runtime 

call the FB PID_PAR with INDEX_R = 30, VALUE_R = 10.0 and INDEX_I = 0.
• If you want to configure the analog input value 4 of the module as the actual value, during 

runtime call the FB PID_PAR with INDEX_R = 0, INDEX_I = 50 and VALUE_I = 4.

Table 7-2 List of the REAL and INT parameters to be changed with FB PID_PAR
data type Description Index number
- No parameter selected 0
REAL Filter time constants for analog input 1
REAL Measurement end (100%) 2
REAL Measurement start (0%) 3
REAL Polyline, support value 1 input side 4
REAL Polyline, support value 2 input side 5
REAL Polyline, support value 3 input side 6
REAL Polyline, support value 4 input side 7
REAL Polyline, support value 5 input side 8
REAL Polyline, support value 6 input side 9
REAL Polyline, support value 7 input side 10
REAL Polyline, support value 8 input side 11
REAL Polyline, support value 9 input side 12
REAL Polyline, support value 10 input side 13
REAL Polyline, support value 11 input side 14
REAL Polyline, support value 12 input side 15
REAL Polyline, support value 13 input side 16
REAL Polyline, support value 1 output side 17
REAL Polyline, support value 2 output side 18
REAL Polyline, support value 3 output side 19
REAL Polyline, support value 4 output side 20
REAL Polyline, support value 5 output side 21
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data type Description Index number
REAL Polyline, support value 6 output side 22
REAL Polyline, support value 7 output side 23
REAL Polyline, support value 8 output side 24
REAL Polyline, support value 9 output side 25
REAL Polyline, support value 10 output side 26
REAL Polyline, support value 11 output side 27
REAL Polyline, support value 12 output side 28
REAL Polyline, support value 13 output side 29
REAL Start time of the ramp for reference variable 30
REAL Security control variable or security control variable ratio 31
REAL Offset for setpoint link (ratio/mix controller) 32
REAL Factor for actual value B (three-component controller) 33
REAL Factor for actual value C (three-component controller) 34
REAL Offset for actual value link (three-component controller) 35
REAL Factor for disturbance variable link 36
REAL Operating point 37
REAL Aggressivity at fuzzy controller 38
REAL Vertices for split range function: Start of input signal A range 39
REAL Vertices for split range function: End of input signal A range 40
REAL Vertices for split range function: Start of output signal A range 41
REAL Vertices for split range function: End of output signal A range 42
REAL Vertices for split range function: Start of input signal B range 43
REAL Vertices for split range function: End of input signal B range 44
REAL Vertices for split range function: Start of output signal B range 45
REAL Vertices for split range function: End of output signal B range 46
REAL Minimum pulse duration 47
REAL Minimum break duration 48
INT Selection of the reference variable SP or SP_RE for the controller 49

0 Setpoint SP_RE of the function block
1 to 16 Analog input value 1 to 16
17 to 32 Manipulated value (LMN) from controller 1 to 16

INT Selection of the main controlled variable actual value A for the controller 50
0: Actual value A = 0.0
1 to 16: Analog input value 1 to 16

INT Selection of the auxiliary controlled variable actual value B for the controllers 51
0 Actual value B = 0.0
1 to 16 Analog input value 1 to 16

INT Selection of the auxiliary controlled variable actual value C for the controller 52
0 Actual value C = 0.0
1 to 16 Analog input value 1 to 16
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data type Description Index number
INT Selecting the auxiliary controlled variable actual value D for the controllers 53

0 Actual value D = 0.0
1 to 16 Analog input value 1 to 16
17 to 32 Manipulated value (LMN) from controller 1 to 16

INT Selecting the disturbance variable DISV for the controllers 54
0 Disturbance variable = 0.0
1 to 16 Analog input value 1 to 16

INT Selection of the position tracking TRACK_PER for the controller 55
0 Position tracking = 0.0
1 to 16 Analog input value 1 to 16

INT Selection of the position tracking LMNR_PER for the controller 56
0 Position tracking = 0.0
1 to 16 Analog input value 1 to 16

INT Selecting the signal for switching to the safety value for the manipulated value of the 
controller

57

0 Only specification via SAFE_ON parameter of the FB PID_FM
1 to 16 Assignment via SAFE_ON parameter of the FB PID_FM specified with digital 

input 1 to 16
INT Selecting the signal for changeover to the follow-up function of the manipulated value of 

the controller
58

0 Only specification via LMNTRKON parameter of the FB PID_FM
1 to 16 Assignment via LMNTRKON parameter of the FB PID_FM specified with digital 

input 1 to 16
INT Selecting the signal for switching over the manipulated value of the controller to LMN_RE 59

0 Only specification via LMN_REON parameter of the FB PID_FM
1 to 16 Assignment via LMN_REON parameter of the FB PID_FM specified with digital 

input 1 to 16
INT Selecting the upper end signal of the position feedback 60

0 Only specification via LMNRHSRE parameter of the FB PID_FM
1 to 16 Assignment via LMNRHSRE parameter of the FB PID_FM specified with digital 

input 1 to 16
INT Selecting the lower end signal of the position feedback 61

0 Only specification via LMNRLSRE parameter of the FB PID_FM
1 to 16 Assignment via LMNRLSRE parameter of the FB PID_FM specified with digital 

input 1 to 16

Note
The FB PID_PAR uses the SFC 54 RD_DPARM. Therefore, you can only use the FB PID_PAR in the 
CPUs listed in the following table:
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Table 7-3 List of CPUs in which the FB PID_PAR can be used
CPU Order number
CPU 412-1 6ES7 412-1XF02-0AB0
CPU 412-2 6ES7 412-2XG00-0AB0
CPU 413-1 6ES7 413-1XG02-0AB0
CPU 413-2 6ES7 413-2XG02-0AB0
CPU 414-1 6ES7 414-1XG02-0AB0
CPU 414-2 6ES7 414-2XG02-0AB0
CPU 414-2 6ES7 414-2XJ01-0AB0
CPU 414-3 6ES7 414-3XJ00-0AB0
CPU 414-3H 6ES7 414-3HJ00-0AB0
CPU 416-1 6ES7 416-1XJ02-0AB0
CPU 416-2 6ES7 416-2XK01-0AB0
CPU 416-2 6ES7 416-2XL01-0AB0
CPU 416-3 6ES7 416-3XL00-0AB0
CPU 417-4 6ES7 417-4XL00-0AB0
CPU 417-4H 6ES7 417-4HL00-0AB0
All future CPUs

Note
FB 39 and FB 40 from the FM_PID library "FM 355, 455 PID Control" do not run under S7 400 CPUs 
with a PROFINET connection. Use the relevant blocks from the FM_PID "FM 455 PROFINET" 
library; otherwise, you must use FB 29 and FB 30.
The FB 29 and FB 30 blocks are described in the sections "The function block PID_PAR 
(Page 136)" and "The function block CJ_T_PAR (Page 140)".

7.8 The function block CJ_T_PAR

Use        
The FB CJ_T_PAR is used to change the configured reference junction temperature online. This 
is necessary if a temperature control system with several FM 455s with thermoelement inputs 
is to be operated without having to connect a Pt 100 to each FM 455.
If, for example, with an extruder control with more than 16 hot zones (in the case of Pt 100 more 
than 8 hot zones), the reference junction temperature is measured with an FM 455, then this can 
be read off via the FB READ_455 on the parameter CJ_TEMP and then configured with the other 
FM 455 via the FB CJ_T_PAR.
The FB CJ_T_PAR requires an initialization run. To this purpose it must be called once here in the 
startup by using the parameter COM_RST = TRUE.
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The FB CJ_T_PAR is usually called cyclically. In doing so, COM_RST should be FALSE for reasons 
of time.
The COM_RST parameter is an input parameter that is not reset by the FB CJ_T_PAR.

Creating and supplying the instance DB  
Before you program the module with the user program, you must set up an instance DB and 
supply it with important data.
1. Under STEP 7 generate the instance DB as a data block with assigned function block FB 

CJ_T_PAR (see chapter "Instance DB of the FB CJ_T_PAR (Page 202)"). 
2. In the case of an instance DB, enter the module address in the MOD_ADDR parameter. 

The module address of the FM 455 is determined by the configuration of your hardware. Take 
the start address from HW Config.

3. Enter the channel number of the corresponding controller channel (1, 2, 3, ... to 16) in the 
CHANNEL parameter for the instance DB. 

4. Save the instance DB.
The reference junction temperature can be specified on the CJ_T parameter.
The output parameter RET_VALU includes the return value RET_VAL of the SFCs 58 and 59. The 
values of the RET_VALU are described in the /2/ reference manual.

Call
The FB PID_PAR has to be called in the same OB as all the other FBs that access the same FM 455.

Note
The FB CJ_T_PAR uses the SFC 54 RD_DPARM. Therefore, you can only use the FB CJ_T_PAR in the 
CPUs listed in the following table.

Note
FB 39 and FB 40 from the FM_PID library "FM 355, 455 PID Control" do not run under S7 400 CPUs 
with a PROFINET connection. Use the relevant blocks from the FM_PID "FM 455 PROFINET" 
library; otherwise, you must use FB 29 and FB 30.
The DB 29 and DB 30 blocks are described in the sections "The function block PID_PAR 
(Page 136)" and "Function block CJ_T_PAR" (this section).
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Commissioning the FM 455 8
Introduction

This chapter shows you in a few steps how to commission the FM 455.

Hardware installation and wiring  
For a better overview the procedure Commissioning is divided into several small steps. In this 
first section you install the FM 455 in your S7-400 and wire up the external peripheral elements.

Step Action √
1 Establish the slot

Select the slot for the FM 455.
 

❐
2 Configure measuring range module 

Module for channel 1 and 2: Position ....
Module for channel 3 and 4: Position ....
Module for channel 5 and 6: Position ....
Module for channel 7 and 8: Position ....
Module for channel 9 and 10: Position ....
Module for channel 11 and 12: Position ....
Module for channel 13 and 14: Position ....
Module for channel 15 and 16: Position .... 
(see chapter "Setting the Measurement Type and the Measuring Ranges of the An‐
alog Input Channels (Page 152)")

 
❐
❐
❐
❐
❐
❐
❐
❐

3 Installing the FM 455 
• Switch the CPU to STOP mode.
• Hang the FM 455 and screw it down tight.
• Apply the slot number.
(see chapter "Installing and removing the FM 455 (Page 83)")

 
❐
❐
❐
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Step Action √
4 Wiring up the FM 455 

• Analog inputs (right front connector)
• Digital inputs (both front connectors)
• Analog outputs (only C controller, left front connector)
• Digital outputs (only S controller, left front connector)
• Wiring the supply voltage

– 24 V supply voltage L+:
 C controller: left front connector pin 3
 S controller: left front connector pin 3, 12, 24, 36 and 47

– Ground supply voltage M:
left front connector pin 48

• Wiring the reference potential of the analog measuring circuits
– MANA: right front connector pin 20

(see chapter "Terminal assignment of the front connector  (Page 85)")

 
❐
❐
❐
❐
❐
 
 
 
 
 

❐

5 Front connectors
Insert the front connector and then screw it down.

 
❐

6 Shielding
Check the shielding of the individual cables.

 
❐

7 Switch on the voltage supply
Switch on the 24 V supply for the FM 455.

 
❐

Module status after the first switch-on
The status the module is in after the power supply is first switched on, if no data has been 
transferred yet (delivery state) is characterized by the following properties:
• Analog inputs: No processing
• Analog outputs (C controller): 0 mA
• Digital outputs (S controller): Zero (switched off)
• No controller active
• Diagnostic interrupt disabled

Set up a new project  
If you want to insert the FM 455 into an already existing project, proceed to the next section.
If you have not yet set up a project, configure a project in STEP 7 so that parameterization is 
possible with the parameter assignment menu.

Step Action √
1 Set up a new project under STEP 7. ❐
2 Develop a new rack. ❐
3 Enter your hardware structure in the rack in the HW Config. ❐
4 Select the FM 455 from the module catalogue and drag it to the chosen slot. ❐
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Step Action √
5 Note the module address that you are shown.

This value will be required later on for the processing of the instance DB.
 ____

6 Now call the parameterization screens for the FM 455 by double-clicking the order 
number of the FM 455.

❐

Now proceed to the Parameterization section.

Inserting FM 455 to an existing project  
If you wish to insert the FM 455 into a SIMATIC 400 station of an already existing project, proceed 
as follows:

Step Action √
1 Open the SIMATIC 400 station of your existing project. ❐
2 Select the FM 455 from the module catalogue and drag it to the chosen slot. ❐
3 Note the module address that you are shown.

This value will be required later on for the processing of the instance DB.
____

4 Now call the parameterization screens for the FM 455 by double-clicking the order 
number of the FM 455.

❐

Parameterization  
Set the parameters for the module.

Step Action √
1 Complete the screens for the basic parameterization:

• In the choice of interrupt establish whether or not the FM 455 should trigger 
interrupts.

❐

2 Click on the Parameters ... button. ❐
3 Complete the dialog screens. ❐
4 Save the parameterization under File > Save. ❐

Safe the parameter data and transfer to FM 455  
When you have finished the parameterization, you must safe the data and prepare the system 
for operation.

Step Action √
1 End the parameterization interface: ❐
2 Save the project under File > Save and compile. ❐
3 Switch the CPU to STOP mode. ❐
4 Transfer the data to the CPU by means of Download target system...

In doing so, the data is transferred directly to the CPU and to the FM 455.
❐
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Generate an instance DB  
To use the functions of the module, you must generate an instance DB for each controller 
channel.

Step Action √
1 Generate the instance DBs for the controller channels as data blocks with assigned 

function block FB 31 PID_FM.
❐

2 For each instance DB, enter the module address in the MOD_ADDR parameter.
You have noted the address when configuring your hardware with STEP 7.

❐

3 For each instance DB, enter the channel number in the CHANNEL parameter. ❐

Commissioning the FM 455  
Now you can optimize and test your control section.

Step Action √
1 Switch the CPU to the RUN state. ❐
2 Open the parameterization interface and measure the motor control time:

Test > Measure motor control time(only with S controllers)
❐

3 Call the controller optimization:
Test > Controller optimization

❐

4 Carry out the steps of the controller optimization. ❐
5 Monitor and control the control circuit with the circle diagram:

Test > Circle diagram
❐

6 Monitor the control circuit with the circle diagram:
Test > Circle diagram

❐

Save the project  
When you have successfully completed all tests and FM 455 parameterization has been 
optimized, you need to save the data again.

Step Action √
1 Save all the data in the parameterization interface with File > Save. ❐
2 End the parameterization interface: ❐
3 Save the project under File > Save. ❐
4 In STOP, transfer the data to the CPU by means of Download target system... ❐
5 Switch the CPU to the RUN state. ❐
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What you should particularly note
The FM 455 is supplied with voltage solely via the left front connector. In the following cases, the 
CPU therefore recognizes the "Module removed / cannot respond":
• if the left front connector of the FM 455 is not connected
• if there is no 24 V supply voltage on the left front connector

Note
If, in the diagnostics buffer of the CPU, the entry "Module removed / cannot respond" is 
entered, check to see if the left front connector is connected and if the 24 V supply voltage 
of the FM 455 exists.
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Properties of digital and analog inputs and outputs 9
9.1 Characteristics of the digital inputs and outputs

Digital inputs  
The FM 455 C and the FM 455 S have 16 digital inputs each (I1 to I16). They are suitable for 
connecting switches and 2-/3-/4-wire BEROs.
The assignment of digital inputs to controller channels is described in the chapter "Basic 
Structure of the FM 455 (Page 39)".

Input filter for digital inputs      
In order to suppress faults, the digital inputs I1 to I16 have input filters (RC elements) with a 
standardized filter time of 1.5 ms.

digital outputs  
To directly trigger control procedures the FM 455 S has 32 digital outputs. One controller 
channel is rigidly assigned to every two digital outputs. The assignment is described in the 
chapter "Basic Structure of the FM 455 (Page 39)".
The digital outputs have the following characteristics.
• Voltage supply via L+ (24 V DC)
• P switches with a loading capacity of maximum 0.1 A
• Suitable for connecting solenoid valves, d.c. contactors an signal lamps
• Isolation from the S7-400 bus
• Protection against overloading and short circuiting

Special feature
When connecting the 24 V supply voltage via a mechanical contact, the outputs of the FM 455 
run (depending on switching) for approx. 50 µs "1" signal. You must observe this when you use 
the FM 455 in connection with fast counters.
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Block diagram

M

L+

M

M

L+

M

Backplane bus

Backplane bus

Inputs

Outputs

Internal

Internal

Figure 9-1 Basic circuit diagram of the digital inputs and outputs

9.2 Characteristics of the analog inputs

Characteristics   
The analog inputs of the FM 455 are characterized by the following properties:
• 16 inputs
• Measured value resolution

– 12 bits
– 14 bits

• Measuring method can be selected per analog input:
– Voltage
– Current
– Resistance
– Temperature

• Selection of measuring range per analog input
• Assignable diagnostics
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• configurable diagnostic interrupt
• Limit monitoring
• configurable limit interrupt
The assignment of analog inputs to controller channels is described in the chapter "Basic 
Structure of the FM 455 (Page 39)".

Resolution       
The integration time results from the selected resolution of the measured value. The more 
precise the resolution of the measured value, the longer the integration time for the analog 
input channel (see chapter "Technical Specifications of the FM 455 (Page 241)").

Block diagram
The following figure shows the basic circuit diagram of the analog inputs. The input resistance 
depends on the set measuring range (see chapter "Technical Specifications of the FM 455 
(Page 241)").

Figure 9-2 Basic circuit diagram of the analog inputs
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9.3 Setting the Measurement Type and the Measuring Ranges of the 
Analog Input Channels

Introduction
You can set various measurement types and measuring ranges at the analog input channels of 
the FM 455, thus adapting them to various sensors. This adaptation is carried out by means of 
pluggable coding keys and by parameter assignment under STEP 7.

Setting the Measurement Type and the Measuring Ranges via Coding Keys
The FM 455 is supplied with eight plugged coding keys. These coding keys may have to be 
replugged to suit the measurement type and the measuring range. Please take into account that 
the coding keys may not be accessible when the FM 455 is installed. Therefore check before 
installing the FM 455 whether the coding keys have to be set to a different measurement type 
and a different measuring range!

Marks for the Coding Keys
Use the marking points on the FM 455 when replugging the coding key.
The following figure shows the coding keys and the marking points on the FM 455.

1

2

A

B
C

D

A

B

C

D

A

B

C

D

Figure 9-3 Marks for the Coding Keys
① Marks on the FM 455 
② Marks on the coding keys

A coding key is in the position "A", "B", "C" or "D" when the corresponding letter points in the 
direction of the marking point on the FM 455.
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Adapting to different encoders
You can use the supplied coding keys to adapt two adjacent analog input channels to a common 
sensor type.
Both the assignment of the keys to the analog input channels and the assignment of the key 
position to the measuring ranges are printed next to the coding keys on the FM 455.
The assignment of the modules to the channels is shown in the following figure.
The assignment of the individual positions of a coding key to the corresponding sensor types is 
shown in the following table:

Table 9-1 Position of the Coding Key
Position Encoder types

A Thermocouple elements
Resistance sensor in 4-wire technology
Resistance thermometer (RTD) in 4-wire technology

B Voltage sensor 10 V
C Current sensor

4-wire measuring transducers with current output
D 2-wire transducer

WARNING
The modules can get damaged.
The shunt resistor of a input channel can be destroyed if you connect a voltage sensor to the 
channel by mistake while the coding key is plugged into position C (current sensor/4-wire 
measuring transducer).
Ensure that the coding key is in the correct position before you connect a sensor to the module.

The adaptation of the FM 455 to the various encoders is carried out in two steps:
1. Plug the coding key in the correct position into the module.
2. When assigning parameters to the module set the corresponding measuring range for the 

channels of the module.
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Proceed as follows in order to reset a coding key: 
1. Use a screwdriver to lever the coding key out of the FM 455.

1 2 3 4 5 6 7 8

Figure 9-4 Levering the Coding Key out of the FM 455

1: Module for channel 1 and 2
2: Module for channel 3 and 4
3: Module for channel 5 and 6
4: Module for channel 7 and 8
5: Module for channel 9 and 10
6: Module for channel 11 and 12
7: Module for channel 13 and 14
8: Module for channel 15 and 16

2. Plug the coding key in the desired setting (1) into the FM 455. 
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3. The measuring range which points to the marking point (2) is selected.

2

1

Figure 9-5 Plugging the Coding Key into the FM 455
4. Use the same procedure for all the coding keys.

9.4 Properties of analog outputs (C controller):

Properties  
The 16 analog outputs of the FM 455 C have the following characteristics:
• The outputs can be selected per channel as

– Voltage output
– Current output

• Resolution 12 bits
• Assignable diagnostics
The assignment of analog inputs to controller channels is described in the chapter "Basic 
Structure of the FM 455 (Page 39)".

Note
When switching the supply voltage (L+) on and off, incorrect intermediate values can occur at 
the output for approx. 10 ms.
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Block diagram  

Figure 9-6 Basic circuit diagram of the analog outputs (C controller)
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Connecting Measuring Sensors and Loads / 
Actuators 10
10.1 Using thermocouple elements

Introduction
This chapter describes the structure of thermocouple elements and what you must observe 
when connecting thermocouple elements.

