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II.

Il.

Iv.

GENERAL

The HD-28A Air Sampler is designed to maintain a constant flow of
air tarough a sample holder for a reasonable sampling period. [+ .
can be equipped with any required sample holder and the constant
flow controller will maintain preset sample air flow within the
range of .5 to 3 CFM while automatically compensating for collector
loading (see Figure 1 for constant flow range curve).

SIZE/WEIGHT

18" 1eng (45.7 em), 11" wide (27.9 em), 9" hign (22.9 cm), 35 1bs.
(16 Kg).

POWER REQUIREMENTS

A - 115V - 60Hz - 19; Integral 6 feet, 3-wire power cord with
Nema Type 5-15P Connector provided. (See Figure 2 for wiring
diagram.)

SAMPLE HOLDERS

Sample heolder attechment is by a 3/8" female disconnect hose fit-
ting on the front panel. RADeCO offers the below listed sample
holders ccmpatible with this fitting.

Model Number "~ Description
2500-04 o 2" diameter filter, open face
2500-42 o 47mm diameter filter, open face
2500-23 o 2" diameter filter with SAI racio-
iodine cartridge, open face
2500-46 ¢ 47mm diameter filter with SAI racio-
iodine cartridge, open face
2500-45 o 2" diameter filter with SAl radic-
iodine cartridge, in-line
2500-42 o 4&7mm diameter filter with SAI radio-

iodine cartridge, in-line

PREPARATION FOR USE

Remove the HD-28A from the shipping carton. A suitable level in-
stallation area must be selected to ensure accurate rotametar
readings. Plug the power cord into a suitable power source.



V1.

CPERATICN

Push the "Zlapsed Sample Time" reset button pricr to starting any

samcling period.

Determine sample flow rate and obtain fresh sample holder of con-
figuration desired.

Turn on power, increase or decrease flow rate to desired setting
utilizing "Flow Adjust" knob (clockwise/decrease; counterclockuise/
increase;.

Observe rotameter flow stabilized, AP pressure approximately "C",
and “Pump Head" pressure corresponds to indicated air flow. (See
Figure 1.)

Install the sample holder. A slight rise in flow may be indicated
by the rotameter due to the effect of air density change as the
inlet pressure drop increases. For this reason, the rotameter
should only be used to set the flow at the beginning of each samp-
Ting period without a sample holder installed. The constant flow
range may be computed from the difference between the "Pump Head"
reading and the "4P Paper" reading. When these two pressures are
equal, the regulator is wide open and any further increase in pres-
sure drop across the sample holder (collector loading) will result
in a decrease in flow. 0Cnly under heavy dust atmospneric condi-
tions will these two gauges equalize during a normal sampling
period.

MAINTENANCE

The HD-28A is designed tc be maintenance-free, however, carbon

vane pumps do wear. This can be detected by observing carbcn
buildup in the muffler and also by abnormally high pump head pres-
sure readings at a particular flow rate. (10% above those shown

in Figure 1.) Refer to Appendix A for recommended pump mainten&ncs
and vane replacement.

In high dust conditions the cooling fan may become fouled with dirt
until it ceases to operate. To keep the equipment on line it is
recommended that a replacement fan be installed and the dirty fan
cleaned and re-greased at a maintenance facility. Step by step
removal, installation and cleaning procedures are outlined in
Appendix D.



VIII.  SYSTEM DESCRIPTION

A.

Vacuum Pumo: Carbon rotary vane, continuous duty, capable of
4 CFM free air delivery and 26" Kg max vacuum; manufacturers

recommended cperating/maintenance instructions and parts 1is:

are reprintaed in Appendix A as a customer convenience.

Operator Controls and Visual Indicators:

1. Power on/off switch and fuse holder located on the lower
right of the front panel.

2. A resettable "Elapsed Sample Time" indicator which recorcs
only when the pump is running.

3. Vacuum guage; "2P Paper," measures the pressure drop from
atmospheric across the sample holder.

4. Vacuum guage; "Pump Head," measures the pump inlet vacuum
pressure.

5. Constant flow controller; "Flow Adjust" knob on the front
panel adjusts the sample air flow rate set point. Clock-
wise decreases set point, and counterclockwise increases
it.

6. Rotameter; combined with internal in-line venturi to give
free air flow measurements. Calibrated from .5 to 3 SCFM
in .5 CFM increments; certified to * 5% accuracy. An N8S
traceable air flow calibrator (RADeCO Model (C-812) was
used as a factory calibration standard.

