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The Company

We are an established world force in the design and manufacture of
instrumentation for industrial process control, flow measurement, gas and
liquid analysis and environmental applications.

As apartof ABB, aworld leader in process automation technology, we offer
customers application expertise, service and support worldwide.

We are committed to teamwork, high quality manufacturing, advanced
technology and unrivalled service and support.

The quality, accuracy and performance of the Company’s products result
from over 100 years experience, combined with a continuous program of
innovative design and development to incorporate the latest technology.

The UKAS Calibration Laboratory No. 0255 is just one of the ten flow
calibration plants operated by the Company, and is indicative of our
dedication to quality and accuracy.

Electrical Safety

EN ISO 9001:2000
B

¥)

Cert. No. Q5907

EN 29001 (ISO 9001)
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Lenno, Italy — Cert. No. 9/90A

This instrument complies with the requirements of CEI/IEC 61010-1:2001-2 "Safety requirements for electrical
equipment for measurement, control, and laboratory use". If the instrument is used in a manner NOT specified by

the Company, the protection provided by the instrument may be impaired.

Symbols
One or more of the following symbols may appear on the instrument labelling:
A Warning — Refer to the manual for instructions == Direct current supply only
A Caution — Risk of electric shock — Alternating current supply only
@ Protective earth (ground) terminal E— Both direct and alternating current supply
L | ot gound) emina | e couerentis otetes

Information in this manual is intended only to assist our customers in the efficient operation of our equipment. Use
of this manual for any other purpose is specifically prohibited and its contents are not to be reproduced in full or part

without prior approval of the Technical Communications Department.

Health and Safety

2. Warning labels on containers and packages must be observed.
in accordance with the information given.
conditions of high pressure and/or temperature.

Normal safe handling procedures must be used.

spares information.

To ensure that our products are safe and without risk to health, the following points must be noted:
1. The relevant sections of these instructions must be read carefully before proceeding.

3. Installation, operation, maintenance and servicing must only be carried out by suitably trained personnel and
4. Normal safety precautions must be taken to avoid the possibility of an accident occurring when operating in
5. Chemicals must be stored away from heat, protected from temperature extremes and powders kept dry.
6. When disposing of chemicals ensure that no two chemicals are mixed.

Safety advice concerning the use of the equipment described in this manual or any relevant hazard data sheets
(where applicable) may be obtained from the Company address on the back cover, together with servicing and
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1 INTRODUCTION

The COMMANDER 300 Series of documentation is shown in Fig. 1.1. The Standard Manuals,
including the specification sheet, are supplied with all instruments. The Modbus Supplement is
supplied with instruments configured for Modbus Serial Communications.

—_—

INSTALLATION SPECIFICATION SHT.

M Product Identification B Full Specification
M Siting

Wl Mounting

B Electrical Connections
M Installation Record

Part No. IM/C300-INS Part No. SS C300
or IM/C310-INS or SSC310

OPERATION PROGRAMMING MODBUS (RTU).
W Setting Up M Basic Config. Level M Serial Adaptors
M Displays & Controls B Advanced Config. W Serial Connections
W Operating Level Level W Programming Page
Ml Simple Fault Finding H Modbus Registers
Part No. Part No. Part No. IM/C300-MOD
IM/C300-0G IM/C300-PG or IM/C310-MOD
~ Y 4 b Y 4
Standard Manuals Modbus Supplement

Fig. 1.1 Commander 300 Documentation




2 SETTING UP

2.1 Instrument Power-up — Fig. 2.1

(Caution. Ensure that all connections, especially to the earth stud, are made correctly. ]

a) Check that the input sensors are installed correctly.

b) Switch on the supply to the instrument, any power-operated control circuits and the input
signals.

c) The start-up sequence shown in Fig. 2.1 is displayed when the supply is first switched on.

2.2 Simple Fault-finding
If the instrument does not appear to be working satisfactorliy, carry out the following checks
before contacting the Service Organization:

« Are all connections made correctly?

¢ Is there power to the instrument?

« Is there a signal at the process variable input and/or the control output terminals?

EESE " ’

Instrument Test identifies the instrument type, C300, C301
or C310 — see Table 2.1 in the Installation Guide.

1003 Flashing COnF 16
EGGS between _HEL-F

Normal Display Configuration Check
indicates configuration error.
Acknowledged by pressing
the (] switch.

=

m=| [
M|
[ N
[ el

I
:

or

Flashing s
between FARILED

Normal Display

II

Line Failed indicates power
has been restored after a
failure. Cleared by pressing
the (@] switch.

Note. Acknowledging error clears the display but does not rectify the fault. First check
critical parameters. Power down and then power up the instrument. If the fault
persists after checking all parameters, contact the Service Organization.

Fig. 2.1 Instrument Displays at Power-up




3 DISPLAYS & CONTROLS

The displays, |.e.d. indicators and operation/programming controls are located on the faceplate
on the front of the instrument.

3.1 Displays and LED Indicators — Fig. 3.1
The displays comprise 2 rows of 6 characters.

A A L L
B b M -
C Eor,: N norn
D d (6] 0 or o
E E P P
F F Q L
G In R r
H Hor h S 5
| / T t
J ) U u
K H \% U
Y Y

Table 3.1 Character Set

3.2 LED Indication — Fig 3.1
LED indications are as follows:

Al
A2

ST

Alarm states for alarms 'A' to 'E' — see Section 4.11 in Programming Guide.

Alarm states for alarms 'F' to 'K' — see Section 4.11 in Programming Guide.

LED Flashing — alarm active but not acknowledged

LED On - all active alarms acknowledged

LED Off — alarms inactive

On if the local set point is being used — see Section 4.2 in Programming Guide.

On if the remote set point is being used — see Section 4.2 in Programming Guide.
(Both L and R off if dual set point or dual fixed set points are used — see Section 4.2 in
Programming Guide).

On while the self-tune procedure is being performed (flashes when procedure is
complete) — see Section 6.2.