Installation of thermocouple elements      
A thermocouple element consists of 
• the thermocouple (measuring sensors) and
• the mounting and connection parts required in each case.
The thermocouple is made up of two wires of different metals or metal alloys, which are soldered 
or welded together at one end. The various types of thermoelements are named after the 
different material compositions, for example B, J, K. The measuring principle of all the 
thermoelements is the same, irrespective of the thermoelement type.

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 157



° C

1
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8

① Measuring point
② Thermocouple with positive and negative limbs
③ Connecting point
④ Equalizing conductor
⑤ Reference junction
⑥ Conductor
⑦ Adjustable resistor
⑧ Thermal e.m.f. acquisition point

Figure 10-1 Installation of thermocouple elements

Operating principle of thermocouple elements  
If the measuring junction is exposed to a temperature different from that at the free ends of the 
thermocouple, a voltage is generated between these free ends - the thermoelectric voltage.
The height of the thermal e.m.f. depends on the difference between the temperature of the 
measuring junction and the temperature at the free ends as well as on the material combination 
of the thermocouple. Since a thermocouple always detects a temperature difference the free 
ends of a reference junction have to be kept to a known temperature in order to determine the 
temperature at the measuring junction.
If this is not possible, the reference junction temperature has to be detected and equalized via 
the additional input with a Pt 100.   

Extension to a reference junction    
The thermocouples can be extended from their connecting point by means of equalizing lines 
to a point with a temperature which remains constant as far as possible (reference junction).
The equalizing conductors are made of the same material as the wires of the thermocouple 
element. The connecting cables are made of copper. Correct polarity must be ensured on the 
compensation cables since otherwise large measuring errors will occur.
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Compensation of the reference junction temperature    
The impact of temperature fluctuations at the reference junction can be compensated by 
measuring the reference junction temperature outside the module.

Measurement of the reference junction temperature  
The influence of temperature at the reference junction of a thermoelement (e.g. terminal box) 
can be compensated for by means of a Pt 100.
If the actual reference temperature deviates from the compensating temperature, the 
temperature-dependent resistance will change. A positive or negative compensation voltage is 
produced which is added to the thermal e.m.f.

Using thermocouple elements      
If you connect thermocouple elements, you must observe the following points:
• Configured or external compensation can be used depending on where (locally) you require 

the reference junction.
• In the case of configured compensation, a configurable reference junction temperature of 

the module is used as a comparison.
• In the case of external compensation, the temperature of the reference junction for the 

thermocouple element is taken into consideration by means of a Pt 100.  
There is the following restriction:
• External compensation with connection of the Pt 100 to the connections 28 to 31 of the 

module can only be implemented for one thermoelement type. This means that all channels 
that operate with external compensation must use the same thermoelement type.

Abbreviations used
The abbreviations used in the following figures have the following meanings:

Abbreviation Meaning
M + Measuring cable (positive)
M- Measuring cable (negative)
COMP+ Compensation connection (positive)
COMP- Compensation connection (negative)
M Ground terminal
L+ Power supply connection 24 V DC

Options for connecting thermocouple elements  
The following figures show the various possibilities of connecting thermoelements with external 
and configured compensation.
In addition to the following statements, the information from chapter "Connecting measuring 
sensors to analog inputs (Page 161)" relating to connecting measuring sensors to analog inputs 
also applies. The subsequent figures do not show the required connecting lines between MANA 
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and the reference point at the subrack which result from the potential connection of the FM 455 
and the sensor (isolated, non-isolated). This means that the information given in the chapter 
"Connecting measuring sensors to analog inputs (Page 161)" has to be observed and 
implemented.

Thermocouple elements with external compensation of the reference junction  
If all the thermocouple elements that are connected to the inputs of the FM 455 have the same 
reference junction, you have to compensate as shown in the figure below. The thermocouple 
elements that use a reference junction must be of the same type.

Figure 10-2 Block diagram for connecting thermocouple elements with external compensation
The figures in chapter "Connecting measuring sensors to analog inputs (Page 161)" show how 
to connect the thermocouple elements to ground.
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Thermocouple elements with configured compensation of the reference junction  
If thermocouple elements are connected to the inputs of the module either directly or via 
equalizing conductors, the configured temperature compensation can be used.

Figure 10-3 Block diagram for connecting thermocouple elements with configured compensation
The figures in chapter "Connecting measuring sensors to analog inputs (Page 161)" show how 
to connect the thermocouple elements to ground.

10.2 Connecting measuring sensors to analog inputs

Introduction   
Depending on the measuring type used you can connect various measuring sensors to the 
analog inputs of the FM 455:
• Voltage sensor 
• Current sensors as 4-wire transducers and 2-wire transducers    
• Resistance
This chapter describes how you connect the sensors and what you have to observe when 
connecting the sensors.
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Lines for analog signals     
You should use shielded and twisted-pair cables for the analog signals. This reduces 
interference. You should ground the analog cable shield at both ends of the cables. If there are 
differences in potential between the ends of the cables, equipotential current may flow across 
the shield, which could disturb the analog signals. In this case, the shield should only be 
grounded at one end of the line or an equalizing conductor > 16 mm2 should be laid.

Reference point MANA   
You must create a connection between the reference point of the analog loop MANA and the 
reference point on the subrack in order to operate the FM 455 (refer to the figure pertaining to 
the FM 455 and potential connection in the chapter "Wiring front connector - overview  
(Page 94)"). A potential difference between MANA and the reference point on the subrack could 
lead to invalidation of the analog signal.   

Abbreviations used
The abbreviations used in the following figures have the following meanings:

Abbreviation Meaning
M + Measuring cable (positive)
M- Measuring cable (negative)
MANA Reference potential of the analog measuring circuit
M Ground terminal
L+ Power supply connection 24 V DC
UCM Potential difference between inputs and reference potential of the measuring circuit 

MANA

Connecting measuring transmitters to analog inputs     
No potential difference ≥|UCM| (common mode voltage) may arise between the measuring leads 
M- of the input channels and the reference point of the measuring circuit MANA. To prevent the 
permissible value from being exceeded, depending on the potential connection of the encoder 
(isolated, not isolated), you must perform different actions. These measures are explained in this 
chapter. 
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Isolated measuring sensor   
The isolated sensors are not connected to the local potential to ground. They can be operated 
potential-free. Owing to local conditions or interference, differences in potential UCM (static or 
dynamic) may occur between the M- measuring cables and the reference point of the measuring 
circuit MANA. 

Note
To ensure the permissible value (UCM) is not exceeded, you must connect M- with MANA.
But: 
When connecting resistance-type sensors and 2-wire measuring transducers you may not 
establish a connection from M- to MANA.

The following figure shows the connection in principle of isolated sensors to an FM 455.

Figure 10-4 Block diagram for connecting isolated measuring sensors

Non-isolated measuring sensors   
The non-isolated measuring sensors are connected locally to the potential to ground. You must 
connect MANA to the potential to ground. Owing to local conditions or interference, differences 
in potential UCM (static or dynamic) may occur between the locally distributed measuring points.
If the permissible value for UCM is exceeded, you must provide for potential-compensating cables 
between the measuring points.
The following figure shows the connection in principle of isolated sensors to an FM 455.
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Figure 10-5 Block diagram for connecting non-isolated measuring sensors

10.3 Connecting voltage sensors and current sensors and resistance 
thermometers

Abbreviations used
The abbreviations used in the following figures have the following meanings:

Abbreviation Meaning
IC+ Constant current line (positive)
IC- Constant current line (negative)
M + Measuring cable (positive)
M- Measuring cable (negative)
MANA Reference potential of the analog measuring circuit
M Ground terminal
L+ Power supply connection 24 V DC

In addition to the following statements, the information from chapter "Connecting measuring 
sensors to analog inputs (Page 161)" relating to connecting measuring sensors to analog inputs 
also applies. The subsequent figures do not show the required connecting lines between the 
reference point at the subrack M-, MANA and ground potential which result from the potential 
connection of the FM 455 and the sensor (isolated, non-isolated). This means that the 
information given in the chapter "Connecting measuring sensors to analog inputs (Page 161)" 
has to be observed and implemented.
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Connection of Voltage Sensors  
The following figure shows the connection in principle of isolated sensors to an FM 455.

Figure 10-6 Connection of Voltage Sensors

Connection of Current Sensors as 4-Wire Measuring Transducers  
4-wire transducers have a separate supply voltage.
The following figure shows the connection of current sensors as 4-wire measuring transducers 
to an FM 455.

Figure 10-7 Connection of 4-Wire Measuring Transducers

Connection of Current Sensors as 2-Wire Measuring Transducers  
The 2-wire measuring transducer converts the supplied measured quantities into current.
2-wire transducers have a separate supply voltage.
The following figure shows the connection of current sensors as 2-wire measuring transducers.
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Figure 10-8 Connection of 2-Wire Measuring Transducers

Connection of Resistance Thermometers (e.g. Pt 100) and Resistors  
The resistance thermometers/resistors are measured in a four-wire connection. The resistance 
thermometers/resistance sensors are fed a constant current via terminals IC + and IC. The voltage 
produced at the resistance thermometer / resistor is measured via the terminals M+  and M-. This 
ensures highly accurate measurement results with the four-wire connection.
The following figure shows the connection of resistance thermometers to an FM 455.

Figure 10-9 Connection of Resistance Sensors
In the case of a 2- or 3-wire connection you must apply corresponding jumpers to the module 
between M+ and IC + or M- and IC - . However, you have to expect a loss of accuracy in the 
measurement results.

10.4 Connecting loads / actuators on analog outputs

Introduction        
With the FM 455 C you can supply the loads / actuators with current or voltage.
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Lines for analog signals    
You should use shielded and twisted-pair cables for the analog signals. This reduces 
interference. You should ground the analog cable shield at both ends of the cables. If there are 
differences in potential between the ends of the cables, equipotential current may flow across 
the shield, which could disturb the analog signals. In this case, the shield should only be 
grounded at one end of the line or an equalizing conductor > 16 mm2 should be laid.

Reference point MANA  
To operate the FM 455 C you must create a connection between the reference point of the 
analog circuit MANA and the reference point on the subrack. To do so connect the connector MANA 
to the reference point at the subrack (refer to the figure pertaining to the FM 455 power supply 
and potential connection in the "Wiring front connector - overview  (Page 94)" chapter). A 
potential difference between MANA and the reference point on the subrack could lead to 
invalidation of the analog signal.

Abbreviations used
The abbreviations used in the following figure have the following meanings:

Abbreviation Meaning
Q Analog output (current or voltage, depending on configuration)
MANA Reference potential of the analog circuit
RL Load / actuator
L+ Power supply connection 24 V DC
M Ground terminal

Connecting Loads to an Analog Output  
Loads on an analog output must be connected to Q and the reference point of the analog circuit 
MANA.
Loads can only be connected to an analog output with a 2-wire connection.
The following figure shows the connection in principle of loads to an FM 455 C.
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Figure 10-10 Connecting a Load to an FM 455 C

10.5 Connecting loads / actuators to digital outputs

Introduction
With the FM 455 S you can supply the loads / actuators with voltage.

Abbreviations used
The abbreviations used in the following figure have the following meanings:

Abbreviation Meaning
Q Digital output
RL Load / actuator
L+ Voltage supply connection 24 V DC
M Ground terminal
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Connecting Loads / Actuators to an Analog Output
The following figure shows the connection in principle of loads/actuators to a digital output of 
an FM 455 S.

L+

RL

Q

M

FM 455

Logic
Processing in 

the FM 455

Figure 10-11 Connecting Loads / Actuators to an FM 455 S
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Pin assignment of the DBs 11
11.1 Instance DB of the FB PID_FM

Introduction     
If you want to communicate with the FM 455 from the user program, you require the FB PID_FM. 
In addition, you must set up for the used controller channel an instance DB that is assigned to 
the FB.

Note
After creating an instance DB, all the I/O parameters are set to FALSE. 
In order to transfer the parameters from the FM 455 to the instance DB, you must carry out an 
initialization run during which the I/O parameter is COM_RST = TRUE.
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Parameters of the Instance DB

Table 11-1 Input parameters of the instance DB to the FB PID_FM
Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 
box

0.0 MOD_ADDR INT Module addresses 
FM 355/455
Module addresses 
FM 355/455

 256 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–

2.0 CHANNEL INT Channel number
Channel number

1 to 16 1 On the "channel num‐
ber" input the number 
of the controller chan‐
nel is configured to 
which the instance DB 
refers.

–

4.0 PHASE INT Phase of PID self tu‐
ner
Phase of the PID 
self tuner

Is not configured 0 The PHASE parameter 
can be switched with 
the output parameter 
PHASE of a PID self tu‐
ner (program for the 
self-setting of control‐
ler parameters). The 
phase status of the PID 
self tuner can be shown 
in plain English in the 
circle diagram. This pa‐
rameter is of no signifi‐
cance for the OP.

–
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Table 11-2 Output parameters of the instance DB to the FB PID_FM
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

6.0 RET_VALU INT return value 
SFC 58/59
Return value SFC 
58/59

 0 RET_VALU con‐
tains the return 
value RET_VAL of 
the SFC58/59. 
RET_VALU can be 
evaluated if an 
error is reported 
via QMOD_F (see 
Reference Man‐
ual /2/).

–

8.0 out_par WORD start of output pa‐
rameters 
Start of output pa‐
rameters

W#16#3130 W#16#3130 The out_par pa‐
rameter may not 
be altered by the 
user. It identifies 
the beginning of 
the output pa‐
rameters which 
are read from the 
module when 
READ_VAR = 
TRUE is set.

–

10.0 SP REAL set point
Set value

technical value 
range
(physical variable)

0.0 The set value 
that becomes ef‐
fective is issued 
on output "set 
value".

–

14.0 PV REAL process variable
Actual value

technical value 
range
(physical variable)

0.0 The actual value 
that becomes ef‐
fective is issued 
on the "actual 
value" output.

–

18.0 ER REAL error signal
Control deviation

technical value 
range
(physical variable)

0.0 The control devi‐
ation that be‐
comes effective 
is issued on the 
"control devia‐
tion" output.

–

22.0 DISV REAL disturbance varia‐
ble
Interference

-100.0...100.0 (%) 0.0 The interference 
that becomes ef‐
fective is issued 
on the "interfer‐
ence" output.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

26.0 LMN REAL manipulated value
manipulated value

-100.0...100.0 (%) 0.0 The effective set‐
point is output at 
the “Setpoint” 
output. With a 
step controller 
without analog 
position feed‐
back, the unlimi‐
ted 
P- + D-compo‐
nent is output at 
the parameter 
LMN.

–

30.0 LMN_A REAL man. var. A of split 
range function / re‐
peated man. var.
Manipulated value 
A of split range 
function / position 
feedback

-100.0...100.0 (%) 0.0 At the output 
“Manipulated 
value A of split-
range function / 
position feed‐
back” the manip‐
ulated value A of 
the split-range 
function for a 
continuous con‐
troller and the 
position feed‐
back for a step 
controller with 
analog position 
feedback are dis‐
played.
The LMN_A out‐
put can only be 
used for an ap‐
proximate dis‐
play of a respec‐
tive simulated 
manipulated var‐
iable. The start‐
ing value 
LMNRSVAL of 
the simulated po‐
sition feedback 
must be config‐
ured correspond‐
ingly and be‐
comes effective 
when 
LMNRS_ON is 
set.

–

Pin assignment of the DBs
11.1 Instance DB of the FB PID_FM

Controller Module FM 455
174 Operating Manual, 03/2022, A5E00059359-AF



Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

34.0 LMN_B REAL man. var. B of split 
range function
Manipulated value 
B of the split range 
function

-100.0...100.0 (%) 0.0 At the output 
“Manipulated 
value B of split-
range function” 
the manipulated 
value B of the 
split-range func‐
tion is displayed 
for a continuous 
controller.

–

38.0 QH_ALM BOOL high limit interrupt 
reached
upper limit inter‐
rupt reached

 FALSE The actual value 
or the controlled 
variable is moni‐
tored on four lim‐
its. If the limit 
H_ALM is viola‐
ted, this is indica‐
ted at the output 
“High limit alarm 
reached”.

–

38.1 QH_WRN BOOL high limit warning 
reached
upper limit warn‐
ing reached

 FALSE The actual value 
or the controlled 
variable is moni‐
tored on four lim‐
its. Exceeding 
the limit H_WRN 
is displayed on 
the output "up‐
per limit warning 
reached".

–

38.2 QL_WRN BOOL process variable 
low limit warning 
reached
low limit warning 
reached

 FALSE The actual value 
or the controlled 
variable is moni‐
tored on four lim‐
its. Falling short 
of the limit 
L_WRN is dis‐
played on the 
output "lower 
limit warning 
reached".

–

38.3 QL_ALM BOOL low limit interrupt 
reached
low limit interrupt 
reached

 FALSE The actual value 
or the controlled 
variable is moni‐
tored on four lim‐
its. If the limit 
L_WRN is viola‐
ted, this is indica‐
ted at the output 
“Low limit warn‐
ing reached”.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

38.4 QLMN_HLM BOOL high limit of manip‐
ulated value 
reached
high limit of the 
manipulated value 
reached

 FALSE The manipulated 
variable is al‐
ways limited to 
an high and a 
low limit. The 
output “High lim‐
it of manipulated 
value reached” 
indicates that 
the upper limit 
has been excee‐
ded.
(Not for step con‐
trollers without 
analog position 
feedback)

–

38.5 QLMN_LLM BOOL low limit of manip‐
ulated value 
reached
low limit of the ma‐
nipulated value 
reached

 FALSE The manipulated 
variable is al‐
ways limited to 
an high and a 
low limit. The 
output “Low lim‐
it of manipulated 
value reached” 
indicates that 
the lower limit 
has been excee‐
ded.
(Not for step con‐
trollers without 
analog position 
feedback)

–

38.6 QPARA_F BOOL parameter assign‐
ment error
Parameterization 
error 

 FALSE The module 
checks the pa‐
rameters for val‐
idity. A parame‐
ter assignment 
error is indicated 
at the output “Pa‐
rameter assign‐
ment error”. You 
can also read out 
these parameter 
assignment er‐
rors by using the 
menu PLC > Pa‐
rameter Assign‐
ment Error of 
the parameter 
assignment in‐
terface.

–

Pin assignment of the DBs
11.1 Instance DB of the FB PID_FM

Controller Module FM 455
176 Operating Manual, 03/2022, A5E00059359-AF



Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

38.7 QCH_F BOOL channel error
Channel error

 FALSE The "channel er‐
ror" output is set 
if the controller 
channel cannot 
provide valid re‐
sults. “Channel 
error” (e.g. wire 
break) is also set 
if QPARA_F = 1 or 
QMOD_F = 1. If 
QCH_F=TRUE, 
the exact error in‐
formation can be 
read out in the 
diagnostics data 
record DS1 of the 
module (see 
chapter "Errors 
and diagnostics 
(Page 219)") .

–

39.0 QUPRLM BOOL limit of positive set 
value inclination 
reached
the positive set‐
point inclination is 
limited

 FALSE The setpoint is 
limited to a posi‐
tive and negative 
gradient. If the 
output “Limit of 
positive setpoint 
inclination 
reached” is set, 
the positive set‐
point inclination 
is limited.

–

39.1 QDNRLM BOOL limit of negative 
set value inclina‐
tion reached
the negative set‐
point inclination is 
limited

 FALSE The setpoint is 
limited to a posi‐
tive and negative 
gradient. If the 
output "Limit of 
negative set‐
point inclination 
reached" is set, 
the negative set‐
point inclination 
is limited.

–

39.2 QSP_HLM BOOL high limit of set val‐
ue reached
high limit of the set 
value reached

 FALSE The setpoint is al‐
ways limited to a 
high and a low 
limit. The output 
“High limit of set‐
point value 
reached” indi‐
cates that the up‐
per limit has 
been exceeded.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

39.3 QSP_LLM BOOL low limit of set val‐
ue reached
low limit of the set 
value reached

 FALSE The setpoint is al‐
ways limited to a 
high and a low 
limit. The output 
“Low limit of set‐
point value 
reached” indi‐
cates that the 
lower limit has 
been exceeded.

–

39.4 QLMNUP BOOL manipulated value 
signal up
Manipulated value 
signal up

 FALSE This is the "ma‐
nipulated value 
signal up" out‐
put.
(Only applies to 
step-action or 
pulse controllers)

–

39.5 QLMNDN BOOL manipulated value 
signal down
Manipulated value 
signal down

 FALSE This is the "ma‐
nipulated value 
signal down" out‐
put.
(Only in the case 
of step control‐
lers or pulse con‐
trollers)

–

39.6 QID BOOL identification in 
work  
Identification in 
work

 FALSE QID = TRUE 
shows that an 
identification is 
running (not 
that it is switch‐
ed on). After the 
end of identifica‐
tion the identifi‐
cation result can 
be read out via 
the IDSTATUS pa‐
rameter of the 
CH_DIAG FB (see 
chapter "Parame‐
ter Optimization 
at a Temperature 
Controller 
(Page 77)" and 
chapter "The 
function block 
CH_DIAG 
(Page 132)").

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

40.0 QSPOPON BOOL set value operation 
on
Setpoint operation 
on

 FALSE The output “Set‐
point operation 
on” indicates 
whether the set‐
point is being op‐
erated via the 
configuration 
tool. If the bit is 
set, the value 
SP_OP is used as 
the setpoint.

