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Safety Information

Important Information

Read these instructions carefully and look at the equipment to become familiar with
the device before trying to install, operate, service, or maintain it. The following
special messages may appear throughout this manual or on the equipment to warn of
potential hazards or to call attention to information that clarifies or simplifies a
procedure.

The addition of either symbol to a “Danger” or “Warning” safety label
indicates that an electrical hazard exists which will result in personal
injury if the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential
personal injury hazards. Obey all safety messages that follow this
symbol to avoid possible injury or death.

A DANGER

DANGER indicates a hazardous situation which, if not avoided, will result in death
or serious injury.

A WARNING

WARNING indicates a hazardous situation which, if not avoided, could result in
death or serious injury.

A CAUTION

CAUTION indicates a hazardous situation which, if not avoided, could result in
minor or moderate injury.

NOTICE is used to address practices not related to physical injury. The safety alert
symbol shall not be used with this signal word.

Notes:

1. Electrical equipment must be installed, operated, serviced and maintained only
by qualified personnel. No responsibility is assumed by Eurotherm Limited or any
of its affiliates or subsidiaries for any consequences arising out of the use of this
material.

2. Aqualified person is one who has skills and knowledge related to the
construction, and operation of electrical equipment and its installation, and has
received safety training to recognize and avoid the hazards involved.
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Safety and EMC

A A DANGER

HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

Power down all equipment before starting the installation, removal, wiring,
maintenance or inspection of the product.

For permanently connected equipment, include a disconnecting device such as an
isolating switch or circuit breaker in the installation.

Use a properly rated voltage sensing device to confirm the power is off.

Power line and output circuits must be wired and fused in compliance with local and
national regulatory requirements for the rated current and voltage of the particular
equipment. i.e. UK, the latest IEE wiring regulations, (BS7671), and USA, NEC
Class 1 wiring methods.

Failure to follow these instructions will result in death or serious injury.

Reasonable use and responsibility

Please Note

The safety of any system incorporating this product is the responsibility of the
assembler/installer of the system.

The disconnecting device must be in close proximity to the equipment and within
easy reach of the operator, and it must be marked as the disconnecting device for the
equipment.

The information contained in this manual is subject to change without notice. While
every effort has been made to ensure the accuracy of the information, your supplier
shall not be held liable for errors contained herein.

This controller is intended for industrial temperature and process control applications
which meet the requirements of the European Directives on Safety and EMC.

Use in other applications, or failure to observe the installation instructions of this
manual may compromize safety or EMC. The installer must ensure the safety and
EMC of any particular installation.

Failure to use approved software/hardware with our hardware products may result in
injury, harm, or improper operating results.

Electrical equipment must be installed, operated, serviced, and maintained only by
qualified personnel.

No responsibility is assumed by Eurotherm Limited or any of its affiliates or
subsidiaries for any consequences arising out of the use of this material.

A qualified person is one who has skills and knowledge related to the construction
and operation of electrical equipment and its installation, and has received safety
training to recognize and avoid the hazards involved.
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Qualification of Personnel

Intended Use

Only appropriately trained persons who are familiar with and understand the contents
of this manual and all other pertinent product documentation are authorized to work
on and with this product.

The qualified person must be able to detect possible hazards that may arise from
parameterization, modifying parameter values and generally from mechanical,
electrical, or electronic equipment.

The qualified person must be familiar with the standards, provisions, and regulations
for the prevention of industrial accidents, which they must observe when designing
and implementing the system.

The products described or affected by this document, together with software and
options, are 3500 Series Controllers. They are intended for industrial use according
to the instructions, directions, examples, and safety information contained in the
present document and other supporting documentation.

The product must only be used in compliance with all applicable safety regulations
and directives, the specified requirements, and the technical data.

Prior to using the product, a risk assessment must be performed in respect of the
planned application. Based on the results, the appropriate safety-related measures
must be implemented.

Since the product is used as a component within an overall machine or process, you
must ensure the safety of the overall system.

Operate the product only with the specified cables and accessories. Use only
genuine accessories and spare parts.

Any use other than that explicitly permitted is prohibited and can result in
unanticipated hazards.

18
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A A DANGER

HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

Electrical equipment must be installed, operated and maintained by only qualified
personnel.

Turn off all power to product and all I/O circuitry (alarms, control I/O etc.) before
starting the installation, removal, wiring, maintenance or inspection of the product.

Power line and output circuits must be wired and fused in compliance with local and
national regulatory requirements for the rated current and voltage of the particular
equipment, i.e. UK, the latest IEE wiring regulations, (BS7671), and USA, NEC
class 1 wiring methods.

The unit must be installed in an enclosure or a cabinet. Failure to do this impairs the
safety of the unit. An enclosure or a cabinet should provide fire enclosure and/or
restriction of access to hazards.

Do not exceed the device’s ratings.

This product must be installed, connected and used in compliance with prevailing
standards and/or installation regulations. If this product is used in a manner not
specified by the manufacturer, the protection provided by the product may be
impaired.

The controller is designed to operate if a temperature sensor is connected directly to
an electrical heating element. The PV Input not isolated from the logic outputs and
digital inputs LA and LB, therefore, these terminals could be at line potential. You
must ensure that service personnel do not touch connections to these inputs while
they are live.

With a live sensor, all cables, connectors and switches for connecting the sensor
must be mains rated for use in 230Vac +15% CATII.

Do not insert anything through the case apertures.

Do not remove a fitted Ethernet communications module from a 3500 series
controller if no longer required as the IP rating of the rear terminals will be
compromised, with an associated increased risk of electric shock.

Tighten terminal screws in conformance with the torque specifications.

A maximum of two wires, identical in type and cross sectional size can be inserted
per terminal. Strip the insulation from the cables by a minimum of 6mm (0.24") in
order to ensure good contact with the terminal. Do not exceed a maximum exposed
cable conductor length of 2mm (0.08").

Apply appropriate personal protective equipment (PPE) and follow safe electrical
work practices. See NFPA 70E or CSA Z462.

Failure to follow these instructions will result in death or serious injury.
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A DANGER

FIRE HAZARD

If upon receipt, the unit or any part within is damaged, do not install but contact your
supplier.

Do not allow anything to fall through the case apertures and ingress the controller.

Ensure the correct wire gauge size is used per circuit and it is rated for the current
capacity of the circuit.

When using ferrules (cable ends) ensure the correct size is selected and each is
securely fixed to the wire using a crimping tool.

The controller must be connected to the correct rated power supply unit or supply
voltage in accordance with the supply voltage rating displayed on the controller
label. or in the User guide. Use only isolating PELV or SELV power supplies to
supply power to the equipment.

Failure to follow these instructions will result in death or serious injury.

20
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A WARNING

UNINTENDED EQUIPMENT OPERATION

Do not use the product for critical control or protection applications where human or
equipment safety relies on the operation of the control circuit.

Observe all electrostatic discharge precautions before handling the unit.

Electrically conductive pollution must be excluded from the cabinet in which the
controller is mounted for example, carbon dust. In conditions of conductive pollution
in the environment, fit an air filter to the air intake of the cabinet. Where
condensation is likely, for example, at low temperature, include a thermostatically
controlled heater in the cabinet.

Avoid ingress of conductive materials during installation.
Use appropriate safety interlocks where personnel and/or equipment hazards exist.

Install and operate this equipment in an enclosure appropriately rated for its
intended environment.

Routing of wires, to minimize the pick-up of EMI (Electromagnetic interference), the
low voltage DC connections and the sensor input wiring must be routed away from
high-current power cables. Where it is impractical to do this, use shielded cables
with the shield grounded. In general keep cable lengths to a minimum.

Do not disassemble, repair or modify the equipment. Contact your supplier for
repair.

Ensure all cables and wiring harness are secured using a relevant strain relief
mechanism.

Wiring, it is important to connect the unit in accordance with the data in this User
guide and use copper cables (except the thermocouple wiring).

Only connect wires to identified terminals shown on the product warning label, the
wiring section of the product User guide or Installation sheet.

Safety and EMC protection can be seriously impaired if the unit is not used in the
manner specified. The installer must ensure the safety and EMC of the installation.

If the output is not wired, but written to by communications, it will continue to be
controlled by the communications messages. In this case take care to allow for the
loss of communications.

The application of this product requires expertise in the design and programming of
control systems. Only persons with such expertise must be allowed to program,
install, alter and commission this product.

During commissioning ensure all operating states and potential fault conditions are
carefully tested.

Do not use, or implement a controller configuration (control strategy) into service
without ensuring the configuration has completed all operational tests, been
commissioned and approved for service.

It is the responsibility of the person commissioning the controller to ensure the
configuration is correct.

The controller must not be configured while it is connected to a live process as
entering Configuration Mode pauses all outputs. The controller remains in Standby
until Configuration Mode is exited.

Failure to follow these instructions can result in death, serious injury or
equipment damage.
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Symbols

A WARNING

UNINTENDED EQUIPMENT OPERATION

Actuators that are sensitive to switching pulse or cycle times should be fitted with a
protective device. For example, refrigeration compressors should be fitted with a
lockout timer to add additional protection against switching too quickly.

Any changes made to the controllers flash memory require the controller to enter
configuration mode. The controller will not control the process when in configuration
mode. Ensure that the controller is not connected to an active process when in
configuration mode.

Failure to follow these instructions can result in death, serious injury or
equipment damage.

A CAUTION

EQUIPMENT OPERATION HAZARD

If being stored before use, store within the specified environmental conditions.

A Cold Start function erases ALL settings, removes the existing configuration and
returns the controller to its original state. To minimize data loss the controller’s
configuration should be saved using a backup file, before committing a Cold Start.

A cold start of the controller must only be carried out under exceptional
circumstances as it will erase ALL previous settings and return the controller to its
original state.

"A controller must not be connected to any equipment when performing a cold start.”

Cleaning. Isopropyl alcohol may be used to clean labels. A mild soap solution may
be used to clean other exterior surfaces.

Ensure non-isolated modules are never installed in any 3500 Series controller.
Non-isolated modules are NOT supported.

To minimize any potential loss of control or controller status when communicating
across a network or being controlled via a third party client (i.e. another controller,
PLC or HMI) ensure all system hardware, software, network design, configuration
and cybersecurity robustness have been correctly configured, commissioned and
approved for operation.

Failure to follow these instructions can result in injury or equipment damage.

Various symbols may be used on the controller label. They have the following
meaning:

/A Risk of electric shock

2 Take precautions against static

&\ Regulatory compliance mark for Australia (ACA) and New Zealand (RSM)
@ Complies with the 40 year Environment Friendly Usage Period

E Dispose of in accordance with WEEE Directive

C E Mandatory conformity marking for certain products sold within the European
Economic Area

|E South Korea KC Certification for Electrical and Electronic Products

22
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Safety and EMC

Hazardous Substances

This product conforms to European Restriction of Hazardous Substances (RoHS)
(using exemptions) and Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) Legislation.

RoHS Exemptions used in this product involve the use of lead. China RoHS legislation
does not include exemptions and so lead is declared as present in the China RoHS
Declaration.

Californian law requires the following notice:

AWARNING: This product can expose you to chemicals including lead and lead
compounds which are known to the State of California to cause cancer and birth
defects or other reproductive harm. For more information go to:
https://www.P65Warnings.ca.gov
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Cybersecurity

Introduction

What is in this section?

This section outlines some good practice approaches to cybersecurity as they relate
to use of 3500 series controllers, and draws attention to several features that could
assist in implementing robust cybersecurity.

A CAUTION

EQUIPMENT OPERATION HAZARD

To minimize any potential loss of control or controller status when communicating
across a network or being controlled via a third party client (i.e. another controller,
PLC or HMI) ensure all system hardware, software, network design, configuration
and cybersecurity robustness have been correctly configured, commissioned and
approved for operation.

Failure to follow these instructions can result in injury or equipment damage.

When utilizing Eurotherm 3500 series controllers in an industrial environment, it is
important to take ‘cybersecurity’ into consideration: in other words, the installation’s
design should aim to prevent unauthorized and malicious access. This includes both
physical access (for instance via the front panel or HMI screens), and electronic
access (via network connections and digital communications).

Cybersecurity Good Practices

Security Features

Overall design of a site network is outside the scope of this manual. The
Cybersecurity Good Practices Guide, Part Number HA032968 provides an overview
of principles to consider. This is available from www.eurotherm.com.

Typically, an industrial controller such as the 3500 controller together with any
associated HMI screens and controlled devices should not be placed on a network
with direct access to the public Internet. Rather, good practise involves locating these
devices on a firewalled network segment, separated from the public Internet by a
so-called ‘demilitarized zone’ (DMZ).

The sections below draw attention to some of the cybersecurity features of 3500
series controllers.

Principle of Secure by Default

Some of the digital communication features on the 3500 series controllers can
provide greater convenience and ease-of-use (particularly in regards to initial
configuration), but also can potentially make the controller more vulnerable. For this
reason, these features are turned off by default:

Bonjour auto-discovery disabled by default

Ethernet connectivity is available as an option on 3500 series controllers (see
Ethernet Communication Parameters). Bonjour enables the controller to be
automatically discovered by other devices on the network without the need for
manual intervention. However, for cybersecurity reasons, it is disabled by default to
prevent unauthorized access.

HA033837 Issue 3
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Cybersecurity

Port Use

The following ports are being used:

Port Protocol
502 TCP MODBUS (Client and Server)
5353 UDP Zeroconf

The following should be noted about the ports:

* Ports are always closed by default and are only opened when the corresponding
comms protocol is set.

* UDP Port 5353 (Auto-discovery/ZeroConf/Bonjour, open only when
Comms.H.Network.AutoDiscovery parameter is ON.

HMI Access Level / Comms Config Mode

As described in section Access to Further Parameters, 3500 series controllers
feature tiered, password-restricted operator levels, so that available functions and
parameters can be restricted to appropriate personnel.

* Level 1 functions are the only ones that do not require password access, and are
typically appropriate for routine operator use. The controller powers up in this
level. All other levels are password-restricted.

* Level 2 makes an extended set of operational parameters available, typically
intended for use by a supervisor.

* |Level 3 parameters would typically be set when an authorized person was
commissioning the device for use in a particular installation.

Config level allows access to all the controller’s parameters. Password-restricted
access to these parameters is also possible over digital communications, using
Eurotherm’s iTools software (See iTools integrated Online Help for further details)

At config level, it is also possible to customize the other levels from their defaults,
restricting certain parameters to only be available at a higher level, or making certain
parameters available at lower levels. In addition, you can configure the availability of
setpoint program parameters such as Run/Reset, Program Edit and Program Mode
and control parameters, such as Auto/Manual, Setpoint, and Manual Output.

HMI Passwords

When entering passwords via the HMI, the following features help protect against
unauthorized access:

* Password entry is locked after three invalid attempts. The time it stays locked for
(defaults to 30 minutes) is configurable. This helps protect against “brute force”
attempts to guess the password.

® The controller records the number of successful and unsuccessful login attempts
for each level of password. Regular auditing of these diagnostics is
recommended, as a means to help detect unauthorized access to the controller.
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Config Lock Password

An optional Config Lock feature is provided to give Original Equipment Manufacturers
(OEMSs) a layer of protection against theft of their intellectual property, and is
designed to help prevent unauthorized cloning of controller configurations. This
protection includes application-specific internal (soft) wiring and limited access to
certain parameters via comms (by iTools or a third party comms package).

Comms Configuration Level Password

The password for Config Level access via iTools has the following features to help
protect against unauthorized access (See iTools integrated Online Help for further
details):

There is no default password for comms configuration level.

User needs to set the comms configuration password on first connect from
iTools.

If password is not set, Ethernet comms will be in Comms Lockdown mode (see
below).

Comms configuration password is encrypted before sending via commes.

Passwords are salted and hashed before being stored.

With password salting, a random piece of data is added to the password before it
runs through the hashing algorithm, making it unique and harder to crack. When
using both hashing and salting, even if two users choose the same password,
salting adds random characters to each password when the users enter them.

Number of password attempts is 5. If more than 5 unsuccessful attempts are
made, the Password Lock function is triggered.

iTools will enforce a minimum password length and complexity.

Passwords must be at least 8 characters long and include a mix of uppercase
letters, lowercase letters, numbers, and special characters. This ensures
stronger security and helps protect against unauthorized access.

Comms Lockdown mode

In Comms Lockdown mode, Ethernet comms will only have read/write access to a
limited set of parameters, see the following table. Config Clip, IR and Serial comms
modules and HMI will not be affected.

Table 1: Comms Lockdown Limited Parameter Set

Parameter MODBUS Address Access String length
CNOMO Manufacturing ID 0x0079(121) Read-only -

CNOMO Instrument ID 0x007A(122) Read-only -

Instrument firmware version 0x006B(107) Read-only -
CommsPasswordlsSet 0x0081(129) Read-only -
KeyExchange 0x53F4(21492) Read/Write 35
CommsPassword 0x5621(22049) Write-only 96

HA033837 Issue 3

27



Cybersecurity

Ethernet security features

The following security features are specific to Ethernet:

Ethernet rate protection

One form of cyberattack is to try to make a controller process so much Ethernet traffic
that it drains systems resources and useful control is compromised. For this reason,
the 3500 series includes an Ethernet rate protection algorithm, which will detect
excessive network activity and help to ensure the controller’s resources are
prioritized on the control strategy rather than servicing the Ethernet traffic. If this
algorithm is running, the rate protection diagnostic parameter will be set to ON.

Broadcast Storm protection

A ‘broadcast storm’ is a condition which may be created by cyberattack whereby
spurious network messages are sent to devices which cause them to respond with
further network messages, creating a chain reaction that escalates until the network
is unable to transport normal traffic. The 3500 series controllers includes a broadcast
storm protection algorithm, which will automatically detect this condition, stopping the
controller from responding to the spurious traffic. If this algorithm is active, the
broadcast storm diagnostic parameter will be set to ON.

Communications watchdog

3500 series controllers include a ‘comms watchdog’ feature. This can be configured
to raise an alert if any of the supported digital communications are not received for a
specified period of time. See the four watchdog parameters. These provide a way to
configure appropriate action if malicious action interrupts the controller’s digital
communications.

Configuration backup and recovery

Using Eurotherm’s iTools software, you can ‘clone’ an 3500 series controller, saving
all its configuration and parameter settings to a file. This can then be copied onto
another controller, or used to restore the original controller’s settings (see iTools
integrated Online Help for further details).

For cybersecurity reasons, password-restricted parameters are not saved in the
clone file when in operator mode (Level 1).

Clone files include a cryptographic integrity hash, meaning that if the file contents is
tampered with, it will not load back into a controller.

A clone file cannot be generated or loaded if the Config Lock feature option is
configured and active.

User Sessions

Communication connections only have two permission levels - an ‘Operator mode’
and a ‘Configuration mode’. Any connection via comms (Ethernet or serial) is
separated into its own unique session. A user logged in via the TCP socket will not
share permissions with a different user logged in, for example, via the serial port and
vice versa.
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In addition, only a single user can be logged into an 3500 series controller in
Configuration mode at any one time. If another user attempts to connect and select
Configuration mode, the request will be denied until the other user exits the
Configuration mode.

If a power cycle occurs all sessions will be in Operator Mode when connections are
re-established.

Memory/Data Integrity

FLASH Integrity

When an 3500 series controller powers up, it automatically performs an integrity
check on the entire contents of its internal flash memory before running it. If any
integrity check detects a difference from what is expected, the controller will stop
running and display a “Firmware invalid. Recovery Required” alert.

To recover the device, the Eurotherm Serial Upgrade Tool can be used to load valid
firmware back onto the instrument. This tool can be obtained from Eurotherm with
instructions on how to use it contained within the tool itself.

Non-volatile Data Integrity

When a 3500 series controller powers up, it automatically performs an integrity check
on the contents of its internal non-volatile memory devices. Additional periodic
integrity checks are performed during normal runtime and when non-volatile data is
being written. If any integrity check detects a difference from what is expected, the
controller enters Standby mode.

Cryptography Usage

3500 V4.0+ firmware is validated against a cryptographic signature before it will run.
If for any reason the bootloader believes the firmware is invalid, then the message
“Firmware invalid. Recovery Required” will be shown on the display.

To recover the device, the Eurotherm Serial Upgrade Tool can be used to load valid
firmware back onto the instrument. This tool can be obtained from Eurotherm with
instructions on how to use it contained within the tool itself.

Cryptography usage is employed in the following areas:
* ROM startup integrity checking

* Clone files

® Custom linearization tables

* Firmware upgrade signing

Achilles® Communications Certification

The 3500 series of controllers have been certified to Level 1 under the Achilles®
Communications Robustness Test Certification scheme. This is an established
industry benchmark for the deployment of robust industrial devices recognized by the
major automation vendors and operators.
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Decommissioning

When a 3500 series controller is at the end of its life and being decommissioned,
Eurotherm advises reverting all parameters to their default settings (see the option
‘Clear Memory’ in the Instrument Security section). This can help to protect against
subsequent data and intellectual property theft if the controller is then acquired by
another party.
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Legal Information

The information provided in this documentation contains general descriptions and/or
technical characteristics of the performance of the products contained herein. This
documentation is not intended as a substitute for and is not to be used for
determining suitability or reliability of these products for specific user applications. It
is the duty of any such user or integrator to perform the appropriate and complete risk
analysis, evaluation and testing of the products with respect to the relevant specific
application or use thereof. Eurotherm Limited or any of its affiliates or subsidiaries
shall not be responsible or liable for misuse of the information contained herein.

If you have any suggestions for improvements or amendments or have found errors
in this publication, please notify us.

You agree not to reproduce, other than for your own personal, noncommercial use,
all or part of this document on any medium whatsoever without permission of
Eurotherm Limited, given in writing. You also agree not to establish any hypertext
links to this document or its content. Eurotherm Limited does not grant any right or
license for the personal and noncommercial use of the document or its content,
except for a non-exclusive license to consult it on an "as is" basis, at your own risk.
All other rights are reserved.

All pertinent state, regional, and local safety regulations must be observed when
installing and using this product. For reasons of safety and to help ensure compliance
with documented system data, only the manufacturer should perform repairs to
components.

When devices are used for applications with technical safety requirements, the
relevant instructions must be followed.

Failure to use Eurotherm Limited software or approved software with our hardware
products may result in injury, harm, or improper operating results.

Failure to observe this information can result in injury or equipment damage.

Eurotherm, EurothermSuite, EFit, EPack, EPower, Eycon, Chessell, Mini8, nanodac,
piccolo and versadac are trademarks of Eurotherm Limited, its subsidiaries and
affiliated companies. All other trademarks are the property of their respective owners.

© 2024 Eurotherm Limited. All rights reserved.
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3500 Series Controllers

Changes in 3500 V4.0+

Changes in 3500 V4.0+

Area

Changes

Access

Access block is no longer supported, parameters have been removed or
moved to new locations

Goto parameter no longer accessible

IREnable, Keylock, AutoManFunction, RunHoldFunction and Key
simulation parameters moved to Instrument.Access

L2Passcode, L3Passcode, ConfPasscode and ClearMemory parameters
moved to Instrument.Security

CustomerID and AppName moved to Instrument.Info

Standby (now ForceStandby) moved to Instrument.Diagnostics

Alarms

Analog and Digital Alarm blocks have been replaced with a generic alarm
block capable of performing both Analog and digital functions

Blocking (if enabled) is applied every time the Reference value is changed
in Deviation alarms

Blocking (if enabled) is applied every time the Deviation value is changed in
Deviation alarms

Blocking (if enabled) is applied every time the Threshold value is changed
in Absolute High and Low alarms

New alarm remains active in Config while in old 3500 new alarm gets
cleared when entering config

Alarm Summary block no longer supported

— Individual Alarm status and Ack parameters now located
within the alarm block itself

— Alarm status parameters have been renamed and moved to
Instrument.Diagnostics

Comms

The comms function blocks have been overhauled

Protocols are disabled by default to support requirements of California
Connected Devices Law

Protocol selection is restricted based upon module fitted

Parameters sorted into subclasses and hidden if not applicable to the
current Protocol

Native Ethernet requires use of the new Ethernet module, the old Ethernet
module with flying lead is no longer supported

Profibus is not supported

10.PV.Status and 10.Mod.x.Status parameter enumerations have changed

Values are now consistent across the entire product - 0=Good,
1=ChannelOff, 2=OverRange, 3=UnderRange, 4=HardwareStatusinvalid,
5=Ranging, 6=Overflow, 7=Bad, 8=HWExceeded, 9=NoData

LIN16

No longer supported, replaced with new LIN32 block

Parameters remapped within the SCADA region of the MODBUS address
map

Mastercomms

No longer supported
Replaced with ModbusMaster block

RTC

Real Time Clock block is no longer supported

The product no longer contains a battery to backup the time, so the RTC
functionality has been removed.

Wiring

When ordering 250 wires, device will provide 270 wires. For all other
option, the expected number of wires is provided

HA033837 Issue 3
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3500 Series Controllers

Area Changes

Zirconia Total rework of the function block and underlying algorithms
Parameters remapped within the SCADA region of the MODBUS address
map

HMI Comms Protocol selection added to start of quickcode settings to support
requirements of the California Connected Devices Law

UsrTxt (Custom In the old 3500 if the UsrTxt input value DOES NOT match one of the

Enums) configured enum values, then the UsrTxt output parameter is NOT updated
(so leaves the output text at the last known value). On the new 3500, the
UsrTxt output text parameter will be forced to blank/empty text if the input
value DOES NOT match any of the configurated enum values.

MODBUS MODBUS Organization replaced Master-Slave with Client-Server and is

reflected in this user guide. However, there may still be some references to
outdated terminology on the instrument HMI and iTools which will be
addressed in future firmware updates.

34
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Installation and Operation

What Instrument Do | Have?

Thank you for choosing this Controller.

The 3508 controller is supplied in the standard 1/8 DIN size 48 x 96mm front panel

(1.89" x 3.76"). The 3504 controller is supplied in the standard 1/4 DIN size 96 x
96mm front panel (3.76" x 3.76"). They are intended for indoor use only and for
permanent installation in an electrical panel which encloses the rear housing,
terminals and wiring on the back. They are designed to control industrial and
laboratory processes via input sensors which measure the process variables and
output actuators which adjust the process conditions.

Contents of Package

When unpacking your controller please check that the following items have been
included.

3508 or 3504 Controller Mounted in its Sleeve

The 3504 contains up to six plug-in hardware modules; the 3508 has up to three.
Additionally digital communications modules can be fitted in two positions.

The modules provide an interface to a wide range of plant devices and those fitted
are identified by an ordering code printed on a label fixed to the side of the
instrument. Check this against the description of the code given in the 3500
Installation Sheet (HA033839) to ensure that you have the correct modules for your
application. This code also defines the basic functionality of the instrument which
may be:

Controller only

éﬁf,’fv'ing: ®* Programmer and controller
'cr)‘fégrme”t * Control type — Standard PID,
Code valve positioner

¢ Digital communications type

* Options

Panel Retaining Clips
Two clips are required to secure the instrument sleeve in the panel. These are
supplied fitted to the sleeve.

Accessories Pack

For each input a 2.49Q resistor is supplied for mA measurement. This will need to be
fitted across the respective input terminals
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Installation Sheet
Installation Sheet explains:
* How to install the controller
* Physical wiring to the plant devices
®  First switch on - ‘out of the box’

® Principle of operation using the front panel buttons

Orderable Accessories
Refer to 3500 Installation Sheet (HA033839) for order code details.

The following accessories may be ordered:

User Manual - This may also be downloaded from www.eurotherm.com | HA033837

2.49Q) Precision resistor SUB35/ACCESS/249R.1
Configuration IR Clip ITools/None/30000IR
Configuration Clip ITools/None/30000CK
10In,100ut 10 Expander 200010/VL/10LR/XXXX
20In,200ut IO Expander 200010/VL/10LR/10LR
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3500 Series Controllers Installation and Operation

How to Install the Conti'oller

This instrument is intended for permanent installation, for indoor use only, and to be
enclosed in an electrical panel.

Select a location where minimum vibrations are present and the ambient temperature
is within 0 and 50°C (32 and 122°F).

The instrument can be mounted on a panel up to 15mm thick.

To assure IP65 and NEMA 12 front protection, use a panel with smooth surface
texture.

Please read the safety information, at the end of this guide, before proceeding and
refer to the EMC Booklet part number HA025464 for further information. This and
other relevant manuals may be downloaded from www.eurotherm.com.

Dimensions
48mm 26;;[“ 150mm (5.91in)
: .fain
(189 (3.78in) Panel
| | | | retaining
— clips
EUROTHERM
;jcnd
96mm ' L.'
3.78in) [ 1 1
I |
| |
I |
4 | Panel
retainin
|l — Latchingears — — — — — — — I cIipsg

Figure 1: Controller Dimensions

To Install the Controller

Panel Cut-out

1. Prepare the panel cut-out to the size shown in
the diagram 92 mm-0.0 + 0.8 45mm-0.0+0.6

2. Insert the controller through the cut-out. 3.62in-0.00, +0.03 1.77'in -0.00, +0.02

|
3. Spring the panel retaining clips into place. !

Secure the controller in position by holding it

level and pushing both retaining clips forward. 92 mm -
. . 0.0+0.8
4. Peel off the protective cover from the display. 2504 3508
3.62in -
0.00, +0.03

Figure 2: Panel Cut out Dimensions
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Installation and Operation

3500 Series Controllers

Recommended Minimum Spacing

The recommended minimum spacing between

controllers shown here should not be reduced to

allow sufficient natural air flow.

10mm
(0.4 in) =

_] 38mm

(15in)

(Not to scale)

Figure 3: Minimum Spacing Between Controllers

To Remove the Controller

For Ethernet version, ensure the Ethernet cables are disconnected from the rear of

the controller (isolate the power supply first).

To remove, ensure that the latching ears are eased outwards, then pull the controller
forward, to remove from the sleeve. When plugging back in ensure that the latching

ears click into place to maintain the IP65 sealing

38
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Electrical Connections

3508 Controller - Rear Terminal View

_ ). Live or 24V @) Power
"'51 8 ; Neutral or 24V @ Supply
8 Hell 8 Protective Earth
= =
J— H g Logic IO A Digital
N 3 Logic /OB Inputs/Outputs
= N| Logic /O Com
o)
[e] JA
= E ‘ Fixed Relay
— = ~ Form C
é Iy ( )
5 5 -
- -
[e) ©
s %) }E

T/C RTD mV mA
Polarising Keys (1) PV Input
One per module

Figure 4: Rear Terminal View (with Serial or DeviceNet) — 3508 Controller

L

- - Live or 24V @ Power
4 =M Neutral or 24v @ Supply

2
é % Protective Earth

o )
— R R
E 8*; Og!C Inputs/Outputs
= i Logic /0O Com
a
o ﬁ
= Fixed Relay
_ ) (Form C)

MODULE 3

500

T/IC RTD mV mA
PV Input

Polarising Keys (1)
One per module

Figure 5: Rear Terminal View (with Ethernet) — 3508 Controller
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3504 Controller - Rear Terminal View

MODULE 4

MODULE 5

MODULE 6

| MODULE 1"

MODULE 3 I MODULE 2

Polarising Keys (1)
One per module

Ed

l"!.
i
3
3

Live or 24V @
Neutral or 24V (2
Protective Earth

Logic /O A
Logic /O B
Logic I/0O Com

3
3

a0l 0

T/IC RTD mV mA

PV Input

Power

Supply

Digital
Inputs/Outputs
Fixed Relay
(Form C)

Figure 6: Rear Terminal View (with Serial or DeviceNet) — 3504 Controller

MODULE 4

I MODULE 5

MODULE 6

| MODULE 1

MODULE 3 | MODULE 2

Polarising Keys M

One per module

COMMS MODULE H
R Y, P

o

Live or 24V @
Neutral or 24V ()
Protective Earth

Logic IO A
Logic I/0 B
Logic I/0 Com

—
i,

32l

= T/C RTD mV mA

PV Input

Power

Supply

Digital
Inputs/Outputs
Fixed Relay
(Form C)

Figure 7: Rear Terminal View (with Ethernet) — 3504 Controller

(1) Polarising keys are intended to prevent modules which are not supported in this controller from being fitted into
the controller. An example might be a non-isolated module (coloured red) from a 2400 controller series. When
pointing towards the top, as shown, the key prevents a controller, fitted with an unsupported module, from being
plugged into a sleeve which has been previously wired for isolated modules.

(2) High or low voltage versions are orderable. Ensure you have the correct version.

A A DANGER

HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

Do not remove a fitted Ethernet communications module from a 3500 series
controller if no longer required as the IP rating of the rear terminals will be
compromised, with an associated increased risk of electric shock.

Failure to follow these instructions will result in death or serious injury.

40
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Wire Sizes

The screw terminals accept wire sizes from 0.5 to 1.5 mm (16 to 22AWG). Hinged
covers prevent hands or metal making accidental contact with live wires. The rear
terminal screws should be tightened to 0.4Nm (3.5Ib in).

Standard Connections

These are connections which are common to all instruments in the range.

PV Input (Measuring Input)

NOTICE

1. Do not run input wires together with power cables
2. When shielded cable is used, it should be grounded at one point only

3. Any external components (such as zener barriers, etc) connected between
sensor and input terminals may cause errors in measurement due to excessive
and/or un-balanced line resistance or possible leakage currents

4. Not isolated from logic 1/0 A and logic /0O B

Thermocouple or Pyrometer Input

Use the correct type of thermocouple compensating

]
+ cable, preferably shielded, to extend wiring
} TIC

¢ |t is not recommended to connect two or more instruments
to one thermocouple

RTD Input

* The resistance of the three wires must be the same

RTD * The line resistance may cause errors if it is greater
than 220

PR

For 2-wire this is
alocal link

RTD wiring is not the same as 2400 series instruments. It is the same as 26/2700
series
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Linear Input V, mV and High Impedance V

* mV range +40mV / +80mV
+80mV

0 - 2Vde * High level range 0 — 10Vdc

0 - 10Vdc

High Impedance mid level range 0 — 2Vdc

* Aline resistance for voltage inputs may cause
measurement errors

Linear Input mA

* Connect the supplied load resistor equal to 2.49Q for mA
input

The resistor supplied is 1% accuracy 50ppm

A resistor 0.1% accuracy 15ppm resistor can be ordered as
a separate item

Digital I/0

These terminals may be configured as logic inputs, contact inputs or logic outputs in
any combination. It is possible to have one input and one output on either channel.

A WARNING
The Digital 10 is not isolated from the PV input.

Logic Inputs

* Voltage level logic inputs, 12Vdc, 5-40mA

_. Input 1
_. Input 2 Active > 10.8Vdc
®_. Common Inactive < 7.3Vdc

Contact Closure Inputs

* Contact open > 1200Q

* Contact closed < 480Q

Digital (Logic) Outputs

* The logic outputs are capable of driving SSR or
thyristors up to 9mA, 18Vdc. It is possible to parallel the

Output 1

Qutput 2
Common two outputs to supply 18mA, 18Vdc.

|—e
|—e
|—e

OE®
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A WARNING

The Digital 10 terminals are not isolated from the PV.

The fixed digital logic outputs may be used to power remote 2 wire transmitters. The
fixed digital I/O are, however, not isolated from the PV input circuit, so this does not

allow the use of 3 or 4 wire transmitters. An isolated module must be used for the 3

and 4 wire types.

Digital (Logic) Outputs used to Power a Remote 2 wire Transmitter.

Output 1 (A

Output 2 % * The parallel logic outputs supply >20mA, 18Vdc.
@ 2 Wire » Connect the supplied load resistor equal to 2.49Q
| Transmitter for mA input

4- 20mA @ 490

A WARNING

The Digital 10 terminals are not isolated from the PV.

Digital (Logic) Outputs used to Power a Remote 3 wire Transmitter.

3 Wire A" \solated Transmitter Option

Transmitter "I_@ B module +24Vdc >20mA
i

4 Wire gz A Isolated Transmitter Option
Transmitter B @ B module +24Vdc >20mA

Relay Output

® Relay rating, min: 1V, TmAdc. Max: 264Vac 2A resistive

* Relay shown in de-energised state

@R

* |solated output 240Vac CATII
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General Note About Inductive Loads

High voltage transients may occur when switching inductive loads such as some
contactors or solenoid valves.

For this type of load it is recommended that a ‘snubber’ is connected across the
contact of the relay switching the load. The snubber typically consists of a 15nF
capacitor connected in series with a 100Q resistor and will also prolong the life of the
relay contacts.

A WARNING

When the relay contact is open and it is connected to a load, the snubber passes a
current (typically 0.6mA at 110Vac and 1.2mA at 240Vac). It is the responsibility of
the installer to ensure that this current does not hold on the power to an electrical
load. If the load is of this type the snubber should not be connected.

See also section Snubbers.

Power Supply Connections

@—EI— 100 to 1. Before connecting the instrument to the power line, make
O) 230Vac sure that the line voltage corresponds to the description on
© 48 to 62 Hz the identification label

2. For supply connections use 16AWG or larger wires rated
for at least 75°C (167°F)

3. Use copper conductors only
4. For 24Vac/dc the polarity is not important

5. It is the Users responsibility to provide an external fuse or
circuit breaker.

For 24Vac/dc fuse type T rated 4A 250V

)=~
2aVacor For 100/240Vac fuse type T rated 1A 250V

Safety requirements for permanently connected equipment state:

® a switch or circuit breaker shall be included in the building
installation

¢ it shall be in close proximity to the equipment and within
easy reach of the operator

¢ it shall be marked as the disconnecting device for the
equipment

A single switch or circuit breaker can supply more than one instrument

Plug in I/O Module Connections

Plug in I/O modules can be fitted in three positions in the 3508 and six positions in
3504. The positions are marked Module 1, 2, 3, 4, 5, 6. With the exception of the
Analogue Input module, any other module listed in this section, can be fitted in any of
these positions. To find out which modules are fitted check the ordering code printed
on a label on the side of the instrument. If modules have been added, removed or
changed it is recommended that this is recorded on the instrument code label.
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The function of the connections varies depending on the type of module fitted in each
position and this is shown below. All modules are isolated.

The order code and terminal number is pre-fixed by the module number.
For example, Module 1 is connected to terminals 1A, 1B, 1C, 1D; module 2 to 2A,
2B, 2C, 2D, etc

Relay (2 pin) and Dual Relay Module

* Hardware Code: R2 and RR

First relay .
R%g;,t?:‘;tggl ; * Relays Rating: 2A, 264Vac max or
lamp [T @ AR 10mA/12Vdc min
etc B —J
Voltage * Typical usage: Heating, cooling, alarm,
I .
Suppy =% C LN program event, valve raise, valve lower
Contactor D —J
Relay Panel ) * Isolated output 240Vac CATII
etcp Second relay
(dual relay only)

Change Over Relay

* Hardware Code: R4

R%%r}t%%tg& * Relay Rating: 2A, 264Vac max or
e A 10mA/12Vdc min

e . N
j * Typical usage: Heating, cooling, alarm,
Voltage E@ C program event, valve raise, valve

suppl
PPy .@ D lower.

¢ |solated output 240Vac CATII

Triple Logic and Single Isolated Logic Output

+ 1 * Hardware Code: TP and LO
+ |— Output A A . . .
3133 o Output B 5 ° (z):tp:ts Ra;ung - Single: (12Vdc at
yristor + | | [ mA max.
unit Output C .@ c
| common ;@ b * Outputs Rating - Triple: (12Vdc at 9mA

max.)

* Typical usage: Heating, cooling,
program events.

* No channel isolation. 264Vac
insulation from other modules and
system

¢ Single Logic Output connections are:
D — Common
A — Logic Output
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Triac and Dual Triac

valve

Raise

[——]

——

Voltage

Motorised |——| supply

L

[——

First triac
A —

5 MA
i

Second triac

Eower
DC Control
Actuator |
o20mA [—LIX) A +
or |
0-10Vvdc ‘_l |(i) B
| e—

DC Retransmission

To other
controllers
0-20mA

or
0-10Vdc

Dual DC Output

—08 <

Slots 1, 2 and 4 only

+
Output 1 @@

+

Output 2

I
— X

| e—

————

L)

O, ®
N

-20mA 20Vdc — 30Vdc

L/

L,

L,

Hardware Code: T2 and TT

Combined Output Rating: 0.7A, 30 to
264Vac

Typical usage: Heating, cooling, valve
raise, valve lower.

Isolated output 240Vac CATII

Dual relay modules may be used in
place of dual triac.

The combined current rating for the
two triacs must not exceed 0.7A

Hardware Code: D4
Output Rating: (10Vdc, 20mA max)

Typical Usage: Heating, cooling e.g. to
a 4-20mA process actuator

Isolated output 240Vac CATII

Hardware Code: D6
Output Rating: (10Vdc, 20mA max)

Typical Usage: Logging of PV, SP,
output power, etc., (0 to 10Vdc or 0
to 20mA)

Isolated output 240Vac CATII

* Hardware Code: DO

* Qutput Rating: each channel can be
4-20mA or 24Vdc (nominal)

* Typical Usage: Control output 12 bit
resolution
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Triple Logic Input

— * Hardware Code: TL

Input 2 4.[]@

Input 3 4.[]@
Common uzz

——

* |nput Ratings: Logic inputs <5Vdc OFF
>10.8Vdc ON Limits: -3Vdc, +30Vdc

* Typical Usage: Events e.g. Program
Run, Reset, Hold

* |solated output 240Vac CATII

o o o »

Triple Contact Input

* Hardware Code: TK

External
Switches

or Relays * |nput Ratings: Logic inputs >28KQ

= |nput 2
®

— INput 3 ——=

o o @

[—1

Common .@

= [nput 1 @1 OFF <100Q ON

* Typical Usage: Events e.g. Program
Run, Reset, Hold

* |solated output 240Vac CATII

o o w >

24V Transmitter Supply

JE— * Hardware Code: MS
Transmitter . @; A ¢ Output Rating: 24Vdc 20mA

* Typical Usage: To power an external
transmitter

* |solated output 240Vac CATII

Potentiometer Input

— * Hardware Code: VU
0.5V A e Rating: 100Q to 15KQ
-@ i * Typical Usage: Valve position
— feedback Remote setpoint
ov D e Isolated output 240Vac CATII
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Transducer Power Supply

Transducer with Internal Calibration Resistor

Controller
____________ Transducer

r il
| |
| 10Vdcpower A+
I supply I 1@
| = |

" N\ ,
| Internal (X 1
| switch to = |
| connect Ry @E |
| |

c RO
== Input if an analogue input module is used in the appropriate slot

———1

Transducer with External Calibration Resistor

Controller
f————————————————— | Transducer
| m—— I
10Vdc power @E R
supply |
B ——

|

|

|

|

' |
: 30.1KQ 5 :
I Internal — |
: switch to @E

| connect Ry == |
|

Hardware Code: G3

Rating: Configurable 5Vdc or 10Vdc. Minimum
load resistance 300Q

Typical Usage: Strain Gauge transducer
power and measurement

Isolated output 240Vac CATII
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Analogue Input (T/C, RTD, V, mA, mV)

Slots 1, 3,4 & 6 only

* Hardware Code: AM
* Typical Usage: Second PV input, Remote setpoint

* |[solated 240Vac CATII

Thermocouple 3-wire RTD Voltage
‘ -3 to 10Vdc or —1.4 to 2Vdc

3 - I - : A
source
C For 2-wire C D@ C
- D local link D D
Current mV
0 to 20mA or (4 to 20mA) +50mV
I - . @
B
Current ,@ B mVolt .@
source
2.490 C source L iiz C
resistor =
supplied D - |—@ D

Analogue Input (Zirconia Probe)

* The temperature sensor of the zirconia probe can be connected to the Fixed PV
input, terminals V+ and V-, or to an Analogue Input module, terminals C & D.
The Zirconia Probe voltage source can be connected to an Analogue Input
module, terminals A & D.

Fixed PV (or an Analogue Analogue Input Module
Input Module)

i - *
D@ Zirconia .@ B

" TR e wiee |l T ©
_C% V-or D '\@ D
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Zirconia Probe Construction

The zirconia sensor wires should be screened and connected to the outer shell of the
probe if it is situated in an area of high interference.

Outer Electrode Screen
\ Ceramic Insulator Ne—mM-— )
Hot End ,._\ __________ iher Bicctiods — — — /7 \ + Zirc.mV
‘] i L *
\ /’ < \ T _ Thermocouple
/ - — — — — — — — — — —_— —_———— \_/
Zirconia Sensor /

Outer metallic shell of the probe

Figure 8: Zirconia Probe Wiring

Zirconia Probe Screening Connections

The zirconia sensor wires should be screened and connected to the outer shell of the
probe if it is situated in an area of high interference.

Screen

Outer Electrode

N a -
TnerBlecirode " — — — 7 7N\ Zirc.mV 1 —
[

—+
________ A/

e
L&
L
Screened Cable I@
e
L0
e

>

@

O O

Thermocouple

Figure 9: Zirconia Probe Wiring
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Digital Communications Connections

Digital Communications modules can be fitted in two positions in both 3508 and 3504
controllers. The connections being available on HA to HF and JA to JF depending on
the position in which the module is fitted. The two positions could be used, for
example, to communicate with ‘iTools’ configuration package on one position, and to
a PC running a supervisory package on the second position. Communications
protocols may be MODBUS, El-Bisynch, DeviceNet or MODBUS TCP.

NOTICE

1. In order to reduce the effects of RF interference the transmission line should be
grounded at both ends of the screened cable. However, if such a course is
taken care must be taken to ensure that differences in the earth potentials do
not allow circulating currents to flow, as these can induce common mode
signals in the data lines. Where doubt exists it is recommended that the Screen
(shield) be grounded at only one section of the network as shown in all of the

following diagrams

2. RS “Recommended Standard” (eg RS232) is sometimes referred to as EIA
“Electronic Industries Alliance” (eg EIA232). 3-Wire and 5-Wire is sometimes

referred to as 2-Wire and 4-Wire.

HA033837 Issue 3
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MODBUS (H or J Module), EI-BISYNCH, Broadcast and MODBUS Client

See also section Wiring Connections - Broadcast Communications for further details
when wiring Broadcast and Modbus Client.

HA or JA
HB or JB

l HC or JC
= e

EIA232 Connections

Screen Digital
communications
module isolated

240Vac CATII

HD or JD Common
’ @ HE or JE Rx

LI HF or JF Tx

I .
= Local Ground

Daisy Chain to further
controllers

EIA485 3-Wire Connections

220Q termination
resistor on last The KD485 communications
controller in the line —* .@ HA or JA converter is recommended
L HB or JB for interfacing to EIA485
P " This unit is also used to
Screen 2200 termination resistor HC or JC buffer an EIA485 network
Com l Com HD or JD Com |Whenit is reqwr.ed to
Com  Rya \ communicate with more
— |—' Tx Rx }\ HE or JE Rx than 32 instruments on the
R h RxB . @ HF or JF Tx same bus, and may also be
— | U Tx XA | \ used to bridge 3-wire
i TXB Twisted (I:D(i’%iqtgql eations EIA485 to 5-wire EIA422.
= pairs unicatl
EIA232/ EIA 485 2-wire module isolated
communications 240Vac CATII
converter
EIA485 5-Wire Connections o Daisy Chain to further
220Q termination controllers
resistor on last —_—
controller in the line \ The 261 or KD485
Screen ﬂ [IX)HA or JA communications converter
—n = is recommended for:
l TxA T HB or JB R+ Interfacing 5-wire to 3-wire
Com Com TxB A HC OrJC Rx-  connections.
— Tx Com \ HD or JD Com |10 buffer an EIA422/485
Rx \ network when more than
Rx Tx RxA } X)HE or JE Tx+ 32 instruments on the same
RxB | bus are required
= QIHF or JE T 7 hridge 3-wire EIA485 to
EIA 232 to EIA Twisted  pigial p-wire EIA422.
422/EIA485 4-wire pairs communications

communications

module isolated
converter

240Vac CATII

Figure 10: EIA232 and EIA485 Connections
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DeviceNet Wiring

It is not within the scope of this manual to describe the DeviceNet standard. For this
please refer to the DeviceNet specification which may be found at www.odva.org.

In practice it is envisaged that 3500 series controllers will be added to an existing
DeviceNet network. This section, therefore, is designed to provide general guidelines
to connect 3500 series controllers to this network. Further information is also
available in the DeviceNet Communications Handbook Part No HA027506 which can
be downloaded from www.eurotherm.com.

According to the DeviceNet standard two types of cable may be used. These are
known as Thick Trunk and Thin Trunk. For long trunk lines it is normal to use Thick
trunk cable. For drop lines thin trunk cable is generally more convenient being easier
to install. The table below shows the relationship between cable type, length and
baud rate.

Network length Varies with speed. Up to 400m possible with repeaters

Baud Rate Mb/s 125 250 500

Thick trunk 500m (1,640ft) 200m (656ft) 75m (246ft)
Thin trunk 100m (328ft) 100m (328ft) 100m (328ft)

Terminal CAN Color Description

Reference | Label Chip

HA V+ Red DeviceNet network power positive terminal. Connect the red wire of the DeviceNet
cable here. If the DeviceNet network does not supply the power, connect to the
positive terminal of an external 11-25 Vdc power supply.

HB CAN_H White DeviceNet CAN_H data bus terminal. Connect the white wire of the DeviceNet
cable here.

HC SHIELD | None Shield/Drain wire connection. Connect the DeviceNet cable shield here. To
prevent ground loops, the DeviceNet network should be grounded in only one
location.

HD CAN_L Blue DeviceNet CAN_L data bus terminal. Connect the blue wire of the DeviceNet
cable here.

HE V- Black DeviceNet network power negative terminal. Connect the black wire of the
DeviceNet cable here. If the DeviceNet network does not supply the power,
connect to the negative terminal of an external 11-25 Vdc power supply.

HF Connect to instrument earth
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EIA485 5-Wire Connections
V- Shield v+

T

Further Devices

CAN-LI_CAN-H

1™ %

Leym s

Example DeviceNet Wiring Diagram

Drop
Line
CLIENT
L
Drop »
Line >
}
Drop Line
V+
DeviceNet Power
V- Supply
24Vdc (+/- 1%
Gnd | > comv p(—p Ripg)le
—-— -+ -+ ————4

Further Devices —

\

max

l_* _L‘
r

*121Q 1% 1/4W terminating resistor must be connected across the CAN_L
(Blue) and CAN_H (White) wires at each end of the DeviceNet trunk cable.