Calibration: The HD-23A may be re-calibrated with any suit-
able flow system that is capable of measuring 0.5 to 3.0 SCFM
with better than = 5% accuracy. RADeCO offers a portable
calibrator, Model C-812, that is fitting compatible with this
air sampler, and provides more than adequate accuracy. Care
should be taken to convert flow measurements to SCFM to
ensure proper collected sample evaluation. The C-812 cali-
brator instruction manual provides pressure and temperature
correction data to accomplish this, It is important that
calibration points be picked that are within the range of the
flow controller (AP Paper > 1" Hg). Check each index mark cn
the rotameter by varying the "Flow Adjust" knob until the
rotameter ball aligns with the index. Record actual flow
(ACFM), correct for temperature and pressure to SCFM and
verify or re-define index marks. Do not adjust needle value
on the top of the rotameter as this will change calibration
indices values at SCFM.

ey
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Page 1 of

@ GAST “MANUFACTURING CORPORATION
» P.0.8B0X 97, BENTCN HARBOR, MICHIGAN 43022

PHONE 616-926-6171

PARTS LIST and OPERATING
and MAINTENANCE INSTRUCTIONS

FOR MODELS 0322-P102, 0522-£102
0322-Y103, 0522-Y103

CAUTION: NEVER LUBRICATE THIS DRY “OIL-LESS’” AIR PUMP. The carbon vanes and grease packed motor bearings
require no oil.

CONSTRUCTION: The outer end plate, body, rotor and mounting bracket are all cast iron. Consequeatly any moisture that
accumulates in the pump will tend to corrode the interior when pump stands idle. The vanes are made of hard carbon and are
precision ground. They should last 5,000 to 10m000 hours depending upon the degree of vacuum or pressure at which the
pump is run.

STARTING: If the motor fails to start or hums, pull the plug and check the current rating shown on the motor nameplate.
Examine the plug and switch also. Some motors (upon specification) are equipped with overloads that turmn the current off
automatically when the motor heats up due to mechanical or electrical overlioad. If the pump is exiremely cold, bring to
room temperature before starting. If anything appears to be »rong with the motor return the complete pump and moter
assembly to the factory.

FLUSHING: Should excessive dirt, foreign particles, moisture or oil be permitted to enter the pump, the vanes will act
sluggsh or even break. Flushing of the pump should take care of these situations. In order to flush a pump, remove the filtsr
and muffler assemblies and introduce several teaspoons full of solvent® into the pump through the intake WHILE THE PUMP
IS RUNNING. Repeat the flushing procedure and if it does not remedy the situation, remove the end plate for further
examination. Periodic flushing is recommended.

FILTERS: Dirty filters restrict air flow and if not corrected could lead to possibie motor overloading and early pump fallure.
Check filters periodically and clean when necessary by removing felts from the filter and washing in a solvent®. Dry with
compressed air and replace.

DISASSEMBLY: If fushing does not eliminate the problem, remove the six bolts holding the eadpiate and the four vanes
(DO NOT REMOVE THE ROTOR OR LOOSEN ANY MOTOR *“THRU-BOLTS™). If the pump fails to produce the praper
vacuum or pressure, the vanes cculd be worn or the top clearance between the rotor and body may have increased to graater
than .0015”. A metallic clanging could mean the rotor and body are touching. The top clearance may be adjusted by
“LIGHTLY" tapping on the pump body (either top or bottom depending upon whether clearance is too large or small). The
totor should be turned while setting clearance to assure that all peints on the rotor clear the body. Total end clearance for
both sides of the rotor will vary from .0035"' to .0045".

eRecommended Solvents: Loctite Safety Solvent, Inhitisol Safety Soiveat and Dow Chemical Chiorothane. DO NOT UsS:
KEROSENE.

DANGER: To prevent explosive hazard, do not pump combustible liquids or vapors with these units.

It is usually quickest and least expensive to send the urnit in for reqair. Authorized service facilities are located at:

Breaner-Fiedler and Associates Gast Manufacturing Corporation Gast Manuracturing Corporaticn
16210 Gundry Aveaue 5§15 Washington Avenue 2550 Meadowbrook Rd.
Paramount, CA 9072 Carlstadt, NJ 07072 Be . P
. y nton Harbor, MI 49022

- g~ 2 - - 4 4 . ’
213/636-3206 201/933-848 616/926-6171

Wainbee, [.td. Wainbee, Ltd.

121 City View Dr. 215 Brunswick Blvd.

Toronto, Ontario Pointe Claire, Montreal, Quedec

Canada Canada

216/248-5621 514/697-8810



APPENDIX " ‘continued)

REF. PART | VACUUM PUMP|VACUUM PUMP | COMPRESSOR| COMPRESSCR
NO. DESCRIPTION NO. 0322-v103 | 0522-v103 0322-P102 | 0522-P102
1 BOOY AF107 1 1
1 BOOY AF108 1 3
e 2 VANE AF1098 4 ‘ P P
3 SHROUD AF111 1 1 1 1
2 END PLATE AF112 1 1 1 1
5 FOOT SUPPORT ASSEMBLY AC136 3 1 1 1
s FOOT SUPPORT AC135 1 1 1 1
7 RUBBER FOOT AA48 4 4 P! s
8 FOOT NUT AA498 “ 4 ) P
9 INTAKE FILTER ASSEMBLY 83438 1 1
10 800Y 8347 1 1
o 11 FILTER FELT 83444 2 2
12 END CAP AA730 1 1
13 RIVET STUD B378 1 1
14 INTAKE FILTER V400G 1 1
15 COVER AV4&02¢C 1 1
.16 COVER GASKET B62A 1 !
17 JAR AA125A 1 1
18 INSTRUCTION LABEL ABE78 1 1
19 MUFFLER vazsL 1 1
20 COVER & ELEOW ASSEMBLY AV430 1 1
21 TueE B346A 1 1
2 FELT SUPPOAT B354 1 1
23° TOLERANCE RING AF108 1 1 3 1
24° ROTOR AF1068 1 1 1 1
-8-

“De~otes pars included in Service Kit K247 for both 0322 and 0522 oil-less mode's.
*Under most circumstances rotor and toierance ring should not be replaced in the fieid.