–

40.1 QLMNSAFE BOOL safety operation
Safety mode

 FALSE If the output 
“Safety opera‐
tion” is set, the 
safety manipu‐
lated value is out‐
put as the manip‐
ulated value.

–

40.2 QLMNOPON BOOL manipulated value 
operation on
Manipulated value 
operation on

 FALSE The output “Ma‐
nipulated value 
operation on” in‐
dicates whether 
the manipulated 
value is being op‐
erated via the 
configuration 
tool. If the bit is 
set, the value 
LMN_OP is used 
as the manipu‐
lated value.

–

40.3 QLMNTRK BOOL follow-up opera‐
tion
Follow-up mode

 FALSE The output “fol‐
low-up opera‐
tion” indicates 
whether the ma‐
nipulated value 
is matched by an 
analog input.

–

40.4 QLMN_RE BOOL manual = 1 auto‐
matic = 0
Manual = 1 auto‐
matic = 0

 FALSE The output "man‐
ual = 1; automat‐
ic = 0" indicates 
whether or not 
the manipulated 
value is set on 
the external ma‐
nipulated value 
LMN_RE (man‐
ual = 1).

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

40.5 QLMNR_HS BOOL high stop signal of 
repeated manipu‐
lated value
Upper stop signal 
of the position 
feedback

 FALSE The output “High 
limit signal of po‐
sition feedback” 
indicates wheth‐
er the control 
valve is at its up‐
per limit. 
QLMNR_HS = TR
UE means: The 
manipulated 
valve is located 
at the high stop.
(Only in the case 
of step control‐
lers)

–

40.6 QLMNR_LS BOOL low stop signal of 
repeated manipu‐
lated value
Lower stop signal 
of the position 
feedback

 FALSE The output “Low 
limit signal of po‐
sition feedback” 
indicates wheth‐
er the control 
valve is at its low‐
er limit. 
QLMNR_LS = TRU
E means: The 
control valve is at 
the low end stop.
(Only in the case 
of step control‐
lers)

–

40.7 QLMNR_ON BOOL repeated manipu‐
lated value on
Position feedback 
on

 FALSE The output "posi‐
tion feedback 
on" shows the 
set mode "step 
controller with 
position feed‐
back" or "step 
controller with‐
out position 
feedback".

–

41.0 QFUZZY BOOL PID algorithm = 0 
fuzzy = 1
PID algorithm = 0 
fuzzy = 1

 FALSE If the output pa‐
rameter QFUZ‐
ZY=1 is set, the 
controller works 
with the fuzzy al‐
gorithm.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

41.1 QSPLEPV BOOL fuzzy display: set 
value < process var‐
iable
Display of FUZZY 
controller: set val‐
ue < actual value

 FALSE The output "Dis‐
play of FUZZY 
controller: Set 
value < actual 
value" is set 
when the fuzzy 
controller is 
switched on, if 
the set value is 
less than the ef‐
fective actual val‐
ue.

–

41.2 QSPR BOOL split range opera‐
tion
Split range opera‐
tion

 FALSE If the output 
“Split-range op‐
eration” is set, 
the continuous 
controller oper‐
ates in split-
range mode.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

41.4 QMAN_FC BOOL follow-up mode or 
anti-reset-windup 
by slave controller  
Follow-up mode or 
anti-reset-windup 
by slave controller

 FALSE The "QMAN_FC" 
output is set in 
the following 
two cases:
• The slave 

controller is 
in manual 
mode and 
the master 
controller is 
followed up 
to the actual 
value of the 
slave control‐
ler.

• The integral 
component 
of the master 
controller is 
halted be‐
cause the set‐
point value 
or manipu‐
lated varia‐
ble of the 
slave control‐
ler is in the 
limitation or 
because the 
slave control‐
ler is in man‐
ual mode.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param. 
dialog 

box

41.7 QPARABUB BOOL internal value
Internal variable

 FALSE This parameter is 
set by the FM 
when operating 
parameters are 
changed via the 
OP. If READ_VAR 
= TRUE and if this 
display is set by 
the FM, then the 
FB PID_FM reads 
the parameters 
SP_OP_ON, 
LMNOP_ON, 
SP_OP and 
LMN_OP from 
the FM and 
stores them in 
the instance DB. 
The FB thus takes 
over the operat‐
ing state of the 
FM.  After the 
reading process 
the parameter is 
set to FALSE.

–

42.0 QMOD_F BOOL module error
Module error

 FALSE The function 
block checks cor‐
rect reading and 
writing of a data 
record. If an error 
is detected, the 
output “Module 
error” is set. The 
cause of errors 
can be: An incor‐
rect module ad‐
dress at the pa‐
rameter 
MOD_ADDR, an 
incorrect chan‐
nel number at 
the parameter 
CHANNEL or a 
defective mod‐
ule.

–
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Table 11-3 I/O parameters of the instance DB to the FB PID_FM
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

44.0 COM_RST BOOL read control param‐
eters from 
FM 355/455
Read control pa‐
rameters from FM 
355/455

 FALSE If the parameter 
COM_RST = TRUE, then 
the FB PID_FM carries 
out the initialization 
run.  In doing so the con‐
troller parameters (this 
are all the parameters 
after cont_par) are read 
from the FM and stored 
in the instance DB. Fur‐
thermore, the parame‐
ters MOD_ADDR and 
CHANNEL are tested for 
validity. After the initial‐
ization process the pa‐
rameter is set to FALSE.

–

44.1 LOAD_OP BOOL load operator pa‐
rameter to 
FM 355/455
Read control pa‐
rameters from FM 
355/455

 FALSE If the in/out parameter 
“Load operator parame‐
ters to FM 355/455” is 
set, the operator param‐
eters are downloaded to 
the module and the in/
out parameter reset.

–

44.2 READ_VAR BOOL read variables from 
FM 355/455
Read variables 
from FM 355/455

 FALSE If the in/out parameter 
“Read variables from FM 
355/455” is set, the out‐
put parameters are read 
from the module and 
the in/out parameter is 
reset.

–

44.3 LOAD_PAR BOOL load control param‐
eter to FM 355/455
Load control pa‐
rameter to FM 
355/455

 FALSE If the in/out parameter 
“Load control parame‐
ters to FM 355/455” is 
set, the control parame‐
ters are downloaded to 
the module and the in/
out parameter reset.

–

46.0 op_par WORD start of operation 
parameters
Start of operation 
parameters

W#16#3130 W#16#31
302)

The op_par parameter 
may not be altered by 
the user. It identifies the 
beginning of the operat‐
ing parameters which 
transferred to the mod‐
ule when LOAD_OP = 
TRUE was set. The end 
of the operating param‐
eter is shown by 
cont_par.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

48.0 SP_RE REAL external set value
external set value

technical value 
range
(physical variable)

0.0 An external set value is 
switched on input "ex‐
ternal set value" with 
the controller.

–

52.0 LMN_RE REAL external manipu‐
lated value
external manipu‐
lated value

-100.0...100.0 (%) 0.0 An external manipu‐
lated value is switched 
on input "external ma‐
nipulated value" with 
the controller.

–

56.0 SP_OP_ON1) BOOL set value operation 
on
Setpoint operation 
on

 FALSE The configuration tool 
has access to the in/out 
parameter “Setpoint op‐
eration on”. If the bit is 
set, the value SP_OP is 
used as the setpoint.

–

56.1 SAFE_ON BOOL safety position on
Engage safety posi‐
tion

 FALSE If the input “safety posi‐
tion on” is set, a safety 
value is used as the ma‐
nipulated value.
Note:
The safety operations 
via LMNDN_OP, 
LMNUP_OP and LMNSO‐
PON on a step controller 
are of higher priority 
than the safety value.

–

56.2 LMNOP_ON1) BOOL manipulated value 
operation on
Setpoint operation 
on

 FALSE The configuration tool 
has access to the in/out 
parameter “Setpoint op‐
eration on”. If the bit is 
set, the value LMN_OP 
is adopted as the manip‐
ulated value.

–

56.3 LMNTRKON BOOL match (LMN from 
analog input)
Follow-up (LMN 
from AI)

 FALSE If the input “Track (LMN 
from analog input)” is 
set, the manipulated 
value is tracked to an an‐
alog input (AI).
(this does not apply to 
step-action controllers 
without analog position 
feedback).

–

56.4 LMN_REON BOOL external manipu‐
lated value
external manipu‐
lated value on

 FALSE If the "external manipu‐
lated value on" input is 
set, the external manip‐
ulated value LMN_RE is 
adopted as the manipu‐
lated value.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

56.5 LMNRHSRE BOOL high stop signal of 
repeated manipu‐
lated value
Upper stop signal 
of the position 
feedback

 FALSE The signal “Control 
valve at upper end stop” 
is interconnected at the 
input “High limit signal 
of position feedback”. 
LMNRHSRE = TRUE 
means: The control 
valve is at the upper 
endstop.
(Only in the case of step 
controllers)

–

56.6 LMNRLSRE BOOL low stop signal of 
repeated manipu‐
lated value
Lower stop signal 
of the position 
feedback

 FALSE The signal “Control 
valve at lower end stop” 
is connected at the in‐
put “Low limit signal of 
position feedback”. 
LMNRLSRE = TRUE 
means: The manipu‐
lated valve is located at 
the lower stop.
(Only in the case of step 
controllers)

–

56.7 LMNSOPON1) BOOL manipulated signal 
operation on
Setpoint operation 
on

 FALSE If the bit at the input 
“Manipulated value sig‐
nal operation on” is set, 
the signals LMNUP_OP 
and LMNDN_OP are 
used as manipulated 
value signals.
(Only in the case of step 
controllers)

–

57.0 LMNUP_OP1) BOOL manipulated value 
signal up operation
Manipulated value 
signal up operation

 FALSE If the LMNSOPON is set, 
the value on the "manip‐
ulated value signal up 
operation" input is adop‐
ted as the manipulated 
value signal.
(Only in the case of step 
controllers)

–

57.1 LMNDN_OP1) BOOL manipulated value 
signal down opera‐
tion
Manipulated value 
signal down opera‐
tion

 FALSE If the LMNSOPON is set, 
the value on the "manip‐
ulated value signal 
down operation" input 
is adopted as the manip‐
ulated value signal.
(Only in the case of step 
controllers)

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

57.3 LMNRS_ON BOOL simulation of the 
position feedback 
on
Simulation of the 
position feedback 
on

 FALSE If there is no position 
feedback, this can be si‐
mulated. The function is 
switched on at the input 
“Simulation of the posi‐
tion feedback on”. The 
configuration tool (con‐
troller optimization) has 
access to this parameter 
since at least one simu‐
lated manipulated value 
is required for optimiza‐
tion if a step controller 
was configured without 
position feedback. The 
simulated value is dis‐
played on the LMN_A 
parameter. When the 
simulation is activated 
the value of the param‐
eter LMNRSVAL is set as 
the starting value. 
CAUTION: The simula‐
tion deviates increasing‐
ly from the real position 
feedback as time passes.
(This only applies to 
step-action controllers 
without analog position 
feedback).

–

57.4 FUZID_ON BOOL fuzzy identification 
on
Fuzzy identification 
on

 FALSE On the input "fuzzy iden‐
tification on" the identi‐
fication of the fuzzy al‐
gorithm is switched on.

–

58.0 SP_OP1) REAL set value operation 
Set value operation

technical value 
range
(physical variable)

0.0 The configuration tool 
(controller optimiza‐
tion) has access to the 
in/out parameter “Set‐
point operation”. If the 
bit SP_OP_ON is set, the 
value "set value opera‐
tion" is adopted as the 
set value.

–
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Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
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62.0 LMN_OP1) REAL manipulated value 
operation
Manipulated value 
operation

-100.0...100.0 (%) 0.0 The configuration tool 
has access to the in/out 
parameter “Setpoint op‐
eration on”. If the bit 
LMNOP_ON is set, the 
value "manipulated val‐
ue operation" is adop‐
ted as the manipulated 
value.

–

66.0 LMNRSVAL REAL start value of the si‐
mulated position 
feedback
Start value of the 
simulated position 
feedback

-100.0...100.0 (%) 0.0 The configuration tool 
(controller optimiza‐
tion) has access to the 
input "Start value of the 
simulated position feed‐
back". The start value of 
the simulation is en‐
tered at the parameter.
(This only applies to 
step-action controllers 
without analog position 
feedback).

–

70.0 cont_par WORD start of control pa‐
rameters 
Start of controller 
parameters

W#16#3130 W#16#31
302)

The cont_par parameter 
may not be altered by 
the user. It identifies the 
beginning of the con‐
troller parameters 
which are read from the 
FM and saved in the in‐
stance DB if COM_RST = 
TRUE and which are 
transferred to the FM if 
LOAD_PAR = TRUE is set. 
The end of the control‐
ler parameter is the end 
of the instance DB.

–

72.0 P_SEL BOOL P action on
P part on

 TRUE2) In the PID algorithm, the 
PID parts can be switch‐
ed on and off individual‐
ly. The proportional 
component is switched 
on if the input “P action 
on” is set.

PID Con‐
troller

72.1 PFDB_SEL BOOL P action in the feed‐
back
P part in the feed‐
back

 FALSE2) In the PID algorithm, the 
P and D parts can be 
positioned in the feed‐
back. The P action is in 
the feedback path if the 
input “P action in feed‐
back path” is set.

PID Con‐
troller
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Parameter Data 
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Comment
English
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Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

72.2 MONERSEL BOOL supervision: proc‐
ess variable = 0 
error signal = 1
Monitoring: Proc‐
ess variable = 0 
Control deviation = 
1

 FALSE2) The controller has a lim‐
it value alarm that can 
either be used for the 
process variable or the 
error signal. If the input 
"Monitoring: Actual val‐
ue = 0, control deviation 
= 1" is set, the control 
deviation will be moni‐
tored.

Inter‐
rupt 
control‐
ler

74.0 D_EL_SEL INT D element input for 
the controller
D-element input

0 to 17 02) The D element in the PID 
algorithm can be posi‐
tioned at a separate in‐
put. This is selected via 
the input “D-element in‐
put for the controller”.
0: Negative deviation
1 to 16: Analog input 1 
to 16
17: negative actual val‐
ue, D part in the feed‐
back

Error 
Signal 
(...) Con‐
troller

76.0 SP_HLM REAL set value high limit
Set value high limit

> SP_LLM
(physical variable)

100.02) The setpoint is always 
limited to a high and a 
low limit. The input "set 
value high limit" indi‐
cates the upper limit.

Limiting 
setpoint 
control‐
ler

80.0 SP_LLM REAL set value low limit
Set value low limit

< SP_HLM
(physical variable)

0.02) The setpoint is always 
limited to a high and a 
low limit. The input "set 
value low limit" indi‐
cates the lower limit.

Limiting 
setpoint 
control‐
ler

84.0 H_ALM REAL high limit interrupt 
high limit interrupt 

> H_WRN
(physical variable)

100.02) Four limits can be set for 
monitoring the actual 
value or the error signal. 
The input "high limit in‐
terrupt" indicates the 
highest limit.

Inter‐
rupt 
control‐
ler

88.0 H_WRN REAL high limit warning
high limit warning

H_ALM...L_WRN
(physical variable)

90.02) Four limits can be set for 
monitoring the actual 
value or the error signal. 
The input "high limit 
warning" indicates the 
second highest limit.

Inter‐
rupt 
control‐
ler
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Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

92.0 L_WRN REAL low limit warning
low limit warning

H_WRN...L_ALM
(physical variable)

10.02) Four limits can be set for 
monitoring the actual 
value or the negative de‐
viation. The input "low 
limit warning" indicates 
the second lowest limit.

Inter‐
rupt 
control‐
ler

96.0 L_ALM REAL low limit interrupt 
low limit interrupt 

< L_WRN
(physical variable)

0.02) Four limits can be set for 
monitoring the actual 
value or the error signal. 
The input "low limit in‐
terrupt" indicates the 
lowest limit.

Inter‐
rupt 
control‐
ler

100.0 HYS REAL hysteresis
Hysteresis

≥ 0.0
(physical variable)

1.02) To avoid flickering of the 
watchdog LEDs, a hyste‐
resis can be set at the in‐
put “hysteresis”.

Inter‐
rupt 
control‐
ler

104.0 DEADB_W REAL dead band width
Dead band width

≥ 0.0
(physical variable)

0.02) The control deviation is 
led over a dead band. 
The input “dead band 
width” determines the 
width of the dead band.

Dead 
band 
control‐
ler

108.0 GAIN REAL proportional gain
Proportional gain

total value range
(dimensionless)

1.02) The input “Proportional 
gain” determines the 
controller gain.

PID Con‐
troller

112.0 TI REAL reset time (s)
Integration time (s)

= 0.0 or ≥ 0.5 3000.02) The input “Reset time” 
determines the time re‐
sponse of the integrat‐
ing action element. 
With TI = 0, the integra‐
tor is switched off

PID Con‐
troller

116.0 TD REAL derivative time (s)
Derivative time (s)

= 0.0 or ≥ 1.0 0.02) The "derivative time" in‐
put determines the time 
response of the deriva‐
tive unit. With TD = 0, 
the derivative unit is 
switched off

PID Con‐
troller

120.0 TM_LAG REAL time lag of the de‐
rivative action (s)
Time lag of the D 
part (s)

TM_LAG ≥ 0.5 5.02) The algorithm of the D 
component contains a 
time lag that can be set 
at the input “Time lag of 
the derivative action”. 

PID Con‐
troller
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Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

124.0 LMN_SAFE REAL security manipu‐
lated value
Safety manipu‐
lated value

-100.0...100.0 (%) 0.02) A safety value can be set 
for the manipulated val‐
ue at the input “Safety 
manipulated value”.

Security 
manipu‐
lated 
value 
control‐
ler 
switch‐
ing

128.0 LMN_HLM REAL manipulated value 
high limit
Manipulated value 
high limit

LMN_LLM...100.0
(%) 

100.02) The manipulated varia‐
ble is always limited to a 
high and a low limit. The 
input "manipulated val‐
ue high limit" indicates 
the upper limit.
(this does not apply to 
step-action controllers 
without analog position 
feedback).

Limiting 
setpoint 
control‐
ler

132.0 LMN_LLM REAL manipulated value 
low limit
Manipulated value 
low limit

-100.0...LMN_HLM
(%)

0.02) The manipulated varia‐
ble is always limited to a 
high and a low limit. The 
input "manipulated val‐
ue low limit" indicates 
the lower limit.
(this does not apply to 
step-action controllers 
without analog position 
feedback).

Limiting 
setpoint 
control‐
ler

136.0 MTR_TM REAL motor manipu‐
lated value (s)
Motor manipulated 
time (s)

MTR_TM ≥ 0.001 60.02) The time of the manipu‐
lated valve from stop to 
stop is entered on the 
"motor manipulated 
time" parameter. 
(Only in the case of step 
controllers)

Pulse-
shaper 
control‐
ler

140.0 PULSE_TM REAL minimum pulse 
time (s)
Minimum pulse 
time (s)

≥ 0.0 0.22) A minimum pulse dura‐
tion can be set with the 
parameter “Minimum 
pulse time”. 
(applies to step-action 
and pulse controllers 
only)

Pulse-
shaper 
control‐
ler 
Split-
range 
func‐
tion/
Pulse 
genera‐
tor con‐
troller
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rame‐
ter as‐
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ment 
screen

144.0 BREAK_TM REAL minimum break 
time (s)
Minimum break 
time (s)

≥ 0.0 0.22) A minimum pulse dura‐
tion can be set with the 
parameter “Minimum 
pulse time”. 
(Only in the case of step 
controllers or pulse con‐
trollers)

Pulse-
shaper 
control‐
ler
Split-
range 
func‐
tion/
Pulse 
genera‐
tor con‐
troller

1) You can also change these parameters by means of the circle diagram.
2) Default setting values of the module after the first start-up of the FB PID_FM with COM_RST = TRUE

Note
With LOAD_PAR = TRUE all the control parameters are permanently loaded into the EEPROM of 
the FM 455.     
With LOAD_OP = TRUE from the operating parameters only the set value SP_RE is permanently 
loaded into the EEPROM of the FM 455. All the other operating parameters have default values 
of 0 or FALSE upon the start-up of the FM 455.     
The EEPROM of the module could become damaged in the case of too frequent write operations. 
To prevent this, after the description of the EEPROM, the module delays another description by 
30 minutes.

11.2 Instance DB of the FB FUZ_455

Introduction  
The FUZ_455 FB can be used to read the controller parameters of the fuzzy temperature 
controller out of the FM 455. You can then, for example, after replacing the FM 455, transfer 
these parameters back to the module.

Note
The parameters that have been established by the FM 455 by means of an identification may not 
be altered as they have been optimized for the control section.
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Parameters of the Instance DB

Table 11-4 Input parameters of the instance DB to the FB FUZ_455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

0.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module addresses 
FM 355/455

 512 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–

Table 11-5 Output parameters of the instance DB to the FB FUZ_455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

2.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

4.0 PARAFFUZ WORD parameterization 
error display
Parameterization 
error display

 0 A parameter assign‐
ment error created by 
the FB FUZ_455 is dis‐
played at the parame‐
ter PARAFFUZ as fol‐
lows: 
High byte from PARAF‐
FUZ = 01: there is a pa‐
rameterization error. 
High byte from PARAF‐
FUZ = 00: there is no 
parameterization error. 
The offset of the param‐
eter that has caused the 
parameterization error 
is in the low byte - cal‐
culated as of the static 
variables FUZ_PAR[1].

