OVERVIEW

This manual is divided into 5 sections which contain all the information needed to install, configure,
commission and operate the COMMANDER 505 Advanced Process Controller. Each section is
identified clearly by a symbol as shown in Fig. 1.

» Displays and Function Keys e Level 6 — Basic Configuration

Displays and Controls E Configuration Mode (Levels 6 to E)

e LED Indication e Level 7 — Input Configuration
« Error Messages * Level 8 — Alarm Configuration
e Level 9 - Set Point Configuration
e Level A — Control Configuration
e Operator Mode (Level 1) e Level B — Operator Configuration
@: » Single Loop Controller e Level C — Output Configuration
* Motorized Valve Controller e Level D — Serial Communications
¢ Auto/Manual & e Level E — System Calibration

Backup Stations
» Feedforward Controllers

» Cascade Controllers Installation
 Ratio Station/Controller 4 * Siting
* Mounting

» Electrical Connections
Set Up Mode (Levels 2 to 5)
@ e Level 2 — Tuning
e Level 3 — Set Points

e Level 4 — Alarm Trip Points
e Level 5 — Valve Setup

Fig. 1 Overview of Contents
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Started D — Analog Sources

N N

Fig. 2 Foldouts

Shunt Resistors Process Labels Panel Clamps CJ Sensor
2x100Q x3 X2 x1
(+1 optional) (+1 optional)

Fig. 3 Accessories




CONTENTS

Section Page
OVERVIEW ..o 1
1 DISPLAYS AND FUNCTION KEYS ........ 3

1.1 Introduction .........cccceeevviiiiiiiiineeeeees 3

1.2 Use of Function Keys .
1.3 Secret-til-Lit Indicators ...
1.4 Character Set.............. .
1.5 Error Messages .......ccccceevvvvvveneennn.
1.6 Processor Watchdog .........ccccceeeuees
1.7 Loop Break Monitor ...........cccceeeennes
1.8 Glossary of Abbreviations...............

2 OPERATOR LEVEL .....ccoeviiiiiiciiiene
2.1 Introduction .........cccoeeviiiiniieniens
2.2 Single Loop Controller

(Templates 1 and 2) ..........occcvveeennee
2.3 Auto/Manual Station

(Templates 3and 4) .........coccveeeennee
2.4 Analog Backup

(Templates 5and 6) .........ccccvvveeenes
2.5 Indicator/Manual Loader Station

(Templates 7 and 8) ..........ccccvveeennee
2.6 Single Loop with Feedforward

(Templates 9 and 10) ..........cccvveeennn.
2.7 Cascade Control

(Templates 11 and 12) ........ccceeeeeee
2.8 Cascade with Feedforward

(Template 13) ....coovvveeieeiiieeeeiiieeene
2.9 Ratio Controller

(Templates 14 and 15) .........ccceeenee
2.10Ratio Station

(Templates 16 and 17) .......cccceeeennee
2.11 Heat/Cool Output TYpes .........ccuueee
2.12 Motorized Valve Output Types .......
2.13 AULO-tUNE ..o
2.14 Control Efficiency Monitor ..............

3 SETUP MODE ......ccoooiiiiiiieeieeieeee
3.1 Introduction .........cccceeeiiiiieiiiiiieens
3.2 Level 2-Tune .....ccoeeviieeiiiiieeis
3.3 Level 3 - Set Points...........
3.4 Level 4 — Alarm Trip Points....
3.5 Level 5-Valve Setup .........ccceeeennne

4 CONFIGURATION MODE .......cccccevueenne
4.1 Introduction..................
4.2 Level 6 — Basic Configuration .
4.3 Level 7 —Analog Inputs ..................
4.4 Level 8 —Alarms .......ccccceeveiininenenn.
4.5 Level 9 — Set Point Configuration...
4.6 Level A - Control Configuration......
4.7 Level B — Operator Configuration...
4.8 Level C — Output Assignment.........
4.9 Level D — Serial Communications ..
4.10 Level E — Calibration ......................

68
70
76

Section

INSTALLATION ..o
5.1 Mechanical Installation
5.2 Electrical Installation .... .
5.3 RElaYS ..ocovvieeeiiee s
5.4 Digital OUtpUL .....ccevvveeviieee e
5.5 Control or Retransmission

Analog OULPUL .....eeeveiiiieeeeiiiee e 87
5.6 Motorized Valve Connections.......... 88
5.7 Input Connections ..........ccceeeveeeennne
5.8 Output Connections ...........
5.9 Power Supply Connections

APPENDIX A - CONTROL TEMPLATES ..90

Al Single Loop Controller

(Templates 1 and 2) .......cccceeeuvveeennne 90
A2 Auto/Manual Station and

Analog backup Station..................... 91
A3 Indicator/Manual Loader Station

(Templates 7and 8) .......cccceevuvveeenne 94

A4 Single Loop Controller with
Feedforward (Templates 9 and 10) 95
A5 Cascade Controllers

(Templates 11 and 12) ..........ccuveee.. 96
A6 Cascade Controller with
Feedforward (Template 13) ............ 97
A7 Ratio Controller
(Templates 14 and 15) .........cccuveee... 98
A8 Ratio Station
(Templates 16 and 17) ..........cc.v..... 99
APPENDIX B — COMMANDER
CONFIGURATION EDITOR .......oeveivienne. 100
Bl INtroduction ..........ccoovvveeeiniiiieeenns 100
B2 Analog Input Customization ......... 100
B3 Programmable Maths Blocks ....... 100
B4 Logic Equations ..........ccccecueveennnee 100
B5 Process Alarm Customization ...... 100
B6 Real Time Alarms........cccccoevcveeenee. 100
B7 Delay Timers ............. .101
B8 Custom Linearizers......... .101
B9 Template Customization ............... 101
B10 Connecting the COMMANDER
PC Configurator ..........ccccccevvuveenn. 101
FRAMES INDEX .....cccoiiiiiiiaiiieiiee e 102
INDEX oot 105



1 DISPLAYS AND FUNCTION KEYS

1.1 Introduction

The COMMANDER 500 front panel displays, function keys and LED indicators are shown in Fig. 1.1.
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Parameter Advance
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Fig. 1.1 Front Panel Displays and Function Keys




[’d=] ...1 DISPLAYS AND FUNCTION KEYS

1.2 Use of Function Keys

A — Raise and Lower Keys

V]

b IAS] LEY
= T crm| ]
500} [Em+ &) Eo ‘@ﬁtbnf
[ ] ‘ LEeu |
“[450]-(¥] OPE-

Use to change/set a parameter value... and... ...move between levels

B — Up and Down Keys

2]
EUAE (top of level)
100
[ 30+
110 CHC 1] Frame2
= - 20
Use to adjust the output value... and... ...move between frames within a Setup
or Configuration level. Any changes made
on the current frame are stored when the
next frame is selected.
C — Parameter Advance Key
@ LEU (thapﬂzjef It vel) LEUx
tUnE 100
10oe
1003 | | Press and hold
ryr )| Frame?2
1
L

Use to advance to the next
frame within a level...

...select the top (LEV.x)

or... frame from within a level

Note. This key also stores any changes made in the previous frame

D — Auto/Manual Key

&) Auto Manual
ﬂ 9502 950 Process Variable
5000 53009 Control Set Point
ol & p— S| (]
a Control Output (%)
— | [

Use to select Auto or Manual control mode

Fig. 1.2a Use of Function Keys




1 DISPLAYS AND FUNCTION KEYS...

...1.2 Use of Function Keys

E — Alarm Acknowledgement

(Flashing) (On continuously) (Off)
: SR N
A
e ’,‘“ Q/ .
Any active, All active No active
unacknowledged alarms alarms present
alarms acknowledged

@ tHP | {HP | @ 2% % x
2003 2003 2003

|:| : |:> A

[ ACE] AL ACE

@ @ o

ACH LAE
B e

E] Note. If no alarms have been enabled in the Set Up level, pressing
the (&) key has no effect.