When corresponding or ordering sdare pars, Dlesse give complete mode! and sarial number.
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HD-28A REPLACEMENT PARTS LIST

DESCRIPTION

1/4" N.P.T. to 3/8" Hose Barb

10-32 x 3/16 Hose Barb

1/4" N.P.T. to 3/16" Hose Barb
Venturi Tube, .5 CFM to 3 CFM (V-12)
Power Cord, 18-3

Fan, Cooling {110V, 60Hz)

Fan, Cooling (220V, 5CHz)
Control Valve Yoks Assy.
Rotameter

3/8" Pipe Nip 2" Long

Regulator Mounting Bracket
Regulator Knob

Rotameter, Protection Bars
Terminal Block

1/8 N.P.T. x 3/16" 90° Hose Barb
Pump - Vanes (Carbon)

Pump Inlet Filter

Muffler Filter

Pump, 0522-V103-G13DX (110V, 60Hz)
Pump, 0522-V103-G210X (22CV, S0Hz)
Timer, Hour (110V, 60Hz)

Timer, Hour (220V, 50Hz)
Regulator Valve

Instrument Case

3/8" Quick Disconnect Socket

2" Vacuum Gauge 30" Hg.

Handle, Case

Fuse Holder

Fuse 3AG 8A-S5/3

Shock ifount

Power Switch, SPST

1/4" Pipe Nip 1%" Long

(continued on next page)

PART NC.

0800-47
0800-43
0800-46
6000-08
8000-11
0100-18
0100-12
5000-C2
1500-15
0800-24
1700-05
1850-01
1500-18
2800-01
0800-25
6050-24
0750-30
605C-21
0100-36
0100-37
2900-02
2900-06
5000-23
0301-02
0800-16
1100-01
1300-C5
0900-01
0900-09
1800-01
2700-31
0800-02

=



APPENDIX B (Continued)

DESCRIPTION

1/4" Pipe Nip 3" Long
1/4" N.P.T. Elbow

1/4" N.P.T. 900 Street L
1/4" N.P.T. to 3/8" Elbcw

-10-

PART NO.

0800-05
0800-07
0800-03
0800-11



APPENDIX C

HD-28A TWO-YEAR SPARE PARTS LIST

DESCRIPTION
Hour Timer (110V, 60Hz)
Hour Timer (220Y, SO0Hz)
Fuse 3AG 8A-S/8
Plastic Tubing
Power Switch
Fan (110v, 60Mz)
Fan (220v, S50Hz)

Pump Vanes
Pump Inlet Filter
Pump Exhaust Filter

Vacuum Gage

PART NO.

2900-02
2900-06
0900-0¢
4100-07
2700-01
0100-10

0100-13

6050-24
0750-30
6050-21
1100-01

UANTITY
1

1 set

4 *

* Should be replacad sooner than every & months in high ambient dus:

conditions.

-11-

~
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APPENDIX D
HD-28A/8 FAN MAINTENANCE

Removal/Installation

A. Turn instrument off and unplug power from A/C source.

Remove Cover (6 screws).

m O O

Unplug (2) power wires frem fan.
Remove (4) fan attachment screws.

Lift fan out.

Install in reverse order.

Fan Dis-

Assembly Cleaning, Greasing and Re-Assembly

A. Dis-Assembly

]
2.
3.
4
5

CAUTION:

Unsnap power connector.

Remove decal from hub.

Remove (2) screws from hub.

Separate shroud from fan/motor assy.

Remove "C" clip from mounting end of motor shaft.

Observe location and type of spacers and plastic
washers installed below the mounting hub.

Remove the rotor from the stator.

Thoroughly clean and de-grease all parts.
(Alcohol or similiar solvent is suggested)

Apply a silicone grease to the upper and lower bronze
bearings and the rotor shaft. (Dow Corning RTV-111
silicone compound is recommended)

Re-Assemble in reverse order.
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GENERAL DESCRIPTION

The Air Flow Calibrator you have received is an accurate, low pressure drop,
secondary level device for the calibration of all types of air samplers and
monitors. It is especially useful for calibrating air samplers where the

pressure drop across the calibrator must not interfere with the calibration

of the sampler.