On when the instrument is in Manual control mode.

qooooooogoopoaooaoaoona

| 'Enter' Switch LED
o]

Displays

i
0

LED Indicators —

\
T

Controls — Refer to

Bar Graph Display — | Figs. 3.210 3.6

ok
@/EH

Fig. 3.1 Familiarisation with Controls, Displays and Indicators




3 DISPLAYS & CONTROLS...

3.3 Use of Controls — Fig. 3.2 to 3.6

Page 1 :
Frame 1 } s

Frame2 | 1 6 | Page2

Frame 3 Frame 1

Frame 4 Frame 2 Note. Continued pressure on the
Frame 3 (2] and (@] switches causes the

rate of change of the displayed
value to increase. To make small
adjustments operate the switches
momentarily.

Fig. 3.2 Advancing to Next Page

Page X
Frame 1

Fig. 3.4 Adjusting a Parameter Value

Advance to

next Frame
Parameter X
Frame 2 Y EE]} Select

Frame 3 Z
Frame 4

Fig. 3.5 Selecting a Parameter Choice

Fig. 3.3 Moving between Frames

Used for selecting Automatic or Manual mode on alternate operations. When
Manual mode is selected the displays revert automatically to the process variable

values and control output or valve position (if position-proportioning or boundless
motorized valve control is selected at Control Type frame in the Set Up Control Page)
— See Section 4.10 in the Programming Guide.

Fig. 3.6 Auto/Manual Switch Functions




4 GENERAL OPERATION
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5 OPERATING LEVEL

5.1 Operating Page Introduction

5.1.1 Set Point Tracking

With set point tracking enabled (in the Set Points Page), the Local set point value tracks the
process variable when the controller is in Manual control mode. In this mode of operation the
set point limits do not apply. If the set point value is outside its limits when Automatic control
mode is selected, the local set point remains outside its limits and can only be adjusted in one
direction, towards its limits. Once inside the limits they apply as normal.

With remote set point tracking enabled, the Local set point tracks the remote set point value
when in the remote set point mode. In this mode of operation the Local set point limits do not
apply. If the set point value is outside its limits when the Local set point value is selected, the
Local set point remains outside its limits and can only be adjusted in one direction, towards its
limits. Once inside the limits they apply as normal.

5.1.2 Auto/Manual Transfer

All auto-to-manual transfers are bumpless. If the Local set point is used and set point tracking
is enabled, all manual-to-auto transfers are bumpless, since the set point is always at the same
value as the process variable. Without set point tracking enabled, the response following a
manual-to-auto transfer depends on the control settings. With an integral action setting the
output is ramped up or down to remove any process variable offset from the set point (providing
the process variable is within the proportional band). If the integral action is off, the output may
step to a new value when the controller is transferred back to Automatic control mode.

With remote set point tracking enabled, the control set point switches automatically from
Remote to Local when Manual mode is selected.

5.1.3 Heat/Cool Control — Fig. 6.3

When in Automatic control mode both the heat and cool outputs are turned off when in the
Output Off Hysteresis Band. In Manual control mode the Output Off Hysteresis Band has no
effect. If the PID output is within the Off Hysteresis Band when the controller is returned to auto
control mode, the Off Hysteresis Band has no effect until either the PID output goes outside the
band or becomes equal to the Crossover Value.

Control Set Point frame
[a] [@] To adjust Local or Dual Set Point value

I LOCAL

| bALNCE Balance Set Point - shows the difference
rE_OEE|  Dbetween the Local and Second Set Point values
or (remote or dual), i.e.

Balance = Second set point — Local set point

Fig. 5.1 Set Point Type Selection Facility (see Section 5.2 overleaf)




...5 OPERATING LEVEL

5.2 Operating Page Displays

5.2.1 Time Proportioning and Analog Control

Control Set Point

The set point in use is displayed (Local, Remote or Dual).
If the Local or Dual set point is displayed it can be adjusted
using the (2] and [+ switches, providing Set Point Adjust
Enable is setto YE5 — see Section 4.2 of the Programming
Guide, Set Points Page .

Process [
. 1
Variable ‘ *

43 _ Control Output Value (0 to 100%).
580 To adjust the output value manually: select Manual control
%] mode using the @4 switch (M’ l.e.d. is illuminated) and

then use the (4] and [¥] switches to set the required value

E] Manual Reset (0 to 100%).
r 584 This frame is not displayed if an Integral Action Time is set

or Manual Reset Adjust Enable is setto JFF — see Section
7.2, Control Page.

Use the (2] and [¥] switches to set a value which
eliminates any offset from the set point.

1003 Temperature Units
JEL F This frame is not displayed if the Display Units parameter is
E%l set to 10N E — see Section 4.8 of the Programming Guide

Set Up Display Page.

Set Point Type Selection — Fig. 5.1 (previous page)

Use the [&@] switch to view the various set point values. If the
difference is too great, press the (8] switch and return to the
Control Set Point frame and adjust the Local set point to obtain
an acceptable difference. The Local set point tracks the
Remote set point when the Remote set point is selected,
providing Remote Set Point Tracking Enable is setto £ 5 —see
Section 4.2 of the Programming Guide, Set Points Page.

Remote Set Point Ratio

The remote set point input (in engineering units) is

multiplied by the ratio to obtain the control set point value, i.e.
Remote Set Point Value = Input x Ratio + Bias

Use the (4] and the [ switches to set the ratio required,

between 0.010 and 9.999 in 0.001 increments

Remote Set Point Bias

The bias value is added to the remote set point value (see
previous frame) Use the (4] and the [¥] switches to set
the bias required. The bias can be set to either a positive or
negative value (in engineering units).




5 OPERATING LEVEL...

5.2.2 Motorized Valve Control

Process

Variable L 003
105

Control Set Point

The set point in use is displayed (Local, Remote or Dual).
If the Local or Dual set point is displayed it can be adjusted
using the (2] and [¥] switches, providing Set Point Adjust
Enable is setto £ 5 — see Section 4.2 of the Programming
Guide, Set Points Page .

T o

Stop E

|§| Close

Motorized Valve
(position-proportioning
and boundless)

Valve Status and Valve Position (%)

- valve stopped

- valve opening

- valve closing

The valve position is displayed as a percentage of its full
travel position (not displayed on boundless controllers with
position indication disabled). To adjust the valve position
manually: select Manual control mode using the switch
('M' l.e.d. is illuminated) and then use the (4] and [¥]
switches to set valve position required (the (] switch
opens the valve and the [ ¥ ] switch closes the valve). With
neither switch pressed the valve is stopped.

