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5.0 PANEL-UNIT CALIBRATION

All internal adjustments are performed from the front of the instrument using a series
of calibration and commissioning modes in a simple step-through menu. These modes
are entered by pressing Menu A to enter at mode 1, or Menu ¥ to enter at mode P.
Once in the menu system, pressing both menu keys together returns the
instrument to normal operation.

Once a particular mode has been selected, the A and V¥ keys are used to make
adjustments. The modes are described below both as a summary and in more detail.
Unauthorised tampering with the calibration settings is prevented by a personal
identity number (PIN) locking system. The instrument is supplied with the PIN lock off,
i.e. adjustments are enabled. After the user / installer has invoked the PIN lock,
adjustments may only be made if the lock is removed again by entering the correct PIN
value. Mode P is used both to add and remove the lock. The calibration settings may be
inspected at any time by simply selecting the appropriate mode. However, where the
PIN lock is applied, no adjustments can be made, andthe display will show ‘--‘ if they are
attempted.

5.1 Sensitivity adjustment

The following steps are required to match the receiver sensitivity to the stack
conditions. It is assumed that the stack-units are mounted, and in reasonable alignment,
and connected to the panel-unit using suitable screened cable. The stack should be clear
for this adjustment.

1. Using the Menu A and Menu ¥ keys, step through the menu modes until mode A is
reached. The menu mode number or letter is shown to the left of the decimal point on
the display. Where appropriate the setting for each menu item is shown on the right of
the decimal point. In mode A, the value to the right of the decimal point indicates the
receiver signal strength.

2. If the value to the right of the decimal point is between 20 and 70, no further action is
required. To return the instrument to normal operation, press both Menu A and Menu'¥
keys together.

3. If the value to the right of the decimal point is less than 20, the sensitivity should be
increased. To do this, press Menu ¥ once, to reachmode 21. The selected range will be
shown to the right of the decimal point, for example, in range 4, the complete display
will read “21.r4”. Use the A key to select the next range up. Select mode A and return to
stage 2 above.

4. If the value to the right of the decimal point is greater than 70, or the error message
E1 (indicating input overload) is shown, the sensitivity must be reduced. To do this,
press Menu V¥ once, to reach mode 21. Use V¥ to select the next range down. Select mode
A and return to stage 2 above.

5.2 Calibration menu, summary
The sequence of modesis 1to 21, A, b, C,d, P and n.
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Description

Display

Adjustment/ Option

Display mode in normal operation

Od

Display optical density

Pd

Display particle density

OF

Display opacity

Time averaging filter

Raise or lower value

Set optical density in relation to
particle density

Raise or lower value

Set particle density in relation to
optical density

Raise or lower value

Set optical density display for full
analoaue output

Raise or lower value

Set particle density display for full
analogue output

Raise or lower value

Set opacity display for full
analogue output

Raise or lower value

Select mode required to drive
analogue output no.1

Dnve analogue output no_1 from optical density

Drive analogue output no.1 from particle density

Dnve analogue output no_1 from opacity

Select mode required to drive
analogue output no.2

Dnve analogue output no_2 from optical density

Dnve analogue output no.2 from particle density

Drive analogue output no_2 from opacity

Alarm setpoint lock

Alarm setpoint adjustable from front panel keys

Alarm setpoint locked

Zero lock

Zero adjustable from front panel keys

Zero locked

Display mode lock

Display mode in normal operation always adjustable

Display mode locked

Alarm reset, manual/automatic

Manual alarm reset. Alarm is muted or reset by ALARM
MUTE key

Automatic alarm reset. Alarm is automatically reset 5
seconds after reading drops below setpoint

Remote input, mute/zero

Remaote input alarm mute. Closing a switch connected ta
the remote input terminals (terminals 1 and 2)
mute/resets the alarm

Remote input zero. Closing a switch connected to the
remaote input terminals (terminals 1 and 2) sets the
display to zero. This should be done when the stack is
known to be clear.

Alarm relay operation

Alarm relay coill is de-energised unless in alarm, used
with ‘normally open’ contacts

Alarm relay coil is energised unless in alarm, used with
‘normally closed’ contacts

Alarm setpoints, adjust
together/adjust separately

Alarm setpoints in all three display modes are adjusted
together.