Your calibrator has been calibrated using Meriam air flow measuring instru-
mentation having traceability to the National Bureau of Standards. Each
marking on the meter face has been corrected to 29.92" inches of mercury
barometric pressure and an air temperature of 70°F and has a guaranteed ac-
curacy of better than 5% under these conditions. During the calibration,

the inlet of the calirrator is at atmospheric pressure.

Your calibrator is reasonably rugged and will withstand the rigors of rou-
tine handling. However, the continued accuracy will depend upon the clean-
liness of the air in the calibration area. The unit should not be used in
heavily dust ladened atmospheres because dust will foul the venturi tube
throat, enter into the bellows of the Meriam gauge, or plug up the inter-
connecting hose fittings. The calibrator should never be openly exposed

to oil vapors, fumes or airborne corrosive materials.

Breathing type low pressure air may be blown through the venturi tube to
remove dust only after the interconnecting hoses to the Magnahelic gauge

have been disconnected. Failure to disconnect the interconnecting hoses can



cause permanent and irreparable damage to the Magnahelic gauge.

AIR SAMPLER INTERCONNECT

For SAI /RADeCO H-809 Series of samplers, the interconnect should be as

shown in Jiagram A.

1. The air inlet of the air flow calibrator must be open and exposed to the
atmosphere.

2. The interconnect may be one of SAI /RADeCO's Calibrator Adaptor Kits or
any other suitable leak-free mechanism.

3. The Sample Holder must contain the appropriate filter disc and/or cartridge
that is to be used in the routine operatioh of the sampler.

4. The H-809 sampler should be run approximately five minutes prior to the
final interconnect to the Air Flow Calibrator to assure temperature

stabilization of the sampler.

For SAI /RADeCO samplers (K-Flows) which have a constant flow regulator (such
as the AVS-28, AVS-28A, AVS-60, AVS-60A, HD-28A, HD-288B, HD-29, and HD-29A),
the interconnect will be made through a male Qu{Ek Disconnect on the outlet
of the calibrator. Since the constant flow regulator automatically corrects
the air flow rate for most inlet pressure drops, no sample holder with filter
paper and/or sampling cartridge should be used between the sampler and the

calibrator. The male Quick Disconnect should be snapped directly into the

female quick disconnect on the inlet of the sample.



CORRECTION FACTOR FOR VENTURI METER TYPE
AIR FLOW CALIBRATORS USED AT
OTHER THAN 29.92" (760mm) Hg and 70%F (21.1°C)

Bernoulli's equation for stream line flow in a non-viscous incompressable
fluid is a statement of the conservation of energy and can be written for a
pipe as
p + kov? + pgh = constant (1)
where p is the pressure at a point in the pipe
p is the density of the fluid
v is the velocity of the fluid
g is the gravitational constant
and h is the elevation of the point
For a Venturi meter with the elevation of the pipe and throat equal, this
equation can be written as
pl+%ovi=p2+%pv§ ' (2)
where the subscript 1 denotes the position in the pipe and 2 the position in
the throat. The volume flow Q is related to the cross sectional area of the
pipe and the velocities
Q= Alv1 = Av

2 2
Equation 2 can be rewritten as

Pt *so%az =P, + ’so%:
1 2

or (3)

2(p! -p)

2 |PLRT =
! 1 2

which relates the volume flow Q to the pressure pl- p2 differential measured

across the Venturi meter.



- ) N\
For a perfect gas the density is related to the pressure and temperature through
the equation
p = ;%- (4)
where the pressure is absolute and T is the absolute temperature. Substituting
this density back into equation 3 yields

ks
. 2 (P, ~ P 5
Qlsec) 'A,A,WI (%)

1 2
If an instrument is calibrated at a pressure and temperature P and T , the

calibrated flow (Qc) will be

cc 2AP k TC
Qlgec) = AR, [P TR A

Since the output of the meter is only dependent on AP, the pressure differential
readings made at pressures and temperatures other than P and T will be in error
and need a correction term applied to them. For the sam: AP (c;rresponding to
the same meter reading) the ratio of Q to Q 1is given by
c
%=T$cli (7)
c c
where T and P correspond to the barometric pressure and absolute temperature
at which the unit is operated. The true volume air flow is related to the air
flow indicated by the instrument through the equation
Tp "
Q= QleT

c

(8)

The above derivation neglects two factors for gases: compressability and

viscosity. Correct treatment of these parameters is beyond the scope of this

presentation).



USE OF THE AIR FLOW CALIBRATOR

There is one basic method of using the air flow calibrator. This is to correct
the air flow calibrator reading for atmospheric conditions other than NPT (29.92"
or 760 mm Hg and 70°F or 21.111°C) and compare the corrected air flow through

the calibrator with the air flow indicator on the air sampler.

Using Equation 8 from the derivation:

e ]
Q=0 grﬁz' )
or
Q=Q (C.F.)
where QC = Calibration Flow
C.F. = Correction Factor from Table

Q = Air Flow - Calculated

Barometric pressure reading devices often require the application of various
correction factors to give the real barometric pressure. Please study the
manual for your particular device and apply the appropriate factors before

using the attached tables to look up the air flow correction factor you are to

use.

