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1.0 OBJECTIVE 

This report identifies the various Vendor Information(VI) that was used for 
the initial calibration of rotary mode system instrumentation. Approval of 
this report constitutes Westinghouse-Hanford Company(WHC) review and approval 
of the vendor calibration procedures or checks for the instruments. The 
actual vendor calibration information is contained in the appendices of this 
report. 

2.0 DEFINITIONS 

Calibration procedure: A procedure used to check and adjust as required an 
instrument such that a certain input produces a desired output. 
Calibration check: An instrument where the inputs versus output is checked, 
but adjustments are not performed. If the instrument is out of tolerance, it 
is replaced. 

3.0 DISCUSSION 

The initial calibrations on the rotary mode core sampling system instruments 
was performed using vendor information. This vendor information was in 
approved VI files. The rotary mode truck VI file is 22546; the exhauster VI 
file is 22557; and the breathing air compressor file is 22559. 
Formal calibration procedures will be developed and approved for performance 
of these routine calibrations. The VI files will be used as a source to 
develop the detailed steps of the WHC calibration procedures. The following 
table shows the instruments and references the appendix that has the 
appropriate vendor calibration information. 

1 



WHC-SD-WM-RPT-096, REV. 0 

TABLE I 

INSTRUMENT LOOP-SEQUENCE APPENDIX 

Ammonia Monitor VTP-M0N-2203A RME13-1 A 
FCV-2 Alpha sample flow control 
VTP-FC-2202A 

RME06-1 B 

FC-4 Beta sample flow control 
VTP-FC-2204A 

RME07-1 B 

Sample System Pressure Transmit. 
VTP-PT-2205A 

RME05-1 C 

Exhauster Stack Beta Monitor AMS-4 YF150-B D 
Exhauster Stack Alpha Monitor 
ALPHA-6A-1 

YS249-A E 

FT-1 Stack Mass Flow VTP-FE-2201A RME01-1 through -6 F 
Alpha Flow FT-2 VTP-FE-2202A RME02-1 through -6 F 
Flow Transmitter FT-3 VTP-FE-2203A RME03-1 through -4 F 
Beta Flow Transmitter FT-4 VTP-FE-
2204A 

RME04-1 through -4 F 

Carbon Monoxide Monitor BA-M0N-2201A PBA01-1 G 
Recorder RCDR-1 R2001-2 H Recorder RCDR-1 

R2002-3 H 
Recorder RCDR-1 

R2003-2 H 

Recorder RCDR-1 

R2004-3 H 

Recorder RCDR-1 

R2005-3 H 

Recorder RCDR-1 

R2006-4 H 

Recorder RCDR-1 

R2007-4 H 

Recorder RCDR-1 

R2008-3 H 

Recorder RCDR-1 

R2009-3 H 

Recorder RCDR-1 

R2010-7 H 

Recorder RCDR-1 

R2011-2 H 

Recorder RCDR-1 

R2012-3 H 

2 



WHC-SD-WH-RPT-096, REV. 0 

Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 

R2009-2 Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 

R2010-6 
Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 

R2008-2 

Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 

R2018-2 

Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 

R2020-2 

Display Indicator SI-2 

WI-1 

SI-1 

SI-3 

TIA-1 

TIA-2 R2028-2 
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TABLE I CONT. 

INSTRUMENT LOOP-SEQUENCE APPENDIX 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2012-4 Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2006-3 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2006-2 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2007-3 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2007-2 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2002-2 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2004-2 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 

R2005-2 

Display Indicator WI-2 

PI-4 

PI-2 

PI-5 

PI-3 

PI-1 

FI-2 

FI-3 

FI-1 R2001-1 

Downward Force Adder/subtractor 
ASM-54 

R2010-5 J 

RAM Hydraulic Pressure PG-5 R2050-1 K 
PG-4 R2040-1 K 

Shielded Recvr. Flow Sensor FTA-1 R2004-1 L 
Drill String Flow Sensor FTA-2 R2005-1 L 
Purge Gas Flow Meter FIA-2 R2022-4 M 

FIA-3 R2023-4 M 
FIA-1 R2021-4 M 

Penetration Rate Magneto SE-2 R2009-1 N 

4 
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Drill String Position Transducer Z-1 R2003-1 0 
Purge Gas Pressure Transducer PT-4 R2002-11 P 

PT-1 R2021-2 P 
PT-2 R2022-2 P 
PT-3 R2023-2 P 

Downward Force Upper RAM Press. PT-7 R2010-2 P 
Downward Force Lower RAM Press. PT-8 R2010-3 P 

PT-9 R2012-1 P 
Shielded Recvr. Pressure Transd. 
PT-5 

R2006-1 P 

Drill String Pressure Transducer 
PT-6 

R2007-1 P 
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16. CALIBRATION OF THE OPTICAL FILTERS 

16.1. WHAT IS CALIBRATION AND WHY IS IT NECESSARY? 

In order to understand calibration, it is necessary to look at what happens inside the 
analysis cell during a gas concentration measurement. A sample of air is drawn into the 
cell. The cell is then sealed off and light is sent from the infra-red source via a chopper 
(to pulsate it) through an optical filter. The optical filter only transmits light in a defined 
wavelength range and this light enters the cell. 

If there is a gas in the cell which absorbs light of this wavelength, a pressure wave is 
created and this is measured by ihe microphones mounted within the cell. The greater 
the concentration of the absorbing gas in the cell the greater the pressure (sound) wave 
it creates. 

How do we measure the relationship between the measured sound signal and the con
centration of the absorbing gas in the cell? We calibrate the optical filter. 

Our description of what happens in the cell is, however, a little too simplified. In reality., 
we have to take three-other factors into consideration: namely: (1) cell noise; (2) .' 
presence of water vapour in the sample (humidity interference); and (3) the possiu. 
presence of other interferent gases. 

2.5 2.9 3.3 4.0 5.0 
i i i i 

10 wavelength (jim) 

JPtew* M*mi*#m*0*i\ 

4000 3500 3000 2500 2000 1500 
waven umber 

1000 cm-' 

Fig. 16.1. High resolution absorption spectrum of water vapour 

(1) Cell Noise 
" When there is zero-gas in the cell (that is, a gas which does not absorb any infra

red light) a signal is measured in the cell. This signal is due to what is termed cell 
noise. Cell noise is created by the imperfect reflection of infra-red light from the cell 
walls. It is dependent upon the properties of the cell itself (for example, its dimen
sions and the reflectivity of its walls) as well as the wavelength (and thus energy) of 
the infra-red light which is incident on its walls. As it is the optical filter wh' 
determines the wavelength of light, cell noise will depend upon the optical fit. 
being used. 
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This cell-noise signal is measured during the Zero-point Calibration of each filter. A 
supply of dry, zero gas is attached to the air-inlet of the 1302 and the signal in the 
cell is measured with each installed optical filter ("A" to "E"). This signal is called 
the concentration offset factor for the filter. Whenever the filter is used, this signal 
is subtracted from the total measured signal as it is not related to the concentration 
of any gas. 

(2) Presence of Water Vapour 
Water vapour is nearly always present in ambient air and it absorbs infra-red light, 
to a greater or lesser extent, at nearly all wavelengths t'see Fig. 16.1). This means 
that no matter which optical filter is transmitting light into the cell the water vapour 
in the cell will absorb some of this light and create a signal. This signal is said to 
"Interfere" with the signal produced by the gas we wish to measure with this filter. 

3y» 
Wave number (cm-1) 

15»00 1000 

Water-vapour 
filter 

Filter A 

A. I r 
7 8 

Wavelength (pm) 

Filter C Filter D 

A A T 
10 

Filter B 

A 
13 

893300* 

Fig. 16.2. Schematic diagram showing the relative absorption of 
water vapour by different optical filters 

How is this interference measured? A water-vapour optical filter, which transmits 
light with a wavelength which is absorbed by very few gases, except water vapour, 
is always installed in position "W" of the filter carousel. Using this filter, water-
vapour's interference is measured during the Humidity Interference Calibration of 
each installed filter. A supply of zero gas containing a constant concentration of 
water vapour is attached to the air-inlet of the 1302. The signal in the cell is mea
sured with the water vapour filter and with all the other installed optical filters. 

The water vapour in the cell absorbs light from the water-vapour filter and from the 
other installed filters, producing signals which are related to water-vapour's relative 
absorption of the light at the wavelengths transmitted by the different optical filters 
(see Fig. 16.2). We know, however, that the ratio of the signal measured with any 
one filter (e.g. "A") and the signal measured with the water-vapour filter is a con
stant. This ratio is related to the Humidity Gain Factor calculated during the humid
ity-interference calibration of filter "A". For example, If the signal produced by water 
vapour when using the water-vapour filter is 160^V and using Filter "A" is 16/iV, 
then, if the signal measured with the water-vapour filter is found to be 80^V, we 
know that this concentration of water vapour will produce a signal of 8pV when 
Filter "A" is used. Measurements made during humidity-interference calibration of 
the installed filters therefore enable the 1302 to compensate any measured signal 
for water-vapour's interference. 

? 
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The Presence of Other Interferents 
In many measurement situations water vapour is not likely to be the only interfere 
present. Suppose that you have installed an optical filter "A" to measure a gas (. 
but another gas (B) is normally found in the ambient air you are monitoring. If gas B 
absorbs some light from filter "A" It will "interfere" with the signal produced by gas 
A's absorption of this light. This is illustrated by the lower absorption spectrum in 
Fig. 16.3 ("Interference from GasB when filter A is used"). This interference is 
termed cross interference. 

Wavelength (In ian)-

FllterB 
(most sensitive 

filter) 

Wavelength (In jim)-

Fig. 16.3. Schematic diagram showing the absorption spectrum of 
gas A and gas B. The dashed lines represent the half-power 
bandwidths of the filters used to measure each gas 

How is this interference measured? An optical filter "B" is chosen, which transmits 
light with a wavelength which is most strongly absorbed by gas B, and less strongly 

- by gas A, this is illustrated by the lower absorption spectrum shown in Fig. 16.3. 
During cross interference calibration two sets of measurements are performed: 

1. The signal in the cell is measured using filter "A" and then filter "B" when a 
known concentration of gas A is in the analysis cell. The ratio of these two 
signals is directly related to gas A's relative absorption of light at these two 
wavelengths (upper spectrum in Fig. 16.2). This ratio is a constant and is a 
measure of Gas A's Interference on filter "B".. 

2. The signal in the cell is measured using filter "A" and filter "B" when a known 
concentration of gasB is in the cell. The ratio of these two signals is directly 
related to gasB's relative absorption of light at these two wavelengths (lower 
spectrum in Fig. 16.2). This ratio is a constant and is a measure of Gas B's 
Interference on filter "A". 

By measuring the ratios described above the 1302 is able to compensate any measur 
ment made with filter "A" for any interference signal produced by the presence of gas . 
in the cell, and vice versa. This procedure is known as cross compensation. 
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Append?? A 
16JL TASKS BEFORE STARTING ANY CALIBRATION 

Before starting any kind of calibration task there are several operations which need to 
be performed: 

1. Checking optical filter parameters: (see Section 2.4.1). 
2. Connecting the 1302 to a printer and setting it up to print a data log. (see 

Section 2.4.2). 
3. Warming up the 1302 (see Section 2.4.3). 
4. Checking the Calibration of Each Installed Optical Filter (see Section 2.3.1). 

5. Setting-up a calibration task (see Sections 16.3,16,4, and 2.4.4). 

Step-by-step instructions are provided in the .above-mentioned sections about how to 
perform the first three operations listed above, but little explanation is given. It will 
therefore be possible for even first-time users to complete these tasks without first 
familiarizing themselves with the operating philosophy of the 1302. Explanations of these 
tasks can, however, be found in other sections of this manual. 

1. Checking the optical filter parameters: Before starting calibration it is always wise 
to check that information about the installed optical filters has been "entered" cor
rectly in the active set-up of the 1302. If the incorrect UA number is "entered" for 
the optical filter in a particular position, the incorrect optical filter factors will be 
used In the calculation of the calibration factors, and calibration will therefore be 
useless. 

2. Connecting the 1302 to a printer During calibration a particular gas is drawn into 
the cell and the microphones measure the signal produced by the gas's absorption 
of light from the infra-red light source. As soon as a measurement is made it is 
displayed on the 1302's screen. Measurement results are constantly updated on the 
display but only one set of measurement results are displayed at any time, and no 
scrolling facility is available to look at previously-displayed results. We therefore 
suggest that you link your 1302 to a printer and set the 1302 up to print a "Data 
log". This will enable the 1302 to automatically send measurement results to the 
printer which will save you the time and effort required to manually copy results 
from the screen during calibration. 

3. Warming-up the 1302: The infra-red light source is very hot and the temperature in 
the analysis cell thus increases as calibration measurements proceed. Conditions 
within the cell tend to stabilise more quickly once the temperature inside the analy
sis cell is 15°C above the ambient room temperature. We therefore suggest that you 
set-up the 1302 to sample water vapour continuously, for a period of 30-40 min to 
warm up the analysis cell before a calibration task is started. This will reduce the 
time required for calibration. 

4. Checking the Calibration of Each Installed Optical Filter: Before setting-up any 
calibration task it is advisable to obtain a print-out of the calibration data stored in 
your 1302. Section 12.2.2 describes how to do this, and Section 2.3.1 explains how 
to find out what calibration data is stored in each of the five filter banks for each 
installed filter. It is important to know which calibration tasks have been performed 
and which kind of calibration task is still necessary to perform. 

*5. Setting up a calibration task: Before a practical calibration task can be started, the 
1302 has to be informed about the kind of calibration task you wish it it perform. 
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16.3. CALIBRATION TASK SET-UP "TREE" 

The calibration tasks are set-up while operating in Measurement mode. The Calibrate 
Task set-up "tree" is illustrated in Fig. 16.4. 

Notice the following: 

1. Before starting to set-up a calibration task you must make sure that you choose the 
correct FILTER BANK NO. to store the calibration factors which will be calculated 
during calibration (see Section 11.1.2). 

2. If you answer "YES" to W^SmxsmS»f^^0^^m/^S^., then ALL the in
stalled optical filters ("A" to "E") will be zero-point calibrated, and the concentration 
offset factor for each filter will be stored in the filter bank no. which is active for 
that filter during the practical calibration task. 

3.- If you answer "YES" to WEa&^ma^mmmfSBaEmm^^MmKntma, then ALL 
the installed optical filters ("A" to "E") will be calibrated for humidity interference, 
and the humidity gain factor for each filter will be stored in the filter bank no. which 
is active for that filter during the practical calibration task.. 

4. If you answer "YES" to £,J>£HFORM CROSSiPiTEREERENCE CAUBRATK>N?i, then, 
during the span calibration of each filter, when each known concentration of span 
gas is attached to the 1302's air inlet, the signal in the cell is measured using ALL of 
the. installed optical filters. The factors which describe each gas's interference mea
sured on the other installed filters, are stored in the active filter bank of the filter 
installed to measure this gas. 

5. If you answer "YES" to m£f^Of^jSMW^SliIJtB^WH?l, then, you cf ' 
choose (1) which of the installed filters you wish to span calibrate; and (2) whettv. 
this calibration should be a single-point or a two-point span calibration. The con
centration conversion factor calculated during span calibration (for a particular gas 
using a particular filter), is stored in the filter bank no. which is active during the 
calibration procedure. 

16.4. SETTING-UP AND PERFORMING A ZERO-POINT CALIBRATION TASK 

To calculate the concentration offset factor for a filter (during a zero-point calibration) it 
is necessary to have a humidity gain factor for the filter, and vice versa. If a humidity 
gain factor is not stored in each of the filter banks which are active during a zero-point 
calibration, then it is necessary to perform a combined zero-point and humidity-interfer
ence calibration task. The set-up of this combined task is discussed in Section 16.9. 

As mentioned in the previous section, the zero-point calibration task is not selective. 
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PERFORM. ZERO-POINT CALIBRATION? 

NO- YES 

(using dry, zero gas) 

All installed filters ("A" to "E") will be zero-point calibrated 

PERFORM HUM. INTERFERENCE CALIBRATION? 

NO > AII installed filters ("A" to "E") will be calibrated for 
interference from water vapour 

(using wet, zero gas) A 

If only ONE filter CAVBTDVE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM' CROSS-INTERFERENCE CALIBRATION? 

NO YES pO All installed filters ("A" to "E") will be calibrated for cross 
interference from the other span gases used during span 
calibration 

(using span gases of known concentration) 

PERFORM GAS SPAN CALIBRATION? 

NO YES YES $ 

CALIBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

(using span gas of known concentration) I r i-r 
ENTER GAS CONC.- mfi/m 3 

DOWN ACCEPT ISP 1 
ENTER LOW GAS CONC- mg/nT 

DOWN ACCEPT UP 

w ENTER HIGH GAS CONC.- mg/rn 

DOWN ACCEPT UP 

CALIBRATE WATER VAPOUR FILTER? 

NO YES 

This display ONLY appears if you have selected to perform 
zero- point-calibration of filters installed in positions "A" to "E" 

YES S PERFORM WATER VAPOUR ZERO-POINT CAUB.? 

NO YES 

(using perfectly dry, zero gas) 

PERFORM WATER VAPOUR SPAN CALIBRATION? 

NO YES 

T 
PERFORM PRACTICAL CALIBRATION TASK? 

NO YES H ENTER WATER-VAPOUR CONC.- Tdew 

DOWN ACCEPT UP 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.4. Schematic diagram showing the calibration-task set-up "tree" (general) 
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This means that you cannot choose zero-point calibration of a single filter in the carou
sel (forexample^whenanewo been installed). When you answer "YE r " 

point calibrated. If it is only the newly-installed optical filter which needs to be zero-point 
calibrated then, before setting-up a zero-point calibration task, make sure that the filter 
banks you make active for the filters which have already been calibrated only contain 
concentration offset factors which need to be up-dated. In this way you can prevent 
your original concentration offset factors being overwritten by the new ones. To illus
trate this, imagine that filters "A", "B", "C" and "D" are installed in your 1302 and have 
been calibrated. Suppose the calibration data block of your 1302 contains the informa
tion shown in Fig. 16.5 (notice no filter is installed in position E). Suppose you now install 
an optical filter in position "E". This filter has to be fully calibrated. Before performing a 
zero-point and humidity-interference task one of the following filter banks must be made 
active: 

• Filter bank no. 3, 4 or 5 for filter "A"; 
• Filter bank no. 2, 3 or 5 for filter "B"; 
• Filter bank no. 2, 3 or 4 for filter "C"; 
• Filter bank no. 2, 4 or 5 for filter "D". 

Suppose you make filter bank no. 3 active for all the above filters and filter bank no.1 
active for filter "E". Then, after a zero-point calibration the calibration data block would 
contain the information shown in Fig. 16.6. None of the original calibration data has been 
overwritten by the newly-calculated calibration factors. 

Conotnnfeon 

Hufntfty 0sk* ticior 
Oarcoowiton 
factor tor Q M C S 
Gatlnwfwvnca on 

•m'AVS'. ir 

- d a n 

rtlwHrnr 
HuB*%g*fccaor 

iaetxtorgKOI 

•toi-A'd-C-an) 

Fig. 16.5. Illustration of the calibration data stored In the filter banks of filters "A" to "D" before a zero 
point calibration task 
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Concentration 
offset factor 

Concentration 
offset lector 
Humidity gam (actor 
Gas conversion 
faaor for gas A2 

Gas interference on 
fitters "B* to *E' 

Concentration 
offset factor 
Humidrty gam factor 

Gas conversion 
factor for gasA1 

Gas interference on 
fitters "S* to "H" 

Concentration 
offset factor 
HurrwJrty gain factor 

Gas conversion 
factor 
Gas mterference on 
fitters * A V B \ 
T y and *E* 

Concentration ) — 
offsat factor 

Concentration 
Offsat factor 
Hurrudrty gun factor 

Gasconvenuon 
factor for gas Bl 

Gas interference on 
ftters'A'and'C* 
t o T 1 

Concentration 
offset factor 
Hurndrty gain factor 

Gas convtrsion 
factor 
Gas interference on 
fitters "ATB\ 
-0-aM-E*_ 

Cones ntraDon 
offset factor 

Concentration 
offset tactor 
Humtdrry gam factor 

Gas conversion 
factor for gas C1 

Gas interference on 
filters "A\"B\ and 

Concentration 
offsat factor 

Concentration 
offset factor 
Hurnidrty gam factor 

Gas conversion 
factor lor gas 01 

Gas interference on 
fitters *A* to "C* and 
T i 

CoficcnimJon 
oHwtiaoo* 

Fig. 16.6. Illustration of the calibration data stored in the filter banks of filters "A" to "E" after a zero-point 
calibration task 

16.4.1. Setting-up a Zero-point Calibration Task 

If you only wish to set-up a zero-point calibration task the procedure is as follows: 

Stepl. 
For each installed filter, enter the no. of the filter bank where you wish the 1302 to store 
the concentration offset factors which will be calculated during the zero-point calibra
tion task. 

Step 2. 
Press H E IHIH i S l - T n e following text will be displayed: 

Step 3. 
Follow the set-up of a zero-point calibration task by following the black arrows in the 
schematic diagram shown in Fig. 16.7. 
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PERFORM ZERO-POINT CALIBRATION? 

NO YES 

(using dry, zero gas) 

PERFORM HUM. INTERFERENCE CALIBRATION? 

NO YES 

(using wet, zero gas) 

If only ONE filter ("ATBTDVE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CALIBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CALIBRATION? 

NO YES 

(using span gas of known concentration) 

CALIBRATE WATER VAPOUR FILTER? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CALIBRATION TASK? 

NO YES 

CALIBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

ENTER LOW GAS CONC- mg/m J 

DOWN ACCEPT UP 

ENTER HIGH GAS CONC.-- ; - - - mo/m" 

DOWN ACCEPT UP 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR ZERO-POINT CAUB.? 

NO YES 

(using perfectly dry, zero gas) 

PERFORM WATER VAPOUR SPAN CALIBRATION? 

NO YES 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.7. Schematic diagram showing how to set-up a zero-point calibration task (follow the arrows) 
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The following text will appear on the display: 

16.4.2. Performing a Zero-point Calibration Task 

The general equipment necessary to perform a calibration task is described in Section 
2.5. 

Stepl. 
Follow the procedure explained in Section 2.5 from Stepl to Step4 inclusive and then 
continue as follows: 

Step 5. 
(a) Connect the free-end of the teflon tubing mentioned in Step 4 to the pressure valve 

on a cylinder of zero gas (e.g. pure nitrogen). 

(b) Gently open the pressure-valve on the gas cylinder. 
(c) Press the Hjjjjjggl button. 
(d) Use the pressure-valve on the gas cylinder to regulate the flow of gas so that when 

the 1302's pump is running there is a positive flow of gas out of the flow meter. This 
will ensure that the zero gas is not contaminated by atmospheric air. 

The following text appears on the screen: 

teSfSULTS" NOT'YET AVAILABLE 
J?c^?=r — t-- r - r «-

wmm^^%^tr-£- PLEASE WAIT 

Once the first measurement result is available the screen text illustrated above is re
placed by a screen displaying the measurement results — for example the following: 

i i l ^ E W T l R F WHEN R E S U L T S ^ A T ^ ^ B L E R 

As soon as measurement results are available they not only appear on the display (see 
Fig. 2.8) but are automatically printed out on the printer (see Fig. 16.8). 

Each time a sample of gas is drawn into the analysis cell the signal is measured using 
all the installed optical filters and the water-vapour filter ("W") but, due to lack of space 
on the display, the 1302 first only displays the signal measured using the water-vapour 
filter and you cannot scroll through the measurements. The data-log print-out, however, 
shows the signal measured using all installed filters as well as the water-vapour filter. 
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Data Logger: Zero Calibration Started 

1 11:35:46 2.78E-06 
33.65 . . . 

1.09E-06 3.69E-06 11.3E-06 V 
V 

Mean 
Dev. 

1 11:38:04 2.84E-06 
33.65 60.5E-09 

1.08E-06 
4.16E-09 

3.S9E-06 
98.6E-09 

9.70E-06 
1.65E-06 

V 
V 

Mean 
Dev. 

1 11:39:44 2.88E-06 
33.95 73.9E-09 

1.12E-06 
61.9E-09 

3.53E-06 
116E-09 

8.75E-06 
1.90E-06 

V 
V 

Mean 
Dev. 

1 11:41:26 2.89E-06 
33.95 67.8E-09 

1.11E-06 
60.0E-09 

3.S3E-06 
101E-09 

8.19E-06 
1.91E-06 

V 
V 

Mean 
Dev. 

1 11:43:07 2.88E-06 
34.15 66.1E-09 

1.10E-06 
5S.2E-09 

3.51E-06 
93.1E-09 

7.80E-06 
1.87E-06 

V 
V 

Mean 
Dev. 

1 11:44:48 2.89E-06 
34.15 67.6E-09 

1.09E-06 
SS.3E-09 

3.51E-06 
85.0E-09 

7.48E-06 
1.86E-06 

V 
V 

Mean 
Dev. 

1 11:46:29 2.89E-06 
34.25 70.5E-09 

1.11E-06 
65.3E-09 

3.48E-06 
32.9E-09 

6.57E-06 
751E-09 

V 
V 

Mean 
Dev. 

1 "11:48:11 2.87E-06 
34.25 82.1E-09 

1.07E-06 
130E-09 

3.48E-06 
42.1E-09 

6.18E-06 
399E-09 

V 
V 

Mean 
Dev. 

1 11:49:53 2.80E-06 
34.25 126E-09 

1.05E-06 
116E-09 

3.49E-06 
33.7E-09 

5.96E-06 
334E-09 

V 
V 

Mean 
Dev. 

1 11:51:34 2.79E-06 
34.35 117E-09 

1.06E~-06 
.117E-09 

3.51E-06 
63.9E-09 

5.80E-06 
249E-09 

V 
V 

Mean 
Dev. 

1 11:53:15 2.78E-06 
34.35 116E-09 

1.06E-06 
119E-09 

3.52E-06 
61.4E-09 

5.66E-06 
168E-09 

V 
V 

Mean 
Dev. 

1 11:54:55 2.75E-06 
34.35 S6.1E-09 

1.05E-06 
127E-09 

3.52E-06 
61.1E-09 

5.54E-06 
239E-09 

V 
V 

Mean 
Dev. 

1 11:56:36 2.72E-06 
34.35 99.2E-09 

1.03E-06 
115E-09 

3.53E-06 
58.8E-09 

S.43E-06 
215E-09 

V 
V 

Mean 
Dev. 

1 11:58:18 2.72E-06 
34.35 97.7E-09 

1.08E-06 
59.5E-09 

3.52E-06 
58.3E-09 

5.34E-06 
165E-09 

V 
V 

Mean 
Dev. 

1 11:59:59 2.76E-06 
34.35 77.5E-09 

1.07E-06 
S6.3E-09 

3.52E-06 
64.5E-09 

5.26E-06 
172E-09 

V 
V 

Mean 
Dev. 

Data Logger: value for Filter H Accepted 
1 12:01:40 2.77E-06 

34.45 94.1E-09 
1 .09E-06 
74.6E-09 

3.48E-06 . . . . . . 5.15E-06 
55.2E-09 . . . . . . 179E-09 

V 
V 

Mean 
Dev. 

Data Logger: value 
Data Logger: Value 
Data Logger: Value 

for Filter A Accepted 
for Filter B Accepted 
for Filter C Accepted 

90»5« 

Fig. 16.8. Data log print-out of measurements performed during zero-
point calibration of all the installed optical filters 

A maximum of 6 measurements are stored in the 1302 during any calibration. The num
ber (n) indicates how many measurements are stored. When 7 measurements have been 
performed the number (n) will show the number 6 because the very first measurement is 
overwritten by the 7th measurement so that ony 6 measurements are still stored. When 8 
measurements have been completed the number (n) will also show 6 because the results 
of the first and second measurements have been overwritten by the 7th and 8th mea
surement results ... and so on. 

Step 6. 
Let the 1302 continue measuring the zero gas until the temperature in the cell is stable 
(that is, it is approximately 15°C above the ambient temperature in the room where 
calibration is being performed). Look at the print-out of the average and standard devi
ation measurements for (1) the water-vapour and (2) all the other filters. When all these 
values have stabilised calibration measurements do not need to continue. Continue to 
the next Step. 

Step 7. 
Press the button. 
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This causes the following text to appear on the screen: 

These results have been shown on the data-log print-out. If they have stabilised continue 
to the next Step. 

Step 8. 
Repeat Step 7 until the signals measured with all the filters have been displayed, 
stabilised and been "accepted" (by pressing the IgygiKi button). 

The text WSmmmmm!S£*$&*iEm appears on the screen. 

The 1302 only uses the last six measurement results when calculating any calibration 
factor. The concentration offset factors calculated during zero-point calibration of the 
filters, are related to the cell noise measured in the cell when each of the filters is being 
used. 

If any calibration data is uncertain or unacceptable an error message (marked by an 
asterisk) will appear on the screen after the calibration factors have been calculated. 
Whenever an asterisk is shown on the screen further information about the condition of 
the 1302 can be obtained by pressing the [g|355|j button. 

Appendix 1 lists all the error messages connected with uncertain calibration results and 
gives an explanation of their significance so that the user can ascertain what action to 
take if such messages are displayed after calibration. 

16.5. SETTING-UP AND PERFORMING A HUMIDITY-INTERFERENCE CALIBRATION TASK 

As mentioned in the Section 16.3, the humidity-interference calibration task is not selec
tive. This means that you cannot choose humidity-interference calibration of a single 
filter in the carousel (for example, when a new optical filter has been installed). When 

"YES" you answer to then all the in
stalled filters will be humidity-interference calibrated. If it is only a newly-installed optical 
filter which needs to be humidity-interference calibrated, then make sure that you 
choose an active FILTER BANK NO. for each of the other filters which is different from 
the filter bank which was active during the last calibration of these filters (see Section 
16.1 and Figs. 16.5 and 16.6). In this way you can protect your original humidity gain 
factors. 

16.5.1. Setting-up a Humidity-interference Calibration Task 

To calculate the humidity gain factor for a filter (during a humidity-interference calibra
tion) it is necessary to have a concentration offset factor for the filter, and vice versa. If 
a concentration offset factor is not stored in each of the filter banks which are active 
during a zero-point calibration, then it is necessary to perform a combined zero-point 
and humidity-interference calibration task. The set-up of this combined task is discussed 
in Section 16.9. 
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PERFORM ZERO-POINT CAUBRATION? 

NO YES 

T (using dry, zero gas) 

PERFORM HUM. INTERFERENCE CALIBRATION? 

NO YES 

(using wet, zero gas) -^L-

If only ONE filter ("ATBTDTE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CAUBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CAUBRATION? 
NO YES 

(using span gas of known concentration) 

CAUBRATE WATER VAPOUR FILTER? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CAUBRATION TASK? 

NO YES 

CAUBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR SPAN CAUBRATION? 

NO YES 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.9. Schematic diagram showing how to set-up a humidity-interference calibration task (follow the 
arrows) 
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If you only wish to set-up a humidity-interference calibration task the procedure is as 
follows: 

StepL 
For each installed filter, enter the no. of the filter bank where you wish the 1302 to store 
the humidity gain factors which will be calculated dur'mg the humidity-interference cali
bration task. 

Step 2. 
Press |yHteasu_t$rnen|;| F § | | CIJEI | Sl;( when the following text will be displayed: 

ifeBEPBM, ZJERO-fOINT CALIBRATION ? 

wMiBB&M. YES 

StepS. 
Follow the set-up of a humidity-interference calibration task by following the black ar
rows in the schematic diagram shown in Fig. 16.9. 

The following text will appear on the display: 

16.5.Z Performing a Humidity-interference Calibration Task 

The general equipment necessary to perform a calibration task is described in Section 
2.5 and illustrated in Fig. 2.5. The gas supply required during a humidity-interference 
calibration is a supply of clean air containing a constant concentration of water vapour. 

Supply of Clean, Wet Air 

We suggest that you bubble zero-gas (e.g. pure nitrogen) through a thermostatically-
controlled water-bath to produce a supply of clean, wet air to the 1302 during humidity-
interference calibration of the filters (see Fig. 16.10). Notice that the thermostatically-
controlled water bath is linked up to an extra "empty" flask. This is to prevent a 
situation where the level of water in the controlled water-bath rises and covers the outlet 
tube "A" and draws water, via the "Y"-piece, directly into the 1302's analysis cell. Water 
will seriously damage the cell. To avoid such a situation, we suggest that the wet air 
from the water-bath outlet tube is fed into an extra empty flask before being fed to the 
air-inlet of the 1302 (see Fig. 16.10). Note the length of the respective tubes in the flasks. 
It is vitally important that any water which collects in the extra flask does not cover the 
short outlet tube "B". 

It is very important that the concentration of water vapour used is below the saturated 
water-vapour pressure of the air in the room where calibration is being performed, oth
erwise water vapour will condense out in the analysis cell. In practical terms this means 
that: 
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1) The 1302 must have time to reach the ambient temperature of the room before a 
calibration task is performed. We suggest a means by which it can be warmed-up 
Section 2.4.3. 

2) The temperature of the water bath you use should be at least 2°C below the ambient 
temperature of the room where calibration is to be performed. So, if your ambient 
temperature is 20°C, make sure that the "temperature of the water-bath you use is set at 
a maximum of 18°C. 

water 
vapour" outlet tube "B" 

from zero-gas supply 

water at a_ 
constant 

temperature 

T 
- outlet tube "A" 

• • 

/ / A 
empty 
flask 

to act as a 
safety valve 

/ 

\ rC-
^ l o flow 

meter 
Y" piece 

v / ; 

To 
1302 

Fig. 16.10. Schematic diagram of the equipment necessary to pro
duce a supply of clean, wet air 

Stepl . 
Follow the procedure explained in Section 2.5 from Stepl to Step4 inclusive and then 
continue as follows: 

Step 5. 
(a) Connect the outer end of the extra empty flask's outlet tube "B" to the teflon tubing 

which is connected to attachment point 3 of the "Y"-piece (see Fig. 16.10). 

Caution: the inner end of the empty-flask's outlet tube "B" must NEVER be covered by 
water. 

(b) Gently open the pressure-valve on the zero-gas cylinder. 

(c) Press the button. 
(d) Use the pressure-valve on the zero-gas cylinder to regulate the flow of gas so that 

when the 1302's pump is running there is a positive flow of gas out of the flow 
meter. This will ensure that the wet, zero gas is not contaminated by atmospheric air. 

The following text appears on the screen: 

^̂ Ĥ S§i(fS||§ii§jp£& 

g^z&^aemsm 
BfzgfeSa|5M?#^gj£^ 

fiHSK»i^*S§g&5Pi ^̂ Ĥ S§i(fS||§ii§jp£& BfzgfeSa|5M?#^gj£^ 

KBBIIPS ̂
^̂ H S§i(fS||§ii§jp£& 

_3^^^^^^^^^^^^^N^^ri gjjgga§ f̂e ĵ[%£ 

^̂ Ĥ S§i(fS||§ii§jp£& 

5-^^^^^^^^^^^^S^^^ 
gjjgga§ f̂e ĵ[%£ 
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The 1302 draws in the clean, wet air and measures the signal in the cell with the water-
vapour filter as well as with all the other installed filters. Once the first measurement 
result is available the screen text illustrated above is replaced by a screen displaying 
signal measured using the water-vapour filter — for example the following: 

WM 
83> 

1 i jg| 

Eft^aivlj 

f§pi lit 
BspjyHfe^^isiAf^Ws^ WM 

83> 
1 IXT'TT^fn 

Eft^aivlj 

f§pi lit 
WM 

83> 
1 1 jtjfj Eft^aivlj 

f§pi lit 
|^^^S3*t^§^S§ 

WM 
83> 

1 1 jtjfj Eft^aivlj WSm sWfe' 
WM 

83> 
1 1 jtjfj Eft^aivlj WSm sWfe' 

As soon as measurement results are available they not only appear on the display but 
are automatically printed out on the printer (see Fig. 16.11). 