This resistor is sometimes included in the client or other devices but should
only be switched into circuit on the last device on the trunk cable.

The DeviceNet network is powered by an external
independent 24Vdc supply which is separate from
the internal powering of the individual controllers.

Power taps are recommended to connect the DC
power supply to the DeviceNet trunk line. Power
taps include:

A Schottky Diode to connect the power supply V+
and allows for multiple power supplies to be
connected.

2 fuses or circuit breakers to protect the bus from
excessive current which could damage the cable
and connectors.

The earth connection, HF, to be connected to the
main supply earth terminal at one point only.

Figure 11: Example of DeviceNet Wiring
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I/0 Expander

Installation and Operation

An 1/0O expander (Model No 200010) can be used with 3500 series controllers to
allow the number of I/0 points to be increased by up to a further 10 or 20 digital
inputs and 10 or 20 digital outputs. Data transfer is performed serially via a two wire
interface using an optional IO Expander comms module. This module must be fitted
in digital communications slot J (EX option in Order Code field 16).

Data
transfer
10/20 Inputs
JE —|F

10 Expander
(=) p

JF

10/20 Output;l
3500 Controller U

Figure 12: Data Transfer Between 10 Expander and Controller

A description of the IO Expander is given in Handbook Part No HA026893 which can
be downloaded from www.eurotherm.com.

The connections for this unit are reproduced below for convenience.
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I0 Expander Connections

The 10 Input/10 Output Expander The 20 Input/20 Output Expander
E1] @ @ |24 20.4 to 28.8Vac (48 to o iz
Comms 62Hz) or e
E2| @ @ |24 204 t0 26.4Vdc mﬁ/
g =2 |E
Screen el I out & Digital Input
marar puts | Al & ) | + | Digital Inputs
N 2110 30 NO g " 1t0 10
+ ¢ @'__l—{:n' Q|-
Transmitter g
Out £ 10 10 Expander Board
— C
Al & = Additional 10 Expander Board
ool P & | 4
21 e Q;—No Jo el
Al & 5 A I?J——C @
+
nlslol P ,[@]. Melpl™ 3 Mgl
clofos  *lo]. o o
N Al %o & 3| 2 |*
Mo 3 Lo+ 2 clor ol @] -
23 B ':Z_No—:)r-:: - Al @+ @ |+
| %]
cl@ 3| o SN0 b %
Ao HOT 1ol 91"
NC © = |
24| B @—'No—dro g 9|t ag| A ",ZLNU Q 14 ?
c|g— D | -~ c "Z)_C—I_Q\. |-
Outputs =1 Al @ @ |+ -
211030 25 Al &H NO & 5@ | + Digital Inputs ~ Outputs 35| :;j}_ NO l'g' 15 o Digital Inputs
€|l @ @] -|1t010 311040 | YT Lol -| Mo20
Al o Al @2 @ |+
26 2o & 6|9 + B | N b 6] |
C Z‘—Tl_nx @] - Lo 2
A @|*
27| A @Tno & | w| 2| @ ne ¢ 7 &
C ®_C—|_O A £ C| & C Lo | -
Al 2| + Al @6 |+
29 NO & 8 38 5 18] = |
clot 1ol @] . ClOT o 9
Al @ 1 @+
2| A “Tho ci o0 |@| + 39[3?_140 q 195 |
C '?)—C—LO & | - L “T - Lo | < |
Al FH—— @ |+ Al @4 =5 @ |+
3 (=[N0 & 10 el o }{ D)5 -
Cl@T—1h 2| - Lo = |

Figure 13: 10 Expander Terminals
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Example Wiring Diagram

Controller fuse 2A type T

—
Heater fuse
— 77 — — —
Line 1 j % ]
Solid g e
e [ [lg| O 0
g El
TE10) =S = = =
]
+ ] :: Snubber
Heater D }l
S| Bl Ui El 1
Neutral D Cooli
] Barm |
[] relay
L O 1 8
Figure 14: Example Wiring Diagram
Please refer to the EMC Electromagnetic Compatibility Handbook Part No.
HA025464 for details of good wiring practice. This can be downloaded from
www.eurotherm.com.
Snubbers

Snubbers are used to prolong the life of relay contacts and to reduce interference
when switching inductive devices such as contactors or solenoid valves. The fixed
relay (terminals AAJAB/AC) is not fitted internally with a snubber and it is
recommended that a snubber be fitted externally, as shown in the example wiring
diagram. If the relay is used to switch a device with a high impedance input, no
snubber is necessary.

All relay modules are fitted internally with a snubber since these are generally
required to switch inductive devices. However, snubbers pass 0.6mA at 110V and
1.2mA at 230Vac, which may be sufficient to hold on high impedance loads. If this
type of device is used it will be necessary to remove the snubber from the circuit.

The snubber is removed from the relay module as follows:

1. Unplug the controller from its sleeve
2. Remove the relay module

3. Use a screwdriver or similar tool to snap out the track. The view below
shows the tracks in a Dual Relay Output module.

Break out
tracks as
required to
disconnect the

snubber 5

Figure 15: Snubber Removal
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Getting Started

A brief start up sequence consists of a self test in which all elements of the display
are illuminated and the software version is shown. What happens next depends on
one of the three conditions:

1. Power up out of the box — when the controller has no preset configuration
and is switched on for the very first time, it will display the ’‘Comms
Configuration’ screen to configure the following depending on the Comms
options fitted to H and J:

® Comms H protocol
® Comms J protocol

® Comms H Auto discovery
(Only available for Ethernet comms)

When the controller is switched on for the very first time, it will
display the '‘Comms Configuration’ screen shown below.

EUROTHERM 4 EUROTHERM EURGTHERM S curothErm ||

Startup

Startue Startur
H Auto D

Comms H Protocol A Comms J Protacol
# Mone } & Mone

BMAN PROG. RUAHOLD 3904 AMAN PROG AUNHOLD 5S04 AN PROG AUNHOLD 04

Cawo oawo [00w0d 399
3504 Display 3508 Display

Figure 16: Comms Configuration screens

2. 'QuickStart mode - This is an intuitive tool for configuring the controller and
is described in section Quick Start - New Controller (Unconfigured) below.

3. The controller has been powered up previously and is already configured.
In this case go to section Normal Operation.
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Quick Start - New Controller (Unconfigured)

Quick Start is a tool which enables the controller to be matched to the most common
processes without the need to go to full configuration level described later in this
Manual.

When the controller is switched on using Quick Start it will
display the 'Startup’ screen shown below.

EUROTHERM

PROG RUN/HOLD Zno 3508

A/MAN RUN/HOLD
e ®

—— Ak ——

3504 Display 3508 Display

Figure 17: Start Up Views

Manual mode, section To Select Auto/Manual Operation, is always selected when in
Quick Start mode because the controller resets to cold start when Quick Start is
selected.

A WARNING

Incorrect configuration can result in damage to the process and/or personal injury
and must be carried out by a competent person authorised to do so. It is the
responsibility of the person commissioning the controller to ensure the
configuration is correct

To Configure Parameters in Quick Start Mode

With ‘QckStart’ selected, press (@) to scroll through the list of parameters
Edit the parameters using the @ or & buttons

Each time (@) button is pressed a new parameter will be presented

This is illustrated by the following example: (The views shown are taken from the
3504 controller).

© From the Startup view, shown in the previous section, you can press @ or & to
select Configuration Mode. To fully configure the controller refer to later sections of
this handbook.

© Backscroll — to scroll back through parameters press and hold (& then press
@ to go back through the list of parameters. You can also press and hold @) +
@ to go forward - this has the same effect as pressing (@ alone.
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Example

Do This Display

Additional Notes

1. From the Start view press (@
2. Press @ or (@ tochange
the ‘Units’

3. Adifferent parameter is

selected each time @) is
pressed.

The first parameter to be configured is ‘Units’. It
resides in the ‘PV Input List’ because it is
associated with the process variable.

When the required choice is selected a brief blink of
the display indicates that it has been accepted.

4. Continue setting up the
parameters presented until
the ‘Finished’ view is
displayed.

5. If all parameters are set up as

required press @ or ™ to
‘Yes’

‘Yes'.

then shown.

If you wish to scroll around the parameters again do

not select Yes but continue to press @ .
When you are satisfied with the selections select

The ‘HOME’ display - section Normal Operation is

The following table summarises all the parameters which can be set up by the above

procedure.

Quick Start Parameters

Parameters shown in Bold are defaults.

Group Parameter Value Availability
LP1 Units C, F K Always
PV Input Used to select the engineering units for the PV. (C, F, K V. mV, A, mA, pH, mmHg, psi, Bar, mBar, %RH,
options also change the displayed units) %, mmWG, inWG, inWW, Ohms, PSIG, %02,
PPM, %CO2, %CP, %/sec, mBar/Pa/T, sec, min,
hrs, None
LP1 Resolution XXXXX, XXXX. X, XXX XX, XX XXX, X XXXX Always
PV Input Used to select the required decimal point position for the PV
LP1 Range Type Thermocouple: J, K, L, R, B, N, T, S, PL2, C, Always
PV Input Used to select the linearization algorithm required and the CustC1(2&3)
input sensor. RTD: Pt100
Linear: 0-50mV, 0-5V, 1-5V, 0-10V, 2-10V,
0-20mA, 4-20mA
LP1 10 Type Thermocpl, RTD, Pyrometer, mV40, mV80, mA,
PV Input Only shown if custom curve is selected Volts, HIZVolts, Log10
LP1 Range High/Low Depends on Range type selected. Default Always
PV Input Configures the maximum/minimum display range and SP 1372/-200
limits
LP1 Control Channel 1. Sets the control type for channel 1 PID, VPU, VPB, Off, OnOff Always
Loop (normally Heat)
LP1 Control Channel 2. Sets the control type for channel 2 PID, VPU, VPB, Off, OnOff Always
Loop (normally Cool)
LP2 Source None, Fixed PV, Module1 to 6 (available only if | If a dual Loop
PV Input Defines where the PV input is wired to for Loop 2. an analogue input module is fitted). controller
The LP1 parameters listed above are repeated for LP2 if the LP2 PV Input is configured
Group Parameter Value Availability
Init Logic function (input or output) Not Used, Lp1 Ch1, Lp1 Ch2, Lp2 Ch1, Lp2 Ch2, [Note 1]
LgclO LA The LA Logic I/O port can be an | Alarm 1 to 8, Any Alarm, New Alarm, ProgEvnt1 to 8, | [Note 2]
output or an input. This parameter | LP1SBrkOP, LP2SBrkOP*, LPsSBrk*, (outputs) * LP2 and LPs (both loops) only shown
is used to select its function. LP1 A-M, LP1 SPsel, LP2 A-M, LP2 SPsel, if the second Loop is configured
AlarmAck, ProgRun, ProgReset, ProgHold (Inputs) | Programmer options only available if
the controller is a
programmer/controller
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Init
LgclO LA

Min On Time Auto [Note 2]
This applies to both LA and LB 0.01 to 150.00 [Note 3]
inputs

The above two parameters are repeated for the LB Logic /O (LgclO LB)

Init
RIyOP AA

Relay function
This relay is always fitted.

Not Used, Lp1 Ch1, Lp1 Ch2, Lp2 Ch1, Lp2 Ch2, Always.

Alarm 1 to 8, Any Alarm, New Alarm, ProgEvnt1to 8, | [Note 4]

LP1SBrkOP, LP2SBrkOP*, LPsSBrk*. [Note 5]

Programmer options only available if
the controller is a
programmer/controller)

Init
RIyOP AA

Min On Time

Auto [Note 2]
0.01 to 150.00 [Note 3]

1.

. The same complementary behaviour also applies to dual output modules and

NOTICE

Parameters only appear if the function has been turned on, eg If ‘Control
Channel 1" =*Off', ‘Chan 1’ does not appear in this list. When a control channel
is configured for valve positioning, LgclO LA and LgclO LB act as a
complementary pair. If, for example, Chan 1 is connected to LgclO LA (valve
raise) then LgclO LB is automatically set to Chan 1 (valve lower). This ensures
the valve is never raised and lowered simultaneously.

channels A and C of triple output modules

If any input function, for example Chan 1, is connected to another input it will
not appear in this list

Is available if the Control Channel is not On/Off and is allocated to the LA, LB
or AA output as applicable

For valve position control Chan 1 or Chan 2 will not appear in this list. Valve
position outputs can only be dual outputs such as LA and LB or dual relay/triac
output modules

Modules

The following parameters configure the plug in I/O modules. I/O Modules can be
fitted in any available slot in the instrument (6 slots in 3504, 3 slots in 3508). The
controller automatically displays parameters applicable to the module fitted - if no
module is fitted in a slot then it does not appear in the list.

Each module can have up to three inputs or outputs. These are shown as A, B or C
after the module number and this corresponds to the terminal numbers on the back of
the instrument. If the 1/O is single only A appears. If it is dual A and C appears if it is
triple A, B and C appear.

1.

2.

If a Dual DC Output module is fitted, it cannot be configured using the Quick
Start Code. To configure this module refer to DC Control, Dual DC Control, or
DC Retransmission Output.

If an incorrect module is fitted the message ‘Bad Ident’ will be displayed.
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Module type

Parameter

Value

Availability

Change over Relay (R4)
2 pin Relay (R2)
Triac output (T2)

Relay (Triac) function

Dual Relay (RR)
Dual Triac output (TT)

Relay (Triac) function

Relay function

Not Used
All parameters the same as RlyOP AA, including Min
OnTime if the OP is a relay

Always (if the module is
fitted)

Single Logic Output (LO)

Triple Logic Output (TP)

Logic Out function

Not Used
All parameters the same as RlyOP AA

Always (if the module is
fitted)

DC Output (D4) DC Output function Not Used Module fitted but not configured Always (if the module is
DC Retransmission (D6) LP1 Ch10P | Loop 1 Channel 1 control output fitted)
LP1 Ch20P | Loop 1 Channel 2 control output
LP2 Ch10P | Loop 2 Channel 1 control output
LP2 Ch20P | Loop 2 Channel 2 control output
LP1 SP Tx Loop 1 setpoint retransmission
LP1 PV Tx Loop 1 PV retransmission
LP1 ErrTx Loop 1 error retransmission
LP1 PwrTx Loop 1 output retransmission
LP2 SP Tx Loop 2 setpoint retransmission
LP2 PV Tx Loop 2 PV retransmission
LP2 ErrTx Loop 2 error retransmission
LP2 PwrTx Loop 2 output retransmission
Range Type 0-5V, 1-5V, 1-10V, 2-10V, 0-29mA, 4-20mA
Display High 100.0
Display Low 0
Triple Logic Input (TL) Logic In function Not Used Module fitted but not configured A function can only be
Triple Contact Input (TK) LP1 AM Loop 1 Auto/manual allqcated to on(-? input.
eg if AlarmAck is
LP1 SPsel Loop 1 SP select configured on X*A it is
LP1 AltSP Loop 1 Alternative SP select not offered for the other
LP2 A-M Loop 2 Auto/manual Lnip;utthse module number.
LP2 SPsel Loop 2 SP select LP2 does not appear if
LP2 AItSP Loop 2 Alternative SP select Loop 2 is not configured.
AlarmAck Alarm acknowledge
ProgRun Programmer run
ProgReset Programmer reset
ProgHold Programmer hold
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Module type Parameter Value Availability
Analogue Input (AM) Analogue IP function | Not Used Module fitted but not configured LP1 V1Pos and LP1 V2Pos
LP1 AItSP Loop 1 alternative setpoint only appear if the control
channel 1 or control channel 2
LP1 OPH Loop 1 remote OP power max is set to VPB.
LP1 OPL Loop 1 remote OP power min Remote SP does not appear if
P2 AIGP 0 23l - - the programmer option is
t oop 2 alternative setpoint supplied.
LP2 OPH Loop 2 remote OP power max LP2 does not appear if Loop 2
LP2 OPL Loop 2 remote OP power min is not configured.
LP1 V1Pos To read valve position from the
LP1 V2Pos feedback potentiometer Loop 1
LP2 V1Pos To read valve position from the
LP2 V2Pos feedback potentiometer Loop 2
Range Type Thermocouple: J, K, L, R,B, N, T, S, PL2, C. Not shown if analogue IP
RTD: Pt100 function not used
Linear: 0-50mV, 0-5V, 1-5V, 0-10V, 2-10V, 0-20mA,
4-20mA
Display High 100.0 These parameters only
Display Low 0.0 appear for Linear Range
Potentiometer Input (VU) | Pot Input function Not Used Module fitted but not configured | Ch1VIvPos/Ch2VIvPos only
LP1 AItSP Loop 1 Alternative setpoint appear if the channel = VPB
P P Remote SP does not appear if
LP1 OPH Loop 1 output power maximum | the programmer option is
LP1 OPL Loop 1 output power minimum | Supplied.
- - LP2 does not appear if Loop 2
LP2 AItSP Loop 2 Alternative setpoint is not configured.
LP2 OPH Loop 2 output power maximum
LP2 OPL Loop 2 output power minimum
LP1 V1Pos To read valve position from the
LP1 V2Pos feedback potentiometer Loop 1
LP2 V1Pos To read valve position from the
LP2 V2Pos feedback potentiometer Loop 2
Transducer Power Supply | TderPSU function 5 Volts Always (if the module is fitted)
(G3) 10 Volts
Transmitter power supply | No parameters. Used to show the ID of the module if fitted
(MS)
Alarms
Group Parameter Value Availability
Init Type None No alarm type configured Always
Alarm 110 8 Abs High Absolute high
Abs Low Absolute low
Dev High Deviation high
Dev Low Deviation low
Dev Band Deviation band
Init Source None Not connected Always if Type = None
Alarm 1to 8 PV Input Connected to current process variable does not appear if |~V Inpu.:c ?_nd M_O%X Ip ?o not
Alarm Type = Deviation appear if Type = Deviation
LP1 PV Connected to Loop 1 process variable
LP2 PV Connected to Loop 2 process variable
Module1 to Connected to an analogue input module and only of the
Module6 Alarm Type is not a deviation alarm
Init Setpoint To adjust the alarm threshold within the range of the source. Always if Type = None
Alarm 1to 8
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Init Latch None No latching Always if Type # None
Alarm 1to 8 Auto Automatic latching, see To Acknowledge an Alarm.
Manual Manual latching, see To Acknowledge an Alarm.
Event Alarm beacon does not light but any output associated with
the event will activate and a scrolling message will appear.
Finished Exit No Continue back around the quick configuration list
Yes Go to normal operation. The loop(s) are set to Auto on exit
from quickstart mode and the controller re-starts in Level 2.

To Re-enter Quick Start Mode

If you have exited from Quick Start mode (by selecting ‘Yes’ to the ‘Finished’

parameter) and you need to make further changes, the Quick start mode can be
entered again at any time. The action which takes place depends on one of two
previous conditions as follows:-

Power up After a Quick Start Configuration

1. Ensure the instrument is fully powered off.

2. Hold down then power up the controller. Keep this button pressed until
the Quick start screen as shown in section Quick Start - New Controller

(Unconfigured) is displayed.

3. Press (@ to enter the quick start list. You will then be asked to enter a

passcode.

4, Use @ or (@ to enter the passcode — default 4 — the same as the
configuration level passcode. If an incorrect code is entered the display
reverts to the ‘Quick Start’ view section Quick Start - New Controller

(Unconfigured).

It is then possible to repeat the quick configuration as described previously.

The Quick Start view shown in section Quick Start - New Controller (Unconfigured)

now contains an additional parameter - ‘Cancel’. This is now always available after a
power up, and, if selected, will take you into normal operating mode, section Normal
Operation.
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Power up After a Full Configuration

Repeat 1,2 and 3 above.

Full configuration allows a greater number of parameters to be configured in a deeper
level of access. This is described later in this manual.

If the controller has been re-configured in this level, a ‘WARNING’ message, ‘Delete
config?’ - ‘No’ or ‘Yes’, will be displayed. If ‘N0’ is selected the display drops back to
the ‘GoTo’ screen.

1. Use @ or @ to select ‘Yes’

2. Press (@ to confirm or (@ to cancel. (If no button is pressed for about 10
seconds the display returns to the WARNING message).

If ‘Yes’ is selected the Quick start defaults will be re-instated. All the Quick start
parameters must be reset.

Normal Operation

Switch on the controller. Following a brief self-test sequence, the controller will start
up in AUTO mode (see AUTO/MAN section To Select Auto/Manual Operation) and
Operator Level 2 (following Quick Start).

If the controller is configured as a dual Loop instrument the start up view shows a
summary of the two loops. This is called the HOME display.

Current access leve

Units Lev1; Lev2; Lev3 Units
N 3508

Indicator beacons = |

1| (Beacon Display § EUROTHERM |

ﬁ <— and Description) _,

/

3504

EUROTHERM

OF1 QP MAN WX BIM BN WD

| « Process Variable (PV2) —
~ Setpoint (SP2) — |l

Loop2 J Loop2inAuto _
and Output
(OP2)

Press to scroll to parameters on this page including programmer status details

If the controller is configured as a single Loop the HOME displays will vary as shown below:-

Loop 1 configured Loop 2 configured

Figure 18: HOME Display
Other views may be configured as the HOME display and other summary displays
can be selected using (@ button. See Message Centre.
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Beacon Display and Description

OP1 In a single Loop controller OP1 and OP2 operate on channel 1 and 2 outputs respectively for the configured loop.

OP2 In a dual Loop controller OP1 and OP2 operate on Loop 1 channel 1 and 2 outputs respectively when any ‘Summary Page’ (Message
Centre) is displayed unless the Summary Page is Loop 2. If the Summary Page is Loop 2 then OP1 and OP2 operate on Loop 2 channel
outputs.

These parameters may also be soft wired, see parameters ‘OP1 Beacon’ and ‘OP2 Beacon’ in ‘Inst’ ‘Dis’ table in section Display
Formatting.

MAN llluminates when manual mode active. If the HOME display is showing the dual Loop overview, MAN illuminates if Loop 1 is in manual.
If the Loop 1 or Loop 2 overviews are being displayed MAN applies to the loop being displayed.

REM llluminates when remote setpoint active

SPX llluminates when alternative setpoint active

ALM If an alarm occurs the red alarm beacon flashes. This is accompanied by a message showing the source of the alarm, for example
‘Boiler overheating’.

To acknowledge press @ and . The message disappears. If the alarm condition is still present the beacon lights continuously.
When cleared it will extinguish. Section Alarm Indication describes alarm operation.

RUN llluminates when programmer running — flashing indicates End

HLD llluminates when programmer held

J Flashes when J Channel comms active

H Flashes when H Channel comms active

IR Flashes when infra red communications active

In general throughout this handbook instrument views will use the 3504. The
displayed information is similar for the 3508 but in some cases is shortened due to
display limitations.

The Operator Buttons

PROG RUN/HOLD

Page Scroll Lower Raise

A/MAN Toggles the selected loop between Auto and Manual operation. The action of this button is described in section To Select
This button can be Auto/Manual Operation.
disabled Manual operation means that the controller output power is adjusted by the user. The input sensor is still connected and
reading the PV but the control loop is open.
Auto means that the controller is automatically adjusting the output to maintain control, ie the loop is closed.
If the controller is in manual mode, ‘MAN’ light will be indicated.
If the controller is powered down in Manual operation it will resume this mode when it is powered up again.
PROG To select the programmer summary page
RUN/HOLD Press once to start a program. ‘RUN’ will be indicated
This button can be Press again to hold a program. ‘HLD’ will be indicated
disabled Press and hold for at least two seconds to reset a program.
‘RUN’ will flash at the end of a program
‘HLD’ will flash during holdback
Programmer operation is fully described in section Setpoint Programmer of the User Manual
Press to select new PAGE headings
@ Press to select a new parameter in the page
™ Press to decrease an analogue value, or to change the state of a digital value
@ Press to increase an analogue value, or to change the state of a digital value
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Shortcut Key Presses

Backpage Press (@) followed by (@ . With the Page key held down continue to press (& to scroll page headers
backwards.
(With stiII pressed you can press (¥ to page forward. This action is the same as pressing @alone).

Backscroll When in a list of parameters, press @followed by @
With @ held down continue to press @ to scroll parameters backwards.
(With @ still pressed you can press (¥) to page forward. This action is the same as pressing @ alone).

Jump tothe |Press + @

HOME

display

Alarm Press @ and @ when the HOME screen is being displayed to jump to the ‘Acknowledge All alarms’ page.
Ack/reset Pressing @ acknowledges all alarms if it can, see To Acknowledge an Alarm. Pressing cancels the

operation.

To Set the Required Temperature (Setpoint)

A parameter value can be changed if it is preceded by ¥ . In the example shown
below this is SP1, the setpoint for Loop 1.

To change the value, press (®» or @ . The output level shown in the HOME display

will change to indicate the source of the setpoint while either of the buttons is
pressed, in this example SP 1.

When the & or @ EUROTHERM | whenthe @ or @ | I
button is pressed the Loop 1 button is pressed the !
setpoint source is shown, Setpoint  setpoint source is shown,
e.g. SP1 Value e.g. SP1
. L.

AMAN FROC RUNMOLD
- L] L]

_A -._

4 {
| |
Press and hold @ Press and hold @ Press and hold @ Press and hold @
to lower the setpoint to raise the setpoint to lower the setpoint to raise the setpoint

Figure 19: Temperature Setting
To change Loop 2 setpoint, press (@ .
Loop 2 SP value is preceded by ¥ .
Press (® or @ as above to change the value.
The action is then the same as for Loop 1.

A momentary press of either button will show the setpoint in use eg SP1.

By default, the new setpoint is accepted when the button is released and is indicated

by a brief flash of the setpoint display.

The setpoint may be made to operate continuously by enabling the parameter
‘ImmSP?’ (see Instrument Options).

If a single Loop is configured (or the individual loop summary is selected — see

Summary Pages) pressing ® or @ will change the setpoint in the same way as
described above.
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To Select Auto/Manual Operation

(A/MAN) button.

If two loops are enabled and the
grjs?)lé;/)gg ?)\;:Sr\éllﬁvg\;/ ;fs]eb%?\%AN EURCTHERM n The.“'\/lA[‘l bteacon l curotuEns ||
button will toggle Loop 1 between w— e =~
Auto and Manual. The beacon
‘MAN’ will light and the indication
of output power is preceded by ¥. —* ' |

o wan

The SP line
changes to show

U™ output demand. ' ot

Press and hold (®» or @& to
decrease or increase the output
power.

The output power will change continuously while either & or @ is pressed

To switch Loop 2 between Auto and

Manual, press @ to scroll into the

Loop 2 section, then press A/MAN.

Figure 20: Auto/Manual Selection

If Loop 1 overview is being displayed, press the A/MAN button to toggle Loop 1
between Auto and Manual.

If Loop 2 overview is being displayed, press the A/MAN button to toggle Loop 2
between Auto and Manual.

If any other overview is being displayed, the first press of the A/IMAN button will select
the dual Loop overview and the action is as described above.

© Summary pages may be disabled - see Display Formatting.
*  For a dual Loop controller, Auto/Manual cannot be selected.

* If Loop 1 is enabled and Loop 2 disabled, pressing A/MAN toggles Auto/Manual
for Loop 1.

* If Loop 2 is enabled and Loop 1 disabled, pressing A/MAN toggles Auto/Manual
for Loop 2.

© For a single Loop controller, Auto/Manual will apply regardless of whether
summary pages are enabled or not.

© If the controller is switched off in either Auto or Manual operation it will resume the
same mode when powered up again.
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Bumpless Transfer

Alarm Indication

To Acknowledge an Alarm

When changing from Auto to Manual, the power output will remain at the level it was
prior to the change. The power output can then be ramped up or down as described
above

When changing form Manual to Auto there will be no immediate change in the power
output due the ‘Integral De-Bump’ feature (see Integral De-bump). The power output
will then slowly ramp to the level demanded by the controller.

If an alarm occurs it is indicated as follows:

The red alarm (ALM) beacon in the top left of the
display flashes

Alarm number is indicated together with the
flashing &

A default or pre-programmed message appears
showing the source of the alarm

Invitation to acknowledge the new alarm

To Acknowledge an Alarm Press and @ (Ack)
together. The action, which now takes place, will
depend on the type of latching, which has been
configured

Non Latched Alarms

If the alarm condition is present when the alarm is acknowledged, the alarm beacon
will be continuously lit. This state will continue for as long as the alarm condition
remains. When the alarm condition disappears the indication will also disappear.

If a relay has been attached to the alarm output, it will de-energise when the alarm
condition occurs and remain in this condition until the alarm is acknowledged AND it
is no longer present.

If the alarm condition disappears before it is acknowledged the alarm indication
disappears as soon as the condition disappears.

Automatic Latched Alarms

The alarm continues to be active until both the alarm condition is removed AND the
alarm is acknowledged. The acknowledgement can occur BEFORE the condition
causing the alarm is removed.

Manual Latched Alarms

The alarm continues to be active until both the alarm condition is removed AND the
alarm is acknowledged. The acknowledgement can only occur AFTER the condition
causing the alarm is removed.
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Sensor Break Indication

Message Centre

An alarm condition (S.Br) is indicated if the sensor or the wiring between sensor and
controller becomes open circuit or the input is over-range. The message ‘Sbreak’ is
shown in the message centre together with the source of the sensor connection. This
may be ‘PVInput’ or ‘Modx’ if an analogue module is fitted.

For a resistance thermometer input, sensor break is indicated if any one of the three
wires is broken.

For mA input sensor break will not be detected due to the load resistor connected
across the input terminals.

For Volts input sensor break may not be detected due to the potential divider network
connected across the input terminals.

The lower section of the HOME display contains an alpha-numeric set of messages.
These messages change between different controller types and operating modes
and are grouped in summary pages. The 3504 contains more information than the
3508, and generally the parameter descriptions are longer due to the larger display.

Summary Pages

Press . A set of pre-defined

summary pages are shown at each 3504 3508
press - the following views show EUROTHERM B surothERm [
examples. These are typically a 1

summary of programmer, loops and _ -08

alarm operation. A further eight
customised pages can be
programmed off line using iTools

programming software. The level in GLoXT:)
which the Summary Pages are

shown may also be defined using L press —1
iTools. At each press a new display will be shown

If Auto-tune is enabled an

alternating message is shown on

this display showing the loop being tuned and the stage of tuning, eg Loop1
Auto-Tune/ToSP.

Loop Summary

If two loops are configured the display
shown in section Normal Operation is
shown.

Press to display a summary for
Loop1 and again for Loop 2.

The horizontal bar graph shows output power demand for the loop. For heat/cool the
bar graph is bi-directional (£ 100%) as shown:

For valve position control the user interface will display either heat only or heat/cool
summary pages.
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A timeout to the dual Loop overview may be changed in configuration level, see
parameter ‘Home Timeout’ in section To Customise the Display.

Program Status

This display is only shown if the Programmer option has been enabled

SyncAll and single programmers

SyncStart programmer

Program Edit
Allows the program to be created or edited.

SyncAll and single programmers

SyncStart programmer

A full list of parameters is given in
section Program Status Page.

For a SyncStart programmer it is possible to select between Channel 1 and
Channel 2.

Alarm Summary

Press (@ to scroll through the
alarms.

A New Alarm occurs when any new
alarm becomes active. This
parameter may be used to activate a
relay output to provide external
audible or visual indication.

Alarm Settings

All configured alarms (up to eight)
will be listed.

Press (& to scroll through the
alarms.

Press @ or (®» to set the threshold values
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Control
To set parameters which define the
operation of the loops. A full list of
parameters is given in section
Control Summary Page.
Transducer

This display is only shown if the
Transducer option has been
enabled.

For further details see section
Transducer Scaling.

A further eight customised pages can be configured using iTools configuration
package. See iTools integrated Online Help for further details.

How to Edit Parameters

In the above summary pages, press (&) to scroll to further parameters (where
applicable).

Press (®» or @ to change the value of the parameter selected.

Any parameter preceded by ¥ is alterable provided the system is in a safe state to
allow the parameter to be changed. For example, ‘Program Number’ cannot be
changed if the program is running - it must be in ‘Reset or ‘Hold’ mode. If an attempt
is made to alter the parameter its value is momentarily replaced by ‘--‘ and no value
is entered.

Some parameters are protected under a higher level of security — Level 2. In these
cases it will be necessary to select ‘Access Level 2'. This is carried out as follows:

1. Press and hold until the display shows
2. Press @ to select Level 2

3. Press (®» again to enter a security code. This is defaulted to 2. If an incorrect
code is entered the display reverts to that shown in 1 above. If the default of 2 is
not accepted this means that the code has been changed on your particular
controller.

4. ‘Pass’ is displayed momentarily. You are now in Level 2.
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Program Status Page

Provided it has been ordered and enabled the 3500 series controllers can program
the rate of change of setpoint. Two program channels are available which can be run
as two separate programmers or as a pair. Up to 50 programs and up to a maximum
of 500 segments can be stored and run. Setpoint programming is explained in more
detail in section Setpoint Programmer.

To Select a Parameter

Press (@ to scroll through a list of parameters. On the
‘Programmer Summary’ shown here, the list of
parameters which can be selected are:

Parameter Name Parameter Description Value Default Available in Level
Program Program number (and name if this has been 1 to max number of programs 1 L1 Alterable when

configured) prog in reset
Segment Segment number (and type on 3504) 1 to max number of segments | 1 L1

Only appears when the programmer is running

Seg Time Left

Segment Time Left hrs:mins:secs Read only L1
Only appears when the programmer is running

Delayed Start Program will run after a set time has elapsed 0:00 to 499:99 0:00 L1 if configured
Status Program Status End Prog ended L1
Run Prog running
Hold Prog held
Holdback In holdback
See note below
Ch1 PSP (or PSP) | Profile setpoint value channel 1 Can be changed in Hold L1
Ch2 PSP Profile setpoint value channel 2 Can be changed in Hold L1
Fast Run This allows the program to be run at a fast rate and | No/Yes No
may be used for testing the program. It can only
be selected before the program is run.
Rst UsrVal User value to be used in reset state. Defines the

value for ‘UsrValOP’. In segments that specify
‘PVEvent', ‘UsrValOP’ is set to this value
Only appears when the program is in reset mode.

Ch1 Seg Target
(or Segment Target)

Ch2 Seg Target

Requested setpoint at end of segment

Seg. Duration
(or Segment Rate)

Segment time — Time to Target programmer
Rate of change of SP — Ramp Rate programmer

Cur. Seg Type

Single programmer only

Cycles Left Number of repeat cycles left to run 1 to maximum number of L1 R/Oin Run
Can only be changed in Hold or Reset cycles set

Events State of the event outputs when the program is [] Eventinactive L1

or running or when in reset

Rst Events B Eventactive

PrgTimeLeft Time remaining to end of selected program hrs:mins:secs L1

GoBackCyclesLeft | The number of cycles left if Go Back is configured | 1 to maximum number of cycles

and active set
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NOTICE

Holdback freezes the program if the process value (PV) does not track the setpoint
(SP) by more than a user defined amount. The instrument will remain in
HOLDBACK until the PV returns to within the requested deviation from setpoint.
The display will flash the HOLD beacon.

In a Ramp it indicates that the PV is lagging the SP by more than the set amount

and that the program is waiting for the process to catch up.

In a Dwell it freezes the dwell time if the difference between the SP and PV
exceeds the set limits.
In both cases it maintains the correct soak period for the product, see also
section Holdback.
In addition to the usual PV Holdback, Holdback is also the state when
synchronisation is taking place.
For a SyncAll programmer, this occurs if Holdback has caused one PSP to be held
back while the other has progressed to completion.

For a SyncStart programmer, this occurs when Ch1/2 is waiting for the other
channel.

In both models, it occurs when a Wait segment has been configured and is active.
When one channel has reached the end of the first cycle and is waiting fro the
other channel to complete its first cycle. Both channels will start cycle 2 only when
they have both completed. (Implied Sync point at the end of each cycle).

To Select and Run a Program

In this example it is assumed that the program to be run has already been entered.
Setpoint programming is described in detail in section Setpoint Programmer.

Do This The Display You Should See Additional Notes
RUN/HOLD In this example Program Number 1. It may
Press B also have a user defined name.

Press @ or & to
choose the program
number to be run

In the 3504 Program names can be entered
using the off-line programming package
‘iTools’

AUN/HOLD

Press &l again

If a delayed start has been configured the
program will start to run after the delay period
set. The ‘RUN’ beacon is illuminated at the top
of the display.

The view shown here shows program being
run, segment number and type and time left to
complete this segment.

Repeated pressing of
(@ will scroll through
parameters associated
with the running
program. The
parameters are listed in
the above table

These show current value of channel 1
setpoint and current value of channel 2
setpoint. The target value of channel 1 is also
shown.

To Hold a program press

RAUN/HOLD
L

Press again to continue the program.
When the program is complete ‘RUN’ will flash

To Reset a program
AUN/HOLD

press and hold &3l for
at least 3 seconds

‘RUN’ will extinguish and the controller will
return to the HOME display shown in
section Normal Operation.

Alternatively, run, hold or reset a program by scrolling to ‘Program Status’ using (@

and select ‘Run’, ‘Hold’ or ‘Reset’ using & or @ .

74

HAO033837 Issue 3



3500 Series Controllers

Getting Started

The button (3504 only) provides a short cut to the Program Status page from
any view.

When the programmer is running, the controller

RUN HLD

overview may be displayed by pressing and
(@ together.

WSP is the Working Setpoint and is the current
setpoint derived from the programmer. To change
the value of WSP the programmer must be put
into Hold, then it can be adjusted using the

buttons @ or @ . By default the new value is
entered after the button is released and is indicated by a brief flash of the value.

However, it is possible to select an option where the value is entered continuously as
the raise or lower button is depressed. This option (ImmSP) is selected in
configuration level as described in section Instrument Options.

Program Edit Page

A program can be edited in any level. A summary of the Edit Page is given here but
for a full description refer to section Setpoint Programmer. A program may be only

edited when it is in Reset or Hold. Press (@ until the Program Edit page is shown.

Then press (@) to scroll through a list of parameters shown in the following table —
parameters only appear in this table if the relevant option has been configured:

Para Name

Parameter Description

Value

Program

Program number (and name if this has been configured)

1 to max number of programs

Segments Used

Displays the number of segments in the program. This value
automatically increments each time a new segment is added

1 to max number of segments

Cycles Number of times the whole program repeats Cont Continuous
1to 999 Repeats 1 to 999 times
Segment To select the segment number 1to 50
Segment Type Defines the type of segment. The type of segment varies depending on | Rate Rate of change of SP
whether the program |§ Single, SyncAll or SyncStart. Time Time to target
Call only available in single programmer
Rate, Dwell, Step not available in SyncAll programmer Dwell Soak at constant SP
Step Step change to new SP
Wait Wait for condition
GoBack Repeat previous segs
Call Insert new program
End Final segment
Target SP Value of SP required at the end of the segment Range of controller
Ramp Rate Rate of change of SP Units/sec, min or hour
Holdback Type Deviation between SP and PV at which the program is put into a hold | Off No holdback
condition to wgut for Fhe PV to catch up. Low PV<SP
Only appears if configured
High PV>SP
Band PV<>SP
PV Event To set the analogue PV event in the selected segment. None No PV Event
If PV !Event # None it is foIIowed. by ‘PV Threshold’ which sets the level Abs Hi Absolute high
at which the event becomes active.
Only appears if configured Abs Lo Absolute low
Dev Hi Deviation high
Dev Lo Deviation low
Dev Band Deviation band
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Para Name Parameter Description Value
Time Event To allow an On Time and an Off Time to be set in the first program event | Off
output. If set to ‘Event1’ an On time parameter and an Off Time Event1
parameter follow.
Only appears if configured
UsrVal Sets the value of an analogue signal which can be used in the segment. | Range
Only appears if configured. Using iTools configuration package, it is
possible to give this parameter an 8 character name.
PID Set To select the PID set most relevant to the segment. Set1, Set2, Set3
Only appears if configured
Event Outs Defines the state of up to eight digital outputs. 1 to 8 can be configured |[ODOOOOOCO tO e e E E E B B
or
TOoOOOOOO{OE e e e eEmm
T = Time event:
O = event off;m = eventon
Duration Time for a Dwell or Time segment 0:00:00 to 500.00 secs, mins or hours
GSoak Type Applies a guaranteed soak in a Dwell segment. Off
See also sections Guaranteed Soak, To Edit a Syncstart Programmer Low
and To Edit a Single Channel Programmer i
If configured this parar is followed by a G.Soak Value High
Band
End Type Defines the action to be taken at the end of the program Dwell Continue at current SP
SafeOP Go to a defined level
Reset Reset to start of prog
Wait For Only appears if the segment is set as Wait. Defines the condition that | Prgin1 The first four parameters are
the program should wait for. Prgin2 digital values which can be
wired to suitable sources
Prgin1n2
Prgin1or2
PVWaitlP Analogue wait value
Ch2Sync A Ch2 segment input
PV Wait Only appears if ‘PVWaitlP’ is configured and defines the type of alarm | None No wait
which can be applied. Abs Hi Absolute high
If this parameter is configured it is followed by ‘Wait Val’ which allows 9
the trip level to be set for the condition to become true Abs Lo Absolute low
Dev Hi Deviation high
Dev Lo Deviation low
Dev Band Deviation band
GoBack Seg Only appears if the segment type is ‘GoBack’. It defines the segmentto | 1 to the number of segments defined
return to to repeat that part of the program
GoBack Cycles Sets the number of times the chosen section of the program is repeated | 1 to 999
Call Program Only applies to single program and only if the segment is ‘Call’. Enter | Up to 50 (current program number excluded
the program number to be inserted in the segment
Call Cycles Defines the number of times the called program repeats Cont Continuous
1to 999 Once to 999 times
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Control Summary Page

On the Control Summary page the following parameters are available:

Para Name Parameter Description Value Default | Availability
SP Select To select SP1 or SP2 Between range limits set | As order |Lev1
SP1 To set the value of SP1 in higher levels of access | code Levi
SP2 To set the value of SP2 Lev1
SP Rate To set the rate at which the setpoints change Lev 1 alterable in
Tune* To start self tuning Off, On Off Lev2
PB* To set proportional band 0 to 99999 * Parameter does
Ti* To set integral time Off to 99999 not appear if
Td* To set derivative time Off to 99999 control s
configured for
R2G* To set relative cool gain 0.1t0 10.0 On/Off
CBH* To set cut back high Auto to 99999
cBL* To set cut back low Auto to 99999
Output Hi To set a high limit on the control output -100.0 to 100.0% 100.0
Output Lo To set a low limit on the control output -100.0 to 100.0% 0.0
Ch1 OnOff Hyst | Channel 1 hysteresis (Only if configured and for On/Off control) | 0.0 to 200.0 Lev 1-alterable in
Ch2 OnOff Hyst | Channel 2 hysteresis (Only if configured and for On/Off control) | 0.0 to 200.0 Lev2
Ch2 DeadB Channel 2 deadband. To set the period in which there is no output | Off to 100.0
from either channel. (This does not appear if channel 2 is not
configured)
Ch1 TravelT Motor travel time if valve control output on channel 1 0.0 to 1000.0 sec
Ch1 TravelT Motor travel time if valve control output on channel 1 0.0 to 1000.0 sec
Safe OP To set an output level under sensor break conditions -100.0 to 100.0% 0.0
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Access to Further Parameters

Parameters are available under different levels of security defined as Level 1,

Level 2, Level 3 and Configuration Level. Level 1 has no security password since it
contains a minimal set of parameters generally sufficient to run the process on a daily
basis. Level 2 allows parameters, such as those used in commissioning a controller,
to be adjusted. Level 3 and Configuration level parameters are also available as
follows:

Level 3

Level 3 makes all operating parameters available and alterable (if not read only)
Examples are:
Range limits, setting alarm levels, communications address.

The instrument will continue to control when in Levels 1, 2 or 3.

Configuration Level

This level makes available all parameters including the operating parameters so that
there is no need to switch between configuration and operation levels during
commissioning. It is designed for those who may wish to change the fundamental
characteristics of the instrument to match the process.

Examples are:

Input (thermocouple type); Alarm type; communications type.

A WARNING

Configuration level gives access to a wide range of parameters which match the
controller to the process. Incorrect configuration could result in damage to the
process being controlled and/or personal injury. It is the responsibility of the person
commissioning the process to ensure that the configuration is correct.

In configuration level the controller will not necessarily be controlling the process or
providing alarm indication. Do not select configuration level on a live process.

Operating Level Home List Full Operator | Configuration Control
Level 1 v Yes
Level 2 v Yes
Level 3 v v Yes
Configuration v v v No
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To Select Different Levels of Access

Do This

The Display You Should See

Additional Notes

1. From any display press and hold

&)

After a few seconds the display will show Goto ¥ Level 1.

If no button is pressed for about 2 minutes the display returns
to the HOME display.

This is a view for the 3504, and shows additional parameters
in the list. The 3508 shows these parameters one at a time

In either controller, press @ to scroll through the list of
parameters

2. Press & or (@) to choose
different levels of access

The choices are:
Level 1
Level 2
Level 3

Configuration

3. Press @ or (™) to enter the
correct code for the level chosen

The default codes are:

Level 1 None
Level 2 2
Level 3 3
Configuration 4

If an incorrect code is entered the display reverts to the
previous view.

4. The controller is now in
configuration level in this example

Press to scroll through the list headers in the chosen
level starting with Access List. The full list of headers is
shown in the Navigation Diagram, section Navigation
Diagram.

5. To return to a lower level, press

and hold (if necessary) @ to
return to the Access Page

6. Press ) or () to select the
level

It is not necessary to enter a code when going from a higher
level to a lower level.

When Level 1 is selected the display reverts to the HOME
display

Do not power down while the controller is changing levels. If
a power down does occur an error message will appear.

NOTICE

. A special case exists if a security code has been configured as ‘0’. If this has

been done it is not necessary to enter a code and the controller will enter the

chosen level immediately.

. When the controller is in configuration level the ACCESS list header can be

selected from any view by pressing (& and (@) together.

. An alternative way to access configuration level is to power up the instrument

with @ and @ buttons pressed. You will then be asked to enter the security
code to take you to configuration level.
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Access Parameter List

The following table summarises the parameters available under the Access list

header

List Header — Access

Sub-headers: None

Name Parameter Description Value Default Access
@ to select Press (@) or (@) to change values Level
Goto To select different levels of access. Passcodes prevent | Lev.1 Operator mode level 1 Lev.1 L1
accidental edit Lev.2 Operator mode level 2
Lev.3 Operator mode level 3
Config Configuration level
Level2 Code * To customise the passcode to access level 2 0 to 9999 Conf
Level3 Code * To customise the passcode to access level 3 0 to 9999 3 Conf
Config Code * To customise the passcode to access configuration 0 to 9999 4 Conf
level
IR Mode To activate/de-activate the front panel InfraRed port. | Off Inactive Off Conf
This is normally deactivated. On Active
The IR port is used to link the instrument to a PC and
may be used for configuring the instrument using iTools
when a digital comms link is not available. It requires an
IR clip, available from Eurotherm, to link your
Instrument to a PC.
Customer ID To set an identification number for the controller 0 to 9999 0 Conf
A/Man Func This enables or disables the front panel A/MAN button | On Enabled On Conf
Off Disabled
Run/Hold Func This enables or disables the front panel RUN/HOLD On Enabled On Conf
button Off Disabled
Keylock When set to ‘All’ no front panel key is active. This None Front panel keys active None Conf
protects the instrument from accidental edits during All All Edits and Navigation are
normal operation. prevented.
To restore access to the keyboard from operator levels,
power up the instrument with the (& and (¥ buttons
pressed. This will take you directly to the configuration
level password entry.
Standby Set to ‘Yes’ to select standby mode. In standby all No No Conf
control outputs are set to zero. The controller Yes
automatically enters standby mode when itis in
Configuration level or during the first few seconds after
switch on.
* When changing passwords please make a record the new password
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List Header — Access Sub-headers: None
Name Parameter Description Value Default Access
@ to select @ or (3 tochange Level
Clear Memory | This parameter only appears if Config Code = 0. No Disabled No Conf
See Warning below. AllMemory Initialises all memory except
linearization tables after
firmware upgrade
Programs Clears all programs
Raise Key These parameters allow keys to be wired, for Off Shows the current state of the Conf
Lower Key example, to digital inputs so that the function can be On function
controlled externally
Page Key
Scroll Key
Auto/Man Key
Run/Hold Key
Prog Key

Clear Memory must be used with care.
When selected it initialises the controller to default values.

The format of this table is used throughout this manual to summarise all parameters
in a list.

The title of each table is the list header.

Column 1 shows the mnemonic (Name) of the parameter as it appears on the display
Column 2 describes the meaning or purpose of the parameter

Column 3 the value of the parameter

Column 4 a description of the enumeration

Column 5 the default value set when the controller is first delivered

Column 6 the access level for the parameter. If the controller is in a lower access
level the parameter will not be shown
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Function Blocks

The controller software is constructed from a number of ‘function blocks’. A function
block is a software device which performs a particular duty within the controller.

It may be represented as a ‘box’ which takes data in at one side (as inputs),
manipulates the data internally (using parameter settings) and ‘outputs’ the data.
Some of these parameters are available to the user so that they can be adjusted to
suit the characteristics of the process which is to be controlled.

A representation of a function block is shown below.

Name — .
corresponds to { | Loop (Lp) Function Block |
Page Header
/|| Main.Auto Man Main.WkgSP Output
Main.PV OP.Ch10P Parameters
Tune.AtunEn
SP.SPSelect
Input PropBand
Parameters < SP.SP1
IntTime
SP.SP2 — Output
SP.AItSP DerivTime Parameters
CutbackHi
SP.AItSPSelect
: CutbackLo
\ SP.SPTrim
etc

Figure 21: Example of a Function Block

In the controller, parameters are organised in simple lists. The top of the list shows
the list header. This corresponds to the name of the function block and is generally
presented in alphabetical order. This name describes the generic function of the
parameters within the list. For example, the list header ‘Alarm’ contains parameters
which enable you to set up alarm conditions.

In this manual the parameters are listed in tables similar to that shown in section
Access Parameter List. The tables include all possible parameters available in the
selected block but in the controller only those available for a particular configuration
are shown.
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To Access a Function Block

Press the Page button (& until the name of the function block is shown in the page
header.