To utilize the attached tables, it is suggested that you choose the block of
numbers which is most appropriate to the existing conditions at your facility
and extrapolate between the numbers to give a more precise set of correction

factors. This is a fine tuning of the numbers for your particular application.



On examining the correction factor equation, you will readily see that the
)

)

inlet pressure is the major controlling factor. Constrictions of any type on

the inlet to the calibrator will have a deleterious effect on the accuracy of

the calibrator.

CAUTION

It is directed to your special attention and to the attention of your Quality
Assurance Department that when the Air Flow Calibrator is used with devices
which blow or push air through the venturi tube of the calibrator, the
calibration of the Air Flow Calibrator will no longer be accurate and the

certification of the calibration of the Air Flow Calibrator is voided.



CORRECTED BAROMETRIC PRESSURE

nm_tg
500 525 550 575 600 625 650 675 700 125 750 175 800

0 1.188 1.159 1.133 1,108 1,084 1,062 1.042 1,022 1.0046 0.986 0.970 0.954 0.939

1 1190 1.161 1.135 1.110 1.088 1.064 1.0446 1.026 1,006 0.988 0.%972 0.956 0.941

Pl 1.192 1.163 1.137 1.112 1.088 1.066 1.0646 1,026 1.008 0.990 0.97r C.958 (.92

3 1194 1.166 1,139 1.11¢ 1.090 1.068 1.048 1.028 1,009 0.992 0.975 0.95? 0.944

4 1.196 1,168 1.141 1.116 1,092 1.C70 1.0649 1.030 1.011 0,794 0,977 0.961 C.9646

5 1199 1170 1.143 1.118 1,094 1.072 1.051 1,032 1.013 Q.995 0,979 0.967 J.948

5 1201 1.172 1,145 1,120 1.0%6 1.076 1.053 1,033 1.015 0.9%7 0.980 0.955 0.949

7 1.203  1.174  1.147 1,122 1.098 1.076 1.055 1.035 1.017 0.999 0.922 2.9%% J.951

] 1.¢05 1,176 1,149 1,124 1,100 1.07?8 1.C57? 1,037 1.018 - 1.001 0.9864 0.963 0.953
9y 1.207 1,178 1.151 1.126 1.102 1.080 1.059 1.039 1.020 1.003 O0.7886 J.97) J.3S54
1) 1.209 1.180 1,153 1.128 1,106 1,082 1.0%1 1.041 1.022 1.006 0.587 0.971 0,755
11 1.212 1.182 1,155 1.130 1.10% 1.084 1.063 1.063 1,026 1.000 0.787? 0.?27? 0,758
12 1.216 1,186 1,157 1.132 1,102 1,085 1,064 1.045 1,026 1.002 0.9%1 Q.97 0,959
13 1.216 1,186 1.159 1.134 1.11C 1.087 1,066 1.06466 1,028 1.010 J.79% 0.977 0.9%1
14 1.218 1.189 1.161 1.136 1.112 1,089 1,066 1.045 1,029 1.011 92.994 0.97’8 2,987
15 1220 1.191 1.163 1.138 1.116 1.C91 1,070 1.050 1.031 1.013 Q.994 0.%930 (.94
16 1,222 1.193 1.1¢65 1.140 1.11% 1.093 1,072 1,052 1,033 1,015 Q.998 2.932 (.964
17 1.226 1.195 1,167 1.142 1,118 1,095 1.074 1.0546 1.035 1.017 1.G02 0.93r 3J,948
18 1.226 1,197 1,169 1.144 1.119 1.097 1,076 1.055 1.035 1,018 1.0Ct1 0.955 0.969
1¢ 1.228 1199 1.171 1.146 1.121 1.099 1.977 1.057 1.038 1.220 1.0C3 0.%27 Q.97
20 1.231 1.201 1,17 1,147 1.123 1.1017 1.079 1,059 1,040 1,022 1.005 (.98 C.972
21 14233 14203 1.175 1.149  1.12% 1.122 1.981 1,061 1.062 1.026¢ 1,005 J.990 0.974
22 1235 1,205 14177 1,151 1.127 1.194 1.083 1.063 1,064 1,025 1.090% 02.992 0.97¢
23 1237 1.207 1,179 1.153 1.129 1.106 1.085 1.064 1,045 1,027 1.019 0.99F 02.97?8
24 1.239 1.209 1.181 1.155% 1.131 1.198 1,087 1.066 1.047 1.02% 1.212 0,995 0,579
25 1,261 1,211 1,183 1,157 1.133 1.110 1.088 1.068 1,049 1.031 1,013 0.997 0.931
26 1.263 1.213 1,185 1.159 1,135 1.112 1.090 1.079 1.051 1.032 1.915 0.998 9.983
27 1265 14215 1.187 1.161 1,127 1.114 1,292 1,072 1.052 1.034 1.017 1.09C 92.93¢
28 14267 1,217 1,189 1,163 1,139 1.116 1.094 1.073 1.054 1.03¢ 1.013 1.002 O.9%¢
29 1.2649 1,219 1,191 1.165 1.140 1,117 1,096 1.0?5 1.056 1.03? 1.020 1.C03 C.?788