. . . - Data Logger: Humidity Interf e r e n c e C a l i b r a t i o n S t a r t e d 

1 12:08:46 
35.35 

S . 7 1 E - 0 6 7 . 5 2 E - 0 6 1 2 . 9 E - 0 6 . . 2 0 9 E - 0 6 V 
V 

Mean 
Dev . 

1 12:10:19 
35.55 

S . 7 7 E - 0 6 
6 7 . 4 E - 0 9 

7 . 6 4 E - 0 6 
126E-09 

1 3 . 2 E - 0 6 . . 
300E-09 . . 

2 1 9 E - 0 6 
1 0 . 1 E - 0 6 

V 
V 

Mean 
Dev . 

1 12:11:S9 
35.85 

5 . 6 8 E - 0 6 
142E-09 

7 . 4 S E - 0 6 
2 8 8 E - 0 9 

1 3 . 4 E - 0 6 . . 
344E-09 . . 

2 2 4 E - 0 6 
1 1 . 0 E - 0 6 

V 
V 

Mean 
Dev . 

1 12:13:59 
3S.95 

5 . 6 9 E - 0 6 
125E-09 

7 . 2 7 E - 0 6 
4 0 2 E - 0 9 

1 3 . 5 E - 0 6 . . 
329E-09 . . 

2 2 8 E - 0 6 
1 0 . 9 E - 0 6 

V Mean 
V- Dev . 

1 12:15:19 
36.15 

5 . 6 9 E - 0 6 
1 1 2 E - 0 9 

7 . 1 2 E - 0 6 
4 7 2 E - 0 9 

1 3 . 5 E - 0 6 . . 
307E-09 . . 

2 3 0 E - 0 6 
1 0 . 7 E - 0 6 

V 
V 

Mean 
D ev . 

1 12:16:59 
36.35 

S . 6 5 E - 0 6 
1 4 0 E - 0 9 

6 . 9 1 E - 0 6 
6 3 1 E - 0 9 

1 3 . 6 E - 0 6 . . 
297E-09 . . 

2 3 1 E - 0 6 
1 0 . 4 E - 0 6 

V 
V 

Mean 
Dev . 

1 12:18:41 
36.55 

5 . 5 8 E - 0 6 
194E-09 

6 . 6 3 E - 0 6 
677E-09 

1 3 . 7 E - 0 6 . . 
8 4 . 6 E - 0 9 . . 

2 3 6 E - 0 6 
3 . 5 3 E - 0 6 

V 
V 

Mean 
Dev . 

1 12:20:21 
36.55 

S . 5 S E - 0 6 
165E-09 

6 . 2 8 E - 0 6 
517E-09 

1 3 . 8 E - 0 6 . . 
3 5 . 7 E - 0 9 . . 

2 3 8 E - 0 6 
1 .B4E-06 

V 
V 

Mean 
Dev . 

1 12:22:01 
36.95 

5 . S 4 E - 0 6 
1 7 1 E - 0 9 

6 . 0 1 E - 0 6 
4 5 6 E - 0 9 

1 3 . 8 E - 0 6 . . 
3 5 . 5 E - 0 9 . . 

2 3 9 E - 0 6 
1 . 0 7 E - 0 6 

V 
V 

Mean 
D ev . 

1 12:23:42 
37.05 

S . 5 0 E - 0 6 
1 5 0 E - 0 9 

5 . 7 6 E - 0 6 
4 0 5 E - 0 9 

1 3 . 8 E - 0 6 . . 
144E-09 . . 

* 2 4 0 E - 0 6 
6 2 3 E - 0 9 

V 
V 

Mean 
Dev . 

1 12:25:24 
37.15 

5 . 4 2 E - 0 6 
142E-09 

5 . S 3 E - 0 6 
2 8 5 E - 0 9 

1 3 . 9 E - 0 6 . . 
164E-09 . . 

2 4 0 E - 0 6 
390E-09 

V 
V 

Mean 
D ev . 

1 12:27:04 
37.25 

5 . 3 6 E - 0 6 
192E-09 

5 . 4 3 E - 0 6 
2 6 0 E - 0 9 

1 3 . 9 E - 0 6 . . 
159E-09 . . 

2 4 0 E - 0 6 
4 4 2 E - 0 9 

V 
V 

Mean 
Dev . 

— - Data Logger: Value f o r F i l t e r w A c c e p t e d 

1 12:28:44 
37.35 

5 . 3 4 E - 0 6 
2 1 2 E - 0 9 

5 . 3 0 E - 0 6 
199E-09 

1 3 . 9 E - 0 6 . . . . . . 2 4 0 E - 0 6 
171E-09 . . . . . . 4 3 0 E - 0 9 

V 
V 

Mean 
Dev . 

— - Data Logger: Value 
- Data L o g g e r : V a l u e 
> Data L o g g e r : V a l u e 

f o r F i l t e r A A c c e p t e d 
f o r F i l t e r B A c c e p t e d 
f o r F i l t e r C A c c e p t e d 

9005*1 

Fig. 16.11. Data log print-out of measurements performed during hu
midity-interference calibration of all the installed optical 
filters 

Each time a sample of gas is drawn into the analysis cell the signal is measured using 
all the installed optical filters and the water-vapour filter ("W") but, due to lack of space 
on the display, the 1302 first only displays the signal measured using the water-vapour 
filter. The data-log print-out, however, shows the signal measured using all installed 
filters as well as the water-vapour filter. 
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16.6. SETTING-UP AND PERFORMING A CROSS-INTERFERENCE CALIBRATION 

If any gas measured by the installed optical filters absorbs light from more than one of • 
the installed optical filters, then it is advisable to calibrate for cross interference (see 
Section 16.1). Cross-interference calibration cannot be performed alonel It has to be 
performed together with the span calibration of each of the installed optical filters. 
Cross-interference calibration is not selective, that is, if you select to perform a cross-
interference calibration, then each time a gas is supplied to the 1302 during span cali
bration, the signal in the cell is measured using each installed optical filter. You cannot 
choose which filters should be calibrated for cross interference from a particular gas. 

Section 16.7 includes information about how to set up a combined cross-interference 
and span calibration task. 

16.7. SETTING-UP AND PERFORMING A SPAN CALIBRATION TASK 

Before calculating the conversion factor for a filter (during span calibration) a con
centration offset factor and a humidity gain factor must be in the filter bank which is 
setive for the filter during span calibration. Span calibration of a filter can therefore only 
be done after the filter has already been zero-point and humidity-interference calibrated. 

During span calibration a supply of a particular gas (e.g. gas A1) of known concentration 
is attached to the air-inlet of the 1302 and the total signal in the cell is measured using 
the water-vapour filter and the filter which is being span calibrated (for example "A"). As 
filter "A" has already been calibrated for humidity interference, the total signal (V t o U I) 
measured with filter "A" can be compensated for any signal produced by water-vapour's 
absorption of light from filter "A" (V H 2 0) during the span calibration task. This means that 
your span gas does not have to be perfectly dry. As the filter has already been zero-
point calibrated, the cell noise 

v*o«»et (when filter "A" is used) is known, and therefore the 
span calibration curve can be drawn (see Fig. 16.12). 

Fig. 16.12. Curve showing a linear span-calibration curve 
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Choosing an active filter bank 

If a filter (e.g. "A") has already been calibrated to measure a gas (e.g. A1) and you w. 
to calibrate with gas A1 again, then make the filter bank containing the gas conversion 
factor for gas A1 active before setting-up and performing the span calibration task. The 
gas conversion factor calcufated during the span calibration will then just overwrite the 
gas conversion factor calculated during the previous span calibration of the filter with 
this gas. 

If you wish to span calibrate a filter to measure more than one gas then make a new 
filter bank active each time you span calibrate with a different gas. In this way the 
conversion factor for each gas is stored in separate filter banks (see Fig. 16.5). 

The gas conversion factor stored in the active filter bank during a span calibration task 
will be overwritten by the new gas conversion factor calculated during the span calibra
tion of the filter. 

16.7.1. Setting-up a Span Calibration Task 

As mentioned in Section 16.3, the span calibration task is selective. This means that you 
can select which of the installed filters you wish to span calibrate. You also select the 
gas to be used during span calibration and whether you wish to perform a single-point 
or a two-point span calibration task. 

Gas to be Used During Span Calibration 

The gas you need to use during span calibration must be the gas you wish to meast' 
with the filter to be calibrated. What concentration should be used? The concentration oi 
span gas is discussed in Chapter 2, Section 2.4.4. 

I 
( V ^ - V K ^ , ) 

Total 
signal 
In the 
cell 

(companaataa 
tor waftaNvapour'a 
atonal ooowbwuon) 

(Vw-V^o) 

Vonaat 1 

Two-point Span Calibration of 
Filter -A-

(using span gas A1) I 
( V ^ - V K ^ , ) 

Total 
signal 
In the 
cell 

(companaataa 
tor waftaNvapour'a 
atonal ooowbwuon) 

(Vw-V^o) 

Vonaat 1 

X I | 

£ ^^^.i, „_™4 

I 
( V ^ - V K ^ , ) 

Total 
signal 
In the 
cell 

(companaataa 
tor waftaNvapour'a 
atonal ooowbwuon) 

(Vw-V^o) 

Vonaat 1 

•.^ ^ j ^ - % , ' ' j 

Concentration ot gas—:—*>,

aIooi, 

Fig. 16.13. Curve showing a non-linear span-cali
bration curve which can be plotted us
ing the signals measured during a two-
point span calibration task 
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Single-point or Two-point Span Calibration? 
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Appendix A 

The question about whether to perform a single- or a two-point span calibration is 
difficult to answer as it dependent on the how linear the relationship is between a gas's 
concentration and the signal it produces in the cell (see Fig. 16.12). However, as a gen
eral rule we can say that if you wish to measure a gas over a dynamic concentration 
range which is greater than 10 000 times its detection limit, then it will be advisable to 
select a two-point span calibration. For example, if you wish to measure the gas sulphur 
hexafluoride (detection limit = 0,005 ppm with filter UA0988) in concentrations which 
range from 0,005 ppm to 500 ppm — that is, over a dynamic range of 100 000 (0,005 x 
100 000 = 500 ppm), then a two-point span calibration is recommended. 

Gas Concentrations 

During two-point span calibration the total signal in the cell (V l o w) Is measured first with 
a low concentration (C ) o w) of span gas, and then with a high concentration (C h I g h) of span 
gas. This enables the 1302 to compensate for any unlinearity in the relationship between 
the signal measured in the cell and the concentration of the gas in the cell (this is 
illustrated, for a gas A1, in Fig. 16.13). 

Here are some guidelines about the concentration of gas you should use during a two-
point span calibration: 

(1) The High Concentration should be at least as high as the highest concentration you 
expect to measure (this concentration will be between 10 000 and 100 000 times the 
detection limit of the gas). 

(2) The Low Concentration should be less than the lowest concentration you expect to 
measure but not lower that the detection limit of the gas. 

If a single-point span calibration is performed then the span gas should have a con
centration which is at least 25 times its detection limit and not more than the highest 
concentration you expect to measure. 

Setting-up a Span Calibration Task 

If the span gas used during a span calibration task absorbs any of the light from the 
other installed optical filters, then it is advisable to select to perform a cross-interfer
ence calibration. This means that during span calibration the signal in the cell is not 
only measured with the water-vapour filter and the filter being span calibrated, but is 
also measured with all the other installed optical filters. Note that cross-interference 
calibration cannot be performed alone, it has to be performed together with span 
calibration. 

Stepl. 
For each filter being span calibrated, enter the no. of the filter bank where you wish the 
1302 to store the conversion factors which will be calculated during the span calibration 
task. 

Step 2. 
Press when the following text will be displayed: 
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PERFORM ZERO-POINT CALIBRATION? 

NO YES 

T (using dry, zero gas) 

PERFORM HUM. INTERFERENCE CALIBRATION? 

NO YES 

(using wet, zero gas) 

If only ONE filter ("ATBTDTE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CALIBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CALIBRATION? 
NO YES h+ 

(using span gas of known concentration) EITHER 

CALIBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

ENTER 

DOWN 

CALIBRATE WATER VAPOUR FILTER? 

NO YES 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR ZERO-POINT CAUB.? 

NO YES 

(using perfectly dry, zero gas) 

PERFORM WATER VAPOUR SPAN CALIBRATION? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CALIBRATION TASK? 

NO YES 
(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.14. Schematic diagram showing how to set-up a span calibration task (follow the arrows) 
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PERFORM ZERO-POINT CAUBRATION? 

NO YES 

T (using dry, zero gas) 

PERFORM HUM. INTERFERENCE CAUBRATION? 

NO YES 

(using wet, zero gas) 

If only ONE filter ("ATBTDTE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CAUBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CAUBRATION? 
NO YES )B» 

(using span gas of known concentration) EITHER 

CAUBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

I 
ENTER GAS CONC. mg/m3 

DOWN ACCEPT UP 

ENTER LOW GAS CONC, 

DOWN ACCEPT 

ENTER HIGH GAS CONC. nig/m" 

DOWN ACCEPT UP 

CAUBRATE WATER VAPOUR FILTER? 

NO YES 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR ZERO-POINT CAUB.? 

NO YES 

(using perfectly dry, zero gas) 

PERFORM WATER VAPOUR SPAN CAUBRATION? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CAUBRATION TASK? 

NO YES 

ENTER WATER-VAPOUR CONC.- Tdew 
D O m i ACCEPT UP 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.15. Schematic diagram showing how to set-up a combined cross-interference and span calibration 
task (follow the arrows) 
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Step 3. 
(a) If you only wish to span calibrate filters, follow the set-up of a span calibration task 

by following the black arrows in the schematic diagram shown in Fig. 16.14. 
(b) If you wish to perform cross-interference calibration as well as span calibration, 

follow the set-up of the combined calibration task by following the black arrows in 
the schematic diagram shown in Fig. 16.15. 

The following text will appear on the display: 

16.7.2. Performing a Span Calibration Task 

The span calibration task is described fully in Chapter 2, Section 5. 

16.7.3. Use of Nafion Tubing during Span Calibration of CO* CO and N 20 

A length of Nafion tubing is supplied as an accessory with the 1302. It is required during 
the span calibration of carbon dioxide (C02), carbon monoxide (CO) and dinitrogen 
oxide (N20). The Teflon tubing connected to attachment point no. 3 of the "Y"-piece 
should be cut in half and a short length (~0,5m) of Nafion tubing should be connected 
between the two cut-ends of the teflon tubing using the tube fittings supplied for the 
purpose (Fig. 16.16.). 

Pressure 
/ gauges 

Teflon 
tubing \ . 

To flow meter 

Tube - fittings 

/ \ 

Teflon 
tubing \ . 

Gas flow 

n 3§+ 
To 

/ \ Attachment 
p \ point no.2 

* ^ • 
., T- piece 

supply 

/ / / ? TV* 
Attachment 
point no.1 

G as-
cylir 

supply 
ider 

/ 
Teflon 
tubing 

/ / / 
Nafion. Teflon / 
tubing tubing / 

Attachment 
point no.3 

Teflon tubing 
connected to 

air-inlet of 
tf» lan? 

/ 
Teflon 
tubing 

/ / / 
Nafion. Teflon / 
tubing tubing / 

Attachment 
point no.3 fc«? ''1 

Mufti - gas 
1302 

Monitor 
900871* 

Fig. 16.16. Diagram showing how to use Nafion tubing when span 
calibrating a filter with one of the following gases: COz, 
CO or NzO 
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16.8. CALIBRATION OF THE WATER-VAPOUR FILTER 

UfflC-SD-iuM-KPT-oik 

The water-vapour filter has two different functions. Its most important function is to 
enable any measured signal to be compensated for water-vapour interference. Its other 
function is to measure the absolute concentration of water-vapour in air samples. If you 
only wish to use the water-vapour filter to compensate for water-vapour interference, 
then it only has to be zero-point calibrated. If you wish to use it to measure the absolute 
concentration of water vapour in air samples then it has to be zero-point calibrated and 
span calibrated. 

It is vitally important to accurately zero-point calibrate the water-vapour filter as this 
influences the 1302's ability to compensate for interference from water vapour. This 
demands that the zero-gas you use during the zero-point calibration of the filter must be 
perfectly dry. 

16.8.1. Setting-up a Zero-point Calibration of the Water-vapour Filter 

If you wish to zero-point calibrate the water-vapour filter you must zero-point calibrate 
all the other installed optical filters. The concentration offset factors calculated during 
zero-point calibration of the filters "A" to "E" will be stored in the filter banks active 
during calibration. Check, therefore, that you make the relevant filter banks active for 
these filters before calibrating them. This is discussed in more detail in Section 16.4. 

The procedure for setting-up a zero-point calibration of the water-vapour filter is as 
follows: 

Stepl. 
Press IIMejBurernentjl \.SZ^ |,S3J | S I | when the following text will be displayed: 

Step 2. 
Follow the set-up of a zero-point calibration of the water-vapour filter by following the 
black arrows in the schematic diagram shown in Fig. 16.17. 

The following text will appear: 

—te|J3K2§gHB|lp£ll. mm 
m4 
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PERFORM ZERO-POINT CALIBRATION? 

NO YES 

(using dry, zero gas) T 
PERFORM HUM. INTERFERENCE CALIBRATION? 

NO YES 

•^L- (using wet, zero gas) 

If only ONE filter ("ATBTDTE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CALIBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CALIBRATION? 

NO YES 

(using span gas of known concentration) 

ENTER GAS CONC. mg/m 3 

DOWN ACCEPT UP 

CALIBRATE WATER VAPOUR FILTER? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CALIBRATION TASK? 

NO YES 

CALIBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

ENTER LOW GAS CONC. mg/nr 

DOWN ACCEPT UP 

ENTER HIGH GAS CONC.- tng7m 

DOWN ACCEPT UP 

3 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR ZERO-POINT CAUB 

NO YES 

iUB.? I 

PERFORM WATER VAPOUR SPAN CALIBRATION? 

NO YES 

ENTER WATER-VAPOUR CONC.- Tdew 

DOWN ACCEPT UP 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.17. Schematic diagram showing how to set-up a zero-point calibration task for the water-vapour 
filter (follow the arrows) 
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16.8.2. Performing a Zero-point Calibration Task of the Water-vapour Filter 

As explained in the previous section, a zero-point calibration of the water-vapour filter 
has to be done together with the zero-point calibration of the other installed optical 
filters. The latter task has been fully described in Section 16.4.2. It is worthwhile to 
emphasise again that it is vitally important to use perfectly dry zero-gas (that is, zero-
gas which contains 0% water-vapour) during this calibration. 

Note that during the zero-point calibration of filters "A" to "E" (task 1, shown below), 
and during the'combined zero-point calibration of filters "A" to "E* and the water-
vapour filter (task 2, shown below), a zero-gas supply is attached to the air-inlet of the 
1302. The 1302 measures the signal in the cell using the water-vapour filter and all the 
other installed optical filters. Signals measured with filters "A" to "E" enable the con
centration offset factors for filters "A" to "E" to be stored in the filter banks which are 
active during calibration.. However, the signal measured with the water-vapour filter is 
used differently: 

In Task 1: 
The signal measured with the water-vapour filter is used to compensate all measured 
signals for any interference caused by the presence of any residual water-vapour in the 
zero-gas supply. This means that the zero-gas used during this gas does not necessarily 
have to be perfectly dry. 

In Task 2: 
The signal measured with the water-vapour fitter is used to update the concentration 
offset factor for the water-vapour filter. This means that the signals measured with 
filters "A" to "E" cannot be compensated for the presence of any water vapour present. 
This is why it is vitally important to use perfectly dry zero-gas during this task. 

Please refer to Section 16.4.2 for details about how-to perform a zero-point calibration 
task. 

16.8.3. Setting-up a Span Calibration of the Water-vapour Filter 

Remember that span calibration of the water-vapour filter is only necessary if you wish 
to measure the absolute concentration of water vapour in air samples. If the water-
vapour filter is not span calibrated you will not be able to measure the concentration of 
water vapour in gas samples during a monitoring task. 

Before the water-vapour filter can be span calibrated, it has to be zero-point calibrated, 
that is, a concentration offset factor for the water-vapour filter must be stored in the 
1302's calibration data block. 

• During span calibration of the water-vapour filter it is necessary to attach a supply of 
zero-gas containing a known concentration of water vapour to the 1302. As explained in 
the Humidity-interference Calibration (Section 16.5.2) it is important to use water-vapour 
whose concentration Is below the saturated vapour pressure of water-vapour at the 
temperature of the room where calibration is to be performed, otherwise water-vapour 
will condense out in the analysis cell and damage it. 

Before setting-up the span calibration of the water-vapour filter go into Set-Up mode 
and select "!<&*" as a humidity unit. Then when you have to- enter the concentration of 
the water-vapour you will use during calibration you can enter it as a unit which is at 
least 2°C below the ambient temperature of the room where calibration is performed. 
This will prevent condensation in the cell. For example, if the ambient room temperature 
is 20°C then you can B g ^ B ^ g S 5 1 3 ^ g £ B B f ^ 3 3 g g I as 18°T d e w. 
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PERFORM ZERO-POINT CALIBRATION? 

NO YES 

T (using dry, zero gas) 

PERFORM HUM. INTERFERENCE CALIBRATION? 

NO YES 

(using wet, zero gas) 

If only ONE filter ("ATBVDTE") is installed in the carousel this 
display does not appear in the calibration set-up 

PERFORM CROSS-INTERFERENCE CALIBRATION? 

NO YES 

(using span gases of known concentration) 

PERFORM GAS SPAN CALIBRATION? 

NO YES 

(using span gas of known concentration) 

ENTER GAS CONC.- rog/m3 

DOWN ACCEPT UP 

CALIBRATE WATER VAPOUR FILTER? 

NO YES 

End of the set-up section of the calibration task 

PERFORM PRACTICAL CALIBRATION TASK? 

NO YES 

CALIBRATE A WITH: (gas name appears here) 

NO SINGLE-POINT TWO-POINT 

ENTER HIGH GAS CONC.- iDg/m" 

DOWN ACCEPT UP 

This display ONLY appears if you have selected to perform 
zero- point calibration of filters installed in positions "A" to "E" 

PERFORM WATER VAPOUR ZERO-POINT CALIB.? 

NO YES 

PERFORM WATER VAPOUR SPAN CALIBRATION? 

NO YES 

TION? I 

ENTER WATER-VAPOUR CONC.-
D 0 W H ACCEPT 

-Tctew 

UP 

(using zero gas containing an accurately know concentration 
of water vapour) 

Fig. 16.18. Schematic diagram showing how to set-up a span calibration task for the water-vapour filter 
(follow the arrows) 
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The procedure* for setting-up a span calibration of the water-vapour filter is as follows: 

Step/1 
Press § § ] l|83jjj m i l when the following text will be displayed: 

Step 2. 
Follow the set-up of a span calibration of the water-vapour filter by following the black 
arrows in the schematic diagram shown in Fig. 16.18. 

The following text will appear: 

EtroEsi SffilS 
SHJSiy pHi PH 

• L i 
WHESFU HH S£E im WHESFU HH S£E im 

"hrfftrifejgWrrfilii WHESFU HH S£E im 
SS±S3 ̂T™ ^ » * 

16.8.4. Performing a Span Calibration of the Water-vapour Filter 

Section 16.5.2 describes a good method of producing water-vapour of known concentra
tion. The directions for performing a span calibration of the water-vapour filter are 
similar to those for performing a humidity-interference calibration of the other installed 
filters is as described in Section 16.5.2. In both calibration tasks the signal in the cell is 
measured when a supply of zero gas containing a constant concentration of water va
pour is attached to the 1302. There are, however, two differences: 

1. During a humidity-interference calibration the signal is measured using each of the 
installed filters (including the water-vapour filter), whereas during the span calibra
tion of the water-vapour filter the signal is only measured with the water-vapour 
filter. 

2. During a humidity-interference calibration, it is not necessary to know the con
centration of water-vapour supplied to the cell as it is only necessary to measure 
the size of each signal (with filters "A"-"E") relative to the size of the signal mea
sured with the water-vapour filter. However, during a span calibration of the water-
vapour filter it is necessary to know the exact concentration of water-vapour 
supplied to the cell, because during this calibration the conversion factor is calcu
lated. This factor relates the measured signal to the concentration of water-vapour 
in the cell. 

Follow the procedure described in Section 16.5.2. 
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16.9. SETTING-UP A COMBINED ZERO-POINT AND HUMIDITY-INTERFERENCE TASK 

We have explained in previous sections of this chapter (Sections 16.4 and 16.5.1) a zei 
point calibration can only be performed alone if a humidity gain factor is already stored 
in each of the filter banks which are active during the zero-point calibration task. Like
wise, a humidity-interference calibration can only be performed alone if a concentration 
offset factor is already stored in each of the filter banks which is active during the 
humidity-interference calibration task. 

If the necessary calibration factors are not stored in the 1302's memory, a zero-point 
calibration task has to be performed together with a humidity-interference calibration 
task. 

The procedure for setting-up a combined zero-point and humidity-interference calibra
tion task is as follows: 

Stepl. 
Press when the following text will be displayed: 

Step 2. 
Follow the set-up of a combined zero-point and humidity-interference calibration by fr ' 
lowing the black arrows in the schematic diagram shown in Fig. 16.19. 

The following text will appear: 

Step 3. 
Refer to Section 16.4.2 for the practical details of a zero-point calibration task. 

When the zero-point calibration task is complete, the following text appears on the 
screen: 

Step 4. 
Refer to Section 16.5.2 for the practical details of a humidity-interference calibratic 
task. 
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PERFORM ZERO-POINT CAUBRATION? 

NO YES 

T 
PERFORM HUM. INTERFERENCE CAUBRATION? 

NO YES 

T 
PERFORM CROSS-INTERFERENCE CAUBRATION? | 

NO YES 

PERFORM GAS SPAN CAUBRATtON? 

NO YES 

ENTER GAS CONC.- mfl/m 3 

DOWN ACCEPT UP 

CAUBRATE WATER VAPOUR FILTER? 

NO YES 

PERFORM PRACTICAL CAUBRATION TASK? 

NO YES 

CAUBRATE A WITH: (gas name 

NO SINGLE-POINT 

appears here) 1 

TWO-POINT 1 

ENTER LOW GAS CONC.--

DOWN ACCEPT UP 

ENTER HIGH GAS CONC.--

DOWN ACCEPT UP 

PERFORM WATER VAPOUR ZERO-POINT CAUB.? 

NO YES 

PERFORM WATER VAPOUR SPAN CAUBRATION? 

NO YES 

ENTER WATER-VAPOUR CONC 

DOWN ACCEPT UP 1 

Fig. 16.19. Schematic diagram showing how to set-up a combined zero-point and humidity-interference 
calibration task (follow the arrows) 
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16.10. SETTING-UP ANY COMBINED CALIBRATION TASK 

Although we have separated the various calibration tasks and described how to . 
them up and perform them alone, it is, of course possible to set-up any combination of 
calibration tasks, for example, that combining the zero-point and humidity-interference 
calibration tasks described in Section 16.9. 

After setting-up any combined calibration task, the 1302 responds by telling you about 
which gas supply is required for each calibration task. 

When the combined calibation task is complete, the text 
appears on the screen. 

MammMtMMgmmsmM 

If any calibration data is uncertain or unacceptable an error message (marked by an 
asterisk) will appear on the screen after the calibration factors have been calculated. 
Whenever an asterisk is shown on the screen further information about the condition of 
the 1302 can be obtained by pressing the |sSjbrtBJg| button. 

Appendix 1 lists all the error messages connected with uncertain calibration results -and 
gives an explanation of their significance so that the user can ascertain what action to 
take if such messages are displayed after calibration. 
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24V AC/DC = Input Power Connection 
Power in = 
+ 15V = Test Point 
-15V = Test Point 
+5V = Test Point 
GND = Test Point 
Display #1 Out = Xmit #1 Display Output 
Display #2 Out = Xmit #2 Display Output 
Display #3 Out = Xmit #3 Display Output 
Common = Ground for Display Outputs 
Int Setpoint #1 Out = Internal Setpoint #1 
Ext Setpoint #1 In = External Setpoint #1 
Common = Ground for Setpoint #1 

Output 
Input 

*2 Out = Internal Setpoint #2 
#2 

Output 
Input 

Int Setpoint 
Ext Setpoint #2 In = External Setpoint 
Common = Ground for Setpoint #2 
Controller #1 Out = Output Signal from Controller #1 
Controller #2 Out = Output Signal from Controller #2 
Common = Ground for Controller Outputs 

+24 V = Test Point 
Xmit #1 In = Input from Transmitter #1 (0-5VDC) 
Common = Ground 
Xmit #2 In = Input from Transmitter #2 (0-5VDC) 
Common = Ground 
Xmit #3 In = Input from Transmitter #3 (0-5VDC) 

SECTION 4 

CALIBRATION 

The only calibration that is required is the Display, outputs (#1,2,&3). The following 
details the procedure for calibration. 

Equipment Required: 
3 1/2 Digit Multi Meter (DMM) 
Small Flat Blade Screwdriver or Adjustment Tool 

4.1 

4.2 

4.3 

4.4 

4.5 

Verify Display Output configuration from I.D. label located on the side of the 
Perfectrol. 

Using a DMM set to voltage, attach the negative lead to Common (Terminal 5B) 
and the positive lead to Display Output # 1 , 2, or 3 (8B, 7B, or 6B) depending on 
which channel is to be calibrated. 

Apply minimum signal input to Xmit IN # 1 , 2, or 3 (5A, 3A, or 1A). Adjust 
appropriate External Display Zero for proper reading. 

Apply maximum signal input to Xmit IN 
Display Span for proper reading. 

M, 2, or 3. Adjust appropriate External 

Repeat steps 4.3 and 4.4 until both readings are correct. 
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SECTION 5 Appendix C 

CALIBRATION 

5.1 Equipment Required 

4 1/ 2 Digit Digital Multi Meter (DMM) 
Air Monitor Low Pressure Air Source or equivalent 
Manometer 

5.2 Set Up 

1) Identify the VEL-trol Output configuration and full scale Input pressure from 
unit ID label located on top of the VEL-trol. 

2) Carefully peel off 1" x 2" 'Transmitter Equipped With..." label located on the 
front cover. 

3) This unit has been factory calibrated in the vertical position. If mounting 
greater than 45° off vertical, re-zeroing is recommended for optimum 
performance. 

5.3 Transducer Calibration 
1) Apply power to VEL-trol. Allow a minimum of 5 minutes before making any 

adjustments. 

2) Locate AZ cover plate on right-hand side of VEL-trol. Loosen lower screw 
and swing door up to allow access to calibration board. See Figure 3. 

3) Using a DMM, set to voltage, attach the negative lead to TP1 (Black) and 
the positive lead to TP2 (Red) located on the calibration board. 

4) Place the AZ switch to the OFF position. Place SIG AIR switch to the 
ZERO position thereby applying a zero differential pressure to the transducer 
signal ports. Adjust 0-10 VDC ZERO on front panel for a DMM reading of 
0±.05VDC. 

5) Place the SIG AIR switch back to the NORM position. 

NOTE: Do not attempt span calibration unless both ~ a precision air source and a 
-' / ' manometer are- available. '-

6) Apply full scale span pressure in IN w.c. (from VEL-trol ID label) to the high 
Signal Input port on top of the VEL-trol. 

7) Verify DMM reads 10±.05 VDC. Adjust 0-10 VDC SPAN on front panel if 
required. 

8) Repeat Steps 3 through 7 until readings are within specification. 

9) Place the AZ switch back to ON position. 
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CALIBRATION (con't) 

5.4 Transmitter Output/Optional Display Calibration 

1) With DMM, monitor Transmitter Output XMIT OUT #1 located on terminal 
board located behind access plate. Verify Output configuration from ID label 
on top of VEL-trol. 

NOTE: Transmitter Output XMIT OUT #2, .located on-Terminal Board:, below;.XMIT 
• OUT #1;;fs ;-factory.: set' and. :is-; not field.:, adjustable- on."; standard'., units. . 

Output adjustable- onoptional :units only. •;; v..: ^•v: i;::::v: • 

2) Apply zero differential pressure to transducer signal ports by switching SIG 
AIR switch on calibration board to ZERO position. 

3) Adjust OUTPUT ZERO on front panel for a reading of 4.00mA (.4VDC) 
(OVDC). (Optional) Adjust DISPLAY ZERO for all zeros on Display. 

4) Place SIG AIR switch back to NORM position. 

NOTE:- Do not attempt span calibration unless both:a;precision, air source-'and.a.-
manometer are - available/ '• 

5) Apply full scale span pressure in IN w.c. (from VEL-trol ID label) to the high 
Signal Input port on top of the VEL-trol. 

6) Adjust OUTPUT SPAN on front panel for a reading of 20.00mA (2.0VDC) 
(10VDC). (Optional) Adjust DISPLAY SPAN for full scale display reading (see 
ID label on VEL-trol). 

7) Repeat Steps 2 through 6 until readings are within specifications. 

8) Place SIG AIR switch to .the ZERO position. Remove ail test connections 
and reconnect signal lines, outputs, etc. Place AZ switch in ON position and 
SIG AIR switch back to NORM. Replace 'Transmitter Equipped With..." label 
removed in set-up procedure. 

5.5 Setpoint Display Adjustment 

NOTE: The following adjustments;/should only be performed after calibration of 
transducer and displayrhas- been verified. 

1) Remove all knobs/buttons and front cover of VEL-trol. 

2) Place Man/Auto switch into AUTO. Adjust setpoint knob to achieve 25% of 
maximum flow range on Display. 

3) Once setting has been reached and is stable, depress Setpoint Display 
button on Display Scaling Board and compare setpoint reading with flow 
reading. 
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SECTION 5 

CALIBRATION (con't) 

5.5 Setpoint Display Adjustment (con't) 

4) If adjustment is required, locate R25 on Display Scaling Board and adjust 
setpoint reading (with setpoint button depressed). Verify both setpoint 
reading and flow reading are in agreement. 

5) Increase setpoint knob to achieve 75% of maximum flow range on Display. 

6) If adjustment is required, locate R17 on Display Scaling Board and adjust 
setpoint reading (with setpoint button depressed). Verify both setpoint 
reading and flow reading are in agreement. 

7) Replace front cover and all knobs/buttons on VEL-trol. 

5.6 l/P Output Calibration 

1) Tee into l/P output with a 0-15 PSI gauge. 

Apply power to VEL-trol and instrument air to l/P input. 

Place Auto/Manual Operation Selector Switch into the Manual position. 

2) 

3) 

4) 

5) 

Adjust Manual Loading knob full CCW and monitor the 0-15 PSI gauge on 
the l/P output. Depending on the controller action (direct or reverse), this 
setting will be either minimum (3 PSI) or maximum (15 PSI) controller (l/P) 
output. If the output is at maximum, adjust Manual Loading knob full CW to 
attain minimum controller output. Verify 0-15 PSI gauge reads 3 PSI. Adjust 
l/P Zero (R24) if required to read 3 PSI. 

Adjust Manual Loading knob to the opposite position as in Step 4 above to 
attain maximum controller output. Verify 0-15 PSI gauge reads 15 PSI. 
Adjust l/P Span (R18) if required to read 15 PSI. 

6) Remove 0-15 PSI gauge and cap tee on l/P output. 
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AMS-4 

SECTION 3. MAINTENANCE 

A. GENERAL INFORMATION 

The standard AMS-4 electronic package consists of one Front Panel Board, an Analog Board, 
and a Bar Graph Display Board. The sampling head board set is comprised of two Modular 
Detector Boards and a Flow Sensor Board. The Front Panel Board and the Modular Detector 
Boards have an 80C51FA microcontroller with an RS-485 communications interface. 