Setgoints are indeEendentIv adjustable

Set analogue output no_1 zero

Raise or lower value

Set analogue output no_1 full-
scale

Raise or lower value

Set analogue output no 2 zero

Raise or lower value

Set analogue output no.2 full-
scale

Raise or lower value

Stack-unit receiver input
sensitivity setting

Raise or lower value

Signal strength measured at
receiver, tfransmitter on.

No adjustment

Signal strength measured at
receiver, transmitter off.

MNo adjustment

Signal strength measured at
transmitter, transmitter on.

MNo adjustment

Signal strength measured at
transmitter, transmitter off.

MNo adjustment

Enter personal identity number
(PIN)

Raise or lower value

Change PIN value

Raise or lower value




5.3 Calibration menu - detailed description.

1: Display mode in normal operation
The instrument may be set to read in any one of three display modes, optical density (Od), particle density (Pd)
or opacity (OP). The optical density reading is x 1000, so a reading of 45 represents an optical density of 0.045.
The mode selected to drive the display does not affect the mode selected to drive the analogue outputs.
The definitions of optical density (Dx) and opacity (Sx) used in this instrument are as defined in BS 2811
and BS 2740, i.e.

Dx =1log10 lo / Ix

Sx =100 (1-1Ix/lo)
Where lo is the original intensity before the medium is introduced and Ix is the intensity after passing through
the medium.
2: Time averaging filter
Where a steady display reading is required and flue emissions are fluctuating, a time averaging filter may be
applied. The filter settling time may be varied in stages between 0 and 100 seconds. The larger the value,
the heavier the filtering effect. The filtering is applied to the analogue and digital outputs as well as the
display.
3: Set optical density in relation to particle density, and
4: Set particle density in relation to optical density
The instrument measures the optical density of the medium in the stack. However, because the optical
density varies in proportion to the particle density, it is possible to derive and display particle density from
optical density. First, the relationship between these two must be determined, and this is achieved by
(isokinetic) sampling of particle density while simultaneously logging optical density. Once this relationship is
known, the figures may be entered using modes 3 and 4, and the instrument set to display in particle density.
The setting of these two factors is best illustrated by example. Suppose a test result has yielded a
relationship where an average optical density reading of 45 (0.045 x 1000) on the instrument has been
produced by a particle density of 250mg/m3. The figures 45 and 250 should be entered into modes 3 and 4
respectively. The display mode may then be changed to read directly in particle density (see mode 1). Note
though that in fact, the instrument will still be measuring in optical density, but multiplying the result by
250/45 for the display.
It is the relationship which is important, and not the actual values. Very low values for either factor should not
be entered. For example it better to enter a relationship of 50/10 as 500/100.
5: Set optical density display for full analogue output
6: Set particle density display for full analogue output
7: Set opacity display for full analogue output
The maximum display reading in optical density and particle density is 999, and in opacity is 100. Very often,
the operational range of interest is much less than these values. Modes 5,6 and 7 permit the user to select
the display range over which the analogue (4-20mA) output is required to operate. For example, setting the
value in mode 5 to 200 will cause the analogue output to operate from zero to full-scale over an optical
density range of 0 to 200 (0 to 0.2 x 1000). All display values over 200 will keep the analogue output at
fullscale. Modes 6 and 7 allow the same flexibility for particle density and opacity respectively.
Related modes: 8 and 9
8: Select mode required to drive analogue (4-20mA) output no.1
The analogue output no.1 (the standard output on the upper terminal block) may be driven from any of the
three display modes, optical density (0d), particle density (Pd) or opacity (OP), and is independent of which
mode is actually being displayed. For example, it is possible to display opacity, whilst driving the analogue
output from the corresponding optical density value. Related modes: 5,6 and 7.
9: Select mode required to drive analogue (4-20mA) output no.2
A second analogue output is an optional extra, and where fitted is available on a second lower terminal block.
Details as for mode 8.
10: Alarm setpoint lock
The alarm setpoint may be left adjustable at all times (A]), or may be locked (Lc) to prevent tampering.
11: Zero lock
Zero setting may be left adjustable at all times (A]), or may be locked (Lc) to prevent tampering.
12: Display mode lock
Normally, the display mode (mode 1) will be set as required and locked (Lc) in this setting once the PIN lock
is evoked. If required however, this can be left adjustable (A]), even when PIN protection is applied, so that
the display mode can be changed at any time by the operator, using mode 1.
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13: Alarm reset, manual/automatic

With this mode set to manual reset (An), once triggered, an alarm condition will be maintained indefinitely until
the ALARM MUTE key is pressed. Set in the automatic mode (Au), the alarm resets itself 5 seconds after

the reading drops below the alarm setpoint.