@ The first active and unacknowledged alarm is displayed
(or if no alarms are active, the first enabled alarm is displayed)

HPU  High Process, PV HO  High Output

LPU  Low Process, PV L0 Low Output

HLP  High Latch, PV PFE Power Failure Time
LLP Low Latch, PV Hb ¢ Maths Block 1 High
Hd High Deviation Lk { Maths Block 1 Low
Ld Low Deviation HbL2 Maths Block 2 High
HP ¢ High Process I/P1 L b2 Maths Block 2 Low
LP 1t Low Process I/P1 HbL3 Maths Block 3 High
HP2Z  High Process I/P2 L 53 Maths Block 3 Low
LP2 Low Process I/P2 HbY Maths Block 4 High
HP3  High Process I/P3 L b4 Maths Block 4 Low

LP3 Low Process I/P3

E] Note. The time of the power failure
PF.t, is shown in the set point display.

@ The lower display shows alarm status:
ACE  Alarm active and unacknowledged
ACF.  Alarm active and acknowledged
CLr~  Cleared or Inactive alarm
LAt Unacknowledged latched alarm

@ Pressing (& ] again acknowledges the displayed alarm.
Lower display changes to reflect new status.

@ Next active and unacknowledged alarm is displayed. If no alarms
are active, the next enabled alarm is displayed.

Fig. 1.2b Use of Function Keys




[’d=] ...1 DISPLAYS AND FUNCTION KEYS

...1.2 Use of Function Keys

F — Local / Remote Key

Changing between Local and Remote Set Points

{s
o @ _ m® &
LG 7502
Rl Ay Yoo
I=OrZ OrR

2

Process variable and local set point (ratio) displayed on red and green displays.

indicate local set point (ratio) still selected.

@ Remote set point (ratio) value is displayed. The value and Or symbol flash to

Remote set point (ratio) selected.
(@) Remote selection aborted.

@ Note. When an Analog Backup Station template is selected, the key
is used to switch between local and remote mode — see Sections 2.4 and 4.2.

Selecting Local Set Points 1 to 4

450.2
350.0
o

4582

(@]

-T.

4000 = Y150

o>
= OO

@ Process variable and local set point 1 displayed.

@ Process variable and local set point 2 displayed
@ Process variable and local set point 3 displayed

@ Process variable and local set point 4 displayed

Selecting Master and Slave Set Points — Cascade Mode

Local S.SPt/ — -
[RsPt— 7] Master [[moPx 1 | T
PID CrtO+Ch A -1
M.PV ———— Control Loop
S.PV

(see Fig 1.3) is lit, the

key can be used to
BB switch between the Master
local and remote set points

g# | When the MST indicator @
8.0 350.0)

Fig. 1.2c Use of Function Keys

y5o2]| [@ie
4750

[]
(@]

®%F

Abbreviations are
detailed in Section 1.8.

Slave PID

Control Loop OP1

When the SLV indicator (see
Fig 1.3) is lit, the key
can be used to switch
between the local slave

set point and the cascade
slave set point generated
from the master output.




1 DISPLAYS AND FUNCTION KEYS...

...1.2 Use of Function Keys

G — Short-cut Keys

Yy (A8

Press simultaneously and
hold for 3 seconds

TEU \ LEU
Tkl % S Ey APPL
LEU . E &)

OPE-
Press to move from anywhere in Press to move from
the Configuration level to the first anywhere in the Operator
frame in the Operator level

or Setup levels to the first

page of the Configuration
BE -

KE] Note. This Short-cut key operates

only when the configuration password is
setto ‘0’

™
3
o

S|

bLig

Press and hold to move from the Operator
Level to the Security Code Frame and then
to other levels:

Tune Level — See Section 2.13.3

Set Up Level — See Fig. 3.1

Configuration Level — See Fig. 4.1

-
e

Fig. 1.2d Use of Function Keys




Flashing ON OFF

Nt SO -—

'_’ '_ " _' A | One or more All active alarms | No alarms active
L _I_ alarms active and | acknowledged

unacknowledged

MST Master controller
parameters
displayed

A& ysT siv OR SLV Slave controller
parameters
displayed

OR Remote or Local set point
Cascade set in use
point in use

A — Upper Display

Flashing ON OFF

M Autotune in Manual control Auto control
progress selected selected

OP1 Output 1 (heat)
value displayed

OoP2 Output 2 (cool)
value displayed

FF Feedforward
disturbance
variable displayed

-_— .
OP1 OP2 FF = Valve opening
- Valve stopped

I

Valve closing

B — Lower Display

Fig. 1.3 Secret-til-lit Indicators

1.4 Character Set — Fig. 1.4

A R ([ R r
B b N s 5
c [ K H T ¢t
D o L L Ul
E F Mo voU
F F N T orn Yy Y
G [ o 0

H H P F

Fig. 1.4 Character Set




1 DISPLAYS AND FUNCTION KEYS...

1.5 Error Messages

Display Error/Action To clear the display:
B4 Calibration Error Press the (&] key
|||:| 5 Turn mains power off and on again
rr (if the error persists contact the
Customer Support Organization).
BE—|t-- Non-volatile Memory Error Press the (&] key
|||:| iy x =1, 2: Motherboard Memory
X X = 3: Option Board Memory
Turn mains power off and on again
(if the error persists, check
configuration/setup settings).
E—|7-5 Ato D Converter Fault Contact the Customer
|||:| £ The analog to digital converter is not Support Organization
rc communicating correctly.
||& 29999 Input Value Over/Under Range Restore valid input
O
B_[-F-- Auto-tune Error Press the (8] key
|||:| 7 The number displayed indicates the
]

type of error present — see Table 2.1
on page 30.

Cold Junction Failed
Cold junction sensor is faulty or has

Check connections or replace

if faulty.

O H .
not been fitted correctly.
-r5PF Remote Set Point or External Restore valid input
1599 93 Ratio Failed. Remote set point input
N e value is over or under-range. Only
OLF appears if the remote set point (or
cREF external ratio) is displayed or in use.

Valve Sticking

Motorized valve not moving at the
speed expected. Valve may be
sticking.

Check that the correct

Regulator Travel Time has
been set — see Section 3.5.

Check the valve.

||D N
| I\

Position Feedback Fail

Input value is over- or under-range.
Only appears if output type set to
'PFb' — motorized valve with feeback.

Restore valid input




...1 DISPLAYS AND FUNCTION KEYS

1.6 Processor Watchdog

The instrument's processor activity is monitored by an independent watchdog device. When the
output of the watchdog is assigned to a relay or digital output, the relay/digital output de-energizes
if the instrument fails to function correctly.

1.7 Loop Break Monitor
Both analog outputs are monitored continuously to detect a loop break. A warning signal or other
action can be initiated by assigning the loop break signals to relays or digital outputs.

1.8 Glossary of Abbreviations

Abbreviation Description Abbreviation Description
PV Process Variable dil Digital Input 1
LSPt Local Set Point Value di2 Digital Input 2
LSP1 Local Set Point 1 Value di3 Digital Input 3
LSP2 Local Set Point 2 Value di4 Digital Input 4
LSP3 Local Set Point 3 Value aol Analog Output 1
LSP4 Local Set Point 4 Value ao2 Analog Output 2
CSPt Control Set Point Value dol Digital Output 1
RSPt Remote Set Point Value do2 Digital Output 2
PID O/P Output of the PID Algorithm M.PV Master Process Variable
OP1 Controller Output 1 (heat) M.SPt Master Control Set Point
OoP2 Controller Output 2 (cool) M.OP Master PID Output
1/P1 Analog Input 1 S.SPt Slave Set Point
/P2 Analog Input 2 S.PV Slave Process Variable
1/P3 Analog Input 3 wv Wild Variable
DV Disturbance Variable

Table 1.1 Glossary of Abbreviations

10



2 OPERATOR LEVEL @

2.1 Introduction

The Operator level (Level 1) is the normal day-to-day mode of the COMMANDER 500. This section
describes the operator facilities available on each frame depending on the control template and
output type selected.

The template types detailed in this section are:
« Single loop controller
¢ Auto/Manual station
¢ Analog backup station
¢ Indicator/manual loader station
« Single loop with feedforward control
e Cascade control
« Cascade with feedforward
¢ Ratio controller
« Ratio station

(Ei Note. Only the frames relevant to the selected template are displayed — see Section 4. )

In addition, frames used to view the Control Efficiency Monitor and operate motorized valve and heat/
cool output types are also described.

| Model - C501

_\— Template (see rear fold-out)

I — Software series

_\— Software version

B

Fig. 2.1 Power-up Displays

11



@ ...2 OPERATOR LEVEL

2.2 Single Loop Controller (Templates 1 and 2)
The single loop controller is a basic feedback control system using three-term PID or on/off control
with either a local set point (template 1) or remote set point (template 2).