Access List Header Instrument List Header PV Input List Header

_ (@

Keep pressing to select
further list headers

The list is continuous

Figure 22: Parameter List Headings

Sub-Lists or Instances

In some cases the list is broken
down into a number of sub-headers
to provide a more comprehensive
list of parameters. An example of
this is shown above for the
Instrument List. The sub-header is
shown in the top right hand corner
(as ¥ Infin the diagram). To select

Sub-header

This may be text (e.g. ¥ OPT = Options)

or numerical (e.g. IPMon % 1 = Input Monitor 1

a different sub-header press @ or

@.
Figure 23: Sub-Header

To Access a Parameters in a Function Block

Press the scroll button (@ until the required parameter is located.

Each parameter in the list is selected in turn each time this button is pressed.
The following example shows how to select the first two parameters in the Alarm List.
All parameters in all lists follow the same format.
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Hlarm
Tare
InFPut

Threshold

il
s

& D i

List Header - Alarm Number (1)

Hlarm
Ture
InFPut

Alarm Type (in this example, Absolute or Full scale High)
Threshold

Hlarm
{:Eﬁt Alarm Input level
Threshold ; i

OR

Press for further parameters. This list is continuous and will scroll back to the top of the list
Press to jump back to the top of the list.

Figure 24: Parameters

To Change the Value of a Parameter

Press @ or (®» to raise or lower the value of an analogue (numeric) parameter or
to change the selection of enumerated parameter options.

Any parameter preceded by ¥ is alterable provided the system is in a safe state to
allow the parameter to be changed. For example, ‘Program Number’ cannot be

changed if the program is running - it must be in ‘Reset’ mode. If an attempt is made
to alter the parameter its value is momentarily replaced by ‘---* and no value is
entered.

Analogue Parameters

When the raise or lower button is first depressed there is a single increment or

decrement of the least significant digit. Either button can be held down to give a
repeating action at an accelerating rate.

Enumerated Parameters

Each press of the raise or lower button changes the state of the parameter. Either

button can be held down to give a repeating action but not at an accelerating rate.
Enumerated parameters are allowed to wrap around.

Time Parameters

Time parameters start with a resolution of 0.1 second mm:ss.s 0:00.0 to 59:59.9

When 59:59.9 is reached the resolution becomes 1 second hh:mm:ss 1:00:00 to
99:59:59

When this limit is reached the resolution becomes 1 minute hhh:mm 100:00 to
500:00
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Boolean Parameters

These are similar to enumerated parameters but there are only two states. Pressing
either the raise or lower button causes the parameter to toggle between states.

Digital Representation Characters
Parameters whose values are used digitally (i.e. bitfields) are represented by:
B _onstateor

0 _off State

A parameter may be represented by using any number of bits between 1 and 16
inclusive. Scrolling on to the parameter selects the leftmost bit, and subsequent scroll
operations move the selected bit right by one. Backscroll may be used to move the
selected bit towards the left. Raise and lower buttons are used to turn the selected bit
on or off respectively.
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Navigation Diagram

The diagram below shows all the function blocks available in the 3500 series
controllers as list headings in configuration level. A function block will not be shown if
it has not been enabled or ordered, if it is a chargeable option. Select in turn using

@:

Instrument PV Input Logic IO (Logic Module
Access List Configuration Process Input Input/Output) AA Relay Output Identities
Lo T & |—~’-? S oaos |
Access to Further Instrument PFOCGSS Input Logic AA Relay Output Module
Parameters Configuration Input/Output Configuration
&
Digital
Communications BCD Input Alarms Alarm Summary IO Expander Modules
PSR T p il e g TS
P P
D|g|ta| BCD Input Alarms AIarms 10 Expander Module
) Communications Configuration
Digital
Communications Communications Table Counter Packbit Unpackbit Humidity
—»| J# Main |—®—| CommsTab# 1 |—®—1 Count® 1 |—®—| Packbit® 1 |— Unpackbit 1 |——»
7 1 ! 7 1
Digital Digital Communications Counters, Packbit Unpackbit Application
Communications & Config Lock Timers, Totalizers Specific d@
Input Eight Input Logic
Maths operators Control Loops Lp1 &Lp2 | jnearization Operators Logic Operators Input Monitor
—| Math2# 1 |-—.—| Lp1¥ Main |-—.—| L|n32v1 F‘M-@—m.—m
Logic Maths and Control Loop Set Input Logic Maths and Logic Maths and Input nltor
multi Operators Up Characterization multi Operators multi Operators
Digital Multiple Input Eight Logic OR Programmer
Communications Multi-Input Operator Maths Ops blocks Polynomial Setup & Edit
[T J->{more 1 |-t |- Lot fo-frm
1 1
® P P P P P
MODBUS Client Logic Maths and  Logic Maths and Logic OR List Input Setpoint
Communications multi Operators multi Operators Characterization Programmer &>
Remote Input
Totalizer Timer Switch Over User Switch List Recipe List
B e et I e Rl S T S T S
: P P P P P
Counters, Timers,  Counters, Timers, Switch Over User Switches ~ Remote Input List Recipe List
Totalizers Totalizers
D
Transducer Scaling User Values User Text Zirconia
L—|  Txdr#1 =>—| Usrval®1 |—. —Back to Access
Transducer Scaling User Values User Text Application Specific

Figure 25: Navigation Diagram
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Function Block Wiring

Sensor
eg thermocouple

Input and output parameters of function blocks are wired together in software to form
a particular instrument or function within the instrument. A simplified overview of how

these may be interconnected to produce a single control loop is shown below.

Inputs | Control Processes | Input/Output
Process Input PV | | Loop I I/0 Module 1
PV Input List —I_| Lp List . Mod1A List T
Process Input . Main/Setup/ Tune ] Module
| /PID/SP/OP/Diag |1 Configuration
Setpoint . - ControIULF;)op Set .
Lp List I I I/O Module 2
Control Loop Set Up I Programmer I Monz(? IList
Prog Lists odule
Input Linearization | - — Setpoint — Configuration
Lin 32 List | Programmer |
Input Characterization| - .
' Application specific | VO Module 3
Polynomial | Humidity List _I' Mol\/ld3<? ILISt
: || Zirconia List : odule —
Poly List I Application Specific | Configuration
Input . .
Characterization | Alarm(s) | /O Module 4
Logic |nput . 1 Alarm List . Mod4A List
LgclOList | : Alarms — Module — f—>
Logic Input/Output I I Configuration
. Timer/Clock/ .
| Counter/Totalizer }
BCD Input . | Counters, Timers, . I/O Module 5
BCDIn List | Totalizers | Mod5A List
BCD Input Module
: Bitwise Operations : Configullj'ation I~
- I Packbit |
Switchover Unpackbit
SwOver List . . IO Module 6
Switch Over odule
! Logic Operators I MOI\/TG: I'-iSt
: Lgcs8 List ' odule - fe—s
Transducer Scaling | Logic Maths and | Configuration
Txdr List . multi Operators .
Transducer Scaling I |
. Maths . AA Relay
. Math1(2/3) List . RIVAA List
10 Expander | Logic Maths and | AA Ri,-la Outout
IOExp List : multi Operators : y o
|10 Expander : .
| Digital Comms |
. COMMS List .
User Values I Digital |
UsrVal List . Communications .
User Values

Remotelnput
Remoteln
Remote Input List

Figure 26:

Controller Example

To/from
plant
devices

EIA232
Or
EIA485
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Soft Wiring

Function blocks are wired (in software) using the Quick Start mode and/or full
configuration mode. In the controller example here, the Process Variable (PV) is
measured by the sensor and compared with a Setpoint (SP) set by the user.

The purpose of the control block is to reduce the difference between SP and PV (the
error signal) to zero by providing a compensating output to the plant via the output
driver blocks.

The timer, programmer and alarms blocks may be made to operate on a number of
parameters within the controller, and digital communications provides an interface to
data collection and control.

The controller can be customised to suit a particular process by ‘soft wiring’ between
function blocks. The procedure is described in the following sections.

Soft Wiring (sometimes known as User Wiring) refers to the connections which are
made in software between function blocks. Soft wiring, which will generally be
referred to as ‘Wiring’ from now on, is possible through the operator interface of the
instrument. This is described in the next section but it is recommended that this
method is only used if small changes are required, for example, when the instrument
is being commissioned.

The preferred method of wiring uses the iTools configuration package since it is
quicker and easier. See iTools integrated Online Help for further details.
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Wiring Example

In general every function block has at least one input and one output. Input
parameters are used to specify where a function block reads its incoming data (the
‘Input Source’). The input source is usually wired to the output from a preceding
function block. Output parameters are usually wired to the input source of
subsequent function blocks.

The value of a parameter which is not wired can be adjusted through the front panel
of the controller provided it is not Read Only (R/O) and the correct access level is
selected.

All parameters shown in the function block diagrams are also shown in the parameter
tables, in the relevant sections, in the order in which they appear on the instrument
display (alphabetical).

Figure 27 shows an example of how the channel 1 (heat) output from the PID block
might be wired to the logic output connected to terminals LA/LC.

Loop function block Output list

Lp $ OP
To make this connection see
Inputs Outputs .
the following example
Pwr In Ch1 Output /
Pff En Man OP
Settings Logic 10 function block
Lgc 10 LA
Output High
Output Low
Rate PV
SBrk Mode
Safe OP
Man Mode

Figure 27: Function Block Wiring
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Wiring Through the Operator Interface

The example shown in the previous section will be used.

Select configuration level as described in section To Select Different Levels of

Access.

Then:

Do This

The Display You Should See

Additional Notes

. From any display press to locate the

page in which the parameter is to be found.
(In this example ‘LgclO’ page)

. Press @ or @ if necessary to select a

sub-header. (In this example ‘LA’)

. Press @ to scroll to the parameter to be

wired TO. (In this example ‘PV’)

LA

TrrFut.

Mo

1

Indicates parameter selected

This locates the parameter you want to wire TO

In configuration mode the A/MAN button is the

AIMAN :
@ WirekFrom Wire button.
4. Press to display ‘WireFrom’
5. Press @ (as instructed) to navigate to the You will also need to use @ or ™ to select a

list header which contains parameter you
want to wire FROM.

WiireFrom

sub-header, if appropriate, and @ to scroll to
the parameter - in this example ‘Ch1 Output’
in the ‘Lp OP’ page

AIMAN
. Press @

This ‘copies’ the parameter to be wired FROM

. Press @ as instructed to confirm

Indicates that the parameter is wired.

If you want to inspect this press @ .
Press @ again to go back to the display

above.

This ‘pastes’ the parameter to ‘PV’
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To Remove a Wire

Do This The Display You Should See Additional Notes

1. Select the wired parameter eg LgclO PV in
the above example,

AIMAN This locates the parameter you want to wire TO
ireFrom
2. Press @ _
LF 0P

HChl Outrut

3. Press Ack to clear the ‘WireFrom’ display This is the quick way to select no wire. You can

also select this by pressing @ repeatedly

4. Press @

5. Press @ to OK
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Wiring a Parameter to Multiple Inputs

You can repeat the procedure given in section Wiring Through the Operator Interface.
but it is also possible to ‘Copy’ and ‘Paste’ a parameter. In configuration level the
RUN/HOLD button becomes a copy function. The following example wires Ch1
Output to both LA and LB PV inputs.

Do This

The Display You Should See

Additional Notes

. Select Ch1 QOutput

Press RUN/HOLD

This copies channel 1 output

Select the parameter to wire to. In this case
LgclO LAPV

LH

InPut

Press @

. Press RUN/HOLD

i F=Fram

LF
HCh1 Outrut

. Press @

[4=+0k;

. Press @ to OK

. Now repeat 3 to 8 but for LgclO LB

LE
Ineut
g u]
1
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Wiring Floats with Status Information

There is a subset of float values which may be derived from an input which may
become faulty for some reason, e.g. sensor break, over range, etc. These values
have been provided with an associated status which is automatically inherited
through the wiring. The list of parameters which have associated status is as follows:

Block Input Parameters Output Parameters
Loop.Main PV PV
Loop.SP TrackPV
Loop.OP CH1PotPosition
CH2PotPosition
Math2 In1
In2
Out
Programmer.Setup PVin
Poly In
Out
Lin32 In
Out
Txdr InVal
OutVal
IPMonitor In
SwitchOver In1
In2
Out
Total In
Mux8 In1..8
Out
Lgc2 In1
In2
UsrVal Val Val
Humidity RelHumid
DewPoint
WetTemp
DryTemp
PsychroConst
Pressure
10.MOD APV, B.PV, C.PV APV, B.PV, C.PV
10.PV PV PV
MultiOper Cascln SumOut
In1to 8 MaxOut
MinOut
AvOut
Alarm Input, Threshold, Reference,
Rate, ThresholdLow
MODBUS Master ValueToWrite PV
Remotelnput Output

Zirconia Probeln, Temperatureln, CarbonPotential, DewPoint,
SaturationLimit. Oxygen

Packbit In1-16 Output

Unpackbit Input
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Parameters appear in both lists where they can be used as inputs or outputs
depending on configuration. The action of the block on detection of a ‘Bad’ input is
dependent upon the block. For example, the loop treats a ‘Bad’ input as a sensor
break and takes appropriate action; the Mux8 simply passes on the status from the
selected input to the output, etc.

The Poly, Lin32, SwitchOver, Mux8, Multi-Operator, 10.Mod, and I0.PV blocks can
be configured to act on bad status in varying ways. The options available are as
follows:

0: Clip Bad

The measurement is clipped to the limit it has exceeded and its status is set to ‘BAD’,
such that any function block using this measurement can operate its own fallback
strategy. For example, control loop may hold its output to the current value.

1: Clip Good

The measurement is clipped to the limit it has exceeded and its status is set to
‘GOOD’, such that any function block using this measurement may continue to
calculate and not employ its own fallback strategy.

2: Fallback Bad

The measurement will adopt the configured fallback value which has been set by the
user. In addition the status of the measured value will be set to ‘BAD’, such that any
function block using this measurement can operate its own fallback strategy. For
example, control loop may hold its output to the current value.

3: Fallback Good

The measurement will adopt the configured fallback value which has been set by the
user. In addition the status of the measured value will be set to ‘GOOD’, such that
any function block using this measurement may continue to calculate and not employ
its own fallback strategy.

4: Up Scale

The measurement will be forced to adopt its high limit. This is like having a resistive
pull up on an input circuit. In addition the status of the measured value will be set to
‘BAD’, such that any function block using this measurement can operate its own
fallback strategy. For example, the control loop may hold its output to the current
value.

5: Down Scale

The measurement will be forced to adopt its low limit. This is like having a resistive
pull down on an input circuit. In addition the status of the measured value will be set
to ‘BAD’, such that any function block using this measurement can operate its own
fallback strategy. For example, the control loop may hold its output to the current
value.
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Edge Wires

If the Loop.Main.AutoMan parameter was wired from a logic input in the conventional
manner it would be impossible to put the instrument into manual from the front panel
of the instrument. Other parameters need to be controlled by wiring but also need to
be able to change under other circumstances, e.g. Alarm Acknowledgements. for this
reason some Boolean parameters are wired in an alternative way. These are listed as
follows:

SET DOMINANT

When the wired in value is 1 the parameter is always updated. This will have the
effect of overriding any changes through the front panel or through digital
communications. When the wired in value changes to 0 the parameter is initially
changed to 0 but is not continuously updated. This permits the value to be changed
through the front panel or through digital communications.

Loop.Main.AutoMan
Programmer.Setup.ProgHold
Instrument.Diagnostics.ForceStandby
Zirconia.Clean.Start
Zirconia.Clean.Abort

RISING EDGE

When the wired in value changes from 0 to 1, a 1 is written to the parameter. At all
other times the parameter is not updated by the wire. This type of wiring is used for
parameters which start an action and when once completed the block clears the
parameter. When wired to, these parameters can still be operated from the front
panel or through digital communications.

Programmer.Setup.ProgRun
Programmer.Run.AdvSeg
Programmer.Run.SkipSeg
Alarm.Ack
Instrument.Diagnostics.GlobalAck
ModbusMaster.Data1-100.Send
Zirconia.Clean.MsgReset
Txdr.ClearCal

Txdr.StartCal

Txdr.StartHighCal
Txdr.StartTare

IPMonitor.Reset

BOTH EDGE

This type of edge is used for parameters which may need to be controlled by wiring
or but should also be able to be controlled from the front panel or through digital
communications. If the wired in value changes then the new value is written to the
parameter by the wire. At all other times the parameter is free to be edited from the
front panel or through digital communications.

Loop.SP.RateDisable
Loop.OP.RateDisable
Loop.Tune.AutotuneEnable
Programmer.Setup.RunHold
Programmer.Setup.RunReset
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Operation of Booleans and Rounding

Mixed Type Wiring

Parameters of function blocks are one of the following types shown below. Wires
which connect one type to another cause a type conversion to occur. The values
wired may also be rejected or clipped depending on type and limits.

BOOLEANS (including Edges)

Any value greater than or equal to 0.5 wired to a boolean (or edge) is considered
true. When wired to other values booleans will be considered as 0 or 1.

INTEGER
Values outside the limits of the integer will be clipped to the limits.
ENUMERATED INTEGER

Values which are outside the limits of an enumerated parameter or do not have a
defined enumeration will not be written.

BINARY INTEGER (PIANO KEYS)
A value which exceeds the number of bits used by the parameter will be rejected.
FLOAT

Values outside the limits of a float parameter will be clipped to the limits. Wiring from
a float to any other type will be rounded to the nearest integer. Where the value falls
half way between two integers it will be rounded towards the higher absolute value.
l.e. -3.5 rounds to -4 and +3.5 rounds to +4.

TIME

Times can only be wired to or from other times or floats. When wired to or from floats
the float value is in seconds.

STRING

String values can not be wired.
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Logic OR List

The Logic OR function block allows multiple parameters to be wired to a single
Boolean parameter without the need to enable toolkit blocks for the LGC2 or LGC8

'OR' functionality. There are 8 Logic OR blocks available.

Each block consists of 8 inputs which are OR’d together into one output. It may be
used, for example, to take the outputs from a number of alarm blocks and OR them

together to operate a single general alarm output.

Parameter Name | Value | | Description Access
Prttess @ toselect |Press @ or D to change values (if read/write, R/W)
in turn
INPUT 1 OFF 0 Input 1 to the OR block R/IO
On 1
INPUT 2 OFF 0 Input 2 to the OR block
On 1
INPUT 3 OFF 0 Input 3 to the OR block
On 1
INPUT 4 OFF 0 Input 4 to the OR block
On 1
INPUT 5 OFF 0 Input 5 to the OR block
On 1
INPUT 6 OFF 0 Input 6 to the OR block
On 1
INPUT 7 OFF 0 Input 7 to the OR block
On 1
INPUT 8 OFF 0 Input 8 to the OR block
On 1
OUTPUT OFF 0 Output result
On 1
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Recipe List

Arecipe is a list of parameters whose values can be captured and stored in a
dataset. This dataset can then be loaded into the controller at any time to restore the
recipe parameters, thus providing a means of altering the configuration of an
instrument in a single operation even in operator mode.

A maximum of 8 datasets are supported, referenced by its name, defaulted to be the
dataset numberi.e. 1...8.

Parameter Value Description Access
Name
Press @ to Press ® or @ to change values (if read/write, R/W)
select in turn
dataset to NONE 0 Selects which recipe dataset to load. Once selected, the values stored in the
load dataset will be copied back over the active parameters.
Default: None
1t0 8 Dataset 1 to 8
DONE 101 Load completed successfully
u.suc 102 Dataset selection unsuccessful
dataset to NONE 0 Selects which of the 5 recipe datasets in which to store the current active
parameters. When selected, this parameter initiates a snapshot of the
save ) .
current parameter set into the selected recipe dataset.
1t0 8 Dataset 1to 8
DONE 101 Save completed successfully
u.suc 102 Unsuccessful will be displayed if the values were not saved successfully. If it
completes OK, then the display does not change.
Enable YES 1 Enabled. Set to ‘Yes’ to check all parameters can be written in the current
- f | i i .
alterability mode before loading a recipe dataset
Default: Yes
checks
No 0 Disabled. Set to ‘No’ to write all parameters regardless of their ‘config-only’
status.
See Note below

Note: Changing configurations and certain parameters whilst in Operator mode

can cause disturbances in the process and, therefore, by default, a dataset will not be
loaded (no parameters written to) if a parameter contained in the recipe is not
writeable in operator mode. To cater for users who require the loading to operate in a
similar manner to the 3200 controller (no parameter checking), this functionality can
be disabled. However, to reduce disturbances in the process, whilst loading a dataset
which contains configuration parameters the Instrument will be forced into standby
whilst the loading is in progress.

If the recipe load cannot be completed for any reason (values are invalid or out of
range), the instrument will be half configured. The instrument will put itself into
Standby and display the "REC.S - INCOMPLETE RECIPE LOAD" message. This will
continue after a power cycle, but can be cleared by entering and exiting config mode.

There is no default list of parameters for the 3500 series controllers. The parameters
required to be held in recipe are defined using iTools.
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Recipe List

To Save Recipes

To Load a Recipe

Add your required parameters to the Recipe Definition list.

In the controller, adjust any of the parameters in the above list (or in your
customized list) as required for a particular process or batch.

Scroll to the Recipe List, and select 'dataset to save’.

Select a recipe number (1 to 8) in which to store the current parameter values.
When the current values have been successfully saved the display will show
dONE.

Repeat the above for a second or subsequent process or batch and save under a
different recipe number.

To recall a saved recipe:

1.

Scroll to the Recipe List, and select ‘dataset to load’.

2. Select the required Recipe number. The display will flicker once to show that the

selected recipe has been loaded.

Notes:

1.

Recipes may be saved and recalled in Operator Levels 2, 3 and Configuration by
default. It is also possible to Promote the Recipe parameters to Level 1 if
required. This is done using iTools.

Recipes can also be saved and recalled using iTools.
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Remote Input List

This list configures the remote input as shown in the following table.

Parameter Name | Value | Description Access
Press @ to select | Press ® or @ to change values (if read/write, R/W)
in turn
remote input This parameter can be written to via a remote client Conf RIW
L3 R/W
range high Maximum value of the input Conf RIW
Default: 100 L3 R/O
range low Minimum value of the input Conf RIW
Default: 0 L3 R/O
scale high The maximum value of the scaled output PV Conf R/W
Default: 100 L3 R/O
Scale lo The minimum value of the scaled output PV Conf RIW
Default: 0 L3 R/O
timeout This is the period in which the input has to be written to (in seconds). | Conf R/W
If this period is exceeded the output PV status will be setto Bad. If || 3 R0
this period is set to 0, the timeout strategy is disabled.
Default: 1s
resolution nnnnn Resolution of the input /output. No decimal places Conf RIW
nnnn.n One decimal place L3 R/O
Default: nnnn.n
nnn.nn Two decimal places
nn.nnn Three decimal places
n.nnnn Four decimal places
units This list configures the remote input as shown in the following table.
See Display Units for a list of units used throughout
Default: AbsTemp
pv The output PV that has been linearly scaled Range High to Scale Conf R/O
High and Range Low to Scale Low
status Status of the output PV Conf R/O
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Instrument Configuration

What Is Instrument Configuration?

Instrument configuration allows you to:
1. Customise the display
2. Read information about the controller

3. Read internal diagnostics

To Select Instrument Configuration
Select Configuration level as described in section Access to Further Parameters.

Press (O from the Access list. The first view displayed is the header ‘Inst’ plus the
sub-header ‘¥ Inf.
This allows you to read and configure settings specific to this individual instrument.

The ‘¥’ symbol indicates further sub-headers are available. To select these press &
or™®.

EUROTHERM MY :uroTHERM [

[DFIF.[ | [i:m’;C

Ihst. $Inf 1 Irst+Ing
Larguade Enalish Larauads
Units C
Inst Humbet 1 Eralich

AUNMHOLD  ° B AMAN RUNMHOLD *

& @ ®

— Ack

Figure 28: Instrument Configuration Displays
Function Block Options

See, Function Blocks. All function blocks are enabled by default. Refer to Navigation
Diagram to see all the function blocks as list headings in configuration level.

Function blocks that are protected by feature passcodes will be hidden, but will
appear once the relevant feature has been purchased, see Instrument Feature
Passcodes below.

Instrument Feature Passcodes

Feature passcodes are required to enable chargeable features. These can be added
after the instrument has been purchased. Examples of chargeable features include
Number of Loops, Number of programs, Number of wires, Toolkit Blocks, Digital
Communications protocols and Configuration Lock, etc. These passcodes can only
be added through iTools, see the iTools User Guide for more information.
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Instrument Information

This list provides information about the controller as follows:

List Header: Inst Sub-header: Inf
Name Parameter Description Value Default | Access
@ to select Press @ or @ to change values Level
Language The language used by the Instrument HMI 0 English English Config RW
1 French
2 German
4 Spanish
Units Sets the temperature units of the instrument. 0 C (° Celsius) C Config RW
When temperat_ure units is changed, t_hose 1 F (° Fahrenheit)
parameters which are flagged as having a :
temperature type (Absolute or relative) will have their | 2 K (° Kelvin)
values converted to reflect the new temperature
units.
Inst Number The unique serial number of the instrument. This is RO
set at the factory and cannot be changed.
Inst Type The type of instrument e.g., 3504, can be used over 3504 RO
comms to identify the instrument being
) . 3508
communicated with
PSU Type The type of power supply in use. Note this will display LV RO
LV PSU if powered by CPI clip. ny;
Version Num The version of instrument software. Can be used to RO
identify the build of software being used and hence
what features are available.
Company ID A MODBUS code allocated to Eurotherm 1280 RO
Customer ID A non-volatile value for customer use: it has no effect 0 Config RW
on instrument functionality

Instrument Options

This page allows you to set up options as listed in the following table:

List Header: Inst Sub-header: Opt (Options)
Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
ProgMode To select the type of programmer. SingleChn Single channel (two SyncAll Conf
independent channels)
@ Ensure that two programmers are enabled (see | SyncAll All segments of two
previous section) otherwise only ‘SingleChn’ can be programmer blocks are
selected). synchronised
SyncStart Two programmers
syncronised at start of
run
PVStart? To enable PV Start. See Programmer section PV No Disabled Disabled Conf
Start. Yes Enabled
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(WSP) take effect immediately when adjusted using

the front panel @ or @ buttons. (Note, when
adjusted over comms the change always takes place
immediately). The working setpoint may be derived
from SP1, SP2 or a programmer setpoint - PSP*.

List Header: Inst Sub-header: Opt (Options)

Name Parameter Description Value Default Access
© to select Press ™ or @ to change values Level
ImmSP? When enabled, changes to the working setpoint No Disabled - In operator Disabled Conf

level the new setpoint is
entered after the
raise/lower button is
released and is indicated
by a brief flash in the
display

Edits to the active setpoint usually take effect after | Yes
the raise/lower button is released. It may be
desirable, in some applications such as crystal
growing, to eliminate this delay.

The effect is seen on Summary Pages, User Pages
(when WSP is promoted) and in Program Status
Page (when changing PSP in Hold).

* If the working setpoint is derived from the
programmer then the parameter ‘ImmPSP’ is shown
in the programmer Run list in iTools only. This
parameter can be hidden by disabling the parameter
‘EnablelmmPSP’ which is shown in the programmer
Setup listiniTools. These parameters are not shown
in the user interface of 3500.

Enabled - In operator
level the new setpoint is
entered continuously
and no flash of the
display is shown.

Display Formatting

The display which will be shown in Operator levels 1 to 3 may be customised.

This is achieved in the ‘Inst’ configuration list using the sub-header ‘Dis’.

To Customise the Display

The controller must be in Configuration level.

Then:

Do This The Display You Should See

1. Press @ as many times as necessary
until ‘Inst’ is displayed

2. Press @ or Q) to select ‘Dis’

Additional Notes

If a parameter from, say, the previous display is
being shown, then it will be necessary to press
to return to the top of the list

3. Press @ to scroll to the first parameter -
‘Home Page’

4. Press @ or D to change the selection

In operator level the instrument, by default,
shows ‘Loop’ parameters in the HOME display.

The HOME display may also show:

Program Programmer parameters

Custx Up to 8 views may be customised
Cust1 will select the first

Access Access parameters

The following table shows the full list of
parameters available to customise the display

U
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List Header: Inst

Sub-header: Dis (Display)

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Home Page Configures which set of parameters are shown in | Loop Loop summary Loop Conf
the message display of the HOME view when the | Program Program summary
controller is in operator level. Custom 1to 8 Customised
Access Access
Home Timeout In operator level the controller can be made to Off to Off = the controller will not | 0:01 Conf
revert to the HOME display after a fixed time 0:01 to 1:00 hr revert to the HOME (1 min)
following selection of other pages display
Loop Summary A summary of the Loop parameters are displayed | On Enabled On Conf
in the message centre (section Summary Pages) | Off Disabled
in the selected operating level
Loop 1 Summary | A summary of Loop 1 parameters On Enabled On Conf
Off Disabled
Loop 2 Summary | A summary of Loop 2 parameters On Enabled On Conf
Off Disabled
Prog Edit Defines the level in which a program may be Level1 Level1 Conf
edited Level2
Level3
Prog Status A summary of the Program Status parameters are | Level1 Levell Conf
displayed in the message centre (section Level2
Summary Pages) in the selected operating level |Level3
Off
Bar Scale Max Upper limit of the vertical bar graph scale -99999 to 99999 1372 Conf
Bar Scale Min Lower limit of the vertical bar graph scale -99999 to 99999 -200 Conf
Main Bar Val Main bar graph value This can be wired to any parameter. L3
Aux1 Bar Val First auxiliary bar graph value See also section Bar Graph (3504 Only). L3
Aux2 Bar Val Second auxiliary bar graph value L3
Control1 Page Defines the level in which the control page 1 is Off Level1 Conf
shown Levell
- : : : Level2
Control2 Page Defines the level in which the control page 2 is
shown
Alarm Page Defines the level in which the alarm page is shown
Alarm Summary Enables/disables the alarm summary page in On Enabled On Conf
operator levels Off Disabled
OP1 Beacon By default the output beacons are wired to operate | Off Beacon off R/O
when channel 1 or channel 2 outputs from the On Beacon on
selected loop are active. They can, however, be
OP2 Beacon wired to operate on any parameter. Off Beacon off R/O
On Beacon on
Txdr1 Page Defines the level in which the Transducer 1 Level 1 Level 1 Conf
Scaling page is visible Level 2
Level 3
Txdr2 Page Defines the level in which the Transducer 2 Level 1 Level 1 Conf
Scaling page is visible Level 2
Level 3

Bar Graph (3504 Only)

The bar graph shown on the left hand side of the display can be wired to any

analogue parameter.

Markers can also be placed on the bar graph which can be used to indicate minimum
and maximum points. These points are defined by the parameters ‘Aux1 Bar Val’ and
‘Aux2 Bar Val’ respectively. The markers may be fixed in position by leaving these
two parameters unwired and entering an analogue value. Alternatively, they may be
wired — in the following example they are wired to low and high alarm points.
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Main Bar Value (PV) below both markers

Main Bar Value (PV) between both markers __,.

Main Bar Value (PV) above both markers __, !

Instrument Security

Aux1 Bar Val

Aux1 Bar Val

Aux1 Bar Val

Figure 29: Bar Graph Markers

This list provides security information as follows:

List Header: Inst

Sub-header: Security

Name

@ to select

Parameter Description

Level2 Code

Level3 Code

Config Code

The HMI passcodes used to enter the HMI access levels

Comms Expiry

Number of days after to wait after comms password is set before raising the
"Comms Password Expired" notification. Set to 0 to disable this notification.

Password Lock
Time

After entering maximum invalid attempts to login, the password entry mechanism
will be locked out for this period. This lockout time affects all access level
passcodes and the comms config password. Note: A value of 0 will disable the
lockout mechanism.

Clear Memory

Used to clear instrument to Factory defaults. Can also be used to default programs
and segments only.

Comms Security

When this parameter is set, a string parameter becomes available via comms for
entering plain text passwords to enter configuration mode.

Clear Comms
Password

When set, the comms configuration password will be cleared

Http Enable

Set by EFMT to perform firmware upgrade

Upgrade Mode

Set by EFMT to perform firmware upgrade
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This list provides fault finding diagnostic information as follows:

List Header: Inst Sub-header: Diag
Name Parameter Description
@ to select
Notification Status | Provides bit-mapped instrument status information
Bit No Description
0 Comms password not set
1 Password has expired
2 HMI level 2 access locked out
3 HMI level 3 access locked out
4 HMI config access locked out
5 Comms config access locked out
6 Not Used
7 Not Used
8 Comms in config mode
9 Not Used
10 Config Lock Password locked out
1 Not used
12 Not used
13 Not used
14 Not used
15 Not used
Standby Condition | Provides bit-mapped instrument standby condition information
Status
Bit No Description
0 Invalid RAM image of NVOL
1 NVOL parameter database load/store was
unsuccessful
2 NVOL region load/store was unsuccessful
3 Option NVOL load/store was unsuccessful
4 Factory Calibration not detected
5 Unexpected CPU condition
6 Hardware Ident Unknown
7 Fitted hardware differs from expected hardware
8 Unexpected Keyboard condition during startup
9 Powered down in config mode
10 Recipe load unsuccessful
1 Not Used
12 Not Used
13 Not Used
14 Not Used
15 Not Used
Alarm Status 1 A summary of the alarms represented by bits in a word
Alarm Status 2
SBreak Alarm A summary of the sensor break alarms represented by bits in a word
New Alarm Notification flag for a new active alarm
Any Alarm Notification flag for any active alarm
Global Ack Used to acknowledge all instrument alarms
Sample Time Execution period
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List Header: Inst

Sub-header: Diag

Name Parameter Description
@to select
Line Voltage The measurement of the instrument line voltage. Power feedforward can be

enabled by setting the parameter 'Pff En' in the Loop Output list (section Loop
Parameters - Output) to 'Yes'. This sets the control loop PFF Value parameter such
that the control algorithm can compensate for mains voltage fluctuations when the
instrument is connected to the same phase as the heater.

L2 Pass Unsuccess

L2 Pass Success

L3 Pass Unsuccess

L3 Pass Success

Config Pass Unsuc-
cess

Config Pass Suc-
cess

Comms Pass Un-
success

Comms Pass Suc-
cess

Count of the number of successful or unsuccessful attempts to log in to the HMI or
comms access levels

Time Format

Time format used by CPIl and IR comms connections (ms, s, min, hour)

Time DP

Scaling factor for scaled time parameters used by CPI and IR comms connections

Force Standby

Force the instrument into standby to halt IO operations

Exec Status

Indicates the status of the execution engine (Running, Standby, Startup)

PowerFail Count

Indicates the number of times the instrument has reset (power cycle, exit from
config or unexpected software reset). Clear the count by writing 0 or performing
coldstart.

Error Count

The number of errors logged since the last Clear Log
Note: However, if an error occurs multiple times only the first occurrence will be
logged, but each event will increment the count.

Error 1 to Error 8

The first 8 errors to occur | See Note below for options

Clear Log Used to clear Error 1 to Error 8 and Error Count

A/Man Key The purpose of these parameters is to allow the functions to be wired to, for
example, a digital input so that the function can be controlled from an external

Prog Key source.

Run/Hold Key

Page Key

Scroll Key

Lower Key

Raise Key

Max Segments

Displays the maximum number of program segments - 500 (read only)

Max Segs per Prog

Displays the maximum number of segments available in any program - 50 (read
only)

Segments Left

Number of Available Program Segments - Gives the number of unused program
segments. Each time a segment is allocated to a program, this value is reduced by
one.
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NOTICE

Error 1 to Error 8 parameters may be set to one of the following values:

0: There is no error

1: Bad or unrecognised module ident. A module has been inserted and has a bad
or unrecognised ident, either the module is damaged or the module is
unsupported.

3: Factory calibration data bad. The factory calibration data has been read from
an 1/0 module and has not passed the checksum test. Either the module is
damaged or has not been initialised.

4: Module changed for one of a different type. The configuration may now be
incorrect

5: 1/0O Chip DFC1 communication failure. The onboard generic /O Chip DFC1
will not communicate. This could indicate a build fault in the instrument.

6: 1/O Chip DFC2 communication failure. The onboard generic I/O Chip DFC2
will not communicate. This could indicate a build fault in the instrument.

7: 1/0O Chip DFC3 communication failure. The onboard generic /0O Chip DFC3
will not communicate. This could indicate a build fault in the instrument.

10: Calibration data write error. An error has occured when attempting to write
calibration data back to an I/O module's EE.

11: Calibration data write error. An error occured when trying to read calibration
data back from the EE on an 1/O module.

13: Fixed PV input error. An error occured whilst reading data from the fixed PV
Input EE.

18: Checksum error. The checksum of the NVol RAM has failed. The NVol is
considered currupt and the instrument configuration may be incorrect.

20: Resistive identifier error. An error occured when reading the identifier from an
I/O module. The module may be damaged.

21: Fixed PV ident has been changed. This may be due to installation of new
Power Supply Board.

22: Module 1 changed for one of a different type. The configuration may now be
incorrect

23: Module 2 changed for one of a different type. The configuration may now be
incorrect

24: Module 3 changed for one of a different type. The configuration may now be
incorrect

25: Module 4 changed for one of a different type. The configuration may now be
incorrect

26: Module 5 changed for one of a different type. The configuration may now be
incorrect

27: Module 6 changed for one of a different type. The configuration may now be
incorrect

28: H Module changed for one of a different type. The configuration may now be
incorrect

29: J Module changed for one of a different type. The configuration may now be
incorrect

43: Invalid custom linearization table. One of the custom linearization tables is
invalid. Either it has failed checksum tests or the table downloaded to the
instrument is invalid.

55: Instrument wiring invalid or corrupt.

56: Non Vol write to volatile. An attempt was made to perform a checksummed
Non Vol write to a non checksummed address.

58: Recipe load failure. The selected recipe failed to load.

62: Max Wire Limit reached. Using Quick Start the maximum number of wires has
been reached

78: Corrupted User Page. A corruption of one or more configured user pages has
been detected
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Instrument Modules

This list provides module information as follows:

List Header: Inst Sub-header: Modules

Name Parameter Description
@ to select

101 to 106 Fitted The module currently fitted in the 10 slot, as per 10.ModIDs parameters

101 to 106 Expected | The module that is expected to be fitted based on the current configuration. If this
does not match the respective Fitted parameter, the Instrument will be held in
standby until this parameter is changed and the configuration is updated.

H/J Comms Fitted | The comms module currently fitted in the comms slots, as per Comms.ldent

parameters
H/J Comms The comms module that is expected to be fitted based on the current configuration.
Expected If this does not match the respective Fitted parameter, the Instrument will be held

in standby and the comss will not operate until this parameter is changed and the
configuration is updated.

Configuration Lock Parameters

Config Parameter List

®  When the Instrument has been locked down by Configuration Lock
Password, which has been configured to restrict parameter alterability, only
configuration parameters included in this list will be alterable when
instrument is in the Configuration access level. It should be noted that
parameters that are alterable in Operator access level will remain alterable in
the Operator access level.

Operator Parameter List

®  When the Instrument has been locked down by Configuration Lock
Password, which has been configured to restrict parameter alterability, the
parameters included in this list which would normally be alterable in Operator
will become read only in both Operator and Configuration access levels.
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Process Input

The process input list characterises and ranges the signal from the input sensor. The
Process Input parameters provide the following features:

Input Type and Thermocouple (TC) and 3-wire resistance thermometer (RTD)

linearization temperature detectors
Volts, mV or mA input through external shunt or voltage divider,
available with linear, square root or custom linearization
See the table in section Input Types and Ranges for the list of
input types available

Display units and The change of display units and resolution will apply to all the

resolution parameters related to the process variable

Input filter First order filter to provide damping of the input signal. This may
be necessary to prevent the effects of excessive process noise
on the PV input from causing poor control and indication. More
typically used with linear process inputs.

Fault detection Sensor break is indicated by an alarm message ‘Sbr’. For
thermocouple it detects when the impedance is greater than
pre-defined levels; for RTD when the resistance is less than
120.

User calibration  Either by simple offset or by slope and gain. See section PV
Input Scaling for further details.

Over/Under When the input signal exceeds the input span by more than 5%

range the PV is shown as ‘HHHHH’ or ‘LLLLL’. The check is executed
twice: before and after user calibration and offset adjustments.
The same indications apply when the display is not able to show
the PV, for example, when the input is greater than 9999.9°C
with one decimal point.

To select PV Input

Select Level 3 or Configuration level as described in section Access to Further
Parameters.

Then press as many times as necessary until the header ‘PVinput’ is displayed

Process Input Parameters

List Header - PV Input Sub-headers: None
Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
10 Type PV input type. ThermoCpl Thermocouple Conf
Selects input linearization and range RTD Platinum resistance thermometer R/O L3
Log10 Logarithmic
HZ Volts High impedance voltage input (typically used
for zirconia probes)
Volts Voltage
mA milli amps
80mV 80 millivolts
40mV 40 millivolts
Pyrometer Pyrometer
Lin Type Input linearization see section Conf
Input Types R/O L3
and Ranges.
Units Display units used for units see section Conf
conversion Display Units.
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List Header - PV Input Sub-headers: None
Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Res’n Resolution XXXXX to Conf
XXXXX
CJC Type To select the cold junction Internal See description in section CJC Type for further | Internal Conf
compensation method 0°C details
Only appears if IO Type = 45°C
Thermocouple 50°C
External
Off
AlarmAck Sensor Break Alarm Acknowledge | No L1
Yes
SBrk Type Sensor break type Low Sensor break will be detected when its Conf
impedance is greater than a ‘low’ value
High Sensor break will be detected when its
impedance is greater than a ‘high’ value
Off No sensor break
SBrk Alarm Sets the alarm action when a sensor | ManLatch Manual latching see also Alarms L3
break condition is detected NonlLatch No latching
Off No sensor break alarm
SBrk Out Sensor break alarm status Off or On L3 R/O
Disp Hi Configures the maximum see also section PV Input Scaling L3
displayable reading. These parameters only Display Reading
Disp Lo Configures the minimum appear for V, mV, mA L3
displayable reading. input types Disp Hi
Range Hi Configures the maximum (electrical) L3
input level.
Range Lo Configures the minimum (electrical) L3
input level Disp Lo Electrical Input
Range Lo Range Hi
Fallback Fallback Strategy Downscale Meas Value = Input range lo - 5% of the mV Conf
See also section Fallback. signal received from the PV input.
Upscale Meas Value = Input range Hi + 5% of the mV
signal received from the PV input.
Fall Good Meas Value = Fallback PV
Fall Bad Meas Value = Fallback PV
Clip Good Meas Value = Input range Hi/lo +/- 5%
Clip Bad Meas Value = Input range Hi/lo +/- 5%
Fallback PV Fallback value. See also section Fallback. Instrument range Conf
Filter Time Input filter time. Off to 500:00 (hhh:mm) 0:01.6 L3

An input filter provides damping of the input signal. | m:ss.s to hh:mm:ss to hhh:mm
This may be necessary to prevent the effects of
excessive noise on the PV input.

Emiss Emissivity. Used for Pyrometer input only to Off 0.1t0 1.0 1.0 L3
compensate for the different reflectivity produced by
different type of surface

Meas Value The current electrical value of the PV input R/O
PV The current value of the PV input after linearization | Instrument range R/O
Offset Used to add a constant offset to the PV, see section | Instrument range L3
PV Offset.

Lo Point Allows a two point offset to be applied to the Instrument range L3
Lo Offset controller to compensate for sensor or connection

- errors between sensor and the input to the controller.
Hi Point See section Two Point Offset for further details
Hi Offset
CJC Temp Reads the temperature of the rear terminals at the L3 R/O

thermocouple connection
Only appears if IO Type = Thermocouple
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List Header - PV Input

Sub-headers: None

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
SBrk Value Sensor break Value R/O
Used for diagnostics only, and displays the sensor
break trip value
Lead Res The measured lead resistance on the RTD R/O
Only appears if IO Type = RTD
Cal State Calibration state Calibration of the | Idle Conf
PV Input is described in section L3 R/O
Calibration.
Status PV Status Good (0) Normal Operation R/O
The current status of the PV Channel Off | Channel is configured to be off
(1)
Over Range | Input signal is greater than configured high limit
)
Under Range | Input signal is less than configured low limit
@)
Hardware Input hardware status invalid
Status Invalid
“4)
Ranging (5) Input hardware is being ranged i.e. being
set-up as required by the range
configuration
Overflow (6) | Process variable overflow, possibly due to
calculation attempting to add a small
number to a relatively large number
Bad (7) The process variable is not ok and cannot be
relied upon
Hardware The hardware capabilities have been exceeded
exceeded (8) | at the point of configuration, for example
configuration set to 0 to 40V when input
hardware is capable of up to 12V
No Data (9) Insufficient input samples to perform
calculation
No Calibration | Calibration data is corrupt or missing
(13)
Saturated Input hardware is in saturation. This can occur
input (14) if PV input, CJC input or RTD lead
compensation input is outside the working
range of the hardware
Input Types and Ranges
Used to select the linearization algorithm required by the input sensor.
A selection of default sensor linearizations are provided for thermocouples/RTD's
and Pyrometers.
If linearization type is linear a y=mx+c relationship is applied between
DisplayHigh/DisplayLow and RangeHigh/RangelLow.
Three custom tables may be configured by downloading an appropriate table from an
extensive library
Input Type Min Range | Max Range | Units Min Range Max Range | Units
J Thermocouple type J -210 1200 °C -346 2192 °F
K Thermocouple type K -200 1372 °C -328 2502 °F
L Thermocouple type L -200 900 °C -328 1652 °F
R Thermocouple type R -50 1768 °C -58 3214 °F
B Thermocouple type B 0 1820 °C 32 3308 °F
N Thermocouple type N -200 1300 °C -328 2372 °F
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Input Type Min Range | Max Range | Units Min Range Max Range | Units
T Thermocouple type T -200 400 °C -328 752 °F
S Thermocouple type S -50 1768 °C -58 3214 °F
PL2 Platinell 0 1369 °C 32 2496 °F
C Thermocouple type C 1650 2315 °C 3000 4200 °F
PT100 Pt100 resistance thermometer -200 850 °C -328 1562 °F
Linear mV or mA linear input -10.00 80.00
SqRoot Square root
Tbl 1 Customised linearization table 1
Tbl 2 Customised linearization table 2
Tbl 3 Customised linearization table 3
CJC Type
A thermocouple measures the temperature
difference between the measuring junction and the
reference junction. The reference junction,
therefore, must either be held at a fixed known Measuring
temperature or accurate compensation be used for junction
any temperature variations of the junction. D
Reference ®
junction

Internal Compensation

The controller is provided with a temperature sensing device which senses the
temperature at the point where the thermocouple is joined to the copper wiring of the
instrument and applies a corrective signal.

Where very high accuracy is needed and to accommodate multi-thermocouple
installations, larger reference units are used which can achieve an accuracy of
10.1°C or better. These units also allow the cables to the instrumentation to be run in
copper. The reference units are contained basically under three techniques.
Ice-Point, Hot Box and Isothermal

The Ice-Point

There are usually two methods of feeding the EMF from the thermocouple to the
measuring instrumentation via the ice-point reference. The bellows type and the
temperature sensor type.

The bellows type utilises the precise volumetric increase which occurs when a known
quantity of ultra pure water changes state from liquid to solid. A precision cylinder
actuates expansion bellows which control power to a thermoelectric cooling device.
The temperature sensor type uses a metal block of high thermal conductance and
mass, which is thermally insulated from ambient temperatures. The block
temperature is lowered to 0°C by a cooling element, and maintained there by a
temperature sensing device.

Special thermometers are obtainable for checking the 0°C reference units and alarm
circuits that detect any movement from the zero position can be fitted.
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The Hot Box

Thermocouples are calibrated in terms of EMF generated by the measuring junctions
relative to the reference junction at 0°C (32°F). Different reference points can
produce different characteristics of thermocouples, therefore referencing at another
temperature does present problems. However, the ability of the hot box to work at
very high ambient temperatures, plus a good reliability factor has led to an increase
in its usage. The unit can consist of a thermally insulated solid aluminium block in
which the reference junctions are embedded.

The block temperature is controlled by a closed loop system, and a heater is used as
a booster when initially switching on. This booster drops out before the reference
temperature, usually between 55°C (131°F) and 65°C (149°F), is reached, but the
stability of the hot box temperature is now important. Measurements cannot be taken
until the hot box reaches the correct temperature.

Isothermal Systems

The thermocouple junctions being referenced are contained in a block which is
heavily thermally insulated. The junctions are allowed to follow the mean ambient
temperature, which varies slowly. This variation is accurately sensed by electronic
means, and a signal is produced for the associated instrumentation. The high
reliability factor of this method has favoured its use for long term monitoring.

CJC Options in 3500 Series

Display Units

0: CJC measurement at instrument terminals

1: CJC based on external junctions kept at 0°C/32°F (lce Point)
2: CJC based on external junctions kept at 45°C/113°F (Hot Box)
3: CJC based on external junctions kept at 50°C/122°F (Hot Box)
4: CJC based on independent external measurement

5: CJC switched off

None
Abs Temp °C/°F/°K,
V, mV, A, mA,

PH, mmHg, psi, Bar, mBar, %RH, %, mmWG, inWG, inWW, Ohms, PSIG, %02, PPM,
%C0O2, %CP, %/sec,

RelTemp °C/°F/°K(rel)*,
Vacuum

sec, min, hrs,

* RelTemp (Relative Temperature) may be used when measuring differential
temperatures. It informs the controller not to add or subtract 32 when changing
between °C and °F.
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Sensor Break Value

Fallback

The controller continuously monitors the impedance of a transducer or sensor
connected to any analogue input (including plug in modules). This impedance,
expressed as a percentage of the impedance which causes the sensor break flag to
trip, is a parameter called ‘SBrk Trip Imp’ and is available in the parameter lists
associated with both Standard and Module inputs of an analogue nature.

The table below shows the typical impedance which causes sensor break to trip for
various types of input and high and low ‘SBrk Impedance parameter settings. The
impedance values are only approximate (+25%) as they are not factory calibrated.

PV Input (Also applies to the Analogue Input

module)

mV input (+40mV or +80mV) Volts (+10V)
SBrk Impedance — High ~ 12KQ

SBrk Impedance - Low ~ 3KQ

Volts input (-3V to +10V) and HZ Volts input (-1.5 to 2V)

SBrk Impedance — High ~20KQ
SBrk Impedance - Low ~5KQ

A Fallback strategy may be used to configure the default value for the PV in case of
an error condition. The error may be due an out of range value, a sensor break, lack
of calibration or a saturated input.