™ Ca

1003

-500

Manual Reset (0 to 100%).

This frame is not displayed if an Integral Action Time is set
or Manual Reset Adjust Enable is set to JFF — see Section
7.2, Control Page.

Use the [2] and [¥] switches to set a value which
eliminates any offset from the set point.

1003

JEG F

Temperature Units
This frame is not displayed if the Display Units parameter is
setto 10MNE — see Section 4.8 of the Programming Guide
Set Up Display Page.

Set Point Type Selection — Fig. 5.1 (previous page)

Use the (@] switch to view the various set point values. If the
difference is too great, press the (8] switch and return to the
Control Set Point frame and adjust the Local set point to obtain
an acceptable difference. The Local set point tracks the
Remote set point when the Remote set point is selected,
providing Remote Set Point Tracking Enableis setto Y£ 5 —see
Section 4.2 of the Programming Guide, Set Points Page.

For Remote Set Point Ratio and Remote Set Point Bias
settings, refer to opposite page.



...5 OPERATING LEVEL

5.2.3 Heat/Cool Control

Control Set Point

2

"
o
I
U

3
Ly

[

@_

The set point in use is displayed (Local, Remote or Dual).
If the Local or Dual set point is displayed it can be adjusted
using the (2] and [ switches, providing Set Point Adjust
Enable is setto YE 5 — see Section 4.2 of the Programming
Guide, Set Points Page .

(between 0 and 100%).

i !

5.3 —— 003 ——fm— 1063
5808 oh 500 c 508

Percentage Output (Heat, Cool and PID)

To adjust the output value manually: select Manual control
mode using the switch ('M' l.e.d. is illuminated) and
then use the (4] and [ switches to set the value required

a |

PID Output Heat Output

This frame is not
displayed if the P.I.D.
output is below the

Crossover Value.

Cool Output
This frame is not
displayed if the P.I.D.
output is above the
Crossover Value.

7.2, Control Page.

"
) S| e
L
L o€ T
rc 500

Manual Reset (Cool)

Manual Reset, Heat and Cool (0 to 100%).
This frame is not displayed if an Integral Action Time is set
or Manual Reset Adjust Enable is setto JFF — see Section

Use the (2] and [¥] switches to set a value which
eliminates any offset from the set point.

Temperature Units

Set Up Display Page.

This frame is not displayed if the Display Units parameter is
set to 10NE — see Section 4.8 of the Programming Guide

10

For Set Point Type Selection, Remote Set Point Ratio and
Remote Set Point Bias settings, refer to page 8.



5 OPERATING LEVEL...

5.3 Operating Page Messages

Message Reason
T INE Line Failed — indicates power failure.
FRILED
L
C-LUNE Self-tune Fail — Self-tune procedure has failed.
FARIL
L
C-LUNE Self-tune Caution — process complete, but values may not
TARUEN be correct.
L
T- /PE Failed Input — process variable input failure.
L
Failed Remote Set Point Input — flashes in lower display
F--GPL when remote set point input exceeds its fault detection level.
L
Failed Position Feedback Input — flashes in lower display
T-FCn when position feedback exceeds its fault detection level.
L
T IO Failed Linearizer Range — flashes in upper display when
T . . . . .
lineariser range set exceeds that allowed for the input linearizer
— selected.
TPl High Process Alarm — flashes when a high process alarm
- condition is present and unacknowledged.
L
TPoT Low Process Alarm — flashes when a low process alarm
z condition is present and unacknowledged.
L
ToEl High Deviation Alarm — flashes when a high deviation alarm
deo condition is present and unacknowledged.
L
Low Deviation Alarm — flashes when a low deviation alarm
LdEl condition is present and unacknowledged.
L

Table 5.1A Input Error Messages Displayed in the Operating Page

11



...5 OPERATING LEVEL

...5.3 Operating Page Messages

Message Reason
HOoUE High Output Alarm — flashes when a high output alarm
condition is present and unacknowledged.
L
LOUE Low Output Alarm — flashes when a low output alarm
condition is present and unacknowledged.
L
F-LE Fast Rate Alarm — flashes when a fast rate alarm condition is
present and unacknowledged.
L
[Py Slow Rate Alarm — flashes when a slow rate alarm condition
is
— present and unacknowledged.
_OdE
Mode Alarm - flashes when a mode alarm condition is present
— and unacknowledged.
PEUE
Program Event Alarm — flashes when a program event alarm
L ——— condition is present and unacknowledged.
SEUL
Segment Event Alarm — flashes when a segment event alarm
L

Table 5.1B Input Error Messages Displayed in the Operating Page

12



5 OPERATING LEVEL...

5.4 Alarm Acknowledge Page

ACHALL Page Header — Acknowledge Alarms
ALA-_S
L]
R-HPrL Upper Display: shows the alarm identity and type when
]
P UL an alarm condition is present.
For example the displays for alarm A are:
A-HP-C high process
A-LPrL low process
A-HJEU. high deviation
A-LJEY. low deviation
AR-HOUE high output
A-LOUE low output
A-FrtE fast rate of change of process variable*
A-5rLtE slow rate of change of process variable*
= A-_0dE mode
? Lower Display: shows the trip level of the alarm identified

A-HPrC

— in the upper display. When the alarm is acknowledged
ACHAGG (33 pressed), AL FA6d is displayed.

*Rate of change alarms have trip levels expressed in % of
span per hour.

Y
SECOJE or P-5LARE
2]

5.4.1 Mode Alarm Trips

Return to top of page or advance to Security Code Page or
Profile Operating Page.