Local Set Point

LSPt =

RSPt

Remote Set Point Input
1 > P2 |HUP2x -ALD +b IAS

o4

Control
_ . Output

Process Variable Input PID PID O/P

PV
P Control Loop

«1 Template 2 Only

Fig. 2.2 Single Loop Controller

12



2 OPERATOR LEVEL... @

...2.2 Single Loop Controller (Templates 1 and 2)

Set Point 21 N e Process Variable
Process 1@ Control Set Point
Variable I—EI ['SPLO' to 'SPHI' — see Section 4.5]
Adjustable in Local Control Only
- Control Output
H-— (&) [0to 100% (digital/relay outputs),
= & —-10to 110% (analog outputs)]

Adjustable in manual mode only. With on/off control
selected, 0% = control output off, 100% = control
output on. In manual mode, intermediate values can
be selected. These use 'time proportioning' with a
60s cycle time, e.g. 25% = 15s on, 45s off.

Set Point —— -_2,7 Remote Set Point Ratio
Process
Variable I—% [0.001 to 9.999]
Remote set point value =
(ratio x remote set point input) + bias
10
,—z/g
—
oPiT
Set Point —| -_3,7 Remote Set Point Bias
Process =
Variable 1= In engineering units
= [ g g ]
10
,—z/q
U
L

Return to top of page

1 With the Ramping Set Point function enabled (see Section 3.3, Set Points/ Ramp Rate), the
bargraph shows the actual (ramping) set point value and the digital display shows the target set point
value.

«2 Only displayed if template 2 selected and Ratio Display is enabled — see Section 4.2, Basic
Configuration and Section 4.7, Operator Configuration.

«3 Only displayed if template 2 selected and Bias Display is enabled — see Section 4.2, Basic
Configuration and Section 4.7, Operator Configuration.

13



@ ...2 OPERATOR LEVEL

2.3 Auto/Manual Station (Templates 3 and 4)

(E] Note. Refer also to Appendix A2.1 — Series and Parallel Operation. )

The auto/manual station provides a backup for a master controller. In normal operation the
COMMANDER 500'’s analog output follows the master controller’s output value. A fault in the master
system can be identified either by detecting a low signal on the master output (template 3) or via a
digital signal (template 4). When a fault is detected the COMMANDER 500 goes into manual mode
with its output either set to the last valid master output value or to a configured output value — see
Section 4.6, Control Configuration/ Configured Output 1. When the master output is restored or the
digital input returns to its inactive state, the COMMANDER 500 switches back to auto mode.

([B Note. The Alarm Al Trip value must be set when using template 3. )

Manual Output

- Analog Output

Master Output |

H1
§ 11P2 L Ly x©

=

|

|

|

|

|

Low Signal Select| °1
(Alarm A1)

Digital Select
T 2 " Auto/Manual
! Select

*1 Template 3 Only
*2 Template 4 Only

Fig. 2.3 Auto/Manual Station

14



2 OPERATOR LEVEL... @

...2.3 Auto/Manual Station (Templates 3 and 4)

Master
output

Rl

Process
Variable

«2 Low Master
Output Value

or

*3 Digital Input
Active

=

Master Output

*3Digital Input

Auto Mode
Process Variable

Master Output (I/P2)

Control Output = Master Output
| —— [Master Output, 0 to 100%]

Master
output

Process
Variable

=

(2

Manual Mode

Control Output (under COMMANDER 500 control)
[0 to 100%]

*1 Intemplate 4 the Auto/Manual switch is overridden by the digital input signal.

*2 Template 3 only — see Section 4.2, Basic Configuration/ Template Application.

3 Template 4 only — see Section 4.2, Basic Configuration/ Template Application.



@ ...2 OPERATOR LEVEL

2.4 Analog Backup (Templates 5 and 6)

([E Note. Refer also to Appendix A2.1 — Series and Parallel Operation. )

The analog backup station provides a backup for a master controller. In normal operation (remote
control mode selected) the COMMANDER 500’s current output follows the master controller’s output
value. A fault in the master system can be identified either by detecting a low signal on the master
output (template 5) or via a digital signal (template 6). When a fault is detected the COMMANDER
500 switches into local control mode and the process is controlled by the PID output of the
COMMANDER 500. The COMMANDER 500 PID algorithm tracks the master output value
continuously in order to ensure bumpless transfer from remote to local mode operation. When the
master output is restored or the digital input returns to its inactive state, the COMMANDER 500
switches back to remote control mode.

([E Note. The Alarm Al Trip value must be set when using template 5. )

Local Set Point — ==

2 LSPt|———— P e

|
o T aol
Process Variable Control Loop !
PV
1/P1

Master Output

g 1/P2

Analog Output

|
|
|
I | Low Signal Select el

Digital Select (Alarm 1) 2 Local/
dr bF--- e ., _| Remote
Select

1 Template 5 Only
«2 Template 6 Only

Fig. 2.4 Analog Backup Station

16



2 OPERATOR LEVEL... @

...2.4 Analog Backup (Templates 5 and 6)

Set Point Remote Mode

Process )

Variable Process Variable
ER Set Point

[a]
™ ['SPLO' to 'SPHI' — see Section 4.5]

Control Output = Master Output
[Master Output, 0 to 100%]

Y%

or
«1 Low Master 1 Restored
Output Value Master Output
or or
+2 Digital Input *2 Digital Input
Active Inactive
Set Point 1 [cce Local Mode
Process 500
Variable =
i @) Control Output (under COMMANDER 500 control)
/
//=2 PN a [0 to 100%]
Adjustable in Manual Mode only.

*1 Template 5 only — see Section 4.2, Basic Configuration/ Template Application.

*2 Template 6 only — see Section 4.2, Basic Configuration/ Template Application.

17



@ ...2 OPERATOR LEVEL

2.5 Indicator/Manual Loader Station (Templates 7 and 8)

One or two process variables can be displayed on the digital and bargraph displays. If the control
output is assigned to an analog output, the lower display indicates its value which can be adjusted by
the user.

Process I — Process Variable PV1
Variable
(PV2) a1 Process Variable PV2
Process
Variable
(PV1)

Qutput Value

[-10 to 110%]

*1 Only displayed if template 8 selected — see Section 4.2, Basic Configuration/
Template Application.

*2 Only displayed if control output type is 'analog' (output is assigned to Analog Output 1).
18



2 OPERATOR LEVEL... @

2.6 Single Loop with Feedforward (Templates 9 and 10)

These templates provide three-term PID control with feedforward. The disturbance variable is
weighted by the feedforward gain (FFGn) and the feedforward bias (FFbS) values and added to the
controller output value.

Local Set Point
LSPt

Ad
Remote Set Point input
°1 > 1/P3 RSPtx -RED +b 1AS

PV input PID T
MPV | Control Loop PID O/P +

> IP1 (DV X FFGn + FFb5)

Feedforward Disturbance Variable -
I |
|

11P2 DV X FFGn + FFbS -

«1 Template 10 Only FFon =10

Fig. 2.5 Single Loop Controller with Feedforward

Control iabl
Set Point ‘1_ I — Process Variable
Process —| @ -1 Control Set Point
Variable &) ) = ['SPLO' to 'SPHI' — see Section 4.5]

Adjustable in Local control only.

Control Output
s [0 to 100%]

Adjustable in Manual control only.

3

Control

Set Point — HEop Feedforward

Process 000 Note. To disable feedforward action (e.g.

Variable during system tuning), set the Feedforward Gain
parameter to 8F F — see Section 3.2, Tune/Level 2 —
Tune.

jis . E _\— [0 to 100%]
// Feedforward disturbance variable signal.

/
E@ Continued...

1 With the Ramping Set Point function enabled (see Section 3.3, Set Points/ Ramp Rate), the
bargraph shows the actual (ramping) set point value and the digital display shows the target set point
value.