The Front Panel Board acts as the "Master" controller and Modular Detector Boards are "slave" 
boards. The Front Panel Board downloads the operating parameters to the slave boards in the 
sampling head and retrieves information from them at the appropriate times. Each of the slave 
boards are uniquely identified by a communications address. 

The Modular Detector Boards (MDBs) amplify the detector signals and discriminate the Alpha 
and Beta pulses. These pulses are then counted and stored into memory. The MDBs then 
provide the count rate data to the Master upon request. The amplifier gain is fixed to a nominal 
value and the thresholds are adjusted under software control by the on-board microcontroller. 
The threshold levels can only be changed from the TEST menu by editing the Detector 
Parameters, or by using the Host Computer program. 

The high voltage adjustment on the MDBs is also controlled by the on-board microcontroller. 
The high voltage output can be adjusted from the TEST menu using High Voltage Adjust 
(located under Calibrate), by editing Detector Parameters, or by using the Host Computer 
program. The MDBs do have a high voltage calibration potentiometer. For proper calibration 
of the high voltage output refer to Section 3.C. of this manual. 

The Flow Sensor Board outputs a frequency which is proportional to the measured air flow. 
This frequency is then counted by'one of the MDBs. The Front Panel Board retrieves this 
information and converts it into flow rate. The Flow Sensor Board and air manifold needle valve 
located in the sampling head should be checked for accuracy each time the AMS-4 is calibrated. 
Details regarding flow sensor calibration are located in Section 3.E. of this manual. 

B. TROUBLESHOOTING 

Some common sources of trouble are as follows: 

1. Low count rate due to loss of gas through a ruptured detector face. If a detector face is 
ruptured the detector must be replaced. 

2. Excessive count rate may be due to moisture on the detector board, moisture on the coax 
cable connections or in the detector anode clip, or radioactive contamination of the detector 
or surrounding areas. Contamination may usually be removed with-a soft brush or water 
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rinse but the user should exercise caution as the mica window on the detector is very fragile. 

3. A low or no count condition may be due to a loss of high voltage. Check the high voltage 
output with a high voltage probe and voltmeter. Refer to Modular Detector Board (Section 
8) for detailed information concerning the high voltage output circuitry. 

4. Electronic problems in the logic or counting circuits are most easily traced through 
substitution or swapping of the failed boards. Individual integrated circuits are mounted in 
sockets to facilitate troubleshooting. 

5. When communicating widi Eberline concerning improper instrument operation, provide the 
program names and versions of all computer controlled boards in the AMS-4. These items 
may be viewed in the MENU mode by selecting the Version menu item. 

6. Any time that an EPROM which has a different version number than the previous EPROM 
is installed into the Front Panel Board all operating parameters are reset when the unit is 
first turned on. This will cause the AMS-4 to operate using the default parameters. The 
user should reconfigure AMS-4 according the previous operating parameters before the 
monitor is returned to service. 

C. HIGH VOLTAGE CALIBRATION 

The measured high voltage output of each MDB should be within ± 20 volts of their respective 
displayed high voltage setpoints. If the high voltage outputs are not within this range the user 
might consider doing a high voltage calibration. The user should be aware that calibrating the 
high voltage outputs will change the plateau operating point selected by the instrument calibration 
program. The AMS-4 should be completely recalibrated after the high voltage output is 
calibrated. 

To calibrate the high voltage output the user must remove the detector and measure high voltage 
at the anode clip or open the sampling head and detach the MDB from its bracket. The high 
voltage can men be measured at the point the coax cable is connected. Use a high voltage probe 
and a voltmeter to measure the high voltage output and record this value. With the AMS-4 
turned off, remove the jumper at position 1 of JPl-6 on the MDB. Turn the power to the AMS-
4 on and measure the high voltage. Adjust the potentiometer RIO until the high voltage output is 
1250 Vdc + 5 Vdc. Replace the jumper on position 1 at JPl-6. Turn the power off, then back 
on. The user should then set the high voltage operating point back to its previously measured 
value. When entering the previously measured value, the AMS-4 will round this value to the 
nearest setpoint. 
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D. COMPUTER CALIBRATION 

Calibration of the AMS-4 is most easily performed through the use of the Host Computer 
program. This program is used as a tool for determining the optimum operating high voltage 
point for each of the two detectors and for determining beta detector efficiency. 

The program also contains editing tools for changing Host, Instrument, Operate, and Detector 
parameter files, and the DAC isotope list. Included are utilities which allow the user to preform 
various functions regarding the history buffer. 

This program runs on an IBM PC/XT personal computer or compatible clone which has CGA, 
EGA, or VGA graphics capability, and runs DOS version 3.3 or any higher version number 
operating system. 

1. Connecting The Computer 

To connect the AMS-4 to a computer, connect the cable (Eberline Part Number CA-41-80) 
from the serial port of the computer (COM1, or COM2) to the Central Computer serial 
communications port on the AMS-4. 

2. Preparing The Instrument 

To begin calibration the AMS-4 should be in the Operate mode. If RS-232 level 
communications are to be used by the computer the AMS-4 must also be using RS-232 
communications. The proper configuration for RS-232 communications requires that a 
MAX233 chip be installed in socket A27 and socket A29 must be vacant on the AMS-4 
Front Panel Board (the large board inside of the base unit). If RS-485 level communications 
are to be used by the computer the AMS-4 must also be using RS-485 communications. 
The proper configuration for RS-485 communications requires that socket A27 be vacant 
and a LTC485, DS3695 or equivalent chip must be installed in socket A29 of the Front 
Panel Board. 

3. Starting The Program 

Load DOS into the memory of the computer (boot the computer). Insert the diskette 
containing the AMS-4 calibration computer program in the diskette drive of the computer. 
Change directory to the root directory of the diskette. For example type: A: < enter > ; 
CD \ < enter > . Now type the name of the AMS-4 Host Computer program, which is 
"AMS4HOSTn. 

The program requires a command line argument if the program is to run on a black and 
white (monochrome) display. When using a monochrome display the user must type 
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"AMS4H0ST BW" to display properly. A space must be included between AMS4H0ST 
and BW. 

After having typed the name of the program, the program will load into the computer's 
memory. This can take a minute or so depending on the speed of the computer. After 
loading into memory, the AMS-4 copyright logo will be displayed (you can limit the time 
the logo is displayed by pressing any key on the keyboard of the computer). 

Performing A Computer Calibration 

Select "Calibrate" from the main menu, then "Calibrate instrument" from the sub-menu. 
An informational message is displayed. Press a key to continue. Now an "entry box" will 
prompt the user to enter the instrument serial number. Enter the serial number as it appears 
on the serial number tag of the instrument. After entering the serial number, an entry box 
will prompt for the user ID. Enter a name or employee ID, etc. 

Configure the Plateau Parameter file with all pertinent information and desired calibration 
parameters. Typical values are: Start Voltage 1300, Stop Voltage 1800, and step voltage 
10. The parameters entered are printed on the calibration report. Press [Esc] to continue. 

Select "yes" when prompted to perform a background plateau. Enter the count time you 
wish to use. Initially the computer will prompt the user to remove all radioactive sources 
and to pause until the high voltage settles to the starting voltage. This usually takes about 
20 to 30 seconds. After pressing a key, the background plateau will begin. 

After the background plateau is complete, continue the calibration by pressing [Enter]. The 
next step is to perform a source plateau on the beta detector. Enter the desired count time. 
The recommended minimum count time value in seconds is: t = 9,000,000/effective 4x 
activity (DPM) of calibration source. Using this equation will ensure a 2% counting 
accuracy. The user is then prompted to enter the source field information, in this case the 
beta isotope and the effective 47r activity of the source to be used. The source activity value 
entered must be the effective 47r activity value and must include any effects due to 
backscatter or shielding by the filter paper holder. A source which has a minimum active 
area diameter of 40 mm (1.57") must me used. If the source used has an active area of 
greater than 40 mm use the following equation to determine the ratio of the open area 
diameter to the diameter of the active source area and thus, the source shielding factor. 

Source Shielding Factor = (Dieter of Filter Paper Opening? 
(Diameter of Source Active Area)2 

If backscatter of the source is a factor, then twice the 2ir emission rate, multiplied by the 
Source Shielding Factor should be entered as the calibration source activity. Example: If 
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the 2x value of the source is 80,000 CPM and the Source Shielding Factor is 0.86, then 
137,600 should be entered as the calibration source activity. 

Place the specified beta source in the center of the air manifold with the active side facing 
the detector assembly. Wait 20 to 30 seconds until the high voltage settles to the starting 
voltage, then press a key to continue. The displayed count rate values for the source plateau 
subtract out the values obtained during background plateau and thus net count rates are 
displayed. After the plateau is complete press [Enter] to continue. 

The source plateau is now displayed. Use the computer arrow keys to position the cursor at 
the operating point you wish to use, then press [F2] to select the point. The high voltage 
operating point should always be selected at or just above the knee of the beta channel 
curve, at a point where the alpha channel count rate is less than 5% of the beta channel 
count rate. After the beta detector high voltage operating point is selected, press [Enter] to 
continue the calibration. 

The next step is used to perform a source plateau on the background (gamma) detector and 
determine the proper high voltage operating point. Select the desired count time (30-60 
seconds is adequate when using a 5-10 mR/h , 3 7Cs field). When prompted, enter the source 
field information. Place the sampling head in a I 3 7Cs or other gamma field. When using 
131Cs use a field of about 5-10 mR/h. After the background detector plateau is complete 
press [Enter] to continue. Use the computer arrow keys to position the cursor at the high 
voltage operating point you wish to use, then press [F2] to select. The high voltage 
operating point selected should always be at or just above the knee of the high voltage 
plateau. 

Beta efficiency must then determined. Edit the beta efficiency source information file with 
the parameters of the source to be used. All information entered will be printed on the 
calibration report. The computer will automatically perform a half-life correction to the 
calibration source activity based on the last calibration date and the entered calibration 
source half-life. A half-life correction is not performed if the half-life parameter is set to 0. 
It is imperative that the calibration source activity value (effective 4ir activity) be determined 
by the method discussed above. The calibration program will use the corrected source 
activity value when determining the beta efficiency. After the proper parameters are 
entered, press [Esc] to continue. Select "Save and Exit" if you wish to save changes. Enter 
the background count time. The computer prompts the user to remove all radioactive 
sources from the area in preparation for a background count. Press a key to continue. The 
background count rate will now be determined. After the background accumulation is 
complete the program prompts the user to enter the source counting time. Position the 
calibration beta source in the center of the air manifold with the active side of the source 
facing the detector housing. Press a key to continue. The source count is now conducted 
and the detector efficiency is determined. 

The calibration is now complete. The high voltage operating points and the beta efficiency 
determined during the calibration are automatically downloaded to the AMS-4. Connect a 
printer which has graphics capability to the parallel port of the computer and print the 
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calibration report. This report includes an AMS-4 certificate of calibration, which includes 
the selected operation parameters and beta efficiency determination. Also included are the 
beta detector source plateau data and graph; the background detector source plateau data and 
graph; and the background plateau data. 

The alpha subtraction factor may vary slightly depending on the particulate being measured. 
The default value of the alpha subtraction factor is 2.75. The user may wish to change this 
factor if their environment causes the ratio of beta counts to alpha counts, while filter 
activity is in equilibrium, to be significantly different. The alpha subtraction factor can be 
determined by running a scaler count while the filter activity is in equilibrium and dividing 
the beta channel counts by the alpha channel counts. The scaler count utility is located 
under the main menu item "Util" of the AMS-4 Host Computer program. 

MANUAL CALIBRATION 

1. Initial Setup 

Prior to a manual AMS-4 calibration there are a number of parameters that must be 
configured. The following is a list of parameters which must be set to the required values. 

INSTRUMENT PARAMETERS 

Calib. Count Time 
This count time interval will be used during the background and source plateau. Suggested 

minimum value in seconds: t = 9,000,000/effective 47r activity (DPM) of calibration 
source to be used. 

Calib. Source Act. 
The magnitude of calibration source value. Units are determined by Instrument Parameter 
selection. The value entered must be the effective A-K activity value and must include any 
effects due to backscatter or shielding by the filter paper holder. A source which has a 
minimum active area diameter of 40 mm (1.57") must me used. If the source used has an 
active area of greater than 40 mm use the following equation to determine the ratio of the 
open area diameter to the diameter of the active source area and thus, the source shielding 
factor. 

Source Shielding Factor = ^ D i a m e t e r * F i l t e r PaPer °Penin^ 
(Diameter of Source Active Area)2 

If backscatter of the source is a factor, then twice the 2ir emission rate, multiplied by the 
Source Shielding Factor should be entered as the calibration source activity. Example: If 
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the 2TT value of the source is 80,000 CPM and the Source Shielding Factor is 0.86, then 
137,600 should be entered as the calibration source activity. 

DETECTOR PARAMETERS 

Set the beta and background (bkg) channel thresholds to 6%. Set the alpha channel 
thresholds to 45%. If average background count rates without a filter paper in place exceed 
100 counts per minute in the beta and background channels, raise the threshold. If the 
alpha channel background count rate exceeds 5 counts per minute, raise the threshold. 

2. Selecting The High Voltage 

The first step in the calibration process is to determine the high voltage operating point for 
the beta detector. This can be done using the High Voltage Adjust routine located under 
Calibrate in the Test menu. After selecting High Voltage Adjust and Beta Detector press the 
[ t ] or [1] key until the displayed high voltage reading is about 1200 Vdc. Remove all 
sources from the area and place the detector housing in the closed position. Record the 
background readings for the alpha and beta channels. The alpha reading is on the top 
display line. Press the [ t ] key to increase the high voltage and wait for the reading to be 
displayed. Continue running the background plateau until the high voltage is about 1700 
Vdc. 

Place the beta calibration source in the filter paper holder with the active area facing the 
detectors. Run a source high voltage plateau in the same manner the background plateau 
was taken. Subtract the background plateau readings from the source plateau readings and 
graph the results with the high voltage on the x-axis and the count rate on the y-axis. Select 
the beta detector high voltage operating point at or just above the knee of the plateau. At 
the selected operating point the alpha channel count rate should be less than 5% of the beta 
channel count rate. Use the arrow keys to set the high voltage to the proper value. Remove 
the beta source. 

Select High Voltage Adjust - Background Detector. Perform a background plateau in a 
similar manner as described above. After the background plateau is complete, place the 
centerline of the detectors within the sampling head in a , 3 7Cs field of 5-10 mR/h. Run a 
source high voltage plateau in the same manner the background plateau was taken. Subtract 
the background plateau readings from the source plateau readings and graph the results with 
the high voltage on the x-axis and the count rate on the y-axis. Select the beta detector high 
voltage operating point at or just above the knee of the plateau. 

3. Beta Efficiency 

Select Beta Efficiency from the Calibrate sub-menu. Remove all sources from the area. 
The AMS-4 will count for the amount of time specified by the instrument parameter 
"Cal.Count Time." The count rate obtained will determine the background. After the 
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background count is complete place the beta calibration source in the filter paper holder with 
the active side facing the detectors. Press a key and the source count rate will be 
determined. The AMS-4 will then determine the 4x efficiency relative to the calibration 
source used. If you wish to store this value press [Enter], otherwise press [Menu] to 
discard. 

F. FLOW SENSOR CALIBRATION 

The mass flow sensor should be recalibrated each time a radiological calibration is performed. A 
vacuum pump with a capacity of 1-4 CFM (28-113 1pm) is recommended for the calibration. 
The user must select CALIBRATE from the AMS-4 Test menu. From the sub-menu select 
CALIBRATE FLOW. Open the sampling head. Using a DVM, adjust potentiometer Rl 1 on the 
Flow Sensor Board until the "O" terminal of A3. (LM317) is 10.00 Vdc ± 0.02 Vdc with respect 
to ground. Turn the vacuum pump off, then press any key to continue. Adjust potentiometer R6 
until the displayed count rate is 2000 CPS ± 10 CPS. Press a key to continue. 

Place a highly accurate mass flow meter in-line between the vacuum pump and sampling head. 
Turn on the pump and measure the air flow rate through the sampling head. Press [Edit] then 
enter this value into the AMS-4 as the pump flow rate. The air manifold valve must now be 
adjusted. This small brass valve is located on the black nylon air manifold in the radial inlet 
head. It is mounted on a rectangular aluminum block in the in-line head. Adjust the air 
manifold valve until the count rate on the bottom display line is within ± 2 % of the count rate 
on the top display line. Press a key to continue and the flow calibration is now complete. 
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ALPHA-6A-1 Appeal'* E-

SECTION V. MAINTENANCE 

A. SET-UP/CALIBRATION 

1. Nominal DC Voltage Settings 

POSITIVE NEGATIVE NOMINAL 
CONTROL NAME POINT POINT VOLTAGE 

R49 THRESH A39-6 A39-8 0.100 
R6 NULL A29-1 A29-11 0.00 (NO FLOW) 
R7 FLOW CAL A29-12 A29-11 3.00 

The THRESH control sets a minimum pulse height for pulses to be counted. When 
set at 0.1 volts, the first 25 channels should be zero or very nearly so. The setting 
excludes alphas with 1.7 MeV or less energy. The setting of the threshold control 
is not critical, as long as extraneous noise is excluded and significant alphas are not. 

The ENGY CAL control, R57, is used to correlate alpha energy to channel location 
on the spectrum display. When nominally calibrated, the resistance across this 
control will be approximately 26K ohms (power off) and, if desired, that resistance 
may be preset. The resistance of R57 may be measured between Ql emitter and the 
upper lead of either R60 or CR12. 

The NULL control is used to zero out any offsets in the air flow system when there 
is no air flow. 

The FLOW CAL control sets the full range DC level for the airflow A to D converter. 
It should remain close to three volts for best flow accuracy but a small variation is 
allowed when calibrating the system. 

2. OFFSET Control 

This control, R56, is used to balance the offset of the .sample/hold amplifier, A40. 

a. Connect A40 pin 2 to A40 pin 13, using a short jumper. 

b. Connect a digital volt meter (DVM) between A40 pin, and A40 pin 13. 

c. Adjust the offset control (R56) for a reading of zero volts on the DVM. 

d. Remove the DVM and jumper. 
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Figure 5-1. ALPHA-6A-1, Rear View 
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Figure 5-2. ALPHA-6A-1, Internal View 
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Alpha Energy and Efficiency Calibration 

a. Energy Calibration 

Two controls are used to set the relationship of the alpha energy to the analyzer 
channel. The first is the GAIN control, RllO, on the detector amplifier board 
and the second is the ENGY CAL control, R57, on the main board. 

A high quality 3 9 P u source is needed for accurate calibration of the ALPHA-6A-
1, one which emits alphas with minimal internal energy attenuation. A one inch 
diameter centered active area should be provided, either by source design or by 
using a mask over the top of the source. 

1) Place the ^^Pu source in the filter holder. (Include the one inch diameter 
mask if the active area diameter is more than one inch.) 

2) Connect an oscilloscope to the SIGNAL OUT connector on the rear panel. 

3) Adjust the GAIN control, RllO, on the detector amplifier board to obtain a 
positive pulse of between 0.45 and 0.5 volts for the brightest part of the 
trace. 

4) Disconnect the scope. 

5) Reset the counters ([MENU], [2], [5], [ENTER], [VIEW]) and watch the 
spectrum begin to grow. The 2 3 9Pu peak should grow into channel 116 (see 
Figure 2-1). If the calibration needs a large adjustment, this can be noticed 
rather quickly and time need not be spent trying to accurately find the 
present peak location. 

Adjust the ENGY CAL control, R57, as needed (cw to increase amplitude) 
to bring the ^'Pu peak to channel 116. Reset the counters and watch the 
peak grow again. Repeat steps 3 and 4 as needed to bring the peak near 
channel 116. 

When within 5 channels of nominal, the filial adjustment may be made 
quickly by adjusting the resistance of R57. Set the ALPHA-6A-1 power 
switch OFF and measure the resistance between Ql emitter and the upper 
lead of R60 or CR12. To raise the peak location, raise the resistance of R57 
by 220 ohms per channel. To lower the peak, decrease the resistance by 220 
ohms per channel. 

6) Remove the resistance meter and turn on the ALPHA-6 A-1. When the ^'Pu 
peak lies in channel 115, 116, or 117, calibration is acceptable. These 
channels stated in this procedure apply to a high quality source. The final 
confirmation should always be the location of the radium C peak when the 
ALPHA-6 A-1 is in operation. This peak should be set at channel 178, one 
channel. Re-adjust R57, if necessary, to meet this requirement once a radon 
progeny pattern is obtained. Any necessary adjustment here may also be 
made by the use of a resistance meter as described in step 5. above. 
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Substitute 150 ohms per channel in place of 220 ohms when locating 
channel 178. 

When the ALPHA-6A-1 is in operation, it is most likely generating a radon 
daughter pattern (unless it is being used where the air is highly filtered.) 
As long as the RaC peak (^Po) remains at channel 178 one channel, no 
operational benefit is gained by repeating this energy calibration procedure 
during periodic or routine maintenance. 

b. Detector Efficiency Calibration 

The ALPHA-6A-1 must be well calibrated to alpha energy before applying this 
procedure. See step a. above. 

This procedure also requires a high quality alpha calibration source with a one 
inch diameter emission area. The thickness of the source plate will probably 
move the a 9 P u closer to the detector than that on a filter because of the 
additional o-ring compression. A two channel allowance is about right to 
account for this apparent increase in alpha energy. 

1) Establish a region (Section HB.lc.) from channel 106 to 122 so that history 
files are kept on the plutonium up-count region, shifted upward two 
channels to account for the source thickness. Region 9 is not originally in 
use. If no unused region is available, take any region after recording its 
boundaries and restore it to its original limits after calibration.) 

2) Place the a 9 P u source in the filter holder. The ALPHA-6A-1 will begin 
counting when the door is closed. 

3) Review the one minute history file of the region established in step 1 above. 
The increase in each minute is the cpm recorded by the ALPHA-6A-1 for 
that source. Divide that number by the cpm emission rate coming from the 
one inch diameter active area being used to obtain the efficiency value. The 
47t efficiency should be about 19% of DPM under these conditions (38% of 
2JT). (These efficiency values, taken only from the plutonium up-count 
region, will be slightly lower than would be obtained if gross count from 
the plutonium source were used.) 

Set User Constant (4) to the 4x value obtained. See Section II.C.2. 

4. Background Subtraction Trimming 

The default ALPHA-6A-1 program for ^'Pu includes "User Constant [3]" which is the 
background subtraction multiplying constant. Its default value is approximately 
correct for all ALPHA-6A-1 instruments but it may be trimmed for individual 
ALPHA-6A-1 units. The determination of whether an adjustment is needed can only 
be made over a longer period of time while the unit is in operation. 

Strip chart presentations three and four (VIEW .3 or VIEW .4) plot the computed 
plutonium counts per minute values from the CPM history 'files. If Pu is absent 
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from the filter, the average of the cpm computations should be around the zero line. 
If an average negative bias seems apparent, the subtraction constant, user constant 
[3], should be slightlv decreased. This can be done from the ALPHA-6A-1 keyboard 
([MENU], [2], [3]/ [new value], [ENTER], [VIEW] or over the REMOTE 
communications line. The new value to be used may be estimated by using the 
formula for CPM in Section IU.A.3. and setting cpm = zero, no plutonium. In this 
case, CONST (3) = (ROI1 gain)(ROI 4 gain) 

(ROI 2 gainXROI 3 gain) 

The region gains can be taken from the region history files. Be sure to use the same 
time period for all four region gain values. 

If the average computed cpm value seems to be biased above the zero line, in a 
positive direction, first make sure it is not due to a minute amount of Pu on the 
filter. If no Pu is present, use the procedure given above to slightly increase CONST 
3. 

Flow Measurement 

The air system measures mass flow, independent of temperature and pressure. A 
mass flow standard should be used to calibrate the ALPHA-6A-1 measuring system. 

a. With no air flow, adjust R6 for zero volts and adjust R7 for 3.00 volts. See A.l. 
of this section. 

b. Connect the mass flow standard meter to the hose connector on the ALPHA-6A-
1 rear panel. Connect a low pressure source to the standard meter and adjust 
the air flow for a reading of 1 cfm on the standard. 

c. Use a small screwdriver to adjust the air valve on the ALPHA-6A-1 air manifold 
for a reading near 1.00 cfm on the ALPHA-6A-1 display. (This is a very 
sensitive adjustment, the valve being almost closed. The display update period 
is at least 5 seconds, so wait that long after each adjustment before taking a 
reading.) 

d. When the adjustment in c. above results in a reading within .02 cfm of 1.00 cfm, 
the final settings may be made by adjusting R7. See A.l. of this section. To 
increase the reading, decrease the voltage on A29-12 about 60 millivolts per .01 
cfm change. To decrease the reading, increase the voltage about 60 millivolts 
per .01 cfm change. 

Power Fail Sense, P.SENS 

The P.SENS control, R39 (installed on later ALPHA-6A-1 main boards), is used to 
calibrate the circuit which monitors the +5Vdc power line. If the power fails, the 
circuit quickly shuts down the ALPHA-6A-1 operation. A separate adjustable power 
supply capable of one half amp output is required for this calibration. 

a. Set the ALPHA-6A-1 power switch to OFF. 
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b. Set the adjustable power supply to approximately 5 volts. 

c. Connect the power supply to J4-5, positive, and to J4-6, negative. Connect a 
digital voltmeter to these points also. The tone generator may be silenced by 
pressing any key. 

d. With another voltmeter, monitor the voltage at A32-4. This point is low when 
the +5Vdc line is normal. 

e. Set the power supply output to 4.58 volts. 

f. If necessary, adjust R39 in a cw direction until A32-4 is low. Then adjust R39 
in a ccw direction until A32-4 just goes high to over 4 volts. 

g. Remove the power supply and voltmeters. 

B. AIR SYSTEM INTEGRITY 

Several o-rings are used in the detector and filter holder assemblies and when the door is 
closed the two must mate without air leaks. • 

Four slots in the rear detector bracket allow the detector assembly to move to provide 
optimum coupling with the filter holder. A good way to make this adjustment is to: 

1. Loosen the screws in the slots. 

2. Latch to door shut. 

3. Turn on air flow. 

4. Lift off the intake screen assembly and slowly block off the intake. 

5. Let the vacuum pull the assemblies together and tighten the four screws before slowly 
removing the intake blockage. 

6. Replace the intake filter assembly. 

To check for air in-leakage, measure the air flow rate at the intake stack and compare it 
with the flow rate at the rear panel hose connector. Ten percent or less in-leakage is 
usually acceptable. 

C. AC POWER LNPUT CONVERSION 

The power input module, A303, has provisions for four nominal input voltages, 100,120,220, 
and 240, but in order to utilize all four, a three primary power transformer is needed. The 
ALPHA-6A-1 transformer only has two primaries, so only the 120 and 240 circuits are active. 
When the module circuit board shows 120, the input voltage range is 110 to 125 volts. With 
the board showing 240, the input range is 220 to 250 volts. 
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To convert from one voltage range to the other, unplug the power cord, slide open the 
window, remove the fuse and remove the circuit board. Re-insert the board with the proper 
voltage showing and re-assemble the module. 

With either voltage range, the frequency may be from 50 to 60 cycles. 

D. DISASSEMBLY AND REASSEMBLY 

1. Cover 

To take off the cover, remove the four screws holding it, lift off the intake screen 
assembly and lift the cover straight up. The beacon and bell connectors will pull free of 
the power supply board. 

To remove the bell,"remove the single screw near the bottom of the bell which holds the 
outer assembly to the mounting plate. Pull the assembly outward to disengage the 
connector and lift off. This provides full access to the screws holding the mounting plate 
to the cover. 

To remove the beacon, unscrew and remove the band holding the lens. Remove the lens. 
Remove the two screws holding the beacon to cover and lift off the beacon. When re
installing the beacon, do not over tighten the two screws holding it to the cover, so that 
the cover becomes warped. 

When re-installing the cover to the chassis, hold the cover close and re-connect the bell 
and beacon to the connectors on the power supply board. They are coded by pin count 
and cannot be installed backwards. 

2. Power Supply Board 

Unplug all connections to the board. Remove the five screws holding it and lift out the 
board. When re-installing the board, all connectors are coded by pin count except the 
two plugs going to J6. These plugs go to the nearest three pins, they do not cross. Make 
sure all plugs mate the receptacles evenly, not offset, exposing a free pin. 

3. AC Input Module 

To remove the module assembly, unplug it from the power supply board, disconnect the 
ground lead, dismount the power switch from the rear panel, compress the mounting 
springs at both sides of the module and pull the assembly from the rear panel. 

4. Main Board 

a. On the back of the board, remove the hoses from the air sensor and disconnect the 
signal cable. 

b. Unplug all the cables from the edges of the board. 
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c. Remove the eight screws holding the board and slide the board rearward to 
disconnect it from the display plug. The MESSAGE and POWER lamps slip out of 
the holes in the front panel. 

d. When re-installing the board, have the two lamps in place and guide them into the 
holes as the board is moved forward to engage the display connector. Bend the 
lamp leads around to the front of their connectors to prevent their movement to the 
rear. Re-install the 8 screws. 

e. Re-install all of the connectors and hoses on the front and back of the board. 

1) The front hose on the sensor goes to the hose fitting on the valve. 

2) The cable from the PRINTER connector goes to the lower 12 pins of J5 and the 
cable from the REMOTE connector goes to the upper 12 pins. One pin between 
them remains vacant. 

3) The cable from the keyboard connects to the upper 9 pins of J3 and the single 
contact connector from the door switch goes to the bottom pin of J3. One pin 
between them remains vacant. When the cable to the keyboard is properly 
installed, the top wire at the board goes to the keyboard pin nearest the main 
board. 

5. Display 

To remove the display, remove the eight screws holding the main board and slide the 
board to the rear to disengage the display connector. (No cables or hoses need be 
disconnected from the main board.) 

Remove the four locknuts and remove the display. The protective window is also free. 
When re-installing the display, lay the protective window on top of the keyboard and 
slip the display over the four studs. Check the positions of the inner nuts on the studs. 
The display board should just touch the window and the nuts at the same time so that 
the display board is not warped when the outer nuts are tightened. Set the outer nuts 
snug, not very tight. 

6. Keyboard Assembly 

For easier access to the keyboard, first remove the two screws holding the air manifold 
assembly to the chassis floor. The manifold is freed to move out of the way. 

Disconnect the cable from the keyboard. Remove the four outer nuts from the assembly 
and slide the assembly back off of the studs and lift it out. Remove the four inner nuts 
to separate the keyboard from the mounting plate. When reassembling, make sure the 
insulating sheet is placed between the keyboard and the mounting plate. Pull all eight 
nuts only snug, not very tight. Don't warp the mounting plate. When the cable is 
installed, the top wire at the main board goes to the keyboard pin nearest the main 
board. 
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7. Detector Assembly 

a. Detector Amplifier Board Removal 

1) Remove the two screws holding the shield over the board. Remove the shield. 

2) Disconnect the two BNC cables and unsnap the BNC connector from the 
detector. 

3) Unplug the power connection, P202, from J202 on the power supply board. 

4) If the board is to be completely removed, unsolder the three wires coming from 
the door switch. 

5) Remove the two spacers and the two screws holding the board in place. 
Remove the board (or move it aside, out of the way.) 

6) When re-installing the board, guide the BNC connector onto the detector. The 
spacers are used to hold the top of the board and the screws the bottom. Snap 
the BNC onto the detector. 

7) If removed, solder in the wires from the door switch. The bottom switch 
terminal connects to C on the board, the middle to A, and the top one to B. 

8) If a new board is to be installed, transfer the two-wire power cable from the old 
board to the new one. With the connector plugged on to the power supply 
board, the wire nearest to the three relays goes to D on the detector board. The 
other wire goes to E. 

9) Connect the BNC cable from the main board to the detector board connector 
nearest to the main board. Connect the cable from the rear anel to the other 
connector on the detector board. 

10) Re-install the shield over the detector board. 

b. Detector Replacement (Use care not to damage the surface of the detector.) 

1) Remove the detector amplifier board per 7.a. above. Do not unsolder any wires. 
Swing the board to the outside of the chassis. 

2) Open the door for added access. 

3) Remove the upper two screws from the slotted holes. Loosen slightly the 
bottom two screws in the slotted holes. 

4) Remove the two screws which hold the detector mount (with intake pipe) to the 
rear bracket. 

5) Rotate the assembly downward toward the back and remove the detector 
mount. 

5-10 ALPHA-6A-1/June 1991 

5? 



6) Pull the old detector from the mount. 

7) Rub a film of o-ring lubricant on the o-ring and insert the new detector. 

8) Re-install the detector mount in the rear bracket using the two screws and 
lockwashers. 

9) Install the rear bracket into the front bracket using the four screws and flat 
washers. Do not fully tighten these four screws yet. 

10) Reinstall the amplifier board assembly per 7.a. above. 

11) Close the door and latch if firmly. 

12) Turn on the air flow and slowly close off the intake stack and allow the vacuum 
to draw the parts together. While maintaining the vacuum, tighten the four 
screws in the slots. Slowly unblock the intake stack. 

c. Door Switch Adjustment 

The switch actuator leaf has a small adjustable screw through it. Make the 
adjustment so that the switch actuates and deactuates when the door is between 
1/16 and 1/8 inch from the front panel. Make sure the actuator assembly does not 
bind on the front panel. Moderate bending of the leaf is acceptable to assure free 
movement and to make the final adjustment. 

E. ROUTINE MAINTENANCE 

The ALPHA-6A-1 requires very little routine maintenance. The software continuously checks 
for a low battery condition, therefore the operator should not have to change out the battery 
unless notified. 

It is necessary to periodically change out the filter. The operator should first turn off air flow 
to the monitor and open the front panel door. This will cause the counters in P2 to be halted 
and spectrum acquisition to be suspended. The monitor will enter an alarm condition due 
to the lack of air flow and the opened door. The operator may silence the alarm by pressing 
any key. To switch out the filter, remove the retaining ring, remove the old filter, place a new 
filter on the filter head assembly, replace the retaining ring and close the door. The monitor 
will reset P2 counters to clear the spectrum, reset the air volume register and resume 
counting. 

When the detector face becomes visibly dirty, it may be cleaned with a very gentle application 
of trichlorethylene or methanol. Avoid Freon R sprays and others which may contain the 
fluorine ion. 
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SECTION 4 , _ 

Appendix F 

CALIBRATION 

The following Calibration Procedure has been written for Massflow where the output is in SCFM or 
LB'S/HR. This transmitter is also capable of Volumetric Flow where the output is in ACFM or AFPM. 

If your transmitter was ordered to output Volumetric Flow, please make the following changes to the 
Calibration Procedure, steps 4.4 through 4.7. When applying the thermocouple or RTD input, all 
references to "maximum" should be changed to "minimum", and all references to "minimum" should be 
changed to "maximum". 

If you are unsure as to the configuration of your transmitter, refer to unit I.D. Label. 

4.1 Equipment Required 

- 4Va Digit Digital Multi-Meter (DMM) (Fluke 8021B or equivalent) 
- Low Pressure Air Source (Air Monitor Corporation or equivalent) 
- Electronic Manometer (Neotronics MP 20 or equivalent) or Inclinometer 
- Thermocouple/RTD Simulator or mV Generator (Transmation 1045 or equivalent) 
- Temperature Meter (Fluke 52 or equivalent) 

4.2 Set Up 

1. Identify the MASS-tron output configuration and full scale input pressure from unit l.D. label. 

2. This unit has been factory calibrated in the vertical position. If mounting greater than 45° off 
vertical, re-zeroing is recommended for optimum performance. 

3. Refer to Figure 1; Tables 1A, 1B. 

4. Attach thermocouple/RTD simulator or mV Generator to Terminal connections 9B, 10B, and 11B. 

4.3 Differential Pressure Calibration 

1. Apply power to MASS-tron. Allow a minimum of 1 minutes warm-up before making any 
adjustments. Locate the transducer board behind the calibration door on the right-hand side 
of the MASS-tron. 