30 16251 14221 1.193  1.167 1,142 1119 1.097 1.077 1,053 1,039 1.022 1.008 D.969
31 1.253 14223 1,195 1.169 1.1646 1.121 1,099 1.079 1.059 1.04%1 1.223 1.007 0.991
32 1.235 1.225 1.197 1.171 1.14¢ 1,123 1,101 1,081 1.061 1.063 1.92% 1.923 0,933
13 1,258 1,227 1,199 1,173 1.148 1.125 1.1063 1.082 1.063 1.044 1.027 1.010 D.97%4
34 1260 14229 1.201 1,175 1,150 1.127 1.105 1.084 1.065 1.G4¢& 1.9222 1.912 9.99%6
35 1,262 14231 1,93 1.175% 1,152 1.128 1,106 1.986 1.046 1.048 1.020 1.013 0.997
30 16266 1.233 1,235 1.173 1.154% 1.130 1.108 1.088 1.068 1.0649 1.332 1.015 0.999
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1.148
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1.100C
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1.128
1.110
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1.114
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wm_ig
500 525 550 575 600 625 650 675 700 725 750 175 800
1266 1,235 1.227 1.180 1,155 1.132 1.119 1.089 1.070 1.951 1.03% 1.C17? 1,001
1,268 1.237 1,209 1.182 1,157 1.136 1.112 1.091 1.071 1.053 1,035 1.91% 1,002
1.270 1,239 1,211 1.184 1.157 1,136 1.114 1.993 1,073 1.0564 1,937 1,020 1.2904
1.672 1.241 1,213 1.186 1.1¢1 1.138 1.115 1.095 1.07% 1.056 1.038 1.022 1.005
1,276 1,263 1,215 1.188 1.143 1,139 1,117 1.096 1.077? 1.95¢ 1.940 1.023 1,007
14278 1.245 1,215 1,190 1.165 1.141 1,119 1.098 1.073 1.060 1.062 1,20 1.0C9
14273 1,267 1,218 1,192 1,167 1,163 1.121 1.100 1,089 1.041 1.063 1.22¢ 1.019
1.280 1,249 1,220 1.193 1,148 1.145 1,123 1.102 1.082 1.043 1.04S 1.228 1,012
1.¢82 1.251 1.222 1.195 1.170 1.147 1.126 1.103 1,083 1.96% 1.067 1.2%) 1.013
1.286 1.253 1.224 1,197 1.172 1.148 1.1246 1.105 1.08S 1.04% 1,043 1.031 1.015
1.2848 1.255 1.226 1.199 1.174 1.150 1.123 1.107 1.787 1.052 1,950 1.0} 1,017
1.288 1.257 1,225 1.291 1,176 1.152 1.139 1.103 1,088 1.070 1.052 1.03% 1,018
1290 1.259 1.239 1.203 1.178 1.154¢ 1.131 1.119 1,090 1.071 1,08 1.0 1.97¢0
1.292 1.261 1.232 1.205 1.17% 1.156 1.133 1.112 1.092 1.07?3 1.058 1.038 1,021
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AIR FLOW CALIBRATOR ADAPTORS

MODEL NO. DESCRIPTION

2500-43 Adapts C8523 to H-809VII Sample Head 2500-25

2500-54 Adapts C8528 to Staplex 4" Sampie Head

2500-55 Adapts C828 to H-809VI Sample Heads 2500-34, 2500-39

2500-56 Adapts C328 to H-809VI Sample Heads 2500-19, 2500-27

2500-57 Adapts C328 to H-809VI Sample Head 2500-33

2500-58 Adapts C828 to H-809VI Sample Head 2500-23

2500-59 Adapts C312 to Intake of 442A

2500-79 Adapts C812 to Sample Heads 2500-35, 2500-46

2500-80 Adapts C812 to Sample Heads 2500-05, 2500-21

2500-81 Adapts C812 to Sample Head 2500-42

2500-82 Adapts €812 to 2500-04

Adaptors include interconnecting hose and hose clamps.
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LEGEND - FIGURE 1
AIR FLOW CALIBRATOR

Item No. (From Drawing) Description
1 Handle
2 Magnehelic Gage
3 Venturi
4 Hose Barb
5 Washer, Fibre
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Eberline '7E_1E-Ihe%%g Service Centers

CORPORATION

CERTIFIED CALIBRATION REPAIR

Eberline Instrument Certified Calibration ........................... ... . Call Service Center for prices
Other Manufacturer Instrument Certified Calibration ......................... ... $100.00 each
Repair Rate above Calibration plus Partsat List Price .............................. """ $60.00/hour

Contractual rates are available on periodic repair and/or calibration. Contact Service Center for prices.