14: Remote input, mute/zero

The instrument has one set of terminals for a signal from a remote input. This may be used either as the
ALARM MUTE key would be used to mute the alarm (rA), or to zero the instrument at times when the stack is
known to be clear (r0).

15: Alarm relay operation

Under normal circumstances, in the event of an alarm, the alarm relay coil becomes energised, and the
output contacts close. With no alarm present, the alarm output relay is de-energised, and the alarm contacts
are open. Loss of mains power would not therefore generate an alarm. This mode of operation is indicated by
‘no’ on the display. Very occasionally, there may be requirement for fail-safe operation, where loss of mains
power would be recognised as an alarm condition.

In order to select this mode of operation, it is necessary to change both the drive to the coil, and the relay
contacts on the board. Drive to the coil may be converted to fail-safe operation by selecting ‘nc’ in mode 15.
The change to the relay contacts from ‘normally open’ to ‘normally closed’ is described elsewhere in this
manual.

16: Alarm setpoints, adjust together/adjust separately

With this mode set to ‘together’ (Hr), adjusting the alarm setpoint in one display mode will automatically alter
the alarm setpoint in the other two display modes to the corresponding value. Set to ‘separate’ (EP), the
different setpoints may be set independently for each display mode. The instrument will only respond to the
setpoint of the currently selected display mode.

17: Set analogue output no.1 zero

18: Set analogue output no.1 full-scale

These modes are used to calibrate the 4-20mA analogue output. In order to perform the calibration, it is
necessary to monitor the current output using a suitable (digital multi-) meter connected to the output
terminals. The value of the output displayed on the meter in mode 17 will be the value which corresponds to
zero on the display. It may be adjusted using A and V¥ , while observing it on the meter. It will normally

be set to 4mA, but may be set to any value within the 0-20mA range that is less than the full-scale value.

Note that if the current it is to be set to 0mA, this should be slowly approached from a positive value of
current, and adjustment stopped when OmaA is just reached. If adjustment is continued past this point, the
output meter will still read 0mA because the output cannot produce a negative current, but a calibration error
will be introduced.

Mode 18 is similarly used to set the full-scale value of the output, usually to 20mA, but this can be any value
in the 0-20mA range above the zero value. Note though that the resolution of the output is under 10 bits for
the full 20mA, so any reduction in range utilised will result in coarser steps. A and V¥ are again used for
adjustment. Zero and full-scale adjustments are independent. Related modes: 5,6 and 7.

19: Set analogue output no.2 zero

20: Set analogue output no.2 full-scale

Where a second analogue output is fitted, this may be calibrated in a similar way to the standard analogue
output, but using modes 19 and 20 in place of modes 17 and 18 respectively.

21: Stack-unit receiver input sensitivity setting

The distance between stack-units varies from on installation to another. To compensate for this, the
sensitivity of the input from the stack-unit receiver can be varied. Mode 21 is used to set that sensitivity.
There are 8 ranges, with range 1 being the least sensitive. This mode is used in conjunction with mode A,

and its use is described in more detail in the section on sensitivity setting.

A, b, C and d: signal strength modes

These are display-only modes, so no adjustments can be made from them. They display signal strengths at
the receiver and transmitter stack-units as a value between 0 and 100, and are used for commissioning and
fault-finding. Where the signal strength exceeds 100 for any given mode, an error message, E1 to E4
respectively will be displayed, indicating that the relevant input is overloaded.

A: Signal strength measured at receiver, transmitter on.