–

Pin assignment of the DBs
11.2 Instance DB of the FB FUZ_455

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 193



Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

6.0 READ_PAR BOOL read fuzzy parame‐
ters
Read fuzzy param‐
eters

 FALSE If the READ_PAR param‐
eter is set, then the fuz‐
zy parameters are read 
from the module and 
stored in the static vari‐
ables of the instance 
DB.

–

6.1 LOAD_PAR BOOL write fuzzy param‐
eters
Write fuzzy param‐
eters

 FALSE If the LOAD_PAR param‐
eter is set, then the fuz‐
zy parameters are read 
from the static varia‐
bles of the instance DB 
and transferred to the 
module.

–

11.3 Instance DB of the FB FORCE455

Introduction    
If you want to simulate analog or digital input values of the FM 455 then you need the FB 
FORCE455. 
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Parameters of the Instance DB

Table 11-6 Input parameters of the instance DB to the FB FORCE455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

0.0 S_AION ARRAY 
[1..16] 
of BOOL

switch: simulation 
of analog input by 
PV_SIM
Switches: Simula‐
tion of the analog 
input by PV_SIM

 FALSE If, for example, the 
switch S_AION[1] is set 
to TRUE, then the value 
PV_SIM[1] is used in 
the place of the analog 
input value 1 of the 
module (see the figure 
in chapter "The func‐
tion block FORCE455 
(Page 129)").

–

2.0 S_PVON ARRAY 
[1..16] 
of BOOL

switch: simulation 
of linearized ana‐
log input by 
PV_SIM
Switches: Simula‐
tion of linearized 
analog input by 
PV_SIM

 FALSE If, for example, the 
switch S_PVON[1] is set 
to TRUE, then the value 
PV_SIM[1] is used in 
the place of the linear‐
ized analog input value 
1 of the module (see 
the figure in chapter 
"The function block 
FORCE455 
(Page 129)").

–

4.0 PV_SIM ARRAY 
[1..16] 
of REAL

simulated analog 
input value
Simulated analog 
input value

0.0 to 20.0 [mA] or 
-1500 to 
+10000 [mV] or 
technical value 
range

0.0 For example, input 
PV_SIM[1] specifies the 
simulation value for the 
analog input 1. If 
S_PVON = TRUE then 
the linearized analog 
input value is specified 
here. If S_PVON = 
FALSE and S_AION = 
TRUE then the analog 
input value, which is 
transformed into a pre‐
processed value by 
means of the prepro‐
cessing functions, is 
specified in mA or mV.

–

68.0 S_DION ARRAY 
[1..16] 
of BOOL

switch: simulation 
of digital input by 
DI_SIM
Switches: Simula‐
tion of the digital 
input value by 
DI_SIM

 FALSE If, for example, S_DI‐
ON[1] is set to TRUE, 
then the value 
DI_SIM[1] is used in the 
place of the digital in‐
put value 1 of the mod‐
ule (see figure in chap‐
ter "The function block 
FORCE455 
(Page 129)").

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

70.0 DI_SIM ARRAY 
[1..16] 
of BOOL

simulated digital 
input value
Simulation value 
for digital input

 FALSE  –

72.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module address of 
the FM 355/455

 256 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–

Table 11-7 Output parameters of the instance DB to the FB FORCE455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

74.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

11.4 Instance DB of the FB READ_455

Introduction    
If you want to read analog or digital input values from the FM 455 then you need the FB 
READ_455. 
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Parameters of the Instance DB

Table 11-8 Input parameters of the instance DB to the FB READ_455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

0.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module addresses 
FM 355/455

 512 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–

Table 11-9 Output parameters of the instance DB to the FB READ_455
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

2.0 CJ_TEMP REAL cold junction tem‐
perature
Default tempera‐
ture

 0.0 On the CJ_TEMP out‐
put, the measured ref‐
erence junction tem‐
perature is displayed by 
the module if a thermo‐
couple element input is 
configured and the ref‐
erence junction tem‐
perature is not config‐
ured.

–

6.0 STAT_DI ARRAY 
[1..16] 
of BOOL

status of binary in‐
put DI1 to DI8
Status of the digital 
inputs 1 to 8

 FALSE The status of the digital 
inputs 1 to 8 are dis‐
played on the STAT_DI 
parameter.

–

(chan‐
nel 
num‐
ber) x 8

DI‐
AG[x].PV_PER

ARRAY 
[1..16] 
of 
STRUCT

analog input (0 to 
20 mA, -1500 to 
10000 mV)
Analog input (0 to 
20mA, -1500 to 
10000 mV)

 0.0 The parameter DI‐
AG[1].PV_PER displays, 
for example, the ana‐
log input value of the 
module in the unit mA 
or mV.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

(chan‐
nel 
num‐
ber) 
x 8 + 4

DI‐
AG[x].PV_PHY

ARRAY 
[1..16] 
of 
STRUCT

linearized analog 
input (physical)
Linearized analog 
input as a physical 
unit

 0.0 The parameter DI‐
AG[1].PV_PHY displays, 
for example, the linear‐
ized analog input value 
of the module in the 
physical unit.

–

136.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

11.5 Instance DB of the FB CH_DIAG

Introduction   
The FB CH_DIAG is required for reading additional channel-specific diagnostics tags from the 
module. 

Parameters of the Instance DB

Table 11-10 Input parameters of the instance DB to the FB CH_DIAG
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted range of 
values

Default Explanation In param‐
eter as‐

signment 
screen

0.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module addresses 
FM 355/455

 256 The module address 
that results from the 
configuration with 
STEP 7 is given at this 
input.

–

2.0 CHANNEL INT channel number
Channel number

1 to 16 1 The number of the con‐
troller channel to which 
the instance DB refers is 
configured at the 
"Channel number" in‐
put.

–
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Table 11-11 Output parameters of the instance DB to the FB CH_DIAG
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted range of 
values

Default Explanation In param‐
eter as‐

signment 
screen

4.0 SP_R REAL setpoint ratio
Ratio factor

 0.0 The parameter is as‐
signed the input value 
of the setpoint when 
the ratio controller is 
set.

–

8.0 PV_R REAL Process variable ra‐
tio
Actual value ratio

 0.0 The following value is 
only assigned to the pa‐
rameter value if the ra‐
tio controller is set: (Ac‐
tual value A - setpoint 
value offset)/actual val‐
ue D

–

12.0 DIF_I REAL Derivative unit in‐
put
D component in‐
put variable

 0.0 The input variable of 
the D component is dis‐
played at the DIF_I pa‐
rameter. This is of inter‐
est, for instance, if an 
analog input has been 
configured as the input 
variable of the D com‐
ponent.

–

16.0 TRACKPER REAL Input value for 
LMN tracking
Input variable for 
manipulated value 
tracking

 0.0 The TRACKPER parame‐
ter shows the input size 
at which the set value is 
being followed up if the 
controller is switched 
to set value follow-up.

–

20.0 IDSTATUS WORD Status of identifica‐
tion
Status of identifica‐
tion

 0.0 This parameter is de‐
scribed in chapter "Pa‐
rameter Optimization 
at a Temperature Con‐
troller (Page 77)".

–

22.0 LMN_P REAL Proportionality 
component
Proportional com‐
ponent

 0.0 The P part of the set val‐
ue is shown on the 
LMN_P parameter.

–

26.0 LMN_I REAL Integral compo‐
nent
Integral compo‐
nent

 0.0 The I component of the 
manipulated value is 
displayed at the LMN_I 
parameter.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted range of 
values

Default Explanation In param‐
eter as‐

signment 
screen

30.0 LMN_D REAL Derivative compo‐
nent
Derivative compo‐
nent

 0.0 The D part of the set 
value is shown on the 
LMN_D parameter.

–

34.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

11.6 Instance DB of the FB PID_PAR

Introduction     
The FB PID_PAR is required if you wish to change parameters online that are not included in the 
FB PID_FM. 

Parameters of the Instance DB

Table 11-12 Input parameters of the instance DB to the FB PID_PAR
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

0.0 COM_RST BOOL read parameters 
from system data  
Read parameters 
from system data

 TRUE If the parameter 
COM_RST = TRUE, then 
the FB PID_PAR carries 
out an initialization 
run.  In doing so, the 
parameters are read 
from the system data of 
the CPU and stored in 
the instance DB.

–

2.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module address of 
the FM 355/455

 256 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

4.0 CHANNEL INT channel number
Channel number

1 to 16 1 On the "channel num‐
ber" input the number 
of the controller chan‐
nel is configured to 
which the instance DB 
refers.

–

6.0 INDEX_R INT index for REAL pa‐
rameters
Index for REAL pa‐
rameters

0 to 48 0.0 Refer to chapter "The 
function block PID_PAR 
(Page 136)".

–

8.0 VALUE_R REAL value for REAL pa‐
rameters
Value for REAL pa‐
rameters

dependent on the 
respective parame‐
ters

0.0 Refer to chapter "The 
function block PID_PAR 
(Page 136)".

–

12.0 INDEX_I INT index for INT pa‐
rameters
Index for INT pa‐
rameters

0, 49 to 61 0.0 Refer to chapter "The 
function block PID_PAR 
(Page 136)".

–

14.0 VALUE_I INT value for INT pa‐
rameters 
Value for INT pa‐
rameters

dependent on the 
respective parame‐
ters

0.0 Refer to chapter "The 
function block PID_PAR 
(Page 136)".

–

Table 11-13 Output parameters of the instance DB to the FB PID_PAR
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

16.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

18.0 BUSY BOOL BUSY value of SFC 
WR_REC 
BUSY value of SFC 
WR_REC

 FALSE If BUSY = TRUE, the pa‐
rameters have not yet 
been taken over by the 
module. FB PID_PAR 
should then be called 
again in the next cycle.

–
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11.7 Instance DB of the FB CJ_T_PAR

Introduction  
The FB CJ_T_PAR is required if you wish to change the configured reference junction temperature 
on the module online. 

Parameters of the Instance DB

Table 11-14 Input parameters of the instance DB to the FB CJ_T_PAR
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

0.0 COM_RST BOOL read parameters 
from system data 
Read parameters 
from system data

 – If the parameter 
COM_RST = TRUE, then 
the FB CJ_T_PAR carries 
out the initialization 
run.  In doing so, the 
parameters are read 
from the system data of 
the CPU and stored in 
the instance DB.

–

2.0 MOD_ADDR INT FM 355/455 mod‐
ule address
Module addresses 
FM 355/455

 256 The module address 
that resulted from the 
configuration with 
STEP 7 is given at this 
input.

–

4.0 CJ_T REAL cold junction tem‐
perature
Default tempera‐
ture

dependent on sen‐
sor type

0.0 The reference junction 
temperature can be 
specified via the param‐
eter CJ_T.

–
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Table 11-15 Output parameters of the instance DB to the FB CJ_T_PAR
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

8.0 RET_VALU WORD return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

–

10.0 BUSY BOOL BUSY value of SFC 
WR_REC 
BUSY value of SFC 
WR_REC

 FALSE If BUSY = TRUE, the pa‐
rameters have not yet 
been taken over by the 
module. FB PID_PAR 
should then be called 
again in the next cycle.

–

11.8 Assignment of the DBs for operating and monitoring via the OP

Introduction      
For operating and monitoring the FM 455 via an OP the variable interface of the FM 455 includes 
16 data blocks with the block numbers 101 to 116 for the controller channels 1 to 16.

Parameters of the Instance DB

Table 11-16 Input parameters of the DBs for operating and monitoring  
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

0.0 SP_HLM1) REAL set value high limit
Set value high limit

> SP_LLM
(physical variable)

100.0 The setpoint is always 
limited to a high and a 
low limit. The input "set 
value high limit" indi‐
cates the upper limit.

Limit 
setpoint 
control‐
ler

4.0 SP_LLM1) REAL set value low limit
Set value low limit

< SP_HLM
(physical variable)

0.0 The setpoint is always 
limited to a high and a 
low limit. The input "set 
value low limit" indicates 
the lower limit.

Limit 
setpoint 
control‐
ler
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

8.0 H_ALM1) REAL high limit interrupt 
high limit interrupt 

> H_WRN
(physical variable)

100.0 Four limits can be set for 
monitoring the actual val‐
ue or the error signal. The 
input "high limit inter‐
rupt" indicates the high‐
est limit.

Inter‐
rupt 
control‐
ler

12.0 H_WRN1) REAL high limit warning
high limit warning

H_ALM...L_WRN
(physical variable)

90.0 Four limits can be set for 
monitoring the actual val‐
ue or the error signal. The 
input “High limit alarm” 
determines the secon‐
dary upper limit.

Inter‐
rupt 
control‐
ler

16.0 L_WRN1) REAL low limit warning
low limit warning

H_WRN...L_ALM
(physical variable)

10.0 Four limits can be set for 
monitoring the actual val‐
ue or the error signal. The 
input “Low limit warning” 
determines the secon‐
dary lower limit.

Inter‐
rupt 
control‐
ler

20.0 L_ALM1) REAL low limit interrupt 
low limit interrupt 

< L_WRN
(physical variable)

0.0 Four limits can be set for 
monitoring the actual val‐
ue or the error signal. The 
input "low limit interrupt" 
indicates the lowest limit.

Inter‐
rupt 
control‐
ler

24.0 HYS1) REAL hysteresis
Hysteresis

≥ 0.0
(physical variable)

1.0 To avoid flickering of the 
watchdog LEDs, a hyste‐
resis can be set at the in‐
put “hysteresis”.

Inter‐
rupt 
control‐
ler

28.0 DEADB_W1) REAL dead band width
Dead band width

≥ 0.0
(physical variable)

0.0 The control deviation is 
led over a dead band. The 
"dead band width" input 
determines the size of 
the dead band.

Dead 
band 
control‐
ler

32.0 GAIN1) REAL proportional gain
Proportional gain

total value range
(dimensionless)

1.0 The input “Proportional 
gain” determines the con‐
troller gain.

PID Con‐
troller

36.0 TI1) REAL reset time (s)
Integration time (s)

= 0.0 or ≥ 0.5 3000.0 The input “Reset time” de‐
termines the time re‐
sponse of the integrating 
action element. If TI = 0, 
the integrating action el‐
ement is deactivated

PID Con‐
troller

40.0 TD1) REAL derivative time (s)
Derivative time (s)

= 0.0 or ≥ 1.0 0.0 The input “Reset time” de‐
termines the time re‐
sponse of the integrating 
action element. With TD 
= 0, the derivative unit is 
switched off

PID Con‐
troller
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

44.0 TM_LAG1) REAL time lag of the de‐
rivative action (s)
Time lag of the D 
part (s)

TM_LAG ≥ 0.5 5.0 The algorithm of the D 
component contains a 
time lag that can be set at 
the input “Time lag of the 
derivative action”.

PID Con‐
troller

48.0 LMN_SAFE1) REAL security manipu‐
lated value
Safety manipu‐
lated value

-100.0...100.0 (%) 0.0 For the manipulated val‐
ue, a security value can 
be configured on the "Se‐
curity manipulated val‐
ue" input.

Switch 
Safety 
Manipu‐
lated 
Value 
Control‐
ler

52.0 LMN_HLM1) REAL manipulated value 
high limit
Manipulated value 
high limit

LMN_LLM...100.0
(%) 

100.0 The manipulated variable 
is always limited to an 
high and a low limit. The 
input "manipulated value 
high limit" indicates the 
upper limit.
(this does not apply to 
step-action controllers 
without analog position 
feedback).

Limiting 
setpoint 
control‐
ler

56.0 LMN_LLM1) REAL manipulated value 
low limit
Manipulated value 
low limit

-100.0...LMN_HLM
(%)

0.0 The manipulated variable 
is always limited to a high 
and a low limit. The input 
"manipulated value low 
limit" indicates the lower 
limit.
(this does not apply to 
step-action controllers 
without analog position 
feedback).

Limiting 
setpoint 
control‐
ler

60.0 MTR_TM1) REAL motor manipu‐
lated value (s)
Motor manipu‐
lated time (s)

MTR_TM ≥ 0.001 60.0 The time of the manipu‐
lated valve from stop to 
stop is entered on the 
"motor manipulated 
time" parameter.
(Only in the case of step 
controllers)

Pulse 
shaper 
control‐
ler
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

64.0 PULSE_TM1) REAL minimum pulse 
time (s)
Minimum pulse 
time (s)

≥ 0.0 0.2 A minimum pulse length 
can be configured on the 
"minimum pulse time" pa‐
rameter.
(Only in the case of step 
controllers or pulse con‐
trollers)

Pulse 
shaper 
control‐
ler 
Split-
range /
Pulse 
Shaper 
Control‐
ler 

68.0 BREAK_TM1) REAL minimum break 
time (s)
Minimum break 
time (s)

≥ 0.0 0.2 A minimum pulse dura‐
tion can be set with the 
parameter “Minimum 
pulse time”.
(Only in the case of step 
controllers or pulse con‐
trollers)

Pulse 
shaper 
control‐
ler
Split-
range / 
Pulse 
Shaper 
Control‐
ler 

72.0 SP_RE2) REAL external set value
external set value

technical value 
range
physical variable)

0.0 An external set value is 
switched on input "exter‐
nal set value" with the 
controller.

–

76.0 LMN_RE2) REAL external manipu‐
lated value
external manipu‐
lated value

-100.0...100.0 (%) 0.0 An external manipulated 
value is switched on in‐
put "external manipu‐
lated value" with the con‐
troller.

–

80.0 LMNRSVAL2) REAL start value of the 
simulated position 
feedback
Start value of the 
simulated position 
feedback

-100.0...100.0 (%) 0.0 The configuration tool 
has access to the input 
"Start value of the simula‐
ted position feedback". 
The start value of the sim‐
ulation is entered at the 
parameter.
(This only applies to step-
action controllers with‐
out analog position feed‐
back).

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

84.0 SAFE_ON2) BOOL safety position on
Safety position on

 FALSE If the input “safety posi‐
tion on” is set, a safety 
value is used as the ma‐
nipulated value.
Note:
The safety operations via 
LMNDN_OP, LMNUP_OP 
and LMNSOPON on a step 
controller are of higher 
priority than the safety 
value.

–

84.1 LMNTRKON2) BOOL match (LMN from 
analog input)
Follow-up (LMN 
from AI)

 FALSE If the input "Follow-up 
(LMN from AI)" is set, the 
manipulated value of an 
analog input (AI) is fol‐
lowed up.
(this does not apply to 
step-action controllers 
without analog position 
feedback).

–

84.2 LMN_REON2) BOOL external manipu‐
lated value
external manipu‐
lated value on

 FALSE If the "external manipu‐
lated value on" input is 
set, the external manipu‐
lated value LMN_RE is 
adopted as the manipu‐
lated value.

–

84.3 LMNRHSRE2) BOOL high stop signal of 
repeated manipu‐
lated value
Upper stop signal 
of the position 
feedback

 FALSE The signal “Control valve 
at upper end stop” is in‐
terconnected at the input 
“High limit signal of posi‐
tion feedback”. 
LMNRHSRE = TRUE 
means: The manipulated 
valve is located at the 
high stop.
(Only in the case of step 
controllers)

–

84.4 LMNRLSRE2) BOOL low stop signal of 
repeated manipu‐
lated value
Lower stop signal 
of the position 
feedback

 FALSE The signal “Control valve 
at lower end stop” is con‐
nected at the input “Low 
limit signal of position 
feedback”. 
LMNRLSRE = TRUE 
means: The manipulated 
valve is located at the 
lower stop.
(Only in the case of step 
controllers)

–
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

84.5 LMNSOPON2) BOOL manipulated value 
signal operation on
Setpoint operation 
on

 FALSE If the bit at the input “Ma‐
nipulated value signal op‐
eration on” is set, the sig‐
nals LMNUP_OP and 
LMNDN_OP are used as 
manipulated value sig‐
nals.
(Only in the case of step 
controllers)

–

84.6 LMNUP_OP2) BOOL manipulated value 
signal up operation
Manipulated value 
signal up operation

 FALSE If the LMNSOPON is set, 
the value on the "manip‐
ulated value signal up op‐
eration" input is adopted 
as the manipulated value 
signal.
(Only in the case of step 
controllers)

–

84.7 LMNDN_OP2) BOOL manipulated value 
signal down opera‐
tion
Manipulated value 
signal down opera‐
tion

 FALSE If the LMNSOPON is set, 
the value on the "manip‐
ulated value signal down 
operation" input is adop‐
ted as the manipulated 
value signal.
(Only in the case of step 
controllers)

–

85.0 MONERSEL1) BOOL supervision: proc‐
ess variable = 0 
error signal = 1
Monitoring: Proc‐
ess variable = 0 
Control deviation = 
1

 FALSE The controller has a limit 
indicator that can be ap‐
plied either for the actual 
value or the control devi‐
ation. If the input "Moni‐
toring: If the input “Moni‐
toring: Process variable = 
0, Error signal = 1” is set, 
the error signal is moni‐
tored.

Inter‐
rupt 
control‐
ler
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

85.1 LMNRS_ON2) BOOL simulation of the 
position feedback 
on
Simulation of the 
position feedback 
on

 FALSE If there is no position 
feedback, this can be si‐
mulated. The function is 
switched on at the input 
“Simulation of the posi‐
tion feedback on”. CAU‐
TION: The simulation de‐
viates increasingly from 
the real position feed‐
back as time passes.
(This only applies to step-
action controllers with‐
out analog position feed‐
back).