2. Using a DMM set to voltage, connect the negative lead to TPO (black) and the positive lead to 
TP1 (brown) on the transducer board. 

3. Place the AZ SELECT switch to the OFF position. Apply a zero differential pressure to the 
transmitter input by placing the A2 VALVE switch to the Zero position. Adjust 0-10 VDC ZERO 
potentiometer (located behind removeable Transmitter Equipped With . . ." label on front 
panel) for a DMM reading of 0±.05 VDC. 
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CAUBRATION (con't) 

4. Place the AZ VALVE switch back to the NORM position. Place the AZ SELECT switch back to 
ON position. 

NOTE: Do not attempt span calibration unless both a precision air source and a:manometer 
are available. 

5. Apply full scale span pressure in IN w.c. (from MASS-tron I.D. label) to the high port. If unit has 
Auto-Cal option, place AS VALVE switch to SPAN position to input full scale span pressure. 
Verify input pressure signal with manometer or equivalent device. 

6. Verify DMM reads 1.25±.05 VDC. Adjust 0-10 VDC SPAN on front panel if required. If unit has 
Auto-Cal option, return AS VALVE switch back to NORM position. If not, remove input pressure 
signal connection. 

7. Repeat steps 3 through 6 until readings are within specification. 

4.4 Temperature Transmitter Board Calibration 

Cold junction compensation is built into the Temperature Transmitter Board to compensate for the 
terminal block temperature when a thermocouple is attached. When a thermocouple simulator is 
used in place of the thermocouple, this compensation must be subtracted. The resulting value is 
termed Veal. 

Veal is equal to the thermocouple voltage (Vtc) at the measured temperature minus the 
thermocouple voltage (Vtc) at the temperature of the Terminal connection junction. See Table 1B 
for applicable Vtc and Veal values. 

1. Remove MASS-tron front panel (10 screws) and locate Temperature Transmitter Board. Refer 
to Table 1 for thermocouple simulator (mv Generator) input voltage chart. 

2. Monitor temperature at junction as shown in Figure 1. Using the actual junction temperature, 
determine the proper simulated thermocouple input voltage as found in Table 1B. 

3. Monitor TP4 (Yellow) on Temperature Transmitter Board to GND with DMM. Apply the minimum 
thermocouple (Veal) or RTD (ohms) input signal and adjust Temp In Zero Pot (R15) for 
0±.001VDC. Apply the maximum thermocouple (Veal) or RTD (ohms) input signal and adjust 
Temp In Span Pot (R21) for span value (See example below). Repeat until there is no 
interaction. 

Example: Type E Thermocouple: 
0°F to 1000°F Range: Zero=0±.001VDC, Span=1.000±.00lVDC 
0°F to 800°F Range: Zero=0±.00lVDC, Span=0.7816±.00lVDC 

The following chart details the output for different temperatures and thermocouple types. 
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-50 lo 500 *F 

WHC- Sl>-u*l$-RpT-6%> tevo fy/e*iv F 
-50 to 1000 *F -50 lo 2000 *F 

TC-T 
Temp T 

-50 
mv Temp T 

-50 -37 5 
-40 -30 2 
-30 -22 8 
-20 -15.4 
-10 -7.7 
0 00 
10 7.8 
20 15.8 
30 
32 

23.8 30 
32 25.5 
40 32 0 
50 40 2 
60 48.5 
70 56 9 
80 65.5 
90 74 1 
100 82.7 
110 91.6 
120 1005 
130 109.5 
140 118.6 
150 127.8 
1G0 1371 
170 146.5 
180 156 0 
190 165 5 
200 175.2 
210 184 9 
220 194 8 
230 204 7 
240 214 7 
250 224 8 
2C0 234 9 
270 245 2 
280 255.5 
290 265.9 
300 276.3 
310 286 9 
320 297.5 
330 308 2 
340 318.9 
350 329 8 
360 340.6 
370 351.6 
380 362.6 
390 373 7 
400 384.9 
410 396.1 
420 407 4 
430 418.8 
440 430 2 
450 4417 
460 453 2 
470 464.8 
480 476 5 
490 488.2 
500 500.0 

TC-E T C - J RTD 
TempT mv mv mv 

-50 -37.1 -44.0 -54 7 
-40 -29.9 -35.4 -43.7 
-30 -22.6 -26.6 -32.8 
-20 -15.1 -17.9 -21.8 
-10 -7.6 -9.0 -10.9 
0 0.0 0.0 0.0 
10 7.7 9.0 109 
20 155 18.1 21.8 
30 23 4 27.3 32.6 
32 25.0 29.2 34.7 
40 31.4 36.5 43 4 
50 39.4 45.8 543 
60 47 5 55.1 65.1 
70 55.6 64.5 75.8 
80 63.8 73.9 86.6 
90 72.1 83.5 97.3 
100 80.5 93.0 108.1 
110 88 9 102.6 118.8 
120 97.4 112.2 129.5 
130 106.0 121.9 140.1 
140 114.6 131.6 150.8 
150 123.3 141,3 161.4 
160 132.1 151.1 172.0 
170 140.9 160 9 182.6 
180 149.8 170.7 193.2 
190 158.8 180.6 203.0 
200 167.8 190.5 214.3 
210 176.9 200.4 224.0 
220 186.1 210.3 235.3 
230 195 3 220.3 245.8 
240 204.5 230.3 256.3 
250 2139 240.3 266.7 
260 223.2 2503 277.2 
270 232.7 260.3 287 6 
280 242.1 270 4 298 0 
290 251.7 2805 308.4 
300 261.3 290.5 318.7 
310 270.9 300.6 329.1 
320 280.6 310.7 339 4 
330 290.3 320.8 349.7 
340 300.1 330.9 360.0 
350 309.9 341.1 370.3 
360 319.8 351.2 380.6 
370 329 7 361.3 390.8 
380 339.6 371.4 401.0 
390 349.6 381.6 411.2 
400 359.6 391.7 421.4 
410 369.7 401.9 431.6 
420 379.8 412.0 441.7 
430 389.9 422.2 451.9 
440 400.1 43Z3 462.0 
450 410.3 442.5 472.1 
460 420.5 452.6 482.1 
470 430.7 462.8 492.2 
480 441.0 472.9 502.3 
490 451.4 483.1 512.3 
500 461.7 493.2 522.3 

T C - E TC-J RTD 
Temp *F mv mv mv 

510 472.1 503.3 532.3 
520 482.5 513.5 542.3 
530 492.9 523.6 552.2 
540 503.4 533.7 562.1 
550 513.8 543.8 572.1 
560 524.3 554.0 582.0 
570 534.9 564 1 591.8 
680 545.4 574.2 601.7 
690 556.0 584.3 611.6 
600 566.5 594 4 621.4 
610 577.1 604.5 631.2 
620 587.8 614.6 641.0 
630 598 4 624.7 650 8 
640 609.1 634 8 660 5 
650 619.7 644.9 670.3 
660 630.4 655.0 680.0 
670 641.1 665.1 689.7 
680 651.9 675.2 699.4 
690 662.6 685.3 709.1 
700 673.4 695.3 718.7 
710 684.1 705 4 728.4 
720 694.9 715 5 738.0 
730 705.7 725.6 747.6 
740 716.5 735.6 757.2 
750 727.3 745.7 766.7 
760 738.2 755 8 776.3 
770 749.0 765.9 785.8 
780 759 8 776.0 795.3 
790 7707 786.0 804 8 
800 781.6 796.1 814.3 
810 792.4 806.2 823.7 
820 803.3 816.3 833.2 
830 814 2 826 4 842.6 
840 825.1 836 5 852.0 
850 836 0 846 6 861.4 
860 846.9 •856.8 870.7 
870 857.8 866.9 880.1 
880 868.8 877.1 889.4 
890 879.7 887.2 898.7 
900 890.6 897.4 908.0 
910 901.5 907.6 917.3 
920 912.5 917.8 926.6 
930 923.4 928.0 935.8 
940 934.3 938.2 945.0 
950 945.3 948.5 954.2 
960 956.2 958.8 963.4 
970 967.2 969.0 972.6 
980 978.1 979.3 981.8 
990 989.0 989.7 990.9 
1000 1000.0 1000.0 1000.0 

TC-K 
Temp "F mv 

-50 -45 5 
-40 -38.7 
-30 -27 7 
-20 -18.5 
-10 -9.3 
0 0.0 
10 9.4 
20 18.9 
30 28.5 
32 30.5 
40 38.1 
50 47 8 
60 57.6 
70 67.4 
80 77.3 
90 87.2 
100 97.1 
110 107.1 
120 117.2 
130 127.3 
140 137.3 
150 147.4 
160 157.5 
170 167.7 
180 177.8 
190 188 0 
200 198.1 
210 208.2 
220 218 3 
230 228.3 
240 . 238.4 
250 248.4 
260 258.4 
270 268.3 
280 278.2 
290 288.0 
300 297.9 
310 307.7 
320 317.5 
330 327.3 
340 337.1 
350 346.8 
360 356.5 
370 366.3 
380 376.0 
390 385.7 
400 395.5 
410 405.2 
420 415.0 
430 424.8 
440 434.6 
450 444.5 
460 454.3 
470 464.2 
480 4741 
490 484.1 
500 494.1 

TC-K TC-K TC-K 
Temp 'F mv Temp "F mv Temp "F mv 

510 504.0 1010 1017.8 1510 1529 5 
520 514 1 1020 1028.2 1520 1539 4 
530 524.1 1030 1038.6 1530 1549 4 
540 534.1 1040 1049.0 1540 1559 2 
550 544.2 1050 1059.4 1550 1569 2 
560 554.3 1060 1069.8 1560 15790 
570 564.4 1070 108O.2 1570 1588 9 
580 574.5 1080 1090.6 1580 1598 8 
590 584.7 1090 1101.0 1590 16086 
600 594.8 1100 1111.4 1600 16184 
610 604.9 1110 1121.7 1610 1628 3 
620 615.1 1120 1132.1 1620 1638 1 
630 625.3 1130 1142.5 1630 1647 8 
640 635.5 1140 1152.8 1640 1657 6 
650 645.7 1150 1163.2 1650 1667.3 
660 655.9 1160 1173.5 1660 1677.1 
670 666.2 1170 1183.9 1670 1686 8 
680 676.4 1180 1194.2 1680 1696 5 
690 686.6 1190 1204.5 1690 1706.2 
700 696.8 1200 1214.9 1700 17159 
710 707.1 1210 1225.2 1710 1725 6 
720 717.4 1220 1235.5 1720 1735 3 
730 727.7 1230 1245.8 1730 1744 9 
740 737.9 1240 1256.1 1740 1754 5 
750 748.3 1250 1266.4 1750 1764 2 
760 758 5 1260 1276.6 1760 1773 7 
770 768.9 1270 1236.9 1770 1783 3 
780 779 2 1280 1297.1 1780 1792 9 
790 789.5 1290 1307.4 1790 1802 5 
800 799.8 1300 1317.6 1800 18120 
810 810.2 1310 1327.8 1810 18216 
820 820.5 1320 1338.0 1820 1831 1 
830 830.9 1330 1348.2 1830 1840 6 
840 8412 1340 1358.4 1840 1850 1 
850 851.6 1350 1368.5 leso 1659 5 
860 8619 1360 1378.7 1860 1869 0 
870 872.3 1370 1388.8 1870 1673 5 
880 882.7 1380 1399.0 1880 1887 9 
890 893.0 1390 1409.1 1890 1897 3 
900 903.4 1400 1419.2 1900 1906.7 
910 913 8 1410 1429.3 1910 1916 1 
920 924.2 1420 1439.4 1920 1925 5 
930 934.6 1430 1449.4 1930 1934.9 
940 945.0 1440 1459.5 1940 1944 2 
950 955.4 1450 1469.5 1950 1953 5 
960 965.8 1460 1479.5 1960 19R2 9 
970 976.2 1470 1489.5 1970 1972 2 
980 986.6 1480 1499.6 1980 19815 
990 997.0 1490 1509.5 1990 1990 7 
1000 1007.4 1500 1519.5 2000 2000.0 



CAUBRATION (con't) 

4. Monitor Terminal connection Pin 9A (TEMP S1G OUT) to 10A (COM) with DMM set for either 
current or voltage, depending on unit specifications. 

5. Apply the minimum thermocouple (Veal) or RTD (ohms) input signal and adjust Temp Out Zero 
Pot (R33) for 4±.08mA (0±.01VDC). Appiy maximum thermocouple ((Veal) or RTD (ohms) and 
adjust Temp Out Span Pot (R39) for 2u±.08mA (5±.01VDC). Repeat until there is no 
interaction. 

4.5 Density Compensation Board Calibration 

The Density Compensation Board cannot be field calibrated. If calibration is necessary, contact the 
factory Service Department. 

4.6 Compensated Transmitter Output Calibration 

1. Verify output configuration from I.D. label on top of MASS-tron. Monitor Transmitter Output XMIT 
OUT at side Terminal connection Pin 1A (XMIT OUT) to 2A (COM). 

2. Apply zero IN w.c. differential pressure to input signal ports by placing the AZ VALVE switch to 
the ZERO position. Apply maximum thermocouple (Veal) or RTD (ohms) input from Table 1b. 

3. Adjust R28 on Transmitter Board (AUXILIARY ZERO on front panel) for a reading of 4.00±.08mA 
(0+.05VDC) on DMM. Place the AZ VALVE switch back to the NORM position. 

4. Apply full scale differential pressure (from MASS-tron I.D. label) to the HIGH signal port. If unit 
has Auto-Cal option, place AS VALVE switch to SPAN position to input full scale span pressure. 

5. Adjust R25 on Transmitter Board (AUXILIARY SPAN on front panel) for a reading of 20±.08mA 
(5±.05VDC) on DMM. Return AS VALVE switch back to NORM position. 

6. Repeat until there is no zero/span interaction. 

4.7 Display Calibration 

1. Monitor XMIT OUT Terminal connection at Pin 1A (XMIT OUT) and 2A (COM) for 4.00i.08rnA 
(0±.05VDC). 

2. Apply zero IN w.c. differential pressure to input signal ports by placing the AZ VALVE switch to 
the ZERO position. Apply minimum thermocouple (Veal) or RTD (ohms) input from Table 1. 
Verify DMM reads 0±.05VDC. 

3. Adjust the ZERO potentiometer on the front panel for the selected display (indicated by a lit 
LED). Increment the selected display by pushing the DISPLAY SELECT button and repeat 
ZERO adjustment for each channel. Place AZ VALVE switch back to the NORM position. 

13 
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SECTION 4 
LvHC-Sb-tuM- &PT-O9(oy RevO 

ftpP*Yi6r%F 

CAUBRATION (con't) 

4. Apply full-scale span pressure in IN w.c. (from MASS-tron ID label) to HIGH Signal Input port 
of the MASS-tron. If unit has Auto-Cal option, place AS VALVE switch to SPAN position to input 
full scale span pressure. Apply maximum thermocouple (Veal) or RTD (ohms) input from Table 
1. Verify DMM reads 20±.08mA (5+.05VDC). 

5. Adjust the SPAN potentiometer on the front panel for full-scale reading on the selected display 
(indicated by a lit LED). Increment the selected display by pushing the DISPLAY SELECT button 
and repeat SPAN adjustments for each channel. 

6. Place AS VALVE switch to the NORM position and AZ VALVE switch to ZERO position. Remove 
all test connections and reconnect signal lines, outputs, etc. Place AZ VALVE switch back to 
NORM position. 

TEMPERATURE 
METER 

(FLUKE 52 
OR EQUIVALENT) 

CURRENT 
METER 

(FLUKE 6021B 
OR EQUIVALENT) 

MASSTRON 

| ^«TTYTV1 _ Fa P5 

MAIN 
AIR 

20 PSI 
FIGURE 1 

Reference Test Equipment Configuration 

MANOMETER 
(NE0TR0NICS MP 20 

OR EQUIVALENT) 

<-H 
14 



-.ir Monitor Corr>. Transmitter Saan Calculation bata Sheet 
77.0. No. 
Job Name 

ation 
4cdei 

Diameter 

•Ccncitions-19433 
3ATTELLS,CORE SAMPLING EXHAUST Actual 3ar. Press 
SAMPLE FLOW SP-2,3,4/FT-2,3,4 Actual Tenro.F. 
LO-FLO/MASSTRON 

0.370 
Std. 

Effective Area 
K 

Differential Pressure 
Date: 08/10/23 15:40:22 

^LOW DP(in/wc) 

0.000747 so/ft 
0.10000 
1.44 00 in/wc 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0000 
,0144 
0576 
1296 
2304 
,3600 
,5184 
,7056 
,9216 
,1664 

VDC 

1.4400 

00 
.50 
00 
,50 
00 
,50 
.00 
.50 
.00 
.50 
.00 

Temr>.F. 
" H20 

Process Fluid 
Duct Static 
Actual Den. 

Std. Den. 

2 9.921 in/hg 
150 
69 

0.00 % 
AIR 
-13 5.9 62 in/wc 
.04327 Ib/cuft 
.07494 Ib/cuft 

SCFM 
0 
0 
0. 
0 
1 
1 
1 
2 
2 
2 

00 
30 
60 
90 
20 
50 
80 
10 
40 
70 

3.00 

Table 1A.1 

b5 



- Air Mori itor Ccro. Transmitter Scan Calculation Data Sheer. 
W.O. No. 
Job Name 
Station 
Model 

Diameter 

• Condizions-19433 
3ATTELLE,CORE SAMPLING EXHAUST Actual 3ar. Press 

Actual Temp.?. 
Std. Teimb.F. 

~H20 
Process Fluid 
Duct Static 
Actual Den. 

Std. Den. 

STACK FL0W,FE-1/FT-1 
STACK-PROBE/MASSTRON 
4.026 

Effective Area: 
K: 

Differential Pressure: 
Date: 08/10/93 15:25:47 

0.088405 sa/ft 
0.00000 
1.4054 in/wc 

29.921 in/hg 
150 
69 
0.00 % 

AIR 
0.000 in/wc 

.06499 Ib/cuft 

.07494 Ib/cuft 
%FLOW DP (in/wc) VDC 

0 0.0000 0.00 
10 0.0141 0.50 
20 0.0562 1.00 
30 0.1265 1.50 
40 0.2249 2.00 
50 0.3514 2.50 
60 0.5059 3.00 
70 0.6886 3.50 
80 0.8995 4.00 
90 1.1384 4.50 

100 1.4054 5.00 

SCFM 
0 .00 

3 9 . 1 0 
7 8 . 2 0 

1 1 7 . 3 0 
156 .40 
195 .50 
2 3 4 . 6 0 
2 7 3 . 7 0 
3 1 2 . 8 0 
351 .90 
3 9 1 . 0 0 

Table 1A.2 

&£, 
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to tic-SD-curt- /ZPT-C9&, gevO 

RTD Calibration Simulation Data 
Platinum 100 Ohm RTD, Alpha = 0.00385 

Rt = RTD resistance at the correspsonding process temperature 

0 to150 e F 

Process 
Temp Rt 

%FS °F Ohms 
0 0 93.03 
10 15 96.30 
20 30 99.56 
25 37.5 101.19 
30 45 102.82 
40 60 106.06 
50 75 109.30 
60 90 112.53 
70 105 115.75 
75 112.5 117.36 
80 120 118.97 
90 135 122.18 
100 150 125.37 

Ice Point 21.3 32 100.00 
Std Temp 45.3 68 107.79 

Table 1B 

<o7 



WHC'SD-WM-RfT-0<?6y R-zvO 
Appendix & 

SERVICE 

The "SERVICE" routine is entered in a similar manner to "SETUP". Press 
the "EMERGENCY STOP" button and the "OVERRIDE" key and leave 
them " IN" . Code numbers are i>«l required for service access. 

Once in service routine, the first choice will be to "clear" the time since 
last filter (purifier cartridges) change. Answer "YES" only if the filters 
have been changed. If you clear the time on the filters, ten minutes of 
run time will be allowed before the "MAX DP ALARM" will be recognized. 
This is to allow the compressor time to purge ambient moisture from the 
system. NOTE: The other alarms will be recognized, so it may be 
necessary to have "OVERRIDE" " IN" to bypass these for initial start-up. 

The next choice is to clear the time since last service (oil change). 
Answer "YES" if a service was performed and you want to clear the time 
elapsed since last service. The next option is "CALIBRATE CO 
MONITOR?". If desired, answer "YES" and perform the complete 
procedure below: 

1. Flow "Zero" air to the sensor. (Adjust f low control as 
required) 

2. When the proper air flow is obtained, press "SET" 
3. Wait for the seconds counter to Time-Out 
4. Remove the "Zero" air and flow the calibration mixture 

(approx. 20 RPM) 
5. When the calibration gas is at the proper f low, press "SET" 
6. Wait for the seconds counter to Time-Out. The LE5000 will 

automatically set the "SPAN" 

This completes the calibration of the CO monitor. If calibration was 
successful, the option to calibrate the DP monitor will appear. If 
"CALIBRATION ERROR" appears, there is some problem that cannot be 
automatically rectified. Possible causes are: 

1. The 20 PPM calibration gas was not flowing at the proper rate 
or not at all. 
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3. ELECTRICAL SYSTEM (ADJUSTMENT) r r 

The MC5500 motherboard has one trimmer, and adjustment is 
basically performed by writing into the nonvolatile RAM of the AI 
(Analog Input) board for each channel an accuracy reference voltage 
applied externally. 

3.1 Adjustment Items 
® Paper end detection level adjustment 
® Full-scale and 0 V voltage writing for each voltage range. 
(D Room-temperature compensation value wr i t ing for 

thermocouple input 
(D Resistance-value writing for RTD input 
(D CPU board DIP switch settings. 
(D RAM clear (only when changing the main ROM version in the 

mainframe) 
3.2 Test Instruments Required for Adjustments 

(D Reference voltage generator capable of outputting ± 1 mV to 
±200 V (within 0.005%) (±1 mV to ± 1 V can be generated 
using a resistive voltage divider.) 

(D ZERO-CON (automatic zero contact compensator: capable of 
connecting K-type thermocouples to each channel) 

(D 100-Ci, reference resistor (1 each for each channel with ± 0.01% 
accuracy) 

® 50-Q reference resistor (1 each for each channel with ±0.01% 
accuracy) 

(D Digital multimeter (6^-digital display) 
(D Multimeter 

3.3 Adjustment Priority Sequence 

Writing of full scale and 0 V 
for each voltage range 

> ' 

Writing of room-temperature 
compensation value (thermocouple) 

Writing of resistance values 
(RTD) 

• The paper end detection level adjustments can be performed at 
anytime. 

- is- yo 



Notes 
• If it is necessary to interrupt the FACTORY SET UP, press the 

ESC key and terminate the setup only after verifying that 
return is made to the initial screen. If the power is switched off 
midway through the sequence, there is a danger of losing 
reference data. Data which had been written in thus far, 
however, will remain in nonvolatile RAM. 

• If an item of the FACTORY SET UP is selected erroneously, 
press the ESC key and select the item once again. 

• Verification of whether the FACTORY SET UP has been made 
properly is made in the measurement mode. 

3.4 Adjustment Method 
3.4.1 Paper End Detection Level Adjustment 

The mainframe has a motherboard for 6, 8, or 12 channels. Each 
type of motherboard (board name: PR5500-14A/15B) has one 
trimmer, this being used to adjust the paper end detection level. 
® Remove the mainframe cover. 
(D Connect the multimeter (+) to test point TPl at the left top of 

the mainframe as viewed from the front, and connect the 
multimeter (-) to the mainframe GND (set the multimeter into 
a DC range.) 

(D Adjust the trimmer VR1 so that the multimeter indication 
values are within the ranges shown below: 
"When there is paper in the chart feed unit +1.2 V max. 
When there is no paper in the chart feed unit + 3.3 V min. 

- . . - ?/ 



3.4.2 Full-Scale and 0-V Voltage Writing for Each Voltage Range 

-© - Reference voltage 
generator 

-®GND 

Digital multimeter 

MC5500 rear panel 

Parallel-connect the grounds of the reference voltage 
generator, the digital mult imeter , and the MC5500 
(mainframe). 
Connect the reference voltage generator and digital 
multimeter signal leads in parallel to the ( + ) and (-) input 
terminals of all channels. 
Set the slide switches of all channels to the - /G position. 
After turning the MC5500 power on and allowing at least 10 
minutes for warmup, perform the adjustment. 
The normal range setting sequence consists of starting at the 
maximum sensitivity ( ± 1 mV), sequencing to the rmnmmm 
sensitivity (±200 V) of positive full scale, then 0 V (0 mV), and 
finally negative full scale. However, it is possible to perform 
this in any sequence for any particular range as well (for 
mainframe main ROM versions V1.4 and higher). 

- 2 0 - IX 
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<Procedure 1: All-Range Setting> 

(D Turn power on while depressing the CHANNEL SETTING key. 
Key operation guidelines are displayed on the VFD (Vacuum 
Fluorescent Display). 

P.SET UP 
FUNCTION : SET-V 

FUNCTION : 
RANGE : 

SET-V 
+ 1 mV 

FUNCTION: 
INPUT : 

OK 
+ 1 mV 

FUNCTION : 
RANGE : 

SET-V 
0 raV 

FUNCTION : 
INPUT : 

OK 
0 mV 

FUNCTION : 
RANGE : 

SET-V 
-1 mV 

FUNCTION : 
INPUT : 

OK 
-1 mV 

Use DIAL-1 to select SET-V as 
FUNCTION, and press the ENTER key to 
make the setting. 

<D | FUNCTION : SET-V | Adjust the output applied from the 
reference voltage generator so that the 
reading on the digital multimeter is + 1 
mV. 

<D | FUNCTION: OK | When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VFD in hexadecimal 
notation. 

Adjust the output applied from the 
reference voltage generator so that the 
reading on the digital multimeter is 0 mV. 

© FUNCTION: OK | When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VFD in hexadecimal 
notation. 

(2) | FUNCTION : SET-V | Adjust the output applied from the 
reference voltage generator so that the 
reading on the digital multimeter is 
- l m V . 

When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VFD in hexadecimal 
notation. 

(D When all settings for each range are completed by performing the 
above steps (D through ®, return to screen (D. 

® I - - F . s e t up end l - - | With screen (D displayed, press the ESC 
key to complete the setting. 

- 2 1 - 73 



^jyc-SD-tv^-RPT-OI/o, AwO 
Notes ^ ^ H 
• Since the writing of the reference value is performed for all 

channels at once, connections to input terminals must be made 
in parallel. It is not possible to perform writing for individual 
channels. 

• Storage of the reference values should be made after installing 
AI boards for all channels. 

-22 - 7V 



< Procedure 2: Individual Range Settings > 
If an erroneous setting is made in Procedure 1, this individual 
•setting can be made to avoid the necessity of starting over once 
again. 
However, this is only possible if the version of the mainframe main 
ROM is V1.4 or higher. 

<P Apply power while depressing the CHANNEL SETTING key. 
Key operation guidelines are displayed on the VFD. 

Use DIAL-1 to select SET-V as 
FUNCTION, and press the ENTER key to 
make the setting. 

With this screen displayed, operate the A 
and • keys at the bottom of the operating 
panel to selecttherange to be set. 

When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VFD in hexadecimal 
notation. 

Use the ESC key to return to the initial 
screen. 

When the ESC key is pressed once again, 
the setting is complete. 

© F.SET UP 
FUNCTION : SET-V 

<D FUNCTION : SET-V 
RANGE : + 1 mV 

<D FUNCTION: OK 
INPUT : +1 mV 

(D F.SET UP 
FUNCTION : SET-V 

© --F.set up endl --

Notes 
Of the individual voltage ranges, individual setting of 0 mV 
and 0 V is possible. 
To perform setting of the positive full scale and negative full 
scale reference values once again, always make both settings 
again. If only one of the reference values is updated, accuracy 
is not guaranteed. 

- 2 3 75" 



3.4.3 Room-Temperature Compensation Value Writing for 
Thermocouple Input 

Short rr 5) + -,<? 
K 

^ (r 

ft /! 5) + 
C H . l 

5) + -,<? 
K 

^ (r 
>J 5) + 

C H . l 

Short r. 

9 V&; K-type 
thermocouple 
compensation 
leads 

yp> • 
3) + + (f 

K 
3 > - - ( £ 

ft 
C H . 1 2 

<i 

3) + + (f 
K 

3 > - - ( £ 2> Vi 
C H . 1 2 

r 

ZERO-CON MC 5 5 0 0 

Connect the ZERO-CON and MC5500 input terminals for all 
channelings using K-type thermocouple compensation leads. 
The ZERO-CON input is 0 V (0°C) (i.e., input shorted). 
Set the slide switches for each channel to the —/G position. 
Be sure to mount the terminal cover at the rear of the MC5500, 
and to take care that the input terminal temperature is not 
affected by drafts. 
Perform the adjustment after allowing at least 30 minutes of 
warmup time after power is applied to the MC5500. 

- 2 4 - -fU 
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COftC- SD- "JM- &PT- C96), ZwO 

<Procedure> 

(D Apply power while depressing the CHANNEL SETTING key. 
Key operation guidelines are displayed on the VFD. 

(D 

® 

© 

F.SET DP 
FUNCTION : SET-TC 

FUNCTION: SET-TC 
RANGE : TYPE-K/0° 

Use DIAL-1 to select SET-TC as 
FUNCTION, and press the ENTER key to 
make the setting. 

Use DIAL-1 to select TYPE-K/0° as 
RANGE. 

When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VED in hexadecimal 
notation. 

When the ENTER key is pressed, return is made to screen ( 

FUNCTION : OK 
INPUT : TYPE-K/00 

- F . s e t up end I -• With screen (D displayed, press the ESC 
key to complete the setting. 

Notes 
• Since the writing of the reference value is performed for all 

channels at the same time, always connect the ZERO-CON 
output to the input terminals. It is not possible to perform 
writing for individual channels. 

• Storage of the reference values should be made after installing 
AI boards for all channels. 

77 
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3.4.4 Resistance Value Writing for RTD Input 

1 o 0 , 5 0 f l i 

i o o , 5 on 

-<S> + 

-© - CH.l 

-@GRD 

-@ + 

- © - CH.12 

-©GRD 

MC5 500 

Connect the reference resistors to the MC5500 input terminals 
for all channels using leads of the same diameter and length, 
making connections to the (+),(—), and GRD terminals. 
Set the slide switches for all channels to the b position. 
Perform the adjustment after allowing at least 10 minutes of 
warmup time after applying power to the MC5500. 

- 2 6 - 7? 
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<Procedure> 

(D Apply power while depressing the CHANNEL SETTING key. 
Key operation guidelines are displayed on the VFD. 

(D 

<D 

CD 

F.SET UP 
FUNCTION : SET-RTD 

FUNCTION : SET-RTD 
RANGE : 3JIS/100. 
FUNCTION : OK 
INPUT : 3JIS/100. 

FUNCTION: SET-RTD 
RANGE : 3JIS/ 50. 
FUNCTION : OK 
INPUT : 3JIS/ 50. 

Use DIAL-1 to select SET-RTD as 
FUNCTION, and press the ENTER key to 
make the setting. 

Connect the 100-J2 reference resistors. 

When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the VFD in hexadecimal 
notation. 

Connect the 50-Q. reference resistors. 

When the ENTER key is pressed, the 
reference value will be stored. At this 
point, the reference value will be 
displayed on the "VFD in hexadecimal 
notation. 

(D When the ENTER key is pressed, return is made to screen < 

F . s e t up endl With screen (2) displayed, press the ESC 
key to complete the setting. 

Notes 
Since the writing of the reference value is performed for all 
channels at the same time, always connect the reference 
resistors to the input terminals. It is not possible to perform 
writing for individual channels. 
Storage of the reference values should be made after installing 
AI boards for all channels. 
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DCI INC. 
P.O. Box 
14S12 W. 117th Street 

Dimensions 
CASE SIZE B 

8.37* 
.250*— 

Side View 2.40* 

Panel 
Cutout 2.45* 

_ L 
5.06*-

FOB Olathe, Kansas. Terms: Net 30 days. DCI reserves 
the right to change prices without notice. All orders 
subject to acceptance. 

WARRANTY 
THE FOLLOWING WARRANTY IS IN LIEU OF ALL 
OTHER WARRANTIES, EXPRESSED, IMPLIED OR 
STATUTORY, INCLUDING BUT NOT LIMITED TO ANY 
IMPLIED WARRANTY OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE. 
All new products sold by DCI Inc. are warranted against 
defects in materials and workmanship for one (1) year 
from the date of the original' shipment. During the war
ranty period, DCI Inc. will repair or, at its option, replace 
without charge any DCI Inc. product provided it is 
returned to the factory, shipped prepaid, and is proven 
defective during the subsequent factory examination. 
The warranty for products repaired after expiration of 
the new product warranty, as stated above, is limited to 
the repaired portion and is valid for ninety (90) days from 
the date of its reshipment. These warranties do not ap
ply if the product has been damaged by accident, mis
use, or modification in the absence of authorization 
from DCI Inc. DCI will not be responsible or liable for 
contingent, incidental, secondary or consequential 
costs or damages. 

[313] -7B2-56-7S 

f Mounting \ 
r-2-Customers Panel with Cutout 

to Mount OCI Instrument 
I/O Connecton Supplied by DCI 

INSTRUMENT 

Mounting Hardware Supplied by 
DCI (U-Strap with Screws) 

Note: Use Comer Screw of Case for Case Ground 

Represented by: ^ \ 

80 



REAR PANEL CONNECTORS PIN OPT 
AND DESCRIPTION 

TBI 
W 
X 
Y 
Z 

Analog input (LO) 
Analog input (HI) 
Power supply input (Power in on DC models) 
Power supply input (Power return on DC models) 

Jl 
Analog Output 
Analog Ground 

D.P. XXX.X 
BCD Output Latch 

Tri-State Control 
BCD Bit l Digit 
BCD Bit 8 Digit 
BCD Bit 4 Digit 
BCD Bit 2 Digit 
BCD Bit l Digit 
BCD Bit 8 Digit 
BCD Bit 4 Digit 
BCD Bit 2 Digit 

Digital Common 
Digital +5VDC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

A 
B 
C 
D 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
S 

Excitation Output 
-15VDC Out/Optional EOC Pulse 
D.P. XX.XX 
External Convert/Hold 
BCD Bit 1 Digit 5 
Polarity out 
Over-range out 
BCD Bit 1 Digit 3 
BCD Bit 8 Digit 3 
BCD Bit 4 Digit 3 
BCD Bit 2 Digit 3 
BCD Bit 1 Digit 1 
BCD Bit 8 Digit 1 
BCD Bit 4 Digit 1 
BCD Bit 2 Digit 1 

J2 
"HI" Logic Output 
"LO" Logic Output 
"IN" Logic Output 

NC Contact LO Relay 
NO Contact LO Relay 
C Contact LO Relay 

NC Contact HI Relay 
NO Contact HI Relay 
C Contact HI Relay 

No Connection 
No Connection 
No Connection 
No Connection 
Digital Common 
Digital +5VDC 

Opt 10, RS232 Rec. 
Opt 10, RS232-Com... 