19



@ ...2 OPERATOR LEVEL

...2.6 Single Loop with Feedforward (Templates 9 and 10)

J

Set Point —1 o1 Remote Set Point Ratio
Process -
Variable (4]
@& [ ™ [0.001 to 9.999]
Remote set point value =
(ratio x remote set point input) + bias
10
/;/
_—
/.—
Set Point ———— -1 Remote Set Point Bias
Process ( "
Variable [a)
&) (¥ ™ [In engineering units]
10
,;z/g

g’j Return to Process Variable display

*1 Only displayed if template 10 selected — see Section 4.2, Basic Configuration/Template
Application and Section 4.7, Operator Configuration/Operator Ratio Display and Operator Bias
Display.

20



2 OPERATOR LEVEL... @

2.7 Cascade Control (Templates 11 and 12)

For cascade control, two internally-linked PID controllers are used, with the first (master) PID
controller providing the set point for the second (slave) controller. The master output is weighted
using the cascade ratio (C.rtO) and bias (C.blA) values to create the slave set point value.

Local
ot |
Set Point

2]
~ e [

Remote Set Point
input

1393

Master PV Input

Control Loop

Slave PV Input Crt0+CbIA

EI/PZ PV ’7

Slave Set

a

Master /
PID .

| |
Slave PID | | /"'m

Control Loop

1 Template 12 Only

Fig. 2.6 Cascade Controller

Master 1 | [ Master Process Variable (MPV)
Set Point  *
(MSPt) _|.1 = Master Control Set Point (MSPt)
™~ [[SPLO' to 'SPHI' — see Section 4.5]
— . .

Adjustable in local control only.
Master
Process o | Slave Control Output
Variable | Y ‘—E [0 to 100%)] (10 to 110% for analog outputs)
(MPV) ///=E PNIa| Adjustable in manual mode only.

[OP1]

Note. With template 12 the @08 key can be used
to change between local/remote set point values.
Slave | Slave Process Variable (SPV)
Set Point
(SSPY) = Slave Set Point (SSPt)
,=;/ ~ [[SPLO' to 'SPHI' — see Section 4.5]
s EIsa : - -

SLV Adjustable in manual or local slave set point modes
Slave only.
Process 10
Variable = Note. The Il key can be used in this frame to
(SPV) ///.‘f change between cascade and local slave set points.

I

E@ Continued...

*1 With the Ramping Set Point function enabled (see Section 3.3, Set Points/ Ramp Rate), the
bargraph shows the actual (ramping) set point value and the digital display shows the target set
point value.

21



@ ...2 OPERATOR LEVEL

...2.7 Cascade Control (Templates 11 and 12)

g/las}t:er_ *1 [~ Remote Set Point Ratio
et Point
(MSPt) {
[a)
e irslia = [0.001 to 9.999] _
Master remote set point value =
Master (ratio x remote set point input) + bias
Process
Variable U 10
(MPV) Jill e
_
;
'\SAeatsltDegint °1 Remote Set Point Bias
(MSPt) \‘
- /|ZI ) % [in engineering units]
Master
Process
Variable
(MPV)
g'avg _ *2[—— Cascade Slave Set Point Ratio
et Point
(SSPtY)
=
=~ [0.001 to 9.999]
Y Slave set point (SSPt) value =
Slave (ratio x master ouput) + bias [in engineering units]
Process
Variable L 10
(SPV) /,,,/
_

E@ Continued...

*1 Only displayed if template 12 selected and ratio/bias display enabled — see Section 4.2, Basic
Configuration and Section 4.7, Operator Configuration.

*2 Only displayed if ratio/bias display enabled — see Section 4.7, Operator Configuration.

22



2 OPERATOR LEVEL @

...2.7 Cascade Control (Templates 11 and 12)

ﬂ

Slave o1 — Cascade Slave Set Point Bias
setpont | G-
(SSPY) HH
/:,/IZI/EI _\%— [In engineering units]
=
Sy
Slave
Process
Variable 10
(SPV) L=
=
oPiT —
@:} Return to Master Process Variable (MPV) display

*1 Only displayed if ratio/bias display enabled — see Section 4.7, Operator Configuration.

23
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2.8 Cascade with Feedforward (Template 13)
For cascade control, two internally-linked PID controllers are used, with the first (master) PID

controller providing the
variable signal is added t

set point for the second (slave) controller. The feedforward disturbance
o the master output (slave set point). The disturbance signal is weighted by

the feedforward gain (FFGn) and the feedforward bias (FFbs) values.

Local Slave
E Local Set Point E\ Set Point
SSPt
Ad Ad ‘
I
MSPt N T )
Master M.OP x o SPIIaI\DIe ! /‘"m
PID oLl 4+ [ = __
Master PV Input oy | control Loop Lrk0 * oA Control Loop
Feedforward Disturbance Variable : o=
-
Slave PV Input
> 11P2 SPY
Fig. 2.7 Cascade Controller with Feedforward
Master I e— Master Process Variable (MPV)
Set Point  °1
(MSPt) 1] @ Master Control Set Point (MSPt)
/|Z| ) [[SPLO' to 'SPHI' — see Section 4.5]
/ Adjustable in Local control only
Master
Process = Slave Control Output
Variable m— = [0 to 100% (—10 to 110% for analog outputs)]
(MPV) ///:z@ ~) Adjustable in Manual mode only.
B
Slave — I — Slave Process Variable (SPV)
Set Point i i
(SSPY) —| @ Slave Set Point (SSPt)
’:,/ = [[SPLO' to 'SPHI' — see Section 4.5]
— Al ™ Adjustable in Manual mode only
Slave
Process 70 Note. The key can be used in this frame to
ariable o change between cascade and local slave set points.
Variabl g h b d dlocal sl
SPV =
=
@@

*1 With the Ramping S

Continued...

et Point function enabled (see Section 3.3, Set Points/ Ramp Rate), the

bargraph shows the actual (ramping) set point value and the digital display shows the target set point

value.
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...2.8 Cascade with Feedforward (Template 13)

Feedforward Disturbance Variable

Note. To disable feedforward action (e.g.
during system tuning), set the Feedforward Gain
parameter to JF F — see Section 3.2, Tune.

[0 to 100%]
Feedforward disturbance variable input.

i,i Cascade Slave Set Point Ratio

=
~ [0.001 to 9.999]
Slave set point (CSP2) value =

(ratio x master ouput) + bias [in engineering units]

Master
Set Point
(MSPY)
7
MST|
Master
Process
Variable
(MPV)
Slave
Set Point
(SSPY)
——
SLV
Slave
Process
Variable
(SPV) g
_
Slave
Set Point
(SSPY)
—
[SLv]
Slave
Process
Variable
(SPV) ||
//
oPi] —

'_1,7 Cascade Slave Set Point Bias

[N

™~

[In engineering units]

Return to Master Process Variable (MPV) display.

*1 Only displayed if enabled in Level B, Operator Configuration — see Section 4.7.
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2.9 Ratio Controller (Templates 14 and 15)

Ratio control enables a controlled process variable to be maintained automatically in definite
proportion to another variable known as the wild variable. The wild variable, weighted by ratio (- A£ 3)
and bias (5 /A5), values forms the control set point for the process variable.

(2] o4

T
J—

*1 Remote Ratio |

WV x -AED +b IAS
1/P3 -

Manual Output

|
|
|
|
|
|
|
|
|
|
_1_, Output

Wild Variable
WV Control
E /P2 5
|

. . |
Process Variable input PID PID O/P -

PV
7P1 Control Loop

<1 Template 15 only

Fig. 2.8 Ratio Controller

Control
Set Point _ 1

N Actual Ratio

_ Process Variable (PV) — Bias
Wild Variable (WV)

[N

Process Desired Ratio
Variable Adjustable in Local control only.
(PV) Control Set Point = (WV x Ratio) + Bias

[ [®m
™

Control Output
[0 to 100% (10 to 110% for analog outputs)]
Adjustable in manual mode only.

Control .
Set Point ! Bias
~ [in engineering units]
Process
Variable
(PV) 0
,—z/g
=

gjj Return to Actual Ratio display.