Message Description Message Description
auEn In Automatic Control Mode BUFER ]| |Process Variable Input Failure
- — L —
_ANURL In Manual Control Mode “GCFEA IL Remote Set Point Input Failure
L — L —
[ -cPL In Local Set Point Mode PIEA IL Position Feedback Input Failure
[ ———— L ————
- -GCPE In Remote Set Point Mode TIEAR IL| | |Any Input Failure
L — L —
o-5PE In Dual Set Point Mode P-hHOL gl | |Profile in Hold State
L — L —

Table 5.2 Alarm Types/Mode Trip Values

13



...5 OPERATING LEVEL

5.5 Access to Configuration Levels

A security system is used to prevent tampering with the program parameters by utilizing a Tune
password and a Configuration password.

The Tune password gives access to the self-tune and control pages.

The Configuration password gives access to all controller settings and programming pages —
see Section 4.15 of the Programming Guide.

5.5.1 Security Code Page

SECOIE Page Header — Security Code Page
Ix]

(%]

Set the security code to the correct Tune or Configuration
password using the (2] and [¥] switches and press the
(@] switch to enter the code.

The passwords are programmed in the Access Page —
Refer to Section 4.15 of the Programming Guide.

Software version
UE- | The Upper display indicates the EPROM series.

2201 is displayed for the standard C300 EPROM, 2202 for
the standard C301 EPROM, 2203 for the standard C302
EPROM and 2101 for the standard C310 EPROM.

The lower display indicates the version number.

14



6 TUNING LEVEL

6.1

Introduction to Self-tuning

Information.

On demand user-activated tuning.
Two types of self-tuning — initial 'Start-up' and when close to 'Set Point'.
Tuning for P, Pl or PID control can be selected.

Tuning for /4 wave damped or minimum overshoot (start-up tuning only) can be
selected.

Error and Caution messages — indicate reason for tuning problems.

Self-tune facility — not available on Heat/Cool Control and Boundless.

Set Point
Calculated Trip
Point

PV

B Time

Output

Output Step
Size

- Time

Information. The noise level of the process is monitored and then a step is applied to
the control output value. The response of the process is recorded and these results
are used to calculate the control terms.

Fig. 6.1 'Start Up' Self-tuning

15



...6 TUNING LEVEL

..6.1 Introduction to Self-tuning

‘ Self-tune High Limit N\
Signal Noise Hysteresis Hysteresis
\ Value‘ Band *
— \ /i \
/ \ | / \ ;
Values at \/ \/
start 9f Self-tune Low Limit ” *
Execution
Controller Output ol t
Output Step
Time

Information. ‘At Set Point' self-tuning automatically calculates the P.I.D. terms based
on the process reaction during a self-tuning cycle. The controller output is
manipulated to give six process oscillations which are used to determine the tuning
parameters.

Fig. 6.2 'At Set Point' Self-tuning

Information.

On initial conditions:

e 'Start-up' Tuning — the controller is placed in the Manual control mode with the control
output value set to give a stable process variable at least 10% of the engineering range
below the control set point.

« 'At Set Point' Tuning — may be initialized in the automatic mode but the process variable
must be close to the required set point and stable. The control output must also be
stable. However, for best results the Manual control mode can be used to stabilize the
output and the process value. The output must be adjusted slowly to allow process
response to the change, to bring the process variable to the required control set point.
The closer the process is to the set point, the more effective the self-tuning cycle.

6.2 Self-tuning Page

SELF Page Header — Self-tune.

tUNE
Note. This page is not displayed if the Profile Function is

< ¥ Error 'ON' or Control Type is set to 'b/IdL55'

R Error and Diagnostic Messages

If there are errors during self-tune, flashing error and
diagnostic messages are displayed. To clear message,
press the (3] switch — see Table 6.1.

> Continued on next page

16




6 TUNING LEVEL...

...6.2 Self-tuning Page

St-LtYP

At SP:

StriuP

SEEP

L0 N
| Uuu

SLoEUp

\j

Self tune Type
Select the Self-tune type required:
AELSPL (At Set Point) use when the process is
close to the required set point.
StrtUP (Start-up) use for self-tune from initial start-
up, or for self-tune when there is a large
change in set point value.

Output Step Size
The output step size is a percentage of the control output.

'Start-up' Tuning — the larger the step size used the quicker
the self-tuning process is performed, but the greater the
overshoot (above the calculated trip point). If too small a step
size is used, the response may be too slow for the self-tuning
to operate correctly. In practice, use as large a step size as
can be tolerated up to a maximum of 100%.

'At Set Point' Tuning —the controller output changes by plus
and minus the output step size from its initial starting value
when self-tuning is executed. If the output step size is too
large to allow this its value is reduced. Maximum is 50%.

Example — If the controller output value = 30% and the
selected step size = 50%. The step size is reduced to 30%.

The step size should be large enough so that the amplitude
of the process variable excursions are at least four times
larger than the hysteresis parameter to allow the best
possible response data. The output step size must be
small enough to avoid the process variable crossing either
of the self-tune limits (see following frames).

Hysteresis Value

The hysteresis value is entered in engineering units and is
used to determine when to change the controller output
value.

'At Set Point' Tuning only — when the process variable
crosses the hysteresis band (plus and minus the
hysteresis value), the controller output changes by plus
and minus the 5t EP value from its initial starting value.
The hysteresis value should be set as small as possible
but larger than the noise in the process variable signal, to
allow the best possible response data.

Set the hysteresis value required (in engineering units).

Continued on next page
17



...6 TUNING LEVEL

...6.2 Self-tuning Page

Self-tune High Limit

The process variable must be between the high and low
limits during the self-tuning process. If the process value
exceeds one of these, the self-tuning process is shut off
automatically by reverting to the Manual control mode and
returning the controller output to the value set when the
self-tuning was carried out. The high and low values are
the limits for cancelling self-tune execution.

Set the value required (in engineering units), the decimal
point is set automatically.

Self-tune Low Limit

If the process variable value exceeds this adjustable limit
during the self-tuning process, the self-tuning process is
stopped automatically. The display is in engineering units.

Control Terms
Select the Proportional, Integral and Derivative terms
required.

Control Type
fi for quickest response with /2 wave damping.
or
b for quickest response with minimum overshoot.

Self-tune Mode Selection

With the self-tune mode enabled the 'ST' l.e.d. is illuminated
while the controller calculates the control terms, selected
above. On completion of the self-tune sequence the 'ST'l.e.d.
flashes. Select 17 to enable, OF F to disable.