The Status parameter would indicate the error condition and could be used to
diagnose the problem.

Fallback has several modes and may be associated with the Fallback PV parameter

The Fallback PV may be used to configure the value assigned to the PV in case of an
error condition. The Fallback parameter should be configured accordingly.

The fallback parameter may be configured so as to force a Good or Bad status when
in operation. This in turn allows the user to choose to override or allow error
conditions to affect the process.

PV Input Scaling

PV input scaling applies to the linear mV input range only. This is set by configuring
the ‘IO Type’ parameter to 40mV, 80mV, mA, Volts or HZVolts. Using an external
burden resistor of 2.490, the controller can be made to accept 4-20mA from a current
source. Scaling of the PV input will match the displayed reading to the electrical input
levels from the transducer. PV input scaling can only be adjusted in configuration
level and is not provided for direct thermocouple, pyrometer or RTD inputs.

The graph below shows an example of input scaling, where it is required to display
75.0 when the input is 4mV and 500.0 when the input is 20mV.

If the input exceeds +5% of the Range Lo or Range Hi settings, sensor break will be
displayed.

For mA inputs
4-20mA = 9.96-49.8mV with 2.49Q load resistor
0-20mA = 0-49.8mV with 2.49Q load resistor

mA input will detect sensor break if mA < 3mA
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Example:

Use a current source to remove shunt resistor errors

Display
Reading

Disp Hi

eg 500.0

Disp Lo
eg 75.0

Electrical Input

Range Lo
(eg 4 mV)

Range Hi
(eg 20 mV)

Figure 30: PV Input Scaling

To Scale a Linear Input:

Do This

The Display You Should See

Additional Notes

1. Select Conf as described in section Access
to Further Parameters. Then press @ to

select ‘PVinput’

2. Press @ to scroll to ‘10 Type’

3. Press @ or Mo ‘mA’, ‘Volts’ or mV

Linearization type and resolution should also
be set as appropriate.

4. Press @ to scroll to ‘Disp HP’
5. Press @ or @ to ‘500.00’

Resolution set to XXXX.X in this example

6. Press @ to scroll to ‘Disp Lo’
7. Press @ or ™ 1o 75.00’

8. Press @ to scroll to ‘Range Hi’
9. Press @ or & to 20.000°

The controller will read 500.0 for a mA input of
20.00

10.Press @ to scroll to ‘Range Lo’
11.Press @ or & to '4.000°

The controller will read 75.0 for a mA input of
4.00

PV Offset

All ranges of the controller have been calibrated against traceable reference
standards. This means that if the input type is changed it is not necessary to calibrate
the controller. There may be occasions, however, when you wish to apply an offset to
the standard calibration to take account of known errors within the process, for
example, a known sensor error or a known error due to the positioning of the sensor.
In these instances it is not advisable to change the reference calibration, but to apply

a user defined offset.

It is also possible to apply a two point offset and this is described in the next section.
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PV Offset applies a single offset over the full display range of the controller and can
be adjusted in Level 3. It has the effect of moving the curve up a down about a central
point as shown in the example below:

Display
Reading pd
s
’
e
% N\
1, // Factory
P calibration
s
s
’
s
7 T Fixed offset
(e.g.2)

Figure 31: PV Offset

Example: To Apply an Offset:

Electrical Input

Connect the input of the controller to the source device which you wish to

calibrate to

Set the source to the desired calibration value

The controller will display the current measurement of the value

If the display is correct, the controller is correctly calibrated and no further action

is necessary. If you wish to offset the reading:-

Do This

The Display You Should See

Additional Notes

1. Select Level 3 or Conf as described in

section Access to Further Parameters.

Then press to select ‘PVinput’

FLT rFLt

2. Press @ to scroll to ‘Offset’

3. Press @ or @D to adjust the offset to the

reading you require

In this case an offset of 2.0 units is applied

Two Point Offset

A two point offset enables the controller display to be offset by different amounts at
the low end of the scale and at the high end of the scale. The basic calibration of the
controller is unaffected but the two point offset provides a compensation for sensor or
inter-connection errors. The diagrams below show that a line is drawn between the
low and high offsets values. Any readings above and below the calibration points will
be an extension of this line. For this reason it is best to calibrate with the two points
as far apart as possible.
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Display Dis
. play
Reading / : .
/ Reading |
High offset //
Factory
calibration \
Factory
calibration
Low offset
——%
I

Electrical Input Electrical Input

Figure 32: Two Point Offsets

Example: To Apply a Two Point Offset:

For this example it is assumed that an input of 0.0 mV produces a reading of 0.0 and
an input of 80.0mV produces a reading of 1000.0.

* Connect the input of the controller to the source device which you wish to
calibrate to

* With the source set to its low output set the ‘Lo Point’ to 0. This defines the low
point at which you wish to calibrate the sensor to the controller. Set ‘Lo Offset’
until the display reads as required.

* With the source set to its high output set the ‘Hi Point’ to 1000. This defines the
high point at which you wish to calibrate the sensor to the controller. Set ‘Hi
Offset’ until the display reads as required.
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Logic Input/Output

There are two logic 10 channels, standard on all controllers, which may be configured
independently as inputs or outputs. Connections are made to terminals LA and LB,
with LC as the common for both. Parameters in the ‘LgclO’ lists allow each IO to be
configured independently under the sub-headers LA and LB.

A WARNING

The two 10 are not isolated from each other since they share a common return.

The logic IO channels can also be used as a transmitter power supply as described in
section Digital 1/0.

To select Logic IO list

Select Level 3 or Configuration level as described in section Access to Further
Parameters.

Then press as many times as necessary until the header ‘LgclO’ is displayed.

Logic IO Parameters

List Header - LgclO Sub-header - LA and LB
Name Parameter Description Value Default Access
@ 1o select Press O or @ to change values Level
10 Type To configure the type of input | Input Logic input Input Conf
or output ContactCI Contact closure input RIOL3
OnOff On off output
Time Prop Time proportioning output
ValvRais Motorised valve position output — raise on LA
See Note only
LA and LB work in a complementary manner in Valve Positioning (VP)
applications. When LA is set to ValvRais LB is automatically set to ValvLowr.
IOType for LB is NOT alterable in VP applications. Configuration settings applied
to LA will be applied to LB automatically.
Summary of parameters which follow ‘10O Type’ for different configurations of
Input or Output:
Input ContactCl OnOff Time Prop ValvRais
Invert Invert Invert Cycle Time
PV PV SbyAct Min OnTime Min OnTime
Meas Val Res’'n SbyAct
PV Disp Hi Meas Val
Disp Lo PV
Range Hi Inertia
Range Lo Backlash
SbyAct Cal State
Meas Val
PV
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Explanation of Logic |0 Parameters:

List Header - LgclO Sub-header - LA and LB
Name Parameter Description Value Default | Access
@ to select Press @ or ® to change values Level
PV When configured as an output, this | 0 to 100 L3
is the desired output value
When configured as an inputthe | 0 to 1 (OnOff)
current state of the digital input is
displayed
Invert Sets the sense of the logic input or | No Non inverted. No Conf
on/off output. Output off (logic 0) when PID demand off. For
Does not apply if the IO Type is control this is when PV>SP.
Time Prop or ValvRais. Output on (logic 1) when PID demand off. For
control this is when PV<SP.
This is the normal setting for control.
Yes Inverted
Output off (logic 0). For an alarm this is when
the alarm is active.
Qutput on (logic 1). For an alarm this is when
the alarm is in-active.
This is the normal setting for alarms.
The next six parameters are only shown when ‘IO Type’ = ‘Time Prop’ outputs
Cycle Time Allows the output to be switched on | Off or 0.01 to | When Off is selected the Min OnTime Off L3
and off within the set time period. | 60.00 seconds | algorithm will run.
See also section | Applies only to an output type When set to any other value the CycleTime
Cycle Time and configured as Time Proportioning. algorithm will run.
Minimum OnTime
Algorithms.
Min OnTime The minimum time (in seconds) Auto If set to Auto the minimum on time will be Auto L3
that the relay is on or off. 0.01 to 150.00 | 110mS.
See also section | Applies only to an output type seconds If the logic is used to control an external relay,
Cycle Time and configured as Time Proportioning Min OnTime should be set to a minimum of
Minimum OnTime | or ValvRais and is only available (say) 10 seconds to prevent the relay from
Algorithms. when ‘Cycle Time’ = Off switching too rapidly.
Res’'n Display resolution. XXXXX No decimal points XXXXX Conf
This sets the number of decimal XXXX.X One decimal point
places displayed by Disp Hi and XXX XX Two decimal points
Disp Lo parameters XX XXX Three decimal points
XXXXX Four decimal points
Disp Hi The maximum displayable reading | 0.000 to These parameters allow high and low limits to | 100.00 L3
100.000 be applied to the output against a set limit of
Disp Lo The minimum displayable reading | 0.000 to the output demand signal from the PID loop. 5 55 L3
100.000 See also section Relay, Logic or Triac
Outputs for further information
Range Hi The maximum (electrical) 0.00 to 100.00 L3
input/output level
Range Lo The minimum (electrical) 0.00 to 100.00 L3
input/output level
SbyAct Standby action. Determines the Off The output will drive to 'electrical low' value | Off Conf
action of an output when the regardless of the 'Invert' parameter. R/O L3
gee alsg section | instrument is in Standby Mode. On The output will drive to 'electrical high' value
utput State regardless of the 'Invert' parameter.
When the
Controller is in Cont The output will assume a status according to
Standby. how it is driven
For motor valve outputs the options are:
Frz Freeze — only shown if the output is
configured for valve position control
Cont Continue - only shown if the output is
configured for valve position control
Meas Val The current value of the output 0 On (unless Invert = Yes) L3 R/O
demand signal 1 Off (unless Invert = Yes)
The following parameters are additional if ‘1O Type’ = ‘ValvRais’
Inertia Set this parameter to match the inertia (if any) of the motor 0.0 t0 9999.9 secs 0.0 L3
Backlash Compensates for any backlash which may be present in the linkages 0.0 t0 9999.9 secs 0.0 L3
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List Header - LgclO

Sub-header - LA and LB

Calibrate a VP
Output.

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Cal State Calibration status Idle L3

See also section | This is only applicable to valve position outputs Raise

Example: To Lower

PV can be wired to the output of a function block. For example if it is used for control
it may be wired to the control loop output (Ch1 Output) as shown in the example in
section Wiring Example.

Output State When the Controller is in Standby

The output strategy of all digital outputs may be defined using ‘SbyAct’. The
strategy depends on the use to which the output is configured, for example, if it is an
alarm it may be required to turn the output on or to continue normal operation when
the controller is in standby. For a control output the strategy may be to turn the output
off when in standby.

There are three possible states:

Off - The output will drive to 'electrical low' value regardless of the 'Invert' parameter.

On - The output will drive to 'electrical high' value regardless of the 'Invert' parameter.

Continue - The output will assume a status according to how it is driven:

If locally wired, the output will continue to be driven by the wire.

If not wired or driven by communications, the output will maintain the last
state written to it.

If not wired but written to by communications, the output will continue to be
controlled by the communications messages. In this case care should be
taken to allow for the loss of communications.

For motor valve outputs the options are:

Freeze - The valve outputs will both stop driving in standby.

Continue - The valve outputs will assume a status according to how they are driven:

If locally wired, the output will continue to be driven by the wire.

If not wired or driven by communications, the output will maintain the last
state written to it

If not wired but written to by communications, the output will continue to be
controlled by the communications messages. In this case care should be
taken to allow for the loss of communications.
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Cycle Time and Minimum OnTime Algorithms

The ‘Cycle Time’ algorithm and the ‘Min OnTime’ algorithm are mutually exclusive
and provide compatibility with existing controller systems. Both algorithms apply to
time proportioning outputs only and are not shown for on/off control. The ‘Min
OnTime’ parameter is only displayed when the ‘Cycle Time’ is set to Off.

A fixed cycle time allows the output to switch on and off within the time period set by
the parameter. For example, for a cycle time of 20 seconds, 25% power demand
would turn the output on for 5 seconds and off for 15 seconds, 50% power demand
would turn the output on and off for 10 seconds, for 75% power demand the output is
on for 15 seconds and off for 5 seconds.

Fixed cycle time may be preferred when driving mechanical devices such as
refrigeration compressors.

The ‘Min OnTime’ algorithm allows a limit to be applied to the switching device so that
it remains on (or off) for a set minimum time. When set to Auto, the minimum pulse
time that can be setis 110ms. A very low power demand is represented by a short on
pulse of 110ms duration followed by a correspondingly long off time. As the power
demand increases the on pulse becomes longer and the off pulse becomes
correspondingly shorter. For a 50% power demand the on and off pulse lengths are
the same (at 220ms on and 220ms off). Setting to Auto is suitable for triac or logic
outputs, not driving a mechanical device.

If the control device is a relay or contactor the minimum on time should be set greater
than 10 seconds (for example) to prolong relay life. By way of illustration, for a setting
of 10 seconds the relay will switch (approximately) as shown in the table below:

Power demand | Relay ON time (seconds) | Relay OFF time (seconds)
10% 10 100

25% 13 39

50% 20 20

75% 39 13

90% 100 10

The Minimum OnTime algorithm is often preferred for control of switching devices
using triac, logic or relay outputs in a temperature control application. It also applies
to valve position outputs - see also section Nudge Raise/Lower.
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Example: To Configure a Time Proportioning Logic Output

Select configuration level as described in section To Select Different Levels of
Access.

Then:

Do This The Display You Should See Additional Notes

1. From any display press until the
‘LgclO’ page is reached

2. Press @ or @ as necessary to select
‘LA’ or ‘LB’

3. Press to scroll to ‘10 Type’
4. Press @ or @ to “Time Prop’

Example: To Calibrate a VP Output

The ‘Cal State’ parameter in this list allows you to fully open or fully close the valve
when it is required to calibrate a feedback potentiometer used with a bounded VP
control.

Do This The Display You Should See Additional Notes

The loop is temporarily disconnected to allow
the valve to drive fully open.

1. From the ‘LgclO’ ‘LA’ page, press to
scroll to ‘Cal State’

2. Press @ or @ to select ‘Raise’

3. Now select the page header which contains the Potentiometer Input module

4. Press to scroll to ‘Cal State’ in the Potentiometer list - section Potentiometer Input.

5. Press @ or @ to select ‘Hi’. Then ‘Confirm’. The controller will automatically calibrate to the potentiometer position. The messages ‘Go’
and ‘Busy’ will be displayed during this time. If successful the message ‘Passed’ will be displayed and if unsuccessful ‘Failed’ will be
displayed. A fail could be due to the potentiometer value being out of range. See also section Potentiometer Input Scaling.

6. Drive the valve fully closed using ‘Lower’ in the ‘LgclO’ page. Then repeat 3, 4 and 5 for the ‘Lo’ calibration point
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Logic Output Scaling

If the output is configured for time proportioning control, it can be scaled such that a
lower and upper level of PID demand signal can limit the operation of the output
value.

By default, the output will be fully off for 0% power demand, fully on for 100% power
demand and equal on/off times at 50% power demand. You can change these limits
to suit the process. It is important to note, however, that these limits are set to safe
values for the process. For example, for a heating process it may be required to
maintain a minimum level of temperature. This can be achieved by applying an offset
at 0% power demand which will maintain the output on for a period of time. Care
must be taken to ensure that this minimum on period does not cause the process to
overheat.

If Range Hi is set to a value <100% the time proportioning output will switch at a rate
depending on the value - it will not switch fully on.

Similarly, if Range Lo is set to a value >0% it will not switch fully off.

PID Demand signal

Disp Hi
eg 100%
Disp Lo
eg 0%
Output state
Range Lo = 0% Range Hi = 100%
Output permanently off Output permanently on
€«

Figure 33: Scaling a Logic Output

Example: To Scale a Proportioning Logic Output

Select level 3 or configuration level as described in section Access to Further
Parameters.

Then:

Do This The Display You Should See Additional Notes

1. From the ‘LgclO’ page, press @ to scroll
to ‘Disp Hi’

2. Press @ or & to set the PID demand
limit. This will normally be 100%

3. Repeat the above for ‘Disp Lo’. This will
normally be set to zero

In this example the output will switch on for 8%
of the time when the PID demand signal is at
0%.

Similarly, it will remain on for 90% of the time
when the demand signal is at 100%

4. Press to scroll to ‘Range Hi’

5. Press @ or @ to set the upper output
limit.

6. Repeat the above for ‘Range Lo’ to set the
lower switching limit
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AA Relay Output

A changeover relay is standard on all 3500 series controllers and is connected to

terminals AA (normally open), AB (common) and AC (normally closed).

Parameters in the ‘RIyAA’ list allow the relay functions to be set up.

To Select AA Relay List

Select Level 3 or Configuration level as described in section Access to Further
Parameters.

Then press @ as many times as necessary until the header ‘RlyAA’ is displayed

AA Relay Parameters

List Header - RlyAA No Sub-headers
Name Parameter Description | Value Default Access
@ to select Press @ or @ to change values Level
10 Type To configure the OnOff On off output Conf
function for the relay Time Prop | Time proportioning output RIOL3
Parameters available if IO Type is configured as Time Proportioning
List Header - RIlyAA No Sub-headers
Name Parameter Description | Value Default Access
@ to select Press @ or @ to change values Level
Cycle Time Allows the outputto be | Off or 0.01 | When Off is selected the Min OnTime algorithm will run. Off L3
switched on and off t0 60.00 When set to any other value the CycleTime algorithm will run.
See also section | within the set time seconds
Cycle Time and | period.
Minimum
OnTime
Algorithms.
Min OnTime The minimum time (in Auto If set to 0 - Auto the minimum on time will be 110mS. Auto L3
Only available |seconds) that the relay |0.01 to For a relay output this should be set greater than, say, 10
when ‘Cycle is on or off. 150.00 seconds to prevent the relay from switching too rapidly.
Time’ = Off seconds
See also section
Cycle Time and
Minimum
OnTime
Algorithms.
Res’n Display resolution. XXXXX No decimal points XXXXX Conf
This sets the number of decimal places | XXXX.X One decimal point
displayed by Disp Hi and Disp Lo XXX XX Two decimal points
parameters XX XXX Three decimal points
XXXXX Four decimal points
Disp Hi The maximum displayable reading 0.000 to 100.000 | These parameters allow high and low 100.00 L3
Disp Lo The minimum displayable reading | 0.000 to 100.000 | iMits tobe applied to the output againsta g 54 3
set limit of the output demand signal from
Range Hi The maximum (electrical) input/output | 0.00 to 100.00 the PID loop. L3
level See also section Relay, Logic or Triac
Range Lo The minimum (electrical) input/output | 0.00 to 100.00 | Output Scaling for further information L3
level
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List Header - RlyAA

No Sub-headers

Name Parameter Description | Value Default Access
@ to select Press @ or @ to change values Level
SbyAct Standby action. Off The output will drive to 'electrical low' value regardless of the | Off Conf
Determines the output 'Invert' parameter. R/O L3
gctlon whep t_hes On The output will drive to 'electrical high' value regardless of the
instrument is in Standby Invert' parameter.
Mode.
See Section Output Cont The output will assume a status according to how it is driven
State When the
Controller is in Standby.
Meas Val Status of the digital 0 On (unless Invert = Yes) L3 R/O
output. 1 Off (unless Invert = Yes)
PV The current (analogue) |0 to 100 L3
value of the output R/O L3
Parameters available if 10 Type is configured as OnOff
List Header - RlyAA No Sub-headers
Name Parameter Description | Value Default Access
@ to select Press @ or @ to change values Level
Invert To change the normal No Relay de-energised when the output demand is off Conf R/O
operating state of the Relay energised when the output demand is on (normal L3
relay. setting if the relay is used for control)
Yes Relay energised when the output demand is off
Relay de-energised when the output demand is on (normal
setting if the relay is used for alarm)
SbyAct Standby action. Off The output will drive to 'electrical low' value regardless of the | Off Conf
Determines the output ‘Invert' parameter. R/O L3
_actlon wher\ t_hes db On The output will drive to 'electrical high' value regardless of the
instrument is in Standby Invert parameter.
Mode.
See Section Output Cont The output will assume a status according to how it is driven
State When the
Controller is in Standby.
Meas Val The current value of the |0 On (unless Invert = Yes) L3 R/O
output demand signal 1 Off (unless Invert = Yes)
PV The current (digital) 0 On L3
value of the output 1 Off R/O L3
PV can be wired to the output of a function block. For example if it is used for control
it may be wired to the control loop output (Ch1 Output) as shown in the example in
section Wiring Example.
If it is used for an alarm it may be wired to the ‘Output’ parameter in an alarm list.
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Example: To Wire the AA Relay to an Alarm

In this example the relay will be made to operate when analogue alarm 1 occurs.

Alarm 1 RIyAA
Output PV

Select configuration level as described in section To Select Different Levels of
Access.

Then:

Do This The Display You Should See Additional Notes

Set ‘|0 Typ’ to ‘OnOff
Set ‘Invert’ to ‘Yes’
This locates the parameter to be wired to

1. From any display press until the
‘RIyAA’ page is reached

2. Press @ to scroll to ‘PV’

=S

3. Press AIMAN to display ‘WireFrom’ If the parameter is already wired the display

shown below is shown

. This selects Alarm 1. The relay can also be
L1 F-=F o wired to operate on one or more alarms.
Aralm This ‘copies’ the parameter to be wired from
5. Press @ or @ to select “1° HA0utFLt.

6. Press @ to scroll to ‘Output’
7. Press AIMAN

4. Press @ (as instructed) as many times
as necessary to select the ‘Alarm’ page

This ‘pastes’ the parameter to ‘PV’

The arrow shown next to the parameter

8. Press @ as instructed to confirm indicates that it has been wired

= =N

To remove a wire see section To Remove a Wire

Relay Output Scaling

If the output is configured for time proportioning control, it can be scaled such that a
lower and upper level of PID demand signal can limit the operation of the output
value.

The procedure for this is the same as logic outputs described in section Logic Output
Scaling.
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Module Configuration

Plug in 1O modules provide additional analogue and digital 10. These modules can be
fitted in any of six slots. The terminal connections for these are given in section
Installation and Operation.

The type and position of any modules fitted in the controller is shown in the order
code printed on the label on the side of the controller. This can be checked against
the order code in section Installation and Operation.

The module part number is printed on the side of the plastic case of the module.

Spare modules can be ordered by contacting Eurotherm support/service where they
can be supplied using a ‘SUB’ number. For reference this is shown in the final column
of the table below.

All modules fitted are identified in the controller under the page heading ‘ModIDs’ and
‘Instrument.Modules’.

Modules are available as single channel, two channel or three channel 10 as listed

below:

Module Instrument Idents Number of | Module Part No. | SUB part

Order Code | Displayed As | Channels number

No module fitted XX No Module
Change over relay R4 COvrRelay 1 AH025408U002 | SUB35/R4
2 pin relay R2 Form A Relay 1 AH025245U002 | SUB35/R2
Dual relay RR DualRelay 2 AH025246U002 | SUB35/RR
Triple logic output TP TriLogic 3 AH025735U002 | SUB35/TP
Isolated single logic output | LO SinLogic 1 AH025735U003 | SUB35/LO
Triac T2 Triac 1 AH025253U002 | SUB35/T2
Dual triac TT DualTriac 2 AH025409U002 | SUB35/TT
DC control D4 DC Output 1 AH025728U003 | SUB35/D4
DC retransmission D6 DCRetran 1 AH025728U002 | SUB35/D6
Analogue input module AM DClnput 1 AH025686U004 | SUB35/AM
Triple logic input TL TriLoglP 3 AH025317U002 | SUB35/TL
Triple contact input TK TriConlP 3 AH025861U002 | SUB35/TK
Potentiometer input VU PotIP 1 AH025864U002 | SUB35/VU
24Vdc transmitter supply | MS TXPSU 1 AH025862U002 | SUB35/MS
5Vdc or 10Vdc Transducer | G3 TransPSU 1 AH026306U002 | SUB35/G3
power supply
Dual DC control output DO DualDCOut 2 AH027249U002 | SUB35/DO

Table 10: /0 Modules

If an incorrect module is fitted (for example, from a 2000 series controller),
‘Bad Ident’ will be displayed.

Parameters for the above modules, such as input/output limits, filter times and
scaling of the 10, can be adjusted in the Module 10 pages
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To Fit a New Module

IO modules can be fitted in any of six slots in the 3504 and any of three slots in 3508
controllers. Communications modules can be fitted in any of two slots. A list of
available 1O modules is given in Table 10: /O Modules. These modules are fitted
simply by sliding them into the relevant position as shown below.

When a module has been changed, the controller will power up with the message
‘I:Error M(X) Changed’ where (X) is the module number. This must be acknowledged

by pressing and (@ together, then logging into configuration level to ensure the
Instrument.Modules Fitted and Expected parameters are matching.

Communications
Module

10 Modules

Figure 34: View of the Plug-in Modules
Module Identification

Press until the list header ‘ModIDs’ is displayed. The type of IO module fitted in
any of the six slots (three if 3508) is shown. The identification of the module fitted is
shown in Table 10: /O Modules.
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Module Types

The tables in the following pages list the parameters available for the different
modules.

Relay, Logic or Triac Outputs

These modules are used to provide an output to a two state output device such as a
contactor, SSR, motorized valve driver, etc.

List Header - Mod Sub-headers: xA (triac, changeover or 2-pin relay);
xA and xC (dual relay, dual triac); xA, xB, xC (triple logic)
x = the number of the slot in which the module is fitted
Name Parameter Description Value Default Access
@ to select Press (® or M to change values Level
Ident Channel type Relay Any relay output L3 R/O
Logic Out Logic output
Triac Triac or dual triac output
10 Type To configure the function of the relay | OnOff On off output Conf R/O
Time Prop Time proportioning output L3
ValvRais Motor valve position raise.
See note below:

Aftriple logic output, a dual relay output or a dual triac output module may be used
for a valve position output. If Valve Raise is configured on channel output A then
Valve Lower is automatically allocated to channel output C. Channel output B
(triple logic output) is only available as an on/off or time proportioning output.
Valve raise/lower is not available on a single isolated logic output.

The following shows a summary of parameters which follow ‘10 Type’ for different
configurations of the Output:

OnOff Time Prop ValvRais

Invert Cycle Time

SbyAct Min OnTime Min OnTime

Meas Val Res’n SbyAct

PV Disp Hi Meas Val
Disp Lo PV
Range Hi Inertia
Range Lo Backlash
SbyAct Cal State
Meas Val
PV

Explanation of Relay, Logic, Triac Output Module Parameters

List Header - Mod

Sub-headers: xA (triac, changeover or 2-pin relay);

xA and xC (dual relay, dual triac); xA, xB, xC (triple logic)

x = the number of the slot in which the module is fitted

Name Parameter Description Value Default | Access
@ to select Press @ or M to change values Level
Invert To change the normal operating state | No Relay de-energised when output demand off Conf R/O
of the relay. and energised when output demand on L3
This only applies if the output is Normal setting if the relay is used for control
configured as OnOff Yes Relay energised when output demand off and
de-energised when output demand on
Normal setting if the relay is used for an alarm
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List Header - Mod

Sub-headers: xA (triac, changeover or 2-pin relay);
xA and xC (dual relay, dual triac); xA, xB, xC (triple logic)
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access
@ to select Press (@ or @ to change values Level
SbyAct Standby action. Determines the Off The output will drive to 'electrical low' value Off Conf
output action when the instrument is regardless of the 'Invert' parameter. R/O L3
zee a{/svc:]OutEut in Standby Mode. On The output will drive to 'electrical high' value
tate en t © regardless of the 'Invert' parameter.
Controller is in
Standby. Cont The output will assume a status according to
how it is driven
For motor valve outputs the options are:
Frz Freeze — only shown if the output is configured
for valve position control
Cont Continue - only shown if the output is
configured for valve position control
Meas Value Current state of the output 0 Off (if ‘Invert’ = ‘No’) L3 R/O
1 On (if ‘Invert’ = ‘No’)

PV Normally wired to the output of a 0 Demand for output to be off (if ‘Invert’ = ‘No’) Conf
function block such as PID outputto Demand for output to be on (if ‘Invert’ = ‘No') R/O L3
control a plant actuator Alterable

if not
wired

The next seven parameters are only shown when ‘10 Type’ = ‘Time Prop’ outputs

Cycle Time Allows the output to be switched on | Off or 0.01 | When Off is selected the Min OnTime Off L3
and off within the set time period. to 60.00 algorithm will run.

See also Cycle Applies only if the output type is Time | seconds When set to any other value the CycleTime

Time and Proportioning. algorithm will run.

Minimum OnTime

Algorithms.

Min OnTime The minimum time (in seconds) that | Auto If set to 0 - Auto the minimum on time will be | Auto L3
the relay is on or off. 0.01to 110mS.

See also Cycle Applies only to an output type 150.00 For a relay output this should be set greater

Time and configured as Time Proportioning and | seconds than, say, 10 seconds to prevent the relay

Minimum OnTime | is only available when ‘Cycle Time’ = from switching too rapidly.

Algorithms. Off

Res’n Display resolution. XXXXX No decimal points XXXXX Conf
This sets the number of decimal XXXX.X One decimal point
places displayed by Disp Hi and Disp | XXX.XX Two decimal points
Lo parameters XX XXX Three decimal points

X XXXX Four decimal points
Disp Hi The maximum displayable reading 0.000 to These parameters allow high and low limits to | 100.00 L3
100.000 be applied to the output against a set limit of
Disp Lo The minimum displayable reading 0.000 to the output demand §|gna| from the PID Ioo.p. 0.00 L3
100.000 See also Relay, Logic or Triac Output Scaling
for further information

Range Hi The maximum (electrical) 0.00 to L3
input/output level 100.00

Range Lo The minimum (electrical) input/output | 0.00 to L3
level 100.00

The following parameters are additional if ‘|O Type’ = ‘ValvRais’

Inertia Set this parameter to match the 0.0 to 9999.9 secs 0.0 L3
inertia (if any) of the motor

Backlash This parameter compensates for any | 0.0 to 9999.9 secs 0.0 L3
backlash which may be presentin the
linkages

Cal State Calibration state Idle See also Calibration Parameters for further L3

Raise details.
lower
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List Header - Mod Sub-headers: xA (triac, changeover or 2-pin relay);
xA and xC (dual relay, dual triac); xA, xB, xC (triple logic)
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access
@ to select Press (@ or @ to change values Level
Status Module status Good (0) - Normal Operation R/O

Channel Off (1) - Channel is configured to be off

Over Range (2) - Input signal is greater than configured high
limit

Under Range (3) - Input signal is less than configured low
limit

Hardware Status Invalid (4) - Input hardware status invalid
Ranging (5) - Input hardware is being ranged i.e. being
set-up as required by the range

configuration

Overflow (6) - Process variable overflow, possibly due to
calculation attempting to add a small

number to a relatively large number

Bad (7) - The process variable is not ok and cannot be relied
upon

Hardware exceeded (8) - The hardware capabilities have
been exceeded at the point of configuration, for example
configuration set to 0 to 40V when input hardware is capable
of up to 12V

No Data (9) - Insufficient input samples to perform
calculation

No Calibration (13) - Calibration data is corrupt or missing
Saturated input (14) - Input hardware is in saturation. This
can occur if PV input, CJC input or RTD lead compensation
input is outside the working range of the hardware

Single Isolated Logic Output

This provides isolation from other IO and should be used, for example, in applications
where the sensor and the output device may be at supply potential. It is only available
as a time proportioning or on/off output.

List Header - Mod Sub-headers: xA
Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Ident Channel type Logic Out | Logic output L3 R/O
10 Type To configure the function of the relay | OnOff On off output ConfR/O
Time Prop | Time proportioning output L3
Invert Sets the sense of the logic output. No Non inverted. Output off (logic 0) when PID Conf R/O
This only applies if the output is demand off. For control this is when PV>SP. L3
configured as OnOff Output on (logic 1) when PID demand off. For
control this is when PV<SP.
This is the normal setting for control.
Yes Inverted. Output off (logic 0). For an alarm this is
when the alarm is active.
Output on (logic 1). For an alarm this is when the
alarm is in-active.
This is the normal setting for alarms.
SbyAct Standby action. Determines the output | Off The output will drive to 'electrical low' value Off Conf
action when the instrument is in regardless of the 'Invert' parameter. R/O L3
ge(te altsgt " Standby Mode. On The output will drive to 'electrical high' value
utput State regardless of the 'Invert' parameter.
When the
Controllerisin Cont The output will assume a status according to
Standby. how it is driven
Meas Value | Current state of the output 0 Off (if ‘Invert’ = ‘No’) L3 R/O
1 On (if ‘Invert’ = ‘No’)
PV Normally wired to the output of a 0 Output off (if ‘Invert’ = ‘No’) Conf
functloln blcl)ck such as PID output to 1 Output on (if ‘Invert’ = ‘No') R/O L3
control a plant actuator Alterable if not wired
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Status Module status Good (0) - Normal Operation R/O
Channel Off (1) - Channel is configured to be off
Over Range (2) - Input signal is greater than configured high
limit
Under Range (3) - Input signal is less than configured low limit
Hardware Status Invalid (4) - Input hardware status invalid
Ranging (5) - Input hardware is being ranged i.e. being set-up
as required by the range
configuration
Overflow (6) - Process variable overflow, possibly due to
calculation attempting to add a small
number to a relatively large number
Bad (7) - The process variable is not ok and cannot be relied
upon
Hardware exceeded (8) - The hardware capabilities have
been exceeded at the point of configuration, for example
configuration set to 0 to 40V when input hardware is capable
of upto 12V
No Data (9) - Insufficient input samples to perform calculation
No Calibration (13) - Calibration data is corrupt or missing
Saturated input (14) - Input hardware is in saturation. This can
occur if PV input, CJC input or RTD lead compensation input
is outside the working range of the hardware
The next six parameters are only shown when ‘10 Type’ = ‘“Time Prop’ outputs
CycleTime To switch the output on and off within | Off or 0.01 | When Off is selected the Min OnTime algorithm | Off L3
See also the set time period. to 60.00 will run.
Cycle Time Applies only to Time Proportioning seconds When set to any value the CycleTime algorithm
and Minimum | outputs. will run.
OnTime
Algorithms.
Min OnTime | The minimum time (in seconds) thatthe | Auto If set to Auto the minimum on time will be Auto L3
logic output is on or off. 0.01to 110mS.
See also Applies only to Time Proportioning 150.00 If the logic is used to control an external relay,
Cycle Time outputs and is only available when seconds Min OnTime should be set to a minimum of (say)
and Minimum | ‘Cycle Time’ = Off 10 seconds to prevent the relay from switching
OnTime too rapidly.
Algorithms.
Res’n Display resolution. XXXXX No decimal points XXXXX Conf
This sets the number of decimal places | XXXX.X One decimal point
displayed by Disp Hi and Disp Lo XXX XX Two decimal points
parameters XX XXX Three decimal points
XXXXX Four decimal points
Disp Hi/Lo Maximum/minimum output demand 0.00 to These parameters allow high and low limits to be | 100.00 L3
signal 100.00 applied to the output against a set limit of the
Range HilLo | Electrical output high/low 0.00to | outputdemand signal from the PID loop. L3
100.00 See also Relay, Logic or Triac Output Scaling.
Meas Value | The current status of the digital output. | 0 On (unless Invert = Yes) L3
1 Off (unless Invert = Yes) R/O L3
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DC Control, Dual DC Control, or DC Retransmission Output

The DC output module is used as a control output to interface with an analogue
actuator such as valve driver or thyristor unit. The dual DC control output uses two
channels xA and xC.

The DC retransmission module is used to provide an analogue output signal
proportional to the value which is being measured. It may be used for chart recording
or retransmit a signal to another controller. This function is often performed through
digital communications where greater accuracy is required.

List Header - Mod Sub-headers: xA (DC Control and DC Retransmission)

xA and xC (Dual DC Control)
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Ident Channel type DC Out DC Output (single or dual output) L3 R/O
DCRetran DC retransmission
10 Type To configure the output drive Volts Volts dc As order Conf L3
signal Set the 10 Type to ‘Volts’ to use the Dual DC | code R/O
Output as a transducer power supply.
mA milli-amps dc
Res’n Display resolution XXXXX to No decimal points to four decimal points Conf
XXXXX
Disp Hi Display high reading -99999 to 99999 decimal points depend on resolution 100 L3
: : : HHHHH = out of high range
Disp L Display | d 0 L3
spLe Ispiay fow reading LLLLL = out of low range
Range Hi Electrical high input level 0to 10 10 L3
Range Lo Electrical low input level 0 L3
Meas Value The current output value R/O
PV L3
Cal State Calibration state Idle Non calibrating state Idle Conf
Lo Select calibration of the low position
Hi Select calibration of the high position
Confirm Confirm the position to calibrate
Go Start calibration
Abort Abort calibration
Busy Controller automatically calibrating
Passed Calibration OK
Failed Calibration bad
Accept To store the new values
The above 8 parameters are not available on Dual DC Output module when IO Type is set to Volts.
Status Working condition of the module | Good (0) - Normal Operation R/O

Channel Off (1) - Channel is configured to be off

Over Range (2) - Input signal is greater than configured high
limit

Under Range (3) - Input signal is less than configured low limit
Hardware Status Invalid (4) - Input hardware status invalid
Ranging (5) - Input hardware is being ranged i.e. being set-up
as required by the range

configuration

Overflow (6) - Process variable overflow, possibly due to
calculation attempting to add a small

number to a relatively large number

Bad (7) - The process variable is not ok and cannot be relied
upon

Hardware exceeded (8) - The hardware capabilities have been
exceeded at the point of configuration, for example
configuration set to 0 to 40V when input hardware is capable of
up to 12V

No Data (9) - Insufficient input samples to perform calculation
No Calibration (13) - Calibration data is corrupt or missing
Saturated input (14) - Input hardware is in saturation. This can
occur if PV input, CJC input or RTD lead compensation input is
outside the working range of the hardware
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Analogue Input

The analogue input module provides additional analogue inputs for multi-loop
controllers or other multi input measurements.

List Header - Mod

Sub-headers: xA
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default | Access
@ to select Press & or @ to change values Level
Ident Channel type Analog IP L3 R/O
10 Type PV input type Selects input linearization | ThermoCpl Thermocouple Conf
and range RTD Platinum resistance thermometer L3R/O
Log10 Logarithmic
Hizv High impedance voltage input (typically
used for zirconia probe)
\% Voltage
mA milli amps
80mV 80 milli volts
40mvV 40 milli volts
Pyrometer Pyrometer
Lin Type Input linearization See Input Types and Ranges L3 R/O
Units Controller units See Display Units Conf
Res’n Resolution XXXXX to No decimal points to four decimal points Conf
XXXXX
CJC Type To select the cold junction compensation | Internal See description in section CJC Type. for | Internal Conf
method 0°C further details
45°C
50°C
External
Off
SBrk Type Sensor break type Low Sensor break will be detected when its Conf
impedance is greater than a ‘low’ value
High Sensor break will be detected when its
impedance is greater than a ‘high’ value
Off No sensor break
SBrk Alarm Sets the alarm action when a sensor ManLatch Manual latching See also Alarms L3
break condition is detected NonlLatch No latching
Off No sensor break alarm
SBrk Out Status of the sensor break alarm Off or On L3
AlarmAck Sensor Break Alarm Acknowledge No L1
Yes
Disp Hi Display reading high See Analogue L3
: P - Input Scaling
Disp Lo Display reading lo L3
'SP ISplay reading fow and Offset
Range Hi Input high value L3
Range Lo Input low value L3
Fallback Configures the default value in case of an | Downscale Same as PV input Conf
erroneous condition. The error may be Upscale
due an out of range value, a sensor
break, lack of calibration or a saturated | Fall Good
input. Fall Bad
The Status parameter would indicate the -
error condition and could be used to Clip Good
diagnose the problem. Clip Bad
Fallback has several modes and may be
associated with the Fallback PV
parameter.
Fallback PV To set the value of PV during a sensor break Instrument range Conf
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List Header - Mod

Sub-headers: xA
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access
@ to select Press D or W to change values Level
Filter Time Input filter time. Off to 500:00 (m:ss.s) (hh:mm:ss) or 0:00.4 L3
An input filter provides damping of the input signal. This | (hh:mm)
may be necessary to prevent the effects of excessive
noise on the PV input.
Emiss Emissivity. This parameter only appears if the input is Off 0.1t0 1.0 1.0 L3
configured for Pyrometer. It is used to compensate for the
different reflectivity produced by different type of surface
Meas Value The current electrical value of the PV input L3 R/O
PV The current value of the PV input in engineering units Instrument range L3 R/O
Offset Single offset value applied to the input Instrument range L3
Lo Point Allows a two point offset to be applied to the controller to | Instrument range L3
Lo Offset compensate for sensor or connection errors between
I sensor and the input to the controller.
Hi Point See Two Point Offset for further details
Hi Offset
CJC Temp Reads the temperature of the rear terminals at the Conf R/O
thermocouple connection
SBrk Value Used for diagnostics only, and displays the sensor break L3 R/O
trip value.
Lead Res The measured lead resistance on the RTD L3 R/O
Cal State Calibration state Idle Non calibrating state Conf
Lo Select low point calibration
Hi Select high point calibration
Confirm Confirm the position to calibrate
Go Start calibration
Abort Abort calibration
Busy Automatically calibrating
Passed Calibration OK
Failed Calibration bad
Accept To store the new values
Status The current status for the channel. Good (0) - Normal Operation L3 R/O
Channel Off (1) - Channel is configured to be off
Over Range (2) - Input signal is greater than configured
high limit
Under Range (3) - Input signal is less than configured low
limit
Hardware Status Invalid (4) - Input hardware status invalid
Ranging (5) - Input hardware is being ranged i.e. being
set-up as required by the range
configuration
Overflow (6) - Process variable overflow, possibly due to
calculation attempting to add a small
number to a relatively large number
Bad (7) - The process variable is not ok and cannot be
relied upon
Hardware exceeded (8) - The hardware capabilities have
been exceeded at the point of configuration, for example
configuration set to 0 to 40V when input hardware is
capable of up to 12V
No Data (9) - Insufficient input samples to perform
calculation
No Calibration (13) - Calibration data is corrupt or missing
Saturated input (14) - Input hardware is in saturation. This
can occur if PV input, CJC input or RTD lead
compensation input is outside the working range of the
hardware
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Input Types and Ranges

Input Type Min Range | Max Range | Units Min Range Max Units
Range
J Thermocouple type J -210 1200 °C -346 2192 OF
K Thermocouple type K -200 1372 °c -328 2502 °F
L Thermocouple type L -200 900 °C -328 1652 OF
R Thermocouple type R -50 1700 °C -58 3092 OF
B Thermocouple type B 0 1820 °c 32 3308 °F
N Thermocouple type N -200 1300 °C -328 2372 OF
T Thermocouple type T -200 400 °C -328 752 OF
S Thermocouple type S -50 1768 °c -58 3214 °F
PL2 Thermocouple Platinel Il 0 1369 °C 32 2496 °F
C Thermocouple type C 1650 2315 °C 3000 4200 OF
PT100 Pt100 resistance thermometer -200 850 °c -328 1562 °F
Linear mV or mA linear input -10.00 80.00
SgRoot Square root
Custom Customised linearization tables

Display Units

None

Abs Temp oC/oF/oK,

V, mV, A, mA,

PH, mmHg, psi, Bar, mBar, %RH, %, mmWG, inWG, inWW, Ohms, PSIG, %02, PPM,
%C02, %CP, %l/sec,

RelTemp oC/oF/oK(rel),

Custom 1, Custom 2, Custom 3

sec, min, hrs,

Triple Logic Input and Triple Contact Input

This module may be used to provide additional logic inputs.

List Header - Mod

Sub-headers: xA, xB, xC
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default |Access
@ to select Press D or ®to change values Level
Ident Channel type Logic In Logic input or contact input L3 R/O
10 Type Function of the module Input L3 R/O
PV State of the measured input 0 Demand for output to be off Conf

1 Demand for output to be on R/O L3
Status Module status OK Normal operation R/O

See Relay, Logic
or Triac Outputs

Potentiometer Input

This module may be connected to a feedback potentiometer fitted to a motorized
valve driver, or to provide a measured value from any other potentiometer input
between 100Q2 and 15KQ. The excitation voltage is 0.5Vdc.
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List Header - Mod Sub-headers: xA
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access

@ to select Press D or W to change values Level

Ident Channel type Pot Input Potentiometer input L3 R/O

Units Engineering units. None Conf

Res’n Display resolution XXXXX to No decimal points to four decimal points Conf

XXXXX

SBrk type Allows one of three strategies to be Low Sensor break will be detected when its Conf
configured if potentiometer break is impedance is greater than a ‘low’ value
indicated. Same as analogue input High Sensor break will be detected when its Conf

impedance is greater than a ‘high’ value
Off No sensor break Conf

SBrk Alarm To configure the alarm action should | Off No sensor break alarm L3
the potentiometer become NonLatch Non latching sensor break alarm
disconnected ManLatch Manual latching sensor break alarm

Fallback Condition to be adopted if the ‘Status’ | Clip Bad Conf
parameter = OK Clip Good

Fall Bad
Fall Good
Upscale
DownScale

Fallback PV -99999 to 99999 Conf

Filter Time To adjust the input filter time constant | Off or 0:00.1 to 500:00 0:00:04 L3
to reduce the effect of noise on the
input signal

Meas Value The current value in engineering units L3 R/O

PV Requested output/current input signal L3 R/O
level (after linearization where
applicable).

SBrk Value Used for diagnostics only, and displays L3 R/O
the sensor break trip value.

Cal State This parameter allows the controller to | Idle Non calibrating state Idle Conf
be Ca"_b'fated agal_n_st the maximum Lo Select calibration of the low position L3 R/O
and minimum positions of the
potentiometer. Hi Select calibration of the high position
Adjust the pot to minimum position, Confirm Confirm the position to calibrate
select ‘Lo’ followed by ‘Confirm’. The —
controller will automatically calibrate to | G© Start calibration
this position. Abort Calibration stopped
Repegt fo‘r t.r,] & maximum position and Busy Controller automatically calibrating
selecting ‘Hi'.

If the potentiometer is part of the valve | Passed Calibration OK
positioning motor it may be difficult to Failed Calibration bad
adjust the pot position. In this case :
refer back to section Example: To Accept To start using the new values
Calibrate a VP Output. Save User | To store the new values to EE memory
(For User calibration)
Save Fact To store the new values to EE memory
(For Factory calibration: password protected)
Load Fact Load factory calibration (Save User required
for permanent use of Factory calibration).

Status Working condition of the module OK Potentiometer input broken R/O

See Relay, Sbreak

Logic or Triac

Outputs
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Transmitter Power Supply

This module may be used to provide 24Vdc to power an external transmitter.

List Header - Mod

Sub-headers: xA, xB, xC
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default | Access
@ to select Press @ or @ to change values Level
Ident Channel type TxPSU Transducer power supply L3 R/O
Status Module status OK Normal operation R/O

See Relay, Logic or

Triac Outputs

Transducer Power Supply

The transducer power supply may be used to power an external transducer which

requires an excitation voltage of 5Vdc or 10Vdc. It contains an internal shunt resistor
for use when calibrating the transducer. The value of this resistor is 30.1KQ +0.25%
when calibrating a 3502 bridge.

List Header - PV Input

Sub-headers: xA
x = the number of the slot in which the module is fitted

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Ident Channel type TransPSU | Transducer power supply R/O
Meas Value The current output value R/O
PV Requested output/current input signal
level (after linearization where
applicable).
Normally wired
Status The current status for the channel. OK Normal operation R/O
See Relay,
Logic or Triac
Outputs
Shunt External Select external calibration resistor External | Conf
Internal Select internal calibration resistor 30.1KQ
Voltage To select the output voltage 10 Volts 10 Volts Conf
5 Volts 5 Volts

Module Scaling

The controller is calibrated for life against known reference standards during
manufacture, but user scaling allows you to offset the ‘permanent’ factory calibration

to either:

1. Scale the controller to your reference standards

2. Match the calibration of the controller to an individual transducer or sensor

3. To compensate for known offsets in process measurements

Analogue Input Scaling and Offset

Scaling of the analogue input uses the same procedure as described for the PV Input
(Process Input) and applies to linear process inputs only, eg linearised transducers,
where it is necessary to match the displayed reading to the electrical input levels from
the transducer. PV input scaling is not provided for direct thermocouple or RTD

inputs.

Figure 35 shows an example of input scaling. where an electrical input of 4-20mA
requires the display to read 2.5 to 200.0 units.
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Offset has the effect of moving the whole curve, shown in Figure 10-2, up or down
about a central point. The ‘Offset’ parameter is found in the ‘Mod’ page under the
number of the slot position in which the Analogue Input module is fitted.

Display

Reading .

//

Display Hi v Offset (negative)
eg 200.0 Y e
% )
7 /s
7 4
¥,/
Offset (positive) // ///
/ T /
/s
/ //
7 /
// 7
Display Lo / ,/
eg 2.5 v //
4 7/
P Electrical Input
Range Lo eg 4 mA Range Hi eg 20 mA

Figure 35: Input Scaling (Standard 10)

To scale a mA analogue input as shown in the above example (also applies to V or
mV input types):

1. Select Conf as described in section Access to Further Parameters. Then

press (@) to select the page header in which the analogue input module is
fitted

Press @ to scroll to ‘Disp Hi’. Then press & or & to 200.0’
Press (@) to scroll to ‘Disp Lo’. Then press & or (™ to ‘2.5’
Press (@ to scroll to ‘Range Hi’. Then press @ or (& to ‘20.0’
Press (@ to scroll to ‘Range Lo’. Then Press @ or (® to ‘4.00

o o A~ W DN

Press (@ to scroll to ‘Offset’. Then Press @ or (® to adjust the offset
in a positive or negative direction as required

Two Point Offset

A two point offset applies to Analogue Input Modules in the same way as the PV
Input. The procedure is described in section Two Point Offset.

Relay, Logic or Triac Output Scaling

If the output is configured for time proportioning control, it can be scaled such that a
lower and upper level of PID demand signal can limit the operation of the output
value.