Opt 10, RS232 T m s . 
Opt 10, Setup 
No Connection 
No Connection 
No Connection 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

A No Connection 
B No Connection 
C No Conncetion 
D No Connection 
E No Connection 
F No Connection 
H NO Connection 
J No Connection 
K No Connection 
L No Connection 
M No Connection 
N No Connection 
P No Connection 
R No Connection 
S No Connection 
T No Connection 
U No Connection 
V No Connection 
W No Connection 
X No Connection 
Y No Connection 
Z No Connection 

Note: J2 not installed on all models. Connections 14-19 on J2 are 
valid only for models with option-10. To program the first and second 
decimal points from the rear, tie pin 3 or C of Jl to Digital +5VDC, pin 
15 of Jl. To program decimal points internally, jumper solder pad 
3,4,5, or 6 on the bottom of the PC board. These pads are located near 
the display hang down board (see the "Adjustments Locators" section). 
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2000,2400,2500 
SETUP AND OPERATIONS 

Do not apply power until the unit is completely installed. 
Power input lines are to be connected to pins Y and Z of TBI on the rear 
of the unit. For units with DC input power options, power in is on 
TB1-Y and return is on TB1-Z. 
Analog input HI is attached to TB1-X and LO to TB1-W. 
Any other desired or used input or outputs are connected to Jl and J2 
(J2 not included on 204C and 205C) as shown in the Rear Panel Connectors 
Pin Out and Description page of this manual (page 7). 
On applicable units, the limit(s) must be set. Note that the high limit 
output does not switch until the value of the display reading is more 
positive than the value of the limit setting; and the low limit output 
does not switch until the value of the diplay reading is more negative 
than the value of the limit setting. I.E. On a unit with high and low 
limits set at high limit = +16965 and low limit = -4238; the follow 
table would be true of the logic output condition. 
Display Reading Hi, In, or Low Condition 

0000 In 
+16965 In 
+16966 Hi 
- 4238 In 
- 4239 Low 
Note that it is invalid to set the low limit greater than the high limit 
on dual limit units. On single limit units, the single limit operates 
like the high limit. 
Now with power applied, unit should begin operation (unless convert/hold 
is held low, in which case it must be released to begin operation) . If 
unit does not appear to come on, check power supply lines for correct 
power applied. Check rear panel connectors for correct installation and 
orientation. Try operating unit without Jl and J2 to determine if 
something may be miss wired. If all attempts fail, contact DCI (see 
front cover). 
Note that the unit may require 20 to 30 minutes of warm up time to 
completely stabilize and give fully accurate readings. 
Once unit is running in a system, fine adjustments may be made to the 
zero and scale via two pots located in the upper right corner behind the 
lens. 
If more coarse adjustment is needed, see the field adjustments section to follow. 

9 
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FIELD ADJUSTMENTS 

In adjusting the input of the 200C, there will be 4 sets of jumpers 
used. The jumpers are located in the back corner of the board next to 
the Terminal Block and will be referred to as follows: 

Divide/Multiply 
Factor 

Coarse Scaling 
— Fine Scaling 

The page immeadiately- following-, this -Field Adjustments section is a 
field adjustments calculation page. It is recommended that this page be 
copied and used to keep track of the adjustment calculations and 
results. If there are any analog output options installed, the results 
of the input calibration will be needed to setup these options. 
For use in equations and calculations, the desired full scale input 
voltage will be referred to as "S", and the display reading, 
disregarding any decimal point, at voltage "S" will be referred to as 
"D". Following are the equations to setup the 200C. The boxes along 
the right hand side are an example to follow. In the example, the 
customer wants the display to read 3 6.00 for an input voltage of 4.6 
volts. Note that D will be 3600 and not 36.00. 
Using "D" & "S", solve the following equation: 
> (2 0,000/D) * S = Scale Volts ("SV") 

D=3600 Sc S=4.6 
(20,000/3600)*4.6=25.56Volts 

Now using MSV", determine from the following table, whether to Multiply 
or Divide, and by what Factor ("F"). 
If SV is between Div/Mult Factor 
100 to 750V Divide by 100 
10 to 99.99V Divide by 10 
1 to 9.999V Multiply by 1 
.1 to .9999V Multiply by 10 
.05 to .09999V Multiply by 100 

SV=25.56 Volts 
Div/Mult=Divide 
Factor=10 

Set the Divide/Multiply jumper (3 pair jumper) and the Factor jumper on 
the board according to the previous calculation and table. 

10 
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Now solve one of the following equations according to whether the 
Divide/Multiply jumper is in the Dividing or Multiplying position. 

If Dividing, solve this equation: 
> P/SV = scaling ("SC") 
If Multiplying, solve this equation: 
> 1/(F * SV) = scaling ("SC") 

Div/Mult=Divide 
10/25.56V=0.3912 

The resultant of this equation must be less than or equal to 1. 
then recheck calculations since this may indicate an error. 

If not, 

The next step is to round off the scaling to two decimal places, second 
place even. 

i.e. 0.3912 -> 0.40 0.2633 -> 0.26 0.6700 -> 0.68 
Set the first digit into the Coarse Scaling jumper: 

CS=.2 i.e. CS=.4 CS=.6 
Set the second digit into the Fine Scaling jumper: 

FS=.06 i.e. FS=.0O FS=.08 
Attach the inputs to a voltage standard set to 0.0000 volts or short the 
input leads together and adjust the zero pot located at the front of the 
board for a display reading of zero (the pot closer to the display is 
zero). 
Now input the desired full scale voltage either from a voltage standard 
or from a known source and adjust the scaling pot located at the front 
of the baord for the desired full scale input display reading (the pot 
closer to the edge of the board is scaling). If the pot doesn't quite 
make the adjustment, it may be necessary to move the Fine Scale jumper 
up or down one position. Note that moving up from .08 to .00 on the 
Fine Scaling requires moving the Coarse Scaling up one count; and that 
moving down from .00 to .08 on the Fine Scaling requires moving the 
Coarse Scaling down one count. 
It may be necessary to recheck and repeat the previous two steps (zero 
and scale adjustment) more than once to obtain optimum calibration. 

11 
57 



CALCULATIONS 
full Scale input voltage? . . . 
Display reading at "S"? . . . . 

> (20,000/D)*S = Scale Volts "SV" 
? (20,000/ .) 

Divide or Multiply? 
Factor? 
If "D/M" = D 

> F/SV = scaling "SC" 

./. 
If "D/M" = M 

> 1/(F * SV) = scaling "SC" 
? l/(. .) = 
Coarse Scaling? 
Fine Scaling? . 

OR -

»S" 
»D" 

«'SV" 
"D/M" 
ii p n 

= "SC" 

= "SC" 
= »CS" 

- llfSH 

This area is for calculating. 

This area reserved for analog output options calculations. 
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OPTION-08 ADJUSTMENT 
(4-20 milliamps OUTPUT) 

The 4-20 milliamps option board has an adjustment range of from 200 
counts to 20,000 counts of display change is equal to 4-20 milliamps 
output. The zero is also adjustable over a wide range so that 4 
milliamps output doesn't necessarily have to relate to a 0 volt input, 
although the 20 milliamps output will represent the more positive input 
voltage. 
On the 4-20 milliamps output option board, there is a jumper which is 
numbered as follows: 

Position 
10 

This End 
Position 
1 
This End 

Component side of the board. 

Using the variables and values from the input adjustment, solve one of 
the following equations for "P" to determine the option board jumper 
Position: 
If Dividing the input, solve this equation: 
> (1.6 * P)/(S * SC * 2) = P 
If Multiplying the input, solve this equation: 
> 1.6/(F * S * SC * 2) = P 
Set the jumper on the 4-20 milliamps output option board as follows: 
If P is between: Set jumper in position: 
0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

With a zero volt input to the meter, (or the voltage at which 4 
milliamps output is desired), adjust the output offset pot (on the 
output option board, the pot which is closer to the main board) for an 
output of 4 milliamps out (the load being driven must be less than soon). 
Now with the full scale volts input, adjust the output full scale pot 
(on the output option board, the pot which is further from the main 
board) for 20 milliamps out. 
This process of adjusting offset and scale may have to be repeated more 
than once to obtain optimum calibration. Fine tuning adjustments may 
be made through the lens, (see the "Adjustments Locators" section). 

13 
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OPTION-09 ADJUSTMENT 
(ANALOG OUTPUT) , 

The analog output option board has an adjustment range of from 
200 counts to 20,000 counts of display change equals 0 to 10 
volts out. The zero is also adjustable over a wide range so that 
a 0 volt input doesn't necessarily have to generate a 0 volt output, 
although the +10 volts output will still represent the more positive 
input voltage. 
For use in the following equations, the desired output voltage at full 
scale input voltage "S", will be referred to as "W" and the output 
voltage at 0 volts input will be refered to as "Z". Using the variables 
and values from the input adjustment, solve one of the following 
equations for "P" to determine the analog output option board jumper 
Position: 
If you are Dividing the input: 
> ((W - Z) * F)/(S * SC * 2) = P 
If you are Multiplying the input: 
> (W - 2)/(S * F * SC * 2) = P 
Now set the jumper position on 'the analog output option board as 
follows: 
If P is between: Set -jumper in position: 
0-19 1 
20-39 2 
40-59 3 
60-79 4 
80-99 5 
Apply a zero volt input to the meter and adjust the analog output zero 
pot (on the output option board, the pot which is closer to the main 
board) for the desired output voltage "Z". 
Now apply the full scale input voltage to the meter and adjust the 
analog output-sea-ling-pot-.(on the output option board, the pot which is 
further from the main board) for the desired output voltage "W". 
This process of adjusting zero and scale may have to be repeated more 
than once to obtain optimum calibration. Fine tuning adjustments may be 
made through the lens, (see the "Adjustments Locators" section). 
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OPTION-16 ADJUSTMENT 
(4-20 milliamps INPUT) 

The adjustment of the 4-20 milliamps input will depend upon the value of 
the dropping resistor used. This will be the value of R301 on standard 
units, or R502 on differential units and will always be less than loon. 
In the following equation, the value of the dropping resistor will be 
refered to as "R". Calculate the following equation to determine "S" 
for use in the setup procedure. 
> 0 . 0 1 6 * R = S l&a.* </v SC?®0^ 

Now using the value of "S", setup the Factor, Divide/Multiply, Coarse 
Scale, and Fine Scale jumpers according to the Field Adjustments section 
found on pages 4-6; however, do not attempt to power up and calibrate 
the unit at this point. One aditional component, R225, must be 
calculated and installed. In the following equation, "R" is again the 
value of the dropping resistor. Calculate the following equation using 
the values from the setup. The resultant, R225, will be in Kfl's. 
> (SC + .5) * (120,000/D) = R22S (in Kft's) ^=K ff.s"̂ < 
Use a high tolerance resistor, 1% or better, as close as possible to the 
calculated value of R225. Install R225 in it's slot located immediately 
behind the adjustment pots at the front of the board. 
Apply power and attach the inputs to a 4 milliamps current source. 
Adjust the display for a reading of zero using the zero pot located at 
the front of the unit (the pot closer to the display is the zero pot). 
If the display doesn't quite adjust to zero, it may be necessary to go 
to a slightly higher or lower resistor value for R225. If the display 
is still reading positive, decrease R225's value, and if the display is 
too negative, increase R225's value. 
Now input a 20 milliamps current source, and adjust the display for the 
desired full scale reading using the scaling pot located at the front of 
the unit (the pot closer to the edge of the board is the scaling pot). 
If the pot doesn't quite make the adjustment, it may be necessary to 
move the Fine Scale jumper up of down one position. Note that moving up 
from .08 to .00 on the Fine Scaling requires moving the Coarse Scaling 
up one count; and that moving down from .00 to .08 on the Fine Sclaing 
requires moving the Coarse Scaling down one count. 
It may be necessary to recheck and repeat the previous two steps (zero 
and scale adjustment) more than once to obtain optimum calibration. 
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OPTION-17 ADJUSTMENT 
(True RMS AC INPUT) ( 

Adjustment of this option will follow the Field Adjustments procedure 
for the 200C, 240C, & 250C, which is covered on pages 4-6. There are 
only two exceptions to this procedure. The first exception is the 
substitution of the following table for the Divide/Multiply & Factor 
table on page 4. 
If SV is between Div/Mult Factor 
700 to 2000 Divide by 1000 
70 to 700 Divide by 100 
7 to 70 Divide by 10 
.7 to 7 Multiply by 1 
.07 to .7 Multiply by 10 
.05 to .07 Multiply by 100 
Note that any-references to voltages will be to the RMS AC voltage and 
not the peak voltage. To convert peak-to-peak AC voltage to RMS, divide 
vp-p by 2.828. 
i.e. 326Vp-p = 326/2.828 Vrms = H5Vrms 
The second exception is to the board jumpers (1,10,100,1000); the 
factors all divide by ten. When a factor of 100 is called for by the 
equations and tables, the 1000 jumper position must be used. If a factor 
of 10 is called for, the 100 jumper position must be used; and when a 
factor of 1 is called for, the lfi jumper position must be used. If a 
factor of 1000 is called for by the equation and table the 1 jumper 
position must be used. Take note that this change is only to the 
physical placement of the jumper and does not change any of the 
equations or tables. 
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2600,2610,2620,2650,2660,2670 

SETUP AND OPERATIONS 
Do not apply power until the unit is completely installed. 
Power input lines are to be connected to pins Y and Z of TBI on the rear 
of the unit. For units with DC power options, power in is on TB1-Y and 
return is on TB1-Z. 
Frequency input is connected to TB1-X and common is connected to TB1-W. 
If an excitation voltage is needed, such as a pull-up for an optical 
sensor, the internal +5VDC supply voltage is available on Jl pin 15 and 
its return is on Jl pin 14. Note that Jl pin 14 and TB1-W are connected 
internally on this model. 
Any other desired or used input or outputs are connected to Jl and J2 as 
shown in the Rear Panel Connectors Pin Out and Description page of this 
manual (page 7). 
On applicable units, the limit(s) must be set. Note that the high limit 
output does not switch until the value of the display reading is more 
positive than the value of the limit setting; and the low limit output 
does not switch until the value of the diplay reading is more negative 
than the value of the limit setting. I.E. On a unit with high and low 
limits set at high limit = +16965 and low limit = -4238; the follow 
table would be true of the logic output condition. 
Display Reading Hi, In, or Low Condition 

0000 In 
+16965 In 
+16966 Hi 
- 4238 In 
- 4239 Low 
Note that it is invalid to seii the low limit greater than the high limit 
on dual limit units. On single limit units, the single limit acts like 
the high limit. 
Now with power applied, the unit should begin operation (unless 
convert/hold is held low, in which case it must be released to begin 
operation). If unit does not appear to come on, check power supply 
lines for correct power applied. Check rear panel connectors for 
correct installation and orientation. Try operating unit without Jl and 
J2 to determine if something may be miss wired. If all attempts fail, 
contact DCI (see front cover). 
The unit may require 20 to 30 minutes of warm up time to completely 
stabilize and give fully accurate readings. 
Once unit is running in a system, fine adjustments may be made to the 
zero and scale via two pots located in the upper right corner behind the 
lens. 
If more coarse adjustment is needed, see the field adjustments section 
to follow. 
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FIELD ADJUSTMENTS 
In adjusting the input of the 260C, there will be 3 sets of jumpers, 
used. The jumpers are located in the back corner of the board next to 
the Terminal Block and will be referred to as follows: 

Divide/Multiply 
Coarse Scaling 

— Fine Scaling 

The page immeadiately following this Field Adjustments section is a 
field adjustments calculation page. It is recommended that this page be 
copied and used to keep track of the adjustments calculations and 
results. If there are any analog output options installed, the results 
of the input calibration will be needed to setup these options. 
For this meter, the Divide/Multiply jumper will always be in the divide 
position. 
For use in equations and calculations, the desired full scale input 
frequency will be referred to as "C". The display reading at 
frequency "C", disregarding any decimal points, will be refered to as 
"D". There is one other variable who's value depends on the meter type, 
for a 260C, 261C, or 262C, "M" is equal to 2. For a 265C, 266C, or 
267C, "M" is equal to 20. Following are the equations to setup the 260C. 
The boxes along the right hand side are an example to follow. In the 
example, the customer wants the display to read 36.00 for and input 
frequency of 3500Hz on a model 260C. Note that D equals 3600, not 
36.00. 

> D/(C * M) = scaling ("SC") D=3600,C=3500,& M=2 
3600/(3500*2)=0.5143 

The resultant of this equation must be less than or equal to 1. If not, 
then recheck calculations since this may indicate an error. If no error 
is found, this indicates and- attempt to attain a scaling not possible on 
this meter.' Also note that if ••SC" is greater than 0.50, the meters 
accuracy will degrade by a factor of twice "SC", till at MSC"= 1.0 the 
meter will be only half (1/(SC*2)) as accurate. 
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The next step is to round off the scaling to two decimal places, second 
place even. 
i.e. 0.5143 -> 0.52 0.2633 -> 0.26 0.6700 -> 0.68 
Set the first digit into the Coarse Scaling jumpers: 

CS=.2 i.e. CS=.5 CS=.6 
Set the second digit into the Fine Scaling jumpers: 

FS=.06 i.e. FS=.02 FS=.08 
One other equation must be calculated; its result is used to zero the 
meter: 
> 40 * "SC" = "ZD" 
Round "ZD" off to a whole number: 

40*.5143=20.57 

i.e. 20.57 => 21 
Attach the input leads to a frequency standard or a known souce of 20Hz 
for a 260C, 261C, or 262C, or 2Hz for a 265C, 266C, or 267C and adjust 
the zero pot located at the front of the unit for a display reading of 
"ZD" (the pot closer to the display is zero). 
Now input the desired full scale frequency either from a frequency 
standard or from a known source and adjust the scaling pot located at 
the front of the unit for the desired full scale input display reading 
(the pot closer to the edge of the board is scaling) . If the pot 
doesn't quite make the adjustment, it may be necessary to move the Fine 
Scale jumper up or down one position. Note that moving up from .08 to 
.00 requires moving the Coarse Scale up one count; and that moving down 
from .00 to .08 requires moving the Coarse Scale down one count. 
It may be necessary to recheck and repeat the previous two steps (zero 
and scale adjustment) more than once to obtain optimum calibration. 

J) -. %?jX * )0 
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CALCULATIONS 
full scale input frequency? . 
Display reading at "C"? . . . 

> D/(C * M) = Scaling "SC" 
./(. . ) • • 

Coarse Scaling? 
Fine Scaling? 
40 * "SC" = Zero Display "ZD" 

? 40* 

= "C" 
= "D" 

- ii sc" 

= "CS" 
= »FS" 

= "ZD" 

This area is for calculating. 

This area reserved for analog output options calculations, 
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OPTION-08 ADJUSTMENT 

(4-20 milliamps OUTPUT) 
The 4-20 milliamps option board has an adjustment range of from 200 
counts to 20,000 counts of display change equals 4-20 milliamps out. 
The 4 milliamps output is adjustable over a wide range so that 4 
milliamps output doesn't necessarily have to relate to a 0 Hz input, 
although the 20 milliamps output will still represent the higher input 
frequency. 
On the 4-20 milliamps output option board, there is a jumper which will 
be used in scaling; that jumper is numbered as follows: 

Position 
10 

This End 
Position 
1 
This End 

Component side of the board. 

Using the variables and values from the input adjustment, solve the 
following equation for "P" to determine the output option board jumper 
Position: 
> 16000/(C * SC * M) = P 
Now set the 4-20 milliamps output option board jumper as follows: 
If P is between; Set jumper in position: 
0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Attach the input leads to a frequency standard or a known souce of 20Hz 
for a 260C, 261C, or 262C, or 2Hz for a 265C, 266C, or 267C and adjust 
the output offset pot (the pot, on the output option board, which is 
closer to the main board) for an output of 4 milliamps out (the load 
being driven must be less than 50on). 
Now with the full scale frequency applied, adjust the output full scale 
pot (the pot, on the output option board, which is further .from the main 
board) for 20 milliamps out. 
This process of adjusting offset and scale may have to be repeated more 
than once to obtain optimum calibration. Fine tuning adjustments may be 
made through the lens, (see the "Adjustments Locators" section). 
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OPTION-09 ADJUSTMENT 
(ANALOG OUTPUT) 

The analog output option board has an adjustment range of from 
200 counts to 20,000 counts of display change equals 0 to 10 
volts out. The zero is also adjustable over a wide range so that 
a 0Hz input doesn't necessarily have to generate a 0 volt output, 
although the +10 volts output will still represent the higher input 
frequency. 
For use in the following equations, the desired output voltage at full 
scale input frequency "C", will be referred to as "W" and the desired 
output voltage at 0Hz input will be refered to as "Z". Using the 
variables and values from the input adjustment, solve the following 
equation for "P" to determine the analog output option board jumper 
Position: 
> ((W - Z) * 10000)/(C * SC * M) = P 
Now set the jumper position on the analog output option board as 
follows: 
If P is between: Set jumper in position: 
0-19 1 
20-39 2 
40-59 3 
60-79 4 
80-99 5 
Short the input leads together and adjust the zero pot (on the output 
option board, the pot which is closer to the main board) for the desired 
output voltage "Z". 
Now with the full scale frequency applied, adjust the output full scale 
pot (on the output option board, the pot which is further from the main 
board) for the desired output voltage "W". 
This process of adjusting offset and scale may have to be repeated more 
than once to obtain optimum calibration. Fine tuning adjustments may be 
made through the lens, (see the "Adjustments Locators" section). 
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OPTION-10 OPERATION 
(RS232C Serial Communications) 

Setup o£ the RS232C Serial Communications interface is accomplished 
via the right hand set of thumbwheel switches on the front of the 
unit, and a setup pin located • on J2 on the rear of the unit or 
optional front panel switch. Note that the RS232C option is not 
available on a 204C, 205C, 230C, 260C or a 265C. Following are the 
functions of each of the limit switches during setup. Once a set of 
conditions is programmed into the switches, pulling pin 19 of J2 low 
for a short time, or depressing optional switch, will program the new 
setup into the unit. This setup will be maintained even during loss 
of power until reprogrammed. 

LIMIT 1 

+ D5 D4 D3 D2 Dl 

D5 = 0: Program unit address, baud rate, limit control. 
UNIT ADDRESS: 
D2 & Dl, in order, make up the unit's address on the serial line. 
If D2 is set at 6 and Dl is set at 2, then the unit's address is 
62. The address may be anywhere in the range of 00 to 99. If 
the address is set at 0 the unit is enabled to communicate 
serially without the need for the AE command. See also AE, AD 
and SA serial commands. 
BAUD RATES: 
There are five choices set by D3. 

D3=0, the baud rate is 9600. 
D3=l, the baud rate is 1200. 
D3 = 2, the baud rate is 300. 
D3=3, the baud rate is 2400. 
D3=4, the baud rate is 4800. 

LIMIT CONTROL MODE OF OPERATION: 
There are three modes of operation set by D4 
command. 

See also LC serial 

D4=0: (Low/High) The limit(s) mode is in standard operation. 
D4=l: (Low/Low) The limit(s) mode is in dual low limit 

operation. In this mode the low limit is in standard 
operation. The high relay, LED and logic outputs 
energize for a display reading less than the limit 
setting. That is to say, the high output, relay and 
LED actually represent low conditions. Note that for 
single limit models, this mode produces a unit which 
energizes the relay below the limit instead of above 
the limit. 
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D4=2: (High/High) The limits mode is in dual high limit 
operation. In this mode the high limit is in standard 
operation.' ' The low relay, LED and logic outputs 
energize for a display reading greater than the limit 
setting. That is to say, the low output, relay and LED 
actually represent high conditions. Note that for 
single limit models, this mode produces the same 
results as standard operation. 

On page 36C is a graphic representation of the operation of the 
limits. Please note the following when referring to the graph: 

The graph is expanded at the limits to show which logic 
conditions are valid at the limit as well as one count below and 
above the limit(s). For single limit models, the "In" logic 
output is invalid and there is not a "low" relay. 

D5 = 1: Sets time between which meter automatically outputs data on 
RS232 interface (Continuous Reading). 

D4 through Dl will set time in minutes and seconds, in the format 
of D4; tens of minutes, D3; minutes, D2; tens of seconds and Dl; 
seconds, max time 99:99 minutes/seconds. This time will 
determine the delay between the continuous reading mode, which 
periodically output the display reading through the RS232 serial 
interface. If clock option is installed it will also output time 
and date. See also CR serial command. 

D5 = 2: Setups continuous reading format. 
D2 and Dl will set the format of the serial output continuous 
reading. 
Dl selects continuous reading time: if Dl is set to 0 then the 
time selected by step "D5=l" in minutes and seconds is used, if 
Dl is set to 1 then the reading is output on each conversion of 
the A/D converter and if Dl is set to 2 the readings are output 
each .5 seconds. 
D2 sets the format of the serial output: If D2 is 0 then the A/D 
reading is output only. The following modes, 1 through 4, are 
only available if the clock option is installed. If D2 is 1 then 
the time and reading is output, if D2 is 2 then date, time and 
reading is output, if D2 is 3 then date, and time is output, and 
if D2 is 4 then time only is output. 
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D5 = 2 Program Annunciator Output 
D3 & D4 0 No legend 

1 LBS 
2 TEMP 
3 C 
4 F 
5 mV 
6 V 
7 A 
8 Ohms 
9 KOhms 
10 MOhms 
11 PSI 

11 PSI 
12 PSIA 
13 PSIG 
14 RPM 
15 FPM 
16 GPM 
17 MPH 
18 IPM 
19 Hz 
20 VAC 
21 mRADS 

D5 = 3: Sets real time clock seconds. 
D4 through D2 will set the seconds and time mode if the real time 
clock option is installed. 
D2 = 0 sets AM time, D2 = 1 sets PM time, and D2 = 2 sets 24 hour 
mode. 
D4 is tens of seconds, D3 is seconds. 

D5 = 4: Sets real time clock hours. 
D4 through Dl will set the hours and minutes if the real time 
clock option is installed. See also ST serial command. 
D4 & D3 sets hours, and D2 & Dl sets minutes. 
D4 tens of hours, D3 units of hours, D2 tens of minutes, Dl units 
of minutes. 

D5 = 5: Sets real time clock date and day of week. 
D4 through D2 will set the day of the month and day of the week 
if the real time clock option is installed. See also SD serial 
command. 
D4 & D3 set day of month, and D2 sets day of week 1 through 7. 
D4 tens of days, D3 units of days. 

D5 = 6: Sets real time clock year and month. 
D4 through Dl will set the year and month if the real time clock 
option is installed. See also SD serial command. 
D4 & D3 sets year, and D2 sets tens of months, Dl sets units of 
months. 
D4 tens of year, D3 units of years. 

D5 = 7: Dl = 0 Echo off Dl = 1 Echo on 
D2 = 0 LF off D2 = 1 LF on 

D5 = 8: Dl(ones) & D2(tens) = # of serial command 
D3 = device control 
1 = on 0 = off 
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D5 = 9 Set test mode. 
Setting D5 to 9 and pulling the setup line low or depressing 
setup switch will enable a test message of set up parameters. The 
message is sent, either to a serial printer or computer terminal, 
by pulling the setup line low a second time, or depressing setup 
switch a second time. This allows the limit switches to be 
returned to their limit value for verification in the test 
message. 
The following commands are for communications via the RS232C 
port and are uppercase ascii at the selected baud rate. Each 
command and data must have a carriage return, leading spaces 
before the data are ignored. Before the command is recognized 
the unit must be enabled, except for the AE command which will 
enable the unit of whose address is selected. If unit address is 
0 it does not require the AE command and will respond to all 
commands. If a unit is enabled and another AE command is sent 
with a different address all units without this address will be 
disabled. 

Command; 
3 AExx 
4 ADxx 
5 RD 
6 LI 

7 L2 

8 Slxxxxxx 

9 S2xxxxxx 

10 VI 
11 V2 
12 LCx 

Description; 
Address Enable, (xx = 0 to 99) 
Address Disable, (xx = 0 to 99) 
Read Display. Returns the current display reading. 
Read HI Limit. Returns the current setting of the 
high limit switches (right hand bank on dual limit 
models). 
Read LO Limit. Returns the current setting of the 
low limit switches (left hand bank on dual limit 
models). This command is invalid on single limit 
models. 
Set Limit 1. Sets the internal HI limit value 
between -19999 and +19999. Use the CLx command 
to activate the internal limit(s). If no 
parameter is entered limit 1 value is returned. 
Set Limit 2. Sets the internal LO limit value 
between -19999 and +19999. Use the CLx command 
to activate the internal limits. If no parameter 
is entered limit 2 value is returned. 
Read Limit 1. Returns the current setting of the 
internal HI limit for verification. 
Read Limit 2. Returns the current setting of the 
internal LO limit for verification. 
Limit Control. Performs the same function as D4 
does during setup. See the setup section (page 
36) for details. If no parameter is entered LC 
value is returned. (x = 0,1, or 2) 
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13 RCx Relay Control. If x=0, the relays and logic 
outputs will operate according to the limits and 
display comparison. If x=l, the relays and logic 
outputs will be overridden and can be controlled 
by the INx, LLx, and HLx commands. If no 
parameter is entered RC value is returned. 

14 CLx Computer Limits. If x=0, CL is off and the front 
panel switch limit(s) are used in determining the 
logic and relay outputs. If x=l, CL is on and the 
internal limit(s) set by SI and S2 will be used 
for comparisons. If no parameter is entered CL 
value is returned. 

15 VS Verify Status. Returns three conditions: CL 
on or off, LC = 0, 1, or 2, and RC auto or man. 

16 INx In Logic Control. Controls the state of the "In" 
logic output. This command is valid only if RC is 
in manual mode (RCx=l) and the unit is a dual 
limit unit. 

17 LLx Low Logic Control. Controls the state of the "Low" 
logic output (and its relay on dual limit models). 
This command is valid only if RC is in manual mode 
(RCx=l). 

18 HLx High Logic Control. Controls the state of the 
"High" logic output and its relay. This input is 
valid only if RC is in manual mode (RCx=l). 

2 LFx Line Feed. If x=l, a line feed control character 
will be returned after a carriage return is sent 
by the unit or a carriage return is detected by a 
incoming command. 

1 EHx Echo. If x=l each character received by the unit 
is echoed out the serial port and must be turned 
on if several units are daisy changed together. 

20 SAxx Set unit address 0 to 99. If no parameter's 
entered the unit address is returned. 

21 BRxxxx Set the unit baud rate entered as 9600, 1200 etc. 
Baud rate is changed at completion of command or 
return value will be garbage. 

22 CRxx xx Continuous reading the first parameter is the time 
interval of the reading -1 is every A/D 
conversion, -2 is each .5 second, 9999 is minutes 
and seconds, the second parameter is optional and 
is the display format 0 to 4, see switch setting 
for format. If no parameter is entered the 
continuous reading time and format are returned. 

23 SD mm:dd:yy Set the optional real time clock month day and 
year in the format of mm:dd:yy-DOW, colons can be 
replaced by spaces. If no parameters are entered 
the date is returned. 
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25 ST hh:mm:ss x Set the optional real time clock time, hours, 
minutes, seconds, and 0 =am, 1 =pm, 2 =24hour 
mode. If no parameters are entered the time is 
returned. 

19 TM Sends out the test message as described in the 
setup section. 

26 LRxx Enables the printing of a legend after the 
reading. 0 disables, l-21(see list) 

27 SCxx_xx Allows the transmission of a control code to the 
next unit on the line. The next unit processes 
this control code and performs the command 
indicated by the command number in the receiving 
unit. The first parameter enables the 
transmission of the device code. The last 
parameter is the number of the command to be 
processed, (see table) 
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Connection and Programming for 
using two 200c RS-232 units 
together with a printer. 

Connection 
Designate one unit as a master and the other as a slave. 
Connect the ground of both units and the printer together. 
Connect the Transmit (J2-18) of the Master to Receive (J2-16) of 
the Slave. 
Connect the Transmit (J2-18) of the Slave to Receive of the 
Printer. 

Programming 
In the following directions the Master and Slave are setup 
differently. In the switch settings shown an x denotes a don't care 
setting. These settings below are the minimum that must be 
programmed for the units to work properly with the printer. All 
other settings must be programmed according to the customers 
preference. For an explaination of these features please consult 
the manual. 
For Master: Set baud rate and address to these switch settings. 

00200 Press setup switch. 
Set echo to on. 7xx01 Press setup switch. 
Set device control mode on. 8x100 Press setup 
switch. 