THREE-YEAR (3) EXTENDED WARRANTY
This includes Certified Calibration plus Parts

1. Eberline Instruments, FOB Eberline Instrument Repair and Calibration Facility ........... $70.00 each/quarter

MISCELLANEOUS

1. Turn Around Time:
Calibration: Five (5) working days on Eberline instruments.
Repair: Twelve (12) working days on Eberline instruments unless parts have to be ordered.

2. FOB Santa Fe, New Mexico, or West Columbia, South Carolina

3. Instruments for warranty repair, repair, or calibration must be sent to:

Instrument Repair and Calibration Instrument Repair and Calibration
Eberline Instrument Corporation Eberline Instrument Corporation

P.O. Box 2108, Airport Road 312 Miami Street

Santa Fe, New Mexico 87504-2108 West Columbia, South Carolina 29169
Telephone: (505) 471-3232 Telephone: (803) 796-3604

4. In addition, the following Customer Service Centers are available for customers outside the United States.

Thermo Electron, Ltd. Safety Supply Canada
Woolborough Lane 214 King Street E
Crawley, West Sussex Toronto, Ontario
England, RH10 2AQ Canada MSA 1J8
Telephone: (44) 293-544811 Telephone: (416) 364-3234

Prices at these locations will vary from U.S. prices. Please contact the facilities for current price and delivery information.

February 1986



EBERLINE INSTRUMENTS STANDARD WARRANTY

One-Year Warranty: Seller warrants to replace or repair, at its option, any products or parts thereof (excluding tubes,
crystals and batteries [tubes and crystals 90 days] ) which are found defective in material or workmanship within one
year from date of shipment. Seller’s obligation with regard to such products or parts shall be limited to replacement or
repair, FOB seller’s factory or authorized repair station, at seller’s option. The aforesaid warranty will be voided if
repair has been attempted by other than seller’s authorized personnel. In no event shall seller be liable for consequen-
tial or special damages, transportation, installation, adjustment, work done by customer or other expenses which may
arise in connection with such defective product or parts.

Exclusion of Warranties and Limitation of Liability: The foregoing warranty is expressly made in lieu of any and all
other warranties express or implied including the warranties of merchantability and fitness for a particular purpose.
Under no circumstances shall seller be liable for any indirect, special, incidental or consequential damages to customer
or to any third party.
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SECTION 1 .
GENERAL Y

A. PURPOSE AND DESCRIPTION

The Eberline Smart Portable (ESP-1) is a micro-
computer-based portable radiation survey instrument
designed to operate with most Eberline radiation de-
tectors. The ESP-1 can display the data from these
detectors in radiation units as selected and calibrated by
the user. In addition, the ESP-1 has a built-in speaker,
with earphone output capability, available for use by
the operator.

The external controls used to operate the ESP-1 are
located on the face of the instrument in a single row of
seven square pushbutton switches. Two are ‘‘push on-
push off’’ switches and the remaining five are *‘push on-
normally off.’’ Internal controls, accessible through a
door on the right side of the instrument, enable the user
to adjust and select other functions that are available to
the operator. The internal controls consist of four po-
tentiometers and four switches.

The ESP-1 readout is a liquid crystal display (L.CD)
located on the face of the instrument.

The power supply for the ESP-1 is fully self-contained
and consists of six *‘C”’ cells.

Several Eberline probes and detectors are available for
use with the ESP-1. The Eberline detectors recommend-
ed for use with the ESP-1 are included in a catalog at the
end of the manual.

The ESP-1 has three operating modes, Rate Meter,
Scaler, and Inquiry/Calibration. The detector signal is
input to the computer and converted to count rate. The
basic unit is counts per second. The Rare Meter Mode
provides the operator with a dual representation of
count rate. Count rate is displayed as an analog bar
graph, the length of which is proportional to the activity
at the detector, and as a numerical value expressed in
the applicable radiation units. An audio alarm feature
alerts the operator when an alarm setting has been ex-
ceeded. To enhance accuracy, the ESP-1 provides both
a slow and a fast range of time response, each of which
varies automatically with count rate.

The Scaler Mode allows the operator to select a ‘‘count-
ting period” over which the computer integrates the
detector signal. On the first line of the LCD, the instru-
ment displays the time remaining in the counting period.
The second line shows cumulative ‘‘events’’ (the basic
unit) or cumulative radiation units, e.g., ‘‘R.”" At the
end of the counting period, the instrument displays the

CHANGE |

length of the counting period and the total number of
events or radiation units counted. The scaler mode mayv
be disabled by an internal switch.

An Inquiry/Calibration Mode is also available. This
mode is used to enter and adjust various parameters as
necessary to permit optimum operation of the instru-
ment with several types of probes. In the Inquiry/Cali-
bration Mode, the ESP-! is actually measuring in the
Rate Meter Mode, with the bar graph and the alarm
suppressed and with the slow response time selected to
enhance accuracy. This mode may also be disablied by
an internal switch.

B. SPECIFICATIONS
1. Mechanical (with batteries, excluding probe)

a. Overall Dimensions (including all protrusions):
10.25 inches x 5.0 inches x 5.0 inches (26.0 cm X
12.7 cm x12.7 cm).

b. Weight: Approximately 3.8 pounds (1.75 kg).