The time taken for completion of self-tuning is dependent
on the speed of response of the process being controlled.

If Self-tune is OF F return to the top of the Self-tune Page.

H&SP&‘ [
- 550
A
SE-LO
450
SkrEUP
Y
- EEFS
id | [a]
]
A
t5PE
A
RESPE
Ll S-tunf
OFF
OFF
A | 7
/E\

Self-tuning
not

completed

Self-tuning
completed

Wait for the 'ST' l.e.d. to flash.

Other pages can be accessed while the controller carries
out the self-tune sequence. The sequence is automatically
disabled on completion or can be manually disabled at any
time, i.e. by selecting OFF.

Advance to next parameter (view advisory values) or, if self-
tuning process not completed, return to top of Self-tune Page.

L .
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Continued on next page.



6 TUNING LEVEL...

...6.2 Self-tuning Page

—» AdUFP

y
AUl

o

Adi.d

o

ACCEPE
°

Y
Conkrl

PRLE

Advisory Proportional Band
Advisory value displayed (cannot be changed).

Advisory Integral Action Time
Advisory value displayed (cannot be changed).

Advisory Derivative Action Time
Advisory value displayed (cannot be changed).

Acceptance/Rejection of Advisory Values

Before accepting or rejecting the calculated values,
alternative control combinations can be viewed without
repeating the Self-tune process.

a) To view alternative control combinations, return to the
Control terms and Control type (if applicable) frames
and set to the required alternative settings.

b) Setthe Self-tune Mode to ON. It reverts automatically
to OFF to indicate that the new advisory values have
been calculated.

c) View the re-calculated advisory values.

Select:

YES to accept the advisory values. The values
automatically replace those in the Control Page —
see Section 7.2.

ng to reject the advisory values and retain those setin
the Control Page.

Return to top of Self-Tune Page.
or
Advance to Control Page.
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6.3 Self-tune Diagnostic Messages

Message

Explanation

Action

[5-tunt|

Flashing
with

[Py-1nE]

[CARUER

[Hi-L_¢]

The self-tune process has
selected a proportional band or
integral action time above the
high limits of these parameters
so the high limit has been used.

With 'Start-up' tuning, although
the control set point was >10%
of the display range above the
process variable, it may still be
too close to allow the self-tune
facility to determine the process
characteristics accurately.

With 'At Set Point' tuning, the
ratio of process oscillation to
hysteresis value is too small for
best results.

Because of the process
characteristics, re-trying the self-
tuning process is unlikley to
improve the calculated control
parameters.

If desired, allow the process
variable to move further below the
control set point (by changing the
control output in the manual
control mode) before re-trying
‘Start-up' self-tuning. Alternatively,
use the 'At Set Point' self-tune
facility.

Restart self-tune with a larger
output step size or a smaller
hysteresis value. Hysteresis
must be at least equal to and
preferably greater than process
noise.

[5-tung]

Flashmg

[stg |

[FaiL

[PrCESS]

The process is too slow for the
self-tuning to work correctly.

The process variable signal is
excessively 'noisy'.

With ‘Start-up' tuning, the
process variable is <10% of the
display range, below the control
set point.

The input failure level has been
exceeded, possibly due to a
broken sensors or the process
has exceeded one of the self-
tune limits.

If possible, use a larger output
step value.

Check input wiring to try and find
the source of the problem. If the
process is changing rapidly then
allow it to settle before re-trying
the self-tuning process.

Allow the process variable to
move further below the control
set point before re-trying the
'Start-up' self-tuning facility.
Alternatively, use the 'At Set
Point' self-tune facility.

Check input wiring to find the
cause of the failure or restart self-
tuning with a smaller output step
size.
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7 CONTROL LEVEL

7.1

Introduction to Standard Control

Information.

* Proportional Control — use where:
cycling action of on/off control is unacceptable,
load changes are small or infrequent,
offset can be tolerated or eliminated using manual reset.

« Integral Action — introduce to the control system:
to eliminate offset automatically,
if set point or load changes frequently.

« Derivative Action — introduce to the control system:
to enable faster approach to the set point (by enabling use of a smaller proportional band),
to minimize overshoot.

»  On/Off Control — use for applications where precise control is not required, or where frequent
switching of a contactor using time proportioning control causes premature wear.

Decrease
Proportional
Band

Initial Settings
Proportional Band = 100%
Integral Action Time = OFF
Derivative Action Time = OFF

1

« Adjust the set point a small amount
Hold the set point at the new value until
the process begins to move
Reset the set point to the original value

|

1

| Observe response of process

Increase
Proportional
Band

|

v

1

-+ |= Response Time +| = Response Time aT‘ = Response Time
Q< N o =
Q - o [ P
8 8 = I
g ~onc| | LACA A Sl ANEA

- g van i EA Y SAVALVARWY, IR AAVARV/

4 - 3 | | Critical o} SR
8 8 =——==— Cycle time o) h
£ g (tcc a

Time Time

'

Note Critical Proportional Band value (PBc)

Measure the critical cycle time (tc)

2xPBc

Calculate Terms

P+l P+D

2.2 x PBc 1.6 x PBc
tc/1.2 tc/2

— tc/12

P+I+D
1.6 x PBc
tc/2

tc/8

Fig. 7.1 Manual Tuning
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7.1

Introduction to Standard Control

Response

Contributions

Effect Of Response Settings

Too High

Too Low

On/Off Hysteresis

Helps to prevent

Process swings
too far above

Output switches

Hysteresis too high

Reduces height of
first peak.

Reduces period of
oscillation.