–

85.2 FUZID_ON 2) BOOL fuzzy identification 
on
Fuzzy identifica‐
tion on

 FALSE Identification of the fuzzy 
algorithm is switched on 
at the input “Fuzzy identi‐
fication on”.

–

85.3 SPINT_EN2) BOOL operator input: ex‐
ternal = 0 inter‐
nal = 1
Operating input: 
external = 0 
internal = 1

 FALSE The input "operating in‐
put: external = 0, inter‐
nal = 1" determines the 
input that is transferred 
as a set value to the mod‐
ule.
SPINT_EN = TRUE: SP_INT 
is transferred.
SPINT_EN = FALSE: SP_RE 
is transferred.

–

85.4 P_SEL1) BOOL P action on
P part on

 TRUE In the PID algorithm, the 
PID parts can be switched 
on and off individually. 
The proportional part is 
switched on if the input 
"P part on" is set.

PID Con‐
troller

85.5 PFDB_SEL1) BOOL P action in the feed‐
back 
P part in the feed‐
back

 FALSE In the PID algorithm, the 
P and D parts can be posi‐
tioned in the feedback. 
The P action is in the feed‐
back path if the input “P 
action in feedback path” 
is set.

PID Con‐
troller
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In pa‐
rame‐
ter as‐
sign‐
ment 
screen

86.0 D_EL_SEL1) INT D element input 
for the controller
D-element input

0 to 17 0 The D element in the PID 
algorithm can be posi‐
tioned at a separate in‐
put. This is selected via 
the input “D-element in‐
put for the controller”.
0: Negative deviation
1 to 16: Analog input 1 to 
16
17: negative actual value

Error 
Signal 
(...) Con‐
troller

1) control parameter:
Control parameters are downloaded to the module if the I/O parameter LOAD_PAR is set.     
All control parameters are permanently loaded into the EEPROM of the FM 455.
2) operating parameters:
Operating parameters are downloaded to the module if the I/O parameter LOAD_OP is set.     
From the operating parameters, only the set value SP_RE is permanently loaded into the EEPROM of the FM 455. All the other 
operating parameters are issued with the values 0 or FALSE upon the start-up of the FM 455

Note
The EEPROM of the module could become damaged in the case of too frequent write operations. 
To prevent this, after the description of the EEPROM, the module delays another description by 
30 minutes.

Table 11-17 Output parameters of the DBs for operating and monitoring 
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

94.0 SP REAL set value
Set value

technical value 
range
(physical variable)

0.0 The set value that be‐
comes effective is is‐
sued on output "set val‐
ue".

-

98.0 PV REAL process variable
Actual value

technical value 
range
(physical variable)

0.0 The actual value that 
becomes effective is is‐
sued on the "actual val‐
ue" output.

-

102.0 ER REAL error signal
Negative deviation

technical value 
range
(physical variable)

0.0 The control deviation 
that becomes effective 
is issued on the "control 
deviation" output.

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

106.0 DISV REAL disturbance varia‐
ble
Interference

-100.0...100.0 (%) 0.0 The interference that 
becomes effective is is‐
sued on the "interfer‐
ence" output.

-

110.0 LMN REAL manipulated value
Manipulated value

-100.0...100.0 (%) 0.0 The manipulated value 
that becomes effective 
is issued on the "manip‐
ulated value" output. In 
the case of step control‐
lers without analog po‐
sition feedback, the un‐
restricted P + D parts 
are issued on the LMN 
parameter.

-

114.0 LMN_A REAL man. var. A of split 
range function / re‐
peated man. var.
Manipulated varia‐
ble A of the split-
range function / po‐
sition feedback

-100.0...100.0 (%) 0.0 On the output "Manipu‐
lated value A of the split 
range function / posi‐
tion feedback" in the 
case of continuous con‐
trollers the manipu‐
lated value A of the split 
range function, and 
with step controllers 
with analog position 
feedback, the position 
feedback is displayed.
The simulated position 
feedback is displayed 
for a step controller 
without analog posi‐
tion feedback.

-

118.0 LMN_B REAL man. var. B of split 
range function
Manipulated value 
B of the split range 
function

-100.0...100.0 (%) 0.0 At the output “Manipu‐
lated value B of split-
range function” the ma‐
nipulated value B of the 
split-range function is 
displayed for a continu‐
ous controller.

-

122.0 QH_ALM BOOL high limit interrupt 
reached
upper limit inter‐
rupt reached

 FALSE The actual value or the 
controlled variable is 
monitored on four lim‐
its. Exceeding the limit 
H_ALM is displayed on 
the output "upper limit 
interrupt reached".

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

122.1 QH_WRN BOOL high limit warning 
reached
upper limit warn‐
ing reached

 FALSE The actual value or the 
controlled variable is 
monitored on four lim‐
its. Exceeding the limit 
H_WRN is displayed on 
the output "upper limit 
warning reached".

-

122.2 QL_WRN BOOL process variable 
low limit warning 
reached
low limit warning 
reached

 FALSE The actual value or the 
controlled variable is 
monitored on four lim‐
its. Falling short of the 
limit L_WRN is dis‐
played on the output 
"lower limit warning 
reached".

-

122.3 QL_ALM BOOL low limit interrupt 
reached
low limit interrupt 
reached

 FALSE The actual value or the 
controlled variable is 
monitored on four lim‐
its. Falling short of the 
limit L_ALM is displayed 
on the output "lower 
limit interrupt reached".

-

122.4 QLMN_HLM BOOL high limit of manip‐
ulated value 
reached
high limit of the 
manipulated value 
reached

 FALSE The manipulated varia‐
ble is always limited to 
an high and a low limit. 
The output “High limit 
of manipulated value 
reached” indicates that 
the upper limit has 
been exceeded.
(this does not apply to 
step-action controllers 
without analog posi‐
tion feedback).

-

122.5 QLMN_LLM BOOL low limit of manip‐
ulated value 
reached
low limit of the ma‐
nipulated value 
reached

 FALSE The manipulated varia‐
ble is always limited to 
an high and a low limit. 
The output “Low limit 
of manipulated value 
reached” indicates that 
the lower limit has 
been exceeded.
(Not for step controllers 
without analog posi‐
tion feedback)

-

122.6 QSPINTON BOOL internal set value 
on
internal set value 
on

 FALSE The output "internal set 
value on" indicates that 
SP_INT is transferred to 
the module.

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

123.0 QPARA_F BOOL parameter assign‐
ment error
Parameterization 
error 

 FALSE The module checks the 
parameters for validity. 
A parameterization er‐
ror is displayed on the 
"Parameterization er‐
ror" output. You can al‐
so read out these pa‐
rameter assignment er‐
rors by using the 
menu PLC > Parameter 
Assignment Error of 
the parameter assign‐
ment interface.

-

123.1 QCH_F BOOL channel error
Channel error

 FALSE The "channel error" out‐
put is set if the control‐
ler channel cannot pro‐
vide valid results. Chan‐
nel error (e.g. line 
break) is also set with 
QPARA_F = 1 or 
QMOD_F = 1. If 
QCH_F=TRUE, the ex‐
act error information 
can be read out in the 
diagnostics data record 
DS1 of the module (see 
chapter  "Errors and di‐
agnostics (Page 219)").

-

123.2 QUPRLM BOOL limit of positive set 
value inclination 
reached
the positive set‐
point inclination is 
reached

 FALSE The setpoint is limited 
to a positive and nega‐
tive gradient. If the out‐
put “Limit of positive 
setpoint inclination 
reached” is set, the pos‐
itive setpoint inclina‐
tion is limited.

-

123.3 QDNRLM BOOL limit of negative 
set value inclina‐
tion reached
the negative set‐
point inclination is 
reached

 FALSE The setpoint is limited 
to a positive and nega‐
tive gradient. If the out‐
put “Limit of negative 
setpoint inclination 
reached” is set, the neg‐
ative setpoint inclina‐
tion is limited.

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

123.4 QSP_HLM BOOL high limit of set val‐
ue reached
high limit of the set 
value reached

 FALSE The setpoint is always 
limited to a high and a 
low limit. The output 
“High limit of setpoint 
value reached” indi‐
cates that the upper 
limit has been excee‐
ded.

-

123.5 QSP_LLM BOOL low limit of set val‐
ue reached
low limit of the set 
value reached

 FALSE The setpoint is always 
limited to a high and a 
low limit. The output 
“Low limit of setpoint 
value reached” indi‐
cates that the lower lim‐
it has been exceeded.

-

123.6 QSPOPON BOOL set value operation 
on
Setpoint operation 
on

 FALSE The output “Setpoint 
operation on” indicates 
whether the setpoint is 
being operated via the 
configuration tool 
(loop monitor). If the 
bit is set, the value 
SP_OP is used as the 
setpoint.

-

123.7 QLMNSAFE BOOL safety operation
Safety mode

 FALSE If the output “Safety op‐
eration” is set, the safe‐
ty manipulated value is 
output as the manipu‐
lated value.

-

124.0 QLMNOPON BOOL manipulated value 
operation on
Setpoint operation 
on

 FALSE The output “Manipu‐
lated value operation 
on” indicates whether 
the manipulated value 
is being operated via 
the configuration tool 
(loop monitor). If the 
bit is set, the value 
LMN_OP is adopted as 
the manipulated value.

-

124.1 QLMNTRK BOOL follow-up opera‐
tion
Follow-up mode

 FALSE The "follow-up mode" 
indicates if the manipu‐
lated value is being fol‐
lowed up by an analog 
input.

-

124.2 QLMN_RE BOOL manual = 1 auto‐
matic = 0
Manual = 1 auto‐
matic = 0

 FALSE The output “Manual = 
1; Automatic = 0” indi‐
cates whether the ma‐
nipulated value is set to 
the external manipu‐
lated value LMN_RE 
(manual = 1) or not.

-

Pin assignment of the DBs
11.8 Assignment of the DBs for operating and monitoring via the OP

Controller Module FM 455
214 Operating Manual, 03/2022, A5E00059359-AF



Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

124.3 QLMNR_HS BOOL high stop signal of 
repeated manipu‐
lated value
Upper stop signal 
of the position 
feedback

 FALSE The output “High limit 
signal of position feed‐
back” indicates wheth‐
er the control valve is at 
its upper limit. 
QLMNR_HS = TRUE 
means: The manipu‐
lated valve is located at 
the high stop.
(Only in the case of step 
controllers)

-

124.4 QLMNR_LS BOOL low stop signal of 
repeated manipu‐
lated value
low stop signal of 
the position feed‐
back

 FALSE The output “Low limit 
signal of position feed‐
back” indicates wheth‐
er the control valve is at 
its lower limit. 
QLMNR_LS = TRUE 
means: The manipu‐
lated valve is located at 
the lower stop.
(Only in the case of step 
controllers)

-

124.5 QLMNR_ON BOOL repeated manipu‐
lated value on
Position feedback 
enabled

 FALSE The output "position 
feedback on" shows the 
set mode "step control‐
ler with position feed‐
back" or "step controller 
without position feed‐
back".

-

124.6 QFUZZY BOOL PID algorithm = 0 
fuzzy = 1
PID algorithm = 0
fuzzy = 1

 FALSE If the output "PID algo‐
rithm = 0; fuzzy = 1", 
the controller is work‐
ing with the fuzzy algo‐
rithm.

-

124.7 QSPLEPV BOOL fuzzy display: set 
value < process var‐
iable
Display of FUZZY 
controller: set val‐
ue < actual value

 FALSE The output "Display of 
FUZZY controller: set 
value < actual value" is 
set when the fuzzy con‐
troller is switched on, if 
the set value is less than 
the effective actual val‐
ue.

-

125.0 QSPR BOOL split range opera‐
tion
split range opera‐
tion

 FALSE If the "split range oper‐
ation" output is set, the 
continuous controller 
works in split range op‐
eration.

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

125.1 QLMNUP BOOL manipulated value 
signal up
Manipulated value 
signal up

 FALSE Is the output "manipu‐
lated value signal up".
(Only in the case of step 
controllers or pulse con‐
trollers)

-

125.2 QLMNDN BOOL manipulated value 
signal down
Manipulated value 
signal down

 FALSE Is the output "manipu‐
lated value signal 
down".
(Only in the case of step 
controllers or pulse con‐
trollers)

-

125.4 QBACKUP BOOL Backup
Back-up operation

 FALSE 0= no backup status 
(CPU in RUN)
1= backup status (CPU 
in STOP or has failed)

-

125.5 QID BOOL identification in 
work  
Identification in 
work

 FALSE QID = TRUE shows that 
an identification is run‐
ning (not that it is 
switched on). After the 
end of identification 
the identification result 
can be read out via the 
IDSTATUS parameter of 
the CH_DIAG FB (see 
chapter "Parameter Op‐
timization at a Temper‐
ature Controller 
(Page 77)" and chapter 
"The function block 
CH_DIAG (Page 132)").

-

125.6 QMAN_FC BOOL follow-up mode or 
anti-reset-windup 
by slave controller  
Follow-up mode or 
anti-reset-windup 
by slave controller

 FALSE The controller is a mas‐
ter controller, which, by 
the manual operation 
of a slave controller is 
followed-up to its ac‐
tual value or its I part is 
stopped, because the 
set value or manipu‐
lated variable of the 
slave controller lies in 
the limit.

-

126.0 RET_VALU INT return value 
SFC 58/59
Return value of 
SFC 58/59

 0 RET_VALU includes the 
return value RET_VAL 
of the SFC 58/59. 
RET_VALU can be eval‐
uated if an error is re‐
ported via the QMOD_F 
(see reference manual /
2/).

-
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Table 11-18 I/O parameters of the DBs for operating and monitoring 
Ad‐

dress
Parameter Data 

type
Comment

English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

128.0 SP_INT REAL internal set value
internal set value

technical value 
range
(physical variable)

0.0 The in/out parameter 
“Internal setpoint” is 
used to assign a set‐
point using operator in‐
terface functions.

-

132.0 SP_OP2) REAL set value operation 
Set value operation

technical value 
range
(physical variable)

0.0 The configuration tool 
(controller optimiza‐
tion) has access to the 
in/out parameter “Set‐
point operation”. If the 
bit SP_OP_ON is set, the 
value "set value opera‐
tion" is adopted as the 
set value.

-

136.0 LMN_OP2) REAL manipulated value 
operation
Manipulated value 
operation

-100.0...100.0 (%) 0.0 The configuration tool 
(loop monitor) has ac‐
cess to the in/out pa‐
rameter “Manipulated 
value operation”. If the 
bit LMNOP_ON is set, 
the value "manipulated 
value operation" is 
adopted as the manipu‐
lated value.

-

140.0 SP_OP_ON2) BOOL set value operation 
on
Set value opera‐
tion on

 FALSE The configuration tool 
(loop monitor) has ac‐
cess to the in/out pa‐
rameter “Setpoint oper‐
ation on”. If the bit is 
set, the value SP_OP is 
used as the setpoint.

-

140.1 LMNOP_ON2) BOOL manipulated value 
operation on
Setpoint operation 
on

 FALSE The configuration tool 
(loop monitor) has ac‐
cess to the in/out pa‐
rameter “Setpoint oper‐
ation on”. If the bit is 
set, the value LMN_OP 
is adopted as the ma‐
nipulated value.

-

140.2 LOAD_PAR BOOL load control param‐
eter to FM 355/455
Load control pa‐
rameter to FM 
355/455

 FALSE If the in/out parameter 
“Load control parame‐
ters to FM 355/455” is 
set, the control param‐
eters are downloaded 
to the module and the 
in/out parameter reset.

-
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Ad‐
dress

Parameter Data 
type

Comment
English
German

Permitted value 
range

Default Explanation In param‐
eter as‐

signment 
screen

140.3 LOAD_OP BOOL load operator pa‐
rameter to 
FM 355/455
Read operating pa‐
rameters from FM 
355/455

 FALSE If the in/out parameter 
“Load operator parame‐
ters to FM 355/455” is 
set, the operator pa‐
rameters are downloa‐
ded to the module and 
the in/out parameter re‐
set.

-

1) Control parameters:
Control parameters become effective in the module if the in/out parameter LOAD_PAR is set.     
2) Operator parameters:
Operator parameters become effective in the module if the in/out parameter LOAD_OP is set.     
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Errors and diagnostics 12
12.1 Error Display via the Error LEDs

Where are the errors displayed?   
The red LED INTF indicates an internal fault on the module.
The red LED EXTF indicates an external fault, for example fault on the connections.
If the yellow LED flashes, then the firmware has been deleted. This status can only occur in the 
case of faulty hardware or if the loading procedure of the firmware is aborted.

Which errors are displayed?
The following faults are indicated by the error LEDs lighting up:    

Type of er‐
ror

Diagnostic message Possible cause Correction

Internal er‐
rors

Module defective Hardware error Replace module
Time monitoring (watchdog) trip‐
ped

Hardware error Replace module

EEPROM content is invalid Failure of the supply voltage when 
configuring

Reconfigure module

External er‐
rors

Incorrect parameters in module Incorrect parameters have been 
transferred to the module

Reconfigure module

Errors with the analog inputs or 
analog outputs

Analog input hardware error Replace module
Analog input, wire breakage Remedy wire break
Analog input measuring range vio‐
lation (underrange)

Check the measuring signal

Analog input measuring range vio‐
lation (overrange)

Check the measuring signal

Analog output wire break Remedy wire break
Analog output short circuit Eliminate the short-circuit

Missing external auxiliary supply Left-hand front connector not plug‐
ged
24 V supply missing

Plug in the left-hand front connector 
Restore 24 V supply 

Diagnostic interrupt in the case of errors 
All errors can trigger a diagnostic interrupt if you have enabled the diagnostic interrupt in the 
respective parameterization screen. From the diagnostic data records DS0 and DS1 you can see 
which errors have caused the LED to light up. The assignment of the diagnostic data records DS0 
and DS1 is described in chapter "Diagnostic data record DS0 and DS1 (Page 221)".
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See also
Instance DB of the FB PID_FM (Page 171)
Assignment of the DBs for operating and monitoring via the OP (Page 203)
Parameterization (Page 112)

12.2 Triggering diagnostic interrupts

What is a diagnostic interrupt?  
If a user program is to respond to an internal or external fault, you can set a diagnostics interrupt 
parameter that interrupts the cyclic program of the CPU and calls the diagnostics interrupt OB, 
OB8 82.  

Which events may trigger a diagnostic interrupt?
The list shows which events can trigger a diagnostic interrupt:  
• The module has not been configured or is incorrectly configured
• Module defective
• Wire break in analog inputs (4 to 20 mA)
• Overflow and underflow with analog inputs
• Load break and short circuit at analog outputs
• Wire break at thermocouples and Pt 100

Default setting
The diagnostic interrupt is blocked by default.  

Enabling the diagnostic interrupt
You disable or enable the diagnostics interrupt for the module in the “Basic parameters” dialog 
box.  

Responses to an interrupt-triggering event
The following happens when an event occurs that could trigger a diagnostic interrupt:
• The diagnostic information is stored in diagnostic data records DS0 and DS1.
• One or both error LEDs light up.
• The diagnostic interrupt OB (OB 82) is called.   
• The diagnostic record DS0 is entered in the start information of the diagnostic interrupt OB.
• If there is no hardware fault, the module continues to control.
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If no OB 82 is programmed, the CPU goes to STOP.

12.3 Diagnostic data record DS0 and DS1

Introduction
The information as to which event has triggered a diagnostics interrupt is stored in the 
diagnostics data records DS0 and DS1. The diagnostics data record DS0 comprises four bytes. 
DS1 comprises 27 bytes with the first four bytes being identical to DS0.

Read data record from the module  
The diagnostic data record DS0 is automatically transferred to the start information when the 
diagnostic OB is called. There these four bytes are stored in the local data (byte 8 - 11) of the OB 
82.
The diagnostic data record DS1 (and hence also the content of the DS0) can be read from the 
module by means of SFC 59 "RD_REC". This only makes sense if an error is reported in a channel 
in the DS0.

How does the diagnostics text appear in the diagnostics buffer?   
If you want to enter the diagnostics report in the diagnostics buffer, you must call the SFC 52 
"Enter user-specific report in the diagnostics buffer" in the user program. The event number of 
the respective diagnostics report is specified on the input parameter EVENTN. The interrupt is 
entered in the diagnostics buffer with x = 1 as incoming and x = 0 as outgoing. Alongside the 
time of the entry, the diagnostics buffer also shows the respective diagnostics text that is 
specified in the "Meaning" column.
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Assignment of the diagnostic data record DS0 in the start information  
The following table shows the assignment of the diagnostic data record DS0 in the start 
information. Bits that are not listed are of no significance and are zero.

Table 12-1 Assignment of the diagnostic data record DS0
Byte Bit Meaning Note Event no.

0 0 BG fault Is set for every diagnostic event 8:x:00
1 Internal error If set with all internal errors:

• Time watchdog tripped
• EEPROM content invalid; module continues 

without controlling and waits for a new con‐
figuration by the CPU

• EPROM fault
• ADC/DAC fault
• Analog input hardware error

8:x:01

2 External error Is set with all external errors:
• Missing external auxiliary supply
• Faulty parameters
• Analog input wire break (only area 4 to 20 

mA)
• Analog input measuring range violation (un‐

derrange)
• Analog input measuring range violation 

(overrange)
• Analog output wire break
• Analog output short circuit

8:x:02

3 Error in a channel Refer to DS 1, as of byte 7 for a further break‐
down

8:x:03

4 Missing external aux‐
iliary supply

24 V supply of the FM 455 failed 8:x:04

6 EEPROM content is in‐
valid

Missing supply voltage during a write operation 
in EEPROM. The module starts with default pa‐
rameters.