For Slave: Set baud rate and address to these switch settings. 
00200 Press setup switch. 
Set echo to on. 7xx01 Press setup switch. 
Set device control mode off. 8x005 Press setup 
switch. 
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SCALING ADJUST 

OUTPUT OPTION BOARD 
ZERD ADJUST 
SCALING ADJUST 

INPUT OPTION BOARD 
COARSE ZERD ADJUST 
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ADJUSTMENTS 
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DCI inc. 
PART NUMBER 01-0001-00 
NOMENCLATURE 200C ASSYMBLY 

REVISION DATE 12/21/87 
PAGE 1 OF 1 

Quantity Part Number Description Option/Supply 

lea. 88-0003-OB 
lea. 88-0003-10 
lea. 88-0003-20 
lea. 88-0003-30 
lea. 88-0003-40 
lea. 88-0003-50 
lea. 88-0003-6A 
lea. 88-0003-7A 
lea. 88-0003-80 
lea. 88-0010-00 
2ea. 86-0004-62 
lea. 86-0007-00 
lea. 86-0012-00 
lea. 86-0022-00 
lea. 86-0022-10 
lea. 86-0023-00 
lea. 86-0023-10 
lea. 86-0023-20 
4ea. 4-40x1/2 
2ea. 5-40x1/4 
2ea. 4-40x5/16 
4ea. 4-40X1/2 
2ea. 8-32x5/8 
2ea. 8-32 

200C MAIN BOARD 
DIFFERENTIAL OPTION BOARD 
OHMMETER OPTION BOARD 
TRUE RMS AC OPTION BOARD 
4-20mA OUTPUT OPTION BOARD 
FREQUNCY TO VOLTAGE BOARD 
STANDARD INPUT OPTION BOARD 
STANDARD OUTPUT OPTION BOARD 
BCD OUTPUT OPTION BOARD 
+10-30V/+5V CONVERTER BOARD 
1/2 CASE B EXTRUSION 
CASE B ALUMINUM BEZEL 
CASE B U-STRAP 
200 NO COMPARATOR BACK PLATE 
200 WITH COMP. BACK PLATE 
200 LENS W/O COMP. 
200 LENS W/ SINGLE COMP. 
200 LENS W/ DUAL COMP. 
100° FLAT HEAD THREAD ROLLING 
SET SCREW 
BUTTON ALLEN HEAD 
PAN HEAD PHILLIPS SELF TAPPING 
PAN HEAD PHILLIPS SELF TAPPING 
PERMA-NUTS 

-04 & 230C 
210C & 220C 
-17J & -17K 
-08 
260C 
200C NO IN OPTc 
-09 
-01 
-24 

W/O COMP. 
W/ COMP. 
NO COMP. 
SING. COMP. 
DUAL COMP. 
KCN&B 
KCN&B 
KCN&B 
KCN&B 
KCN&B 
PEM 
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DCI Inc. 
PART NUMBER 88-0003-0B REVISION B DATE 10/7/87 

NOMENCLATURE 2 00C CONTROL/DISPLAY BOARD PAGE 1 OF 3 

Designation Part Number Description Supplier Notes 

C201 
C202 
C203 
C2 04 
C205 
C206 
C207 
C208 
C209 
C210 
C211 
C212 
C213 
C214 
C215 
C216 
C217 
C218 
C219 
C220 
C221 
C222 
C223 
C224 
C225 
CR201 
CR202 
CR203 

DS1 
DS2 
DS3 
DS4 
DS5 
DS6 

FL201 

IC201 
IC202 
IC203 
IC204 
IC205 
IC206 
IC207 
IC208 

ECEA1CV102S 
ECEA1CV102S 
Y5S-104Z 
ECEA1EV221S 
Y5S-104Z 
ECEA1EV221S 
Y5S-104Z 
Y5S-104Z 
CK06-104 
MKS21.0/50/10 
MKS21.0/50/10 
GA2C474K 
Y5S-104Z 
Y5S-104Z 
TCD-103Z 
Y5S-104Z 
ECEA1EV221S 
EDPT-1000/63/Y5P 
ED2 00J03 
ED200J03 
Y5S-104Z 
Y5S-104Z 
N/A 
EDPT-1000/63/Y5P 
EDPT-1000/63/Y5P 
W02M 
W02M 
1N4148 

MAN6650 
MAN6640 
MAN6640 
N/A 
TIL209A 
TIL209A 

FL1047 

MC7805CT 
MC78L15CP 
MC79L15CP 
MC79L05CP 
UA714C9T 
UA714C9T 
ICL7135 
MC1404U5 

lOOOuf, 
lOOOuf, 
.luf, 
220uf, 
.luf, 
220uf, 
.luf, 
.luf, 
.luf, 
l.OUf, 
l.OUf, 
.47uf, 
.luf, 
.luf, 
•Oluf, 
.luf, 
220uf, 
.OOluf, 
20pf, 
20pf, 
.luf, 
.luf, 

16V 
16V 
12V 
25V 
12V 
25V 
12V 
12V 
50V 
50V 
50V 
200V 
12V 
12V 
50V 
12V 
25V 
63V 

500V 
500V 
12V 
12V 

CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACTIOR 
CAPACITOR 
CAPACTIOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
MYLAR CAP. 
MYLAR'CAP. 
POLY. CAP. 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACTIOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 

TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
1MB 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 

.OOluf, 63V CAPACITOR TAW 

.OOluf, 63V CAPACITOR TAW 
FULL WAVE DIODE BRIDGE GI 
FULL WAVE DIODE BRIDGE GI 
SMALL SIGNAL DIODE MOTOROLA OPT-07 

1-1/2 DIGIT DISPLAY 
2 DIGIT DISPLAY 
2 DIGIT DISPLAY 

RED LED INDICATOR 
RED LED INDICATOR 

AC LINE FILTER 

+5VDC 1A REGULATOR 
+15VDC .1A REGULATOR 
-15VDC .1A REGULATOR 
-5VDC .1A REGULATOR 
PRECISION OP-AMP 
PRECISION OP-AMP 
4-1/2 DIGIT A/D 
+5.0VDC REFERENCE 

GI 
GI 
GI 

TI 
TI 

DCI 

MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
FAIRCHILD 
FAIRCHILD 
INTERSIL 
MOTOROLA 

W/O -05or -24 

50 17 



PART NUMBER 88-0003-OB REVISION B DATE 10/7/87 

NOMENCLATURE 200C CONTROL/DISPLAY BOARD PAGE 2 OF 3 
Designation Part Number Description Supplier Notes 
IC209 
IC210 
IC211 
IC212 
IC213 
IC214 
IC215 
IC216 
IC217 
IC218 
IC219 
IC220 
Jl 
J3 
J4 
J5 
J6 
J8 
J10 (D/M) 
PI 
Q201 
R201 
R202 
R203 
R204 
R205 
R206 
R207 
R208 
R209 
R210 
R211 
R212 
R213 
R214 
R215 
R216 
R217 
R218 
R219 
R220 
R221 
R222 
R223 
R224 
R225 
R226 

UA714C9T 
74HC00N 
74HC04N 
74HC04N 
74HC4518N 
74HC4511N 
SN75492N 
74HC173N 
74HC173N 
74HC173N 
74HC173N 
VA15-15 
6007030450012 
65610-108 
65610-122 
65610-110 
15-44-4508 
15-44-4504 
65610-112 
2-86942-4 
TIP29C 
ERD10T240J 
NC5550.0K.25% 
89PR SELECT 
JF 25J 100 
JF 25J 100K 
89PR10K 
JF 25J 100K 
JF 25J 100K 
JF 25J 27 
JF 25J 100K 
NC5530.1K.25% 
89PR1K 
MK2-1 6.98K 
NC5510.0K.25% 
NC5510.0K.25% 
JF 25J 10 
JF 25J 10 
JF 25J 10 
JF 25J 10 
JF 25J 10 
JF 25J 10 
JF 25J 10 
NC5520.0K.25% 
SELECT -OFFSET 
SELECT +OFFSET 
JF 25J 2M 

PRECISION OP-AMP 
QUAD NAND GATE 
HEX INVERTER 
HEX INVERTER 
DUAL BCD COUNTER 
BCD-7 SEG. DECODE/DRV. 
HI CURR. HEX INVERTER 
QUAD 3-STATE D-F/F 
QUAD 3-STATE D-F/F 
QUAD 3-STATE D-F/F 
QUAD 3-STATE D-F/F 
+5V/±15V CONVERTER 

CARD EDGE CONNECTOR 
2X4 PIN TERM. STRIP 
2X11 PIN TERM. STRIP 
2X5 PIN TERM. STRIP 
2X8 PIN PCB CONNECTOR 
2X4 PIN PCB CONNECTOR 
2X6 PIN TERM. STRIP 
INTERCONNECT RIBBON 
DAR. NPN POWER TRANS. 

FAIRCHILD 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
TI 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
RELIABILTY 
ELCO 
BERG 
BERG 
BERG 
MOLEX 
MOLEX 
BERG 
AMP 
MOTOROLA 

01,20 & COMP 

OPT-01 
OPT-01 
OPT-01 
OPT-01 
OPT-05 

COMP 
COMP 
COMP 
COMP 
-24 

W/O -27or -29 

COMPARATOR 

24n, 
50KH, 

n 
loon, 
looKn, 
lOKn, 
looKn, 
IOOKH, 
270, 
looKn, 
30.1Kn, 
iKn, 
6.98KH, 
lOKn, 
lOKn, 
ion, 
ion, 
ion, 
ion, 
ion, 
ion, 
ion, 
20Kn, 

2Mn, 

1/8W 5% RES. TAW 
1/4W .25% RN60C CORNING 
20-TURN POT. 
1/4W 5% RES. 
1/4W 5% RES. 
20-TURN POT. 
1/4W 5% RES. 
1/4W 5% RES. 
1/4W 5% RES. 
1/4W 5% RES. 

BECKMAN 
TAW 
TAW 
BECKMAN IND. 
TAW 
TAW 
TAW 
TAW 

W/O -05or -24 
SPECIALS ONLY 

OPT-07 
OPT-07 

1/4W .25% RN60C CORNING 
20-TURN POT. BECKMAN IND. 
1/4W 1% RES. TAW 
1/4W .25% RN60C CORNING 
1/4W .25% RN60C CORNING 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W 5% RES. TAW 
1/4W .25% RN60C TAW 
1/4W 1% RES. TAW OPT-06 
1/4W 1% RES. TAW OPT-06 
1/4W 5% RES. TAW 

118 
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PART NUMBER 88-0003-OB REVISION B DATE 10/7/87 
NOMENCLATURE 200C CONTROL/DISPLAY BOARD PAGE 3 OF 3 

Designation Part Number Description Supplier Notes 

R227 
R228 
R229 
R230 
R231 
R232 
R233 
R234 
R235 
R236 
R237 
R238 
R239 
R240 
RN201 
RN202 
RN203 
RN204 

T201 
(T201) 

TBI 
Y201 
(Y201) 

JF 25J 
N/A 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 
JF 25J 

15 OK 
51 
51 
51 
51 
51 
2K 
2K 
10K 
10K 
18 
18 
240 

150KU, 1/4W 5% RES. TAW OPT-18 

1776-241 
EXBF10V103G 
EXBF10V103G 
EXBF10V202G 

73C-6 
73C-8 

4PCV-04-362 

5,0000MP-1 
6,0000MP-1 

MISCELLANEOUS 
lea. 
lea. 
3ea. 
lea. 
lea. 

93-020C-20 
62836-1 
530153-2 
5768B 
228AG29D 

sin, 1/4W 5% RES. TAW 
sin, 1/4W 5% RES. TAW 
sin, 1/4W 5% RES. TAW 
sin, 1/4W 5% RES. TAW 
sin, 1/4W 5% RES. TAW 
2Kfl, 1/4W 5% RES. TAW 
2KH, 1/4W 5% RES. TAW 
IOKII, 1/4W 5% RES. TAW 
lOKn, 1/4W 5% RES. TAW 
isn, 1/4W 5% RES. TAW 
isn, 1/4W 5% RES. TAW 
240n, 1/4W 5% RES. TAW 
DECADE VOLTAGE DIVIDER CADDOCK 
10K RES. NETWORK TAW 
10K RES. NETWORK TAW 
2K RES. NETWORK TAW 

11OV PRI/DUAL SEC. 
220V PRI/DUAL SEC. 

ENEGREN 
ENEGREN 

W/O -05or -24 
OPT-22 

SPECIAL TERM. BLOCK RDI 
5.00MHz CRYSTAL 
6.00MHz CRYSTAL 

M-TRON 
M-TRON OPT-07 

200C PC BOARD 
3 PAIR MULTI-SHUNT 
.100" CENTER SHUNT 
TO220 HEAT SINK 

DCI 
AMP 
AMP 
AAVID 
AUGAT 28 PIN DIP SOCKET 

DCI 
AMP 
AMP 
AAVID 
AUGAT 

52 \ft 
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PART NUMBER 88-0003-10 ' REVISION. 
NOMENCLATURE 200C DIFFERENTIAL OPTION BOARD 

DATE 10/7/87 
PAGE 1 OF 1 

Designation Part Number Description Supplier Notes 

C501 
C502 
IC501 
J7 
R501 
R502 
R507 

Y5S-104Z 
Y5S-104Z 
AD524BD 
65610-116 
SELECT/DIVIDER 
SELECT/DIVIDER 
89PR100K 

.luf, 12V CAPACITOR TAW 

.luf, 12V CAPACITOR TAW 
INSTRUMENTATION AMP 
2X8 PIN TERM. STRIP 

ANALOG DEVICES 
BERG 

1/4W 1% RES. TAW 
1/4W 1% RES. TAW 

lOOKfl, MULTI-TURN POT BECKMAN OPT/ZERO 
MISCELLANEOUS 
lea. 93-0030-10 
lea. 530153-2 
PART NUMBER 88-0003-30 

PC BOARD 
.100" CENTER SHUNT 
_ REVISION_ 

NOMENCLATURE 20PC TRUE RMS AC OPTION BOARD 

DCI 
AMP 
DATE 10/7/87 
PAGE 1 OF 1 

Designation Part Number Description Supplier Notes 

C601 
C602 
C603 
IC601 
J7 
R601 

Y5S-104Z 
Y5S-104Z 
MKS21.0/50/10 
AD637J 
65610-116 
SEL. TYPE NS-5 

.luf, 12V CAPACITOR TAW 

.luf, 12V CAPACITOR TAW 
l.Ouf, 50V MYLAR CAP. TAW 
TRMS AC TO DC CONV. 
2X8 PIN TERM. STRIP 
1% LOW INDUCTANCE 5W 

MISCELLANEOUS 
lea. 93-0030-20 
PART NUMBER 88-0003-20 

PC BOARD 
REVISION 

ANALOG DEVICES 
BERG 
DALE OPT/AMMETER 

DCI 
DATE 10/7/87 

NOMENCLATURE 20 PC OHMMETER OPTION BOARD P A G E I O F 1 
Designation Part Number Description Supplier Notes 
C501 
C502 
C503 
CR501 
CR502 
CR503 
CR504 

Y5S-104Z 
Y5S-104Z 
TCD-103Z 
1N752 
1N752 
1N5060 
1N4148 

.luf, 12V CAPACITOR TAW 

.luf, 12V CAPACITOR TAW 

.Oluf, 50V CAPACITOR TAW 
5.6V ZENER DIODE MOTOROLA 
5.6V ZENER DIODE MOTOROLA 
SPIKE PROTECTION DIODE GE 
SMALL SIGNAL DIODE MOTOROLA 

OPT/PROTECT 
OPT/PROTECT 

/zo 



UJHC-SD~ujr^l-APT-O<9(o, A-^/O 

CR505 1N4148 
CR506 1N4148 
IC501 UA714LTC 
OR 

IC501 AD524BD 
J7 65610-116 
Q501 MPSA63 
Q502 MPSA13 
R501 N/A 
R502 N/A 
R503 MK2-1 200R 
R504 MK2-1 LOOK 
R505 MK2-1 LOOK 
R506 MK2-1 100K 
R507 89PR100K 
MISCELLANEOUS 
lea. 93-0030-10 
lea. 530153-2 

flff< 
SMALL SIGNAL DIODE 
SMALL SIGNAL DIODE 

MOTOROLA 
MOTOROLA 

/ 

OPERATIONAL AMPLIFIER FAIRCHILD 
INSTRUMENTATION AMP ANALOG DEV. OPT/DIFF IN 
2X8 PIN TERM. STRIP BERG 
PNP DARLINGTON TRANS. MOTOROLA 
NPN DARLINGTON TRANS. MOTOROLA 

2000, 1/4W 2% RES. TAW 
lKfl, 1/4W 2% RES. TAW 
lKfl, 1/4W 2% RES. TAW 
100KH, 1/4W 2% RES. TAW 
100KD MULTI-TURN POT. BECKMAN OPT/ZERO 

PC BOARD DCI 
.100" CENTER SHUNT AMP 

PART NUMBER 88-0003-40 REVISION. 
NOMENCLATURE 200C 4-20mA OUTPUT OPTION BOARD 

DATE 10/7/87 
PAGE 1 OF 1 

Designation Part Number Description • Supplier I v 
Notes 

C701 Y5S-104Z .luf, 12V CAPACITOR TAW 
C702 Y5S-104Z • luf, 12V CAPACITOR TAW 
IC701 UA714LTC OPERATIONAL AMP FAIRCHILD 
IC702 UA714LTC OPERATIONAL AMP FAIRCHILD 
J7 65610-108 2X4 PIN TERM. STRIP BERG 
Q701 MPSA13 NPN DARLINGTON TRANS. MOTOROLA 
Q702 MPSA63 PNP DARLINGTON TRANS. MOTOROLA 
R701 MK2-1 LOOK lKfl, 1/4W 1% RES. TAW 
R702 89PR10K 10KH, MULTI-TURN POT. BECKMAN 
R703 MK2-1 100R 1000, 1/4W 1% RES. TAW 
R704 MK2-1 3.OIK 3.01KI2,1/4W 1% RES. TAW 
R705 89PR2K 2Kfl, MULTI-TURN POT. BECKMAN 
R706 JF 25J 20K 20KT2, 1/4W 5% RES. TAW 
R707 JF 25J 100K 100KX1, 1/4W 5% RES. TAW 
R708 MK2-1 499R 499f2, 1/4W 1% RES. TAW 
R709 MK2-1 499R 49917, 1/4W 1% RES. TAW 
R710 JF 25J 2OK 20KI1, 1/4W 5% RES. TAW 
RN701 EXBF10V103G 10K RES. NETWORK TAW 
RN702 EXBF10V103G 10K RES. NETWORK TAW 

54 I fl 
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MISCELLANEOUS 
lea. 93-0030-30 
lea. 530153-2 
PART NUMBER 88-0003-50 

PC BOARD 
.100" CENTER SHUNT 

REVISION 

DCI 
AMP 
DATE 10/7/87 

NOMENCLATURE 2OOC FREQUENCY-TO-VOLTAGE OPTION BOARD PAGE 1 OF 1 
Designation Part Number Description Supplier Notes 

C801 Y5S-104Z .luf, 12V CAPACITOR TAW 
C802 Y5S-104Z .luf, 12V CAPACITOR TAW 
C803 MKS21.0/50/10 l.Ouf, 50V MYLAR CAP. TAW 
C804 EDPT-1000/63/Y5P .OOluf, 63V CAPACITOR TAW 
C805 CD15-FA102 J03-" lOOOpf, MICA.CAP. TAW 
C806 ECEA1CV470S 47uf 16V CAPACITOR TAW 
C807 Y5S-104Z .luf, 12V CAPACITOR TAW 
C808 MKS21.0/50/10 l.Ouf, 50V MYLAR CAP. TAW 
CR801 1N4148 SMALL SIGNAL DIODE MOTOROLA 
CR802 1N4148 SMALL SIGNAL DIODE MOTOROLA 
IC801 MC78L05CP +5VDC .1A REGULATOR MOTOROLA 
IC802 MC79L05CP -5VDC .1A REGULATOR MOTOROLA 
IC803 UA714LTC OPERATIONAL AMPLIFIER FAIRCHILD 
IC804 UA714LTC OPERATIONAL AMPLIFIER FAIRCHILD 
IC805 LTC1043CN DUAL CAPACITOR SWITCH LINEAR 
J7 65610-116 2X8 PIN TERM. STRIP BERG 
R801 MK2-1 100K lOOKn, 1/4W 1% RES. TAW 
R802 MK2-1 2OK 20KU, 1/4W 1% RES. TAW 
R803 JF 25J 50K 50KH, 1/4W 5% RES. TAW 
R804 JF 25J 1M IMA, 1/4W 5% RES. TAW 
R805 JF 25J 10K 10KH, 1/4W 5% RES. TAW 
R806 MK2-1 100K lOOKH, 1/4W 1% RES. TAW 
MISCELLANEOUS 
lea. 93-0030-40 PC BOARD DCI 
PART NUMBER 88-0003-6A REVISION A DATE 10/7/87 
NOMENCLATURE 2OOC STANDARD INPUT OPTION BOARD PAGE 1 OF 1 
Designation Part Number Description Supplier Notes 

J7 
R301 

65610-116 
SEL. TYPE NS-5 

2X8 PIN TERM. STRIP BERG 
1% LOW INDUCTANCE 5W DALE OPT/AMMETER 

MISCELLANEOUS 
l e a . " 9 3 - 0 0 3 0 - 5 A PC BOARD DCI 

/2Z 



PART NUMBER 88-0003-7B REVISION B DATE 10/7/87 
NOMENCLATURE 200C STANDARD OUTPUT OPTION BOARD PAGE 1 OF 1 
Designation Part Number Description Supplier Notes 

IC401 UA714LTC OPERATIONAL AMPLIFIER FAIRCHILD 
J7 65610-108 2X4 PIN TERM. STRIP BERG 
R401 MK2-1 499R 4990, 1/4W 1% RES. TAW 
R402 JF 25J 240 240H, 1/4W 5% RES. TAW 
R403 JF 25J 100K lOOKn, 1/4W 5% RES. TAW 
R4 04 89PR10K 10KO, MULTI-TURN POT BECKMAN 
R405 89PR10K 10KT1, MULTI-TURN POT BECKMAN 
RN401 EXBF10V103G 10K RES. NETWORK TAW 
MISCELLANEOUS 
lea. 93-0030-6A PC BOARD DCI 
PART NUMBER 88-0003-80 REVISION DATE 10/7/87 
NOMENCLATURE 200C BCD OUTPUT OPTION BOARD PAGE 1 OF 1 
Designation Part Number Description Supplier Notes 

C901 
IC901 
IC902 
IC903 
Jll 

Y5S-104Z 
74HC574D 
74HC574D 
74HC574D 
65610-142 

luf, 12V CAPACITOR TAW 
OCTAL TRI-STATE LATCH SIGNETICS 
OCTAL TRI-STATE LATCH SIGNETICS 
OCTAL TRI-STATE LATCH SIGNETICS 
2X21 PIN TERM. STRIP BERG 

MISCELLANEOUS 
lea. 93-0030-70 
PART NUMBER 88-0005-00 

PC BAORD 
REVISION 

DCI 
DATE 12/21/87 

NOMENCLATURE 20OB COMPARATOR/RS232/PRINTER BOARD PAGE 1 OF 4 
Designation Part Number Description Supplier Notes 
C101 
C102 
C103 
C104 

ECEA1EV221S 
Y5S-104Z 
ECEA1HV100S 
Y5S-104Z 

220uf, 25V CAPACTIOR TAW 
.luf, 12V CAPACITOR TAW 
lOuf, 50V CAPACITOR TAW 
.luf, 12V CAPACITOR TAW 

56 \ & 



C105 N/A 
C106 N/A 
C107 N/A 
C108 N/A 
C109 ED200J03 20pf, 500V CAPACITOR TAW 
C110 ED200J03 20pf , 500V CAPACITOR TAW 
cm CCD-203Z .02uf/ 600V CAPACITOR TAW DUAL COMP. 
C112 CCD-203Z .02uf, 600V CAPACITOR TAW DUAL COMP. 
C113 CCD-203Z .02uf, 600V CAPACITOR TAW 
C114 CCD-203Z .02uf, 600V CAPACITOR TAW 
C115 ECEA1CV220S 22uf, 16V CAPACITOR TAW 
C116 ECEA1CV220S 22uf, 16V CAPACITOR TAW 
C117 ECEA1CV220S 22uf, 16V CAPACITOR TAW 
C118 ECEA1CV220S 22uf, 16V CAPACITOR TAW 
C119 ECEA1HV100S 10uf, 50V CAPACITOR TAW 
C120 N/A 
C121 N/A 
C122 N/A 
C123 N/A 
C124 Y5S-104Z .luf, 12V CAPACITOR TAW 
C125 Y5S-104Z •luf, 12V CAPACITOR TAW 
CR101 N/A 
CR102 N/A 
CR103-148 1N4148 SMALL SIGNAL DIODE MOTOROLA 
DS101 TIL209A RED LED INDICATOR TI OPT. INDICATR 
DS102 TIL209A RED LED INDICATOR TI OPT. INDICATR 
IC101 MC68HC03 MICROPROCESSOR MOTOROLA 
IC102 74HC573N 8bit TRI-STATE LATCH SIGNETICS 
IC103 TMS2764 EPROM TEXAS INST. 
IC104 X2444P NOV-RAM XI COR 
IC105 74HC138N 3 TO 8 LINE DECODER SIGNETICS 
IC106 74HC541N 8bit TRI-STATE BUFFER SIGNETICS 
IC107 74HC541N 8bit TRI-STATE BUFFER SIGNETICS 
IC108 74HC541N 8bit TRI-STATE BUFFER SIGNETICS 
IC109 74HC574N . 8bit TRI-STATE LATCH SIGNETICS 
IC110 74HC574N 8bit TRI-STATE LATCH SIGNETICS 
IC111 74HC04N HEX INVERTER SIGNETICS 
IC112 MAX232 RS-232 W/P.S. MAXIM OPT. -10 
IC113 DS1232 WATCHDOG/SUPORVISORY DALLAS SEMI • 
IC114 74HC574N 8bit TRI-STATE LATCH SIGNETICS OPT. -13 
J2 6007044450012 CARD EDGE CONNECTOR ELCO W/O -27or -29 
K101 R50E2X1-12VDC FORM C RELAY P&B DUAL COMP. 
K102 R50E2X1-12VDC FORM C RELAY P&B 
(K101) R50E2X1-5VDC FORM C RELAY P&B OPT-05or -24 
(K102) R50E2X1-5VDC FORM C RELAY P&B OPT-05or -24 

7-27 



PART NUMBER 88-0005-00 REVISION_ 
NOMENCLATURE 20OB COMPARATOR/RS232/PRINTER BOARD 

DATE 12/21/87 
PAGE 3 OF 4 

Designation Part Number Description Supplier Notes. 

PI 
Q101 
Q102 
R101 
R102 
R103 
R104 
R105 
R106 
R107 
R108 
R109 
R110 
Rill 
R112 
R113 
R114 
R115 
R116 
R117 
R118 
R119 
R120 
R121 
R122 
R123 
R124 
R125 
R126 
R143 

SSA-125 -S-T 
2N3904 
2N3904 
N/A 
N/A 
N/A 
N/A 
JF 25J 10K 
JF 25J 10K 
JF 25J 10K 
JF 25J 10K 
JF 25J 10M 
JF 25J 10K 
JF 25J 10K 
JF 25J IK 
JF 25J IK 
JF 25J 10K 
JF 25J 240 
JF 25J 240 
JF 25J 2 OK 
JF 25J 2 OK 
JF 25J 2 OK 
JF 25J 2 OK 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
JF 25J 10K 

SOCKET STRIP 
NPN TRANSISTOR 
NPN TRANSISTOR 

10RTC, 1/4W 5% RES. 
PART NUMBER 88-0005-00 REVISION_ 
NOMENCLATURE 20OB COMPARATOR/RS232/PRINTER BOARD 

SAMTEC 
MOTOROLA 
MOTOROLA 

DUAL COMP. 

lOKfl, 1/4W 5% RES. TAW 
ioKn, 1/4W 5% RES. TAW 
10KT2, 1/4W 5% RES. TAW 
10KIJ, 1/4W 5% RES. TAW 
lOMfl, 1/4W 5% RES. TAW 
lOKIi, 1/4W 5% RES. TAW 
10KX1, 1/4W 5% RES. TAW 
lKfl, 1/4W 5% RES. TAW 
1KO, 1/4W 5% RES. TAW 
10KX1, 1/4W 5% RES. TAW 
240n, 1/4W 5% RES. TAW 
240H, 1/4W 5% RES. TAW 
20KI2, 1/4W 5% RES. TAW 
20KT2, 1/4W 5% RES. TAW 
20KX1, 1/4W 5% RES. TAW 
20Kfl, 1/4W 5% RES. TAW 

OPT. INDICATR 
OPT. INDICATR 

TAW OPT. 13 
DATE 12/21/87 
PAGE 4 OF 4 

Designation Part Number Description Supplier Notes 

S101,S107 
S102-106 
S108-112 
Y101 

S2D-120 
S2D-21 
S2D-21 
4,91256MP-1 

POLARITY SWITCH C&K 
THUMBWHEEL SWITCH C&K 
THUMBWHEEL SWITCH C&K 
4.91256MHz CRYSTAL M-TRON 

OPT. 02 
W/OVERRANGE 
DUAL COMP. 

58 \2J5 



MISCELLANEOUS 
lea. 
lea. 
lea. 
lea. 
lea. 
lea. 
lea. 
lea. 

93-0011-00 
240AG29D 
228AG29D 
S2D-EP 
S2D-BB 
S2D-BB 
S2D-BB 
S2D-BB 

PART NUMBER 88-0011-00 
NOMENCLATURE 200 COMPARATOR 

PC BOARD 
40 PIN DIP SOCKET 
28 PIN DIP SOCKET 
SWITCH END PLATES 
SWITCH SPACER 
SWITCH SPACER 
SWITCH SPACER 
SWITCH SPACER 

REVISION 

DCI 
AUGAT 
AUGAT 
C&K 
C&K DUAL-OVERRANGE 
C&K DUAL-POLARITY 
C&K SING-OVERRANGE 
C&K SING-POLARITY 

r DATE 6 /9/i 38 
PAGE 1 OF 2 

Designation Part Number Description Supplier Notes 

C201 TCD-103Z .Oluf, 50V CAPACITOR TAW 
C202 CCD-203Z •02uf, 600V CAPACITOR TAW DUAL COMP. 
C203 CCD-203Z .02uf, 600V CAPACITOR TAW DUAL COMP. 
C204 CCD-203Z •02uf, 600V CAPACITOR TAW 
C205 CCD-203Z .02uf, 600V CAPACITOR TAW 
CR201 1N4148 SMALL SIGNAL DIODE MOTOROLA 
CR202 1N4148 SMALL SIGNAL DIODE MOTOROLA 
IC201-210 74C85N 4 BIT COMPARATOR NAT. SEMI. DUAL CMP & 4%D 
IC211 CD4081 QUAD AND GATE RCA 
IC212 74LS03N QUAD NAND GATE SIGNETICS 
IC213 74LS03N QUAD NAND GATE SIGNETICS 
IC214 CD4049B HEX INVERTER/BUFFER MOTOROLA 
IC215 74LS173N QUAD TRI-STATE LATCH SIGNETICS 
J2 6007044450012 CARD EDGE CONNECTOR ELCO W/O -27or -29 
K201 R50E2X1-12VDC FORM C RELAY P&B DUAL COMP. 
K202 R50E2X1-12VDC FORM C RELAY P&B 
(K201) R50E2X1-5VDC FORM C RELAY P&B OPT-05or --24 
(K202) R50E2X1-5VDC FORM C RELAY P&B OPT-05or -•24 
P201 " SSA-125-S-T SOCKET STRIP SAMTEC 
Q201 MPSA13 NPN DARLINGTON TRANS. MOTOROLA DUAL COMP. 
Q202 MPSA13 NPN DARLINGTON TRANS. MOTOROLA 
R201 JF 25J 10K 10KH, 1/4W 5% RES. TAW 
R202 JF 2SJ 10K lOKfl, 1/4W 5% RES. TAW 
R203 JF 25J 10K 10KT2, 1/4W 5% RES. TAW 
R204 JF 25J 10K lOKfl, 1/4W 5% RES. TAW 

J2L 



R205 JF 25J 10K lOKfl, 1/4W 5% RES. TAW 
R206 JF 25J 10K lOKfl, 1/4W 5% RES. TAW 
R207 JF 25J 10K lOKfl, 1/4W 5% RES. TAW 
R208 JF 25J 10K lOKn, 1/4W 5% RES. TAW 
R209 JF 25J IK 1KH, 1/4W 5% RES. TAW 
R210 JF 25J 10K 10KI2, 1/4W 5% RES. TAW 
R211 JF 25J IK 1KB, 1/4W 5% RES. TAW 
PART NUMBER 88-0011-00 REVISION DATE 6/9/88 
NOMENCLATURE 2 00 COMPARATOR PAGE 2 OF 2 
Designation Part Number Description Supplier Notes 

RN201 4310R-101-223 22KH, RES. NETWORK BOURNS 
RN202 4310R-101-223 22KH, RES. NETWORK BOURNS 
RN203 4310R-101-223 22KH, RES. NETWORK BOURNS 
RN204 4310R-101-223 22Kfl, RES. NETWORK BOURNS 
S201 S2D-120 POLARITY SWITCH C&K DUAL CMP & -02 
S202 S2D-21 THUMBWHEEL SWITCH C&K DUAL CMP & 4%D 
S203 S2D-21 THUMBWHEEL SWITCH C&K DUAL COMP. 
S204 S2D-21 THUMBWHEEL SWITCH C&K DUAL COMP. 
S205 S2D-21 THUMBWHEEL SWITCH C&K DUAL COMP. 
S206 S2D-21 THUMBWHEEL SWITCH C&K CUAL COMP. 
S207 S2D-120 POLARITY SWITCH C&K OPT. 02 
S208 S2D-21 THUMBWHEEL SWITCH C&K 4% DIGIT MOD. 
S209 S2D-21 THUMBWHEEL SWITCH C&K 
S210 S2D-21 THUMBWHEEL SWITCH C&K 
S211 S2D-21 THUMBWHEEL SWITCH C&K 
S212 S2D-21 THUMBWHEEL SWITCH C&K 

MISCELLANEOU S 
lea. 0200-0002A PC BOARD DCI 
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PART NUMBER: 88-0010-00 REVISION:. 
NOMENCLATURE: +10-3 0VDC/+5VDC CONVERTER MUDULE 

DATE: 6/8/88 
PAGE 1 OF 1 

Designation Part Number Description Supplier Notes 

CI ECEA1HV100S 
C2 TCD-103Z 
C3 ECEA1CV102S 
CR1 1N4002 
CR2 VSK140 
IC1 UA78S40PC 
Ql TIP32A 
101 T 10J 51 
Rl JF 25J .5 
R2 JF 25J .5 
R3 JF 25J 47 
T;4 JF 25J 200 
3 JF 25J 200 
-;6 JF 25J 47K 
17 JF 25J 12K 
I'l IHA-104 
MISCELLANEOUS 
lea. 93-0042-00 
lea. 5768B 
lea. 216-AG29D 

lOuf, 50V CAPACITOR 
.OlUf, 50V CAPACITOR 
lOOOuf, 16V CAPACITOR 
POWER SWITCHING DIODE 
SCHOTTKY DIODE 
SWITCHING REGULATOR 
POWER PNP TRANSISTOR 
5 M 1/8W 5% RES. 
.50 1/4W 5% RES. 
.512 1/4W 5% RES. 
47fl 1/4W 5% RES. 
200fl 1/4W 5% RES. 
2000 1/4W 5% RES. 
47KB 1/4W 5% RES. 
12KB 1/4W 5% RES. 
1000UH INDUCTOR 

PC BOARD 
HEATSINK FOR TO220 
16 PIN DIP SOCKET 

TAW 
TAW 
TAW 

MOTOROLA 
VARO SEMICON. 

FAIRCHILD 

MOTOROLA 

TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 
TAW 

DALE 

DCI 
AAVID 
AUGAT OPT-11 

6 1 
I2Z 
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® ADTECH 
Analog-Digital Technology, Inc. 
3730 Monroe Avenue 
Pittsford, New York 14534-1302 
(716)383-8280 • FAX (716)383-8386 

ASM 54 
Non-Isolated Adder Subtractor Module 
Instruction Manual 

1.0 INTRODUCTION 
These instructions refer to the above model. Supplementary 
sheets are attached if the unit has special options or features. 
For detailed specifications, see page 4 or refer to the Data 
Bulletin. All ADTECH instruments are factory calibrated and 
supplied with a label detailing the calibration. Adjustments are 
normally not necessary. A simple check should be performed 
to verify calibration before installation to ensure that it matches 
the field requirement. 

2.0 GENERAL DESCRIPTION 
The ADTECH ASM 54 is a Non-Isolated Adder Subtractor 
Module that accepts two to four process input signals of 1-5 
vdcor4-20 madcand adds (sums) and/orsubtracts (difference) 
them to a single process signal output representing the sum 
and/or difference of the inputs. 
Each of the four inputs provides an individual scaling factor of 
0-1.25 with the output bias adjustable 0-50% of full scale. 
The setting of potentiometers KA through KD determines the 
magnitude and (+) or (-) coefficients for each input. 
A loss of input signal(s) is treated as a zero value, not a 
negative value, for the highest security. 
Power Option P 1 Non-Isolated 24 vdc provides negative 
uutput signs! and negative DC power common rai! connection 
The output is a true current source and provides process 
signals such as 4-20 ma, 0-1 ma, 0-10 ma, 1-5 ma and 10-50 
madcoratternatively,avoltagesignalof5vdcfullscale. Other 
current and voltage Inputs/Outputs (I/O) are available as 
specified on the Data Bulletin. 

3.0 INSTALLATION 
The instrument is supplied in a general purpose enclosure as 
standard. NEMA 4,7 or 12 and plug.in chassis enclosures are 
optionally available. Installation area/location must agree with 
the supplied instruments including operating temperature and 
ambient conditions. 

Mounting 
Refer to the appropriate outline drawing for mounting and 
clearance dimensions. The instrument is surface mounted 
with two #10-32 screws on 8.00 inch centers. 

Electrical Connections 
The wire used to connect the instrument to the control system 
I/O should be a twisted pair(s) and sized according to normal 
practice. Shielded cable is not normally necessary (if used, 
the shield must be grounded at the input negative of the 
ADTECH instrument and left floating at the sensor). 
A 12 position barrier terminal block with #6-32 screws and 
3/8" spacing is provided for I/O and power connection. A 
housing ground terminal marked G is also provided. 

Controls 
Multiturn OUTPUT ZERO, KA, KB, KC, KD and Internal ZA, 
ZB, ZC, ZD controls are provided to calibrate the instrument. 
The mutttturn controls are accessible through the instrument 
front panel and are clearly marked for ease of use. 

4.0 MAINTENANCE 
These instruments are electronic and require no maintenance 
except periodic cleaning and calibration verification. If the unit 
appears to be mis-operating it should be checked as installed 
per section 6.0 or removed for a bench check per sections 6.0-
7.0. MOST problemsare traced to field wiring and/or associated 
circuits. If the problem appears to be with the instrument, 
proceed to sections 6.0 and 7.0. 

5.0 CONNECTIONS 
Standard connections are shown below and on the instrument 
face plate, Data Bulletin oron attached supplementary sheets. 

INPUT A 

INPUTB 

OUTPUT 

INPUTC 

INPUT D 

(-) 
(+) 
(-) 
W 
(-) 
(+) 
(-) 
« 
(-) 
(+) 

N (- FOR DC 
AC 
L(+F0RDC) 

© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 

H=P 

- 1 - /*? 190-A-000018-A 
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7.0 FIELD TROUBLE SHOOTING GUIDE 
This section offers a simple, first level trouble-shooting aid for 
an apparent instrument malfunction. 