By default, the output will be fully off for 0% power demand, fully on for 100% power
demand and equal on/off times at 50% power demand. You can change these limits
to suit the process. It is important to note, however, that these limits are set to safe
values for the process. For example, for a heating process it may be required to
maintain a minimum level of temperature. This can be achieved by applying an offset
at 0% power demand which will maintain the output on for a period of time. Care
must be taken to ensure that this minimum on period does not cause the process to
overheat.
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If Range Hi is set to a value <100% the time proportioning output will switch at a rate
depending on the value - it will not switch fully on.

Similarly, if Range Lo is set to a value >0% it will not switch fully off.

PID Demand

signal
Disp Hi
eg 100%
Disp Lo
eg 0%

Output state
Range Lo = 0% Range Hi = 100%
Output permanently off Output permanently on
€« >

Figure 36: Time Proportioning Output

The procedure for adjusting these parameters is the same as that given in the
previous section.

Analogue Output Scaling

Analogue control or retransmission outputs are scaled in exactly the same way as
above except that Range Lo and Hi corresponds to the electrical output (0 to 10V, 4
to 20mA, etc). For an analogue retransmission output Disp Lo and Hi correspond to
the reading on the display and for an analogue control output Disp Lo and Hi
corresponds to the PID demand output signal from the control block.

Potentiometer Input Scaling

When using the controller in bounded valve position mode, it is necessary to calibrate
the feedback potentiometer to correctly read the position of the valve. The minimum
position of the potentiometer corresponds to a measured value reading of 0 and the
maximum position corresponds to 100. This may be carried out in Access level 3:

1. Adjust the potentiometer for the minimum required position. This may not
necessarily be on the end stop.

2. Press @ to scroll to ‘Cal State’. Then press @ or ® to ‘Lo’ and ‘Confirm’.
The display will show ‘Go’ followed by ‘Busy’ while the controller automatically
calibrates to the minimum position. When complete ‘Passed’ should be
displayed. If ‘Failed’ is displayed this may indicate that the potentiometer is
outside the range of the input.

3. Adjust the potentiometer for the maximum required position. This may not
necessarily be on the end stop.

4. Repeat 2 above for the ‘Hi’ position.

5. The controller will now use these values until it is powered down. If it required to

store these values, which is the usual case, press @ or (® to ’Accept’. The
controller will store these values for future use.
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IO Expander

The 10 Expander is an external unit which can be used in conjunction with the 3500
series controllers to allow the number of digital 10 points to be increased. There are
two versions:-

10 Inputs and 10 Outputs
20 Inputs and 20 Outputs

Each input is fully isolated and voltage or current driven. Each output is also fully
isolated consisting of four changeover contacts and six normally open contacts in the
10 10 version and four changeover and sixteen normally open contacts in the 20 10
version.

Data transfer is performed serially via an |0 Expander module which is fitted in the J
serial communications slot. This module is identified as ‘IOExp’ in the ‘Comms’ ‘J’
parameter list (see section Digital Communications). It should be noted that, when
this module is fitted in the J comms slot the remaining parameters in the ‘Comms’ ‘J’
list are not used.

U 10/20 Inputs

JF E1

JE E2

10 Expander
3508 or 3504
Controller

U 10/20 Outputs
(Relays)

It is recommended that a cable length of 10 metres is not exceeded, however, no
shielding or twisted pair cable is required.

Figure 37: 10 Expander Data Transfer

Wiring connections and further details of the |10 Expander are given in the 10
Expander Handbook, Part No. HA026893.

When this unit is connected to the controller it is necessary to set up parameters to
determine its operation. These parameters can be set up in Level 3 or configuration
level.
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To Configure the 10 Expander

Do This

The Display You Should See

Additional Notes

1. From any display press until the
‘lIOExp’ page is reached

2. Press @ to scroll to ‘“Type’
3. Press @ or @ to select “10In100ut’

This configured an 10 Expander for 10 inputs
and 10 outputs.
A further choice is 20In200ut

Remaining parameters in the Analogue Operators list are accessed and adjusted in the same way.

The list of parameters available is shown in the following table U

10 Expander Parameters

List Header: IOExp | Sub-headers: None
Parameter Name Parameter Description Value Default Access Level
Expander Type Expander type None None Conf
10In 100ut 10 inputs 10 outputs
20In 200ut 20 inputs 20 outputs
Status 10 Expander status Good OK L3 R/O
COMM FAIL No communications
In1-10 Status of the first 10 digital inputs O = Off L3 R/O
0000000000 to ENEEEEEEEE H=0n
In 11-20 Status of the second 10 digital inputs O = Off L3 R/O
0000000000 to ENEEEEEEEE H=0n
Out21-30 Status of the first 10 digital outputs. O = Off L3
Press U to select outputs in turn. The flashing |® = On
underlined output can be changed using ¥
buttons.
$ 0000000000 to SHEENEENEEEN
Out31-40 Status of the second 10 digital outputs. O = Off L3
Press U to select outputs in turn. The flashing |® = On
underlined output can be changed using ¥
buttons. $ DODOOOOOOOO to
S EEEEEEEEEN
Inv21-30 To change the sense of the first 10 outputs. | O = direct L3
H = Inverted
Inv31-40 To change the sense of the second 10 O = direct L3
outputs. W = Inverted
In1 to In 20 State of each configured input Oor1 These are normally wired to a L3
digital source. If not wired they
can be changed here
Out21 to Out 40 State of each configured output Oor1 Off or On L3
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Alarms

Alarms are used to alert an operator when a pre-set level has been exceeded.

They are indicated by a message in the message centre and the red ALM beacon as
described in section Alarm Indication. They may also switch an output— usually a
relay (see section Alarm Relay Output) — to allow external devices to be operated
when an alarm occurs.

Alarms can be divided into three main types. These are:

* Analog alarms - operate by monitoring an analog variable such as the process
variable and comparing it with a set threshold.

* Digital alarms — operate when the state of a boolean variable changes, for
example, sensor break.

* Rate of Change alarms - operate when the rate at which the input increases
(Rising Rate of Change) or decreases (Falling Rate of Change) at a rate that
exceeds the maximum rate of change (per change time). The alarms remain
active until the rising or falling rate of the input is below the configured rate of
change.

Number of Alarms - up to 16 alarms may be configured.

Further Alarm Definitions

Hysteresis is the difference between the point at which the alarm
switches ‘ON’ and the point at which it switches ‘OFF’. Itis
used to provide a definite indication of the alarm condition
and to minimize alarm relay chatter.

Latch used to hold the alarm condition once an alarm has been
detected. It may be configured as:

None (Non latching)

A non-latching alarm will reset itself when the alarm
condition is removed.

Auto (Automatic)

An auto-latching alarm requires acknowledgement before
it is reset. The acknowledgement can occur BEFORE the
condition causing the alarm is removed.

Manual

The alarm continues to be active until both the alarm
condition is removed AND the alarm is acknowledged. The
acknowledgement can only occur AFTER the condition
causing the alarm is removed.

Event
Alarm output will activate.

Block The alarm may be masked during start up. Blocking
inhibits the alarm from being activated until the process
has first achieved a steady state. Itis used, for example, to
ignore start up conditions which are not representative of
running conditions. A blocking alarm is not re-initiated after
a setpoint change.

Delay A short time can be set for each alarm before the output
goes into the alarm state. The alarm is still detected as
soon as it occurs, but if it cancels before the end of the
delay period then no output is triggered. The timer for the
delay is then reset. It is also reset if an alarm is changed
from being inhibited to uninhibited.
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Note: Setting a new alarm threshold causes an action depending on the latching

setting:
[ ]

If latching then the

If no latching then the alarm condition is re-evaluated and may change

alarm condition persists until acknowledged

Blocking starts after acknowledgement for latching alarms and after setpoint

write for non latching

Analog Alarms

Analog alarms operate on variables such as PV, output levels, and so on. They can
be soft wired to these variables to suit the process.

Analog Alarm Types
Absolute High

Absolute Low
Deviation High

Deviation Low

Deviation Band

an alarm occurs when the PV exceeds a set high
threshold.

an alarm occurs when the PV exceeds a set low threshold.
an alarm occurs when the PV is higher than the setpoint by
a set threshold.

an alarm occurs when the PV is lower than the setpoint by
a set threshold.

an alarm occurs when the PV is higher or lower than the
setpoint by a set threshold.

These are shown graphically below for changes in PV plotted against time.

(Hysteresis set to zero).

Alarm Type

Abs High
Dev High

-~ Process Variable (PV)

Setpoint (SP)

Dev Low

Abs Low

Output State
Abs Low

Dev Low

Dev High

Dev Bnd on

Abs High

Figure 38 Analog Alarm Types
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Digital Alarms

Digital alarms operate on Boolean variables. They can be soft wired to any suitable
Boolean parameter such as digital inputs or outputs.

Digital Alarm Types
Pos Edge

Neg Edge
Edge
High

Low

Rate of Change Alarms

The alarm will trigger when the input changes from a low
to high condition.

The alarm will trigger when the input changes from a high
to low condition.

The alarm will trigger on any change of state of the input
signal.

The alarm will trigger when the input signal is high.
The alarm will trigger when the input signal is low.

Rate of Change alarms operate on the rate at which the input increases or decreases
with respect to the configured maximum rate of change (per change time). They are
either rising or Falling Rate of Change alarms.

Rising Rate of Change

The Rising Rate of Change alarm sets the alarm active when the rate at which the
input increases exceeds the configured maximum rate of change (per change time).
It will remain active until the rising rate of the input falls below the configured rate of

change.

PV

More than the
configured ratle
of change

N

Falling rate of
change has no
effect

Less than the
configured rate
of change

N

“+— Process value (PV)

Active
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Falling Rate of Change

The Falling Rate of Change alarm sets the alarm active when the rate at which the
input decreases exceeds the configured maximum rate of change (per change time).
It will remain active until the falling rate of the input falls below the configured rate of

change.

PV

Alarm Relay Output

”

configured
rate of
change

Less than the

More than the
configured rate
of change

¥

< Rising rate of change
has no effect

<— Process value (PV)

Alarm active

Alarms can operate a specific output (usually a relay). Any individual alarm can
operate an individual output or any combination of alarms, up to four, can operate an
individual output. They are either supplied pre-configured in accordance with the
ordering code or set up in configuration level.

Each source may be
chosen from:

Analogue Alarms 1 to 8

No

Digital Alarms 1 to 8
All alarms

Any new alarm
Loop break alarm

==

‘ —

Invert \.—> Output
Yes

Figure 39 Attaching an Alarm to Operate an Output
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How Alarms are Indicated

* ALM beacon flashing red = a new alarm (unacknowledged)

* This is accompanied by an alarm message. A typical default message will show
the source of the alarm followed by the type of alarm. For example, ‘AnAlm 1’ is
the default message for analogue alarm 1.

* Using Eurotherm iTools configuration package, it is also possible to download
customised alarm messages. An example might be, ‘Process Too Hot’ for an
analogue alarm or ‘Vent open’ for a digital alarm (see See iTools integrated
Online Help for further details).

* If more than one alarm is present they are listed in the AImSmry’ (Alarm
Summary) page.

ALM beacon on continuously = alarm has been acknowledged

Further details of alarm indication are shown in section Alarm Indication.

To Acknowledge an Alarm
Press (@ and (@ (Ack) together as instructed on the
display.

The action, which now takes place, will depend on the
type of latching, which has been configured.

Non Latched Alarms

As stated above, when an alarm condition occurs a red flashing alarm beacon is
displayed accompanied by an alarm message. If a relay has been configured to
operate when this alarm occurs (as shown in section Alarm Relay Output) the relay
will relax to the alarm condition (this is the default state for alarm relay outputs). This
state will continue for as long as the alarm condition remains.

If the alarm condition disappears before it has been acknowledged all indication will
be cancelled and the alarm output relay will reset to the energised non-alarm state.

If the alarm condition is present when the alarm is acknowledged, the red alarm
beacon will continuously light, the alarm message will disappear and the output relay
will remain in the alarm condition. If the alarm condition is then removed both the red
beacon and the relay output will reset.

If the ‘Invert’ parameter found in the Output List is set to ‘No’ the relay will energise
in alarm and be in the de-energised state when no alarm is present. The default
setting is ‘Yes’.

Automatic Latched Alarms

The alarm continues to be active until both the alarm condition is removed AND the
alarm is acknowledged. The acknowledgement can occur BEFORE the condition
causing the alarm is removed.

Manual Latched Alarms

The alarm continues to be active until both the alarm condition is removed AND the
alarm is acknowledged. The acknowledgement can only occur AFTER the condition
causing the alarm is removed.
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Alarm Parameters

Four groups of eight alarms are available. The following table shows the parameters

to set up and configure alarms.

Block: Alarm Sub-blocks: 1 to 16
Name Parameter Description Value Default Access Level
Type Selects the type of alarm 0 Off Alarm not configured Off (0) Conf
1 Abs Hi Full Scale High
2 Abs Lo Full Scale Low
3 Dev Hi Deviation High
4 Dev Lo Deviation Low
5 DevBnd Deviation Band
6 RRoC Rising Rate of Change
7 FRoC Falling Rate of Change
8 DigHi Digital High (1)
9 DigLo Digital Low (0)
10 DigPosEdge On rising edge
11 DigNegEdge On falling edge
12 DigEdge On change
13 AbsHiLo Full Scale High or Low
In This is the parameter that will be monitored Oto1 Oper
and checked according to the AlarmType to
see if an alarm condition has occurred.
Out The output indicates whether the alarm is on | Off Alarm output Read Only
or off depending on the alarm condition, deactivated
Iatchlpg and acknowledge, inhibiting and On Alarm output activated
blocking.
Inhibit Inhibit is an input to the Alarm function. It No Alarm not inhibited Oper
allows the alarm to be switched OFF. Yes Inhibit function active
Typically the Inhibit is connected to a digital
input or event so that during a phase of the
process alarms do not activate. For Example,
if the door to a furnace is opened the alarms
may be inhibited until the door is closed
again.
Latch Determine the type of latching the alarm will | None No latching is used Oper
use, if any. Auto latching allows Auto Automatic
acknowledgement while the alarm condition is
still active, whereas manual latching needs Manual Manual
the condition to leave the alarm state before | Eyent Event
the alarm can be acknowledged.
See also the description at the beginning of
this chapter.
Ack Used in conjunction with the latching No Not acknowledged Oper
parameter. Itis set when the user responds to | veg Acknowledged
an alarm.
Block Alarm Blocking is used to inhibit alarms from | No No blocking Oper
activating during start-up. In some Yes Blocking
applications, the measurement at start-up is
in an alarm condition until the system has
come under control. Blocking causes the
alarms to be ignored until the system is under
control, after this any deviations trigger the
alarm.
Delay This is a small delay between sensing the 0:00.0 to 500 0:00.0 Oper
alarm condition and displaying it. If in the time | j;m:ss s
between the two, the cause of the alarm is hh-mm:
removed, then no alarm is shown and the "mm:ss
delay timer is reset. It can be used on hhh:mm
systems that are prone to electrical noise.
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Example: To Configure Alarm 1

Enter configuration level as described.

Then:

Do This

The Display You Should See

Additional Notes

Press @ as many times as
necessary to select ‘Alarm’

Up to 8 alarms can be selected using & or (O

2 Press @ to select ‘Type’ Alarm Type choices are:-
None Alarm not configured
3. Press ) or (O to select the Abs Hi  Full Scale High
required alarm type Abs Lo  Full Scale Low
Dev Hi Deviation High
Dev Lo Deviation Low
DvBnd Deviation Band
4. Press @ to select ‘Threshold This is the alarm threshold setting for.
In this example, the high alarm will be detected when
5. Press (& or (@ to set the alarm trip the measured value exceeds 100.00.
level The current measured value is 50.00 as measured
by the ‘Input’ parameter. This parameter will
normally be wired to an internal source such as the
PV.
6. Press @ to select ‘Hyst’ In this example, the alarm will cancel when the
measured value decreases 2 units below the trip
7. Press () or (O to set the hysteresis level (at 98 units)

Continue to select parameters using (&) and setting their values using @ or (&
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BCD Input

BCD Parameters

The Binary Coded Decimal (BCD) input function block uses a number of digital inputs
and combines them to make a numeric value. A very common use for this feature is
to select a setpoint program number from panel mounted BCD decade switches.

The block uses 4 bits to generate a single digit.
Two groups of four bits are used to generate a two digit value (0 to 99)
The block outputs four results

1. Units Value: The BCD value taken from the first four bits (range 0 — 9)
2. Tens Value: The BCD value taken from the second four bits (range 0 — 9)
3. BCD Value: The combined BCD value taken from all 8 bits (range 0 — 99)

The following table shows how the input bits combine to make the output values.

Input 1

Input 2

Units value (0 - 9)
Input 3 BCD value (0 — 99)

Input 4

Input 5

Input 6
npu Tens value (0 - 9)

Input 7

Input 8

Since the inputs cannot all be guaranteed to change simultaneously, the output will
only update after the specified Settle Time has elapsed.

List Header - BCDIn Sub-headers: 1 and 2
Name Parameter Description Value Default Access
@ to select Press (@) or () to change values Level
In1 Digital Input 1 On or Off Alterable from the operator | Off L3
In2 Digital Input 2 On or Off interface if not wired Off L3
In3 Digital Input 3 On or Off Off L3
In4 Digital Input 4 On or Off Off L3
In5 Digital Input 5 On or Off Off L3
In6 Digital Input 6 On or Off Off L3
In7 Digital Input 7 On or Off Off L3
In8 Digital Input 8 On or Off Off L3
BCD Value Reads the value (in BCD) of the |0 —99 See examples below
switch as it appears on the digital
inputs
BcdSettleTime Time to wait between inputs 0.0-10.0 1.0 Conf
changing and updating the BCD
Value parameter
In1 In 2 In3 In4 In5 In 6 In7 In8 BCD
1 0 0 0 0 0 0 1
1 1 1 1 0 0 0 9
0 0 0 0 1 1 1 1 90
1 1 1 1 1 1 1 1 99
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Example: To wire a BCD Input

The BCD digital input parameters may be wired to digital input terminals of the

controller.

There are two standard digital input terminals which may be used (LA and LB), but it
may also be necessary to use a triple digital input module in addition. The wiring
procedure is the same and the example given below wires BCD input 1 to LA.

Do This

The Display You Should See

Additional Notes

From any display press until the
‘BCDIn’ page is reached

In this example BCD block 1 is used.

2. Press @ or () to select ‘1’ or ‘2’ as
required
3. Press to scroll to ‘In1’ e
© BC I
&Ikl =t
InzZ orf
In3 off
4. Press m to display ‘WireFrom’
5. Using and @ select the parameter PV is the parameter required and this
which is to be wired from. In this example LlireFron pr.ocedure copies’ the parameter to be
Logic input LA wired from
6. Press
H L==IOLA
420k
7. Press @ to confirm This ‘pastes’ the parameter to ‘In1’
BCO I The arrow next to the parameter indicates that
AInl it has been wired
In2
In3
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Digital Communications

Digital Communications (or ‘comms’ for short) allows the controller to communicate
with a PC or a networked computer system or any type of communications client
using the protocols supplied. A data communication protocol defines the rules and
structure of messages used by all devices on a network for data exchange.
Communications can be used for many purposes — SCADA packages; plcs; data
logging for archiving and plant diagnostic purposes; cloning for saving instrument set
ups for future expansion of the plant or to allow you to recover a set-up after a fault.

This product supports the following protocols:

Protocol For a full description of these protocols please refer to the relevant
published standards but further details may be found in:

MODBUS RTU ®  Series Communications Handbook part no. HA026230:
A full description can be found on www.modbus.org.

DeviceNet DeviceNet Communications Handbook part no. HA027506;
Section Protocol of this handbook

MODBUS TCP Section Ethernet Communication Parameters of this handbook. A full
description of the MODBUS TCP protocol can be found on

www.modbus.org.

There are two communications ports available within the instrument; these are
defined as the 'H' and 'J' ports and act as a communications server. Various
communications modules each supporting a different protocol may be fitted to each
port as follows:

Port MODBUS DeviceNet Ethernet
H v v v
J v X X

Wiring connections for each of these protocols is given in Digital Communications

Connections.
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Serial Communications

MODBUS RTU uses EIA232, EIA485 2 wire and EIA422 4 wire serial
communications. The wiring connections for these and the other protocols are given
in section Digital Communications Connections.

EIA232
EIA232 uses a three wire cable (Tx, Rx, Gnd). The signals are single ended, i.e.
there is a single wire for transmit and another for receive. This makes EIA232 less
immune to noise in industrial applications. EIA232 can only be used with one
instrument. To use EIA232 the PC will be equipped with an EIA232 port, usually
referred to as COM 1.
To construct a cable for EIA232 operation use a three core screened cable.
The terminals used for EIA232 digital communications are listed in the table below.
Some PC's use a 25 way connector although the 9 way is more common.
Standard Cable | PC socket pin no. | PC Function * Instrument | Instrument
Terminal
Colour 9 way 25 way Function
White 2 3 Receive (RX) HF or JF Transmit (TX)
Black 3 2 Transmit (TX) HE or JE Receive (RX)
Red 5 7 Common HD or JD Common
Link together 1 6 Rec'd line sig. detect
4 8 Data terminal ready
6 11 Data set ready
Link together 7 4 Request to send
8 5 Clear to send
Screen 1 Ground
* These are the functions normally assigned to socket pins. Please check your PC
manual to confirm.
EIA485

The EIA485 standard allows one or more instruments to be connected (multi
dropped) using a two wire connection, with cable length of less than 1200M.

31 instruments and one client may be connected. The balanced differential signal
transmission is less prone to interference and should be used in preference to
EIA232 in noisy environments. EIA485 may be used with Half Duplex
Communications such as MODBUS RTU.

To use EIA485, buffer the EIA232 port of the PC with a suitable EIA232/EIA485
converter. The Eurotherm KD485 Communications Adapter unit is recommended for
this purpose. The use of a EIA485 board built into the computer is not recommended
since this board may not be isolated, which may cause noise problems or damage to
the computer, and the RX terminals may not be biased correctly for this application.

To construct a cable for EIA485 operation use a screened cable with one (EIA485)
twisted pair plus a separate core for common. Although common or screen
connections are not necessary, their use will significantly improve noise immunity.

The terminals used for EIA485 digital communications are listed in the table below.
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Standard Cable Colour [|[PC Function * |[[Instrument Terminal |/Instrument Function
White Receive (RX+) HF or JF (B) or (B+) Transmit (TX)

Red Transmit (TX+) | HE or JE (A) or (A+) Receive (RX)

Green Common HD or JD Common

Screen Ground

* These are the functions normally assigned to socket pins. Please check your PC

manual to confirm.

Configuration Ports

IR Clip

CFG Clip

In addition to the above communications, the 3500 series also supports infrared (IR
Clip) and configuration (CFG Clip) communications. These interfaces always adhere
to the following fixed settings:

* MODBUS protocol

® |nstrument address 255

® Baud rate 19K2

® No parity

An IR Clip, available
from Eurotherm,
clips to the front of
the controller as
shown. ltis
enabled/disabled
via the "IR Mode"
parameter within
the "Access" page
of the instrument.

A configuration clip
is also available
from Eurotherm
which interfaces
directly with the
main printed circuit
board in the
controller. It can be
clipped into position
with the controller in
or out of its sleeve.

EUROTHERM

BUROTHER M
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USB CPI Clip

From May 2013 the above clip has been replaced by a USB clip. It is designed to clip
into the side of the controller in the same way as the previous item and can be used
with the instrument powered or un-powered and with the instrument mounted or
un-mounted in its sleeve. The clip is intended to be used with the Eurotherm
configuration package, iTools. It may be ordered as ITOOLS/NONE/USB.

pc[[

Comms “Red LED”

J/

N —
o0 Instrument
USB Power “Green LED connection
He—

Cloning of Configuration Port Settings

Full instrument cloning is supported via the CFG clip without the need for instrument
power although errors may be reported with /O module settings. This is because the
modules are not powered so confirmation of downloaded settings is not possible.

If the IR comms port is used during cloning then parameters associated with both J
and H ports are cloned.

If the H or J port is used, then none of the H and J port settings are cloned.
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Serial Communications Parameters

Serial communications parameters may be found in the ‘Comms’ page.

Communications modules may be fitted in the ‘H’ slot or ‘J’slot. The following table
shows the parameters available in each position.

List Header - Comms.H and Comms.J

Sub-headers: Main

Name Parameter Description Value Default Access
@ to select Press (¥) or (&) to change values Level
Interface Identifies that the comms module is None No Module fitted RO
fitted in the H slot I0Exp 10 expander (J slot only)
Comms Serial Communications module
fitted
Ethernet Ethernet Communications module
fitted (Ethernet Communication
Parameters)
Protocol Digital communications protocol None No comms protocol selected None Config RW
ModbusRTU MODBUS RTU
El-Bisynch Available in firmware V4.15+
Modbus Master | MODBUS RTU Client (Master)
DeviceNet DeviceNet protocol
Status Status of the network - DeviceNet Only | Running DeviceNet network is connected RO
and actively communicating
Init DeviceNet network is initializing
Ready DeviceNet network is connected
Offline DeviceNet network is offline
WDTimeout Network Watchdog Timeout 0.0t0 60.0 A value of 0 disables the watchdog | 0.0 Config RW
If the Network communications stop seconds
addressing the instrument for longer
than this value, the Watchdog Flag will
become active.
WDAction Network Watchdog Action Manual Manual Recovery Manual Level 3 RW
The Watchdog Flag may be cleared The Watchdog Flag must be cleared
automatically upon reception of valid manually - either by a parameter
messages or manually by a parameter write or a wired value.
write or a wired value. Auto Automatic Recovery
The Watchdog Flag will be
automatically cleared when the
Network Communcations resume -
according to the value in the
Recovery Timer.
WDRecovery Network Watchdog Recovery 0.0t0 60.0 A value of 0 will reset the Watchdog | 0.0 Config RW
This is only shown when the Watchdog | seconds flag upon the first valid message
Action is set to Auto. This timer received. Other values will wait for
determines the delay after resumption at least 2 valid messages to be
of communications before the received within the set time before
Watchdog Flag is cleared. clearing the Watchdog flag.
WDFlag Network Watchdog Flag Off RO
This flag is ON when the Network
communications have stopped On
addressing the instrument for longer
than the Timeout time.
It will be set by the Watchdog process
and may be cleared Automatically or
Manually according to the value of the
Watchdog Action parameter.
Delay This inserts a delay between Rx and Tx | Off No Delay No Config RW
to ensure that the drivers used by
|nte|||gent. EIA2§2/EIA48§ converters On Delay Enabled
have sufficient time to switch over.
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List Header - Comms.H and Comms.J Sub-headers: Main
Name Parameter Description Value Default Access
@ to select Press () or (@ to change values Level
TimeFormat Sets the resolution of time parameters | ms milliseconds ms Config RW
on this comms channel.when sec seconds
read/written via scaled integer comms
min minutes
hour hours
List Header - Comms.H and Comms.J Sub-headers: Network
Name Parameter Description Value Default Access Level
@ to select Press (¥) or (@) to change values
Baud Communications baud rate 4800 EI-Bisynch Only
9600 MODBUS and EI-Bisynch Only | MODBUS: 19200 | Conf RW
El-Bisynch: 9600
19200 MODBUS and EI-Bisynch Only
125K DeviceNet Only DeviceNet: 125K
250K DeviceNet Only
500K DeviceNet Only
Parity MODBUS parity setting - used by | None No parity used None Conf RW
MODBUS RTU only Even Even parity
Odd Odd parity
Address Instrument address ModbusRTU: 1 - 254 1 Conf RW
DeviceNet: 0 - 63
El-Bisynch: 0 - 99

Communications ldentity

Protocol

The identity ‘id’ shows that a communications board is fitted or not.

MODBUS (Jbus) Protocol

MODBUS defines a digital communication network to have only one CLIENT and one
or more SERVER devices. Either a single or multi-drop network is possible.

All message transactions are initiated by the CLIENT. Eurotherm instruments
communicate using the MODBUS RTU binary protocol.

The JBUS protocol is identical in all respects but ‘1’ is added to the MODBUS
protocol parameter or register address. Both use a numeric index but the JBUS index
starts at '0' while the MODBUS index starts at '1'.

MODBUS is available in the 'H' or the 'J' port modules. 3500 series instruments have
a fixed table of addresses referred to as the SCADA table which are designed for use
with SCADA or PLC packages. Every parameter may be addressed from the iTools
OPC server using the OPC name.
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DeviceNet Protocol

DeviceNet is a cost-effective communications link designed to replace hardwired I/O
interconnection between industrial devices.

DeviceNet is simple to use through the application of automated software
configuration tools and simple wiring layouts. Engineering cost and time to design,
configure and commission a DeviceNet installation is significantly less than other
comparable networks. DeviceNet is an Open Standard and is now used by a wide
range of vendors. Common definition of simple devices allows interchangeability
while making interconnectivity of more complex devices possible. In addition to
reading the state of discrete devices, DeviceNet allows easy access to operating
node variables such as process temperatures, alarm status as well as system
diagnostic status.

The DeviceNet communication link is based on a broadcast- oriented,
communications protocol the Controller Area Network (CAN).

The minimum revision for DeviceNet communications module software used with the
3500 instruments is revision 1.6. This is identified by the module part no.
AH027179U003.

El-Bisynch Protocol

El-Bisynch is a proprietary Eurotherm protocol based on the ANSI X3.28-2.5 A4
standard for message framing. Despite its name, it is an ASCII based asynchronous
protocol. Data is transferred using 7 data bits, even parity, 1 stop bit.

El-Bisynch identifies parameters within an instrument using what are known as
‘mnemonics’. These are usually two letter abbreviations for a given parameter, for
example, PV for Process Variable, OP for Output, SP for Setpoint, and so on.

El-Bisynch communications within the 3500 series instruments allows for the
reading/writing of a number of parameters over EIA232 or EIA485 communications
using the parameter’s mnemonic as a reference and the 818 & 902/3/4 style
El-Bisynch communications protocol. This does not include 900EPC controllers.

El-Bisynch is available in the 'H' or the 'J' port modules and has been included in this
instrument for backward compatibility. Where mnemonic conflicts occur, the 818
mnemonic takes priority. The mnemonics are the same as the 818 & 902/3/4
controllers.

Ethernet (MODBUS TCP)

See section Ethernet Communication Parameters.

MODBUS Client (MBUS_M)

See section MODBUS Client Communications.
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Baud Rate

Parity

The baud rate of a communications network specifies the speed that data is
transferred between instrument and client. A baud rate of 9600 equates to 9600 Bits
per second. Since a single character requires 8 bits of data plus start, stop, and
optional parity, up to 11 bits per byte may be transmitted. 9600 baud equates
approximately to 1000 Bytes per second. 4800 baud is half the speed — approx.
500 Bytes per second.

In calculating the speed of communications in your system it is often the Latency
between a message being sent and a reply being started that dominates the speed of
the network.

For example, if a message consists of 10 characters (10msec at 9600 Baud) and the
reply consists of 10 characters, then the transmission time would be 20 msec.
However, if the Latency is 20msec, then the transmission time has become 40msec.

Parity is a method of ensuring that the data transferred between devices has not
been corrupted. Parity is the lowest form of integrity in the message. It ensures that a
single byte contains either an even or an odd number of ones or zero in the data.

In industrial protocols, there are usually layers of checking to ensure that the first byte
transmitted is good. MODBUS applies a CRC (Cyclic Redundancy Check) to the data
to ensure that the package is correct.

Communication Address

On a network of instruments an address is used to specify a particular instrument.
Each instrument on a network should have a unique address. Address 255 is
reserved for factory use.

Example: To Set Up Instrument Address

This can be done in operator level 3:

Do This

The Display You Should See Additional Notes

Press © as many times as
necessary to select ‘Comms’

Press © to scroll to ‘Address’

Up to 254 can be chosen but note that no

2. more than 31 instruments should be
3. Press @ or @ to select the connected to a single EIA485 link.
addtres”s for the particular For further information see 2000 Series
controfler Communications Handbook Part No.
HA026230 available on
www.eurotherm.com
Comms Delay
In some systems it is necessary to introduce a delay between the instrument
receiving a message and its reply. This is sometimes caused by communications
converter boxes which require a period of silence on the transmission to switch over
the direction of their drivers.
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Ethernet Communication Parameters

If ‘Protocol’ is set to ‘Ethernet’ the following parameters are available.

List Header - Comms.H Only Sub-header: Main
Name Parameter Description Value Default Access
@ o select Press ) or @) to change values Level
Interface Identifies that the comms module is fitted in | None No Module fitted RO
the H or J slot
Ethernet | Ethernet Communications module
fitted
Protocol Digital communications protocol None No comms protocol selected None Config RO
ModbusSI | MODBUS TCP Client (Server)
ave
EtherNetl | Available in a future firmware release
PAndMod
bus
ModMStA | MODBUS TCP Client/Server
ndModSIv
Status
WDTimeout Network Watchdog Timeout 0.0to A value of 0 disables the watchdog | 0.0 Config RO
If the Network communications stop 60.0
addressing the instrument for longer than seconds
this value, the Watchdog Flag will
become active.
NOTE: This functionality can be
unreliable with Ethernet comms
depending on the type of connection in
use. For MODBUS TCP, if the socket
doesnt get disconnected, the watchdog
will not be triggered. In this case, it is
highly recommended to ensure that
critical parameter writes are instead
directed into a Remotelnput Function
Block, then use graphical wiring to link
the Remotelnput timeout into the control
strategy instead of WDFlag.
WDAction Network Watchdog Action Manual Manual Recovery Manual Level 3RW
The Watchdog Flag may be cleared The Watchdog Flag must be cleared
automatically upon reception of valid manually - either by a parameter
messages or manually by a parameter write or a wired value.
write or a wired value.
Auto Automatic Recovery
The Watchdog Flag will be
automatically cleared when the
Network Communcations resume -
according to the value in the
Recovery Timer.
WDRecovery Network Watchdog Recovery 0.0to A value of 0 will reset the Watchdog | 0-0 Config RW
This is only shown when the Watchdog | 69-0 flag upon the first valid message
Action is set to Auto. This timer seconds | received. Other values will wait for at
determines the delay after resumption of least 2 valid messages to be
communications before the Watchdog received within the set time before
Flag is cleared. clearing the Watchdog flag.
WDFlag Network Watchdog Flag Off Off Config RW
This flag is ON when the Network On
communications have stopped
addressing the instrument for longer than
the Timeout time. It will be set by the
Watchdog process and may be cleared
Automatically or Manually according to
the value of the Watchdog Action
parameter.
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TimeFormat

Sets the resolution of time parameters on
this comms channel when read/written
via scaled integer comms

ms milliseconds

ms

sec seconds

min minutes

hour hours

Config RW

List Header - Comms.H Only

Sub-header: Network

Name

@ to select

Parameter Description

Value
Press  or @) to change values

Default

Access
Level

AutoDiscovery

Both 3500 controllers and iTools software
support automatic discovery of MODBUS
TCP enabled instruments, to enable this
feature set this parameter to ON.

None No Module fitted

Ethernet
fitted

Ethernet Communications module

Config RW

IPMode

Select whether the IP address, subnet
mask, etc., are as configured (Static) or
supplied from a DHCP server (Dynamic).

Consult with your network administrator
to determine if the IP Addresses for the
instruments should be fixed or
Dynamically allocated by a DHCP server.
If the IP Addresses are to be dynamically
allocated then all MAC addresses must
be supplied to the network administrator.
For fixed IP Addresses the Network
Administrator will provide the IP address
as well as a SubNet Mask. These must
be configured into the instrument during
set-up through the "COMMS" page.
Remember to note the allocated
addresses.

Static IP address and Subnet mask

configured manually

Static

DHCP
automatically

IP Address and Subnet mask obtained

Config RW

IPAddress1 to
IPAddress4

Used to set the IP address of this
instrument if IPMode has been set to
Static. If IPMode is set to DHCP, the IP
address parameters will be updated to
reflect the IP address obtained from the
DHCP server. This can take up to 30
seconds. Note, if the DHCP lease
expires and is not renewed, the
IPAddress will revert to 0.0.0.0.

0.0.0.0 to 255.255.255.255

192.168.1
11.222

Config RW

SubnetMask1 to
SubnetMask4

Used to set the Subnet Mask of this
instrument if IPMode has been set to
Static. If IPMode is set to DHCP, the
Subnet Mask parameters will be updated
to reflect the Subnet Mask obtained from
the DHCP server. This can take up to 30
seconds.

0.0.0.0 to 255.255.255.255

2565.2565.2
55.0

Config RW

DefaultGateway1 to
DefaultGateway4

Used to set the Default Gateway to allow
this instrument to communicate outside
of the local subnet. If IPMode is set to
DHCP, the Default Gateway parameters
will be updated to reflect the Default
Gateway obtained from the DHCP
server. This can take up to 30 seconds.

0.0.0.0 to 255.255.255.255

Config RW

MAC1 to MAC6

Unique MAC address assigned to this
Ethernet Comms Module. In the 3500
controllers, the MAC address is
represented by 6 separate hexadecimal
values in the format aa-bb-cc-dd-ee-ff.

RO

BroadcastStormActi
ve

Broadcast Storm Protection discards all
broadcast packets if the broadcast rate
climbs too high. Broadcast Storm and
Ethernet Rate Protection are intended to
favour maintaining the control strategy in

certain high traffic network environments.

If the instrument has detected a
Broadcast Storm, this parameter will be
set to Yes.

No No Broadcast Storm detected

Yes Broadcast packets are being
discarded

RO
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RateProtectionActiv | Certain excessive network loads on No Ethernet packets handled normally RO
€ embedded products have the potential to
impact processor availability to the point
that useful control is compromised and
the product restarts as there is no longer
CPU to service the device watchdog.

The 3500 controllers incorporate an
Ethernet Rate Protection algorithm which
will de-prioritize Ethernet comms in very
heavy traffic environments so that the
control strategy continues and the
instrument does not watchdog reset.

If Ethernet Rate Protection is active, this
parameter will be set to Yes.

PrefMasterlP1 to 3500 Ethernet Supports a limited number 0.0.0.0 to 255.255.255.255 192.168.1 Conﬂg RwW

PrefMasterlP4 of simultaneous connections, so to 11.111
reserve a connection for a specific IP
address, you may enter it here. Typical
use cases include a PLC that is sending
a Setpoint to the 3500, or a recording
device such as Eurotherm Nanodac or
6000.

Yes Priority of Ethernet packet handling
has been reduced

Instrument Setup

NOTICE

1. Itis recommended that you setup the communications settings for each
instrument before connecting it to any Ethernet network. This is not essential
but network conflicts may occur if the default settings interfere with equipment
already on the network. By default the instruments are set to a fixed IP
address of 192.168.111.222 with a default SubNet Mask setting of
255.255.255.0.

2. IP Addresses are usually presented in the form "xxx.xxx.xxx.xxx". Within the
instrument each element of the IP Address is shown and configured
separately

"IP address 1" relates to the first set of three digits, IP address 2 to the second set of
three digits and so on. This also applies to the SubNet Mask, Default Gateway and
Preferred client IP Address.

DeviceNet Protocol

DeviceNet has been designed as a low level network for communication between
Programmable Logic Controllers (PLCs) and devices such as switches and 10
devices. Each device and/or controller is a node on the network. 3500 series
controllers can be included in a DeviceNet installation using the DeviceNet interface
module plugged into communications slot H. For further information regarding
configuration of 3500 series controllers for a DeviceNet network, refer to the
DeviceNet Communications Handbook HA027506 which may be downloaded from
www.eurotherm.com.

It is not within the scope of this manual to describe the DeviceNet standard and for
this you should refer to the DeviceNet specification which may be found at
www.odva.org.
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Comms Indirection Table

3500 series controllers make a fixed set of parameters available over digital
communications using MODBUS addresses. This is know as the SCADA Table. The
SCADA MODBUS address area is 0 to 16064 3ECO (HEX). There are three
addresses reserved to allow iTools to detect the instrument: 107, 121 and 122 - these
cannot be set as a Destination value.

The following MODBUS addresses have been reserved for use via the Comms
Indirection Table. By default the addresses have no associated parameters:

MODBUS Range (Decimal) MODBUS Range (Hex)
15360 to 15615 3CO00 to 3CFF

The programmer area 8192 (2000 Hex) to 10175 (27BF (hex) within the SCADA
table is not supported.

When accessed here, the parameter may be presented as scaled integer, minutes or
Native format and may be flagged as read-only.

The Comms Table is used to make additional parameters which are not in the
SCADA table available for specific applications. It is recommended that iTools is used
to set up the required table as shown in section Modbus Scada Table.

The following parameters are available in the Comms Table:

List Header - Commstab

Sub-headers: 1 to 250

Name

@ to select

Parameter Description Value Default Access

Press @ or @ 1o change values Lovel

Dest

MODBUS destination The MODBUS address where the selected parameter will Not Used Conf

appear in the SCADA table area.
Range is 0 to 16111.
A value of -1 indicates not used.

Source

Source parameter The parameter that will be mapped into the Destination Conf

MODBUS address.

It should be noted that setting this parameter via iTools will allow
sources that are unavailable to the HMI. If such a setting is
subsequently examined using the front panel it cannot be
edited, only deleted.

Native

Native data format The data format in which the source parameter will be presented | Integer Conf

at the destination address.

0 Integer - causes a scaled integer representation of the value
to appear at the MODBUS address.

1 Native - causes the native format of the value to appear at the
MODBUS address. It should be noted that if a 32 bit value is
returned, it will use two adjacent 16 bit MODBUS addresses.

ReadOnly

Read only

Read/write only if source is | rule for the parameter and force it to be Read Only.

R/W

This parameter may be used to override the normal alterability Conf

Setting this value to 'ReadWrite' enables the normal alterability
rule(s).

0 ReadWrite - Allow the value's normal alterability rule to be
applied at the selected MODBUS address

1 Read-Only- Overrides the parameter's normal alterability rule
to present it as read only at the selected MODBUS address

Minutes

Time parameter
resolution.

This allows for Time parameters to be presented in alternate Seconds Conf
resolutions, for example 1/10th of minutes or 1/10th of
seconds.

0 Seconds- the Time parameter will be presented as sss.s
1 Minutes - the Time parameter will be presented as mmm.m
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Broadcast Communications

Broadcast communications allows 3500 series controllers to send a single value from
a client to a number of server instruments using the broadcast address 0 with
MODBUS broadcast function code 6 (Write single value). This allows the 3500 to link
through digital communications with other products without the need for a
supervisory PC to create a small system solution.

Example applications include multi-zone profiling applications or cascade control
using a second controller. The facility provides a simple and precise alternative to
analogue retransmission.

A WARNING

When using broadcast communications, bear in mind that updated values are sent
many times a second. Before using this facility, check that the instrument to which
you wish to send values can accept continuous writes. It should be noted that in
common with many third party lower cost units, the Eurotherm 2200 series and the
3200 series prior to version V1.10 do not accept continuous writes to the
temperature setpoint. Damage to the internal non-volatile memory could result from
the use of this function. If in any doubt, contact the manufacturer of the device in
question for advice.

When using the 3200 series fitted with software version 1.10 and greater, use the
Remote Setpoint variable at MODBUS address 26 if you need to write to a
temperature setpoint. This has no write restrictions and may also have a local trim

value applied. There is no restriction on writing to the 2400 or 3500 series.

Broadcast Parameters

Tthe following parameters are available:

List Header - Commstab

Sub-headers: 1 to 250

@ to select

Press @ or @ 1o change values

Name Parameter Description Value Default Access

Level

Enable

Enables the MODBUS
Single Value Broadcast.
This is only available if
Serial Comms module is
fitted and protocol is set to
ModbusRTU

No - Broadcast Disabled

Yes - Broadcast Enabled

No Conf RW

Destination

This address will be used as
the destination register for
the value to be sent to

0-32767

0 Conf RW

Broadcast Value

This value will be sent to the
server devices, after being
transformed into a 'scaled
integer' 16 bit value. To use
the feature, enable
broadcast using
BroadcastEnable, and wire
any instrument value to this
parameter.

0.0 Level3 RW
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3500 Broadcast Client

The 3500 broadcast client can be connected to up to 31 servers if no segment
repeaters are used. If repeaters are used to provide additional segments, 32 servers
are permitted in each new segment. The client is configured by selecting a MODBUS
register address to which a value is to be sent. The value to send is selected by
wiring it to the Broadcast Value. Once the function has been enabled, the instrument
will send this value out over the communications link every control cycle (110ms).

NOTICE

1. The parameter being broadcast must be set to the same decimal point
resolution in both client and server instruments.

2. iTools, or any other MODBUS client, may be connected to the same port
on which the broadcast client is enabled. In this case the broadcast is
temporarily inhibited. It will restart approximately 30 seconds after iTools
is removed. This is to allow reconfiguration of the instrument using
iTools even when broadcast communications is operating.

A typical example might be a multi zone oven where the setpoint of each zone is
required to follow, with digital accuracy, the setpoint of a client controller.

3500
Client

Server Server

Server

Figure 40: Broadcast Comms
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Wiring Connections - Broadcast Communications

The Digital Communications module for the client can be fitted in either

Communications Module slot H or J and uses terminals HA to HF or JA to JF
respectively.

The Digital Communications module for the server is fitted in either slot J or slot H.

The wiring connections and the precautions shown in section Digital
Communications Connections apply.

A CAUTION

EIA422, EIA485 4-wire or EIA232
Rx connections in the client are wired to Tx connections of the server
Tx connections in the client are wired to Rx connections of the server

Tx+ Tx+
X Tx  Server1
3500 Tx- Tx- Server1 3500
Client EIA422 Client EIA232
ElA422 Rx+ Rx+
R
EIA485 Rx- Rx- EIA4‘785 EIA232 Rx X
4-wire 4-wire c
Com Com Com om

Terminal Function Terminal number Terminal Function Terminal number

Tx+ (TxA) HE or JE Tx HE or JE
Tx- (TxB) HF or JF
Rx+ (RxA) HB or JB Rx HF or JF
Rx- (RxB) HC or JC
Common HD or JD Common HD or JD

Figure 41: Rx/Tx Connections for EIA422, EIA485 5-wire, EIA232

A CAUTION

EIA485 2-wire
Connect A (+) in the client to A (+) of the server
Connect B (-) in the client to B (-) of the server

This is shown diagrammatically below

Terminal Function Terminal number
A(+) A(+) Server1
3500 B () (Tx) HE or JE
Client EIA485
Eagss SO B() A+ (R HF or JF
Com Com
Common HD or JD

Figure 42: : Rx/Tx Connections EIA485 3-wire

Example: To Send SP from the Client to SP in a Server

Wire the setpoint in the client to ‘Bcast Val’. The procedure for this is shown in
section Soft Wiring or using iTools.

Set ‘Dest Addr’ in the client to ‘2", 2 is the MODBUS value for ‘Target SP’. The value
of the client setpoint will be shown in the lower display on the server (assuming the
server has been configured for SP in the lower display).

HAQ033837 Issue 3 167



Digital Communications

3500 Series Controllers

MODBUS Client Communications

Overview

MODBUS Client feature is available over serial (MODBUS RTU) and over Ethernet
(MODBUS TCP). MODBUS TCP Client is protected by feature security.

Server profiles for Eurotherm products EPC3000 series, EPC2000, ePack, 3200
series, and ePower, ePack, 3200, and ePower devices are supported for ease of
configuration.

A maximum of three MODBUS server devices can be configured with timeouts and
retries configurable per server. The servers can be 3x MODBUS TCP servers, 3x
RTU servers or any combination of RTU and TCP MODBUS servers.

A maximum of 32 data points are supported to be shared among the three server
devices. These data points can be configured for writing to or reading from a
configured MODBUS server.

MODBUS Client Configuration

MODBUS Client can be configured using the 3500 HMI or via a PC using iTools
software.

Once the MODBUS Client feature is enabled via Feature Security,
Comms.Option.Main.Protocol must be set to ModMstAndSIv(15) and/or
Comms.Fixed.Main.Protocol set to ModbusMaster(3). The instrument must then be
restarted to reinitialise comms settings and make the ModbusMaster function block
available.

MODBUS Client configuration is divided into two parts:
® Setting up the MODBUS Client server(s)

® Defining the required server data that will be read from or written to the
configured server(s)

Notes:

1. Server profiles are supported for some Eurotherm controllers. This simplifies the
configuration and minimizes the need to know detailed data information, for
example the MODBUS address, data type and resolution for frequently used
parameters.

2. The Network configuration of the MODBUS TCP Client is the same as the
MODBUS TCP Server and can be found in Comms.Option.Network. Confirm that
the IP address and subnet mask are configured correctly to be able to
communicate with MODBUS Server devices within the subnet. If the Server
device is outside the subnet then the Comms.Option.Network.DefaultGateway
must be configured correctly.
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Configuring MODBUS Servers

To configure communications to MODBUS Servers, proceed as follows:

1. From iTools, place the instrument in Config mode and open
ModbusMaster>Slave1>Main to configure the first server. Make sure that
the Network parameter is set to Ethernet(1) because we want to
communicate to the server using the Option Comms Ethernet interface.

It can also be Serial(2) if we want to communicate with a server through a
serial interface.