« Process noise is
amplified

contribution not
realized

rapid switching of too rapidly
output and below set Hysteresis too Low
point
High Prop. Band
Stable control with | * More stable ’
the minimum offset . . Y Deca
and minimum « Longer period Stability * y
Proportional Band . o decreases
period of oscillation L ‘
consistent with arger oofset
stability.
y Low Prop. Band
Integral Action too
High
* Stability ‘g
P Time for variable to Correct Integral
Integral Eliminates offset ) d Action Time
9 between Process | '€turn to set point ecreases ! !
and Set Point. |increases ) o
* Period of Integral Action Time
oscillation too Low
increases { !
Increases stability, Derivative Action
permitting smaller Time too Low
Properional band A—
and larger integral
action times to be |+ Stability decreases R .
) Derivative Action
Derivative used. Maximum/| Time Correct

I Ac——

Derivative Action
Time too High

[ e —
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Fig. 7.2 Effect of Control Responses on Processes




7 CONTROL LEVEL...

7.2 Control Page

Conkrl

PRGE

|
Time Proportioning

{90t

5.0

/

Other
Control
Types

ON/OFF

HYSE

;.o

Page Header — Control Page.
If Heat/Cool Control is selected, refer to Section 7.3.

Cycle Time
This frame appears only if the Time Proportioning function
is selected in the Set Up Control Page. Set the required
cycle time between 1.0 and 300 in 0.1 second increments,
or if 'ON/OFF' mode is required, select cycle time below
1.0 second.

Hysteresis

This frame appears only if ON/OFF is selected in Cycle
Time. The output turns off at the set point value but does
not turn on again until it has moved into the safe region by
an amount equal to the hysteresis value. This is only
applicable to 'ON/OFF' control. Set the required hysteresis
between 0.0% and 5.0% of the enginering span.

The display is in engineering units.

Set \ Set Point
Point + Hysteresis
Set Point
/ P — Hysteresis
Reverse

| |_ Acting
| | Direct

Acting

Information. Hysteresis is used with ON/OFF control to
give acceptable control without causing the output to
switch too rapidly.

Proportional Band
Set the proportional band value required, between 0.1 and
999.9% in 0.1% increments.

Continued on next page.
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...7 CONTROL LEVEL

..7.2 Control Page

E-unt$S

\

SELS

\
kol

GFF

Int. Action
v Time Off

Integral

Action _r ESEE
Time TG
Set .o
Y
dEriU.
OFF
\
APPL
1.0
Y
_r-AdJ
YES
Y
Integral DFFSEE
Action Xl
Time .o
Set

Time Units
Time units for the integral and derivative action times (see
below) can be set to minutes - /715 or seconds 5£L5.

Integral Action Time

Set the required time between 1 and 7200 in 1 second
increments (0.1 and 120 minutes in 0.1 minute
increments). OF F is displayed in place of 7201 (120.1)

Note. An Integral Action Time must be set when the Control
Type is set to bdL55.

Manual Reset

Manual reset is only operable with Integral Action Time set to
OF F. Set the required proportional band offset between 0.0
and 100.0% of the display (engineering) span in 0.1%
increments.

Derivative Action Time

Set the required time between 0.0 and 999.9 in 0.1 second
increments (0.1 and 16.67 minutes in 0.01 minute
increments). OF F is displayed in place of zero.

Approach Band
Set the required value between 0.1 and 3.0 in 0.1
increments. (Set 1.0 initially.)

Manual Reset Adjust Enable

This display and adjustment in the Operating Page can be
enabled or disabled.

Select YE5 to enable or no to disable.

600 +—————— Set
Set Pomt
Point 500 —r— } PI’Op

Control Algorithm Offset
This frame is only applicable if Integral Action Time is set,
(i.e.is not setto OF F). Set the required offset, either 0.0 or
50.0%.

PV k

Prop.
Band

-
ime Time
Offset = 0%

Band
400 +—m

Offset = 50%

Return to the top of the Control Page or advance to the next
page.

SEE or

PrOFLE

ProG

A




7 CONTROL LEVEL...

7.3 Introduction to Heat/Cool Control

Q Heater = 1.5kW
100 —+ Q Cooler = 0.75kW 100
90 %
g0 J % Max. Cool Output Max. Heat
- = = 88%*
Cool 70 4 = 75%* Output = 88% Heat
Output 60 Output
(%) Output Off (%)
50 Hysteresis Band
40 =15%*
30 4 e —
20 - :
10 4 AV
1 1
0 T T TT T : T T T T T 0
0O 10 20« 30' 40, 50 60 70 80 90 100
Crossover ! 1 . o
value —»' 1 *User definable limits
(3% ' '
0% <—— P.I.D. Output (%) ———  100%
1 1 1
Proportional ' ' '
Band (Cool) 1 1
25.0% 1 ! 1 )
1 1 1 Proportional
Integral Action oo T Band (I;ieat)
——
Value (Cool) : X 20.0%
1 1 Integral Action
! ! ! Value (Heat)
1 1 1
Derivative Action Value : : : - Derivative Action
. . Transition Value
—_— ~— Bandwidth
. 20%

Note. Refer to Sections 7.3.2 and 7.3.3 for Crossover Value and Transition
Bandwidth Value examples.

Information.

¢ P.1.D.Output —is the output value calculated by the controller. The output is divided
into two different control elements, one for raising the product temperature (heat
output) and one for lowering the product temperature (cool output).

¢ Transition Bandwidth — used to transfer smoothly from one set of control terms to
the other.

« Crossover Value — defines the changeover point between heat output active and
cool output active. The crossover value is also the centre of the transition and off
hysteresis bands.

e Output Off Hysteresis Band — for the majority of applications the heat and cool
outputs have opposing control actions, i.e. one is direct acting and the other is
reverse. In this configuration both outputs are at 0% within the off hysteresis band.
The band setting is used to prevent oscillation of control changes.

¢ Heat/Cool Outputs — refer to P.I.D. Output, above.

Fig. 7.3 Heat/Cool Control — Principle of Operation
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...7 CONTROL LEVEL

7.3.1 Control Page (Heat/Cool Control)
The following parameters appear only if Heat/Cool is selected at Control Mode frame in the Set
Up Control Page.

Current

Proportioning

2nd O/P
C-PrOP

Integral
Action
Time
Set

26

Time Proportioning

/
LY b

5.0

2nd O/P
Y L-PrOP
LYt ¢

.U

A
NEbrl b

GFF

Int. Action
Time Off

_rSEtt h

nn
.U

Pro
'

|l YT
&3ln
(=]

Page Header — Control Page (Heat/Cool Control).