*1 Only displayed if enabled in Level B, Operator Configuration — see Section 4.7.
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2.10 Ratio Station (Templates 16 and 17)
The ratio station provides a set point for a subsequent slave controller. The wild variable (WV) is
weighted by ratio (rAtO) and bias (bIAS) values and is then retransmitted as an analog output value.

| o] o4

Local Ratio 1 Manual Output

| | Analog
| |
IL' : EI _ ,: _ . Output

— [ WV x-AED +b 185 | -

Wwv

a
@
®

*1 Remote Ratio

E 1/P3

Wild Variable

E 1/P2

1 Template 17 only

Fig. 2.9 Ratio Station

Wild

: - J| [ Actual Ratio
Variable (WV) _ Process Variable (PV) — Bias
Wild Variable (WV)
a] . .
Process 2™ Desired Ratio
Variable Adjustable in local control only.
(PV)
I =S
=~ Ratio Setpoint Output
= (WV x Ratio) + Bias
[-10 to 110%)]
Adjustable in manual control only.
Wild

L Bias
@&]

~ [In engineering units]

Variable (WV)

Process
Variable

(PV) 10

g}j Return to Actual Ratio display.

*1 Only displayed if enabled in Level B, Operator Configuration — see Section 4.7.
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2.11 Heat/Cool Output Types
2.11.1 Reverse (Heat)/Direct (Cool) or Direct (Heat)/Reverse (Cool)

The active output, either OP1 (Heat) or OP2 (Cool) is displayed and may be adjusted in manual
mode. The OP1 and OP2 l.e.d.s indicate which output is changing.

-100% +100%
OP2 (cool) OP1 (heat)
0% |
Y2.58 Y15t PID O/P
100%

Fig. 2.10 Typical Response — Reverse/Direct or Direct/Reverse Control Action

28

L &

Bl
[

— @

B

A
|
g

Output Positive (Heat Output Active)

Heat output

[0 to 100% (0 to 110% in manual mode with analog
outputs)]

Adjustable in manual mode only.

Output Negative (Cool Output Active)

Cool output

[-100 to 0% (-110 to 0% in manual mode with
analog outputs)]

Adjustable in manual mode only.
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2.11.2 Reverse (Heat)/Reverse (Cool) or Direct (Heat)/Direct (Cool)

Itis not possible to view or adjust the heat/cool outputs directly. The PID output (0 to 100%), used to
calculate the heat (OP1) and cool (OP2) outputs, is displayed and may be adjusted in manual mode.
The OP1 and OP2 l.e.d.s indicate which output is changing.

100% 100%
OoP2 OP1
(cool) (heat) 0%
0% >
Y25k Y15 PID O/P
_— _—
OP2 le.d. lit OP1 le.d. lit
Fig. 2.11 Typical Response — Reverse/Reverse or Direct/Direct Control Action

2.12 Motorized Valve Output Types
2.12.1 Motorized Valve with Feedback

Valve Position Display

/,%7 [0 to 100% of travel]

Note. In manual mode, the [A ] and [Y] keys

can be used to drive the valve open and valve close
relays directly.

| =
| =

e
Valve opening
Valve stopped
Valve closing

Pl
4

2.12.2 Motorized Valve without Feedback (Boundless)

Valve State Display

% orPn Valve opening
SEP Valve stopped

[Ls Valve closing

\

| L=
—

T
Valve opening
Valve stopped
Valve closing

&

Note. In manual mode, the [A ] and [ keys
can be used to drive the valve open and valve close
relays directly.
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2.13 Auto-tune

~

[B Note. Auto-tune is not available for Auto/Manual Station, Indicator or Ratio Station
templates, or when boundless or heat/cool control types are selected.

~

@ Information.

« Auto-tune optimizes process control by manipulating the COMMANDER 500 output and then
monitoring the process response.

« At the end of an auto-tune, the control parameters are updated automatically.

» Before starting auto-tune, the process variable must be stable.

« The COMMANDER 500 monitors the noise level of the process variable for 30 seconds and if
it is greater than 2% of the engineering range the auto-tune is aborted.

« The COMMANDER 500 selects either 'start-up’ or ‘at set point' tuning automatically, depending
upon the level of the process variable relative to the control set point.

2.13.1 Start-up Auto-tune

If the process variable is more than £10% from the set point, 'start-up' tuning is carried out.

'Start-up' tuning — steps the output to drive the process towards the set point. The process
response to this step change is monitored and PID parameters are calculated.
The output step applied = % deviation from the set point x 1.5.

If no errors exist, the COMMANDER 500 enters auto mode and begins to control the process
using the new PID parameters.
If an error occurs during the auto-tune, the COMMANDER 500 reverts to manual mode with the
control output set to the default output value. An error message is displayed in the operator
level — see Table 2.1.

pv A \ 14 wave
PV damping
SPT /\\_/ SPT

>10% span Controlling to Set Point

2% — — = — L = — == —— { Auto-tune complete
2% — = == - —= - — — — — :

=t H -t

A — Stable process before auto-tune B — Process response during auto-tune

Fig 2.12a Typical 'Start-up' Auto-tune Cycles

Error |Description Error |Description
1 PV failed during auto-tune 7 A resultant P, | or D value was calculated out
of range

2 SAtLéts-tune has timed out during an auto-tune 8 [PV limit exceeded (‘Start up' auto-tune)

3 Process too noisy to auto-tune 9 Controller put into configuration mode

4 Process too fast to auto-tune 10 |Auto-tune terminated by user

5 Process too slow to auto-tune (max 12 hours 11 PV is changing in the wrong direction during
between half-cycles). step test

6 PV deviated from set point by >25% eng.
span during frequency response test

Table 2.1 Auto-tune Error Codes
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2.13.2 'At Set Point' Auto-tune
If the process variable is within 10% of the set point, 'at set point' tuning is carried out.

'At set point' tuning — manipulates the control output to produce a controlled oscillation of the
process.

A step change of £10% of the starting output value is applied initially. This is adjusted to give an
amplitude of oscillation 3 times the noise level.

Once the amplitude and period of oscillation are consistent (minimum 2 cycles, maximum 4
cycles) PID parameters are calculated.

If no errors exist the controller enters auto mode and begins to control the process using the new
PID parameters.

If an error occurs during the auto-tune, the controller reverts to manual mode with the control
output set to the default output value. An error message is displayed in the operator level —
see Table 2.1.

PVA oy PV A —» =12 hours max.
12| S = == == N SPT
A == = SPT
[ S, Controlling to
j < +10 span Set Point
Auto-tune
complete
>t - -t
A — Stable process before auto-tune B — Process response during auto-tune
Fig 2.12b Typical ‘At Set Point' Auto-tune Cycles
([B Note. The time taken to complete auto-tune depends upon the system response time. )

~

E] Notes For Special Cases.
Cascade Control - the slave loop must be tuned before the master loop. The slave must be
placed into local set point mode (cascade disabled) and the slave set point adjusted to the
required value prior to tuning.

Feedforward Control — during an auto-tune with a controller with feedforward the feedforward
signal is not applied. The feedforward gain and bias values are not changed by the auto-tune and
must be adjusted separately.

Time Proportioning — the cycle time must be set prior to running an auto-tune. The cycle time is
not changed by the auto-tune.
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N

.13.3

XX

Auto-tune
AAAKR
AAAKR
COdE
— @&
™
AENE
OFF
3] -
™

XXX X

XX KX

Accessing the Auto-tune Facility

From any operating frame, press and hold the (8] key
until the 'COdE' frame is displayed.

Set the correct auto-tune password.

Auto-tune Enable
Select the type of auto-tune required.

Single Loop Templates Cascade Templates

OFF —  Off SLUA - Slave type A
A- Type A SLUb — Slave type B
b— Type B _5tA — Mastertype A

_5tb — Mastertype B

Auto-tune is started automatically when the (8] key is
pressed.

Auto-tune can be stopped at any time by pressing the

[©4] key.

Note. Slave control loops only - place the slave
into local set point mode and adjust the set point to the
required value prior to autotuning.

Note. P + | control only - set the derivative term
to 'OFF' in the Tuning Level — see Section 3.2.

Return to the Operating Level.

PV

o

X2
/\ )\ Set point Set Point

I

Type A - Y, wave damping

Fig. 2.13 Autotune Types

[N

PV

Type B — Minimum Overshoot
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2.14 Control Efficiency Monitor

(E] Note. With cascade control, the Control Efficiency Monitor is applicable only to the master]
controller.

The Control Efficiency Monitor can be used either to compare the relative performance with different
tuning parameters, or when fine tuning the PID settings, to give optimum control.

When the set point is changed, auto mode is selected or following a power failure, input failure or a
large load disturbance, the control monitor performs a series of measurements to indicate the
effectiveness of the current control parameters.