Eile Device

a

=]
Mew File  Open File Load

{3 Browse 9 Find

Explorer View Options

iTools — [m| X
File Device Explorer View Options Window Help
ch B & h 0r x ] Q .| &
Mew File  Open File Load Save Print Scan Add Remove Access Views Help
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3. You can now check if the device is online via the “Search device”
parameter by setting its value to “Yes”. The search status should change to
“Searching(0)".
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apﬁﬂﬁ‘ﬂ,« & X‘%w, @
NewFile Openfile load  Save Print Scan Add  Remove Views. Info
@ Graphical Wiring B3 Parameter Explorer =] anel Wiring & ip 1 | # opc scope
| (&P COMSID255-EPC3008
MName Description «ddress| Ve “Wired From
Descriptar _ Device descripior 21605,
[ & Browse [%9 Find| Netwark  Network comms conne SZEI Ethemet (1) ~
Online Allows 3200/ off (0) =
¢80 Instrument 2 Comi adevice com 3215 No (1) -
»@ AL IPAddress] st byte of slave device 3201 192
»@Io IPAddress? | 2nd byte of slave devic  3202| 168
+ &1 OptionDIO IPAddress3 | 3rd byte of slave devier 3203 n
Laca IPAddressd  4th byte of slave device 3@4]' 221
Unitld Unitid for a slave devic 3205 1
»-@ Loop A SearchDevic Atlempts to determines 3209 Hesy~
@3 Programmer = Profile Aprofile that defines the 3214 IrclParty (0)
.63 Alarm Peties  Transaction retries 3206 3
i ¥
i )
+@ Recipe amountofda 3208, 24
(3 Comms. HighPriority | High priority rate in sec 3211 RIORITY_1280MS (0) =
4.02 ModbusMaster L4 priariy rete in 12 >RIORITY_1SEC(3) ~
2@ Slavel LowPriority | Low priority rate in sect 13 RIORIT -
423 Main < it 1 5
+ @2 Slave2 lavel M 1
+ (3 Slave3
@1
@2
vE3
@4
v@s
v@6
r@r
[E=F ]
@9
~@10
s@11 -

Level 2 (Engineer)
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4. Ifthe MODBUS server is online then the search result will be “Available(1)”
otherwise the result will be “Unreachable(3). If it is a Eurotherm instrument
with a supported profile, the “Profile” parameter will display the MODBUS
server’s profile otherwise it will display “3rdParty(0)".

ile  Device Explorer View  Options  Window  Help
8 Ld & B 8 % o B |2 . ¢
NewFile Openfile load  Save  Print Scan  Add  Remove Views Info |

[ Graphical Wiring B3 Parameter Explorer [ Flash Memory B8 Device Panel [l Terminal Wiring & Watch/Reci

i (# W COMS51D255-EPC3008
|
| Name Description ddress| Value[Wired From
Descriptor  Device descriptor 21605 EPC3
Q Browse ine Network  Network camms conne 3217, Ethemet
Onling Allows 3200, off
+& Instrument 2 Corn a device com 3215 No
@A IPAddress]  Tstbyte of slave device 3201
»@I1o IPAddress?  2nd byte of slave devic 3202
+ 1 OptionDIO PACess3 |3 byl of slave devics 3203
| BT IPAddressd 4th byte of slave devics 3204
Unitid Unitid for a. slave devic 3205
@ Loop 3 SearchDevic Attempts to determines 3209,
© 03 Programmer = Profile Aprofile that defines the 3214 EPCoo(E) ~
23 Alarm Retries  Transaction retries nga]i 3
unent search staus | 3210 Available (1) 7]
b ALACD) Timeout  Timein 3207, 25000
+ 0 Recipe mountofds 3208
v Comms, HighPriorty | High priotty rats n sec. 3211 RIGRITY_125MS (@
41 ModbusMaster priority rate in 12/2RIORITY_1SEC (3
2 Slavel owPrinrity | Low priority rate in sec 13 SRIORITY_25EC (4 =
/23 Main < | »
{2 Slave2 ModbusMaster Slavel M: 21 parameters
» 3 Slave3
@1
r@2
vE@3
v@4
v@s
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5. We will now configure a second server but this time using the Fixed
comms serial interface making sure that we select “Serial(2)” enumeration
for the Network parameter and set the correct MODBUS server address.

Note: Serial(2) can only be selected if Comms.Fixed.Main.Protocol is set to
ModbusMaster(3).

| B iTeols - [m] X
File  Device  Explorer  View  Options  Window  Help
B ch & L) ar x S
NewFile Openfile load  Save Print Sean Add  Remove Views Help
) Graphical Wiring [ Parameter Explorer [S] Flash Memory [ Device Panel [ Termis g L} Watch/Recipe 34 Programmer | ) OPC Scope w0 iTools Secure
(#) % COM5.1ID255-EPC3008
-+ -
0 Browse Ol Find Name. Desciption Wired From
— Descriptor Device desciplor
v -8 DT ~ Nelwark Hetwork comms connection Seal [2) -
> Stavel Oriine Allows o (@ -
~ (3 Slave2 CommsFailre Indicates loss of device com Ho (0 -
Slavehddress Modbus slave oddress
: " SearchDevice Attempts to determines a sla Ho (0] -
Diagnosti
> L Disgnosics Profe A profie that defines the dev JPaty 0) -
> [ Slaved Fekies Transaction iehies 3
>@n SearchFlesul ment search stalus Unavailsble (2) ~
@2 Timeout Time in miliseconds the mast 250000000
@3 aimum amount of data in 124
s@a HighPrarly High piaiy rake PRIDAITY_125M5 (0) -
PRIDAITY_1SEC3) -
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>@7
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>@.
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>@.
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>@2
>@a
>@= v
T @
Level 2 (Engineer) EPCI00BEA23
6. You can now check if the device is online via the “Search device”
parameter by setting its value to “Yes”. The search status should change to
“Searching(0)”
B Tools - o X
Fle  Device  Bwplorer  View  Options  Window  Help
@ =) ) e x (] Q &
New File  Open File Load Save Print Scan Add Remove Access Views Help
[ Graphical Wiring 8 Parameter Explorer I Flash Memory [ Device Panel ] Terminal Wiring &3 Watch/Recipe 24 Programmer | 38 OPC Scope @ iTaols Secure
§ coms.p2ss-EPC3008
|
3 Bowse 3 Find Hame Description
Descripter Device deseriptor
v L Modbusaster . Netviatk Netwrk, camis connection
>0 Slavet Oriine. 0a
v Slave2 CommsFaiure Idicates loss of device cor
= Slavehddiess Modbus slave address
i - SearchDevice Attempts to determines a slay fles ) ~
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>-@1 SearchResult Current search status Searching (0]
>@2 Timeaut Time in milliseconds the mast 2650.000000
563 jauimum amount of data in 124
S@e HighPriority High priority rate FRIORITY_125M5 (0) *
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>@s owPriaiity ow prioiity rate. FRIORITY_2SEC (4] ~
>-@e6 seCommsT able s Comme Indirection T abl No(0) ~
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>@s
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@
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Grophical Wiring Editor

7. Ifthe MODBUS server is online then the search result will be “Available(1)”
otherwise the result will be “Unreachable(3). If it is a Eurotherm instrument
with a supported profile, the “Profile” parameter will display the MODBUS
server’s profile otherwise it will display “3rdParty(0)".
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Note: Changes to the server profile will default previous data configured to be read
from or written to the server.

B itools — [m] x
File  Device  Explorer  View  Options  Window  Help
B ] = % a8 x @ Q &
NewFile Openfile  Load Save Print Scan Add  Remove || Access  Views Help
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4 ?hvz?g"“"“ Profie 4 profie that defines the dev EPCint (4) -
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>En Current search status Available (1) =
>-@2 Timeout Time in miliseconds the mast 250000000
@3 aximum amourt of datain
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=
Level 2 (Engineer) EPC3008 E4.23

8. For the third server (ModbusMaster>Slave3>Main), we can configure a
serial server with an unsupported profile by configuring the MODBUS

server address and then starting “SearchDevice”.

B iTools — o >
File  Device  Explorer  View  Options  Window  Help
B ] = & T qr x @ Q &

NewFile Openfile  Load Save print Scan Add  Remove || Access  Views Help

[E) Graphical Wiring [EH Parameter Explorer [ Flash Memory [B Device Panel [l Terminal Wiring £

' COM5.ID255-EPC3008
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>@s
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Data Configuration for Cyclic Read/Writes

To configure data for cyclic read/writes:

1. A maximum of 32 data points can be configured. These data points can be
shared among all three servers or it can be used for a single server.

For a server with a known profile, a data read can be configured by
selecting the server and then select the required parameter from the
Parameter list drop-down box. The register address, function code, data
type and priority for the parameter will be automatically configured. You still
have the option to change the recommended priority.

2.

——

"8 iToos

File  Device  Explorer  View

Options  Window  Help

[T ]
NewFile Openfile load  Save

5 | s x 2
Print Scan Remove Info

&
Add

[ Graphical Wiring B8 Parameter Explorer B Flash Memory [E8 Device Panel [ nal W

ing &3 ipe 24 | # opc scope woi

(& W COMSID255-EPC3008

1 v\- -\

]

Browse
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Desciptar

Description
Description for this data item

ddress]
21617,

Valus[Wired From

DT

43 ModbusMaster
43 Slavel

2 Main
(2 Slave2
» (@ Slave3
~@1

@2
@3
@4
@5
(=14
@7y
v@8
@9
»@10
v@11
@12
r@13
»E14
»E15
+E16
v@17
»E18
v@19

Slave device to use

Perameter st for a specific slave device
Process value received from the slave de:
“Transaction status

SlaveDevice

[
|
|
| ||# Parametertist
PV

381
3273
3284
3272,
3274
268

Slawel (0) -
InputPy (d3)] -
0.00

Status
Number
Priority

Idle (12) =
Used for multple instance parameters 1
Frequency atwhich the data s read/witien

High (0) ~

ModbusMaster.1.Data - 20 parameters

il

Level 2 (Engineer)  EPC3008 v. F4.10
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File

Device

View

Explorer

3. To configure a write for a known profile, select parameter to write from the
Parameter List drop-down box.

Note: The ‘Value’ parameter is usually wired from the source parameter of the
values to be written to the server.

Options  Window  Help

8 B & =
NewFile OpenFile  Load Save

L 3

Print ‘Scan ‘Add

Remove

] oo |
Access | Views Info i

[@ Graphical Wiring B8 Parameter Explorer B Flash Memory B Device Panel [ Terminal Wiring & Watch/Recipe 34 Programmer \ # OPC Scope =o iTools Secure:

® W COMSID255-EPC3008

- oo | @

33 Browse

Name
Descriptor

Description
Description for this data itern

ddress| Value[Wired From

DT2

»-@I10

+ £ OptionDIO

v-@cr

@ Loop

© Programmer

+ 2 Alarm

» @ BCD

/@ Recipe

03 Comms

422 ModbusMaster

13 Slavel

(23 Slave2

43 Slave3
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@1

@l
‘3 Data

@3

v@4

@5

@6

@7

v@8
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v 10

Slave device to use
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Transaction status

Frequency atwhich the defa is readwritien

% SlaveDevice
ParameterList
Value

Status

Priority

Slave? (1) ~
SetTargetar (51)
0.00

Idle (12) ~ |
High (0} -

ModbusMaster.2.Data - 20 parameters

il
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4. For a parameter that is not on the Parameter List. The data configuration
has to be done manually. Select “UserDefined” from the Parameter List
and configure the register address, function code, the data type and

priority of data read/write.

- D ER—
"8 iTools 2] - & &
File  Device  Explorer  View  Options  Window  Help
e .2 & u & % & x Q i
NewFile  Openfile Load Save. Print Scan. Add Remove || Access | Views Info.
(& Graphical Wiring 8 Parameter Explorer [ Flash Memory B8 Device Pane! [ Terminal Wiring & Watch/Recipe 24 Programmer | #8 OPC Scope =@ iTools Secure
(®WCOMSID255-EPC3008
1 COMSID255-EPC3008 - Parameter Explorer (ModbusMaster.Data)
v |
Name Description ddress| Value[Wired Fram
&2 Browse Descriptor | Description far fhis data ftem 21617 ot
42 ModbusMaster - SlaveDevice  Slave device to use 3263 Slavel (1) -
23 Slavel Parameterlist | Parameter listfor a specfic slave device | 3273 UserDefined (58) ~
[ 24 Process value received flam the slave de 3264 000
ain Status Transaction status 3272 Idle (12) ~
1@ Slave2 Madlbus register address of the dlatatobe | 3265 32772.00]
00 Slave3 FunctionCode  The Modbus function cocle 3266 PReadinput (4) ~
Pt DataType  Datatype of the data being read/witen 3267 REAL (1)
= Priority Frequency atwhich the data is rsadfwriten 3268 High () ~
v-@2
@3
@4 £
v-@s
L@ ModbusMaster.1.Data - 20 parameters
»-@7
bE8 |
»-@9
»-@10
»@11
»@12
»-@13
»E@14
+@15
~@16
»@17
»E118
»-E19 L
Level 2 (Engineer)  EPC3008 v. F4.10 Create new clone file

&

File  Device  Explorer  View

Options

5. For a third party server (unsupported profile), select “UserDefined” from
the Parameter List drop-down and configure the register address, function

code, the data type and priority of data read/write.

Window  Help

- s
|ﬁé§" Openfile  Load sﬂe

&

L
‘Scan. Add  Remove

Q|
Views ")‘ Info

® W COMSID255-EPC3008

&) Graphical Wiring B3 Parameter Explorer S Flash Memory Bl Device Panel [ Terminal Wiring k3 Watch/Recipe 24 Programmer | #8 OPC Scope =oiTools Secure:

v |

Narne Description Value[Wired From
Descriptor Description for this data tem & DT3

4 ModbusMaster
23 Slavel
1+ Slave2
©3 Slave3
@1
@2
@3
23 Data

@4

@5

@6

@7

SlaveDevice Slave device to use 13 Slaved () ~
ParameterList Parameter list for a specific slave device UserDefined (100)
PV Process value received fiom the slave de 0.00
Status Trans acfion status 2 idle (12) -
PegisterAddress  Modbus register address ofthe datata be 3277200
FunctianCade The Modhus funcion code I FeadHolding (3) ~|
ataType Data type of the data being read/written REAL () ~
riority | Frequency atwhich the data is read written Tow®) 7]

ModbusMaster.3.Data - 20 parameters
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6. To start cyclic communications to the servers. Take the MODBUS Client
device out of Config mode and set the Online parameter for each of the
servers.

File  Device  Explorer  View  Options  Window  Help
; B & B =) B * m a i
|| NewFile | Open File  Load Save Print Scan Add  Remove Views Info

@) Graphical Wiring B3 Parameter Explorer [ Flash Memory B Device Panel [ Terminal Wiring &3 Watch/Recipe 4 Programmer | #8 OPC Scope =@ iTools Secure
[

W COM5ID255-EPC3008

‘B COMS5.ID255-EPC3008 - Parameter Explorer (

i aox

v

| B comsinoss-

EPC3

Parameter Explorer (HSABINBROSINVEINER)  [= =] ] |
=

Name Description Address| Value) Name Description Address| Value] «
Descriptor Device descriptor 21605 1 Desciptar Device deseiptor 21609 EPC3|[
m— Network. Netwark comms connection 3217, Ethemet (0) ~ Network. Network comms connection 3238 FixedCr (URd
7@ ModbusMaster 7 Online Allows 1o aslave device (1)~ Online Allows ¢ 10 slave device Enn -
. o CommsFailre  Indicates a device failure No (1) - CommsFailre | Indicates a device failure No (1)
g IPAddress1 Tsthyte of slave device IP Address a2 SlaveAddress Modbus slave address 7
» 3 Main IPAddress?2 2nd byte of slave device IP Address B8 Profile Aprofile that defines the device type EPCxox (B) ~
4.1 Slave2 IPAddress3 3rd biyte of slave device P Address 11 Peties Transaction refries 3
& Main: IPAddressd 4th byte of slave device IP Address 21 Timeout Time in millseconds the master vl wait for 25000
P Unitle Uniticifor a slave device 1 Maximum amount of data in a single ransa 124
S Profile A profile that defines the device type EPCoo () * HighPriarity High priority rate in seconds PRIORITY 12505 (0) ~ |
‘3 Main Retries Transaction reties 3 AediumPr Medium priority rate in seconds 3233 )™
A1 Timeout Time in the f 250.00 LowPriority Low priarity rate in secands 3234 x
b@2 Maximum amount of data in a single fransa N il I L
= = HighPriority High priority rete in secondls PRIORITY_125MS 7
e b P rate in seconds PRIORITY_1SEC(3) ‘
LowPriority Low priority rate in seconds PRIORITY_25EC (4)
=T v o+ v
<] 1l | »
rbs ETE—— ] HName Descrption Address|
@7 Descriptor Device descriptor 21613
»@a8 Network Network comms connection 3289 FixedC
T Online. Allorws to & slave device 3242 |
. CommsFailre  Indicates a device failre 3257
b SlaveAddress Modbus slave address 3260
@11 Profile Aprofile that defines the device type 3256
r-@12 Reties Transaction rstries 3248
pE13 Timenut Time in the master il waitfor 3249
ot Maximum amount of data in a single ransa 3250 |
HighPriority High priority rate in seconds 3253 PRIORITY_T25MS (1)
Q15 MediumPriority  Medium priority rate in seconds 3254 PRIORITY_ISEC(3)~| |
»-@ 16 LowPriority Low priority rate in seconds. 3256 PRIORITY_:
»-817 < n | I
k E 18 - ModbusMaster Slave3.Main - 21 parameters ]

EPC3008 v. F4.10
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Open clone file for editing

7. The data read and write status should succeed if the wiring, comms
configuration, server configuration and data configuration are correct. The
PV read will be shown in the Data PV parameter.

File  Device  Explorer  View Options  Window  Help
8 B & =] % & x ® Q 0
NewFile OpenFfile Load Save Print Scan Add Remove Access Views Info

B Graphical Wiring BB Parameter Explorer [l Flash Memory [ Device Panel [l Terminal Wiring & Watch/Recipe 24 Programmer | # OPC Scope =2 iTools Secure
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X Browse [& Find|

4 ModbusMaster
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Status Transaction status 3272 Siecess (0]~
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Descriptor Description for tis data e 21621, OT2
SlaveDevice Slave device to use 3288 Slavez (1) ~ ‘
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Data Configuration for Acyclic Data Writes

To configure data for Acyclic Data writes:
1. Place the MODBUS Client device in Configuration mode.

Note: Cyclic communications to all servers will stop in Configuration mode. We can
only set the server online parameter in Operator mode.

2. For a supported server profile select the server and parameter to write to
as well as the value to write and then set the Priority to “Acyclic(3)”.

18 o0ls

File  Device  Explorer  View  Options  Window  Help
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Level 2 (Engineer)  EPC3008 v. F4.10 Create new clone file

Priority Frecuency atwhich the data is read/witen Acyoic () -

3. To send a write request, set the “Send” parameter. The Status will go to
“Pending(13)” briefly before going to “Success” when the parameter has
been written. If the write has failed then the Status will show the reason for
the failure.

W
File  Device  Explorer  View  Options  Window  Help
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4. For an unsupported server profile (Third party) select the server, select
“UserDefined” from the Parameter List drop-down and configure the
register address, function code (must be a write), the data type, the value
to write and then set the Priority to “Acyclic(3)".
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OIS O R £ LI | S
NewFile OpenFile Load Save. Print Scan Add  Remove || Access | Views Info

Name

Description

Address

Value[Wired Fram

Descriptor

Description for this data item

4 ModbusMaster
©33 Slavel
3 Slave2
+ {2 Slave3
p-E1
@2
p@3
@4
«@s

/23 Data
@6
@7

SlaveDevice

Slave device to use

21633

Slave3 )~

ParameterList

Parameter listfor a specific slave devies

Value

The value to be writen to the slave device

UserDefined (100) ~ |
80)

Send

Send the wite value to the slave

Status

Transaction status

PegisterAdidress

Motlbus register address of the data to e

FunctionCade

The Madlus function code

3277
Wiitebuliple (

ataType

Data type of the data being read written

riority

| Frequency atwhich the data is readwritten

Acycic|

EPC3008 v. F4.10
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Ellsbi B bt

Device

5. To send a write request, set the “Send” parameter. The Status will go to
“Pending(13)” briefly before going to “Success” when the parameter has
been written. If the write has failed then the Status will show the reason for
the failure.

Explorer  View  Options  Window  Help
a s O & H o .t
NewFile OpenfFile Load Save Print Scan ‘Add  Remove Info

@ W COMSID255-EPC3008

Description

Address|

Valug[Wired Fram

Descriptor

Description for this data item

21633

41 ModbusMaster
23 Slavel
1 Slave2
3 Slave3
v@1
@2
@3
@4
4@5
»-E3 Data
36
@7
vE8
»@9
»@10
p@11
r@12
r@13
»E14
L@1s
16
»E17
L3118
»@19
v 20

I

SlaveDevice

Slave device touse

3363

Slaved (

ParameterList

Parameter lst for a specific slave device

373

Value

The value to be writen to the slave device

3369

UserDefined (101
56,5

Send

Send the wite value to the slave

Eend)

No @)~

Status

Transaction status

372

Success (¢

RegisterAddress

Modbus register address of the data to be

3368

32772.00

FunctionCode

The Madbus function code

3386

Witehdultple (1

DataType

Data type of the data being read/written

3387

Priority

| Frequency atwhich the dsta is read /written

3368

=
AL@) -
Acydlic(3) |

<[

3

ModbusMaster.5.Data - 10 parameters (10 hidden)
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Accessing MODBUS Client Data from MODBUS Indirection Table

To allow efficient reads from and writes to MODBUS Client data, CommsTab Function
Block can be used to map MODBUS Client data into a contiguous block of MODBUS
addresses in the range:

15360(0x3C00 Hex) to 15615(0x3CFF Hex)

1. MODBUS Client data can be auto-configured to be accessible from the
MODBUS Indirection table by placing the MODBUS Client device into
Configuration mode and setting the UseCommsTable parameter from any
one of the server configuration window and then taking the MODBUS
Client device out of Configuration mode to initialize the CommsTab
Function Block settings.

=
File| Device FExplorer View Options  Window  Help
‘ﬁ&‘,iru’iﬁé‘hixl@J%v‘i
NewFile Openfile load  Save Print ‘Scan Add  Remove || Access | Views Info
[ Graphical Wiring BB Parameter Explorer B Flash Memory B Device Panel [l Terminal Wiring & ipe &4 Pro \ # OPC Scope Secur
@WNPCOMSID255-EPC3008
v oo |
,\Nam Description Address Value [Wired Frar
Descriptar Device descriptar 21605 T
7Nt R oot ot 3217 Ethermet (0] vli
43 ModbusMaster & # Ornline Allows toa slave device 3200 off (o) ~
41 Slavel | Indicates a device failure 3215 Na(0) |
&3 Main 2 PAddress 1stloyte of slave device IP Address 3201 9,
4@ Slave2 2nd byte of slave device IP Address 3202
V4 3rd byte of slave device IP Address 3203
@ Slave3 4th byte of slave device P Addrass 3204
@1 it Unitid for a slave device 3205
B2 = SearchDevice Aftempts to determines a slave device typ 3209 No (0) *
= Prafile A profile that defines the device type 3214, EPCox (B) ~
PRetries Transaction tetries 3206 3
a4 SearchResult Current search status 3210 Unavailable (2) ~
@5 Timeout Timein the masterwill waitfor 3207 250,01
L@6 f@imum amount of dafa in @ single transa 3208
@7 HighPriarity High priority rate in seconds 3211 PRIORITY_T25MS (1)
= | feclium priarity rate in secands 212 PRIORITY_15EC(3)
# LowPriority ow priority rate in seconds 3213 PRIORITY_2SEC(4) ~
»@g # UseCammsTable Ise Comms Indirection Table 3219 Yes
»-@10
b 11 ModbusMaster.Slavel Main - 21 parameters
»@ 12
»@13
v@14
+@15
~@16
v @17
vE18
@19
~@20 im

Level 2 (Engineer)

EPC3008 v. F4.10

2. In Operator mode, the CommsTab Function Block should now show every

configured MODBUS Client data. The user can then change Native,

ReadOnly and Minutes parameters from default to configure how the data

is presented from the MODBUS indirection table.

File  Device  Explorer  View  Options  Window  Help
8 ® i) & % & x @ T
NewFile OpenFfile Load Save Print Scan Add Remove Access Views Info

[E) Graphical Wiring B8 Parameter Explorer B Flash Memory B8 Device Pane! [l Terminal Wiring & Watch/Recipe % Programmer \ # OPC Scope =@ iTools Secure

# QY COMS5ID255-EPC3008 B
[ COMS5ID255-EPC3008 - Parameter Explorer (CommsTab.1)
-y oo @
Narme Description Addes Value[Wired From
33 Browse Destination Modbus Destination 406 TERIE
T EEE i Source Source Parameter 406 477724161 Mo
mmslal Native Native Data Format 4061 Integer (1) ~
1 ReadOnly Riead Only 46 Pead_Wiite (1) *
@2 Minutes Configures fime parametervalusto secon: 4068 Seconds (1)
s |
- CommsTab.1 - 6 parameters
Q4 d
g 2 [ COM5ID255-EPC3008 - Parameter Explorer (CommsTab.2). [elE@=]
v
v = v @ B
L@7 | |
L@s Narme Description Address| Value [ Wired From
s Destinafion Modbus Destination 072 TERTE,
¢ |# Source Source Parameter 073 77765702 M DataValug
»@10 Native Native Data Farmat 4074 Integer (1) ~ |
v@11 M ReadOnly Fead Only 4075, Pead_Write (1) ~
L@ Minutes Corfigures fime parametervalue to secon 4076, Seconds (1) 7 |
a1 | CommsTab.2 - 6 parameters
v@14
+@15 L
v3216 b
@17
318 Name Description Address| Value|Wired From
Destination Modbus Destination 4080[ T5620]
v@19 Saurce Source Perameter 081, 4177855233 Mo
»43 20 Native Native Data Format 4082 Integer (1) ~
L @21 FeadOnly Read Only 083 Read_Wite (0) ~ |
- Minutes Canfigures fime parameter value to secone 4084 Seconds 1) |
v 23 CommsTab 3 - 6 parameters
v @24 L

a

Level 2 (Engineer)
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Graphical Wiring Editor
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3. Screenshots below show MODBUS Client data auto-configured to appear
at the MODBUS Indirection table and the values read by a 3rd party
MODBUS Client from our MODBUS Client device:

Third party MODBUS TCP MODBUS Client device
Client read data (Hex) data (Decimal)

0686 (Hex) 16.70
0D7A (Hex) 34.50
1630 (Hex) 56.80

=
File  Device  Explorer  View  Options  Window  Help
B B & & 3 2P x ® Q i
NewFile Openfile  Load Save Print Scan Add  Remove | Access  Views Info
&) Graphical Wiring B8 Parameter Explorer E Flash Memory Bl Device Panel [ Terminal Wiring &3 Watch/Recipe 24 Programmer | #8 OPC Scope < iTools Secure
W COMSID255-EPC3008 B COMS ID255-EPC3008 - Parameter Explorer (ModbusMaster1) o) @ [=
€ v v @@ 'l
Main | Data
Name [Description [“Address Value|\Wired From |
& Browse [ Find| Descriptor Description for tis data ftem 21617 DT 1
SlaveDevice Slave device o use 3263 Slavel (1)
4@ ModbusMaster - Parameterist Parameter list for = specific slave device 3273 LoopPV (40) *
43 Slavel PV Process value received from the slave der 3264 1E
23 Main | Status Transaciion stalus 3272 Success ()
Priority Frequency at which the data s read/wiiten 3268 High (1)
4.0 Slave2 el 2 Lol 2 Y
83 Main ||
4/ Slave3 ModbusMaster.1.Data - 6 parameters (14 hidden) |
-3 Main
v 5 & o
I=h i
@2 [Name [Description [ Address Value|Wired From |
s 3 Descriptor Description for tis data fem P} A1 |
i SlaveDevice Slave device o use 3288 " Slave? (1) -
@4 ParameterList Parameter list for a specific slave device 3298 SefTargetsP (51) *
v@s 2 Value The value to be writen to the slave device 3294 3450
rEE Status Transaction status 3297 Success (1) ¥
@7 Priority Frequency atwhich the datals readjwriten 3293 High (1) ~
@8
(=g [l COMS1D255-EPC3008 - Parameter Explorer (ModbusMaster 3. Data)
L0310 v v @@
@11 [Name [Description [ Address] Value[Wired From |
i@ Descriptor Description for this data ftem. I — 573
- SlaveDevice Slave device touse 3313 " Slaved
L@ 13 ParameterList Parameter listfor a specific slave device 3323 UserDefined (100) -
»@14 PV Process value received from the slavedey 3314 5680
»-E@15 | Status Transaction status 3322 Success (1) ~
216 |RegisterAddress  Modbus register address of e datatobe | 3315 277200
Ot FunctionCode The Modbus function code 3316 ReadHolding (3) ~
|DataType Data type of he data being read/writen 3317 REAL (1) ~
vE18 1= Priority Freguency at which the data is read/writen. 3318 Low (2) ~
Level 2 (Engineer) _EPC3008 v. F4.10 PV - Process value received from the slave device

[a— — —_— — —
&, Eurotherm iTﬂs MODBUS/TCPgmms Testing Uﬁ'é : ; ;

i - TestSetup —Perormance — Transmit M
TCP Hostname 192168111222 Current Latancy 513391 ik gwt?r-messagde FF 03 30 000005 DD BA -
ee elay cause
AgEl s EES_ Average Latency 62634 ms by processing
Tirmeaut (ms) 1500 i e il
edmum Laten ms ¥
Start Address 15616 ol 0.0403485
\ODBUS Block Size: |5 Minimurm Latency 1.2658 ms ~PRieceive Message
hdax Rate Interval (ms): |0 Bandwicith 952.359 bytes/second FFO30CO6B66000007A80001630800035  ~
03

Uge Euratherm MODBUS Function codes 104/107 [ | - Results
Parforim Wite Test (Fead Testif unchecked) = Total Count Fercentage (%) -

i Successful Comms 51455 995728
R r —Werify Message
Btop of Varify Fil [ | Timeouts Erors 14 0.0272008 7
Log All Latency Tirmes I= Checksurn Errars 0 i]
Peopen Sockets On Each Transaction II: e 5 0 L.
Dirty Closs TCP Socket

: “Mrite Failures 0 0
Number Of Threads Empty Messages 0 i}

1l — 1 2513:67:45: #1:Rx: -~
Hadivieecage Bl S 0 251357.45: #1:Timeout Eror
Wiite Vrify Read Erare 0 o 25136747 #1. T FF 03 3D 00 00 06 DD BA

26136747 #1:RX:
Total Messages 51469 000:05:24 2613:57:47: #1:Timeout Errar

2513:57:48 #1:T FF 03 30 00 00 06 DD BA
Timeout Total Socket Connects 15

Uncannected 25135748 #1:F0X:
~ | Comnecied | ConnectFailure 25135748 #1:Timeou Ermor
4 1 3
Stop Test | Clear results | Exit |

o —— =——

Note: There are 32 parameters available for configuration in the CommsTab
Function Block, one for each MODBUS Client data. It is left to the user to partition the
MODBUS Indirection table for reads and writes for efficient data access.
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Packbit

Packbit consists of four blocks. Each block allows 16 individual bits to be packed into
a 16 bit integer.

Packbit Parameters

List Header - packbit Sub-header: 1, 2, 3, 4
Name | Parameter Description Value and Description Default | Access Level
Press @ to select parameters Press @ or W to change values
In1to In16 Input bit 1 to Input bit 16. Full float 0 R/Win L3 and
All values less than 0.5 will be treated as FALSE; |range conf.
all other values will be treated as TRUE.
Output Output 0 R/O

The inputs are mapped to corresponding bits
within the Output such that In1 goes to bit0, In2 to
bit1 - In16 goes to bit 15

Status The block Status parameter reflects the status of | Good (0) - Normal Operation R/O
the Output parameter: if any Input is BAD, this Channel Off (1) - Channel is configured to be off
Status will be set according to the Fallback Type. | Over Range (2) - Input signal is greater than
configured high limit

Under Range (3) - Input signal is less than
configured low limit

Hardware Status Invalid (4) - Input hardware
status invalid

Ranging (5) - Input hardware is being ranged i.e.
being set-up as required by the range
configuration

Overflow (6) - Process variable overflow, possibly
due to calculation attempting to add a small
number to a relatively large number

Bad (7) - The process variable is not ok and
cannot be relied upon

Hardware exceeded (8) - The hardware
capabilities have been exceeded at the point of
configuration, for example configuration set to 0
to 40V when input hardware is capable of up to
12v

No Data (9) - Insufficient input samples to perform
calculation

No Calibration (13) - Calibration data is corrupt or
missing

Saturated input (14) - Input hardware is in
saturation. This can occur if PV input, CJC input
or RTD lead compensation input is outside the
working range of the hardware.

Fall Type Fallback Type FallGood | If any Input status is BAD, set the R/O
The Output status (and Status parameter) if one of Output status (and Status parameter) R/W in Conf.
the inputs is bad. GOOD and set the Output value as

set by the FallBack parameter.

FallBad If any Input status is BAD, set the
Output status (and Status parameter)
BAD and set the Output value as set
by the FallBack parameter.

Fallback Fallback value 0to 0 R/O
The value applied to the Output parameter when | 65535
any Input is BAD
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Unpackbit

Unpackbit consists of four blocks. Unpackbit is the opposite of packbit and allows a
16 bit integer to be unpacked into 16 individual bits.

Unpackbit Parameters

List Header - unpackbit

Sub-header: 1, 2, 3, 4

Name

| Parameter Description

Press @ to select parameters

Value and Description
Press @ or @ to change values

Default

Access Level

Input

Input.

The Input bit positions are unpacked to the
outputs as follows: Bit 0 to Out1, Bit1 to
Out2...Bit 15 to Out16

R/O

Out1 to Out
16

Output 1 to Output 16

Off
On

R/O

Status

Block Status parameter: if any Input is BAD,
this Status will set according to the Fallback
Type.

Good (0) - Normal Operation

Channel Off (1) - Channel is configured to be off
Over Range (2) - Input signal is greater than configured
high limit

Under Range (3) - Input signal is less than configured
low limit

Hardware Status Invalid (4) - Input hardware status
invalid

Ranging (5) - Input hardware is being ranged i.e. being
set-up as required by the range

configuration

Overflow (6) - Process variable overflow, possibly due
to calculation attempting to add a small

number to a relatively large number

Bad (7) - The process variable is not ok and cannot be
relied upon

Hardware exceeded (8) - The hardware capabilities
have been exceeded at the point of configuration, for
example configuration set to 0 to 40V when input
hardware is capable of up to 12V

No Data (9) - Insufficient input samples to perform
calculation

No Calibration (13) - Calibration data is corrupt or
missing

Saturated input (14) - Input hardware is in saturation.
This can occur if PV input, CJC input or RTD lead
compensation input is outside the working range of the
hardware

R/O

Fall Type

Fallback Type
The Status value if the Input is BAD or out of
range.

FallGood | If the Input status is BAD or the value is out
of range, set the Status parameter GOOD
and set the Output values as though the

FallBack value was present on the Input.

FallBad If the Input status is BAD or the value is out
of range, set the Status parameter BAD
and set the Output values as though the

FallBack value was present on the Input.

R/O

Fallback

Fallback value

If the Input is BAD or out of range, this value
is applied to drive the Outputs as though it
was present on the Input.

R/O
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Counters, Timers, Totalizers

A series of function blocks are available which are based on time/date information.
These may be used as part of the control process.

Counters
Up to two counters are available. They provide a synchronous edge triggered event
counter.
Direction ——
Enable — Counter Count
Clock ——— Function Overflow
Target | Block RippleCarry
Reset |
Clear Overflow |
Figure 43: Counter Function Block
When configured as an Up counter, Clock events increment Count until reaching the
Target. On reaching Target, RippleCarry is set true. At the next clock pulse, Count
returns to zero. Overflow is latched true and RippleCarry is returned false.
When configured as a down counter, Clock events decrement Count until it reaches
zero. On reaching zero, RippleCarry is set true. At the next clock pulse, Count returns
to the Target count. Overflow is latched true and RippleCarry is reset false
Counter blocks can be cascaded as shown in the diagram below
Direction Direction
Enable — Count Enable L Count
Clock Counter Clock Counter
oc Function |— Overflow oc Function |—— Overflow
Block 1 Block 2 :
Target — RippleCarry Target ——— —— RippleCarry
Reset — Reset

Clear Overflow

Clear Overflow

Figure 44: : Cascading Counters

The RippleCarry output of one counter acts as an enabling input for the next counter.
In this respect the next counter in sequence can only detect a clock edge if it was
enabled on the previous clock edge. This means that the Carry output from a counter
must lead its Overflow output by one clock cycle. The Carry output is, therefore,
called a RippleCarry as it is NOT generated on an Overflow (i.e. Count > Target) but
rather when the count reaches the target (i.e. Count = Target). The timing diagram
below illustrates the principle for the Up Counter.
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Count =
| Target -1

Clock I

Count =
| Target | Count=0 |

sinEnhiE

-

RippleCarry

| Overflow

Figure 45: : Timing Diagram for an Up Counter

Counter Parameters

List Header - Count

Sub-headers: 1 to 2

Name Parameter Description Value Default Access

@ to select Press @ or @ to change values Level

Enable Counter enable. Yes Enabled Yes L3
Counter 1 or 2 is enabled in the Instrument No Disabled
configuration page but they can also be turned
on or off in this list

Direction Defines count up or count down. Up Up counter Up L3
This is not intended for dynamic operation Down Down counter
(i.e. subject to change during counting). It can
only be set in configuration level.

Ripple Carry Ripple carry to act as an enabling input to the Off R/O
next counter. It is turned On when the counter | On
reaches the target set

Overflow Overflow flag is held true (Yes) when the counter | No R/O
reaches zero (Down) or passes target (Up) Yes

Clock Tick period to increment or decrement the count. | 0 No clock input 0 R/O if
This is normally wired to an input source such as | 1 Clock input present wired
a digital input.

Target Level to which the counter is aiming 0 to 99999 L3

Count Counts each time a clock input occurs until the |0 to 99999 R/O
target is reached.

Reset Resets the counter No Not in reset No L3

Yes Reset
Clear O’flow Clear overflow No Not cleared No L3
Yes Cleared
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Timers

Up to four timers can be configured. Each one can be configured to a different type
and can operate independently of one another.

Timer Types

Each timer block can be configured to operate in four different modes. These modes
are explained below

On Pulse Timer Mode

This timer is used to generate a fixed length pulse from an edge trigger.
* The output is set to On when the input changes from Off to On.
* The output remains On until the time has elapsed

* If the ‘Trigger input parameter recurs while the Output is On, the Elapsed Time
will reset to zero and the Output will remain On

® The triggered variable will follow the state of the output

The diagram illustrates the behaviour of the timer under different input conditions.

ot | [
e N S N S—

Time Time

Elapsed Time

Triggered —m

Input Interval > Time

o L]

Qutput ——— | |

Time
Elapsed Time
Triggered

Figure 46: On Pulse Timer Under Different Input Conditions
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On Delay Timer Mode

This timer provides a delay between the trigger event and the Timer output.

* The Output is OFF when the Input is OFF or has been On for less than the delay
time

® The elapsed time will increment only when the Inputis ON and will reset to 0
when the Input goes OFF.

* With the Input ON and once the Time has elapsed, the Output will be set to ON
*  The Output will remain On until the Input is cleared to Off.
* The Triggered variable will follow the Input

The following diagrams illustrates the behaviour of the timer under different Input
conditions.

When the elapsed time is
less than the set time no

—I Output is generated

Time

Input

Output m I
Elapsed Time
Triggered

Figure 47: On Delay Timer Under Different Input Conditions

This type of timer is used to ensure that the output is not set unless the input has
been valid for a pre-determined period of time, thus acting as a kind of input filter.
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One Shot Timer Mode

This timer behaves like a simple oven timer.
* When the Time is edited to a non-zero value the Output is set to On

* The Time value is decremented until it reaches zero. The Output is then cleared
to Off

* The Time value can be edited at any point to increase or decrease the duration of
the On time

* Once set to zero, the Time is not reset to a previous value, it must be edited by
the operator to start the next On-Time

* The Inputis used to gate the Output. If the Input is set, the time will count down to
zero. If the Input is cleared to Off, then the Time will hold and the Output will
switch Off until the Input is next set.

Since the Input is a digital wire, it is possible for the operator to NOT wire it, and
set the Input value to On which permanently enables the timer.

* The Triggered variable will be set to On as soon as the Time is edited. It will reset
when the Output is cleared to Off.

The behaviour of the timer under different input conditions is shown below.

Input
Time Edited Time Edited
Output Time A N

]
—/

Elapsed Time /‘
Triggered 4’—|—1

This diagram shows how the Input can be used to gate the Timer as a type of hold

Input m
Time Edited '—_| I__| I__I A+B+C+D = Time
Output ~ A B C D

Figure 48: : One Shot Timer
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Compressor or Minimum On Timer Mode

This type of timer may also be known as an ‘Off Delay’ function where the output
goes ‘on’ when the input goes active and remains on for a specified period after the
input goes inactive.

It may be used, for example, to ensure that a compressor is not cycled excessively.

The output will be set to On when the Input changes from Off to On.

When the Input changes from On to Off, the elapsed time will start incrementing
towards the set Time.

The Output will remain On until the elapsed time has reached the set Time. The
Output will then switch Off.

If the Input signal returns to On while the Output is On, the elapsed time will reset
to 0, ready to begin incrementing when the Input switches Off.

The Triggered variable will be set while the elapsed time is >0. It will indicate that
the timer is counting.

The diagram illustrates the behaviour of the timer under different input conditions.

Input

-

Qutput

Elapsed Time

Time |~ Time

]

L L

Triggered

Figure 49: Minimum On Timer Under Different Input Conditions
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Timer Parameters

List Header - Timer Sub-headers: 1 to 4
Name Parameter Description Value Default Access
@ to select Press & or @ to change values Level
Type Timer type Off Timer not configured Off or as Conf
On Pulse Generates a fixed length pulse from an edge ordered
trigger
On Delay Provides a delay between input trigger event
and timer output
One Shot Simple oven timer which reduces to zero
before switching off
Min-On Compressor timer guaranteeing that the
output remains ON for a time after the input
signal has been removed
Time Duration of the timer. For re-trigger | 0:00.0 to 99:59:59 L3
timers this value is entered once
and copied to the time remaining
parameter whenever the timer
starts. For pulse timers the time
value itself is decremented.
Elapsed Time | Timer elapsed time 0:00.0 to 99:59:59 R/O L3
Input Trigger/Gate input. Turn On to start | Off Off Off L3
timing On Start timing
Output Timer output Off Output off L3
On Timer has timed out
Triggered Timer triggered (timing). This is a Off Not timing R/O L3
status output to indicate that the On Timer timing
timers input has been detected
The above table is repeated for Timers 2 to 4.
Totalizers

A totalizer is an electronic integrator, primarily used to record the numeric total over
time of a measured value that is expressed as a rate. For example, the number of
litres (since reset), based on a flow rate in litres per minute.

There are two totalizer function blocks in 3500 controllers. A totalizer can, by soft
wiring, be connected to any measured value. The outputs from the totalizer are its
integrated value and an alarm state. The user may set a setpoint which causes the
alarm to activate once the integration exceeds the setpoint.

The totalizer has the following attributes:

1. Run/Hold/Reset

In Run the totalizer will integrate its input and continuously test against an alarm
setpoint. The higher the value of the input the faster the integrator will run.

In Hold the totalizer will stop integrating its input but will continue to test for alarm
conditions.

In Reset the totalizer will be zeroed, and alarms will be reset.

2. Alarm Setpoint

If the setpoint is a positive number, the alarm will activate when the total is greater
than the setpoint.

If the setpoint is a negative number, the alarm will activate when the total is lower
(more negative) than the setpoint.

If the totalizer alarm setpoint is set to 0.0, the alarm will be off. It will not detect values
above or below.
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The alarm output is a single state output. It may be cleared by resetting the totalizer,
stopping the Run condition, or by changing the alarm setpoint.

3. The total is limited to a maximum of 99999 and a minimum of -99999.

4. The totalizer ensures that resolution is maintained when integrating small values
onto a large total.

Totalizer Parameters

List Header - Total Sub-headers: 1 to 2
Name Parameter Description Value Default Access
@ to select Press @ or W to change values Level
Total The totalized value 99999 to -99999 R/O L3
In The value to be totalized -9999.9 to 9999.9. L3
Note 1:.
Units Totalizer units None Conf
AbsTemp
V, mV, A, mA,
PH, mmHg, psi, Bar, mBar, %RH, %, mmWG, inWG, inWW,
Ohms, PSIG, %02, PPM, %CO02, %CP, %/sec,
RelTemp
Vacuum
sec, min, hrs,
Res’n Totalizer resolution XXXXX XXXXX Conf
XXXX.X
XXX XX
XX XXX
X XXXX
Alarm SP Sets the totalized value at which an | -99999 to 99999 L3
alarm will occur
Alarm OP This is a read only value which Off Alarm inactive Off L3
indicates the alarm output On or Off. | On Alarm output active
The totalized value can be a positive
number or a negative number.
If the number is positive the alarm
occurs when
Total > + Alarm Setpoint
If the number is negative the alarm
occurs when
Total > - Alarm Setpoint
Run Runs the totalizer No Timer not running No L3
Yes Select Yes to run the timer
Hold Holds the totalizer at its current value | No Timer not in hold No L3
Note 2: Yes Hold timer
Reset Resets the totalizer No Timer not in reset No L3
Yes Timer in reset

1. The totalizer stops accumulating if the input is ‘Bad’.

2. The Run & Hold parameters are designed to be wired to (for example) digital
inputs. Run must be ‘on’ and Hold must be ‘off’ for the totalizer to operate.
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Application Specific
Humidity Control

Humidity (and altitude) control is a standard feature of the 3500 controller. In these
applications the controller may be configured to generate a setpoint profile (see
Setpoint Programmer).

Also the controller may be configured to measure humidity using either the traditional
Wet/Dry bulb method or it may be interfaced to a solid state sensor.

The controller output may be configured to turn a refrigeration compressor on and off,
operate a bypass valve, and possibly operate two stages of heating and/or cooling

Example of Humidity Controller Connections

Dehumidify
valve

SCR for
temperature |
control

e Humidify

Solenoid

Wet bulb Dry bulb
temp temp

Figure 50: Example of Humidity Controller Connections
In the above example the following modules are fitted. This will change from
installation to installation:

Module 1 Analogue or relay to drive dehumidify valve

Module 3 PV input module for wet bulb temperature RTD

Standard Digital /0 Used as logic outputs for humidify solenoid valve and
temperature control SCR

Standard PV Input For the dry bulb RTD used for the temperature control

and humidity calculation
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Temperature Control of an Environmental Chamber

The temperature of an environmental chamber is controlled as a single loop with two
control outputs. The heating output time proportions electric heaters, usually via a
solid state relay. The cooling output operates a refrigerant valve which introduces
cooling into the chamber. The controller automatically calculates when heating or
cooling is required.

Humidity Control of an Environmental Chamber

Humidity in a chamber is controlled by adding or removing water vapour. Like the
temperature control loop two control outputs are required, i.e. Humidify and
Dehumidify.

To humidify the chamber water vapour may be added by a boiler, an evaporating pan
or by direct injection of atomised water.

If a boiler is being used adding steam increases the humidity level. The humidify
output from the controller regulates the amount of steam from the boiler that is
allowed into the chamber.

An evaporating pan is a pan of water warmed by a heater. The humidify output from
the controller humidity regulates the temperature of the water.

An atomisation system uses compressed air to spray water vapour directly into the
chamber. The humidify output of the controller turns on or off a solenoid valve.

Dehumidification may be accomplished by using the same compressor used for
cooling the chamber. The dehumidify output from the controller may control a
separate control valve connected to a set of heat exchanger coils.

Humidity Parameters

List Header - Humidity Sub-headers: None
Name Parameter Description Value Default Access
Level
®@ to select Press & or @ to change values
Res’n Resolution of the relative humidity XXXXX Conf
XXXX.X
XXX XX
XX XXX
X XXXX
PsycK The psychrometric constant at a given pressure | 0.0 to 10.0 6.66 L3
(6.66E-4 at standard atmospheric pressure).
The value is dependent on the speed of air-flow
across the wet bulb, and hence the rate of
evaporation. 6.66E-4 is for the ASSMANN
ventilated Psychrometer.
Pressure Atmospheric Pressure 0.0 to 2000.0 1013.0 L3
mbar
WetT Wet Bulb Temperature Range units
WetOffs Wet bulb temperature offset -100.0 to 100.0 0.0 L3
DryT Dry Bulb Temperature Range units
RelHumid Relative Humidity is the ratio of actual water 0.0 to 100.0 100 R/O
vapour pressure (AVP) to the saturated water
vapour pressure (SVP) at a particular
temperature and pressure
DewPoint The dew point is the temperature to which air -999.9 t0 999.9 R/O
would need to cool (at constant pressure and
water vapour content) in order to reach
saturation
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List Header - Humidity

Sub-headers: None

Name Parameter Description Value Default Access
Level
@ to select Press @ or @D to change values
SBreak Indicates that one of the probes is broken. No No sensor break detection Conf
Yes Sensor break detection
enabled

Zirconia (Carbon Potential) Control

A 3500 controller may be supplied to control carbon potential, order code ZC. The
controller is often a programmer which generates carbon potential profiles. In this
section it is assumed that a programmer is used.

Calculation of PV: The Process Variable can be Carbon Potential, Dewpoint or
Oxygen concentration. The PV is derived from the probe temperature input, the
probe mV input and remote gas reference input values. Various probe makes are
supported. In the 3500 Carbon Potential and Dewpoint can be displayed together.

The following definitions may be useful:

Temperature Control

The sensor input of the temperature loop may come from the zirconia probe but it is
common for a separate thermocouple to be used. The controller provides a heating
output which may be connected to gas burners or thyristors to control electrical
heating elements. In some applications a cooling output may also be connected to a
circulation fan or exhaust damper.

Carbon Potential Control

Sooting Alarm

The zirconia probe generates a millivolt signal based on the ratio of oxygen
concentrations on the reference side of the probe (outside the furnace) to the amount
of oxygen in the furnace.

The controller uses the temperature and carbon potential signals to calculate the
actual percentage of carbon in the furnace. This second loop generally has two
outputs. One output is connected to a valve which controls the amount of an
enrichment gas supplied to the furnace. The second output controls the level of
dilution air.

In addition to other alarms which may be detected by the controller, the 3500 can
trigger an alarm when the atmospheric conditions are such that carbon will be
deposited as soot on all surfaces inside the furnace. The alarm may be connected to
an output (e.g. relay) to initiate an external alarm.
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Automatic Probe Cleaning

The 3500 has a probe clean and recovery strategy that can be programmed to occur
between batches or manually requested. At the start of the cleaning process a
‘snapshot’ of the probe mV is taken, and a short blast of compressed air is used to
remove any soot and other particles that may have accumulated on the probe. A
minimum and maximum cleaning time can be set by the user. If the probe mV has not
recovered to within 5% of the snapshot value within the maximum recovery time set
then an alarm is given. This indicates that the probe is ageing and replacement or
refurbishment is due.