8:x:03

7 Faulty parameters The module cannot make use of a parameter. 
Reason: Parameter unknown or invalid combi‐
nation of parameters.
See menu Target system > Parameterization 
error display

8:x:07

1 0 ... 3 Module class Is always occupied with 8 –
4 Channel-specific di‐

agnosis
Is set when the module can provide additional 
channel information and a channel error exists 
(see DS 1 byte 7 to 12)

–
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Byte Bit Meaning Note Event no.
2 0 User module incor‐

rect / missing
The position (A, B, C, D) of the coding key does 
not agree with the parameter assignment in the 
FM 455

8:x:30

3 Time monitoring 
(watchdog) tripped

Hardware error 8:x:33

3 2 EPROM fault Module defective 8:x:42
4 ADC/DAC fault Module defective 8:x:44

Diagnostics Data Record DS 1 of the FM 455  
The length of diagnostic data record DS1 is 27 bytes. The first 4 bytes are identical with the 
diagnostic data record DS0. The following table illustrates the assignment of the remaining 
bytes. Bits that are not listed are of no significance and are zero.

Table 12-2 Assignment of the Bytes 4 to 12 of the Diagnostics Data Record DS1 of the FM 455
Byte Bit Meaning Note Event no.

4 0 ... 7 Channel type Is always occupied with 75H –
5 0 ... 7 Length of diagnostics informa‐

tion
Is always occupied with 8 –

6 0 ... 7 Number of channels 17 always assigned (16 controllers + 1 
reference channel)

–

7 0 … 7 Channel error vector One bit each is assigned to channels 1 to 
8

-

8 0 … 7 Channel error vector One bit each is assigned to channels 9 to 
16

-

9 0 Error on the reference channel  -
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Byte Bit Meaning Note Event no.
10 0 Analog input hardware error  

 
 
 
 
 
 
 
Channel-specific diag‐
nostics channel 1

– 8:x:B0
1 Parameterization error The position 

(A, B, C, D) of 
the coding key 
does not 
agree with the 
parameter as‐
signment in 
the FM 455

8:x:B1

2 Analog input wire break (only 
area 4 to 20 mA) 

 8:x:B2

3 Unused  8:x:B3
4 Analog input measurement 

range underflow1
 8:x:B4

5 Analog input measurement 
range overflow1

 8:x:B5

6 Analog output wire break Only for cur‐
rent output of 
continuous 
controller

8:x:B6

7 Analog output short circuit Only with the 
current out‐
put of the C 
controller

8:x:B7

11 0 ... 7 See Byte 10 Channel-specific diagnostics - channel 2 See above
12 0 ... 7 See Byte 10 Channel-specific diagnostics - channel 3 See above
13 0 ... 7 See Byte 10 Channel-specific diagnostics - channel 4 See above
14 0 ... 7 See Byte 10 Channel-specific diagnostics channel 5 See above
15 0 ... 7 See Byte 10 Channel-specific diagnostics channel 6 See above
16 0 ... 7 See Byte 10 Channel-specific diagnostics channel 7 See above
17 0 ... 7 See Byte 10 Channel-specific diagnostics channel 8 See above
18 0 ... 7 See Byte 10 Channel-specific diagnostics channel 9 See above
19 0 ... 7 See Byte 10 Channel-specific diagnostics channel 10 See above
20 0 ... 7 See Byte 10 Channel-specific diagnostics channel 11 See above
21 0 ... 7 See Byte 10 Channel-specific diagnostics channel 12 See above
22 0 ... 7 See Byte 10 Channel-specific diagnostics channel 13 See above
23 0 ... 7 See Byte 10 Channel-specific diagnostics channel 14 See above
24 0 ... 7 See Byte 10 Channel-specific diagnostics channel 15 See above
25 0 ... 7 See Byte 10 Channel-specific diagnostics channel 16 See above
26 0 ... 7 See Byte 10 Diagnosis for reference channel See above
1 refer to the chapter "Measuring transducer fault (Page 225)"

What you should particularly note
The FM 455 is supplied with voltage solely via the left front connector.
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In the following cases, the CPU therefore recognizes the "Module removed / cannot respond":
• if the left front connector of the FM 455 is not connected
• if there is no 24 V supply voltage on the left front connector

Note
If, in the diagnostics buffer of the CPU, the entry "Module removed / cannot respond" is 
entered, check to see if the left front connector is connected and if the 24 V supply voltage 
of the FM 455 exists.

12.4 Measuring transducer fault

Measuring transducer fault 
The following faults in measuring transducers can be recognized by the FM 455:
• Measuring range violation (underrange) 
• Measuring range violation (overrange) 
• Wire break (not with all measuring ranges)  
Whenever one of these faults occurs, the group error ”External error” is set in the diagnostics data 
record DS0 and channel-specific error bits are set in the diagnostics data record DS1 (refer to the 
tables in the previous section). When these errors disappear, the respective bits are reset.
The following table shows at which limits in the individual measuring ranges the error bits are 
set or reset.

Measuring range Error bit 
Measuring Range Under‐

flow at ...

Error bit 
Measuring Range overflow 

at ...

Error bit
Wire Break Display

DS1: Byte 10 to 26, bit 4 DS1: Byte 10 to 26, bit 5 DS1: Byte 10 to 26, bit 2
0 to 20 mA < - 3.5 mA > 23.5 mA –
4 to 20 mA Error bit = 1 

at < 3.6 mA
Error bit = 0 
at < 3.8 mA

> 22.8 mA Error bit = 1 
at < 3.6 mA
Error bit = 0 
at < 3.8 mA

0 V to 10 V <- 1.175 V > 11.75 V –
Pt 100
(-200 to 850 °C)
(-328 to 1562 °F)

< 30.82 mV > 650.46 mV Yes, parameter can be set, 
Display: 650.46 mV

Pt 100
(-200 to 556 °C)
(-328 to 1032 °F)

< 30.82 mV > 499.06 mV Yes, parameter can be set, 
Display: 499.06 mV

Pt 100
(-200 to 130 °C)
(-328 to 264 °F)

< 30.82 mV > 254.12 mV Yes, parameter can be set, 
Display: 254.12 mV
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Measuring range Error bit 
Measuring Range Under‐

flow at ...

Error bit 
Measuring Range overflow 

at ...

Error bit
Wire Break Display

DS1: Byte 10 to 26, bit 4 DS1: Byte 10 to 26, bit 5 DS1: Byte 10 to 26, bit 2
Thermocouple element 
type B

< 0 mV > 13.81 mV Yes, parameter can be set, the 
last value will be stored.

Thermocouple element 
type J

< - 8.1 mV > 69.54 mV Yes, parameter can be set, the 
last value will be stored.

Thermocouple element 
type K

< - 6.45 mV > 54.88 mV Yes, parameter can be set, the 
last value will be stored.

Thermocouple element 
type R

< - 0.23 mV > 21.11 mV Yes, parameter can be set, the 
last value will be stored.

Thermocouple element 
type S

< - 0.24 mV > 18.7 mV Yes, parameter can be set, the 
last value will be stored.

Free thermocouple ele‐
ment

< lower input value of the 
polyline

> upper input value of the poly‐
line

Yes, parameter can be set, the 
last value will be stored.

Errors and diagnostics
12.4 Measuring transducer fault

Controller Module FM 455
226 Operating Manual, 03/2022, A5E00059359-AF



Examples 13
13.1 Application example for the FM 455 S

Introduction  
The example “SIMATIC 400 Station1 (S)” is included in the project FM_PIDEx which allows you to 
operate the FM 455 S on a process simulated in the CPU. This makes it possible to test the module 
without a real process.

Prerequisites
The following prerequisites must be fulfilled for you to be able to work with the example 
program:
• CPU 414 is inserted in slot 2
• FM 455 S is inserted in slot 4
• CPU and FM 455 S are supplied with power
• There is an online connection PG / PC to the CPU
If you wish to work with a different CPU or FM 455, you must adapt the example under 
Configure hardware.

Downloading the example program
To install the program, proceed as follows:
1. Load the “Blocks” user program from Example 455 S to the CPU.
2. Start the parameter assignment application for the FM 455 in the “HW Config: Hardware 

Configuration” software.
3. Use the  Test > ...> Open instance DB menu item to open DB 31.
Now you can work with the circle diagram and the controller optimization.

Using the example program  
The example (Example 455 S) contains a step controller in connection with a simulated process 
which consists of a third-order time delay (PT3). 
With the aid of the example program you can generate a step controller very simply and 
configure and test all its properties in the form of an offline comparison with a typical section 
arrangement. 
The example program enables you to easily understand the operating principle and 
configuration of controllers with a discontinuous output in a way it is often used in the control 
of sections with mechanically driven actuators. It is therefore also applicable for introduction 
and training purposes.
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By selecting parameters accordingly you approximate the section to the properties of the real 
process. With the aid of the configuration tool, by identifying the model section you can find a 
record of suitable controller characteristic data.  

Functions of the example program 
The example ”Example 455 S” consists mainly of the two function blocks PID_FM (FB 31) and 
PROC_S (FB 100). In doing so, PID_FM embodies the step controller, and PROC_S simulates a 
control section with the function elements "valve" and PT3 (refer to the next figure). At the same 
time, alongside the controlled variable, the controller is transmitted information regarding the 
position of the actuator and, if necessary, stop signals that have been reached.

Figure 13-1 Example 455 S, Control Loop
The function block PROC_S replicates a series connection that consists of the integrated actuator 
and three 1st arrangement delay elements (refer to the next figure). The interference DISV is 
always added to the output signal of the actuator, so that at this point section faults can be 
manually switched. The static section gain can be determined by the factor GAIN. 
The parameter for the motor manipulated time MTR_TM defines the time the actuator requires 
to run through from stop to stop. 

Figure 13-2 Structure and parameters of the section block PROC_S
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Block structure 
The example 1 comes from the function APP_1, which comprises the block for the controller and 
the simulated section, and also includes the call block for cold restart (OB 100) and a cyclic 
interrupt level (OB 35 with 100 ms time unit).

Table 13-1 Blocks of example 1
Block Name

(in the toolbar)
Description

OB 100  Restart OB
OB 35  Time-controlled OB: 100 ms
FC 100 APP_1 Example 1
FC 101 SIM_455 Process value transfer in FM 455 S
FB 31 PID_FM Step controller FM 455 S
FB 100 PROC_S Section for step controllers
DB 100 PROCESS Instance DB to the PROC_S
DB 31 DB_PID_FM Instance DB to the PID_FM

Parameters of the model control section for step controllers 
The following figure shows the function diagram and the parameters of the control section.

*) Default in the case of regenerating the instance DB
Figure 13-3 Function diagram and parameters of the section model PROC_S
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Parameters and step response 
The reaction of a control circuit with simulated 3rd arrangement PT control section is displayed 
using a concrete parameterization of the step controller with PI effect and switched on dead 
band. The set section parameters with in each case 10 s delay approximately replicate the 
behavior of a fast temperature process or a fill level control. 
Setting one of the delay times TM_LAGx = 0 s reduces the arrangement of the section by one 
degree.
The graph (configuration tool) shows the transition and transient recovery behavior of the 
connected control circuit in accordance with a change to the set value of 60 percent (refer to the 
next figure).  The table includes the current set values of the relevant parameters for controllers 
and sections.

Parameters Type Parameterization Description
Controller:
GAIN REAL 0.31 proportional gain
TI TIME 19.190 s Integration time
MTR_TM TIME 20 s Motor control time
PULSE_TM TIME 100 ms Minimum duration of pulse
BREAK_TM TIME 100 ms Minimum cycle duration
DEADB_ON BOOL TRUE Switch on dead band
DEADB_W REAL 0.5 Dead band width
control section
CYCLE TIME 100 ms Scanning time
GAIN REAL 1.5 Section gain
MTR_TM TIME 20 s Motor control time
TM_LAG1 TIME 10 s Delay time 1
TM_LAG2 TIME 10 s Delay time 2
TM_LAG3 TIME 10 s Delay time 3

Step response 

0

50

-50

-100

100

15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00 16:01

Position 

feedback

Setpoint
Actual value

Figure 13-4 Control loop with step controller after setpoint step change
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13.2 Application example for the FM 455 C

Introduction  
The project FM_PIDEx can be found in the example "SIMATIC 400 Station2 (C)", and it enables 
you to operate the FM 455 C in a section that is simulated in the CPU. This makes it possible to 
test the module without a real process.

Requirements
The following prerequisites must be fulfilled for you to be able to work with the example 
program:
• CPU 414 is plugged in slot 2
• FM 455 C is plugged in slot 4
• CPU and FM 455 C are supplied with power
• There is an online connection programming device / PC to the CPU
If you wish to work with a different CPU or FM 455, you must adapt the example under 
Configure hardware.

Downloading the example program
To install the program, proceed as follows:
1. Load the “Blocks” user program from Example 455 C to the CPU.
2. Start the parameter assignment application for the FM 455 in the “HW Config: Hardware 

Configuration” software.
3. Use the  Test > ...> Open instance DB menu item to open DB 31.
Now you can work with the circle diagram and the controller optimization.

Using the example program  
The example (Example 455 C) contains a step controller in connection with a simulated process 
which consists of a third-order time delay (PT3). 
With the aid of the example program you can generate a continuous PID controller very simply 
and configure and test all its properties in the form of an offline comparison with a typical section 
arrangement. 
The example program enables you to easily understand the operating principle and 
configuration of controllers with analog output signals in a way that is often used in the control 
of sections with proportionate actuators. Therefore, it can also be used for introduction and 
training purposes.
By selecting parameters accordingly you approximate the section to the properties of the real 
process. With the aid of the configuration tool, by identifying the model section you can find a 
record of suitable controller characteristic data.  
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Functions of the example program 
The example "Example 455 C" consists mainly of the two function blocks PID_FM (FB 31) and 
PROC_C (FB 100). In doing so, PID_FM embodies the controller, and PROC_C simulates a control 
section with a 3rd arrangement balance (refer to the next figure).

Figure 13-5 Example 455 C, Control Loop
The function block PROC_C replicates a series connection that consists of three 1st arrangement 
delay elements (refer to the next figure). The interference DISV is always added to the output 
signal of the actuator, so that at this point section faults can be manually switched. The static 
section gain can be determined by the factor GAIN.

Figure 13-6 Structure and parameters of the section block PROC_C

Block structure 
The example 2 comprises the function APP_2, which is composed of the blocks for the controller 
and the simulated section, and also includes the call block for cold restart (OB 100) and a cyclic 
interrupt level (OB 35 with 100 ms time unit).

Table 13-2 Blocks of example 2
Block Name 

(in the toolbar)
Description

OB 100  Restart OB
OB 35  Time-controlled OB: 100 ms
FC100 APP_2 Example 2
FC101 SIM_455 Process value transfer in 455 C
FB 31 PID_FM Continuous controller in 455 C
FB 100 PROC_C Section for continuous controllers
DB 100 PROCESS Instance DB to the PROC_C
DB 31 DB_PID_FM Instance DB to the PID_FM
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Parameters of the model control section for continuous controllers 
The following figure shows the function diagram and the parameters of the control section. 

*)

OUTV 0.0

COM_RST

CYCLE

GAIN

DISV

INV_DOWN
   

   

TM_LAG1

TM_LAG2

TM_LAG3

T#1s

0.0

0.0

0.0

T#10s

T#10s

T#10s

+

*)

+

PROC_C (FB 100)

REAL

BOOL

TIME

REAL

REAL

REAL

FALSE

TIME

TIME

TIME

Parameter Type Signal

Output parametersInput parameters

Type

*) Default in the case of regenerating the instance DB
Figure 13-7 Function diagram and parameters of the section model PROC_C

Parameters and step response 
The reaction of a control circuit with simulated 3rd arrangement PT control section is displayed 
using a concrete parameterization of the continuous controller with PID effect. The set section 
parameters with in each case 10 s delay approximately replicate the behavior of a pressure 
control or a fill level control. 
Setting one of the delay times TM_LAGx = 0 s reduces the arrangement of the section by one 
degree.
The graph (configuration tool) shows the transition and transient recovery behavior of the 
connected control circuit in accordance with a series of set value changes of in each case 20 
percent of the measuring range (refer to the next figure).  The table includes the current set 
values of the relevant parameters for controllers and sections.

Parameter Type Parameterization Description
Controller:
GAIN REAL 1.535 proportional gain
TI TIME 22.720 s Integration time
TD TIME 5.974 s Derivative time
TM_LAG TIME 1.195 s Delay time of the D part 
Control section:
CYCLE TIME 100 ms Scanning time
GAIN REAL 1.5 Section gain
TM_LAG1 TIME 10 s Delay time 1
TM_LAG2 TIME 10 s Delay time 2
TM_LAG3 TIME 10 s Delay time 3

Examples
13.2 Application example for the FM 455 C

Controller Module FM 455
Operating Manual, 03/2022, A5E00059359-AF 233



Step response 

Figure 13-8 Control system with continuous-action controller and setpoint step changes across the 
entire measuring range

13.3 Application example for the diagnostics

Introduction  
The project FM_PIDEx contains the example “SIMATIC 400 Station3 (C)” which shows the 
application and the evaluation of the diagnostics in the DS1 of the controller module.

Requirements
So that you can work with the example, you must fulfill the following prerequisites:
• CPU 414 is plugged in slot 2
• FM 455 C is plugged into slot 4 
• CPU and FM 455 C are supplied with voltage 
• There is an online connection programming device / PC to the CPU
If you wish to work with a different CPU or FM 455, you must adapt the example under 
Configure hardware.

Note
Diagnostics interrupts are only triggered in the CPU if you have selected the following setting at 
the "Basic parameters" tab card under "Properties - FM 455 C PID Control" in HW Config:
• Choice of interrupt: Diagnosis

Downloading the example program
Download the user program blocks with the system data to the CPU.
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Using the example program
If a diagnostic interrupt occurs, the parameter DIAG_ON of FB1 FM_DIAG_455 is set in the OB 82. 
The FM_DIAG_455 is called in the OB 35. It reads the diagnostic data record DS1 of the module 
(see chapter "Triggering diagnostic interrupts (Page 220)").