Displays the strength of the light signal detected at the receiver stack-unit when the transmitter stack-unit light
source is turned on, i.e. signal + ambient. It is used in conjunction with mode 21 to set the receiver input
sensitivity (see section on sensitivity setting). A display of E1 indicates that the input exceeds 100, and is
overloaded. In this case, the sensitivity should be reduced (mode 21).
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B: Signal strength measured at receiver, transmitter off.

Displays the strength of the light signal detected at the receiver stack-unit when the transmitter stack-
unit light

source is turned off, i.e. ambient only. A display of E2 indicates that the input exceeds 100.

c: Signal strength measured at transmitter, transmitter on.

Displays the strength of the light signal detected at the transmitter stack-unit when the transmitter
stack-unit

light source is turned on, i.e. signal + ambient. A display of E3 indicates that the input exceeds 100.

D: Signal strength measured at transmitter, transmitter off.

Displays the strength of the light signal detected at the transmitter stack-unit when the transmitter
stack-unit

light source is turned off, i.e. ambient only. A display of E4 indicates that the input exceeds 100.

P: Enter personal identity number (PIN)

The PIN locking system is used to prevent unauthorised adjustment of settings used in the instrument.
The

settings may be examined at any time by stepping through the modes using the menu keys. However,
any

attempt at adjustment of a setting will not be possible, unless the PIN protection is unlocked. Mode P
enables

the user who knows the PIN to remove the lock. Once removed, the lock will remain off until it is re-
applied.

On entering mode P, the display will indicate either ‘Lc’, indicating that adjustments are locked, or ‘AJ’
indicating that they are available.

The default (factory set) value for the PIN is369. Mode n shows how this can be changed.

To remove the PIN lock:

1. Select mode P

2.Use A and V to set the display to the PIN value

3. Press Alarm Mute .

4. If the entered PIN value is correct, the display will show ‘AJ’, indicating that the lock has been
removed.

Do not press A or V again, as this will re-apply the lock. Instead, use Menu A and menu V¥ to step
to the menu items requiring adjustment.

5. If the entered PIN value is incorrect, the display will show ‘Lc’. Further attempts at entering the PIN
value may be made. After a number of attempts, a delay timer will be introduced, indicated by ‘dL’ on
the display. This will prevent further attempts being made for a 5 minute period, and its purpose is to
prevent the PIN from being discovered by trial and error.

To re-apply the PIN lock:

1. Select mode P

2. Press either A or V¥ once.

3. The display will show ‘Lc’.

n: Change PIN value

This mode enables the user to enter a new PIN value, provided that the PIN lock is removed (see mode
P)

To enter a new PIN value:

1. Select mode n. Display will show Pn1.

2.Use A and V to select the required new PIN value.

3. Press Alarm Mute . The display will show Pn2

4. Repeat stages 2 and 3.

5. If the entered values are the same, the display will show ‘Acc’, indicating that the new value has been
accepted.

6. If the entered values are different, the user is returned to stage 1 of this sequence.
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6.0 BASIC OPERATING INSTRUCTIONS

6.1 Zero adjustment

Press and hold Zero Set . This will cause the leftmost digit on the display to flash “0”. To set the display
to zero, additionally press A and V¥ keys (3 keys together).

To set the display to any other value, press and hold Zero Set, and use the A or ¥ keys to set the
required value.

Scrolling will speed up the longer the keys are held.

6.2 Alarm setpoint adjustment

Press and hold Alarm Set . This will cause the leftmost digit on the display to flash “A”, and the current
alarm setpoint value will be shown. Use the A or ¥ keys with Alarm set to set the required value.
Scrolling will speed up the longer the keys are held.

6.3 Alarm resetting

When the alarm setpoint has been continuously exceeded for 5 seconds, the alarm will trip. This
activates the alarm relay, and causes the display to flash.

Pressing Alarm Mut accepts the alarm. This resets the alarm relay, thereby silencing any externally
connected device. The display will continue to flash until the reading drops below the alarm setpoint.

6.4 Alarm Test

Pressing and holding Alarm test simulates complete blockage of the optical path by turning off the
transmitter light source. After 5 seconds, the alarm output relay is activated, and the display will flash.
The alarm may be reset by pressing Alarm Mute .