Endothermic Gas Correction

A gas analyser may be used to determine the CO concentration of the endothermic
gas. If a 4-20mA output is available from the analyser, it can be fed into the 3500 to
automatically adjust the calculated % carbon reading. Alternatively, this value can be

entered manually.

Zirconia Parameters

Zirconia Main

List Header - Zirconia

Sub-headers: Main

Name

© to select

Parameter Description

Value

Press ® or® to change

values

Default Access
Level

ProbeState

State of the probe and function block
Indicates the probe and function block's current operating state.

Measuring

RO L3

Burnoff (cleaning)

CleaningRecovery

ImpedanceCheck

ImpedanceRecovery

BelowMinTemp

ol O | W] N| | O

InputBad

CarbonPotential

Calculated Carbon Potential
Indicates the calculated carbon potential in wt.%C.

Carbon Potential is a measure of the ability of a given atmosphere
composition to diffuse carbon into a heated steel workpiece,
expressed as a percentage of carbon in the steel (by weight). The
value is clipped in the range from 0 to 2.55wt. %C.

RO L3

DewPoint

Calculated Dew Point

Indicates the calculated dew point (in the configured instrument
temperature units).

The dew point of a gas mixture is the temperature at which
condensation and evaporation of its water vapour content are in
equilibrium (at constant pressure). Dew point is often used as a
process variable for control of an endothermic gas generator. The
value is clipped in the range equivalent to -60 to +160 degrees C.

RO L3

Oxygen

Calculated Oxygen

The calculated concentration of oxygen in the measured
atmosphere (expressed in the units configured by the
OxygenUnits parameter).

RO L3

SaturationLimit

Calculated Carbon Saturation Limit

The calculated carbon potential above which sooting is likely to
occur on surfaces in the furnace. This threshold is sometimes
referred to as the 'soot line'.

RO L3
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List Header - Zirconia

Sub-headers: Main

Name Parameter Description Value Default Access
Level
© to select Press & or @ to change
values
OutputStatus Status of the calculated outputs 0 Outputs are good RO L3
This reports the status of the CarbonPotential, DewPoint and 1 Outputs are bad
Oxygen calculated outputs. If the status is Bad, the value should
not be relied upon.
SootNotification | Saturation limit exceeded 0 No RO L3
This flag is set to Yes if the following condition is met: 1 Yes
CarbonPotential > (SaturationLimit * SootScalar)
That is, if the carbon potential in the furnace becomes high
enough to potentially cause a deposit of soot on surfaces in the
furnace. The SootScalar parameter allows a degree of tolerance
to be defined.
Typically this parameter could be wired to a digital alarm.
COFactor Defines the local 'CO Factor' in %CO. The default value is 20.0%. 20% L3
This factor is used in the calculation of the carbon potential.
Nominally, it represents the percentage of carbon monoxide in
the furnace atmosphere, by volume. In practice, however, it is
often used as a general compensation factor, to bring the
calculated carbon potential into agreement with the value
determined by shim stock or multigas analysis.
To avoid harsh changes in controller output, an integral balance
will be issued whenever this value is changed.
H2Factor Defines the local 'H2 Factor' in %H2. The default value is 40.0%. 40% L3
This factor is used in the calculation of the dew point. Nominally,
it represents the percentage of hydrogen in the furnace
atmosphere, by volume. In practice, however, it is often used as
a general compensation factor, to bring the calculated dew point
into agreement with observed values.
To avoid harsh changes in controller output, an integral balance
will be issued whenever this value is changed.
ProcessFactor | This value is only used if you set ProbeType to MMI. 140 L3
It defines a 'Process Factor' which is used as a general 'rolled-up'
compensation factor to take into account the various parameters
of the furnace, its atmosphere and the load being treated.
It is often used to bring the calculated carbon potential and/or dew
point into agreement with observed values.
Probeln Probe millivolts input L3
Voltage reading from the zirconia probe (in millivolts). Acceptable
range is from OmV to 1800mV.
If required, a compensation offset can be applied to this value by
setting the ProbeOffset parameter.
Temperatureln | Temperature input L3
The temperature of the measured atmosphere. This will often
come from the thermocouple at the zirconia probe tip.
If required, a compensation offset can be applied to this value by
setting the TempOffset parameter.
ProbeOffset Probe millivolts input offset 0.0 L3
If required, you can specify an offset value here (in mV), as a
compensation factor for the incoming Probeln signal.
TempOffset Temperature input offset 0.0 L3
If required, you can specify a temperature offset here. It is applied
to the incoming Temperatureln signal.
BelowMinTemp | Below minimum operating temperature 0 No RO L3
This flag is asserted whenever the probe temperature input is 1 Yes
below the MinTemperature parameter. This is often used to
inhibit alarms and similar.
Hold Hold the controller output 0 No RO L3
This flag is set to Yes when the block is carrying out probe 1 Yes
cleaning or a probe impedance check. Typically, in a control
strategy, you would use this output to switch the control loop into
HOLD mode.
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List Header - Zirconia Sub-headers: Main
Name Parameter Description Value Default Access
Level
© to select Press & or @ to change
values
IntBal Trigger integral balance 0 No RO L3
Typically, in a control strategy, you would use this output to trigger | 1 Yes
an integral balance, in order to avoid step changes in the process
variable from causing discontinuities ('‘bumps') in the control loop
output. Connect this pin to the IntBal input on the Loop block.
Certain events will cause the zirconia block to request an integral
balance, for example changing the gas factors or when
transitioning into the Measuring state.
Zirconia Config
List Header - Zirconia Sub-headers: ¥ Config
Name Parameter Description Value Default Access
Level
@ to select Press @ or @D to change
values

ProbeType Zirconia probe type 3 OxygenOnly 35 Eurotherm | RO L3
Used to specify the zirconia probe type, so that the correct 25 MMI AP1 RW Config
calculations are used.

26 AACC

27 Drayton

28 Accucarb

29 SSI

30 MacDhui

31 Bosch

32 BarberColeman
33 AGA/Ferronova
34 Probe Millivolts
35 Eurotherm AP1
36 Eurotherm ACP

OxygenCalc Oxygen calculation type 0 Nernst 0 Nernst RO L3
Selects thg methodology for calculating the oxygen 1 NernstBosch RW Config
concentration. For most probes, the Nernst equation is most
suitable. Different methodologies for Bosch lambda probes and | 3 AGA Ferronova
by AGA/Ferronova are also provided. Alternatively, the option | 4 NernstCP
to back-calculate the oxygen concentration from a calculated
carbon potential is available (NernstCP).

OxygenUnits Oxygen output units 0 PartialPressure 2 Percent RO L3
Selects how the proportion of O2 in the measured atmosphere Percent RW Config
is expressed.

PartsPerMillion

COldeal Ideal CO percent for oxygen calculation 20.0% L3
This input is only used if you set OxygenType to NernstCP.

It represents the percentage of carbon monoxide in the furnace
atmosphere by volume. The function block uses the supplied
value as a calibration factor when back-calculating the oxygen
concentration from the calculated CarbonPotential.

MinTemperature | Minimum operating temperature 720.0C L3
Defines a minimum operating temperature for the zirconia
probe. If Temperatureln < MinTemperature, the block will not
perform any calculations, cleaning or impedance testing.
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List Header - Zirconia Sub-headers: ¥ Config
Name Parameter Description Value Default Access
Level
© to select Press @ or @ to change
values
SootScalar Soot notification scalar 1.0 L3
This is a multiplicative scaling factor which can be used to raise
or lower the sooting threshold.
The SootNotification flag will be set to Yes if the following
condition is met:
CarbonPotential > (SaturationLimit * SootScalar)
Different values of SootScalar may be appropriate for different
alloys. It could also be used to approximate the carbide limit.
Zirconia Clean
List Header - Zirconia Sub-headers: ¥ Clean
Name Parameter Description Value Default Access
Level
®©@ to select Press ™ or @ to change
values
Enable Enable probe cleaning 0 Off 0 Off L3
Set to On to enable automatic probe cleaning or Off to 1 on
disable it. A clean can always be started using the
CleanStart input regardless of this setting.
Start Start a probe clean 0 No 0 No L3
A rising-edge will begin a probe cleaning sequence. 1 Yes
Abort Abort a probe clean 0 No 0 No L3
Setting this input will abort a probe burnoff. Normal 1 Yes
operation will resume once the probe recovers. A probe
clean may not be started while this input is set true. It may
be used to temporarily turn off probe cleaning.
CleanValve Open the cleaning air valve 0 Off RO L3
Control output for the probe cleaning air valve. Off = valve On
closed, On = valve open. Typically this will be wired to a
digital or relay output.
TimeToClean Time remaining until next automatic clean RO L3
Time remaining until the next automatic probe cleaning
sequence is due to start.
LastProbemV The probe mV after the last burnoff RO L3
The probe mV reading at the end of the last burnoff. If the
value is greater than 200mV, this may indicate a problem
such as poor adjustment of the cleaning air supply or probe
degradation due to heavy sooting.
LastRcovTime Time taken to recover after last burnoff RO L3
Time taken for the probe mV to return to 95% of its value
before the last burnoff began.
RecoveryNotification | Maximum recovery time was exceeded 0 No RO L3
This flag is set to Yes if the probe mV reading does not Yes
return to 95% of its pre-burnoff value within the permitted
recovery time (set by Clean.MaxRcovTime). This indicates
probe degradation.
TempExceeded Maximum temperature was exceeded 0 No RO L3
This flag is set to Yes if the probe's temperature exceeded Yes
the configured maximum (MaxTemperature) during the last
burnoff. This could indicate a potentially damaging
exothermic reaction on the probe surface.
Aborted Last burnoff was aborted 0 No RO L3
This flag is set to Yes if the last burnoff was aborted before 1 Yes
it could finish.
MsgReset Reset clean status flags 0 No 0 No L3
A rising-edge on this input will reset the RecoveryWarn, Yes
TempExceeded and Aborted status flags.
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List Header - Zirconia Sub-headers: ¥ Clean

Name Parameter Description Value Default Access
Level

@ to select Press @ or @ to change

values

BurnoffTime Burnoff duration 180s L3
Configures the duration of the burnoff phase of the probe
cleaning sequence.

Frequency Automatic cleaning frequency 4 Hours L3
Configures the interval between automatic probe cleaning
sequences.

MaxTemperature Maximum allowed temperature during burnoff 1100.0C (L3
Set the maximum temperature allowed during probe
burnoff. The burnoff is aborted if exceeded. This threshold
is only a useful diagnostic if the temperature reading is
being taken from the probe's own thermocouple. An
excessive temperature on the probe thermocouple typically
indicates that a potentially damaging exothermic reaction
has started on the probe.

MinRcovTime Minimum allowed recovery time 1s L3
Sets the minimum recovery time allowed after burnoff,
before measurement resumes.

MaxRcovTime Maximum allowed recovery time 90s L3
Sets the maximum recovery time allowed after burnoff,
before measurement resumes. If the probe has still not
recovered within this amount of time then measurement will
be forced to resume and the RecoveryWarn flag will be set.
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Input Monitor
The input monitor may be wired to any variable in the controller. It then provides three
functions:
1. Maximum detect
2. Minimum detect

3. Time above threshold
Maximum Detect

This function continuously monitors the input value. If the value is higher than the
previously recorded maximum, it becomes the new maximum.

This value is retained following a power fail.

Minimum Detect

This function continuously monitors the input value. If the value is lower than the
previously recorded minimum, it becomes the new minimum.

This value is retained following a power fail.

Time Above Threshold

This function increments a timer whenever the input is above a threshold value. If the
timer exceeds 24 hours per day, a counter is incremented. The maximum number of
days is limited to 255. A timer alarm can be set on the timer so that once the input
has been above a threshold for a period, an alarm output is given.

Applications include:

® Service interval alarms. This sets an output when the system has been running
for a number of days (up to 255 days)

* Material stress alarms - if the process cannot tolerate being above a level for a
period. This is a style of ‘policeman’ for processes where the high operating point
degrades the life of the machine.

* Ininternal wiring applications in the controller

Input Monitor Parameters

List Header - IPMon Sub-headers: 1 or 2
Name Parameter Description Value Default Access
Level
© to select Press @ or W to change values
Input The input value to be monitored May be wired to an input source. The range will L3. R/O if
depend on the source wired
Max The maximum measured value recorded As above R/O L3
since the last reset
Min The minimum measured value recorded since | As above R/O L3
the last reset
Threshold The input timer accumulates the time the As above L3
input PV spends above this trigger value.
Days Above Accumulated days the input has spent above | Days is an integer count of the 24 hour periods R/O L3
threshold since the last reset. only. The Days value should be combined with
the Time value to make the total time above
threshold.
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List Header - IPMon Sub-headers: 1 or 2

Name Parameter Description Value Default Access

© to select Press @ or @ to change values Level

Time Above Accumulated time above the ‘Threshold’ The time value accumulates from 00:00.0 to R/OL3
since last reset. 23:59.9. Overflows are added to the days value

Alm Days Days threshold for the monitors time alarm. | 0 to 255 0 L3

Used in combination with the Alm Time
parameter. The Alm Out is set to true if the
inputs accumulated time above threshold is
higher than the timer high parameters.

Alm Time Time threshold for the monitors time alarm. | 0:00.0 to 99:59:59 0:00.0 L3
Used in combination with the Alm Days
parameter. The Alm Out is set to true if the
inputs accumulated time above threshold is
higher than the timer high parameters.

Alm Out Set true if the accumulated time that the input | Off Normal operation R/O L3
spends above the trigger value is higher than | On time above setpoint exceeded
the alarm setpoint.
Reset Resets the Max and Min values and resets No Normal operation No L3
the time above threshold to zero. Yes Reset values
In Status Monitors the status of the input Good Normal operation R/O L3
Bad The input may be incorrectly wired

200 HA033837 Issue 3



3500 Series Controllers

Logic Maths and multi Operators

Logic Maths and multi Operators

Logic Operators

Logic 8

Logic input 1 ﬂ;
Invert

Logic input 2 k
Invert

Logic input 3 %
Invert

Logic input 4 k
Invert

Logic input 5 %
Invert

Logic input 6 F_
Invert

Logic input 7 %
Invert

Logic input 8 ?_

Logic Operators allow the controller to perform logical calculations on two input
values. These values can be sourced from any available parameter including
Analogue Values, User Values and Digital Values.

The parameters to use, the type of calculation to be performed, input value inversion
and ‘fallback’ value are determined in Configuration level. In levels 1 to 3 you can
view the values of each input and read the result of the calculation.

‘Lgc2’ denotes a two input logic operator. When logic operators are enabled a page

headed ‘Lgc2’ can be found using the (& button. This page contains up to 40

instances which are selected using the @ or & buttons.

Logic input 1 ﬂ_
Invert

Logic input 2

Logic operator
(Oper)

k

Invert

Output Value
(result of calculation)

Figure 51: 2 Input Logic Operators

Logic Operators are found under the page header ‘Lgc2’.

Logic 8 operators can perform logic calculations on up to eight inputs. The
calculations are limited to AND,OR,XOR. They are labelled ‘Lgc8’ to denote eight
input logic operators. When Lgc8 operators are enabled a page headed ‘Lge8’ can

be found using the button. This page contains up to four instances which are
selected using the @ or & buttons.

Logic operator
(Oper)

Invert

Invert

Output Value

—k (result of calculation)

Figure 52: 8 Input Logic Operators
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Logic Operations

The following calculations can be performed:

Oper Operator description Input 1 Input 2 Output Invert = None
0: OFF The selected logic operator is turned off
1: AND The output resultis ON when both Input 1 and Input 2 are ON | 0 0 Off
1 0 Off
0 1 Off
1 1 On
2: OR The output result is ON when either Input 1 or Input 2 is ON |0 0 Off
1 0 On
0 1 On
1 1 Off
3: XOR Exclusive OR. The output result is true when one andonly |0 0 Off
one input is ON. If both inputs are ON the output is OFF. 1 0 On
0 1 On
1 1 Off
4: LATCH Input 1 sets the latch, Input 2 resets the latch. 0 0
1 0
0 1
1 1
5:== Equal. The output result is ON when Input 1 = Input 2 0 0 On
1 0 Off
0 1 Off
1 1 On
6: <> Not equal. The output result is ON when Input 1 # Input 2 0 0 Off
1 0 On
0 1 On
1 1 Off
7> Greater than. The output result is ON when Input 1 > Input 2 {0 0 Off
1 0 On
0 1 Off
1 1 Off
8:< Less than. The output result is ON when Input 1 < Input 2 0 0 Off
1 0 Off
0 1 On
1 1 Off
9: => Equal to or Greater than. The output result is ON when Input | 0 0 On
1> Input 2 1 0 On
0 1 Off
1 1 On
10: <= Less than or Equal to. The output result is ON when Input 1 | 0 0 On
< Input 2 1 0 Off
0 1 On
1 1 On

1. The numerical value is the value of the enumeration

2. For options 1 to 4 an input value of less than 0.5 is considered false and
greater than or equal to 0.5 as true.

Logic Operator Parameters

List Header — Lgc2 (2 Input Operators) Sub-headers: 1 to 40

Name Parameter Description Value Default Access

@ to select Press ® or W to change values Level

Oper To select the type of operator See previous table None Conf
L3 R/O

Input1 Input 1 Normally wired to a logic, analogue or user value. May be |0 L3

Input2 Input 2 set to a constant value if not wired.

202 HA033837 Issue 3



3500 Series Controllers

Logic Maths and multi Operators

Fall Type The fallback state of the output if one or | 0: FalseBad The output value is FALSE and the Conf
both of the inputs is bad status is BAD. L3 R/O
1: TrueBad The output value is TRUE and the
status is BAD
2: FalseGood The output value is FALSE and the
status is GOOD
3: TrueGood The output value is TRUE and the
status is GOOD.
Invert The sense of the input value, may be 0: None Neither input inverted Conf
used to invert one or both of the inputs 1: Inputd Invert input 1 L3 R/O
2: Input2 Invert input 2
3: Both Invert both inputs
Output The output from the operation is a On Output activated R/O
boolean (true/false) value. Off Output not activated
Status The status of the result value Good R/O
Bad
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Eight Input Logic Operators

The eight input logic operator may be used to perform operations on eight inputs.

This page contains up to four instances which are selected using the @ or &

button.

Eight Input Logic Operator Parameters

List Header — Lgc8 (8 Input Operators)

Sub-headers: 1 to 4

Name

@ to select

Parameter Description

Default Access

Level

Value
Press & or @ to change values

Oper

To select the type of operator

0: OFF
1: AND
2: OR

3: XOR

OFF Conf

L3 R/O

Operator turned off

Output ON when all inputs are ON
Output ON when one input is ON
Exclusive OR

Numin

This parameter is used to configure
the number of inputs for the operation

1t08 Conf

L3 R/O

Invert

Used to invert selected inputs prior to
operation.

This is a status word with one bit per
input, the left hand bit inverts input 1.

gooodoam No inputs inverted
innnnnnin All 8 inputs inverted

When configuring over comms, the invert parameter is
interpreted as a bitfield where:

0x1 - input 1

0x2 - input 2

0x4 - input 3

0x8 - input 4

0x10 - input 5

0x20 - input 6

0x40 - input 7

0x80 - input 8

Out Invert

Invert the output

No Output not inverted No L3
Yes Output inverted

In1to In8

Input state 1to 8

Normally wired to a logic, analogue or user value. Off L3
When wired to a floating point, values less than or equal to
—0.5 or greater than or equal to 1.5 will be rejected (e.g. the
value of the Igc8 block will not change).

Values between —0.5 and 1.5 will be interpreted as ON
when greater than or equal to 0.5 and OFF when less than
0.5.

May be set to a constant value if not wired.

Out

Output result of the operator

On Output activated R/O

Off QOutput not activated

The eight input logic operator may be used to perform the following operations on

8 inputs:

Oper

Operation Description

0: OFF

The selected logic operator is turned off

1: AND

The output result is ON when ALL 8 inputs are ON

2: OR

The output result is ON when one or more of the 8 inputs are ON

3: XOR

Exclusive OR — the output is ON if an ODD number of inputs are ON.
The output is OFF if an even number of inputs are ON.

Maths Operators

Maths Operators (sometimes known as Analogue Operators) allow the controller to
perform mathematical operations on two input values. These values can be sourced
from any available parameter including Analogue Values, User Values and Digital
Values. Each input value can be scaled using a multiplying factor or scalar.

The parameters to use, the type of calculation to be performed and the acceptable
limits of the calculation are determined in Configuration level. In access level 3 you
can change values of each of the scalars.
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‘Math2’ denotes a two input math operator. When math operators are enabled a

page headed ‘Math2’ can be found using the (& button. This page contains up to

thirty two instances which are selected using the @ or & button.

Input 1 Scalar Math operator ‘ Output Value

Input 2 g i)
Input 2Scalar

(result of calculation)

Figure 53: 2 Input Math Operators

Math Operations

The following operations can be performed:

0: Off

The selected analogue operator is turned off

1: Add

The output result is the addition of Input 1 and Input 2

2: Sub

Subtract. The output result is the difference between Input 1 and Input 2
where Input 1 > Input 2

Mul

Multiply. The output result is the Input 1 multiplied by Input 2

Div

Divide. The output result is Input 1 divided by Input 2

. AbsDif

Absolute Difference. The output result is the absolute difference between Input 1 and 2

. SelMax

Select Max. The output result is the maximum of Input 1 and Input 2

SelMin

Select Min. The output result is the minimum of Input 1 and Input 2

. HotSwp

Hot Swap. Input 1 appears at the output provided input 1 is ‘good’. If input 1 is ‘bad’ then
input 2 value will appear at the output. An example of a bad input occurs during a sensor
break condition.

9: SmpHId

Sample and Hold. Normally input 1 will be an analogue value and input B will be digital.
The output tracks input 1 when input 2 = 1 (Sample).

The output will remain at the current value when input 2 = 0 (Hold).

Ifinput 2 is an analogue value then any non zero value will be interpreted as ‘Sample’.

10: Power

The output is the value at input 1 raised to the power of the value at input 2. l.e. input
1input 2

11: Sqrt

Square Root. The output result is the square root of Input 1. Input 2 has no effect.

12: Log

The output is the logarithm (base 10) of Input 1. Input 2 has no effect

13: Ln

The output is the logarithm (base n) of Input 1. Input 2 has no effect

14: Exp

The output result is the exponential of Input 1. Input 2 has no effect

15: 10 x

The output result is 10 raised to the power of Input 1 value l.e. 10Mnput 1 Input 2 has
no effect

51: Select

Select input is used to control which Analogue Input is switched to the output of the
Analogue Operator. If the select input is true input 2 is switched through to the output.
If false input 1 is switched through to the output. See example below:

Select input
An l
input 1 Select If Select Input = 1 (True), then Analogue input 2 is
An Logic 1|— selected
input 2 If Select Input = 0 (False), then Analogue input 1 is
An Op 1 selected
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When Boolean parameters are used as inputs to analogue wiring, they will be cast to
0.0 or 1.0 as appropriate. Values <= -0.5 or >= 1.5 will not be wired. This provides a
way to stop a Boolean updating.

Analogue wiring (whether simple re-routing or involving calculations) will always
output a real type result, whether the inputs were booleans, integers or reals.

The numerical value is the value of the enumeration

Math Operator Parameters

List Header — Math2 (2 Input Operators) Sub-headers: 1 to 32
Name Parameter Description Value Default Access
@ to select Press @ or B to change values Level
Operation To select the type of operator See previous table None Conf
Input1 Scale Scaling factor on input 1 Limited to max float 1.0 L3
Input2 Scale Scaling factor on input 2 Limited to max float 1.0 L3
Output Units Units applicable to the output value None None Conf
AbsTemp
V, mV, A mA,

PH, mmHg, psi, Bar, mBar, %RH, %, mmWG, inWG,
inWW, Ohms, PSIG, %02, PPM, %C02, %CP,

%lsec,
RelTemp
Vacuum

sec, min, hrs,

Output Res’n Resolution of the output value XXXXX. XXXX X, XXXXX, XX XXX, X XXXX Conf
Low Limit To apply a low limit to the output Max float to High limit (decimal point depends on -99999 Conf
resolution)

High Limit To apply a high limit to the output Low limit to Max float (decimal point depends on 999999 Conf
resolution)

Fallback The state of the Output and Status Clip Bad Descriptions, see section Fallback. Conf

parameters in case of a fault condition. This | Clip Good
parameter could be used in conjunction Fall Bad
with fallback value Fall Good
Upscale
DownScale
Fallback Val Defines (in accordance with Fallback) the | Limited to max float (decimal point depends on Conf
output value during fault conditions. resolution)
Input1 Value Input 1 value (normally wired to an input Limited to max float (decimal point depends on L3
source — could be a User Value) resolution)
Input2 Value Input 2 value (normally wired to an input Limited to max float (decimal point depends on L3
source — could be a User Value) resolution)
Output Value Indicates the analogue value of the output | Between high and low limits R/O
Status This parameter is used in conjunction with | Good R/O
Fallback to indicate the status of the Bad
operation. Typically, status is used to flag
fault conditions and may be used as an
interlock for other operations.
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Sample and Hold Operation

The diagram below shows the operation of the sample and hold feature.

IP1

-
o

P2

Result

Figure 54: Sample and Hold
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Eight Input Analog Multiplexers

The eight Inpu

t analog multiplexers may be used to switch one of eight inputs to an

output. It is usual to wire inputs to a source within the controller which selects that

input at the ap
using the (&

propriate time or event. A page headed ‘Mux8’ can then be found
button. This page contains up to eight instances which are selected

using W or ®» button.

Multiple Input Operator Parameters

List Header — Mux8 (8 Input Operators) Sub-headers: 1 to 8
Name Parameter Description Value Default Access
@ to select Press D or @ to change values Level
High Limit The high limit for all inputs and the fall Low Limit to 99999 (decimal point depends on resolution) | 99999 Conf
back value.
Low Limit The low limit for all inputs and the fall back | -99999 to High Limit (decimal point depends on -99999 Conf
value. resolution)
Fallback The state of the Output and Status Clip Bad Descriptions see section Fallback. Conf
parameters in case of a fault condition. Clip Good
This parameter could be used in Fall Bad
conjunction with Fallback Val. Fall Good
Upscale
DownScale
Fallback Val Used (in accordance with Fallback) to -99999 to 99999 (decimal point depends on resolution) Conf
define the output value during fault
conditions
Select Used to select which input value is Input1 to Input8 L3
assigned to the output.
Input1 to 8 Input values (normally wired to an input | -99999 to 99999 (decimal point depends on resolution) L3
source)
Output Indicates the analogue value of the output | Between high and low limits R/O
Status Used in conjunction with Fallback to Good R/O
indicate the status of the operation. Bad
Typically, status is used to flag fault
conditions and may be used as an
interlock for other operations.
Res’n Indicates the resolution of the output XXXXX The resolution of the output is taken
XXXX.X from the selected input. If the selected
XXX XX input is not wired, or if its status is bad
XX XXX then the resolution will be set to 1dp
X XXXX
Fallback
The fallback strategy will come into effect if the status of the input value is bad or if
the input value is outside the range of Input Hi and Input Lo.
In this case the fallback strategy may be configured as:-
Fall Good If the input value is above ‘High Limit’ or below ‘Low Limit’, then the
output value is set to the ‘Fallback’ value, and the ‘Status’ is set to
‘Good’.
Fall Bad If the input value is above ‘High Limit’ or below ‘Low Limit’, then the
output value is set to the ‘Fallback’ value, and the ‘Status’ is set to
‘Bad’.
Clip Good If the input value is above ‘High Limit’ or below ‘Low Limit’, then the
output value is set to the appropriate limit, and ‘Status’ is set to ‘Bad’.
If the input signal is within the limits, but its status is bad, the output is
set to the ‘Fallback’ value.
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Clip Bad If the input value is above ‘High Limit’ or below ‘Low Limit’, then the
output value is set to the appropriate limit, and ‘Status’ is set to
‘Good'. If the input signal is within the limits, but its status is bad, the
output is set to the ‘Fallback’ value

Upscale If the input status is bad, or if the input signal is above ‘High Limit’ or
below ‘Low Limit’, the output value is set to the ‘High Limit’.

Downscale If the input status is bad, or if the input signal is above ‘High Limit’ or
below ‘Low Limit’, the output value is set to the ‘Low Limit'.

Multi Input Operator

The Multi Input Operator function block performs analogue operations on up to eight
inputs. The block will simultaneously output the Sum, Average, Maximum and
Minimum values of the valid inputs. The outputs may be clipped to user defined limits
or be replaced by a fallback value as described in section Fallback Strategy for Multi
Input Block.

An outline of the block is shown below and there are four instances of the block in
3500 series controllers.

Num In

Num Casc In Num Valid Inputs

Sum

Min

—

Casc In
In1
In2

Multi Operator

—

| Max

In3 | . Average

N4 —s] |, Input Status
In5 ——]

IN6 ——]

In7 __|

In8 __,]|

Units __,|

Out Hi Limit _|
Out Lo Limit _|
Fallback Val __|

Fallback Type __,|

Figure 55: Multi Input Operator Function Block

Number of Inputs

Input Status

‘Num In’ determines the number of inputs made available for use. This is settable by
the user and is defaulted to two. Take care not to set this number to a value higher
than the desired number of inputs as any unused inputs are seen as valid inputs
(zero value by default). ‘Num Casc In’ and ‘Casc In’ will always be available.

‘Input Status’ gives an indication of the status of the inputs in priority order. ‘Casc in’
has the highest priority, ‘In1’ the next highest up to ‘In8’ the lowest. Should more than
one input be bad then the input with the highest priority is shown as bad. When the
highest priority bad status is cleared the next highest priority bad status is shown.
When all inputs are OK a status of Good is shown.
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Number of Valid Inputs

‘Num Valid Ins’ provides a count of the number of inputs used to perform the
calculation within the block. This is required for cascaded operation as detailed
below.

Cascaded Operation

The two Multiple Input Operator blocks can be cascaded to allow up to 16 inputs. The
diagram shows how the two blocks are configured to find the average of more than

eight inputs.
Num In Num Valid Inputs Num In
Num Casc In — > Num Valid Inputs
Sum
Casc In —» . > Sum
Multi Operator 1 |, min Multi Operator 1
In1 —| - — Min
N2 — — Max — L~ Max
| . Average Average
| . Input Status L+ Input Status

\/_ \/_

Figure 56: Cascaded Multi Input Operators

If ‘Casc In’ has ‘Good’ status, and ‘NumCascIn’ is not equal to zero, it is assumed
that the block is in cascade and these values are used for calculations within the
block., and the value given by ‘NumCascln’ is added to ‘NumValidin’. When in
cascade the sum, min, max and average outputs treat ‘Casc in’ as an additional input
to the block. For example, if ‘Casc In’ is greater than any number on the rest of the
inputs then its value will be output as the maximum.

Fallback Strategy for Multi Input Block

The fallback strategy may be selected in configuration mode as follows:

Clip Good

* The status of the outputs is always good
* If an output is out of range then it is clipped to limits

¢ [fallinputs are Bad, all outputs = 0 (or clipped to limits if 0 is not within the output
range)

Clip Bad

* The status of all outputs is Bad if one or more of the inputs is Bad.

* [If an output is out of range then it is clipped to limits and the status of that output
is set to Bad

* [f all inputs are Bad, all outputs = 0 and all status’ are set to Bad (or clipped to
limits if 0 is not within the output range)
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Fall Good

* The status of the outputs is always good

* [f an output is out of range then it is set to the fallback value

e If all inputs are Bad, all outputs = fallback value

Fall Bad

* The status of the outputs is bad if one or more of the inputs is bad

* If an output is out of range then it is set to the fallback value and the status is set

to bad

e If all inputs are Bad, all outputs = fallback value and all status’ are set to bad

Multi Operator Parameters

List Header — MultOp (Multi Input Operators)

Sub-headers: 1 to 2

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Num In Number of inputs selected to use 1t08 Conf
Casc Num In Number of cascaded inputs from the previous 0-255 0
block
Casc In The cascaded input from the previous block -99999 to 99999 0
In1 Input 1
In2 Input 2
In3 Input 3
In4 Input 4
In5 Input 5
In6 Input 6
In7 Input 7
In8 Input 8
Units Selected units for the /0 None, Abs Temp, V, mV, A, mA, pH, mmHg, psi, | None
Bar, mBar, %RH, %, mmWg, inWg, inWWw,
Ohms, psig, %02, PPM, %CO02, %CP, %/sec,
RelTemp, Vacuum, sec, min, hrs
Res’n Selected resolution of the outputs XXXXX,  XXXX.X, XXX.XX, XXXXX,
XXXXX
Out Hi Limit Upper limit of the outputs Between ‘Out Lo Limit’ and maximum display 99999
Out Lo Limit Lower limit of the outputs Between ‘Out Hi Limit' and minimum display -99999
Fallback The state of the Output and Status parameters in | Clip Bad Descriptions see section Conf
case of a fault condition. This parameter could be | Clip Good Fallback Strategy for Multi Input
used in conjunction with Fallback Val. Fall Bad Block.
Fall Good
Fallback Val Value to be output depending on Input Status and Conf
fallback type selected
Num Valid In Number of inputs used in the calculated outputs
Sum Out Sum of the valid inputs
Max Out Maximum value of the valid inputs
Min Out Minimum value of the valid inputs
Average Out Average value of the valid inputs
In Status Status of the inputs Good
Bad
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Input Characterization

Input Linearization

The linearization block converts an analog input into an analog output through a
user-defined table. This linearization table consists of a series of 32 points defined by
input breakpoints (In1 to In32) and output values (Out1 to Out32). In other words, the
linearization block implements a piecewise linear curve (a connected sequence of
line segments) defined by a series of input coordinates (In1 to In32) and associated
output coordinates (Out1 to Out32).

Two of the most typical applications for the LIN32 function block are:
1. Custom linearization of a sensor input

2. Adjustment of the process variable to account for differences introduced by the
overall measurement system or to derive a different process variable.

Custom Linearization

This application allows the user to create their own linearization table.

In the following example the LIN32 block is placed between the Loop block and an
Analog Input set to linear and Linearization Type to mV, V, mA, Ohms, etc. In the
following example the Al block is set to mV.

e, SuperLoop 1
Telnput (6)
mv (13) S'Ff"‘%'ezm
Low (0) @ o 7
K(1) Off (0) .Mod
= i i LogicOut (3)
SBrkout Lin321 Main.AutoManual Main.Mode Timgpmu :51\
PV in Out Main.PV Main.WorkingSP PN
Main.intBal Output Ch10utput PV
Status
1] i O A= I Setpoint SPSelect L
Setpoint SP1
2 8] Setpoint SP2
Units = C_F_K_Temp [1)' : Setpoint PSPSelect
| = Setpoint PSP
Units = C_F_K_Temp (1)
3 o

The following graph shows a typically increasing linearization curve. The decision of
the actual number of points depends of the required accuracy in converting the input
electrical signal into the required output value: the higher the number of points, the
higher accuracy can be obtained; conversely a lower number of points requires less
time to configure the function block. If less than 32 points are used, set the
‘NumPoints' parameter to the required number. Points not selected will then be
ignored, the curve will continue in a straight line fit to the levels set in 'OutHighLimit'
or 'OutLowLimit' and the 'CurveForm' output will be 'Increasing'.
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Example 1: Custom Linearization - Increasing Curve

OutHighLimit

Out6=250

Out5=150

Out4=0

Out [°C]

Out3=-100

Out2=-200

Out1=-250

OutLowLimit

PR X ® ® In mV]
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To Setup the Parameters

1. Set the appropriate Fallback type and value, Output units and resolution (editable
only in Config mode); Units and resolution of the input and the input breakpoints
will be derived by the source wired to 'In'.

2. Set the ‘OutHighLimit’ and ‘OutLowLimit’ to restrict the output of the linearization
curve. The ‘OutHighLimit’ must be greater than the ‘OutLowLimit’.

3. Set the 'NumPoints' (6 in this example) to the required number of points for the
linearization table. This is an important and required step and the effects of
skipping it are reported in the Example 2.

4. Enter values of the first Input breakpoint ‘In1’ and Output value ‘Out1’.
5. Continue with the remaining Input breakpoints and Output values.

6. Wire the ‘IntBal’ parameter to the ‘Loop.Main.IntBal’ parameter. This prevents
any proportional or derivative kick in the controller output when any change
occurs in the LIN16 configuration parameters.

Points on the linearization curve can be derived from reference tables or can be
found by associating the measurements of an external reference (e.g. temperature in
degrees Celsius) to the Al electrical readings (e.g. mV or mA).

The iTools view reproduced below shows how the parameters are set up in LIN block
1 for the above example. The list corresponds to the parameters shown on the
controller HMI. Parameter help is also available by right clicking the parameter in the

iTools list.
= o | +
1 2 3 4 5 & 7 8
| Name | Description | Address Value| Wired From A
/ In Input Measurement to Linear 5187 0.00
Out Linearization Result 5188 0.00
Status Status of the Block BAD (1) =
CurveFarm Linearization T able Curve Fo MNaFarm (4] =
& Units Output Units Nane (0] +
# Resolution Dutput Resolution XEX[) -
& FalbackType  Fallback Type ChipBad [0) =
A FalbackValue  Fallback Value 0.00
IntBal Inteqral Balance request No (0] =
# OutLowLimit | Output Low Limit 5189 935,00
A& OutHighLimit  Output High Limit 5190 9393.00
& NumPairts Mumber of Selected Points 5191 32
& EditPoint Insert or Delete Paint 5192 0
& In Input Paint 1 5193 0.00
& 0ul Output Paint 1 5194 0.00
/ In2 Input Paint 2 5195 0.00
f Out2 Output Point 2 5136 0.00
& In3 Input Paint 3 5197 0.00
& 0ut3 Output Paint 3 51398 0.00
& Ind Input Paint 4 5199 0.00
& Outd Output Point 4 5200 0.00
& 5 Input Paint 5 5201 0.00
& 0us Output Point 5 5202 0.00
& Ik Input Point & 5203 0.00
& 0uk Output Point & 5204 0.00
&7 Input Paint 7 5205 0.00
& ou? Output Point 7 5206 0.00
& |nd Input Paint 8 5207 0.00
& ous Output Point 8 5208 0.00 v
2 1.0 [y -y N0 AN
< >

Lin32.1 - 77 parameters
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The function block will automatically skip points that do not follow strictly
monotonically increasing order of the 'In' coordinates. If at least one point has been
skipped the 'CurveForm' parameter will show 'SkippedPoints'. If no valid interval is
found the 'CurveForm' parameter will show 'NoForm' and the Fallback strategy will be
applied. Other conditions when the Fallback strategy is applied are input source bad
status (e.g. sensor break or sensor over-range) and calculated LIN32 output
over-range (i.e. less than OutLowLimit or greater than InHighLimit).

Example 2: Custom Linearization - Skipped Points Curve

If points defaulted to zero have not been deactivated, by reducing 'NumPoints', - AND
assuming that at least one of the previous input breakpoints is positive (see the curve
below) - then those points will be automatically skipped. The output characteristics
will be the same as those obtained by deactivating the points defaulted to zero but
the 'CurveForm' will be 'SkippedPoints'.

OutHighLimit

Out5=32

Out [°C]

Out4=8

Out3=2

Out2=1.5
Out1=-3
QutLowLimit |

In1 to In5 will be used. In6 to In32 will be ignored. ‘CurveForm’ will be ‘SkippedPoints’
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However, when the 'CurveForm' parameter is 'SkippedPoints' (because the number
of points 'NumPoints' has not been reduced to the required set) it is not guaranteed
that the output characteristics will be increasing or decreasing. In fact, for example, if
the input breakpoints are all negative and the final points are zero, then the first
"zero" point will be included in the characteristics - see the following picture.
Therefore, always set 'NumPoints' to the required value in order to get the expected
sensor linearization curve type - increasing, decreasing or free form.

OutHighLimit
Out5=32
o
=1
o
Out4=8
Out3=2
Out6,...,0ut16=-0 Q
Out2=-1.5
Out1=-3
QutLowLimit |
ST A R SVl
& A @ <& @ \5’"
o
N

In1 to In5 will be used as well as In6, possibly resulting in a not expected curve.
In7, ..., In32 will be ignored. CurveForm will be SkippedPoints.
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Example 3: Custom Linearization - Decreasing Curve
The curve may also be a decreasing form as shown below.

OutHighLimit
Out1=20

Out2=0

Out3=-20

out [°C]

Out4=-30

Outb5=-40

Out6=-50
OutLowLimit

1 1 1 1 1
NG - B 4% In[Ohms]

P
SO ‘
AN R\ &

The procedure to setup the parameters is the same as in the previous example.

= v = - | — | | =
1 2 5 4 B 6 7 8
| Name | Description | Address Value| Wired From ~
I In Input Measurement to Linear 5187| 0.0d
Out Linearization Result 5188 0.00
Status Status of the Block BAD (1) -
CurveForm Linearization T able Curve Fo NoForm (4]
& Units Dutput Units None (0] =
# Resolution Output Resolution XX~
& FalbackType  Fallback Type ClipBad (0) -
A FalbackValue | Fallback Value 0.00
IntE al Integral Balance request Mo (0] =
& OutLowLimit Dutput Low Limit 5189 -999.00
# DutHighLimit  Output High Limit 5130 9333.00
& NumPoints MNumber of Selected Points 5191 32
# EditPoint Insert or Delete Point 5192 0
& Inl Input Paint 1 5193 0.00
& Outl Dutput Point 1 5194 0.00
& In2 Input Point 2 5195 0.00
& Out2 Output Point 2 5196 0.00
&2 In3 Input Point 3 5197 0.00
& 0ut3 Dutput Point 3 5138 0.00
& Ind Input Point 4 5199 0.00
& Oud Output Point 4 5200 0.00
& n5 Input Point 5 5201 0.00
& 0uts Output Foint 5 5202 0,00
& Ink Input Point & 5203 0.00
& 0ue Output Point 6 5204 0.00
& In7 Input Point 7 5205 0.00
& out? Output Point 7 5206 0,00
& Ing Input Point 8 5207 0.00
& ous Dutput Point 8 5208 0.00 .
& 1.0 i b Dlmienb O [=elyls] nonn
< >

Lin32.1 - 77 parameters
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Adjustment of the Process Variable

This application allows the user to compensate for known inaccuracies introduced by
the overall measurement system. This not only includes the sensor but also the
overall measurement chain. Furthermore, this can also be used to derive a different
process variable, for instance, a temperature measured in a different place from
where the actual sensor is positioned. The adjustment is made directly on the value,
and in the units, of the process variable measured by the controller.

The process variable can be adjusted in different operating conditions (e.g. different
temperatures), by using the LIN32 multiple point adjustment curve: this extends the

simple PV Offset feature present in the Al block, which just adds or subtracts a single
value to the measured PV in all operating conditions.

SuperlLoop 2
Single (0)
10.Mod 2 PID (2)
Tcinput (6) 0Off (0) 10.Mod 26
ThermoCouple (11) Lin322 Main AutoManual Main.Mode LogicOut (3)
Low (0) in  Out ~——>{Main.PV MainWorkingSP TimeProp (51)
K(1) Status j Main.IntBal Qutput Ch10utput————— PV
SBrkOut IntBal Setpoint SPSelect 18] {
PV 6] i Setpoint SP1
5] ] A Setpoint SP2
Setpoint PSPSelect
H H Setpoint PSP
[Units = C_F_K_Temp (1)] [Units = C_F_K_Temp (1)] 0

Two alternative configurations can be used:

In the first case the LIN32 table contains the process variable values ‘In1’ to ‘In32’,
measured by the controller, and the reference values, ‘Out1’ to ‘Out32’, measured by
an external reference.

An example is shown below. The same setup procedure detailed before also applies
here apart from the different configuration of the Al block. As shown in the graph and
in the wiring diagram, the units of both the input and the output of LIN32 are absolute
temperatures.

OutHighLimit
Out7=51

Out6=44

Out5=29

out [°C]

Out4=17
Out3=13

Out2=2

Out1=-12

OutLowLimit
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In the second case, for the same application, the LIN32 table stores the offsets
between the process variable values measured in the controller and a Math block, set
to Add, placed between the Analog Input (Al) and the Loop block. The adjustment is
made by adding the offset calculated by the LIN32 block to the measured process
variable. In the case of temperature adjustment (and differently from the previous
case) the output units of LIN32 should be set to relative temperature. This is in order
to select the correct conversion equation when a temperature units change is applied
to the offsets (e.g. from degrees Celsius to Fahrenheit).

Units =C_F_K_Temp (1)

Math2 1

Add (1) SuperLoop 3
In1 Outj Single (0)
i In2 PID (2)
Tcinput (6) m £l ) off (0) 10.Mod 27
ThermoGouple (1) Main AutoManual Main.Mode LogicOut (3)
Low (0) Main.PV Main. WorkingSP TimeProp (51)
K1) Main.IntBal Output Ch10utput PV
SBrkOut Lin32 3 Setpoint. SPSelect B O
PV In Out Setpoint.SP1
B O Status Setpoint SP2
IntBal Setpoint PSPSelect
' IE 0 Setpoint.PSP
: @ g

Units =C_F_K_Temp (1)

Because offsets do not follow in general a continuously increasing or decreasing
trend, then the ‘CurveForm’ parameter will be ‘FreeForm’, ‘Increasing’ or
‘Decreasing’ depending on their values: see the following graph as an example of a
free form offset curve.
OutHighLimit
Out6=4

Out3=3

Qut2=2

Out [°C]

Out7=1 &

Out5=-1
Out1=-2

Out4=-3

OQutLowLimit /

D‘Q ,/°3° In [OC]

Both the two above mentioned configurations provide the control Loop function block
with the same adjusted PV. The values are reported in table for the two examples.
The high values of the offsets are only to accentuate in the pictures the action of the

adjustment.

Input Breakpoints

Output values:
absolute temperature

Alternative output values:
relative temperature

-10 deg -12 deg -2 deg
0 deg 2 deg 2 deg
10 deg 13 deg 3 deg
20 deg 17 deg -3 deg
30 deg 29 deg -1 deg
40 deg 44 deg 4 deg
50 deg 51 deg 1 deg
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Input Linearization Parameters

Block - Lin32 Sub-blocks: 1to 8
Access
Name Parameter Description Value Default Level
In Input measurement to linearize. Between InLowLimit and InHighLimit 0 Oper
Wire to the source for the custom
linearization
Out Linearization Result Between OutLowLimit and OutHighLimit Read Only
Status Status of the block. A value of zero | Good Within operating limits Read Only
indicates a healthy conversion. Bad Abad output may be caused by a
bad input signal (perhaps the input
is in sensor break) or an output
which is out of range
CurveForm Linearization Table Curve Form Freeform NoForm
Increasing
Decreasing
SkippedPoints
NoForm
Units Units of the linearized output None Conf
AbsTemp
V, mV, A, mA,
PH, mmHg, psi, Bar, mBar, %RH, %, mmWG, inWG,
inWW, Ohms, PSIG, %02, PPM, %CO02, %CP,
%lsec,
RelTemp
mBar/Pa/T
sec, min, hrs,
Resolution Resolution of the output value XXXXX. XXXX. X, XXXXX, XX XXX, X XXXX Conf
FallbackType Fallback Type Clip Bad If the input is outside a limit the ClipBad Oper
The fallback strategy will come output will be cllpped to the limit
into effect if the status of the input and the status will be BAD
value is bad or if the input value is | Clip Good If the input is outside a limit the
outside the range of input high output will be clipped to the limit
scale and input low scale. In this and the status will be GOOD
zgrsm: tzfe?gzasc:oiﬁtegy may be Fall Bad The output value will be the
9 ’ fallback value and the output
status will be BAD
Fall Good The output value will be the
fallback value and the output
status will be GOOD
Upscale The output value will be output
high scale and the output status
will be BAD
DownScale The output value will be the output
low scale and the output status
will be BAD
Fallback Value In the event of a bad status, the output may be configured to adopt the fallback value. 0 Oper
This allows the strategy to dictate a ‘safe’ output in the event of a detected fault.
IntBal Integral Balance Request No No
Yes
OutLowLimit Adjust to correspond to the low -99999 to OutHighLimit 0 Conf
input value
OutHighLimit Adjust to correspond to the high | OutLowLimit to 99999 0 Conf
input value
NumPoints Number of Selected Points
EditPoint Insert or Delete Points
In1 Adjust to the first break point Oper
Out1 Adjust to correspond to input 1 Oper
...etcup to
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Block — Lin32 Sub-blocks: 1 to 8
Access

Name Parameter Description Value Default Level

In32 Adjust to the last break point 0 Oper

Out32 Adjust to correspond to input 32 0 Oper
The 32 point linearization does not require you to use all 32 points. If fewer points are
required, then the curve can be terminated by setting the first unwanted value to be
less than the previous point.
Conversely if the curve is a continuously decreasing one, then it may be terminated
by setting the first unwanted point above the previous one.

Polynomial

List Header — Poly

Sub-headers: 1 to 2

Name Parameter Description Value Default Access
Level
© to select Press ® or @ to change values
Input Lin To select the input type. J,K,L,R,B,N, T, S, PL2, C, PT100, Linear, J Conf
The linearization type selects which of the | SqRoot L3 R/O
instruments linearization curves is applied to
the input signal. The instrument contains a
number of thermocouple and RTD
linearizations as standard. In addition there
are a number of custom linearizations which
may be downloaded using iTools to provide
linearizations of non-temperature sensors.
Units Units of the output None Conf
AbsTemp L3 R/O
V, mV, A, mA,
PH, mmHg, psi, Bar, mBar, %RH, %, mmWG,
inWG, inWW, Ohms, PSIG, %02, PPM, %CO2,
%CP, %l/sec,
RelTemp
Vacuum
sec, min, hrs,
Res Resolution of the output value XXXXX., XXXX. X, XXX XX, XX XXX, X XXXX XXXXX Conf
L3 R/O
Input Input Value Range of the input wired to L3
The input to the linearization block
Output Output value Between Out Low and Out High Conf
L3 R/O
In High Input high scale In Low 099999 0 L3
In Low Input low scale -99999 to In High 0 L3
Out High Qutput high scale Out Low to 99999 0 L3
Out Low Output low scale -99999 to Out High 0 L3
Fall Type Fallback Type Clip Bad For an explanation, see Note 1 Conf
The fallback strategy will come into effect if Clip Good on page 222 at the end of this
the status of the input value is bad or if the section
input value is outside the range of input high | Fall Bad
scale and input low scale. In this case the | Fa|l Good
fallback strategy may be configured as:
Upscale
DownScale
Fall Value Value to be adopted by the output in the L3
event of Status = Bad
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List Header — Poly Sub-headers: 1 to 2
Name Parameter Description Value Default Access
Level
@ to select Press @ or @ to change values
Status Indicates the status of the linearised output: | Good Good indicates the value is L3 R/O
within range and the input is
not in sensor break.
Bad Indicates the Value is out of
range or the input is in sensor
break.
Note: This is also effected by
the configured fallback
strategy

0: Clip Bad

The measurement is clipped to the limit it has exceeded and its status is set to
BAD, such that any function block using this measurement can operate its own
fallback strategy. For example the control loop may hold its output.