General guidelines are shown in Table 2.2.

Parameter Ideal Actual Effect on Response Action
Setting Setting
Rate of Fast Too slow « Decrease proportional band
Approach * Decrease integral time
/ * Increase derivative time
Overshoot Small Too large /\ ay ¢ Increase proportional band
/ v Y * Increase derivative time
Decay Ratio Small Too large ¢ Increase proportional band
(Oscill- ¢ Increase integral time
atory)
Settling Time | Short Too long /\ ¢ Increase proportional band
/ - Decrease integral time
If large overshoot and
Error Integral | Small Too large oscillatory then:
¢ Increase proportional band
¢ Increase integral time
¢ Increase derivative time
If slow approach and
/ overdamped then:
« Decrease proportional band

« Decrease integral time

Table 2.2 Control Efficiency Monitor Settings
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..2.14 Control Efficiency Monitor

X1 tperiod X2
PV
A
T \ ya AN AN /" 7/ +2% Set Point
et Poin
A 95% \/ N, ... ... T o0
Y2 Vi
5% _
- » t
tapproach _
1.
A settle
Start of
Calculation
Fig. 2.14 Control Efficiency Monitor Parameters

2.14.1 Manual Tuning
The Control Efficiency Monitor may be used for manually tuning the PID parameters. The following
method describes how to tune the controller for /2 wave damping:

a) Set the integral and derivative action times to OFF.

b) Set the proportional band (PB) to a low setting.

c) Apply a small set point change.

d) Use the Control Efficiency Monitor to note the decay ratio.

e) If the decay ratio > 0.25, increase the Proportional Band until decay ratio = 0.25
If the decay ratio < 0.25, decrease the Proportional Band until decay ratio = 0.25

f) Leave the proportional band at the setting which gives 0.25 decay ratio and, using the Control
Efficiency Monitor, note the period between peaks.

g) Calculate and set the following parameters:
Integral action time = Period/1.5
Derivative action time = Period/6

[B Note. The manual tuning facility must not be used with boundless motorized valve control, as
an Integral Action Time is required for these applications.
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2.14.2 Using the Control Efficiency Monitor

s

[
10y v
(]
€y Ny

18

==

4502

5000

(a]+[=]

rALE

! 1
1L

OUE-

1

rALD
025

Prd
35

SEEL
03

IAE
c. i

Press and hold the lower and keys for 2 seconds.

Note.

If the front panel keys are not operated for 60 seconds whilst any
Control Efficiency Monitor frame is being displayed, the instrument
reverts to the first operating frame.

Rate of Approach to Set Point
The rate of change of the process variable between 5 and 95% of the
step change (Y,), measured\i(n engineering units per minute.

1

Rate of approach = tapproach

Overshoot
The maximum error, expressed as a percentage of the set point.
=2 x100
Overshoot = Set Point
Decay Ratio
The ratio of the amplitude of the first and second overshoots.
Ratio = X2
X1

Period
The time (in seconds) between the first two peaks (tperiod)-

Settling Time
The time taken (in minutes) for the process variable to settle within
+2% of the set point value (tsette)-

Error Integral
The integral of the error value until the process variable settles to
within +2% of the set point value in 'engineering-unit hours'.

tsettle

Error integral = up\/ _ Spldt

Return to the first operating frame.
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3.1 Introduction
To access the Set Up mode (Levels 2 to 5) the correct password must be entered in the security code frame.

Press
and hold

[0dE ALTE [E0
g =B — 55 GFE— ™ [ope-

=
o0 Invalid
= password
502 Valid Set Up or
5000 Configuration

= @ password L E U5

LEUD @j’@ UL UE
LEU chzl LUnE
OPE-

Tuning
L E UE‘ Cycle time, output 1 & 2

Onl/off hysteresis values
Proportional bands 1 to 4

Integral action times 1 to 4 .
Derivative action times 1 & 2 L E US Motorized Valve Set Up

Manual reset value With feedback:

Alarm Trip Points
Alarm 1 to 8 trip points

Feedforward gain and bias Feedback ratio/bias
Deadband
Control deadband Regulator travel time
Heat Cool Output 1 & 2 Start 9 X
Boundless:
Deadband

Regulator travel time

L EU3 Set Points

Local set point values 1 to 4
Slave set point value
Remote set point ratio/bias
Cascade set point ratio/bias

Ramp rate
Fig. 3.1 Set Up Mode — Overview
[
Frame number ———————1200]  [LEU2 m
KX = Vi N
L
Ixx — Level 3 etc. EURE m
452.2) 280
5000 —=|
201 ACYE | m
- 10— A=
; &3]
\ 207
Parameter
Parameter adjustment
Default
value

Fig. 3.2 — Scroll Display Overview
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3.2 Level 2 —Tune 00.2.04

(E] Note. Level 2 is not applicable if an Auto/Manual Station, Indicator or Ratio Station template is selected. )

200 LEU? Level 2 — Tune

EUNE

Note. To select this frame from anywhere in this page, press and
hold the (B3] key for a few seconds.

= T T Cycle Time Output 1
Tl &
! ~ [1.0 to 300.0 seconds for time proportioning or 'OnOF' for on/off control]
Note. On/off Control is not available on output 1 with heat/cool
control or with cascade templates.
202 cyre ‘% Cycle Time Output 2 (Cool)
O &
oy L= : P ! 3
hal [1.0 to 300.0 seconds for time proportioning or 'OnOF' for on/off control]
Note. On/off Control is not available on output 2 with cascade
templates.
203 Hyg |3 Output 1 On/Off Hysteresis Value

O— @

[In engineering units]

(]
@ PV A PV
Set Point
Hysteresis Hysteresis
[ S Value Value
: =
: Set Point
ON 1 i~ Reverse Acting  ON Direct Acting
Control Output Control Output
OFF L OFF———
204 Hyg ol 4 Output 2 On/Off Hysteresis Value

el
2
3

o4

O— @

~ [0% to (Y1.St — Y2.St)%] — see parameters 2.22 and 2.23
1 0/
00% Output 2
Output 1
Hys 2
Y25¢ ‘Y5t PID Output

Continued on next page

Only displayed if Relay or Digital output type is selected — see Section 4.2, Basic Configuration/ Output Type.
Only displayed if Heat/Cool output type is selected.
Only if On/Off control is selected — see parameters 2.01 and 2.02 above.

Only displayed if Heat/Cool output type is select and the 'CYC.2' parameter is set to 'OnOF'.
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...3.2 Level 2 —Tune 205.213

Proportional Band 1

205 |Pb- |t

(000 ;

1do. & Enter the value for Proportional Band 1.
= [0.1% to 999.9%]

'Pb-1'is the default proportional band and is the proportional band for the
master controller if a cascade template is selected — see Section 4.2 Basic
Configuration/ Template Application.

Proportional Band 2, 3 and 4

Enter the value for Proportional Band 2, 3 and/or 4.
[0.1% to 999.9%)]

'Pb-2' is the proportional band for the slave controller if a cascade
template is selected — see Section 4.2, Basic Configuration/ Template
Application.

208 T Integral Action Time 1

OFF _\%— [1 to 7200 seconds or 'OFF']

'lAt.1' is the default integral action time and is the integral action time for
the master controller if a cascade template is selected — see Section 4.2,
Basic Configuration/ Template Application.

E;g =T 2 Integral Action Time 2, 3 and 4
OFF— @) [1 to 7200 seconds or 'OFF]
& ~
v 'lAt.2" is the integral action time for the slave controller if a cascade
jmmemeaae ) : ) ) .
2 E...l.’i.‘%.:l.j 3 Za;ml;:goﬁ selected — see Section 4.2, Basic Configuration/ Template
L UEE '
1
213 gl Derivative Action Time 1
OFF _\%— [0.1 to 999.9 seconds or 'OFF]

'drV.1" is the derivative action time for the master controller if a cascade
template is selected — see Section 4.2, Basic Configuration/ Template
Application.

Continued on next page.

*1 Heat/cool outputs use a common proportional band. The default is 'Pb-1".

*2 Only displayed if a cascade template or a tune parameter source is selected — see Section 4.2, Basic
Configuration/ Template Application and Section 4.6, Control Configuration/ Tune Parameter Source.