6.5 Menu Keys

Full details of the use of these keys are given in the sections 5.2 and 5.3 covering the calibration
menu. [f the calibration modes are accidentally entered, pressing Menu A and Menu V together
restores the display to normal operation.

7 ERROR MESSAGES AND FAULT-FINDING

7.1 Error messages E1, E2, E3 and E4

Error messages E1 or E2 indicate that panel-unit input from the receiver stack-unit is overloaded.
Similarly E3 or E4 indicate an overload at the input from the transmitter stack-unit. The exact
meaning of these error messages is described in section 5.3 Calibration menu - detailed
description, modes A,b,C and d.

Overloads are generally caused in one of three ways:

1. Sensitivity set too high. The sensitivity of the input from the receiver stack-unit is adjustable. If this
is set too high, error messages E1 or E2 will be displayed. Section 5.1 Sensitivity adjustment
describes how this may be adjusted.

2. Wiring error. If error message E1 to E4 persists with the sensitivity turned right down, the most
likely cause (during commissioning) is a wiring error in the form of crossed, open or short circuited
wires between the panel-unit and stack-units. In this case the wiring should be checked (see
APPENDIX 5). The use of unscreened cable between the panel-unit and stack-units has also been
found to cause such messages.

3. Increase in ambient light reaching one of the stack-units. With the sensitivity correctly set, there is
a certain amount of ambient light which will be accommodated. If this is exceeded, an error message
will be shown. In this case, it may be necessary to reduce the sensitivity to the next lower range. Only
the sensitivity from thereceiver stack-unit can be adjusted.
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APPENDIX 2 PARTICLE DENSITY SAMPLING

The Model 252 Visible emission Monitor measures OPTICAL density. It is able to display PARTICLE
density by scaling the optical density once the relationship between the optical and particle density is
known. An example of this relationship is given in Appendix 1. Variations in flue geometry and emission
composition however, mean that the only method of determining this relationship, which is likely to be
acceptable to the regulating authorities, is by taking emission samples while simultaneously recording
optical density and correlating the two.

Once figures from the emission sampling and corresponding readings of optical density are available,
they are easily entered into the monitor (see calibration menu, modes 3 & 4), which can then be
switched to display particle density directly (see calibration menu, mode 1).

Sampling procedures are described in British Standards BS 34051 and BS 8932. Both standards describe
a process whereby emission samples are drawn off from the flue and weighed. BS 893 requires a greater
number of samples to be taken, and hence the expected accuracy is better, being + 10%, as compared
with + 25%, for BS 3405. Sampling as described is quite a complex procedure, involving specialised
equipment and expertise and would generally be undertaken by a specialist contractor (contact SK Sales
office for details).

Preparations for Sampling

1. Emission Monitor

Before arrangements for sampling are made the monitor should be installed and operating optimally,
with the stack-units properly aligned and the sensitivity adjusted as described under sensitivity
adjustment. [t should be operating in the optical density (od) mode. Immediately prior to the sampling
session, the stack-unit lenses should be cleaned and the monitor zeroed with no emissions present.

2. Recording Device

The recording device can range from a simple chart recorder to a data logger and is connected to the
emission monitor via the analogue (4-20mA) output. Since for each sampling period (of which there will
be a number) an average figure of optical density must be produced, the most convenient device would
be one which can provide an average figure for the recording period. A data logger with this facility is
thus ideal. Alternatively, with a chart recorder, the area under the curve for the sampling time may be
manually converted to an average in a number of ways.

The output of the monitor to the recording device should be adjusted so that an appropriate range of
optical density is recorded. If, for example, the observed range in optical density (x 1000) for the
installation is 30 to 70, then the monitor could be adjusted so that the analogue output produces a full
scale output swing (4 to 20mA) for the recording device over a display reading of 0 to 100. See
calibration menu, mode 5 for how to do this. The monitor display and recorder should be checked for
agreement at zero and full-scale.

1 BS 3405:1983 Measurement of particulate emission including grit and dust (simplified method).
2 BS 893:1978 Measurement of the concentration if particulate material in ducts carrying gases.
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Table 1. Values of Ix from 1 down to 0.1 in steps of 0.1

metres
1 | 005 |
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