Cycle Time (Heat)

This frame appears only if Time Proportioning Control is
selected in the Set Up Control Page. Set the required cycle
time between 1.0 and 300 in 0.1 second increments. For
Heat/Cool Control, 'ON/OFF' mode must not be selected.

Cycle Time (Cool)

This frame appears only when the Second Output Type in the
Set Up Control Page is time proportioning. Set the required
cycle time between 1.0 and 300 in 0.1 second increments.

Proportional Band (Heat)
Set the proportional band value required, between 0.1 and
999.9% in 0.1% increments.

Time Units
The time units for the integral and derivative action times
(see below) can be setto minutes - /715 orseconds SELS.

Integral Action Time (Heat)

Set the required time between 1 and 7200 in 1 second
increments (0.1 and 120 minutes in 0.1 minute
increments). OFF is displayed in place of 7201 (120.1).

Manual Reset (Heat)

This is only operable with Integral Action Time (Heat) set to
OFF. Set the required proportional band offset between
0.0 and 100.0% of the display span in 0.1% increments.

Proportional Band (Cool)
Set the proportional band value required, between 0.1 and
999.9% in 0.1% increments.

Continued on next page.
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..7.3.1 Control Page (Heat/Cool Control)

kol c

GFE

Int. Action

Integral
Action
Time
Set

Time Off
Y

_rSEt ¢

55.8

o
Ry

(=] [3
=k
-

'
!
o~
:,_3, -
o

3
L]

Integral Action Time (Cool)

Set the required time between 1 and 7200 in 1 second
increments (0.1 and 120 minutes in 0.1 minute
increments). OFF is displayed in place of 7201 (120.1).

Manual Reset (Cool)

This is only operable with Integral Action Time (Cool) set to
OF F. Set the required proportional band offset between
0.0 and 100.0% of the display span in 0.1% increments.

Derivative Action Time

Set the required time between 0.0 and 999.9 in 0.1 second
increments (0.1 and 16.67 minutes in 0.01 minute
increments). The same derivative action time is used for
both heating and cooling.

OFF is displayed in place of zero.

Approach Band

Set the required value between 0.1 and 3.0 in 0.1
increments.

(Set 1.0 initially.)

Manual Reset Adjust Enable

Manual Reset display and adjustment in the Operating Page
(see Section 5.2.) can be enabled or disabled.

Select YE5 to enable or no to disable.

Crossover Output Value

Set the required crossover output value, between 0.0%
and 100.0% of P.I.D. output in 0.1% increments — see
Section 7.3.2.

Transition Bandwidth
Set the required value, between 0.0% and 100.0% of
P.1.D. output in 0.1% increments — see Section 7.3.3.

Output Off Hysteresis

The hysteresis is set to prevent oscillation of control
changes. Set the required value, +25.0% (of P.1.D. output)
from the crossover output value, in 0.1% increments.

Control Algorithm Offset
The offset is only applicable if Integral Action Time is set.
Set the required offset either 0.0 or 50.0%.

Continued on next page.

27



...7 CONTROL LEVEL

7.3.2 Calculating the Crossover Value — Fig 7.3
The crossover value is calculated from the expression:

100
Gh/Gec + 1

Where Gh/Gc is the ratio of the two output driver gains.

Crossover Value =

The most common method for determining the Gh/Gc term is by using 'nameplate’ values from
the heat/cool device(s).

Example — if a heat/cool application can produce a maximum of 1.5kW and absorb 0.75kW:

Output Gain Ratio = 15 2
0.75

Crossover Value = Lol =33.3%
+

7.3.3 Calculating the Transition Bandwidth Value — Fig. 7.3
The Transition Bandwidth is the percentage difference of the proportional band settings.

Example — if the proportional band settings for the heat output is 20% and for the cool output
is 25%:

Transition Bandwidth (%) = 252—_520 x 100
Transition Bandwidth = 20%

If the proportional band settings for both outputs are equal, the bandwidth is 0%. As a general
rule, the Transition Bandwidth should not exceed 30%.
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8 PROFILE OPERATION

8.1 Profile Operating Page
This only appears if the Profile Enable frame is set to on in the Profile Program Page — see
Section 4.1 in the Programming Guide. Parameters displayed in this page cannot be modified.

P-CLAE Profile Status
AP The current status of the selected profile is displayed:

StoP —  Waiting for operator action

SORF. —  Soak function, the set point is at a
constant value is the current segment.

rA_P —  Ramp function, the set point is either
rising or falling in the current segment.

C-dn —  Countdown, there is a time delay

before the profile starts.

Hb-HLd -  Holdback Hold — the profile is on Hold
due to the Holdback feature, i.e. the
measured variable has deviated
beyond the hysteresis value.

OP-HLd -  Operator Hold, the profile has been
suspended by the operator.
_f1-HLd4 - Manual Hold, the instrument is in

Manual mode. The profile cannot run

£nd or in this mode.
sLop End — A profile run started from an external

switch is complete and the switch is
still in the Start Profile position.

C-dn
Y
E-5trt Countdown Time
---- This is only accessed if a Time Delay for the profile start has
been set in the Profile States Page — see next page. The
T countdown time remaining is displayed in minutes.
Return to top of the Profile Operating Page.
T Pri ! Current Program and Segment
oam or LOEL 82 The current program and segment number is shown. The
xx-HLd program of segments is set-up in the Profile Program Page
— see Section 4.1 in the Programming Guide.
Y
£-5EL Segment Time
HH The time remaining before the current segment stops/next
segment starts is displayed (0 to 999.9 minutes). The
segment time is set in the Profile Program Page — see
Section 4.1 in the Programming Guide.
Y
rPE-CE Program Repeat Count
P The number of outstanding repeats for the current program
is displayed at this parameter. The repeat number is set in
the Profile Program Page (between 0 and 99 or continuous
— InFntE is displayed).
Y
SECOJE Return to top of Profile Operating Page or advance to the
o Security Code Page.
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...8 PROFILE OPERATION

8.2 Profile States Page
The Profile States Page is only present if the Profile Enable frame is set to o~ in the Profile
Program Page — see Section 4.1 in the Programming Guide.