«3 Only displayed if a tune parameter source is selected — see section 4.6, Control Configuration/ Tune
Parameter Source.
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...3.2 Level 2 -Tune

c. 4 dr 2] 1
OFF— @&
~
2. i5 FEIRG
10— &
=
278 [ Ab| 2
Wi &
=
2 i T
500
@
~
2:8 [5La] 3
500
@
=
28 |FFGA|
I
@
52
1

2
3

o4

ciq.2is8

Derivative Action Time 2
[0.1 to 999.9 seconds or 'OFF"]

The derivative action time for the slave controller if a cascade template is
selected — see Section 4.2, Control Configuration/ Template Application.

Approach Band 1
[0.1 to 3.0 proportional bands]

This parameter limits when derivative action time 1 is applied. When the
process variable is outside the approach band, derivative action is not applied.

Approach Band 2
[0.1 to 3.0 proportional bands]

This parameter limits when derivative action time 2 is applied to the slave
control loop when a cascade template is selected.

Manual Reset Value 1

The value applied to bring the master control output to the zero error point
under normal load conditions (integral action disabled) or the offset
applied to the control output (integral action enabled).

[0.0 to 100%)]

Note. Manual reset is applied whether or not an integral action time
is set.

Manual Reset Value 2
As Manual Reset Value 1, but applied to the slave output.

[0.0 to 100%)]

Note. Manual reset is applied whether or not an integral action time
is set.

Feedforward Gain

The feedforward value applied to the control output is: (disturbance
variable x feedforward gain) + bias. When set to OFF, feedforward action
is disabled.

[0.1 to 999.9 or OFF]

Note. The feedforward value is normally added to the PID output. Using
the PC Configurator, the value can also be multiplied by the PID output.

Continued on next page.

Only displayed if a cascade template is selected — see Section 4.2, Basic Configuration/ Template Application.

Not displayed if the associated derivative action time is set to OFF.

If manual control is selected and no integral action time is set, the manual reset value is calculated
automatically to give bumpless transfer into auto control.

Only displayed if a feedforward template is selected — see Section 4.2, Basic Configuration/ Template Application.

39



@ ...3 SET UP MODE

...3.2 Level 2 -Tune

22d |FFbS|

(=)

==

Cbnd
OFF
&)

[222] [9i5E] 2
500
(&)

[223] [g25E] 2
500
E

LEUZ &
LUnE
L

2.20.2.23

00— Mm@

Feedforward Bias

[~100.0% to 100.0%)]

HEN
54

Control Deadband
When the process variable is in the deadband, changes to the control
output due to proportional and integral action are suppressed. When a
cascade template is selected, the control deadband is applied to the
master output only.

[In engineering units or 'OFF']

Set Point

Process Variable | Deadband

_ .-~ Control Output

MESE
™

Heat/Cool Output 1 Start
This parameter defines the PID output value above which Output 1 (heat)
becomes active.

[0.0 to 100.0%]

Reverse-direct
or direct-reverse

Reverse-reverse
or direct-direct

100% 0L —— e R
*, Output 2 ‘ ‘ Output 2,/ ‘
A ’
\\ i i ll, i i g
N | ," | ! # output 1
A ~ Output 1 .
Sy A
. K K ".'
0% f= 0% R |
0% Yest Y5t 100% 0% Yos5tE yist 100%

PID Output PID Output

Heat/Cool Output 2 Start
This parameter defines the PID output value below which Output 2 (cool)
becomes active.

[0.0 to < Y1st %] — see Heat/Cool Output 1

Return to top of page

*1 Onlydisplayed if a feedforward template is selected — see Section 4.2, Basic Configuration/ Template Application.
Not applied to Control Output when Feedforward Gain (frame 2.19) is set to 'OFF".

*2 Only displayed if a Heat/Cool output type is selected — see Section 4.2, Basic Configuration/ Output Type.
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3.3 Level 3 - Set Points 00..3.07
(E] Note. Level 3 is not applicable if Auto/Manual Station or Indicator templates are selected. )
300 L EH3 Level 3 — Set Points
L
SEEr Note. To select this frame from anywhere in this page, press and

hold the B3] key for a few seconds.

3401 Lop -1 Local Set Point Value 1
SO0 @ Set the default local set point value.
’_‘EI— [Within set point high and low limits, in engineering units — see Level 9]
302 [L5pP2 -; Local Set Point Values 2 to 4

cOl— il [Within set point high and low limits, in engineering units — see Level 9]

[pl

'
309 5P

2
Yoo
305 SSpPL] -3 Cascade Slave Set Point Value
- 200 Set the slave set point value.
pur] )

_\%— [Within slave set point high and low limits, in engineering units]

Only adjustable in Manual mode.

308 FRED o4 Remote Set Point Ratio
,000 The remote set point value is
I (ratio x remote set point input) + bias.

[a]
= [0.001 to 9.999]

3.07 B las| 4 Remote Set Point Bias
G_‘IZI— [In engineering units]
Continued...

*1 Not displayed for ratio controller or ratio station templates.

«2 Displayed only if a local set point source is selected — see Section 4.5/ Set Point Configuration/ Local/Remote
Set Point Source.

*3 Only displayed if a cascade template is selected.
*4  Displayed only for templates with a remote set point.
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...3.3 Level 3 - Set Points

308 |L-EO)1
Lo
3]

Cascade Set Point Ratio
In automatic mode, the slave set point value is:
(ratio x master output) + bias.

%— [0.001 to 9.999]
3.08 ChH |1 Cascade Set Point Bias
U_‘%— [In engineering units]
&

&) ~

LEU3
SELP

OFF— &

Ramp Rate

[1 to 9999 engineering units per hour, or OFF]

The Ramping Set Point facility can be used to prevent a large disturbance
to the control output when the set point value is changed. The rate set

applies to both the local and the remote set points.

PV
Displayed Local Set Point Value
300 1 -
200 Pt
100 JPtiee Actual (Ramping) Set Point Value
used by PID Algorithm*
0

1 Hour Time

* e.g. Ramp Rate = 200 Increments/Hour

Return to top of page.

*1 Displayed only if a Cascade template is selected — see Section 4.2, Basic Configuration/ Template Application.
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3 SET UP MODE... @

3.4 Level 4 — Alarm Trip Points 4.00.4.08

(E] Note. Level 4 is not applicable if all alarm types are set to 'None' — see Section 4.4, Alarms/ Alarm Type. )

Yoo |ILEUY Level 4 — Alarm Trip Points

Er P Note. To select this frame from anywhere in this page, press and
hold the [ 81] key for a few seconds.

uo ! ¢ % % 1l Alarm 1 Trip
i Alarm Number and Type
E‘D Display [Description Display |Description
——__| nonE |None LP3 |Low Process I/P3
HPU  [High Process, PV HO High Output 2
LPU [Low Process, PV Lo Low Output 2
HLP  |High Latch, PV Hb i |Maths Block 1 High
LLP [Low Latch, PV Lb{ |Maths Block 1 Low
Hd High Deviation HbZ2 |Maths Block 2 High
Ld Low Deviation LbZ2 |Maths Block 2 Low
HP 1 |High Process I/P1 Hb3  |Maths Block 3 High
LP 1 |[Low Process I/P1 Lb3 |Maths Block 3 Low
HPZ |High Process I/P2 Hb4Y |Maths Block 4 High
LPZ2 |Low Process I/P2 Lb4Y |Maths Block 4 Low
HFP3  |High Process I/P3
Trip Value
% [In engineering units]
Note. When an auto/manual station template or analog backup
template is selected, Alarm 1 is set automatically as a low process alarm
on Analog Input 2.
uoz P x 21 Alarm 2 to Alarm 8 Trip
3 . i Alarm Number and Type
* (&)
! i See Alarm 1.
! :
qyos 18 % x el Trip Value
r ]
; IZI— [In engineering units]
'
(A4

Return to top of page.

*1 Not displayed if alarm type set to 'None' — see Section 4.4, Alarms/ Alarm Type.

*2 Applies to PID output with single or heat/cool outputs.

43



@ ...3 SET UP MODE

3.5 Level 5 - Valve Setup 5.800.504

E] Note. Level 5 is applicable only for a motorized valve output type — see Section 4.2, Basic Configuration/
Output Type.