1: Clip Good

The measurement is clipped to the limit it has exceeded and its status is set to
GOOD, such that any function block using this measurement may continue to
calculate and not employ its own fallback strategy.

2: Fallback Bad

The measurement will adopt the configured fallback value. Which has been set by
the user. In addition the status of the measured value will be set to BAD, such that
any function block using this measurement can operate it's own fallback strategy.
For example the control loop may hold its output.

3: Fallback Good

The measurement will adopt the configured fallback value. Which has been set by
the user. In addition the status of the measured value will be set to GOOD, such
that any function block using this measurement may continue to calculate and not
employ its own fallback strategy.

4: Up Scale

The measurement will be forced to adopt its high limit, this is like having a resistive
pull up on an input circuit. In addition the status of the measurement is set to BAD,
such that any function block using this measurement can operate its own fallback
strategy. For example the control loop may hold its output.

6: Down Scale

The measurement will be forced to adopt its low limit, this is like having a resistive
pull down on an input circuit. In addition the status of the measurement is set to
BAD, such that any function block using this measurement can operate its own
fallback strategy. For example the control loop may hold its output.
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Control Loop Set Up

Two loops are available. Each loop contains two outputs, Channel 1 and Channel 2,
each of which can be configured for PID, On/Off or Valve Position (bounded or
unbounded) control. In a temperature control loop Channel 1 is normally configured
for heating and Channel 2 for cooling. Descriptions given in this section mainly refer
to temperature control but generally also apply to other process loops.

What is a Control Loop?

An example of a heat only temperature control loop is shown below:

r—-———————_————————————————— 1 T —— -

|
: Control Control I | Process |
| Algorithm Output | T Power | | der I
| PID/ONOFiVP (OP) | ! Regulator | control |
| | | '
: Setpoint Error : C&:‘;;JOI I :
| | Generator | I |
| (SP) PV | ' |
| | ! Heater |
: : Measured I :
| Simplified Control Function Block | temperature : I
| | | '
[ | I

Figure 57: Single Loop Single Channel

The actual measured temperature, or process variable (PV), is connected to the input
of the controller. The PV is compared with a setpoint (SP) (or required temperature).
If there is an error between the set and measured temperature the controller
calculates an output value to call for heating or cooling. The calculation depends on
the process being controlled. In this controller it is possible to select between a PID,
On/Off, Boundless or Bounded Valve Position algorithm. The output(s) from the
controller (OP) are connected to devices on the plant which cause the heating (or
cooling) demand to be adjusted resulting in a change in PV which, in turn, is
measured by the sensor. This is referred to as closed loop control.

Control Loop Function Blocks

The control loop consists of a number of function blocks. The parameters associated
with each function block are presented in sub-headings. Each sub-heading is listed
under the overall page header ‘Lp-’ (Lp1 for the first loop and Lp2 for the second
loop).

The function blocks, described in this section are:

Sub-heading Typical Parameters Section Number

Main Overview of the main parameters such as Main Function Block
Auto/Manual select, current PV, current
output demand, selected setpoint value and
working setpoint value

Setup To configure control type for each channel of Loop Set Up
the selected loop Function Block
Tune To set up and run the Auto-tune function Tuning Function
Block
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Sub-heading Typical Parameters Section Number
PID To set up 3 term control parameters PID Function Block
SP To select and adjust different setpoints, Setpoint Function

setpoint limits, rate of change of setpoint Block
OP To set up output parameters such as limits, Output Function
sensor break conditions Block
Diag Diagnostic parameters Diagnostics

Function Block

Main Function Block

The Main function block provides an overview of parameters used by the overall
control loop. It allows:

*  Auto or Manual operation to be selected

* To stop the loop from controlling for commissioning purposes
* To hold the integral action.

* Read PV and SP values

Parameters can be soft wired as part of a control strategy.

Loop Parameters - Main

A summary of the parameters which provide an overview of Loop 1 (Lp1) or Loop 2
(Lp2) are listed in the following table:

List Header — Lp1 or Lp2 Sub-header: Main
Name Parameter Description Value Default | Access
@ to select Press @ or M to change values Level
AutoMan To select Auto or Manual operation. | Auto Automatic (closed loop) operation Auto L3
See.also This performs the same functl.on ag Man Manual (output power adjusted by the
section the Auto/Manual button described in user) operation
Auto/Manual. section To Select Auto/Manual
Operation.
PV The process variable input value. This | Range of the input source L3
is typically wired from an analogue
input.
Inhibit Used to stop the loop controlling. If No Inhibit disabled No L3
enabled the loop will stop control and | Yes Inhibit enabled

the output of the loop will be set to the
‘Safe’ output value. ‘Safe’ is a
parameter found in the Lp1 (or2) OP
list. If output rate limit is set the output
will go to ‘Safe’ at the rate limit. On
exit from inhibit the transfer will be
bumpless.

If tracking is configured (see sections
Setpoint Tracking and Manual
Tracking.) Inhibit will override
tracking.

Inhibit may be wired to an external
source

Target SP The value of setpoint at which the Between setpoint limits L3
control loop is aiming. It may come
from a number of different sources,
such as internal SP and remote SP.
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List Header — Lp1 or Lp2

Sub-header: Main

other sources.

Name Parameter Description Value Default Access
@ to select Press @ or A to change values Level
WSP The current value of the setpoint Between setpoint limits R/O

being used by the control loop. It may
come from a number of different
sources, such as internal SP and
Remote SP. The working setpoint is
always read-only as it is derived from

Work OP The actual output of the loop before it R/O
is split into the channel 1 and channel
2 outputs.

IntHold Freeze the integral term at its current | No Integral hold disabled No L3
value. Yes Integral hold enabled

See also section Integral Hold

Auto/Manual

If On/Off control is configured the output power may be edited by the user but will
only allow the power to be set to +100%, 0% or -100%. This equates to heat ON/cool
OFF, heat OFF/cool OFF, heat OFF/cool ON.

For PID control the output may be edited between +100% and -100% (if cool is
configured). The true output value is subject to limiting and output rate limit.

For valve position control the raise and lower buttons in manual will directly control
the raise and lower relay (or triac) outputs. From digital communications it is possible
to control the valve by sending nudge commands. A single nudge command will
move the valve by 1 minimum on time. In manual mode the natural state will be rest.

If sensor break occurs while the controller is in automatic the controller will output the
sensor break output power. However, the user can now switch to manual control. In
this case manual will become active and the user can edit the output power. On
leaving manual, i.e. returning to automatic control, the controller will again check for
sensor break.

If autotune is enabled while in manual mode, the autotune will remain in a reset state
such that when the user puts the controller into automatic control the autotune will
start.

Loop Set Up Function Block

Loop Set Up configures the type of control required for each channel.
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Types of Control Loop

Three types of control loop may be configured. These are On/Off control, PID control
or control of motorised valves.

On/Off Control

On/Off control is the simplest means of control and simply turns heating power on
when the PV is below setpoint and off when it is above setpoint. As a consequence,
On/Off control leads to oscillation of the process variable. This oscillation can affect
the quality of the final product and may be used on non-critical processes. A degree
of hysteresis must be set in On/Off control if the operation of the switching device is
to be reduced and relay chatter is to be avoided.

If cooling is used, cooling power is turned on when the PV is above setpoint and off
when it is below.

It is suitable for controlling switching devices such as relays, contactors, triacs or
digital (logic) devices.

PID Control

PID, also referred to as ‘Three Term Control’, is an algorithm which continuously
adjusts the output, according to a set of rules, to compensate for changes in the
process variable. It provides more stable control but the parameters need to be set
up to match the characteristics of the process under control.

The three terms are:
P - Proportional band, | - Integral time, D - Derivative time

The output from the controller is the sum of the contributions from these three terms.
The combined output is a function of the magnitude and duration of the error signal,
and the rate of change of the process value.

It is possible to turn off integral and derivative terms and control on proportional only
(P), proportional plus integral (Pl) or proportional plus derivative (PD).

PI control might be used, for example, when the sensor measuring an oven
temperature is susceptible to noise or other electrical interference where derivative
action could cause the heater power to fluctuate wildly.

PD control may be used, for example, on servo mechanisms.

In addition to the three terms described above, there are other parameters which
determine how well the control loop performs. These include Cutback terms, Relative
Cool Gain, Manual Reset and are described in the following sections.

Motorised Valve Control

This algorithm is designed specifically for positioning motorised valves. It operates in
boundless (sometimes called Valve Positioning Unbounded) or bounded mode.

Boundless VP control (VPU) does not require a position feedback potentiometer to
operate. It is a velocity mode algorithm which directly controls the direction and
velocity of the movement of the valve in order to minimise the error between the
setpoint and the PV. It uses triac or relay outputs to drive the valve motor.
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©A potentiometer may be used with boundless mode but it is used solely for
indication of the actual valve position and is not used as part of the control algorithm.

Bounded VP (VPB) control requires a feedback potentiometer as part of the control
algorithm.

The control is performed by delivering a ‘raise’ pulse, a ‘lower’ pulse or no pulse in
response to the control demand signal via relay or triac outputs.

Motorised Valve Control in Manual mode

Bounded VP controls in manual mode by the fact that the inner positional loop is still
running against the potentiometer feedback, so it is operating as a position loop.

In boundless mode the algorithm is a velocity mode positioner. When manual is
selected the algorithm predicts where the valve will move to based on the edit of the
manual power. Effectively, when the raise or lower key is pressed, +100% or —100%
velocity is used for the duration of the key press and the raise or lower output is
turned on. In boundless mode it is essential that the motor travel time is set correctly
in order for the integral time to calculate correctly. Motor travel time is defined as
valve fully open — valve fully closed - it is not necessarily the time printed on the
motor since, if mechanical stops have been set on the motor, the travel time of the
actual valve may be different. Also, if the travel time for the valve is set correctly, the
position indicated on the controller will fairly accurately match the actual valve
position.

Every time the valve is driven to its end stops the algorithm is reset to 0% or 100% to
compensate for any changes which may occur due to wear in linkages or other
mechanical parts.

This technique makes boundless VP look like a positional loop in manual even
though it is not. This enables combinations of heating and cooling e.g. PID heat, VPU
cool and have the manual mode work as expected.

Motorised Valve Output Connections

The loop output which has been configured as valve position can be wired to the
Logic IO (LA and LB) or to a Dual Output (Relay, Logic or Triac) module. Only one 10
Type needs to be configured in the dual IO output since the second will assume the
opposite type. For example, if Loop 1 Channel 1 output is wired to Logic IO LA and
the IO Type is configured as Valve Raise then IO Type for Logic IO LB will be Valve
Lower as shown below.

Loop 1
VPU
Off

Main.AutoMan Main.PV
Main.PV Main.WorkingSP 10.LgclO.LA
Tune.AutotuneEnable OP.Ch10ut ValveRaise
SP.SPSelect LA.PV
SP.SP1 10.LgclO.LB
SP.SP2 ValveLower
SP.AItSPSelect TPV
SP.AItSP
SP.SPTrim
OP.ManualMode
OP.ManualOutVal
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Loop Parameters - Set up

A summary of the parameters used to configure the type of control are listed in the
following table:

List Header — Lp1 or Lp2 Sub-header: Setup
Name Parameter Description Value Default Access
@ to select Press @ or W to change values Level
Ch1 Control Selects the channel 1/2 control algorithm. | Off Channel turned off As Conf
Ch2 Control. . Different algorithms may be selected for OnOff Onloff control ordered L3 R/O
See also section | channels 1 and 2. In temperature control
Types of Control | applications, Ch1 is usually heating, Ch2 | PID 3 term or PID control
Loop. is cooling VPU Valve position unbounded
VPB Valve position bounded
Control Act Sets the direction of control, i.e. reverse or | Rev Reverse acting. The output increases | Rev Conf
direct acting when the PV is below SP. This is the L3 R/O
usual setting for heating control.
Dir Direct acting. The output increases
when the PV is above SP. This is the
usual setting for cooling control
PB Units Sets the presentation style of the Eng Engineering unitse.g. C or F Eng Conf
gee alsp selctBlond Proportional band. Percent Per cent of loop span (Range Hi - L3 R/O
roportional Band. Range Lo)
Deriv Type Selects whether the derivative acts only | PV Only changes in PV cause changes to | PV Conf
on PV changes or on Error (either PV or the derivative output. L3 R/O
Setpoint changes). Generally used for process systems
particularly using valve control where it
reduces wear on valve mechanics.
Error Changes to either PV or SP will cause a
derivative output.
Derivative on error should be used with
a programmer since it tends to reduce
ramp overshoot. It is also generally an
advantage to use derivative on error for
temperature control systems to give a
quick response to small setpoint
changes.
The above two parameters do not appear if either Ch1 or Ch2 are configured for Off or OnOff control
Loop Name Customised name for the loop Configured using iTools. See iTools integrated Online Help for | R/O

further details.
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PID Function Block

The PID function block consists of the following parameters:

Loop Parameters - PID

A summary of the parameters used to optimize the control are listed in the following

table:
List Header — Lp1 or Lp2 Sub-header: PID
Name Parameter Description Value Default Access
@@ to select Press & or W to change values Level
Sched Type To choose the type of gain scheduling. Off Gain scheduling not active Off L3
Set The PID set can be selected by the
operator.
SP The transfer between one set and the
next depends on the value of the
setpoint
PV The transfer between one set and the
next depends on the value of the
process variable
Error The transfer between one set and the
next depends on the value of the error
OP The transfer between one set and the
next depends on the value of the output
Rem The transfer between one set and the
next depends on the value of the
remote input
Num Sets Selects the number of PID sets in the gain | 1to 3 1 L3
scheduling.
This allows the lists to be reduced if the
process does not require all three PID
sets.
Remote Input This parameter only appears when ‘Sched | Range units L3
Type’ = ‘Rem’.
Active Set Currently working set. Set1 Set1 R/O
Set2
Set3
Boundary 1-2 Sets the level at which PID set 1 changes | Range units L3
to PID set 2. The ‘Boundary’ parameter only applies when ‘Sched
Boundary 2-3 Sets the level at which PID set 2 changes Type’ ='SP","PV', ‘Error’, "OP" or 'Rem
to PID set 3.
The above 6 parameters are associated with Gain Scheduling described further in section Gain Scheduling.
PB/PB2/PB3 Proportional band Set1/Set2/Set3. 0.0to Engineering units or % 20 L3
The proportional term, in display units or | 9999.9
%, delivers an output which is proportional | (0.0isnota
to the size of the error signal. practical
See also section Proportional Band. setting)
TilTi2/Ti3 Integral time constant Set1/Set2/Set3. Off or Units = seconds 360 L3
Removes steady state control offsets by | 1 to 99999 | Off = Integral action disabled
ramping the output up or down in
proportion to the amplitude and duration of
the error signal.
See also section Integral Term.
Td/Td2/Td3 Derivative time constant Set1/Set2/Set3 | Off or Units = seconds 60 L3
Determines how strongly the controller will | 1 to 99999 | Off = Derivative action disabled
react to the rate of change in the
measured value. It is used to control
overshoot and undershoot and to restore
the PV rapidly if there is a sudden change
in demand.
See also section Derivative Term.

HA033837 Issue 3

229



Control Loop Set Up 3500 Series Controllers

List Header — Lp1 or Lp2 Sub-header: PID

Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
R2G/R2G2/ Relative cool gain Set1/Set2/Set3. 0.1to0 10.0 1.0 L3
R2G3 Only present if cooling has been

configured. Sets the cooling proportional
band, which compensates for differences
between heating power gain and cooling

power gain.

See also section Relative Cool Gain.
CBH/CBH2/ Cutback high Set1/Set2/Set3. Auto or 0.1 | Auto = 3*PB Auto L3
CBH3 The number of display units, above to 9999.9

setpoint, at which the controller output will
be forced to 0% or -100% (OP min), in

order to modify undershoot on cool down.
See also section High and Low Cutback.

CBL/CBL2/ Cutback low Set1/Set2/Set3.

CBL3 The number of display units, below
setpoint, at which the controller output will
be forced to 100% (OP max), in order to
modify overshoot on heat up.

See also section High and Low Cutback.

MR/MR2/MR3 Manual reset Set1/Set2/Set3. 0.0to % 0.0 L3
Used to remove PV offsets from the 100.0
setpoint. Manual reset introduces a fixed
additional power level to the output. This is
the power required to eliminate the steady
state error from proportional only control.
The manual reset is applied in place of the
integral component when integral time is

set to Off.
See also section Manual Reset.
LBT/LBT2/LBT3 Loop break time Set1/Set2/Set3 Off or 1to | Units = seconds 100 L3
See also section Loop Break. 99999
OPHi/2/3 Output high limit for each set +100 Limits between ‘OPLo’ and 100 100 L3
OPLo/2/3 Output low limit for each set -100 Limits between ‘OPHi’ and -100 -100 L3

If the control type is set to On/Off, only LBT is shown in the PID list.
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Proportional Band

The proportional band (PB), or gain, delivers an output which is proportional to the
size of the error signal. It is the range over which the output power is continuously
adjustable in a linear fashion from 0% to 100% (for a heat only controller). Below the
proportional band the output is full on (100%), above the proportional band the output
is full off (0%) as shown in the figure below.

The width of the proportional band determines the magnitude of the response to the
error. If it too narrow (high gain) the system oscillates by being over responsive. If it is
too wide (low gain) the control is sluggish. The ideal situation is when the proportional
band is as narrow as possible without causing oscillation.

Output Proportional band Temperature
—_— wide — .
— s NAITOWe— Setpoint | ___ _ _ __1__
100%
Increasingly narrower
50% proportional band
Access List _
0% Header Time
Setpoint

Figure 58: Proportional Action

The above figure also shows the effect of narrowing proportional band to the point of
oscillation. A wide proportional band results in straight line control but with an
appreciable initial error between setpoint and actual temperature. As the band is
narrowed the temperature gets closer to setpoint until finally becoming unstable.

The proportional band may be set in engineering units or as a percentage of the
controller range.
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Integral Term

In a proportional only controller, an error between setpoint and PV must exist for the
controller to deliver power. Integral is used to achieve zero steady state control error.

The integral term slowly shifts the output level as a result of an error between setpoint
and measured value. If the measured value is below setpoint the integral action
gradually increases the output in an attempt to correct the error. If it is above setpoint
integral action gradually decreases the output or increases the cooling power to
correct the error.

Figure below shows the result of introducing integral action.

Temperature

Setpoint b—— ———— — — ——

|
|
|
|
) |
Proportional | Proportional + Integral
only control | control
|
|
|
|

Time

Figure 59: Proportional + Integral Control

The units for the integral term are measured in time (1 to 99999 seconds in 3500
controllers). The longer the integral time constant, the more slowly the output is
shifted and results in a sluggish response. Too small an integral time will cause the
process to overshoot and even oscillate. The integral action may be disabled by
setting its value to Off.
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Derivative Term

Temperature

SP

Proportional + Integral
response

Derivative action, or rate, provides a sudden shift in output as a result of a rapid
change in error, whether or not this is caused by PV alone (derivative on PV) or on
SP changes as well (derivative on error selection) — see also section Loop
Parameters - Set up. If the measured value falls quickly derivative provides a large
change in output in an attempt to correct the perturbation before it goes too far. It is
most beneficial in recovering from small perturbations.

Temperature

Response with derivative
action included

Time Time

Figure 60: Proportional + Integral + Derivative Action

The derivative modifies the output to reduce the rate of change of error. It reacts to
changes in the PV by changing the output to remove the transient. Increasing the
derivative time will reduce the settling time of the loop after a transient change.

Derivative is often mistakenly associated with overshoot inhibition rather than
transient response. In fact, derivative should not be used to curb overshoot on start
up since this will inevitably degrade the steady state performance of the system.
Overshoot inhibition is best left to the approach control parameters, High and Low
Cutback, section High and Low Cutback.

Derivative is generally used to increase the stability of the loop, however, there are
situations where derivative may be the cause of instability. For example, if the PV is
noisy, then derivative can amplify that noise and cause excessive output changes, in
these situations it is often better to disable the derivative and re-tune the loop.

If set to Off(0), no derivative action will be applied.

Derivative can be calculated on change of PV or change of Error. If configured on
error, then changes in the setpoint will be transmitted to the output. For applications
such as furnace temperature control, it is common practice to select Derivative on PV
to prevent thermal shock caused by a sudden change of output as a result of a
change in setpoint.
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Relative Cool Gain

The gain of channel 2 control output, relative to the channel 1 control output.

Relative Ch2 Gain compensates for the different quantities of power available to
heat, as opposed to that available to cool, a process. For example, water cooling
applications might require a relative cool gain of 0.25 because cooling is 4 times
greater than the heating process at the operating temperature.

(This parameter is normally set automatically when an Autotune is performed).

High and Low Cutback

Temperature

Cutback high ‘CBH’ and Cutback low ‘CBL’ are values that modify the amount of
overshoot, or undershoot, that occurs during large step changes in PV (for example,
under start-up conditions). They are independent of the PID terms which means that
the PID terms can be set for optimal steady state response and the cutback
parameters used to modify any overshoot which may be present.

Cutback involves moving the proportional band towards the cutback point nearest the
measured value whenever the latter is outside the proportional band and the power is
saturated (at 0 or 100% for a heat only controller). The proportional band moves
downscale to the lower cutback point and waits for the measured value to enter it. It
then escorts the measured value with full PID control to the setpoint. In some cases it
can cause a ‘dip’ in the measured value as it approaches setpoint as shown in the
figure below but generally decreases the time to needed to bring the process into
operation.

The action described above is reversed for falling temperature.

If cutback is set to Auto the cutback values are automatically configured to 3*PB.

l Upper cutback point, CBH

+«— 0% output level
«—— 100% output level

l Lower cutback point, CBL

Time o,

Figure 61: High and Low Cutback
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Manual Reset

Integral Hold

In a full three-term controller (that is, a PID controller), the integral term automatically
removes the steady state error from the setpoint. If the controller is set as a PD
controller, the integral term will be set to ‘OFF’. Under these conditions the measured
value may not settle precisely at setpoint. The Manual Reset parameter (MR)
represents the value of the power output that will be delivered when the error is zero.
You must set this value manually in order to remove the steady state error.

If enabled, the integral component of the PID calculation will be frozen. Hence, it will
hold at its current value but will not integrate any disturbances in the plant.
Essentially this is equivalent to switching into PD control with a manual reset value
preconfigured.

It may be used, for example, in a situation where the loop is expected to open — it
may be necessary to turn heaters off for a short period or switch into manual at low
power. In this case it may be an advantage to wire it to a digital input which activates
when the heaters are turned off. When the heaters are switched on again the integral
is at its previous value minimising overshoot.

Integral De-bump

This is a feature included in the controller which is not accessible to the user. When
changing from Manual to Auto control the integral component is forced to:

the output value — the proportional component — the derivative component (I = OP —
P - D).

This ensures that no change occurs in output at the point of switch over, and is
termed ‘Bumpless Transfer’. The output power will then gradually change in
accordance with the demand from the PID algorithm. Bumpless transfer also occurs
when changing from Auto to Manual control. At the point of changeover the output
power remains the same as the demand in the auto state. It can then be raised or
lowered by the operator from this level.

HA033837 Issue 3

235



Control Loop Set Up

3500 Series Controllers

Loop Break

The loop is considered to be broken if the PV does not respond to a change in the
output in a given time. Since the time of response will vary from process to process
the Loop Break Time (LBT — PID list) parameter allows a time to be set before a
Loop Break Alarm (Lp Break - Diag list) is initiated.

The Loop Break Alarm attempts to detect loss of restoring action in the control loop
by checking the control output, the process value and its rate of change. This is not to
be confused with Load Failure and Partial Load Failure. The loop break algorithm is
purely software detection.

Occurrence of a loop break causes the Loop Break Alarm parameter to be set. It
does not affect the control action unless it is wired (in software or hardware) to affect
the control specifically.

It is assumed that, so long as the requested output power is within the output power
limits of a control loop, the loop is operating in linear control and is therefore not in a
loop break condition.

However, if the output becomes saturated then the loop is operating outside its linear
control region.

Furthermore if the output remains saturated at the same output power for a
significant duration, then this could indicate a fault in the control loop. The source of
the loop break is not important, but the loss of control could be catastrophic.

Since the worst case time constant for a given load is usually known, a worst case
time can be calculated over which the load should have responded with a minimum
movement in temperature.

By performing this calculation the corresponding rate of approach towards setpoint
can be used to determine if the loop can no longer control at the chosen setpoint. If
the PV was drifting away from the setpoint or approaching the setpoint at a rate less
than that calculated, the loop break condition would be met.

Loop Break and Autotune

If an autotune is performed the loop break time is automatically set to Ti*2 for a Pl or
PID Loop or 12*Td for a PD Loop .

For an On/Off controller, loop break detection is also based on loop break time with
the PV threshold of 0.1*SPAN where SPAN = Range High — Range Low. Therefore, if
the output is at limit and the PV has not moved by 0.1*SPAN in the loop break time a
loop break will occur.

For all control configurations other than On/Off (i.e. where the Proportional Band is a
valid parameter), if the output is in saturation and the PV has not moved by >0.5*Pb
in the loop break time, a loop break condition is considered to have occurred.

If the loop break time is 0(off) the loop break time is not set.
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Gain Scheduling

In some processes the tuned PID set may be very different at low temperatures from
that at high temperatures particularly in control systems where the response to the
cooling power is significantly different from that of the heating power. Gain scheduling
allows a number of PID sets to be stored and provides automatic transfer of control
between one set of PID values and another. In the case of the 3500 the maximum
number of sets is three which means that two boundaries are provided to select when
the next PID set is used. When a boundary is exceeded the next PID set is selected
bumplessly. Hysteresis is used to stop scheduling oscillation at the boundaries.

Gain scheduling is basically a look up table which can be selected using different
strategies or types. Auto tune will tune to the active scheduled PID set.

The following Gain Scheduled types are offered using the parameter ‘Sched Type’:

Set The PID set can be selected by the operator.
Itis possible to use soft wiring to control the selection of the gain sets.
This could be linked to the programmer segment, changing the PID
settings for individual segments or it could be wired to a digital input
so that the working PID set can be set remotely.

SP The transfer between one set and the next depends on the value of
the SP.

PV The transfer between one set and the next depends on the value of
the PV.

Error The transfer between one set and the next depends on the value of
the error.

OoP The transfer between one set and the next depends on the value of
the OP demand.

Rem A remote parameter may be wired into the Scheduler, the PID set is

then selected based on the value of this input. An example, might be
to automatically change feedforward trim limits in a cascade loop.

The 3500 controller has a maximum of three sets of PID values. The parameter ‘Num
Sets’ allows the number of sets to be limited to one, two or three.

Plant Dynamics e.g. PV

2/ 3 Boundary

1/2 Boundary

Plant Operating Position

f

PID Set1  PID Set 2 PID Set 3

Figure 62: Gain Scheduling over a Wide range of Operating Variable
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Tuning Function Block

Tuning involves setting the following parameters.

Proportional Band ‘PB’, Integral Time ‘Ti’, Derivative Time ‘Td’, Cutback High ‘CBH’,
Cutback Low ‘CBL’, and Relative Cool Gain ‘R2G’ (applicable to heat/cool systems
only).

The controller is shipped with these parameters set to default values. In many cases
the default values will give adequate stable straight line control, however, the
response of the loop may not be ideal. Because the process characteristics are fixed
by the design of the process it is necessary to adjust the control parameters in the
controller to achieve best control. To determine the optimum values for any particular
loop or process it is necessary to carry out a procedure called loop tuning. If
significant changes are later made to the process which affect the way in which it
responds it may be necessary to retune the loop.

Users have the choice of tuning the loop automatically or manually. Both procedures
require the loop to oscillate and both are described in the following sections.
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Loop Response

If we ignore the situation of loop oscillation, there are three categories of loop
performance:

Under Damped - In this situation the terms are set to prevent oscillation but do lead
to an overshoot of the Process Value followed by decaying oscillation to finally settle
at the Setpoint. This type of response can give a minimum time to Setpoint but
overshoot may cause problems in certain situations and the loop may be sensitive to
sudden changes in Process Value. This will result in further decaying oscillations
before settling once again.

Critically Damped - This represents an ideal situation where overshoot to small step
changes does not occur and the process responds to changes in a controlled, non
oscillatory manner.

Over Damped - In this situation the loop responds in a controlled but sluggish
manner which will result in a loop performance which is non ideal and unnecessarily
slow.

The balancing of the P, | and D terms depends totally upon the nature of the process
to be controlled.

In a plastics extruder, for example, a barrel zone will have a different response to a
die, casting roll, drive loop, thickness control loop or pressure loop. In order to
achieve the best performance from an extrusion line all loop tuning parameters must
be set to their optimum values.

Gain scheduling is provided to allow specific PID settings to be applied at the
different operating points of the process.
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Initial Settings

In addition to the tuning parameters listed in section Tuning Function Block above,
there are a number of other parameters which can have an effect on the way in which
the loop responds. Ensure that these are set before either manual or automatic
tuning is initiated. Parameters include, but are not limited to:

Setpoint. Before starting a tune the loop conditions should be set as closely as
practicable to the actual conditions which will be met in normal operation. For
example, in a furnace or oven application a representative load should be included,
an extruder should be running, etc.

Heat/Cool Limits. The minimum and maximum power delivered to the process may
be limited by the parameters ‘Output Lo’ and ‘Output Hi’ both of which are found in
the Loop OP list, section Output Function Block. For a heat only controller the default
values are 0 and 100%. For a heat/cool controller the defaults are -100 and 100%.
Although it is expected that most processes will be designed to work between these
limits there may be instances where it is desirable to limit the power delivered to the
process. For example, if driving a 220V heater from a 240V source the heat limit may
be set 80% to ensure that the heater does not dissipate more than its maximum
power.

Remote Output Limits. ‘RemOPL’ and ‘RemOPHi’ (Loop OP List). If these
parameters are used they should be set within the Heat/Cool Limits above.

Heat/Cool Deadband. In controllers fitted with a second (cool) channel a parameter
‘Ch2 DeadB' is also available in the Loop OP list, section Output Function Block,
which sets the distance between the heat and cool proportional bands. The default
value is 0% which means that heating will turn off at the same time as cooling turns
on. The deadband may be set to ensure that there is no possibility of the heat and
cool channels being on together, particularly when cycling output stages are installed.

Minimum On Time. If either or both of the output channels is fitted with a relay, triac
or logic output, the parameter ‘Min OnTime’ will appear in the relevant output list
(Logic 10 List, AA Relay Output List or Relay, Triac or Logic Output Module List). This
is the cycling time for a time proportioning output and should be set correctly before
tuning is started.

Input Filter Time Constant. The parameter ‘Filter Time' is found in the PV Input
List.

Output Rate limit. Output rate limit is active during tuning and may affect the tuning
results. The parameter ‘Rate’ is found in the Loop OP List.

Valve Travel Time. If the output is a motor valve positioner the ‘Ch1 TravelT and
‘Ch2 TravelT’ (Loop OP List) should be set as described in section Loop Parameters
- Output.
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Other Considerations

* If a process includes adjacent interactive zones, each zone should be tuned
independently.

* It is always better to start a tune when the PV and setpoint are far apart. This
allows start up conditions to be measured and cutback values to be calculated
more accurately.

* If the two loops in a 3500 controller are connected for cascade control, the inner
loop may tuned automatically but the outer should be tuned manually.

* In a programmer/controller tuning should only be attempted during dwell periods
and not during ramp stages. If a programmer/controller is tuned automatically put
the controller into Hold during each dwell period whilst autotune is active. It may
be worth noting that tuning, carried out in dwell periods which are at different
extremes of temperature may give different results owing to non linearity of
heating (or cooling). This may provide a convenient way to establish values for
Gain Scheduling (see section Gain Scheduling).

© If an auto tune is initiated there are two further parameters which need to be set.
These are ‘High Output’ and ‘Low Output’. These are found in the ‘Tune’ List, see
also section Loop Parameters - Auto-Tune.

Automatic Tuning

Auto Tune is a tool which is used to set the control terms as close as possible to
match the characteristics of the process.

It uses the ‘one-shot’ tuner which works by switching the output on and off to induce
an oscillation in the process value. For this reason the auto tune process should be
done off line but using load conditions as close as possible to those to be found in
practice. From the amplitude and period of the oscillation, it calculates the control
parameter values listed in the table below.

Proportional Band ‘PB’

Integral Time ‘Ti’ If “Ti" and/or ‘Td’ is set to OFF, because you wish to use PI, PD or P only
control, these terms will remain off after an autotune.

Derivative Time ‘Td’
Cutback High ‘CBH’ If CBH and/or CBL is set to ‘Auto’ these terms will remain at Auto after an

Cutback Low ‘CBL’ autotune, i.e. 3*PB.
For autotune to set the cutback values, CBH and CBL must be set to a value
(other than Auto) before autotune is started.

Autotune will never return cutback values which are less than 1.6*PB.

Relative Cool Gain ‘R2G’ | R2G is only calculated if the controller is configured as heat/cool.

Following an autotune, ‘R2G’ is always limited to between 0.1 and 10. If the
calculated value is outside this limit a ‘Tune Fail’ alarm is given. In software
releases up to and including 2.30, if the calculated value is outside this limit,
R2G remains at its previous value but all other tuning parameters are
changed.

Loop Break Time ‘LBT’ | Following an autotune, ‘LBT is set to 2*Ti (assuming the integral time is not
set to OFF). If ‘Ti" is set to OFF then ‘LBT’ is set to 12*Td.

The autotune sequence for different conditions is described in sections Autotune
from Below SP — Heat/Cool to Autotune at Setpoint — Heat/Cool.

HA033837 Issue 3

241



Control Loop Set Up 3500 Series Controllers

Loop Parameters - Auto-Tune

A summary of the Autotune parameters is listed in the following table:

List Header — Lp1 or Lp2 Sub-header: Tune
Name Parameter Description Value Default Access
@ to select Press @ or @ to change values Level
Tune R2G Defines the type of relative cooling | Standard | Tunes the relative cooling gain of the loop Standard
R2G applies only gain tuning for the loop. using the standard R2G tuning algorithm.
to Ch1/Ch2 For further information, please refer | R2GPD If the process is heavily lagged, this setting
(heat/cool) control. | to section Relative Cool Gain in Well should be used.
Lagged Processes ‘Well Lagged Off R2G is not calculated automatically. Enter the
Systems'. value manually as described in section
Manually Setting Relative Cool Gain.
Enable To start auto-tune Off Auto-tune not running. If Off is selected during | Off L3
a tune, tuning will stop.
On Auto-tune running
High Output Set high and low limits to be Between Output Hi and Output Lo overall limits set in the L3
Low Output imposed when auto-tune is running | OP block. Max and Min limits -100% to 100%.
State Reads the progress of auto-tune. Off Not running Off L3 R/O
Ready
Running In progress
Complete | Auto-tune completed successfully
Timeout Error conditions, see section Failure Modes
TI_Limit
R2G_Limit
Stage Progress of auto-tune Settling Displayed during the first minute Off L3 R/O
To SP Heat (or cool) output on
Wait min Power output off
Wait max | Power output on
Timeout
TI Limit See section Failure Modes
R2G Limit
Stage Time Time in current tune stage 0 to 99999 seconds L3 R/O
Diagnostic Tuning diagnostics This parameter is for internal use only L3

To Auto Tune a Loop - Initial Settings

Set parameters listed in section Initial Settings.

‘Output Hi’ and ‘Output Lo’ (‘OP’ List section Loop Parameters - Output) set the
overall output limits. These limits apply at all times during tuning and during normal
operation.

Set ‘High Output’ and ‘Low Output’ (‘Tune’ list section Loop Parameters -
Auto-Tune). These parameters set the output power limits during Autotune.

© The ‘tighter’ power limit will always apply. For example if ‘High Output’ is set to
80% and ‘Output Hi’ is set to 70% then the output power will be limited to 70%.

© The measured value must oscillate to some degree for the tuner to be able to
calculate values. The limits must be set to allow oscillation about the setpoint.
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To Start Autotune

Select operator level 3. Auto tune cannot be performed in Configuration level or when
the loop is in Manual mode.

a. Press to select the ‘Lp1’ (or ‘Lp2’) list header,
b. Press @ or & to select the ‘Tune’ sub-header
c. Press @ to select ‘Enable’

d. Press @ or ™ to select ‘On’

A One-shot Tune can be performed at any time, but normally it is performed only
once during the initial commissioning of the process. However, if the process under
control subsequently becomes unstable (because its characteristics have changed),
it may be necessary to tune again for the new conditions.

The auto tune algorithm reacts in different ways depending on the initial conditions of
the plant. The explanations given in this section are for the following conditions:

1. Initial PV is below the setpoint and, therefore, approaches the setpoint from
below for a heat/cool control loop

2. Initial PV is below the setpoint and, therefore, approaches the setpoint from
below for a heat only control loop

3. Initial PV is at the same value as the setpoint. That is, within 0.3% of the range of
the controller if ‘PB Units’ (Setup list) is set to ‘Percent’ or +1 engineering unit (1
in 1000) if the ‘PB Units’ is set to ‘Eng’. Range is defined as ‘Range Hi’ — ‘Range
Lo’ for process inputs or the range defined in section Input Types and Ranges for
temperature inputs.

© Ifthe PVis just outside the range stated above the autotune will attempt a tune
from above or below SP.

Autotune and Sensor Break

When the controller is autotuning and sensor break occurs, the autotune will abort

and the controller will output the sensor break output power ‘Sbrk OP’ set up in the
OP List. Autotune must be re-started when the sensor break condition is no longer
present.

Autotune and Inhibit or Manual

If the Loop Inhibit is asserted or the controller is put into Manual Mode, any tune in
progress will be aborted and will need to be re-started once the condition has been
removed. Note that it is not possible to start an autotune sequence if the loop is
inhibited or in Manual control.
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Autotune and Gain Scheduling

When gain scheduling is enabled and an autotune is performed, the calculated PID
values will be written into the PID set that is active on completion of the tune.
Therefore, the user may tune within the boundaries of a set and the values will be
written into the appropriate PID set. However, if the boundaries are close, since the
range of the loop is not large, then, at the completion of the tune, it cannot be
guaranteed that the PID values will be written to the correct set particularly if the
schedule type is PV or OP. In this situation the scheduler (‘Sched Type’) should be
switched to ‘Set’ and the ‘Active Set’ chosen manually.
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Autotune from Below SP — Heat/Cool

The point at which Automatic tuning is performed (Tune Control Point) is designed to
operate just below the setpoint at which the process is nhormally expected to operate
(Target Setpoint). This is to ensure that the process is not significantly overheated or
overcooled. The Tune Control Point is calculated as follows:

Tune Control Point = Initial PV + 0.75 (Target Setpoint — Initial PV).
The Initial PV is the PV measured at ‘B’ (after a 1 minute settling period)

Examples: If Target Setpoint = 500°C and Initial PV = 20°C, then the Tune Control
Point will be 20 + 0.75 x (500 - 20) = 380°C.

If Target Setpoint = 500°C and Initial PV = 400°C, then the Tune Control Point will be
400 + 0.75 x (500-400) = 475°C.

This is because the overshoot is likely to be less as the process temperature is
already getting close to the target setpoint.

The sequence of operation for a tune from below setpoint for a heat/cool control loop
is described below:

Target Setpoint First Peak
to
overshoot Peak /
Tune Control Point
1= T T T T Hysteresis
! f
|
i
|
i
|
o
High Output _ b m o
i
Zero Output _ I_‘«\/
Low Qutput - . _! ........................... -
H
A - Start of H - End of
Autotune Autotune
Figure 63: Autotune - Heat/Cool Process
Period Action
A Start of Autotune
AtoB Both heating and cooling power remains off for a period of 1 minute to allow the

algorithm to establish steady state conditions.

BtoD First heat/cool cycle to establish first overshoot.
‘CBL’ is calculated on the basis of the size of this overshoot (assuming it is not set to
Auto in the initial conditions).

BtoF Two cycles of oscillation are produced from which the peak to peak response and the
true period of oscillation are measured. PID terms are calculated

Fto G An extra heat stage is provided and all heating and cooling power is turned off at G
allowing the plant to respond naturally.
Measurements made during this period allow the relative cool gain ‘R2G’ to be
calculated.
‘CBH’ is calculated from CBL*R2G.

H Autotune is turned off at and the process is allowed to control at the target setpoint
using the new control terms.
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Autotune can also occur when the initial PV is above SP. The sequence is the same
as tuning from below setpoint except that the sequence begins with full cooling
applied at ‘B’ after the first one minute settling time.
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Autotune From Below SP — Heat Only

The sequence of operation for a heat only loop is the same as that previously
described for a heat/cool loop except that the sequence ends at ‘F’ since there is no
need to calculate ‘R2G’.

At ‘F’ autotune is turned off and the process is allowed to control using the new
control terms.

Relative cool gain, ‘R2G’, is set to 1.0 for heat only processes.

Target Setpoint First Peak
overshoot to

! ! Peak

Tune Control Point |

————— Hysteresis

High Output _____K_;__\
Zero Output | 4y ____
. D E F
[
A —B=1min. tCtoD- tDtoF-
calculate calculate
t CBL PID
A - Start of F - End of
Autotune Autotune

Figure 64: Autotune from below SP — Heat Only

For a tune from below setpoint ‘CBL’ is calculated on the basis of the size of the
overshoot (assuming it was not set to Auto in the initial conditions). CBH is then set to
the same value as CBL.

As with the heat/cool case, Autotune can also occur when the initial PV is above
SP. The sequence is the same as tuning from below setpoint except that the
sequence starts with natural cooling applied at ‘B’ after the first one minute settling
time.

In this case CBH is calculated — CBL is then set to the same value as CBH.
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Autotune at Setpoint — Heat/Cool

It is sometimes necessary to tune at the actual setpoint being used. This is allowable
in 3500 series controllers and the sequence of operation is described below.

Hysteresis

Target Setpoint

High Output

Zero Output

Low Output
 — 1 1

'c D E
—B=1min

—_ > oo

A - Start of | - End of
Autotune Autotune

Figure 65: Autotune at Setpoint

Period Action

A Start of Autotune.
A test is done at the start of autotune to establish the conditions for a tune at setpoint.
The conditions are that the SP must remain within 0.3% of the range of the controller if ‘PB
Units’ (Setup list) is set to ‘Percent’. If ‘PBUnits’ is set to ‘Eng’ then the SP must remain
within +1 engineering unit (1 in 1000). Range is defined as ‘Range Hi’ — ‘Range Lo’ for
process inputs or the range defined in section Input Types and Ranges
for temperature inputs.

AtoB The outputis frozen at the current value for one minute and the conditions are continuously
monitored during this period. If the conditions are met during this period autotune at setpoint
is initiated at B. If at any time during this period the PV drifts outside the condition limits a
tune at setpoint is abandoned. Tuning is then resumed as a tune from above or below
setpoint depending on which way the PV has drifted.
Since the loop is already at setpoint there is no need to calculate a Tune Control Setpoint —
the loop is forced to oscillate around the Target Setpoint

CtoG Initiate oscillation - the process is forced to oscillate by switching the output between the
output limits. From this the period of oscillation and the peak to peak response is
measured. PID terms are calculated

GtoH An extra heat stage is provided and all heating and cooling power is turned off at H allowing
the plant to respond naturally.
Measurements made during this period allow the relative cool gain ‘R2G’ to be calculated.

Autotune is turned off and the process is allowed to control at the target setpoint using the
new control terms.
For a tune at setpoint autotune does not calculate cutback since there was no initial
start up response to the application of heating or cooling. The exception is that the
cutback values will never be returned less than 1.6*PB.
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Failure Modes

The conditions for performing an autotune are monitored by the parameter ‘State’. If
autotune is not successful error conditions are read by this parameter as follows:

Timeout This will occur if any one stage is not completed within one hour. It could be due to the loop
being open or not responding to the demands from the controller. Very heavily lagged
systems may produce a timeout if the cooling rate is very slow.

TI Limit This will be displayed if Autotune calculates a value for the integral term greater than the
maximum allowable integral setting i.e. 99999 seconds. This may indicate that the loop is
not responding or that the tune is taking too long.

R2G Limit The calculated value of R2G is outside the range 0.1 and 10.0. In versions up to and
including V2.3, R2G is set to 0.1 but all other PID parameters are updated.
R2G limit may occur if the gain difference between heating and cooling is too large. This
could also occur if the controller is configured for heat/cool but the cooling medium is turned
off or not working correctly. It could similarly occur if the cooling medium is on but heating
is off or not working correctly.
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Relative Cool Gain in Well Lagged Processes

In the majority of processes Relative Cool Gain R2G is calculated by the autotune
algorithm as described in the previous sections — section Autotune from Below SP —
Heat/Cool in particular.

There are occasions, however, where an alternative algorithm may be preferred.
These are processes which are heavily lagged, where the heat loss to ambient is
very small so that natural cooling is extremely slow, and certain high order plants,
those that need derivative, Td. This algorithm is known as R2GPD algorithm and has
been added to controllers from firmware version V3.30.

The type of algorithm is selected using the parameter ‘Tune R2G’ found in the
Auto-Tune list, section Loop Parameters - Auto-Tune. The choices are:

Standard This is the default as described in section Autotune from Below SP —
Heat/Cool and is suitable for use on most processes. The benefit of
this algorithm is that it is relatively quick. However, in the type of
process described in the previous paragraph, it can produce values
which are not ideal. These values are generally identified by R2G
equal to or very close to 0.1.

R2GPD If the process is known to be heavily lagged or produces values such
as those above then R2GPD should be selected. This algorithm
extends the autotune period by putting the controller into proportional
plus derivative mode (PD) and uses the output power demand value
during this period to determine the Relative Cool Gain.

Off The automatic calculation of Relative Cool Gain can be turned off and
the value entered manually as described in section Manually Setting
Relative Cool Gain.

When Tune R2G = R2GPD, Autotune from below setpoint is
described below.

Target Setpoint — —

Tune Control Point _l

Hysteresis I

High Output

Zero Output

Low Output -

First Peak

overshoot

A—B=1min D EF G T
At- Start of H - End of
Autotune Autotune

Periods A-F are largely unchanged from the ‘Standard’ algorithm, section Autotune
from Below SP — Heat/Cool, with the following exception:

* Changing the Target Setpoint during period A-B will not change the tuning
setpoint.
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Period F-H is replaced as follows:

FtoG Heat is applied for a period (F-G) of half the last heat cycle (D-E) to
compensate for the last cool cycle

GtoH This is a period in which the controller is put into PD control.
The values of proportional term and derivative time for this period of PD
control are determined by the algorithm.

H OPss is the output demand value at the end of this period and is used in
the determination of R2G.
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Manual Tuning

If for any reason automatic tuning gives unsatisfactory results, you can tune the
controller manually. There are a number of standard methods for manual tuning. The
one described here is the Ziegler-Nichols method.

Adjust the setpoint to its normal running conditions (it is assumed this will be above
the PV so that heat only is applied)

Set the Integral Time ‘Ti’ and the Derivative Time ‘Td’ to ‘OFF’.
Set High Cutback ‘CBH’ and Low Cutback ‘CBL’ to ‘Auto’.
Ignore the fact that the PV may not settle precisely at the setpoint.

If the PV is stable, reduce the proportional band so that the PV just starts to oscillate.
Allow enough time between each adjustment for the loop to stabilise. Make a note of
the proportional band value ‘PB’ and the period of oscillation ‘T’. If PV is already
oscillating measure the period of oscillation ‘T, then increase the proportional band
until it just stops oscillating. Make a note of the value of the proportional band at this
point.

Set the proportional band, integral time and derivative time parameter values
according to the calculations given in the table below:

Type of control Proportional band Integral time (Ti) Derivative time (Td)
(PB) seconds seconds
Proportional only 2xPB OFF OFF
P + | control 2.2xPB 0.8xT OFF
P + 1+ D control 1.7xPB 0.5xT 0.12xT
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Manually Setting Relative Cool Gain

If the controller is fitted with a cool channel this should be enabled before the PID
values calculated from the table in section Manual Tuning are entered.

Observe the oscillation waveform and adjust R2G until a symmetrical waveform is

observed.

Then enter the values from the table.

Temperature

-—

Setpoint |- — — — — — |
|
I
I

/\_/ R2G is correct

R2G is too large
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Figure 66: Setting Relative Cool Gain
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Control Loop Set Up

3500 Series Controllers

Manually Setting the Cutback Values

Display Units

Setpoint

Enter the PID terms calculated from the table in section Manual Tuning before setting
cutback values.

The above procedure sets up the parameters for optimum steady state control. If
unacceptable levels of overshoot or undershoot occur during start-up, or for large
step changes in PV, then manually set the cutback parameters.

Proceed as follows:

Initially set the cutback values to one proportional bandwidth converted into display
units. This can be calculated by taking the value in percentage that has been installed
into the parameter ‘PB’ and entering it into the following formula:

PB/100 * Span of controller = Cutback High and Cutback Low

For example, if PB = 10% and the span of the controller is 0 -1200°C, then
Cutback High and Low = 10/100 * 1200 = 120

If overshoot is observed following the correct settings of the PID terms increase the
value of ‘CBL’ by the value of the overshoot in display units. If undershoot is observed
increase the value of the parameter ‘CBH’ by the value of the undershoot in display
units.
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Figure 67: Manual Setting of Cutback

Setpoint Function Block

The controller setpoint is the Working Setpoint which may be sourced from a
number of alternatives. This is the value ultimately used to control the process
variable in a loop.

The working setpoint may be derived from:

1. SP1 or SP2, both of which are manually set by the user and can be switched into
use by an external signal or through the user interface.

2. From an external (remote) analogue source

3. The output of a 