PrOFLE Page Header — Profile States.
SEREES
Advance to the next parameter.
,—4—
Profile
running Program Select
Up to four programs can be selected. The programs are
selected in the order that they are required to run. The
Next Profile not flashing character on the Iow_er dis_p_lay_ indicates the
Page running currently selected program and its position in the program
¥ running order.
PrOGr_ _Example —ifthe programs 1, 3, 5, and 7 are required to run
1573 in the order 1, 5, 7 and 3, then:

Select 1, press the &3] switch

Select 5, press the (&3] switch

Select 7, press the (@] switch

Select 3, press the &3] switch
If less than four programs are required, end by selecting
and storing the terminator '=".
Select a program, or the terminator '=".

Press the [&@] switch to advance to the next program in the
Selection running order (character flashing), or if the selection is

Con;plete complete, advance to the next parameter.

-t
£ d‘;.b_'_, Time Delay

LA A countdown time may be set to provide a controlled delay
before the start of the profile run.

v Set the delay time from 0.0 to 999.9 minutes.

S5tfrk Start Profile Run
no no is displayed when the profile is not running.

Press the (@] switch to start the run. The display changes

l to YES.
no Advance to the next parameter if the profile is running or

return to top of Profile States Page.

L JES o Continued on next page.
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8 PROFILE OPERATION...

...8.2 Profile States Page
_>—| From top of page 30

—>

HOL

H-bACH.

OPE-RE

_N-Hid

OFF

Program Hold
The program may be put on hold (suspended) by any of
three conditions. The lower display shows the type of hold
condition or F F:
H-bALCF —  hysteresis action, the process variable
has deviated beyond hysteresis value.

OPE-AE —  [@]pressedorplaced in hold mode by
a logic input .
_N-HLd — the instrument has been switched to

manual control mode.
OFF —  hold function is off.
Press the [&@] switch to change the hold state.
If a logic input has been assigned to the Start/Hold Profile

function, i.e. P- 5t r £t has been selected (see Section 4.10 of
the Programming Guide), the [&] switch is disabled.

rESEE

no

Reset the Profile

This frame is omitted if a logic input has been assigned to
the Profile Reset function, i.e. P-~ 5£ £ has been selected
— see Section 4.10 of the Programming Guide.

no is displayed on entry to this parameter. When the (3]
switch is pressed to reset the profile the display changes to
YES then reverts to no. If the profile is reset and a hold
condition does not exist (see next parameter) the profile
returns to the beginning of the program and continues to
run. If in a hold condition the profile being performed is
stopped and the local set point takes the value of the first
level of the selected profile.

Press the (&3] switch to reset the profile, or advance to the
next parameter.

Continued on next page.
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...8.2 Profile States Page

ol oM IP Skip Segment

5482 This frame is omitted if a logic input has been assigned to
the Skip Current Segment function, i.e. P-5*. /P has been
selected, see Section 4.10 in the Programming Guide.

A segment may be skipped by pressing the [&@] switch.
When the [&@] switch is pressed the profile immediately
abandons the current segment and executes the next
segment.

Normally, the Current Segment number is displayed on the
lower display.

{-dn is displayed during a countdown time — see Time
Delay which can also be skipped if required. If the segment
being skipped is the last segment then £/14 is displayed.

Press the [&@] switch to skip the next segment.

Return to top of Profile States Page or advance to the
Programming Guide.

I
-
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PRODUCTS & CUSTOMER SUPPORT

Products

Automation Systems
« for the following industries:

—  Chemical & Pharmaceutical
— Food & Beverage
—  Manufacturing
—  Metals and Minerals
—  Oill, Gas & Petrochemical
—  Pulp and Paper

Drives and Motors
* AC and DC Drives, AC and DC Machines, AC
motors to 1kV
« Drive systems
* Force Measurement
* Servo Drives

Controllers & Recorders
* Single and Multi-loop Controllers
e Circular Chart , Strip Chart and Paperless
Recorders
e Paperless Recorders
e Process Indicators

Flexible Automation
* Industrial Robots and Robot Systems

Flow Measurement
* Electromagnetic Flowmeters
* Mass Flow Meters
e Turbine Flowmeters

* Flow Elements

Marine Systems & Turbochargers
« Electrical Systems
* Marine Equipment
» Offshore Retrofit and Referbishment

Process Analytics
* Process Gas Analysis
« Systems Integration

Transmitters
* Pressure
« Temperature
e Level
« Interface Modules

Valves, Actuators and Positioners
« Control Valves
e Actuators
* Positioners

Water, Gas & Industrial Analytics
Instrumentation
e pH, conductivity, and dissolved oxygen
transmitters and sensors
e ammonia, nitrate, phosphate, silica, sodium,
chloride, fluoride, dissolved oxygen and
hydrazine analyzers.
e Zirconia oxygen analyzers, katharometers,
hydrogen purity and purge-gas monitors,
thermal conductivity.

Customer Support

We provide a comprehensive after sales service via a
Worldwide Service Organization. Contact one of the
following offices for details on your nearest Service and
Repair Centre.

United Kingdom

ABB Limited

Tel: +44 (0)1480 475 321
Fax: +44 (0)1480 217 948

United States of America
ABB Inc

Tel: +1 215-674-6000

Fax: +1 215-674-7183

Client Warranty

Prior to installation, the equipment referred to in
this manual must be stored in a clean, dry
environment, in accordance with the Company's
published specification.

Periodic checks must be made on the
equipment's condition. In the event of a failure
under warranty, the following documentation must
be provided as substantiation:

1. Alisting evidencing process operation and alarm
logs at time of failure.

2. Copies of all storage, installation, operating and
maintenance records relating to the alleged
faulty unit.




ABB has Sales & Customer Support expertise

in over 100 countries worldwide

www.abb.com
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ABB Limited

Howard Road, St. Neots
Cambridgeshire, PE19 8EU
UK

Tel: +44 (0)1480 475321
Fax: +44 (0)1480 217948

ABB Inc.

125 E. County Line Road
Warminster, PA 18974
USA

Tel: +1 215674 6000
Fax: +1215-674 7183

The Company’s policy is one of continuous product
improvement and the right is reserved to modify the
information contained herein without notice.
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