13.4 Interconnection example for a cascade control

Double loop cascade control
The following figure shows a double loop cascade control:

Figure 13-9 Two-loop cascade control
This controller interconnection is implemented with a FM 455 S by configuring a pulse controller 
as a master controller and by selecting the manipulated variable of the master controller at the 
setpoint value input of the slave controller.
You can also implement a controller cascade by means of an FM 455 C. The master controller is 
then not a pulse controller and the slave controller is not a step controller. The interconnection 
must be realized identically.
In the slave controller, the manipulated value of the master controller is standardized from the 
value range 0 to 100% to the value range of the actual value A and is then further processed as 
the set value.
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Figure 13-10 Implementation of Cascade Control with FM 455

13.5 Interconnection example for a ratio control

Ratio controlling with two control circuits
The following figure shows a ratio control with two control circuits:

PV 1

SP 1

LMN 2

PV 2

LMN 1

X

SP 2

FAC

Controller 1

Controller 2

Process 1

Process 2

Figure 13-11 Ratio controlling with two control circuits
The controller 1 is configured as the fixed set point controller. Controller 2 is configured as a ratio / 
mixed controller. The following figure explains its interconnection.
The ratio factor FAC is specified by the set value input of the FB PID_FM (SP_RE or SP_OP).
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Figure 13-12 Implementation of Ratio Control with FM 455
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13.6 Interconnection example for a mixed control

Mixed controllers for three components     
The following figure shows a mixed control for three components:

Figure 13-13 Mixed controllers for three components
The master controller is configured as a three-component controller and pulse controller. The 
controllers 1, 2 and 3 are configured as ratio / mixed controllers. The interconnection for the 
master controller is shown in the following figure. 
You can configure the mixing factors for the components PV2 and PV3 via the "add up" button. 
If you have to change these factors during runtime, it is possible to do this via the FB PID_PAR (see 
"The function block PID_PAR (Page 136)").
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Figure 13-14 Realizing the total amount controller (master controller)
The slave controllers are configured as ratio / mixed controllers. The example of the component 
PV1 in the figure below shows their interconnection. The mixing factor FAC is specified by the set 
value input of the FB PID_FM (SP_RE or SP_OP).
In the slave controller (mixed controller), the manipulated variable of the master controller is 
standardized from the value range 0 to 100% to the value range of the actual value A and is then 
further processed as the set value D.
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Figure 13-15 Implementation of the components controller (slave controller)
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Technical Specifications 14
14.1 Technical Specifications of the FM 455

Technical Specifications of the FM 455     
Dimensions and weight
Dimensions
W x H x D (mm)

 
50 x 290 x 210

Weight Approx. 1370 g
Module-specific data
Number of digital inputs
Number of digital outputs
Number of analog inputs
Number of analog outputs

16
32 (only S controllers)
16
16 (only C controllers)

Length of cable
• Digital signals unshielded
• Digital signals shielded
• Analog signals shielded

 
max. 600 m 
max. 1000 m
200 m
50 m with 80 mV and thermocouple ele‐
ments

Voltages, currents, potentials
Rated load voltage L+
• Permitted Range
• Polarity protection for input voltage
• Polarity protection for output voltage

24 VDC
20.4 V to 28.8 V
Yes
Yes

Number of digital inputs that can be inputs that can be 
activated simultaneously
• Horizontal mounting

up to 60° C

 
16 

Total current of digital outputs
• Horizontal mounting

up to 60° C

 
Max. 1.6 A

Electrical isolation
• to backplane bus
• Between the channels

 
yes (optocoupler)
No
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Permissible potential difference
• Between the input (M connector) and central ground‐

ing point
• between the analog inputs and MANA (UCM)

– with signal = 0 V
• Insulation tested with

75 VDC
AC 60 V 
DC 2.5 V 
500 VDC

Current consumption
• From backplane bus
• from L+ (without load)

– C controller
– S controller

 
Typically 100 mA
 
typ. 370 mA
max. 440 mA
typ. 330 mA
max. 400 mA

Power loss
• C controller
• S controller

 
typ. 12 W
max. 17.3 W
typ. 10.7 W
max. 16.2 W

Status, interrupts, diagnostics
Status display in each case one green LED per digital input 

channel (S controllers and C controllers)
in each case one green LED per digital out‐
put channel (S controllers only)

Interrupts
• Limit value interrupt
• Diagnostic interrupt

 
Yes, configurable
Yes, configurable

Diagnostic functions
• Fault display on the module 

for internal errors
• Fault display on the module 

for external errors
• Diagnostic information readable

Yes, configurable
yes, red LED 
yes, red LED 
Yes

Back-up operation yes, display with yellow LED
Interference suppression, error limits (inputs)
Interference voltage suppression for f = n x (f1 ± 1 %), 
(f1 = interference frequency)
• Common-mode interference (Uss < 2.5 V)
• Feedback interference (peak value of the interference 

< rated value of the input range)

> 70 dB
> 40 dB

Crosstalk between inputs
• At 50 Hz
• At 60 Hz

 
50 dB
50 dB
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Operational error limits (across the temperature range, 
relative to the input range)
• 80 mV
• from 250 to 1000 mV
• from 2.5 to 10 V
• from 3.2 to 20 mA

± 1 %
± 0.6 %
± 0.8 %
± 0.7 %

Basic error limit (operational limit at 25 °C, in relation to 
input range)
• 80 mV
• from 250 to 1000 mV
• from 2.5 to 10 V
• from 3.2 to 20 mA

± 0.6 %
± 04 %
± 0.6 %
± 0.5 %

Temperature error (relative to the input range) ±0.005 %/K
Linearity error (relative to the input range) ± 0,05 %
Repeat accuracy (in transient state at 25 °C, in relation to 
input range)

± 0,05 %

Interference suppression, error limits (outputs)
Crosstalk between outputs 40 dB
Operational error limits (across the temperature range, in 
relation to output range)
• Voltage
• Current

± 0,5 %
± 0,6 %

Basic error limit (operational limit at 25 °C, 
referred to output range)
• Voltage
• Current

± 0,2 %
± 0,3 %

Temperature error (relative to output range) ± 0.02 %/K
Linearity error (relative to output range) ± 0,05 %
Repeat accuracy (in transient state at 25 °C, relative to 
output range)

± 0,05 %

Output ripple; range 0 to 50 kHz (referred to the output 
range)

± 0,05 %

Data for sensor selection (digital inputs)
Input voltage
• Rated value
• For signal "1"
• For signal "0"

 
24 VDC
from 13 to 30 V
from -3 to 5 V

Input current
• with "1" signal

typically 7 mA

Input delay time
• configurable
• at "0" to "1" transitions
• at "1" to "0" 

 
No
from 1.2 to 4.8 ms
from 1.2 to 4.8 ms

Input characteristics acc. to IEC 1131, type 2
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Connection of 2-wire BEROs
• Permissible quiescent current

Possible 
≤ 1.5 mA

Data for sensor selection (analog inputs)
Input ranges rate values (display area) / input resistance
• Voltage ** ± 80 mV

(-80 ... +80 mV)***
0 V to 10 V
(-1,175 ... 11.75 V)

10 MΩ
 
100 kΩ

• Current ** 0 to 20 mA
(-3,5 ... 23.5 mA)
from 4 to 20 mA
(0 ... 23.5 mA)

50 Ω
 
50 Ω

• Types of thermocouple ele‐
ment **

B (0...13.81 mV)
J (-8.1...69.54 mV)
K (-6.45..54.88 mV)
R (-0.23..21.11 mV)
S (-0.24...18.7 mV)
for type B: 42.15 °C to 1820.01 °C
for type J: -210.02°C to 1200.02 °C 
for type K:-265.40 °C to 1372.11 °C
for type R: - 51.37 °C to 1767.77 °C
for type S: - 50.40 °C to 1767.98 °C

10 MΩ
10 MΩ
10 MΩ
10 MΩ
10 MΩ

• Resistance thermometer ** Pt 100
Current 1.667 mA pulsed:
(30,82 ... 650.46 mV)
-200.01 ... 850.05 °C 
(single resolution)
(30,82 ... 499.06 mV)
-200.01 ... 556.26 °C 
(double resolution)
(30,82 ... 254.12 mV)
-200.01 ... 129.20 °C
(quadruple resolution)

10 MΩ

Data for sensor selection (analog inputs)
Permissible input voltage for voltage input (destruction 
limit)

30 V for maximum 2 inputs)

Permissible input current for current input (destruction 
limit)

40 mA

Wiring of the signal transducers
• for voltage measurement
• for current measurement

as 4-wire measuring transducer

 
Possible
Possible

Characteristics linearization
• for thermocouples
• for thermal resistors

Yes, configurable
Type B, J, K, R, S
Pt 100 (standard range)
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Temperature compensation
• Internal temperature compensation
• external temperature compensation with Pt 100

Yes, configurable
Possible
Possible

** for underflow and overflow display the same restrictions apply as for the display area. Exception: 
Underflow display at 4 to 20 mA;
• 1 at < 3.6 mA
• 0 at > 3.8 mA
In the case of a wire break the underflow display shows between 4 and 20 mA.
*** or the lower or upper input value of the polyline. The smallest value applies.

Data for actuator selection (digital outputs)
Output voltage
• with "1" signal

 
L+ (- 2.5 V), minimum

Output current
• in the case of signal "1"

rated value
permissible range

• in the case of signal "0"
residual current

 

0.1 A
from 5 mA to 0.15 A
Max. 0.5 mA

Load resistor 240 Ω to 4 kΩ
Output power
• Lamp load

 
max. 5 W

Parallel wiring of two outputs
• for logical link
• for performance increase

 
Possible 
Not possible

Controlling of digital inputs Possible
Switching frequency
• with resistive load / lamp load
• on inductive load

 
Max. 100 Hz
Max. 0.5 Hz

Inductive shut-down voltage limited 
(internally) to

typically L+ (- 1.5 V)

Short-circuit protection of the output Yes, electronic
Data for actuator selection (analog outputs)
Output ranges (rated values) ± 10 V

from 0 to 10 V
0 to 20 mA
4 to 20 mA

Working resistance
• at voltage outputs

– Capacitive load
• at current outputs

– inductive load

 
min. 1 k Ω 
max. 1 µF
max. 500 Ω
max. 1 mH
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Voltage output
• Short-circuit protection
• Short-circuit current

 
Yes
Max. 25 mA

Current output
• Open-circuit voltage

 
Max. 18 V

Connection of actuators
• at voltage output with 

2-wire connection
• For current output

2-wire connection

 
Possible
Possible

Analog value generation
Measuring principle
Resolution (incl. overrange)

integrating
configurable:
• 12 bits
• 14 bits

Conversion time (per analog input)
• at 12 bit resolution
• at 12 bit resolution
• at 14 bit resolution

 
162/3 ms (at 60 Hz)
20 ms (at 50 Hz)
100 ms (at 50 and 60 Hz)

Settling time
• with resistive load
• with capacitive load
• with inductive load

 
0.1 ms
3.3 ms
0.5 ms

Input of substitution values Yes, configurable
Integration / conversion time / resolution 
(per channel)
• configurable
• Integration time in ms
• Basic conversion time incl. processing 

time in ms
• additional conversion

time for resistance measurement in ms
or
additional conversion
time for reference junction
input in ms

 
162/3

17 
1

162/3

 
20
22 
1

20

 
100
102  
1

100 *

• Resolution in bits (incl. overrange) 
Measuring range

12 12 14

• Interference voltage suppression for in‐
terference frequency f1 in Hz

60 50 50, 60

* Applies if a resolution of 14 bit has been configured on at least one input.
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14.2 Technical Specifications of the Function Blocks

Overview     

Table 14-1 Technical Specifications of the Function Blocks
Function blocks Assignment in the processing time 

in
CPU 414

RAM Load memory Local data area

PID_FM 1592 bytes 1976 bytes 40 bytes refer to table below
FORCE455 498 bytes 658 bytes 100 bytes 2.8 ms
READ_455 526 bytes 644 bytes 162 bytes 3.5 ms
CH_DIAG 302 bytes 420 bytes 64 bytes 2.1 ms
FUZ_455 356 bytes 464 bytes 22 bytes 2.6 ms
PID_PAR 918 bytes 1074 bytes 24 bytes 3.8 to 7.2 ms de‐

pendent on wheth‐
er INDEX_R and IN‐
DEX_I are both ≠ 0

CJ_T_PAR 274 bytes 354 bytes 22 bytes 1.6 ms

Table 14-2 Processing times of the PID_FM with different marginal conditions
Marginal conditions processing time in

CPU 414-2 DPREAD_VAR LOAD_OP LOAD_PAR
FALSE FALSE FALSE 0.077 ms
TRUE FALSE FALSE 2.36 ms

*) TRUE FALSE 4.48 ms
FALSE FALSE TRUE 2.59 ms
TRUE FALSE TRUE 5.15 ms

*) TRUE TRUE 7.1 ms
*) If LOAD_OP = TRUE, then READ_VAR of the FB PID_FM is also set to TRUE.

Table 14-3 Technical Specifications of the instance DBs
Instance DBs of the function 

blocks ...
Assignment in the 

RAM Load memory
PID_FM 190 bytes 490 bytes
FORCE455 112 bytes 262 bytes
READ_455 174 bytes 280 bytes
CH_DIAG 72 bytes 178 bytes
FUZ_455 176 bytes 268 bytes
PID_PAR 290 bytes 410 bytes
CJ_T_PAR 58 bytes 130 bytes
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14.3 Technical specifications of the parameterization interface

Overview
Technical Specifications Parameterization interface

Memory requirement (hard disk) 4 Mbytes

Technical Specifications System data
Memory requirement in the CPU 5430 bytes

14.4 Standards and approvals

14.4.1 Currently valid markings and approvals

Introduction
This section contains:
• The standards and test values to which the FM 455 Controller Module complies and which it 

fulfills.
• The test criteria according to which the FM 455 was tested.

Technical specifications of the FM 455 Controller Module
You can find the technical specifications of the FM 455 Controller Module in the equipment 
documentation. If there are deviations between the statements in this document and the 
equipment documentation, the statements in the equipment documentation take priority.

Validity of the information on the components

NOTICE
Markings and approvals
In the documentation, you can find the markings and approvals which are generally possible or 
planned in the system.
However, only the marking or approval printed on the components of the automation system 
is valid.
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Reference
You can find the certificates for the markings and approvals on the Internet under 
Service&Support.

Safety instructions

WARNING
Personal injury and damage to property may occur
Note the following information for use in hazardous areas:
• Personal injury and material damage can occur if you establish or disconnect an electrical 

circuit while the automation system is in operation.
• Always be sure to de-energize the system before removing the plug connections.

Note
The FM 455 Controller Module is intended for use in industrial areas. If used in residential areas, 
it may interfere with radio/TV reception.

14.4.2 CE approval

Introduction

The FM 455 Controller Module fulfills the requirements and protective aims of the following EC 
directives and conforms with the harmonized European standards (EN) that have been 
published for programmable logic controllers in the Official Journals of the European 
Community:
• Low-Voltage Directive
• EMC Directive 
• Explosion Protection Directive 
The EC Declaration of Conformity can be downloaded from the Internet.

Low-Voltage Directive
2014/35/EU "Electrical Equipment Designed for Use within Certain Voltage Limits" (Low-Voltage 
Directive)

Technical Specifications
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The FM 455 Controller Modules are tested according to the requirements of EN 61131-2, which 
fall under the Low-Voltage Directive.

EMC Directive
2014/30/EU "Electromagnetic Compatibility" (EMC Directive)

Use in industry
SIMATIC products are designed for industrial applications.

Area of applica‐
tion

Interference requirements Immunity requirements

Industry EN 61000-6-4 + A1 EN 61000-6-2

Adhere to the installation guidelines
SIMATIC products meet the requirements if you comply with the installation guidelines 
described in the manuals during installation and operation.

14.4.3 CCC approval
Certificate: 
2020322309002744
Ex nA IIC T4 Gc
According to the following standards:
• GB 3836.1-2010 (Explosive atmospheres - Part 1: Equipment - General requirements)
• GB 3836.8-2014 (Explosive atmospheres-Part 8: Equipment protection by type of protection 

"n")

14.4.4 UKCA approval
DEKRA 21UKEX0018 X
Importer UK:
Siemens plc
Manchester M20 2UR

Technical Specifications
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14.4.5 Explosion protection

ATEX approval DEKRA 21ATEX0010 X

Type examination certificate number DEKRA 21ATEX0010 X
Standards EN IEC 60079-0

EN 60079-7
Marking II 3 G Ex ec IIC T4 Gc 

The certificate is valid for the "DEKRA 21ATEX0010 X" products listed in the certificate.

Special conditions
• The device may only be used in areas with a pollution degree of no more than 2 according to 

EN 60664‑1.
• The modules must be installed in a suitable enclosure which provides a degree of protection 

of at least IP54 in accordance with EN 60079‑7, taking into account the ambient conditions 
of use.

• Measures must be taken to prevent exceeding the rated voltage by more than 119 V of 
transient disturbance voltages.

IECEx approval IECEx DEK 21.0008X
Certificate number IECEx DEK 21.0008X
Standards IEC 60079-0

IEC 60079-7
Marking Ex ec IIC T4 Gc
The certificate is valid for the "IECEx DEK 21.0008X". products listed in the certificate.

Special conditions
• The device may only be used in areas with a pollution degree of no more than 2 according to 

IEC 60664‑1.
• The modules must be installed in a suitable enclosure which provides at least IP54 degree of 

protection in accordance with IEC 60079‑7 and taking into account the ambient conditions 
of use.

• Measures must be taken to prevent exceeding the rated voltage by more than 119 V of 
transient disturbance voltages.

Technical Specifications
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14.4.6 cULus approval

R

Underwriters Laboratories Inc. in accordance with:
• UL 508 (Industrial Control Equipment)
• CSA C 22.2 No. 142 (Process Control Equipment)

14.4.7 cULus HAZ. LOC. approval

R

HAZ. LOC.

Underwriters Laboratories Inc. in accordance with:
• UL 61010-2-201 (Industrial Control Equipment)
• CSA / CAN 61010-2-201 (Process Control Equipment)
• ANSI/ISA 12.12.01
• CSA C22.2 No. 213 (Hazardous Location)
Approved for use in:
Class I, Division 2, Group A, B, C, D Tx;
Class I, Zone 2, Group IIC Tx

14.4.8 cFMus approval

Factory Mutual Research (FM) in accordance with:
• Approval Standards FM Class 3600:2018, FM Class 3611:2018, FM Class 3810:2018, 
• ANSI/UL 121201.2017, 
• ANSI/UL 61010-1:2018
APPROVED for use in:
• Class I, Division 2, Group A, B, C and D
• Class I, Zone 2, Group IIC, hazardous (classified) locations
• Ordinary (unclassified) locations with an ambient temperature rating of 0 ºC to + 70 ºC, 

indoor environments

Technical Specifications
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14.4.9 Approval for Australia and New Zealand

The SIMATIC S7-400 product series meets the requirements of the standard EN 61000‑6‑4:2007 
+ A1:2001.

14.4.10 Approval for the Korea and South Korea

The SIMATIC S7-400 product series complies with Korean safety standards: 
Registration of Broadcasting and Communication Equipment KCC-REM-S49-S7400

Note that this device corresponds to limit class A in terms of the emission of radio frequency 
interference. This device can be used in all areas, except residential areas.
이 기기는 업무용(A급) 전자파 적합기기로서 판매자 또는 사용자는 이 점을 주의하시기 바라며 
가정 외의 지역에서 사용하는 것을 목적으로 합니다.

Technical Specifications
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List of RET_VALU messages 15
RET_VALU messages

JOB_ERR 
(Hex)

JOB_ERR 
(Dec)

JOB_ERR 
(Int)

Meaning 

7000 28672 -32624 First call with REQ=0: no data transmission active; BUSY has the 
value 0.

7001 28673 -32624 First call with REQ=1: data transmission initiated; BUSY has the 
value 1.

7002 28674 -32624 Interim call (REQ irrelevant). Data transfer already active; BUSY 
has the value 1.

8090 32912 -32624 Specified logical base address invalid: There is no assignment in 
the SDB1/SDB2x, or it is not a base address.

80A0 32928 -32608 Negative acknowledgment when reading from the module. 
Module was removed during the read operation or the module 
is defective.

80A1 32929 -32607 Negative acknowledgment when writing to the module. Mod‐
ule was removed during the write operation or the module is 
defective. 

80A2 32930 -32606 Protocol error at layer 2
80A3 32931 -32605 Protocol error involving user interface/user
80A4 32932 -32604 Communication bus error
80B1 32945 -32591 Incorrect length specification. FM_TYPE parameter in channel 

DB not set correctly for the module in use.
80B2 32946 -32590 The configured slot is not being used.
80B3 32947 -32589 Actual module type is not match configured module type.
80C0 32960 -32576 Module data not ready for reading.
80C1 32961 -32575 Data of a write job of the same type have not yet been processed 

by the module. 
80C2 32962 -32574 The module is currently processing the maximum possible num‐

ber of jobs.
80C3 32963 -32573 Required resources (memory etc.) currently occupied. 
80C4 32964 -32572 Communication error
80C5 32965 -32571 Distributed I/O not available.
80C6 32966 -32570 Priority class abort (restart or background).
8522 34082 -31454 Channel DB or parameter DB too short. The data cannot be read 

off the DB. (Write job)
8532 34098 -31438 DB number of the parameter DB too high (Write job)
853A 34106 -31430 Parameter DB not present. (Write job)
8544 34116 -31420 Error at n-th (n > 1) read access to a DB after an error has occur‐

red.  (Write job)
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JOB_ERR 
(Hex)

JOB_ERR 
(Dec)

JOB_ERR 
(Int)

Meaning 

8723 34595 -30941 Channel DB or parameter DB too short. The data cannot be writ‐
ten to the DB. (Read job)

8730 34608 -30928 Parameter DB in the CPU is write protected. The data cannot be 
written to the DB (read job)

8732 34610 -30926 DB number of the parameter DB too high (Read job)
873A 34618 -30918 Parameter DB not present. (Read job)
8745 34629 -30907 Error at n-th (n > 1) write access to a DB after an error has oc‐

curred.  (Read job)
80ff 33023 -32513 Incorrect index specification with block FMT_PAR
Errors 80A2..80A4 and 80Cx are temporary, i.e., they can be rectified automatically after a waiting time. 
Messages of the 7xxx form indicate temporary operating states of communication.

List of RET_VALU messages
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Spare parts 16
16.1 Spare parts

Spare parts
Spare parts Order number

for the FM 455
Coding key for analog modules 6ES7 974-0AA00-0AA0
Front connector, screw-type terminals 6ES7 492-1AL00-0AA0
Front connector, spring-type connector 6ES7 492-1BL00-0AA0
Front connector, crimp snap-on connector 6ES7 492-1CL00-0AA0
Manual pliers to crimp the crimp contacts 6XX3 071
Crimp contacts (packaging unit x 250) 6XX3 070
Unlocking tool for crimp contacts 6ES5 497-4UC11
Cover foil (10x) for labelling strips 6ES7 492-2XX00-0AA0
for subrack
Number wheel for slot labelling C79165-Z1523-A22
Spare slot covers (qty 10) 6ES7 490-1AA00-0AA0
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Literature 17
17.1 Basic literature

Additional literature
The following table lists all the manuals to which this manual refers.

No. Title Order No.
/1/ SIMATIC; automation system S7-400; structure • As a hard copy in the package

6ES7 498-8AA05-8AA0
• In electronic form for download from 

the Internet (http://
support.automation.siemens.com/W
W/view/de/1117849)

/2/ SIMATIC; System and Standard Functions for 
S7-300/400

• As a hard copy in the package
6ES7 810-4CA08-8AW1

• In electronic form for download from 
the Internet (http://
support.automation.siemens.com/W
W/view/de/1214574)

Basics on control technology is described, among others, in the following books:

Title Author Order No.
From a Process to Controlling Gißler/Schmid ISBN 978-3-80091-551-4
Controlling with SIMATIC: Practice 
Book for SIMATIC S7 and SIMATIC 
PCS7 Control Systems

Müller, Jürgen ISBN 978-3-89578-255-8
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Glossary

Cascade control 
The cascade control is a consecutive switching of controllers, whereupon the first controller 
(master controller) specifies the setpoint for the series-connected controllers (slave controllers) 
or influences the setpoints in accordance with the current negative deviation of the main control 
variable.
By involving additional process variables, the controller result can be improved by using a 
cascade control. To do this, at a suitable point an auxiliary control variable PV2 is recorded and 
this controls the reference setpoint (output of the master controller SP2). The master controller 
controls the process value PV1 on the fixed setpoint SP1 and adjusts the SP2 in such a way that 
this objective is achieved as quickly as possible, and without overshooting.