SYMPTOM CORRECTIVE ACTION 
No output 1. Check the input and output connections 

carefully. 
2. Check that the power supply polarity is 

correct and that power is present on the 
instrument terminals. 

3. Check that the input source(s) is correct 
and that it changes magnitude between 
zero and full scale values when so 
adjusted. 

4. If the output is a current signal (4-20 ma. 
etc.), make sure the output loop is 
complete and thatthecorrect meter range 
is selected. 

All external checks are complete. Problem 
seems to be internal. 

The following information is provided for a qualified technician 
or serviceman as check points for use in internal 
troubleshooting. 

CHECKPOINT/ VOLTAGE/ 
COMPONENT RANGE 

(across) C9 12 ± 0.6 vdc 
(across) C12 26 ± 4 vdc 
(across) VR2 6.9 ±0.35 vdc 
(across) R67 0.2 -1 vdc 

SPECIFICATIONS 

6.0 CALIBRATION 
To perform acalibration check or re-calibration of the instrument 
follow this procedure. 

A. Carefully remove the instrument from 'its housing to 
gain access to the four internal zero potentiometers 
and test points observing normal safety and equipment 
precautions. 

B. Make sure the I/O wiring is properly connected and that 
thecorrect powersourceperthe label is alsoconnected. 
The instrument must be at normal powerfor a minimum 
of 2 minutes before proceeding to C. 

C. The input signal source(s) must be adjustable from 0 to 
100% in steps of 10% or at least 25%. The source(s) 
should be either precalibrated or an accurate meter 
must be used to monitor the input(s). 

D. The output may be monitored either as a direct voltage 
for a voltage output signal or as a current that can be 
represented as a voltage across a resistor shunt 

E. Perthe table given below, set the input source(s) to the 
minimum input value and adjust the corresponding 
potentiometer to provide a 0.000 vdc at the 
corresponding Test Point (as measured from 
Terminal #1). 

Internal Zero 
Inout Potentiometer Test Point 

A R31 TPA 
B R32 TPB 
C* R33 TPC 
D* R34 TPD 

"If an input is not used install a jumper on the input 
terminals for that input and adjust the corresponding 
zero potentiometer per the above table to provide 
0.000 vdc at the Test Point. 

F. Set all the used input sources to the minimum input 
value(s) and adjustthe multiturn potentiometer marked 
OUT-ZERO to provide the minimum calibrated output 
(e.g.) 4.00 ma ± 0.01 ma dc. 

G. Followthe steps given belowto calculate the contribution 
of each input to the output span. Note that the K factor 
potentiometers offer center zero capability; therefore 
no jumper changes are required to make an input either 
an adding or subtracting type. 

1. Write down the input/output equation. 
(e.g.) 0.625 A + 0.5 B - 0.125 C - Full span output 

2. Algebraically add all the K factors to verify that the 
sum » 1. 
(e.g.) 0.625+0.50-0.125-1 

3. If the algebraic sum is not equal to 1, divide each K 
factor by thealgebraicsum to calculate the required 
values of K factors. 

4. Calculate the individual contribution of each input 
by multiplying the corresponding K factor by the 
output span. 
(e.g.) 
Jncyi K Factor Contribution 

A 0.625 +0.625 x 16* - + 10 ma 
B 0.500 +0.5 x 16 - + 8 ma 
C -0.125 -0.125 x 16 - - 2 m a 

'See note. 

H. To calibrate the output span: 
1. Set the input source A to the maximum input value 

and all the other used input sources atthe minimum 
input value and adjustthe corresponding multiturn 
potentiometer marked kA to provide an output 
equal to: output zero + contribution of A. 
(e.g.) 4.00 + 10.00 = 14.00 m a t 0.01 ma 

2. Repeat the same procedure for all the other adding 
inputs one at a time. 

3. To calibrate a subtracting input, set the subtracting 
input source to maximum and also the largest 
contribution adding input source to the maximum 
(with all the others at the minimum input). Now 
adjust the multitum K factor potentiometer for the 
subtracting input to provide an output equal to: 
output zero + contribution of adding input -
contribution of subtracting input. 
(e.g.) 4.00 + 10.00 - 2.00 = 12.00 ma ± 0.01 ma 

I. Check the total full span output, by setting all the inputs 
to the maximum input value. 

J. This completes the calibration. 

*Note: 16 ma is the output span for 4-20 ma, for 1 -5 vdc 
use 4 volts for the output span. 

- 2 - 130 190-A-000018-0 



8.0 TABLES, PCB LAYOUT ' 

INPUT TABLE OUTPUT TABLE 
INPUT SIGNAL 

FULL SCALE 
INPUT SHUNT 

RI 
50 made 100 ohm. 1/2 W 
20 made 250 ohm. 1/2 W 
10 ma dc 499 ohm 

1 made 4.99K ohm 
10 vdc See Note 1 
5 vdc None 

OUTPUT SIGNAL 
FULL SCALE 

OUTPUT SHUNT 
RL 

FEEDBACK RES 
RF 

50 ma dc NONE 20 ohm 
20 made NONE 49.9 ohm 
10 made NONE 100 ohm 
1 made NONE 1Kohm 

10 vdc 604 ohm. 1/4 W 49.9 ohm 
5 vdc 250 ohm. 1/2 W 49.9 ohm 

All selected resistors are 1%, M.F.. 
1/4 W, SO PPM. unless otherwise noted 

NOTE1: InputA R24-150K RC2-100K 
B R23-1S0K RC1-100K 
C R38-150K RC4.100K 
D R37-150K RC3.100K 

All selected resistors are 1%. M.F.. 1/4 W. 50 PPM, unless otherwise noted. 
NOTE A: Components as shown may or may not be present on the p.c. board due 

to design updates or options. 

ASM 54 RI = R7.8.49.50 RL-R48 RF-R66 

DC 
He 
GDC 

O 
R3I 
R32 
R33 
R 3 4 

2 R(4 w C2 CI 

- T R A - } -

ill loJLZJ 
Zl 

0 - - - O J 6 - T R 2 9 J -
H R 2 8 h 

C3 

- j R37 '— 
-i R38 r-

C4 

H R 4 5 H H R 4 S r-OTP{ 
<R47 r-

-\ » C 5 

I ' - CR9 
c 
R 
8 r CRIO c 
R 
8 r 
i 

C7 

V) 

i 

c 6 

24 

Z 2 

R52 
R53 
R54 
R55 

VR2 

- f f ivR~3l 
+ CIO -

RS5 . 

RG7 
RS8 -

•CB6> 
* 2 4 V 

Z3C 

1_± 
D 
Ql 

- R57~| -

Q2D 

JL, 
Cll IR] 

4 

I Hi 
t 

r-J-i-L. 
R R 
5 4 
O 9 
T V 

-24V 

C9 + -

I 
r —-

J-U. 
VRI 

C I2 

' " " ^ ( c i c 
R 

CI3 

. + -i 
— — — — — J 

o j p 
1 

w V 
O T l 

O 

O ^ - - O 

o- " JN O 

o o 

0 2 

0 3 

0 4 

Os 

Os 

O ? 

O S 

OS 

Oio 

O" 
0'2 
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9.0 SPECIFICATIONS 

INPUT/OUTPUT 

•NPUT SIGNALS 
4-20 ma dc (Z in 250 ohms) 

j . 10-50 ma dc (Z in 100 ohms) 
c. 0-1 ma dc (Z in 5K ohms) 
d. 0-10 ma dc (Z in 500 ohms) 
e. 1-5 vdc (Z in 10 megohms) 
f. 0-5 vdc (Z in 10 megohms) 
g. 0-10 vdc (Z in 100K ohms) 
h. Other zero based current and voltages available 
i. Low impedance current inputs, 1/10 standard (Option 118) 

OUTPUT SIGNALS/OUTPUT DRIVE 

AC Power 
a. 4-20 ma dc 0-1000 ohms max. 
b. 10-50made 0-400ohms max. 
c. 0-1 ma dc 0-20.000 ohms max. 
d. 1-5 vdc 250 ohms Z out 
e. 0-10 vdc 500 ohms Z out 
Zero based current and voltages in the above ranges are standard 
(e.g.) 0-20 ma. 0-5 vdc. Other voltage and currents optional. 

DC Power 
0-900 ohms max. 
0-350 ohms max. 
0-18.000 ohms max. 
250 ohms Z out 
500 ohms Z out 

PERFORMANCE 
a Calibrated Accuracy: ± 0 . 1 % 
b. Linearity: ± 0 . 1 % maximum, ±0.04% typical 
c. Repeatability: ± 0.05% maximum 
d. Temperature Stability: ±0.01%/°F maximum, 

±0.004%/°F typical 
e. Load Effect: ±0 .01% zero to full load 
f. Output Ripple: 10 mv PIP maximum 
g. Response Time: 150 milliseconds 
h. Temperature Range: 0° to 140°F (-18° to 60°C) operating 

-40° to 185°F (-40° to 85°C) storage 
Power SUODIV Effect: ± 0.05% for a ± 10% oower variation 

Note: All accuracies are given as a percentage of span 

POWER 
115 vac: ± 10%. 50/60 Hz. 3 watts, 0.7 Pf (standard) 
24 vdc: ± 10% non-isolated. 3 watts (Option P1) 
24 vdc: ± 10% isolated, 3 watts (Option P2) 
48 vdc: ± 10% isolated, 3 watts (Option P3) 

125 vdc: Nominal (105-140 vdc) isolated, 3 watts (Option P4) 
230 vac: ± 10%, 50/60 Hz, 3 watts. 0.7 PF (Option P5) 

10.0 OUTLINE & MOUNTING 
0234 in. DIAMETER Z PUCES | CLEARANCE 

l !~". FOB # 1 0 SCREW) 
S _ _ l — r HOLES FOB UP TO 

8 • ADJUSTMENT 
CONTROLS. L£0tSI 

AS REOUIREO -1 - . *$ %\ 
I I L ^ f " REMOVE TO 

-125 I I -
reic—i 

at vi ii gunm MU FU i/z n. cotouir 
I02>a| 

a m Q1AMETER 2 PUCES {CLEARANCE FOR « I 0 SCREWI 
HOLES FOR UP TO 

4 SCREWS. 

PULL OUT 
MODULE IF 
REQUIRED. 

_ „ / i«si«. < 
I I1MI ' <**" 1 

— l i t I I — 
' S M I ' 

ALLOW I.S IN. 
B S M M I F O S 
S10E BY SIDE 
MOUNTING WITHOUT 
FRONT COVERS. 

SECOND TERMINAL 
SLOCK • OPTION 

GROUNO TERMINAL-
CONNECTED TO THE 
ENCLOSURE 

175 n 
_ i r»« i~ 

:»>• "raw" 

ALLOW ism 
|7IMM| FOR 
SIDE 3T SIOE 
M0UNT1NB WITHOUT 
FRONT COVERS. 
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400/500 SERIES N^HOK 
6 Inch Ail Stainless Steel Gauges 

Appendix K 

SPECIFICATIONS 
304 Stainless Steel 

Polished 304 Stainless Steel. 
" Bayonet Ring T T " • ' *• 

Laminated Safety Glass 

.316 Stainless Steel "C'JTubefor 
-Pressures up to 600 PSI, Coiled 

Safety Tube above 600 PSI 

te.'NPT 316 Stainless Steel. 

Stainless Steel with Highly Polished 
Bearing Surfaces. An internal zero stop 
and overload stop are standard 

Safety Relief Valve on the top of' 
the case 

± 1 % Full Scale 

Micro-Adjustable Balanced 
Aluminum, Black Finish 

Aluminum, White Background with 
Black Markings. Single Scale PSI is 
Standard. PSI/BAR or PSI/kPa 
Dual Scale is available as a Stock 

. Option. On Dual Scale Dials, the 
Outer Scale is PSI in Black and 

- the Inner Metric Scale is Red. 
UV Resistant. 

Glycerine and water. 

STANDARD DIAL CONFIGURATIONS 
FIGURE 

INTERVALS 
GRADUATION • 
INTERVALS • 

5 'Hg . 0.5' Hg 1 

I 10* Hg-5 PSI 1 ' Hg-0.5PSI | 

110* Hg-5 PSI 1 ' Hg-0.5 PSI | 

| l0* Hg-10 PSt 1* Hg-1 PSI | 

|30* Hg-10 PSI 2'Hg-2PSI 1 

[30* Hg-20 PSI 5'Hg-2PSI | 

[30* Hg-20 PSI 5'Hg-5 PSI 1 

|30* Hg-50 PSI 10'Hg-5 PSI 1 

I 1 PSI 0.1 PSI 1 

I 5PS I 
0.2 PSI 1 

| 10 PSI 0.5 PSI J 

I 10 PSI 1 PSI | 

| 20 PSI 2 PSI f 

28 133 

FIGURE 
INTERVALS 

GRADUATION 
INTERVALS 

20 PSI - 2 PSI 

50 PSI 2 PSI 

50 PSI- 5 PSI 

100 PSI 5 PSI 

I 100 PSI 10 PSI 

I 300 PSI 10 PSI 

| 200 PSI 20 PSI 

500 PSI 20 PSI 

| 500 PSI 50 PSI 

| 1000 PSI 50 PSI 

I 1000 PSI 100 PSI 

| 3000 PSI 100 PSI 

| 2000 PSI 200 PSI 

| 5000 PSI 200 PSI 



# 
- *NGES FOR PANEL MOUNTING 

••hed stainless steel FRONT FLANGES (SS FF) are 
.able for flush panel mounting on models 40.400, 

4U.410, 60.400, 60,410, 40.500, 40.510, 60.500, 60.510. 
Front Flanges are generally considered to be a factory 
installed option although field installation is possible. 

Panel Mount Clamps (PMC) of stainless steel are 
available for flush mounting models 25.410 and 25.510. 
The PMC is easily (field) installed on the gauge diameter 
into pre-formed grooves in the case and utilizes the ex
isting gauge bezel as a narrow flange on the front of the 
panel. A polished stainless steel FLANGE RING (FR) is 
also available for use in conjunction with the PMC. The 
FR has a diameter approximately 20% larger than the 
gauge bezel and is used when it is necessary to adapt 
the gauge to an oversized panel cutout. 

POLISHED STAINLESS STEEL NARROW BEZEL FRONT 
FLANGES with U-CLAMP (SSB-U) are available for flush 
mounting models 40.410, 60.410, 40.510 and 60.510. SSB-
U's are a factory installed option. 

Stainless steel REAR FLANGES (RF) for front of panel 
mounting are available on models 40.400, 40.410, 60.400. 
60.410, 40.500, 40.510, 60.500 and 60.510. Rear flanges 
are a factory installed option. 
MAXIMUM INDICATING POINTERS 
MAXIMUM INDICATING POINTERS (MIP) are an in
valuable tool for identifying pressure spikes in a system. 
They are very helpful during system start up and trouble 
c*ooting. MIPs add an additional 1 % error to the gauge 

•use of the increased load on the bourdon tube. On 
es of 60 PSI and lower. MIPs may double the allow-

bu error of the gauge. MAXIMUM INDICATING 
POINTERS are available on models 25.400, 25.410, 
40.400, 40.410, 60.400. 60.410. 25.500, 25.510, 40.500, 
40.510, 60.500, 60.510. 
METRIC DIALS AND HANDMADE SPECIAL DIALS 
Dual scale METRIC DIALS in PSI/BAR and PSI/kPa are 
available on models 25.400. 25.410. 40.400, 40.410, 
60.400. 60.410, 25.500. 25.510. 40.500. 40.510, 60.500 and 
60.510. Certain other scales are available for specific 
sizes and ranges. Examples include Bar and kPa single 
scale, refrigerant and altitude scales; please consult fac
tory for availability. 
HANDMADE SPECIAL DIALS such as non-standard 
metric scales, tons on ram, lbs of force, etc. are 
available in small quantities (as FEW as ONE PIECE) on 
models 25.400, 25.410, 40.400. 40.410, 60.400, 60.410. 
25.500, 25.510. 40.500, 40.510. 60.500 and 60.510. 
SPECIAL CONNECTIONS 
SPECIAL CONNECTIONS are available on all 400 and 
500 series gauges. Some examples include: metric 
threads, female threads, straight threads (flare or swivel 
type), high pressure connections and special O-ring con
nections. Please contact us with your requirements for 
prices and minimum quantities. 

ORIFICES 
Threaded 316SS ORIFICES (.032" I.D.) are available on 

100 and 500 Series gauges. ORIFICES are used on a 
3e to restrict the flow of rapidly increasing and 

-reasing pressures, thereby lessening the immediate 
effect of pulsations and pressure spikes. ORIFICES are 
recommended on all dynamic applications. 

Nq§HOK 400/500 SERIES 
• i Options & Accessories 

UJ/IC-SD- UJM- KPT-G^b/ &e\j6 Appendix / ^ 

25.410 PMC 

40.410 SS FF 

40.410 SSB-U 

25.500 MIP 

25.400 AMMONIA 

CERTIFIED CALIBRATION 
CERTIFIED CALIBRATION is available on all 400 and 
500 Series gauges. CERTIFIED CALIBRATION provides 
the user with a serial numbered gauge along with a 
calibration sheet against a primary pressure standard 
and is traceable to National Institute of Standards and 
Technology (formerly National Bureau of Standards). 

Consult factory for availability and minimum orders (if applicable) for all options & accessories. 
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There are two main configurations for Sierra 760 Series Flow 
Meters: 

• • Flow Meter Alone. You will be reading an analog output 
signal, either 0-5 VDC or 4-20 mA which represents the flow value. 
Refer to sections 3.2,3.3, and 3.5. 

• Flow Meter withPC compatible computer running Sierra 
Net Software. This configuration uses the RS 485 interface to 
interconnect the Flow Meters with the computer. The computer 
must have a Sierra Instruments, Inc. supplied RS 485 interface 
card installed as COM1: or COM2:. Refer to Sections 3.4. 

3. OPERATING 
INSTRUCTIONS 

3.1 General Description 

CAUTION! Before powering up for the first time, check all 
wiring, both power and signal to ensure it is in compliance with 
the wiring guide supplied with your flow meter. 

Upon applying power to a Flow Meter, the flow indication will 
momentarily go to a high value. It is normal for this condition to 
persist for a few seconds during which time the heated velocity 
sensor is warming up. After completion of warm up, the flow 
indication will rapidly approach a zero value (or the value of flow, 
if present). Within minutes, the Flow Meter is operational. 

The Flow Meter may be turned on or off with flow present without 
damage to the meter. 

3.2 Power Up 

All Flow Meters are equipped with either a 0-5 VDC or a 4-20 mA 
output signal. This signal represents 0-100% of full-scale. 

Check the serial number label on the outside of the Flow Meter for 
full-scale value and calibration gas for your Flow Meter. 

For linear models, the output signal represents a linear propor
tional analog of flow ranging from zero (0 VDC or 4 mA) to the full-
scale value (5 VDC or 20 mA), as indicated on the serial number 
label. 

For non-linear models, a graph, table, or mathematical equation 
(polynomial) is supplied to convert the electrical signal to the flow 
value. Zero flow is always represented by either 0 VDC or 4 mA 
and full-scale flow by either 5 VDC or 20 mA. Between zero and 
full-scale the signal is not proportional to flow and a conversion 
using the supplied data must be performed. 

3.3 0-5 VDC and 4-20 mA 
Output Signals 

The following description of the SierraRS 485 protocol is provided 
mainly for reference and provides details of the RS 485 interface. 

There is one "master" transceiver (Collector-Box™ or PC-compat
ible computer) and up to 30 "slave" transceivers (flow meters). 

34 RS 485 Option 
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The data format is 11 bits: 1 start bit, 8 data bits (MSB first), a 
tenth programmable bit (not parity), and a stop bit. The data rate 
is 9600 baud. 

There are two types of bytes: address bytes and data bytes. The 
tenth, bit would normally be the parity bit; however, in this 
application it is not used for parity. It signals which, type of byte 
is being sent When the tenth, bit is one, the byte is an address byte. 
When it is zero, it is a data byte. Normally, the master sends 
address bytes and the slaves respond with, an address byte echo 
followed by data bytes. 

The following provides additional information and is listed in the 
order of occurrence. This code is written from the point of view of 
the master (PC type computer) wishing to read a flow meter. 
Included are code examples written in C using Turbo-C and 
Greenleaf Com Lib software. 

/* Enable RS 485 transmitter, disable receiver. Set for "parity" 
equal to space, i.e., bit 8=1. Transmit address byte. */ 
if (comport = 0 ) 

outportb ( 0 x 3ff, 2); I* COM1: enable xmitter */ 
else 

outportb (0x2ff, 2); /* COM2: enable xmitter */ 
/* Wait for transmission done before turning around interface to 
receive. Enable RS 485 receiver, disable trasmitter. */ 
do { /* check UART directly */ 

rxbyte = bioscom (3, address, comport); 
} while (! (rxbyte>=0); 

/* enable RS-485 receiver, disable emitter */ 
if (comport ==0) 

outportb (0x3ff,l); 
else 

outportb (0x2ff, 1); 
delay (150); I* wait 150 milliseconds for returned characters. */ 

Wait 150 milliseconds for returned characters. All characters sent 
in astream duringthis timeinterval and correspond to the RS 485 
description in Table 3.4. 

To initiate a date exchange, the master transmits an address byte 
composed of an address (1-30) with the tenth bit equal to 1. At all 
other times, the tenth bit is zero. This generates a real time 
interrupt in all Flow Meters. They then inspect the received 
address to see if it matches their own address. If it doesn't, no 
action is taken and normal processing is resumed. If a match is 

Page 10 
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detected, then the Flow Meter responds with a transmission 
which occurs within the next 150 milliseconds. 

Number Description 

1 Row Meter Address Echo; Value: 1-30 

2 Flow Meter Type; Value: 1 Single Point, 2 Nulti-Point 

3 Flow Meter Software Version; Value: 0-65,535 
100 Version 1.00,250 Version 2.50, etc. 

4 Number of Points; Value: 1-1 Point, 2-2 Points, etc. 

5 Units English/Metric; Value: 0 MPS/°C. 1SFPM/°F 

6.7 Full Scale Value; Value: 0-65,535; 0-65,535 MPS or SFPM 
depending on units above 

8.9 Low Alarm Setpoint; Local (Row Meter Only) Low Alarm; 
Value: 0-65,535 

10.11 High Alarm Setpoint; Local (Flow Meter Only) High Alarm, 
Value: 0-64,535 

12 Flow Meter Supply Voltage; Value: 0-255 equals 0-25.5 volts 

13 Speed of Response; Proportional to response speed of output 
signal from Flow Meter, Value: 1-255; 1 »fast, 255 - slow 

14,15 Alarm Status Flags; Value: Alarms ON/OFF Rags 

16,17 Fault Status Rags; Value: Faults ON/OFF Rags 

18,19 Temperature Value; Value: 0-65,535 

20,21 Average Row Value; Value: 0-65,535 

2 2 - 3 7 Individual Point Row Value Point 1-8, each reading; 
Value: 0-65,535; Unused points value: 0 

3 8 - 4 7 Spare; All bytes Value: 0 

48.49 Checksum; Binary sum of all transmitted bytes including address, 
module 16 bits; Value: 0-65,535 

Sierra Net Protocol 
Table 3.4 Rev. 1.01 

NOTE: All numbers transmittedrepresentunsignedbinarynum-
bers unless noted- For 2-byte numbers, transmission is MSB first, 
then LSB. Contact Sierra Instruments, Inc., Applications Engi
neers for latest Release Version. 
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Totalizer Readout Option The following section answers some of the questions frequently 
asked by our customers: 

Q: What baud rate should I use? 
A: The flow meter is programmed internally to work with 9600 

baud. 

Q: Why doesn't the program I wrote work, if all of my 
wires are hooked up correctly? 

A: It is mandatory to use an interrupt driven com library rather 
than a polled mode. The polled mode may not "stay on the 
line" long enough to receive all of the data. Remember, also, 
that you must enable the RS 485 transmitter and disable the 
receiver when you send information from the 760; and vice 
versa to receive information (refer to the computer code 
example in Section 3.4). It is easy to forget that the RS 485 
is bidirectional. 

Q: Why doesn't Sierra require termination resistors to 
balance the lines? 

A: Since the RS 485 has the capability to run at one mega baud 
and we are only usingit at 9600 baud, the "reflections" in the 
line at 9600 baud are virtually non-existent. Therefore, there 
is no need to balance the lines. 

Q: Why does Sierra send all the data on each query? Why 
doesn't Sierra only send the flow value? 

A: We do this because all of our systems operate the same way. 
You, the user, are given the option to discard any data you 
choose. Note that the entire "stream" is sent in 150 milli
seconds, so that time is virtually inconsequential. 

3.4.1 RS 485 Option 
Response Time 
Adjustment 

The microprocessor equipped Flow Meters have a "Response" 
potentiometer which determines the speed of response of the 
meter. In the fast setting, the response is primarily governed by 
the speed of the sensor itself. Flow Meters are shippedfrom Sierra 
Instruments, Inc. with fast response. 

At the slowest setting, the time response of the Flow Meter is 
several seconds. Refer to Appendix Dl for an exploded view and 
placement diagram for the Response potentiometer R-10. 

3.5 Display Options Display Options include Flow Rate Readout, Totalized (Mass) 
Flow Readout, and front panel LED status indicators. 
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The front panel status LEDs include Power, High Alarm, Low 3.5.1 F r o nf Panel Status 
Alarm, Sensor Fault, and RS 485 fault. LEDs Option 

Power: This LED glows whenpoweris applied to the Flow Meter. 

High and Low Alarms: These LEDs glow when the measured 
flowis above/below the preset alarm setpoints, respectively. Refer 
to Section 3.6, Alarms, for adjusting the alarm set-points. 

Sensor Fault: This LED glows when a problem is detected in the 
flow measuring circuit. The Flow Meter is not functioning prop
erly. Refer to Section 4, Maintenance. The Flow Meter may have 
to be returned to Sierra Instruments for repair. Sensor fault 
detection is only available on meters with the microprocessor 
option. 

RS 485 Fault: The RS 485 Fault LED indicates the RS 485 
interface bus is not functioning properly. If you are using the 
interface bus, you probably will not be able to read the Flow Meter. 
The Flow Meter may have to be returned to Sierra Instruments for 
repair. 

The flow rate readout is a ZVl digit LCD display which normally 
reads out engineering units directly (ie. SCFM, NCMH, LBS/ 
HR). If the full scale rating of the meter exceeds the ZVi digit 
display, a multiplier of 10 will be used Check the serial number 
label and front panel for information concerning the readout 
units. 

The totalizer readout shows accumulated (total) mass flow and is 3.5.3 Totalizer Readout 
displayed on its own 6-digit LCD readout The totalizer normally Option 
reads out directly in engineering units (Le. cubic feet, grams, 
pounds, etc). Check the serial number label and front panel for 
information concerning the totalizer units. 

The totalizer will be reset to a reading of 000000 by holding the 
Sierra Instruments, Inc. supplied magnet (or any suitable mag
net) to the spot indicated in the sketch below. The magnet must be 
held in this location for several seconds. This activates a magnetic 
sensing reset circuit within the enclosure. Note that the power 
must be on to allow resetting of the totalizer. 

3.5.2 Row Rate Readout 
Option 
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3.6 Alarm Options All 760 Series Flow Meter alarm outputs are open collector. They 
sink current to ground when active ("on") and are open circuit 
when inactive ("off)- Because they sink current, they must pull a 
positive voltage (maximum 30 VDC) to ground potential. They are 
nominally rated at 100 mA maximum with a resistive load (such 
as a computer input or lamp). If an inductive load is used (such as 
a buzzer), connect a diode in parallel with the load, the cathode of 
the diode to the power supply side of the load and the anode of the 
diode to the Flow Meter alarm side of the load. A1N4002,1N4003, 
or 1N4004 diode is satisfactory. 

760 Series Flow Meters equipped with Alarm Options have one of 
two configurations. For microprocessor based Flow Meters, there 
are two(optional)alarmoutputs,HIGHALARMandLOW ALARM. 
For all other Flow Meters, there is one (optional) alarm output 
which is factory configured either as a HIGH ALARM or LOW 
ALARM. 

See Appendix G for additional information and commonly used 
alarm circuits. 

3.6.1 Adjusting Alarm 
Setpoint for 
Non-Microprocessor 
Electronics 

The Non-Microprocessor electronics package has a single alarm 
output (optional) which can be ordered configured as either a 
HIGH or LOW alarm. The alarm setpoint is adjusted via a multi-
turn potentiometer. 

To expose the alarm setpoint potentiometer, refer to Section 4.1, 
Access to Electronics PCBs. 

Refer to Appendix D2, Exploded View and Placement Diagrams 
for Critical Electrical Components for Non-Microprocessor Elec
tronics, for location of the circuit board and adjustment potenti
ometer. 

Blind Adjustment. 
Linear and 
Non-Linear Models 

Locate potentiometer R26 on the 737-030-005 PCB (printed cir
cuit board). In order to adjust the alarm setpoint, one of two 
methods may be used. 

If a voltmeter is not available, or the alarm point is not known, use 
the "Blind Adjustment" method. Set the flow rate to the point 
where the alarm must actuate. Monitor the alarm output while 
rotating R26's adjustment screwto find the alarm actuation point. 
When the alarm actuates, rotate R26 back and forth a few times 
to insure that the setting is correct. 

Voltmeter Adjustment 

Page 14 

When the setpoint value is known and a voltmeter is available, use 
the "Voltmeter Adjustment Method." Locate the alarm adjust
ment test points on the 737-030-005 PCB. Connect the voltmeter's 
positive lead to the inboard test point and the negative lead to the 
outboard test point (ground). As R26 is rotated, the voltmeter will 

IMI 



Series 760 Flow Meter Instruction Manual 

read between zero and 5 volts. This corresponds to 0 and full scale 
flow. Adjust R26 to the desired value. 

l inear Output Models can be adjusted by using a simple multi
plier to convert Volts to the desired engineering units. 

Example: 

Linear Output Models: Full scale = 4000 SCFM; alarm point = 
1200 SCFM, find the voltage required to trigger the alarm at 1200 
SCFM. 

(1200/4000) x 5 = 1.50 VDC 

Non-Linear Output Models: Since the output is non-linear, a 
lookup table is necessary to relate the output signal to the flow 
rate. This table is provided, on the calibration sheet for non-linear 
devices. Alternately, the Blind Adjustment procedure from above 
can be used. Aside from this, the adjustment procedures are the 
same as for linear output versions. 

The Microprocessor Electronics has two multi-turn potentiom
eters which adjust the low and high alarm setpoints. The follow
ing instructions assume the Flow Meter has Linear Output. 

To expose the alarm setpoint potentiometers, refer to Section 4.1, 
Access to Electronics PCBs. Refer to Appendix Dl for location of 
adjustment potentiometers. 

Locate potentiometer R9 (Low Alarm) andR8 (High Alarm) on the 
640-030-001 Printed Circuit Board (PCB). It is item #7 on Appen
dix Dl . 

Ln order to adjust the alarm setpoint, for Low Alarm locate test 
points TPH and TPL. Connect the negative lead of a voltmeter to 
point TPC (ground), and the positive lead to TPL. As R9 is rotated, 
the voltmeter will read between 0 and 5.00 volts which represents 
a low alarm setpoint between 0 and full scale flow. Adjust R9 to the 
desired value. 

Similarly, to adjust RS, the high alarm setpoint, connect the 
voltmeter positive lead to TPH and the negative lead to TPC 
(ground). Adjust R8 to the desired value. 

WARNINGIBeforeattemptinganymaintenanceinakesure 4 . MAINTENANCE 
there is no pressure in the line. 

Refer to Section 6, Troubleshooting, if you need to return your 760 
Series Flow Meter to Sierra Instruments, Inc. for repair. 
WARNING! All maintenance operations must be carried out 
with the power of£ 

3.6.2 Adjusting Alarm 
Setpoints tor 

Microprocessor 
Electronics 
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4.1 Access to 
Electronics PCBs 

The Explosionproof enclosure contains electronics PCBs within the 
larger round dome lid. To gain access to the electronics PCBs, 
including adjustment potentiometers, carefully unthread the large 
round dome lid and carefully slide it away from the Flow Meter. 

To access the electronics PCBs within the NEMA 2 enclosure remove 
the small screws holding the extruded enclosure to the base of the 
Flow Meter. Orient the top cover to allow the extruded enclosure to 
slide over the circuit boards and carefully slide it away from the base. 
Keep in mind that the enclosure is attached to the Flow Meter via the 
wires connectingthe PCBs to the connector. There is enough slack to 
allow access to all the internal components. 

4.1.1 Fuses The Explosionproof enclosure contains a separate wiring com
partment which contains safety fuse(s). Refer to Section 2.2.1, 
Access to Field Wiring, for instructions on how to gain access to the 
wiring compartment. The NEMA 2 Enclosure does not contain 
fuses. 

Within the wiring compartment you will find one AGC type fuse 
for 15-18 VDC, 24 VDC, and 115 VAC powered Flow Meters, and 
two 5 TWTTI X 20 mm fuses for 230 VAC Flow Meters. These fuses 
protect the main power input to all the electronics. 

Their value in amperes is on the label attached to the inside of the 
dome lid for the wiring compartment. Normally, the single AGC 
type fuse has a value of .500 ampere, while the 230 VAC units have 
a fuse rating of .250 ampere. 

4.1.2 Totalizer Back-Up 
Battery 

The totalizer back-up battery normally lasts six years. To replace the 
battery the FlowMetermust be returned to Sierra Instruments, Inc. 
Refer to Section 8 for instructions on returning the Flow Meter. 

4.2 Meter Cleaning The Steel-Trak sensor is used in the Series 760 Flow Meter is 
insensitive to small amounts of contamination or build-up of particu
lates. To inspect the sensor elements, the flow body must be removed 
from the pipe exposing the sensor elements (two stainless steel 
encasements, or thermowells). If they are visibly dirty, clean them 
with water or alcohol(ethanol)and an artistfebrushuntil they appear 
clean again. Even though the sensor elements are rugged and 
breakage resistant, avoid touching them with any solid object and 
use a light touch while cleaning them. 

4.3 Breakage or 
Damage of Meter 

If the sensors are broken or damaged, 'the probe and electronics 
should be returned to the factory. A new sensor will be installed 
and recalibrated. Refer to Section 8 for further information. 
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To insure the continuing high accuracy of your Series 760 Flow 
Meter, Sierra Instruments, Inc. maintains a fully equipped, 
quality controlled Flow Calibration Metrology Laboratory for 
recalibration. If the probe or electronics have been damaged, or 
you simply want to recalibrate, please refer to Section 8 for 
information regarding contacting customer service and shipping 
instructions. The current Price l i s t 7 gives the price for complete 
recalibration. The raw calibration data is sent with every order. 
The data is non-linear. If you have a linear unit, the calibration 
sheet shows the mathematical formula which the linearizer uses 
to produce the linear output. All accuracy specifications are per 
the system specifications unless other wise specified. 

5. CALIBRATION 
5.1 Calibration at Siena 

Instruments, Inc. 

WARNING! Calibration must only be performed by quali
fied personnel using non-hazardous, safe gases. Sierra 
Ins t ruments , Inc. strongly recommends that you r e tu rn 
your 760 Flow Meter to the factory for calibration. Refer to 
Section 8 for shipping instructions. 

To calibrate the Series 760 Mass Flow Meter, it is necessary to 
generate a precisely known mass flow rate. It is necessary to use 
the original calibration gas and provide at Tnim'Tirum twenty 
diameters of straight pipe of the same diameter as the flow meter 
upstream of the meter and 5 diameters of straight pipe down
stream of the meter. Sierra uses a NIST traceable laminar flow 
element or a pitot tube to measure the flow rate. 