Process

/| Control — Controller
|

+Ub 1A
SPS Terms

| 4 Position Feedback

Close relay

| PID 3
\j/; PID | Output| (PID O/P x Ur At) Valve ]: Open relay] 3

Fig. 3.3 Motorized Valve Output with Feedback — Schematic

3.5.1 Valve Setup (Feedback Types)

500 (LEUS Level 5 — Valve Setup
tL UE

Note. To select this frame from anywhere in this page, press and
hold the (8] key for a few seconds.

501 U-8E Motorized Valve Ratio and Bias
i Desired valve position = (Ratio x PID output) + Bias
@) Motorized Valve Ratio
0.01 to 10.00
= | 1
508 [IbIA] | e se
—100.0 to .
0 A4 >
503 abhAd Motorized Valve Deadband
"7 @)
= _‘EI— [0.0 to 100% of the position feedback span]

ﬁ Position %

Required valve position Deadband
(centered around
required position)

Example . If the valve is set to be driven to the 50% open position and the
deadband is set to 4%, the motor stops driving when the position feedback
is 48%. The deadband is between 48% and 52%.

504 AU Regulator Travel Time
30 The time entered is compared with the actual travel time. If the valve is
J sticking an error message is generated.
LEUS (4) =
LEU =~ [0 to 5000 seconds, 0 = no check]
ULUE

Return to top of page.
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3.5.2 Valve Setup (Boundless Types) — Fig. 3.4

A ‘boundless’ process controller provides an output that is effectively the time derivative of the required regulator
position, i.e. the COMMANDER 500 signals the regulator, not where to go to (position derivative), but in which
direction to travel and how far to move, by a series of integral action pulses. Thus, the COMMANDER 500 does
not need to know the absolute regulator position and is unaffected when regulator reaches the upper or lower limit,
as determined by the regulator’s limit switches (giving rise to the term ‘boundless’).

When a deviation from set point is introduced the regulator is driven, for a length of time equivalent to the
proportional step. The regulator is then driven by integral action pulses until the deviation is within the deadband
setting.

+

Control | Time

Deviation | | o
Integral Proportional

Action Pulses Step

s | I [ e
R B I 1]

Step Proportional  Integral
Step  Action Pulses

Fig. 3.4 Boundless Control Action

Calculation for Control Pulses (Boundless Control)
The following calculations are shown for guidance when setting deadband, proportional and integral values. They
can be used to check the suitability of boundless control for a particular actuator/application.

Minimum 'ON' time of integral action pulses (for a fixed control deviation).

___Travel Time x Deadband % (in seconds)
B % Proportional Band

Minimum (approximate) time between integral action pulses (for a fixed control deviation)

_  Integral Action Time x Deadband % (in seconds)
B 2 X % Control Deviation

Duration of the proportional step

% Control Deviation o
=2X| "o Proportional Band | X Travel Time in Seconds

% Control Deviation

_ __ Set Point — Process Variable o
- Eng Hi — Eng Lo X 100%

% Deadband

_ Deadband (eng units) o
- Eng Hi — Eng Lo x 100%
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...3.5.2 Valve Setup — Boundless 5.800.504
500 L E US Level 5 — Valve Setup
ULUE Note. To select this frame from anywhere in this page, press and
hold the (6] key for a few seconds.
503 dhnd Boundless Deadband
;

)

a]

K2

504

rErl

[In engineering units]

Position %

Deadband
(centered around
Set Point)

Control Set Point

LEUS

ULUE

[l

Regulator Travel Time
The time taken for the regulator to travel from the fully open to the fully
closed position.

[1 to 5000 seconds]

Return to top of page.






E ...4 CONFIGURATION MODE

4.3 Level 7 — Analog Inputs 160.703
100 LEUT Level 7 — Analog Inputs
oL
NPE Note 1. Refer also to Table A — Template Applications on the rear
fold-out.

Note 2. To select this frame from anywhere in this page, press the
[B7] key for a few seconds.

101 Lyp Analog Input 1 (I/P1) Type & Electrical Range
2i— [&] Display |Description Display |Description
GD ™ OFF Not Used P PT100 RTD
b THC Type B ! 0to 20mA
E THC Type E 2 |4to20mA
J THC Type J 3 0to 5V
F THC Type K Y 1to 5V
L THC Type L & 0 to 50mV
n THC Type N 1 4 to 20mA square root linearizer
- THC Type R 8 4 to 20mA power 3/2
5 THC Type S g 4 to 20mA power 5/2
t THC Type T U Custom
1072 Unk 1t Temperature Units (I/P1)
L =~ £ — THC/PT100 readings displayed in °C
E‘F F — THC/PT100 readings displayed in °F
103 aP ! Decimal Places (Engineering Range, I/P1)
]
L=
b % a XXXX
/ XXX.X
c XX XX
3 X XXX
Continued...

*1 Only displayed if THC or RTD input types are selected
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... 4.3 Level 7 — Analog Inputs 04..7.07
104 En ‘:H Engineering High (1/P1)
1000 M) 999t 9099]

(&)

Note. This parameter defaults to the maximum allowed value when
THC or RTD inputs are selected — see Table 4.1.
THC/RTD Type °C °F
Min. | Max. |Min. Span |Min. Max. | Min. Span
Type B —-18 | 1800 710 0 | 3272 1278
Type E -100 | 900 45 -148 | 1652 81
Type J -100 | 900 50 -148 | 1652 90
Type K —100 | 1300 65 -148 | 2372 117
Type L -100 | 900 50 -148 | 1652 90
Type N —200 | 1300 90 -328 | 2372 162
TypeR &S -18| 1700 320 0 | 3092 576
Type T —250 | 300 60 -418 572 108
Pt100 —200 | 600 25 -328 | 1112 45
Table 4.1 Engineering Limits, THC & RTD Inputs

105 En /L Engineering Low (I/P1)
D_\IZI— [-999 to 9999]

Note. This parameter defaults to the minimum allowed value when
THC or RTD inputs are selected — see Table 4.1.

1085 LS4 ! Broken Sensor Drive (I/P1)

UP_\IZl— NONE — No action. Actual input values remain valid.

ur — Input driven to the maximum upscale value (999)
an — Input driven to the minimum downscale value (—-999)
In the event of a fault being detected on the input, the input is driven in the
direction selected.

107 Fl & ! Input Filter Time Constant (I/P1)

The input values are averaged over the time set.

[a]
[0 to 60 seconds]
(A4

Continued...
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... 4.3 Level 7 — Analog Inputs 08.9.14
108 Lypol-t Analog Input Type & Electrical Range (I/P2)
E Note. THC inputs can only be used on I/P2 if I/P1 is also set to THC.
@ [a] Display [Description Display |Description
™ OFF  |Not Used t THC Type 1
b THC Type B ! 0 to 20mA
E THC Type E 2 4 to 20mA
J THC Type J & 0 to 50mV
. THC Type K 1 4 to 20mA square root linearizer
L THC Type L 8 4 to 20mA power 3/2
n THC Type N g 4 to 20mA power 5/2
r THC Type R U Custom
5 THC Type S
108 |UnE2|?
—— [a] -
C ™ Temperature Units (1/P2)
; £ — THC readings displayed in °C
110 4Pz F - THC readings displayed in °F
i ~ Decimal Places (Engineering Range, 1/P2)
a XXXX
/ XXX.X
c XX. XX
il |\EqA2H 3 XXXX
! [a]
1088 Engineering High (I/P2)
(4]
[-999 to 9999]
Note. This parameter defaults to the maximum allowed value when
T2 E-2L THC input type is selected — see Table 4.1.
0 &] —
Engineering Low (/P2
"=y Engineering Low (1/P2)
[-999 to 9999]
Note. This parameter defaults to the minimum allowed value when
7.13 ] THC input is selected — see Table 4.1.
—— [a] -
up Broken Sensor Drive (I/P2)
(A4
NONE — No action. Actual input values remain valid.
ur — Input driven to the maximum upscale value (999)
714 FLEZ an — Input driven to the minimum downscale value (—999)
o

& Filter Time Constant (I/P2)
{ ~ The input values are averaged over the time set.
[0 to 60 seconds]

Continued...

*1 Frames 7.09 to 7.14 are not displayed if Analog Input Type 2 is set to 'OFF'.

«2 Only displayed if THC input type is selected.
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