Configuration 
Tool (software) for creating and configuring a control as well as for optimizing the controller with 
the aid of the data gained from a section identification.

Control device 
Totality of the controller, control device and detector (measuring device) for the control variable.
A control device is the part of the control circuit that serves to influence the control variable on 
the process input. Usually consists of the association of the control drive and actuator.

Control device 
Totality of the controller, control device and detector (measuring device) for the control variable.
A control device is the part of the control circuit that serves to influence the control variable on 
the process input. Usually consists of the association of the control drive and actuator.

Control loop 
With the control loop you describe a connection of the section output (control variable) with the 
controller input and the controller output (manipulated variable) with the process input, so that 
the controller and process form a closed loop. 

Control variable 
Process variable (output variable of the control section) that is to be compared to the current 
value of the reference variable. Your current value is called the process value. 
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Controlled system 
With a controlled system we describe the part of the unit in which the control variable is 
influenced by the manipulated variable (by changing the control energy or the flow dimension). 
This enables subdivisions in the control device and the influenced process.

Controller (closed-loop controller) 
A controller is a device that constantly records the negative deviation (comparer) and, if 
necessary generates a time-dependent function to form the control signal (output variable) with 
the objective of iradicating the negative deviation as quickly as possible and without 
overshooting.

Controller parameters 
Controller parameters are parameters for the static and dynamic adaptation of the controller 
behavior to the given section or process properties.

D part (derivative component) 
The D part is the derivative component of the controller. D elements alone are unsuitable for 
controlling, as they do not issue an output signal when setting the input variables to a stead 
value.

Dead time 
Dead time is the time delay for the control variable reaction to disturbances or changes to the 
manipulated variable for transportation processes. The input variable of a dead time element is 
set to the value of the dead time 1 : 1 is issued on the output. 

Digital control (sample controlling) 
Controller that records a new value for the control variable (process value) at constant intervals 
〈→ sampling time, and then, in dependence on the actual negative deviation, calculates a new 
value for the manipulated variable.

Disturbance variable 
All influence variables on the control variable - with the exception of the manipulated variable 
- are called disturbance variables. Additive influences on the section output signal can be 
compensated for by superimposing with the actuating signal.

Disturbance variable compensation 
The disturbance variable compensation is a procedure for reducing / removing the influence of 
a dominating (measurable) disturbance variable (e.g. external temperature) on the control 
circuit. A corrective operation is derived from the measured disturbance variable DISV, so that 
changes to the DISV can be reacted to more quickly. In the ideal case scenario, the influence is 
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fully compensated for without the controller itself having to execute a corrective process (via the 
I part).

Fixed setpoint control 
A fixed setpoint control is a control with a fixed, only rarely changing reference variable. Controls 
any disturbance variables that occur during the process.

Follow-up control 
Follow-up control is a control where the reference value is constantly influenced from outside 
(underlaid controller of a multi-loop control). The task of the follow-up controller is to cover the 
local control variable with the reference variable as quickly and precisely as possible. 

I part (integral component) 
Integral component of the controller. After a jump-like change to the control variable (or 
negative deviation), the output variable changes ramp-like over the time, and at a rate of change 
that is proportionate to the integrated gain KI (= 1/TI). In a closed control loop the integral part 
adjusts the controller output variable until the negative deviation becomes zero.

Limit alarm monitor 
Algorithm (function) for monitoring an analog variable for four specified limits. When reaching 
or exceeding / falling short of these limits, an associated warning (1st limit) or alarm signal (2nd 
limit) is generated. To prevent signal flicker the disable threshold (switch-back difference) of the 
limit signals can be set via a parameter for the hysteresis.

Limiter 
Algorithm (function) for restricting the value range of constant variables to specified lower / 
upper limit values.

Manipulated value correction 
The manipulated value correction prevents a step change at the manipulated value during the 
changeover from manual to automatic mode. The manipulated value remains unchanged 
during the changeover from manual to automatic mode.

Manipulated variable 
The manipulated variable is the output variable of the controller or input variable of the control 
section. The actuating signal can portray the range of the manipulated variable analogously as 
a percentage or as a impulse value or pulse width. With integrated actuators (e.g. motor) it is 
sufficient to provide binary upwards / downwards or forwards / backwards switching signals. 
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Mixing control 
The mixing control is a control structure whereby the setpoint for the entire quantity SP is 
calculated as a percentage of the desired number of parts of the individual controlled 
components. The total of the mixing factors FAC must be 1 (= 100%).

Negative deviation 
The negative deviation is a function to form the negative deviation ER = SP-PV. At the reference 
junction, the difference between the desired setpoint and the actual existing process value is 
formed. This value is transmitted to the control algorithm as an input. Old description: Control 
deviation. 

P controller (P algorithm) 
Algorithm for calculating an output signal whereby characteristics exist with a proportionate 
connection between the negative deviation and the change in manipulated variable. Features: 
remaining negative deviation, not to be used on dead time sections.

Parallel structure 
The parallel structure is a special kind of signal processing in the controller (type of mathematical 
processing). The P, I and D parts are calculated as interaction-free and parallel and are then 
added up.

Physical standardization
→ standardization

PI controller (PI algorithm) 
Algorithm for calculating an output signal where the change to the manipulated variable is 
made up from a part proportionate to the negative deviation and from an I part which is 
proportionate to the value of the negative deviation and the time. Features: no remaining 
negative deviation, quicker controlling than that with the I controller, suitable for all sections.

PID controller (PID algorithm) 
Algorithm for calculating an output signal that is formed by the multiplication, integration and 
differentiation of the negative deviation. The PID algorithm is designed as a purely parallel 
structure. Feature: greater quality of control can be achieved, provided the dead time of the 
control section is not greater than the total of the remaining time constants. 

Process identification  
The process identification is a function of the configuration tool. It provides information 
regarding the transmission behavior and the structure of the process. A device-independent 
process model is conveyed as a result - this describes the process in its static and dynamic 
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behavior. Optimum values for the controller parameters are calculated from this (controller 
design).

Process value 
The current value of the control variable is PV

Ratio control 
• single-loop ratio control

A single-loop ratio control is employed if the ratio of two control variables is more important 
for a process than the absolute values of the control variables (e.g. speed regulation).

• multiple-loop ratio control
With a multiple-loop ratio control the relationship of the two process variables PV1 and PV2 
is kept constant. To do this, the setpoint of the 2nd control circuit is calculated from the 
control variable of the 1st control circuit. Even with a dynamic change to the process variable 
PV1 it is ensured that the specified relationship is maintained.

Reference variable 
The reference variable specifies the desired value or course of the process variables of interest. 
Your current value is → setpoint (SP).

Section
→ control section

Setpoint 
The setpoint is the value that the control variable should adopt from the effects of a controller.

Square root
→ square root extraction

Square root extraction 
With the square root function SQRT quadratic associations can be linearized.

Standardization 
The standardization is a procedure (algorithm) for converting (standardizing) the physical 
values of a process variable into the (internally processed) percentage value of the control and 
then converting the other way round to the output. The standardization line is established by the 
start value and the end value. 
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Step and pulse controller 
The step and pulse controller is a virtually constant controller with two binary output signals. 
The step controller serves to drive the integrated elements (e.g. step motor for opening and 
closing a valve). The pulse controller serves to drive the non-integrated elements (e.g. switching 
a heating on or off).

Three step controller 
A controller that can only adopt three discrete states: e.g. "hot - off - cool" or "right - standstill - 
left."
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Index

A
Action mechanisms, 67
Actual value

Conditioning, 51
Signal selection, 50

Actuators
connecting to analog outputs, 166
connecting to digital outputs, 168

Adapting
Analog inputs on line frequency, 43
Analog inputs on sensors, 43

Address
Start addresses, 83

Analog input channels
Measurement range, 152
Type of measurement, 152

Analog inputs
Adapting to line frequency, 43
Adapting to sensors, 43
Block diagram, 43
Characteristics, 150
Connecting Measuring Sensors, 162
for the Pt100, 13
Number, 12

Analog outputs
Block diagram, 156
Characteristics, 155
Connecting loads / actuators, 166
Number, 12
Signal Selection, 65
Signal type, 65

Analog outputs of the FM 455 C, 65
analog signals

Cable for, 162, 167
Analog signals

Distortion, 162
Line for, 96
Shielding, 96

Analog value conditioning, 44
Anti reset wind-up, 56
Application

FM 455, 13
Application example

Diagnosis, 234
FM 455 C, 231
FM 455 S, 227

B
Basic parameters, 42
Basic structure

FM 455, 39
Block diagram

Control algorithm, 52
FM 455 C, 40
FM 455 S, 41

C
C controller, 11
Cables, 96

for analog signals, 162, 167
Cascade control, 51

Example, 235
CH_DIAG, 132

displayed values, 133
Purpose, 132

CH_DIAG FB
Instance DB, 198

Changing controller parameters, 115
via the FB PID_FM, 118
Via the OP, 119

Channel number
enter in the DB, 116, 133, 136, 141

Channels
Number with FM 455, 12

CJ_T_PAR, 140
Purpose, 140

Coding keys, 152
Mounting, 154
removing, 154
setting, 153, 154

Commissioning
Save the project, 146

Compensation
configured, 159
external, 159
of the reference junction temperature, 44
Reference junction temperature, 159

Configuring, 83
Hardware, 112

Connection to analog outputs
Loads / Actuators, 166
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Connection to digital outputs
Loads / Actuators, 168

Continuous controller, 11
Control algorithm

Block diagram, 52
Control parameter, 210, 218
Control parameters, 192
Control response, 27

Selection, 34
control section

Characteristic values, 21
optimize, 146

Control structures
FM 455, 12

Control tasks, 13
FM 455, 13

Control techniques
Fuzzy controllers, 11
PID controller, 11

Controlled system
Critical/non-critical, 78

Controlled systems
Types, 34

Controller
Cascade option, 76
Continuous, 11
of the FM 455, 39
self-regulating, 11
Step and pulse controllers, 11
Type, 46

Controller module
Properties, 72

Controller output, 59
Analog output, 60
C controller, 59
Functions, 64
S controller, pulse operation, 61
Step controller with/without a position feedback 
signal, 63

Controller parameters
Saving in EEPROM, 121

Controllers
Structure, 45

D
D Component in the Feedback, 53
Data management, 67
Dead time, 76
Dead zone, 58
Delay of the D effect (TM_LAG), 57
Diagnostic data record, 221

Diagnostic data record DS0
Assignment, 222

Diagnostic interrupt
Default setting, 220
enable, 220
In event of error, 219
OB 82, 220
trigger, 220
with the FM 455, 13

Diagnostic Interrupt
trigger, 220
What is a diagnostic interrupt?, 220

Diagnostic LEDs, 16
Diagnostic record DS1

Assignment, 223
Diagnostics text, 221
Differential input

Signal selection, 50
Digital inputs, 45, 149

Input filter, 149
Lines, 96
Number, 12
Operating modes, 45
parameterizing, 45
Shielding, 96

digital outputs, 149
connecting loads / actuators, 168
Number, 12

Digital outputs, 66, 95
Direction of action, 54
Disturbance variable

Signal selection, 50
Disturbance variable compensation, 53

E
Encoders

Adapting, 153
Error

external, 219
Internal, 219

Error display, 219
Error LEDs, 219
Establish

Section parameters (empirically), 35
Time response for the step response, 21

Example
Cascade control, 235
Mixed control, 238
Ratio control, 236

Example APP_1
Application, 227

Index
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Block structure, 229
Functionality, 228
Parameterization, 230
Parameters of the section model, 229
Step response of the control circuit, 230

Example APP_2
Block structure, 232
Functionality, 232
Parameterization, 233
Parameters of the section model, 233
Step response of the control circuit, 234
Use, 231

Example program
Use, 231

Example Program
Application, 227

External errors, 219

F
FB CH_DIAG, 132

displayed values, 133
Purpose, 132

FB CJ_T_PAR, 140
Instance DB, 202
Purpose, 140

FB FORCE455, 129
Instance DB, 194
Purpose, 129
Simulating analog values, 129
Simulating digital values, 130

FB FUZ_455, 128
Instance DB, 192
Purpose, 128
use, 128

FB PID_FM, 115
Action of the input parameters, 122
For operation, 116
Generating output parameters, 125
Instance DB, 171
Parameters and parameter configuration 
interface, 121
Please note, 117
Purpose, 115
to change parameters, 118

FB PID_PAR
Change values, 136
Instance DB, 200
Purpose, 136

FB READ_455, 131
displayed values, 131

Instance DB, 196
Purpose, 131

Fields of application
FM 455, 13

Filters, 44
FM 455

Analog inputs (number), 12
Analog outputs (number), 12
Application, 13
Basic structure, 39
Control structures, 12
Control tasks, 13
Diagnostic interrupt, 13
Digital inputs (number), 12
Digital outputs (number), 12
Fields of application, 13
in the S7-400 structure, 19
inserting into the project, 145
Module view, 15
Mounting, 84
Number of channels, 12
Operating modes, 12
Order numbers for the, 11
parameterizing, 67
Process interrupt, 13
removing, 84
Replace the module, 84
Rules for operation, 76
software, 18
Technical Specifications, 241
Variants, 11

FM 455 C
Analog outputs, 65
Application example, 231
Block diagram, 40
Interconnection Possibilities, 40

FM 455 hardware
Structure, 15

FM 455 S
Application example, 227
Block diagram, 41
Interconnection Possibilities, 41

FM 455 variants, 11
FM 455 C

Front connector, 85
FM 455 C front connector

View, 85
Followup, 64
FORCE455, 129

Purpose, 129
Simulating analog values, 129
Simulating digital values, 130

Index
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Four-wire transducer
Connection, 165

Four-wire transducers, 161
Front connector

Possible connections, 16
with crimp snap-on connector, 98
with screw-type terminal, 98
with spring-type connector, 98

Front connector code, 108
Front connectors

Code, 16
Code element for, 106
labeling, 104
Order, 16
Pin assignment, 89
Pinout, 85
plugging, 107
Strain relief, 103
Wiring, 94, 100

Function block
Creating an instance DB, 141
Setting up an instance DB, 128, 129, 131, 133, 
136

Function blocks
for the S7-400 CPU, 19
Overview, 115
Technical Specifications, 247

FUZ_455, 128
Purpose, 128
use, 128

Fuzzy controllers, 11
Control techniques, 11

H
Hardware

Configuring, 112
HW installation and wiring, 143
Hysteresis for warning and interrupt limits, 51

I
I control, 56
I/O parameters, 217
Identification

Cancel, 80
Completion, 80
of the controlled system, 78
Possible problems, 80
Preconditions, 79

Starting, 79
State, 80

IDSTATUS, 80
IDSTATUS controller state, 80
Input delay, 95, 149
Input filter, 95, 149
Input parameters, 203
Inputs of the controller module, 42
Installation

FM 455, 84
Installing

Parameter setting interface, 111
Installing and removing the FM 455, 83
Instance DB, 146

CH_DIAG FB, 198
Creating and supplying, 141
FB CJ_T_PAR, 202
FB FORCE455, 194
FB FUZ_455, 192
FB PID_FM, 171
FB PID_PAR, 200
FB READ_455, 196
for the OP, 203
setting up and supplying, 116, 128, 129, 131, 133, 
136

Integration time, 151
Interconnection Possibilities

FM 455 C, 40
Internal errors, 219
Interrupt, 51

L
Labeling strips, 16
Labels, 104
LEDs

Meaning, 17
Limiting/Normalizing, 51
Line frequency

Adapting, 43
Lines

Cross-section, 97
Loads

connecting to analog output, 167
connecting to analog outputs, 166
connecting to digital outputs, 168

M
manipulated value

Boundary, 64
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Manipulated value
switching external, 64

Manipulated value boundary, 64
Manipulated value correction, 59
Manipulated variable

On restart, 76
Measured value resolution, 151
Measurement range

Analog input channels, 152
Measuring range violation (overrange), 225
Measuring range violation (underrange), 225
Measuring sensors

connecting, 161
insulated, 163
non-insulated, 163
to analog inputs, 162

Measuring transducer fault, 64, 225
Mechanical design, 83
Mixed control

Example, 238
Module

replacing (in FM 455), 84
Module address

enter in the DB, 116, 128, 129, 131, 133, 136, 
141

Module view, 15
FM 455, 15

Monitoring via the FB PID_FM, 117
Multiplication, 51

N
Negative deviation generation

Signal selection, 50
Non-isolation, 97
Normalizing/Limiting, 51

O
OB 82

Diagnostic interrupt, 220
Online Help, 18
OP

Instance DB, 203
Operating and monitoring

via FB PID_FM, 116
via the OP (assignment of the DBs), 203

Operating modes
Digital inputs, 45
FM 455, 12

Operating parameter, 210, 218

Operating parameters, 192
Operating point for a P(D)-action controller, 59
Operator control and process monitoring

via FB PID_FM, 70
with the OP, 70

Order numbers, 11, 16
Output parameters, 210

P
P Component in the Feedback, 53
P control, 55
P controller, 27
Parameter

Control parameter, 210, 218
Operating parameter, 210, 218

Parameter assignment, 112
Digital inputs, 45

Parameter configuration interface, 67
Parameter data

Back up, 145
Parameter optimization

Temperature controller, 78
Parameter setting interface

installing, 111
Parameterization, 67, 145

Data flow, 68
Parameterization interface, 18, 67

Technical Specifications, 248
Parameterization screens

integrated help, 113
Parameters

Control parameters, 192
downloading direct, 67
Operating parameters, 192

PD control, 56
PD controller, 28
PD controllers

Delay of the D effect (TM_LAG), 57
PI control, 56
PI controller, 30
PID control, 57
PID controller

Control algorithm, 53
Control techniques, 11
Controller structure, 53
Parameterization, 58

PID controllers, 32
PID_FM, 115

Action of the input parameters, 122
For operation, 116
Generating output parameters, 125
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Please note, 117
Purpose, 115
to change parameters, 118

PID_PAR
Change values, 136
Purpose, 136

Pinout, 16
Polyline, 44
Position feedback input, 64
Possible connections

Front connector, 16
Process interrupt

with the FM 455, 13
Program examples, 111
Properties

Controller module, 72
Pt100

Connection to the FM 455, 13
Pulse shaper, 65

R
Ramp, 51
Ratio control

Example, 236
READ_455, 131

displayed values, 131
Purpose, 131

Readme file, 111
Reference junction, 13, 44, 72, 159

with thermocouple element, 158
Reference junction input, 76
Reference junction temperature, 158

Compensation, 159
Measurement, 159

Reference point, 89, 94, 97, 162, 167
Removing

FM 455, 84
Resistance thermometer

Connection, 166
Resolution, 44

Measured value, 151
RET_VALU messages, 255, 256
Reversing the control, 54
Rules for operation, 76

S
S controller, 11
S7-400 CPU

Function blocks, 19

Safety information, 83
Safety manipulated value, 64
Safety setpoint value, 51
Sampling time, 73
Scan time, 76
Scanning time, 44
Section parameters

Empirically establishing, 35
Self-regulating controllers, 11
Sequence of execution, 72, 76
Setpoint

Conditioning, 51
On restart, 76
Signal selection, 50

Setting up a project
new, 144

Shock-free toggling, 56
Simulation

the analog values, 129
the digital values, 130

Slots
permissible, 83

software
of the FM 455, 18

Split range function, 59
C controller, 59
Three-point controllers, 61
Two-point controllers, 61

Split range manipulated value, 65
Square root, 44
Standardization, 44
Start addresses, 83
Startup reaction

General, 76
Status LEDs, 16
Step and pulse controllers, 11
Step response

Establishing time response off, 21
Strain relief

Front connectors, 103
Structure

FM 455 hardware, 15
Supply voltage L+, M, 95
Switching

Temperature measurement, 44
System deviation generation, 46

T
Technical Specifications

FM 455, 241
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Function blocks (FBs), 247
Parameterization interface, 248

Temperature controller, 52
Parameter optimization, 78
Requirements for process, 77

Temperature measurement
Celsius / Fahrenheit, 44

The front connector code, 16, 108
Thermocouple element, 157

connecting, 159
Operating principle, 158
Possible connections, 159
Reference junction, 158
Structure, 157
Types, 157
with configured compensation, 161
with external compensation, 160

Three-step controllers, 26, 62
Split range function, 61

Toggling
Manual / automatic, 56

Tracking input, 64
Two-point controllers

Split range function, 61
with feedback, 25
without feedback, 23

Two-wire transducer
Connection, 165

Two-wire transducers, 161
Type of measurement

Analog input channels, 152

U
User program

Linking, 115

V
Version, 16
Voltage sensor, 161

Connection, 165
Voltage supply

the encoder, 95

W
Wire end ferrule, 97
Wire-break, 225
Wiring

Front connectors, 94

with the parameterization
What you should note, 113
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