To set the calibration refer to Section 4.1 for the location of the 
calibration-adjustmentpotentiometers. Insert the meter in the wind 
tunnel. Allow several minutes for the probe to stabilize. Adjust the 
zero potentiometer until the readout shows zero. The Flow Meter is 
nowzeroed. 

Next, select a suitable calibration point for the range, either nearest 
to full scale or the typical operating point for your application. 
Generate this flow in the wind tunnel. Allow one minute for stabili
zation, and adjust the "span" potentiometer until the readout shows 
the correct value. The flow range is now properly spanned. 

Next, take data for multiple equally spaced values to create a data 
chart that gives you indicated versus actual flows. 

For linear mass flow meters, Sierra uses an EFROM look-up table 
for linearization. You will not be able to modify this table. If you need 
to change your gas or full scale flow range you will need to return the 
flow meter to Sierra Instruments for recalibration. Alternatively, 
you may elect to obtain the non-linear data and supply this data to 
Sierra Instruments to burn an EPROM with the proper transfer 
function matching your calibration data. Sierra would then return 
the EFROM. You would install the new EPROM and then perform 
the final span calibration. The new EPROM table will be as accurate 
as the data you took. Call our Customer Service for assistance. 

5.2 How to Calibrate 
the Series 760 Yourself 

JHH 
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CAUTION! The electronics, sensor and any cable supplied by 
Sierra Instruments, Inc. is calibrated as a single precision 
Mass Flow Meter. Interchanging sensors or sensor cabling 
will impair the accuracy of the Flow Meter. 

If you experience any problem with your 760 Series Flow Meter, the 
solution is usually simple. This section helps you find that simple 
solution. If you cannot solve the problem yourself, please call Sierra's 
Customer Service Department, Technical Assistance, at the phone 
number listed below. 

The Sierra Instruments, Inc. Customer Service Department can be 
reachedat (408) 373-0200. Please have your model number and serial 
number available when you call. 

If you find it necessary to return a 760 Series Flow Meter to Sierra 
Instruments, Inc., you must first obtain a Return Material Authori
zation from the Customer Service Department. 

Unless specifically instructed to do otherwise, you must return the 
entire Flow Meter, including all electronics. 

Please include information describing the reason for the return, 
purchase order number under which the equipment was purchased, 
and a contact name and phone number. 

Be sure to include complete return shipping instructions. We 
cannot deliver to post office boxes. Ship to the following address: 

Sierra Instruments, Inc. 
5 Harris Court, Building L 

Monterey, CA 93940 
ATTN: SERVICE DEPT. 

6. TROUBLE
SHOOTING 

6.1 Customer Service 
and Shipping 
Instructions 

Page 18 J 45 



Series 760 Flow Meter Instruction Manual 

Problem Possible Cause Action 

Flow a) Probe dirty a) Refer to Section 4, Mainte
Measurement nance, for information on 
Seems Low cleaning the probe 

Row a) Restriction in inlet line a) Remove restriction. Insure 
Measurement creating a "jet" that 20 pipe diameters of 

straight section of the same 
size pipe as the meter body 
are located upstream of the 
flow body with 5 pipe 
diameters downstream 

Velocity a) Sensor dirty a) Refer to Section 4, Mainte
Measurement nance, for information on 
is Erratic or cleaning the probe 
Fluctuating b) Sensor broken b) Refer to Shipping-Instruc

tions, to return flow meter to 
Sierra for repair 

c) Malfunction in flow meter c) Refer to Shipping Instruc
tions, to return flow meter to 
Sierra for repair 

Reading Pegs a) Sensor not connected to a) For external bridge or 
Plus or Minus circuitry sensor, check 

b) Sensor broken b) Refer to Shipping Instruc
tions, to return flow meter to 
Sierra for repair 

Reading a) Out of calibration a) Refer to Section 5, 
Won't Zero b) Sensor broken b) Refer to Shipping Instruc

tions, to return flow meter to 
Sierra for repair 

4-20 mA a) Excessive current loop a) Use larger gauge wire or 
Output Not resistance. Loop resistance change load resistance 
Indicating 4 must be between 50 and 500 
mA at Zero ohms 
Row • 

Troubleshooting 
Table 6.1 
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7. CALCULATING 
ACTUAL FLOW 
RATE 

The mass flow meter measures the "standard" volumetric flow 
rate, Q,, referenced to 70°F (21.1°C) and 1 atmosphere (760 mm of 
mercury). The units of measurement are standard cubic feet per 
minute (SCFM) or standard cubic meters per hour (SnrVhr). 

In most monitoring applications the mass flow (Qg) is the quantity 
of direct interest. However, in some cases the actual volumetric 
flow rate Q is desired. This is obtained by applying a correction 
factor given by the following equation: 
where: 

Q = Q '£k = Qs (m (i) 

where: 

Q = 

Q s = 

p = 
Ps = 

T = 
T = 
P " « 
P= = 

"actual" volumetric flow rate at conditions of P and T 
(m3/h, ACFM), 
"standard" volumetric flow rate referenced to standard 
conditions of P s and T s, (Sm3/hr, SCFM), 
gas mass density at actual conditions, lb/ft3, 
gas mass density at standard conditions 
(0.0748 lb/ft3 for air at 70°F) 
gas temperature at actual conditions, °R, 
standard gas temperature = 70°F = 529.69°R, 
gas pressure at actual conditions, mm of mercury (psig), 
standard gas pressure = 760 mm of mercury (14.7 psig). 

Example Calculation: 

Your Flow Meter shows a reading of 800 SCFM. The gas tempera
ture is 150°F. The gas pressure is 200 psig. From Equation 1, the 
actual volumetric flow rate Q is calculated as:. 

Q = 800 14.7 
14.7+200 

150 + 459.69 
529.67 ) • 

63.0 ACFM 
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Series 760 Flow Meter Instruction Manual 

FLOW RANGE'" Each flow meter is individually calibrated in Sierra's wind 
tunnels for the type of gas and the specified flow range. 
The following table lists the maximum flow rate for air for 
each flow body. The maximum flow rates for other gases 
will be different: 

APPENDIX A. 
Specifications 

GASES 

FLOW OUTPUT SIGNALS 

TOTALIZER 

ALARMS 

DIGITAL READOUT 

LED INDICATORS 

INPUT POWER REQUIRED 

RANGE--SCFM* RANGE - L B / H -

SIZE MIN MAX MIN MAX 

1/4* 0-0.2 0-10 0-O.09 0-45 

1/2* 0-0.3 0-15 0-1.3 0-68 

3/4* 0-0.5 0-30 0-Z2 0-135 

1* 0-1 0-50 0-4.5 0-225 

1-1/2" 0-2 0-100 0-9 0-450 

2* 0-5 0-150 0-22.5 0-675 

3* 0-10 0-300 0-45 0-1350 

4* 0-20 0-600 0-90 0-2700 

6* 0-50 0-1500 0-225 0-6750 

8* 0-100 0-3000 0-450 0-13500 

Air, nitrogen, hydrogen, natural gas, helium, argon. Consult 
Siena for use with other gases. 

Choice of one of four analog output signals linearly or non-
linearly proportional to mass flow rate or velocity: 0-5 VDC 
standard, 1000ohmsmin.Ioadresistanee;4~20mAoptional. 
400 ohms max. loop resistance: 0-1 VDC optional, 2000 
ohms min. load resistance. 

RS 485 serialized output standard for microprocessor elec
tronics: 2-wire cable, 4,000 feet (1,200 m) max length. 

Other output signals available on special order. 

S-dgft LCD display (optional), forExptosionproof Electronics 
Enclosure only 

Standard electronics: high or low alarms; microprocessor 
electronics; high, low, or "window* alarms; open collector 
outputs; specify levels (optional) 

For explosionproof electronics enclosure only: for mass flow 
or velocity in any engineering units; 3-1/2 digit LCD display; 
also available in remove Dual-Channel or Flo-Sox™ Sec-
tronics; stand-atonedigital panel meteroptional, operates on 
two wires. 

For microprocessor electronics only; power on, RS 485 
transmission fault, and sensor fault 

NEMA 2 enclosure: 15-18 VDC. 300 mA max. 

Explosionproof Electronics: 15-18 VDC, 350 mA max; 20-26 
VDC, 350 mA max.; 100 ± 10% VAC. 50 Hz, 10 watts; 115 
± 10% VAC. 60 Hz, 10 watts; or230± 10% VAC. 50 Hz. 10 
watts 
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REPEATABILITY 

TIME RESPONSE 

GAS PRESSURE 

GAS TEMPERATURE 

System Electronics: 115 ± 10% VAC. 60 Hz, 10 watts 
standard: 100 ± 10% VAC. 50 Hz. 10 watts optional; or 230 
± 10% VAC, 50 Hz, 10 watts optional 

0.2% FS» 

1 second to 63% of final velocity value; for microprocessor 
electronics; analog output signal and display time response 
variable from 0.5 to 5 seconds. 

PRESSURE RATINGS. PSIG 

SIZE NPT 150# 
FLANGE 

300* 400* 
FLANGE FLANGE 

600* 
FLANGE 

1/4". 
i/r. 
3/4* 

1500 Not Available 

r. 
1-1/2* 

1500 275 720 1440 

r . r 
4* 

1000 275 720 1440 

6*. 8- 1000 275 720 980 -

Standard: -40 to 250°F (-40 to ^2S0C)•, •HT2' Option; 32 to 
500"F (0 to 250°C); (HT2 option not available on all sizes) 

ELECTRONICS OPERATING 32 to 122°F (0 to SO^) 
TEMPERATURE 

ELECTRONICS STORAGE 
TEMPERATURE 

WETTED MATERIALS 

32to1508F(0to70°C) 

Stainless steel flow body ad sensors. 

ELECTRONICS ENCLOSURES Anodized aluminum NEMA 2 enclosure; or painted alumi
num NEMA 4 and explosionproof enclosure—complies with 
NEC Code: Class 1, Groups B. C & 0. Division 1 & 2 and 
Class II, Groups E, F & G, Divisions 1 & 2—viewing window 
optional 

System Electronics: Single-Channel Electronics, Dual-Chan
nel Electronics, 1 to 5 Channel Microprocessor-Based Flo-
Box™ Electronics, or Power Supply. 

METER CABLE Standard: vinyl; "HTT option: Teflon™; "HTS* option; 50 ft 
(15 m) max. 
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CALIBRATION OF DIGITAL RATE INDICATOR - GENERAL CONSIDERATIONS 
INTRODUCTION 
In general, all flow measurement systems supplied by Hoffer Flow 
Controls has been factory calibrated as specified by the user, at 
the time of purchase, free of charge. 
All systems which under went such a factory calibration have a 
calibration card attached prior to shipment. This card contains 
the flow rate units of measurement, the details of analog outputs 
as well as, other useful calibration data. 
Field calibration is only required when a change has occurred or 
is sought to the measuring system. Such a change may be due to 
repair, replacement or recalibration of the flowmeter or perhaps 
a change in the readout units. 
PROCEDURE FOR USE WITH TEMPERATURE/PRESSURE COMPENSATION OPTION 
Begin by determining the equivalent maximum flow rate expected by 
the application, term this R (MAX) in the desired measurement 
units. R (MAX) may be based on the analog output span desired or 
upon the maximum flow capabilities of the flowmeter under 
existing line conditions. 
Convert R (MAX) to units of standard cubic feet per minute, term 
this SCF/M MAX. Use of a conversion chart may be required. 
Finally, note R(MAX) may be in terms of volumetric or mass units. 
The number of significant digits of R (MAX) should be chosen so 
that it fits within the capabilities of the 3 1/2 digit display. 
Calculate the flowmeter output frequency corresponding to the 
desired maximum flowrate SCF/M using the following equation: 

T 
F SCF/M X 14.7 X FS X_K_ 
MAX = MAX P 5H5 60 

FS 
WHERE: 
P is Full Scale Pressure in PSIA 
FS 

T is Full Scale Temperature in °R 
FS 
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It is possible to calibrate the unit using either the internal 
"TEST" feature or an external oscillator. 
Place the "Volumetric/Compensate" Control in the "Volumetric" 
position while performing the following calibration procedure. 
Before placing the Series 116 into active service, return the 
"Volumetric/Compensate" control to the "Compensate" position. 
CONCERNING THE 3 1/2 DIGIT DISPLAY 
At this point, it is necessary to determine how the maximum rate 
R (MAX) can be best represented on the 3 1/2 digit display. 
The display may indicate any number between 0000 and 1999. The 
decimal point may be arbitrarily programmed in any one of the 
following positions (.0.0.0.0.). A multiplier may also be used 
if the number to be represented is larger than 1999, in this 
manner a decal could be attached listing the multiplier. 
Ignoring the decimal point for a moment, examine how many signi
ficant figures of R (MAX) in the desired units may be represented 
in a 3 1/2 digit display without exceeding the displays capa
bility at the maximum flow rate. 
For example, suppose the maximum rate is 21.76 GPM. The signi
ficant digits of 2176 will not fit within the display range of 
0000 to 1999. A reading of 21. would not be making full use of 
the available resolution. A reading of 217 is therefore the best 
representation which is available on a 3 1/2 digit display. 
Rounding off to the nearest significant digit, 2}8, would give 
higher accuracy. In subsequent calculation R (MAX) would be 218. 
After setting up the display, the 'decimal' point switch may be 
used to program the decimal point so that the desired indication, 
21.8 may be represented. 

PAGE-3.2-
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CALIBRATION FOR USE WITH AXIAL, IN-LINE FLOWMETER 
SETUP 
The digital rate indicator may be calibrated with an internal 
TEST frequency or an external oscillator used in conjunction with 
a frequency counter. 
METHOD 1 
The TEST switch, when depressed, injects an internally generated 
frequency derived from the line power into the unit. When using 
this feature, F (Test) is equal to 120 Hz for a 60 Hz line freq
uency and 100 Hz for a 50 Hz line frequency and is used in the 
following equations. Where ever the procedure calls for inject
ing a test frequency depress TEST. 
METHOD 2' 
Alternately an external oscillator may be used to supply a test 
frequency. In this method, the external oscillator is connected 
to the signal input terminals. The oscillator's output frequency 
is set to equal F (MAX) as indicated on the frequency counter. 
For this approach use F (MAX) in the following equations for F 
(TEST). 
Regardless of the method used, begin by calculating the following 
set points indicated by Equation 1 through Equation 3. Use the 
frequency F (TEST) depending on calibration method chosen above. 

Round to nearest 
whole number. 

EQUATION 1 SET (FREQ) = 200 X F (TEST) 
F (MAX) 

EQUATION 2 SET (F.S.) = F (TEST) X R (MAX) 
F (MAX) 

EQUATION 3 SET (SPAN) = F (TEST) X SPAN + ZERO 
F (MAX) 

where F (TEST) is test frequency used 
R (MAX) is maximum flow rate in desired units in the number 
of significant digits which may be represented in a 3 1/2 
digit display. 
F (MAX) is the flowmeter output frequency at the reference 
condition of which R (MAX) to F (MAX) relation was defined. 
SPAN - Varying component of analog output i.e., 16 mA for 
4 to 20 mA output 5V for 0 to 5 V output 
ZERO - Fixed offset component of analog output i.e. 
to 20 mA output 0V for 0 to 5V output. 

4 mA 

PAGE-3.3-
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CALIBRATION FOR AXIAL, IN-LINE FLOWMETER 
1. The range adjustment is accomplished by selecting a switch 

position on a DIP switch located on the PCA37 or PCA49 
printed circuit card depending on the model. See Table A to 
determine required switch position and set into switch as 
shown on drawing 116-401. 

2. Turn F.S. control fully counter clockwise until slippage is 
felt or 25 turns. 

3. Inject the Test Frequency while adjusting FREQ. control to 
obtain SET (FREQ) on the display. 

4. Inject the Test Frequency while adjust F.S. control to obtain 
SET (F.S.) on the display. 

5. Place DECIMAL switch in location to program desired decimal 
position. 

FOR CURRENT OUTPUT OPTION ONLY 
6. Connect a digital milliampmeter or equivalent, across the 

current output terminals. Turn ZERO switch on PCA37 to the 
ON position. 

7. Adjust ZERO control for desired zero current (i.e. 4 mA or 
10 mA). 

8. Inject the Test Frequency while adjusting SPAN for current 
equal to SET (SPAN). 

9. Iterate steps 7 and 8 until no change is observed. 
FOR VOLTAGE OUTPUT OPTION ONLY 
10. Connect a digital voltmeter across the voltage output ter

minal. 
11. Inject the Test Frequency while adjusting SPAN for voltage 

.. equal to SET (SPAN) . 

PAGE-3.4-
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TABLE A 

F (MAX) 

75 TO 150 
150 TO 300 
300 TO 600 
600 TO 1200 
1200 TO 2400 

RANGE SELECT 
SWITCH POSITION 

150 
300 
600 
1200 
2400 

PAGE-3.5-
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Hoffer turbine flowmeters, unlike many other turbines, are 
built physically symmetrical which inherently makes bidirec
tional flow measurement possible with only the addition of a 
second pickup coil, keeping cost considerably less than other 
manufacturers. 
Other considerations which may dictate equipping two pickup 
coils on a single flowmeter arise from advantages in the ease 
of achieving parallel signal processing or increased reli
ability. 
A Hoffer electronic system is available for sensing pickup 
coil failure. 
HAZARDOUS AND WEATHERPROOF ENVIRONMENTAL COIL ENCLOSURE FOR 
ALL FLOWMETER SERIES 
The explosion proof requirements of UL Class I, Group C and D 
Class II and NEMA 4X are routinely provided for by enclosing 
the pickup coil in a suitable housing. Signal conditioners 
and converters can readily be mounted on the flowmeter in a 
suitable enclosure. Unlike most other flowmeter type, Hoffer 
turbine flowmeters are inherently safer since they require no 
through holes eliminating the possibility of a leak. 
FLOWMETER CALIBRATIONS 
The standard calibration provided with all Hoffer turbine 
flowmeters consists of a 10 point water calibration over the 
linear flow range of the meter. However, a number of 
optional flowmeter calibrations may also be requested. 
A 10 point water calibration over the extended range of the 
meter may be requested at no additional charge. Additional 
calibration points may be requested within the linear range 
or in the extended range at additional cost. 
Fluids other than water are used to simulate viscosity 
conditions from 2 to 100 centistokes. Where it is necessary 
to document the flowmeter's performance for viscous service, 
the flowmeter calibration simulates the viscosity, as well 
as, the flow rate anticipated in actual service. 
Universal viscosity calibration (UVC) curves may be docu
mented for each Hoffer turbine flowmeter where this infor
mation is required to achieve maximum flowmeter accuracy in 
medium to high viscosity service. 
In general, any flowmeter size may be supplied with a 
universal viscosity curve (UVC). However, since smaller 
meter sizes (under one inch) display the largest sensitivity 
of calibration factor to viscosity, it is this size range 
which are the most likely to be considered for a universal 
viscosity curve (UVC). 
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The universal viscosity curve may be utilized to determine 
the K-Factor either graphically, or in the case of an 
intelligent instrument, algorithmically, for a measured set 
of flowing conditions. 
Hoffer offers a standard viscosity calibration which consists 
of six repeated points for each viscosity required. A typical 
UVC curve requires three sets of six points plotted on graph 
paper as a continuous curve. In addition, Hoffer offers a ten 
point viscosity calibration and curve on a flowmeter at a 
single viscosity (up to 100 centistokes) at a nominal 
additional fee. 
GENERAL INSTALLATION PROCEDURE 
1. Flow Direction - All flowmeters are marked 'IN' and 'OUT' 

and with a flow direction arrow. 
2. Mating Pipe Fittings - Care should be taken in the proper 

selection for-the mating fittings.- Size, type-of-
materia-1 and- pressure rating- should- be -the- same as the 
flowmeter supplied. The correct gaskets and bolts should 
be utilized. 

3. METER LOCATION 
a. Relative---When-it—is--expected that-flow-will be 

intermittent,-the-meter- should not--be-mounted at a 
•low- point -in- the- piping system. - Solids--which- settle 
or congeal in the meter may affect meter performance. 

b. Tolerance-to-Electrical-Interference - In-order to 
achieve--optimum-electrical--signal output--from the 
flowmeter,-due consideration--must be-given-to-its-• 
isolation f-r-om- ambient- -electrical- interference such 
as nearby motors, transformers and solenoids. 

PIPING - TYPICAL FLOWMETER INSTALLATION 
1. General--Piping-Consideration---As stated in--the-Principle 

of-Flowmeter--Operation-,- the fluid moving- thr-ough;-the 
flowmeter engages the vaned rotor. (Refer to page 1.) 
Swirl- present- in- -the- -fluid - ahead- of -the meter- -can change • 
the--effective^-angle- of- engagement- -and-r

: therefore,-- cause- a 
deviation- front'the--supplied calibration- {performed- under 
control-led- -flow- conditions-)-.'•-• Proper: installation of--the 
flowmeter minimizes the negative effects of fluid swirl. 

Page 6 
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FAX 509-376-9960 November 25, 1991 
Westinghouse Hanford Co. 
P.O. Box 1970 
Richland, WA 99352 
Attention: George Vargo, M.S. L7-06 
Subject: Tachometer generator for drill rig -

Rack & pinion drive from hydraulic ram 
Dear Mr Vargo: 
Thank you for your inquiry regarding the above. 
You explained there is but 25" of travel, a maximum speed of 50 inches 
per minute and needed resolution of 1/2 IPM. Also, that relatively 
high ambient temperature is involved and generator output would be used 
in conjunction with a panel-mount digital indicator with LED readout 
having the input rectified so that speed indication will be readable in 
both directions. 
We quote: 

1 - Magneto Model M1200-HAST, complete with 1J 20 
step-up integral gearbox and 16 tooth - 16P 
drive pinion. Per Dwg. B1398 ; 3 1155.00 

Terms: ' Net 30 days, F.O.B. Philadelphia 
Delivery: 4 weeks from receipt of order 

NOTES: 
1. Magneto has an output of 20.8 volts per 1000 rpm of armature shaft; 

416 volts per 1000 rpm of input shaft • 4.16 volts at 10 rpm. 
Internal resistance is approx. 880 ohms* 

2. I've checked temperature ratings. Temperature itself is okay but 
there is some deviation of output. Spec shows a maximum deviation 
of not more than 0.01 X per degree of change over a range of -20 
degree C to plus 75 degree G <167 F>. 

3. 16T-16P - 1" P.D. pinion is 14-1/2 degree P.A. and makes 1 
revolution for each 3.14" «* a total of about 7.9 revolutions over 

. 25" of travel. At 50 IPM, input shaft runs 15.92 rpm, armature 318 
rpm and output is approx. 6.61 volts d.c. 

15? 
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- 2 -

4. We suggest a 16 pitch, 14-1/2 degree P.A. rack, 1/2" wide (face). 
Boston L512-4 (4 ft. length) cut to suit would be fine. 

We believe there sho 
smoothness of outpu 
connection, I mention 
for filtering but th 
always the full com 
We're simply accustom 
to check actual opera 
tested to simulate re 
could give us full i 
rectifier. 

uld be no question regarding ruggedness, but the 
t signal is difficult to define. In that 
that we norjnally supply a capacitor across output 
at relates to load and other factors. Concern is 
bined result, backlash through gear train, etc. 
ed to supplying systems and then have the ability 
tion of speed indicator connected to generator and 
al conditions. In event of an order, perhaps you 
nformation on the associated speed indicator and 

Very truly yours, 
,THE ELECTRIC TACHOMETER CORPORATION 

(j f~L,ClSL. 
FMP:kr 
Encl. 

F. M. Porter 
Vice President - Sales 

P. S. Wa will follow by mail with general catalogs, etc. The M1200-
HAST looks just like the M1200HA shown on catalog page attached. 
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LUSPl&ATlON a MAINTENANCE ; 
THIS UNIT NORMALLY REQUIRES NO MAINTENANCE 

OTHER T H A N AOPLICATON OF OIL (SA£ 20) TO T H £ OILERS 
SHOWN, AT INTERVALS OP 3 MONTHS. THE OIL MAY BE 
APPLIED LIBERALLY-, MO DAMAGE CAN RESULT TROM 
OVER LUBRICATION. 

IF, FOR ANY REASON. THE UNIT SHOWS SYMPTOMS 
OF FAULTY OPERATION. WE STRONGLY RECOMMEND 
THAT IT BE RETURNED TO THE FACTORY FOR TEST . 
REPAIR AND RE-CALIBRATION. 

CALI3RAT10N DATA 
MAGNETO SPEED Of 
EQUALS FULL SCALE 
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âble-Extension Linear Position and Velocity Transducers o 
PT8510 and PT9510 Specifications 
Sensing Element 10K ohm Precision Potentiometer 
Resolution Essentially Infinite 
Accuracy1 

: / n d l s . i r o k c S 'A 0.28% of Full Stroke 
10 to s0 :nch strokes -./. 0.18^ of Full Stroke 
40 inch and greater strokes /- 0.15«t of Pull Stroke 

Input Voltage. \AmS t p $Q VDC 
Input Current lOnA maximum 
Zero Adjustmem Ranee 0 io 25<v of Full Stroke 
Spar. Adjustment Range 5.0 ( 0 10.5 VDC at Full Stroke 
Output impedance ! 0 0hm* maximum 
Opcsating Temperature Range 0 to 1.10 dec. F 

PT8150 and PT9150 Specifications 
tSSv i e r o M t :«-<:• V ^ ^ e n t a l Encoder 

i ^ r S ' l n f k S i 2 0 ° ? u l s c s I»: inch nominal 
4 2 ? v;Lacned * * " " S l r o k ( : 1 C 0 P " l s c s ft inch nominal 
Input Current.*.'. I ^ r ^ 
Output Signal... .7.'.7.^Channel S q u a r e - ^ ^ S e -

Operating Temperature Range ^ . ^ S t n S o ^ F 

PT8201 and PT9201 Specifications 
l̂ -mg ci-rr.cn; DC Tachometer 

mi) -,'-26 mVDC 
r\.pcuiabil:iv -/- 0.25v> of Output Voltage 
Input Voltage None Required 
Output Voltage. 100 inch and greater strokes 
at velocity of 100 in/min 0.29" VDC nominal 
Output Impedance 325 ohms -f/- i0% 
Operating Tenieperature Range 0 to 200 dec. F 

PT9000, Ranges 450 to 1200 Inches 

Ordering Infurmaiiun on Back Cover 

Electrical Connections 
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PT9101 : n ' 
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Celesco Transducer Products. Inc. 
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Setting Up A Transducer and 
Its Instrument In The Field 

svy 

v;iii> m* 
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The most common method for quick field calibration is the "shunt calibration" technique. This 
method applies a known, accurate resistance across one leg of the transducer, which 
simulates an actual physical stimulus when one is not present. Upon application of this 
resistance, the output of the transducer changes exactly as it would if a known pressure or 
load were applied. 
In performing shunt calibration, the transducer should have no pressure or load applied, so 
that it is at , rzero" initially. The data instrument's ZERO control can then be adjusted to give a 
zero output on its indicator, or a zero voltage on its output terminals. (In the case of 4-20 
milliampere outputs, this value would be 4 milliamperes.) The shunt calibration circuitry may 
then be activated by use of the front-panel SHUNT CAL button. A step change in amplifier 
output or reading will occur. If the amount of the step change does not agree with the ex
pected change as indicated by the Transducer Calibration Data sheet, adjust the SPAN or 
GAIN control until it does. This will insure that the amplification given by the data device will 
be correct, so that an actual stimulus will give correct readings. 
It is advisable to recheck the zero when the shunt calibration resistance is removed, since 
there may be some interaction if the GAIN or SPAN control adjustments were large. 
Strain gage transducers with internal amplifiers usually have a shunt calibration resistor in
stalled. The shunt calibration resistor may be activated by interconnecting two terminals on the 
connector. The wiring code section of the Transducer Calibration Data sheet will indicate 
which terminals are to be interconnected to activate the shunt calibration. For current output 
units (4-20 milliamperes), several full cycles of adjusting the ZERO and SPAN controls may be 
required, since these controls interact greatly in such units. 
Below is a typical Transducer Calibration Data sheet. This sheet will be used as an example to 
illustrate the setup procedure for both unamplified transducers, as well as instruments with an 
amplified output. The calibration record for amplified transducers includes the "amplified" 
shunt cal value so no calculation is required. 

SENSOTEC, INC. 
1200 Chesapeake Avenue Columbus, Ohio (614)486-7723 TWX 810 482 1188 

LOAD CELL CALIBRATION RECORD 
MODEL NO.: 4738-01 
SERIAL NO.: 156091 

FULL SCALE CAPACITY: 25000 LBS UNDER COMPRESSION 
DATE: 08/08/86 

EXCITATION VOLTAGE: 10VDC CALIBRATION FACTOR 1.8888 MV/V AT FULL SCALE 

RESISTANCE: 
INPUT = 415 OHMS 
OUTPUT = 353 OHMS LEAKAGE = . .OHMS 

SHUNT RESISTOR VALUE OF 59K OHMS 
ACROSS NEGATIVE INPUT/OUTPUT GIVES 1.4883 MV/V 

ACCEPTED AND CERTIFIED BY 
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Step-by-Step 
Procedure for 

Shunt Cal 

Make all required connections between the transducer and the instrument. 
Apply power and allow 10 to 20 minutes for stabilization. 
Turn the ZERO adjustment so that the indicator reads zero. (If you are working with a PSIA 
transducer, the transducer must be evacuated to get zero. However, the unit can be shunt 
calibrated at atmosphere, and the atmospheric reading added to the shunt calibration 
reading.) 
From the Transducer Calibration Data sheet, obtain the transducer full scale output in 
millivolts per volt, and the shunt calibration output in millivolts per volt. 
Select and perform the proper calculation from the discussion below. 
Depress the SHUNT CAL switch and turn the SPAN or GAIN adjustment to obtain the 
value calculated in step 5. 

Unamplified 
Transducers 

Transducers with millivolt outputs usually do not have internal shunt calibration circuitry, but 
the effect of a known shunt calibration resistor being connected across the leads will be noted 
on the Transducer Calibration Data sheet. To determine the output of an unamplified 
transducer under shunt calibration conditions, perform the following calculation: 
(Shunt Cal Value in mv/v) x Excitation Voltage = Output Voltage 
Substituting the values from the sample Transducer Calibration Data sheet into the above 
equation provides the following: 
(1.4883 mv/v) x (10 V) = 14.883 millivolts 

Instrument with 0 
to 5 Volt Output 

Consider next an amplified transducer with a 0 to 5 volt output, or an instrument which has 
been factory calibrated with a transducer. Determining the output under shunt calibration con
ditions is done with the following equation:-
Shunt Cal Output in mv/v F u n . S c a l e Output = Output Voltage 
Full-Scale Output in mv/v r r » 
Using the same data sheet as before, and assuming an amplified transducer with a 5 volt full 
scale provides: 
H - ^83 mv/v) 5 , = 3 9 3 9 „ 
(1.8888 mv/v) 

Instrument with 
4-20 Milliampere 

Output 

Consider next the case of a 4-20 milliampere output from an amplified transducer. Notice that 
this represents a span of 16 milliamperes, offset upward by 4 milliamperes. To calculate the 
shunt cal output, use the following equation: 
Shunt Cal Output in mv/v 
Full-Scale Output in mv/v 
Using the same data sheet aaain, and assuming a 4-20 ma. case, 
ttUll™'?} * 16 ma. + 4 ma. = 16.607 ma. (1.8888 mv/v) 

x 16 ma. + 4 ma. = Output Current 

I n s t r u m e n t The following equation applies to instruments with a display: 
D i s p l a y Shunt Cal Output in mv/v x Full-Scale Display _ Shunt Cal Display 

Full-Scale Output in mv/v Value ~~ Value 
Since the transducer shown on the Transducer Calibration Data sheet is a 25,000-pound unit, 
the display should read: 
(1.4883 mv/v) 2 5 0 0 0 | f a 1 9 6 9 g | b 

(1.8888 mv/v) <»."uu ^s. - ia,oy» IDS. 
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Pressure 

Uj HC- SD- UJM- (KPT-Oik, (ZevO fipperdirt P 

Conversion Tables 
Multiply Number of 

N 

11 Bars In of K 2 0 
( 4 " C ) 

In of Hg 
(0° C) 

m m of Hg 
torr 

Pascals Atmos Dynes/ 
e m 2 

Kgrams/ 
meter 2 

l b / i n 2 

(psi) 
1 14.504 3.6127 

X 1 0 - 2 

0.4912 1.934 
X 1 0 " 2 

1.4503 
X 1 0 - 4 

14.6956 1.4504 
X 10- 5 

1.423 
X 10- 3 

Bars 6.8948 
X 1 0 - 2 

1 2.491 
X 1 0 - 3 

3.3864 
X 1 0 " 2 

1.333 
X 1 0 - 3 

10-5 1.01325 10-6 9.8067 
X 10- 6 

In of H 2 0 
( 4 ° C ) 

27.68 401.48 1 13.60 0.5354 4.014 
X 1 0 " 3 

406.8 4.0148 
X I O " * 

3.937 
X 1 0 " 2 

In of Hg 
( 0 ° C ) 

2.036 29.53 7.355 
X 1 0 - 2 

1 3.937 
X 1 0 2 

2.953 
X 1 0 - 5 

29.9213 2.953 
X 1 0 - 5 

2.896 
X10-3 

mm of Hg 
lorr 

51.715 750.06 1.868 25.4 1 7.502 
X 1 0 " 3 

760 7.5006 
X 1 0 - 4 

7.3558 
X 10" 2 

Pascals 6.8946 
x 1 0 s 

1 X 1 0 5 2.491 
X 1 0 2 

3.386 
X 1 0 3 

1.333 
X 1 0 2 

1 1.01325 
X 105 

10" 1 9.8067 

Atmos 0.068046 9.86923 
X 10" 1 

2.458 
X 10- 3 

3.34207 
X 10" 2 

1.316 
X 1 0 - 3 

9.869 
X10-6 

1 9.86923 
X 10- 7 

9.678 
X 10- 5 

Dynes/ 
c m 2 

6.8948 
X 1 0 4 

1 0 6 2.491 
X 1 0 3 

3.386 
X 1 0 4 

1.333 
X 1 0 3 

10 1.01325 
X 1 0 6 

1 98.067 

Kgrams/ 
mete r 2 

7.0306 
X 1 0 2 

1.0197 
X •[&• 

25.40 345.3 13.59 1.019 
X 10" 1 

1.033227 
X 10* 

1.0197 
X 10" 2 

1 

Multiply Number of 

b y » ^ Pound Grams Newton Dyne 

Pound 1 2.205 
X 10" 3 

.2248 2.248 
X 10" 6 

Grams 453.6 1 102.0 1.020 
X 10" 3 

Newton 4.448 9.807 
X 10" 3 

1 1.0 
X 10" 5 

Dyne 4.448 
X 1 0 6 

930.7 1.0 
X 1 0 5 

1 

TORQUE N-m 

1 oz-in 
1 Ib-in 
1 Ib-ft 
1 kg-mt 
1 dyne-cm 

7.06 X 10-3 

0.113 
1.3558 
9.80665 
1.00 X 10-7 

ACCELERATION 

1g = 9.81 m/s2 = 9.81 =£10 

DC = (°F-32)/1.8 

>F = (1.8 x °C) + 32 

IG7 

LINEAR DISPLACEMENT 

inch SI unit 

0.01 0.254 mm 
0.1 2.54 mm 
1.0 2.54 cm 

1.0 25.4 mm 
2.0 50.8 mm 
3.0 76.2 mm 
4.0 101.6 mm 
5.0 127.0 mm 
6.0 152.4 mm 
7.0 177.8 mm 
8.0 203.2 mm 
9.0 228.6 mm 
10.0 254.0 mm 

1 ft 0.3048 m 
1 yd 0.9144 m 