2. Operating Temperatures: —20°C to + 50° C (-4°F
to +122°F)

3. Voltages
a. Low Voltage: § Vdc.
b. High Voltage (detector bias voltage): 350 to
2300 Vdc, set by the person calibrating the instrument to
the bias voltage required for the detector being used.

4. Detectors

Most Eberline GM, proportional, or scintillation
detectors for alpha, beta, gamma, or neutron activity
may be used on the ESP-1. The detectors recommended
are described at the end of this manual. The detectors
connect to the ESP-1 via an MHV-series coaxial connec-
tor located on the front of the instrument.

5. Readout

a. Two lines of 16 alpharumeric characters
presented on liquid crystal display {LCD).

b. Character size: H = 0.175 inch (4.45 mm); W
=0.124 inch (3.15 mm).

c. Bar graph resolution: 1 in 48 (2.1 percent).
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6. Alarm: A 2000-Hz audio tone from the speaker.

7. External Controls
A single row of seven 3/8-inch-square pushbutton
switches on 1/2-inch centers across the face of the in-
strument. From left to right, they are:
a. ON/OFF: Press on - press off
b. MODE : Press on - normally off
¢. RESET: Press on - normally off
d. LIGHT: Press on - normally off
e. +: Press on - normally off
f. —: Press on - normally off
g. SPKR: Press on - press off
8. Internal Controls
The internal controls consist of four poten-
tiometers and four switches accessible through the door
on the right side of the instrument. They are:
a. LV (Low Voltage): Potentiometer

b. DISCR (discriminator): Potentiometer

¢. HV (High Voltage): Potentiometer

d. VO (viewing angle): Potentiometer
‘
e. SPKR (speaker): One switch (three positions)

f. MASK: Two SPST switches

g. TEST: Switch

9. Power Supply

The ESP-1 uses six *“C’’ cell batteries. In the ESP-1,
the end-of-life (EOL) voltage per cell is 0.9 Vdc using
carbon-zinc cells. Six carbon-zinc batteries provide ap-
proximately 250 hours of continuous use (excluding
display lighting). The ESP-1 senses the low battery con-
dition at 0.95 Vdc/cell and signals the user by blinking
the first character on the display. This indicates that at
least 4 hours of operation remain before the end of bat-
tery life. The ESP-1 is programmed to turn itself off
after it has operated for 2 hours under the
“‘low-voltage’’ condition (first character blinking). The
instrument can be turned on by the operator and will
operate for another 2 hours after which it will turn itself
off again.

The ESP-1 computer always has a supply of power to
the memory so that data will be retained when the power
switch is off. The typical battery drain with power off is
less than 10 uA; therefore, the batteries should be
changed at least once a year. To allow battery change
without loss of memory, the ESP-1 uses a 0.047-F
capacitor to supply power to the computer. This allows
about 20 minutes to change batteries.

CHANGE |
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SECTION I1
SIMPLIFIED OPERATING INSTRUCTIONS

A. INTRODUCTION
1. General

This section is intended to provide the first time user
with a quick guide to what the ESP-1 does and how to
operate it. Much of the information included here oc-
curs in later sections of this manual in more detail.

The ESP-1 is simple and straightforward in its opera-
tion. The basic principle of operation is that the signal
from an attached detector is input into the computer in
the ESP-1 instrument, and this signal is converted to
count rate. The ESP-1 can be used either as a rate meter
or as a scaler, and a variety of units can be selected for
display of the data.

The ESP-1 has three modes of operation:
a. The Rate Meter Mode:

® updates and displays selected units per .t:me,
such as counts per minute or mR/h;

® provides the operator with a dual representa-
tion of count rate; that is, it provides a moving
analog bar graph representing count rate and
also a digital value for count rate;

® alarms when a preset value is exceeded.

The Rate Meter Mode is generally used for routine
surveys of surfaces, personnel, and clothing for either
contamination or exposure rate measurements from a
radioactive source.

b. The Scaler Mode:

@ allows setting the time interval over which
counts or events are to be measured;

® counting is started and ends after the selected
time interval;

® registers the number of events or integrated ex-
posure in the selected time interval;

® sounds audible alarm if the integrated counts in
the selected time period exceeds the value set on
the alarm.

The Scaler Mode is used for quantitive data ac-
cumulation over a longer period of time. Using the
Scaler Mode, comparisons can be made of radioactivity
in various samples or situtations with the result that in-
creased accuracy in the data may be obtained by count-
ing over longer periods of time. An example would be
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the determination of thyroid gland burden of radio-
iodine by counting the thyroid for a period of time,
perhaps five minutes. This mode can be disabled by an
internal switch; refer to section I1.D.

¢. Inquiry/Calibration Mode:

@ enables the user to select the units which will be
used in the Ratemeter Mode:

® cnables the user to set the alarm point:

® cndbles the user to set two constants, the
calibration constant (CC) and the dead time
(DT) for the particular detector being used;

® enables the user to monitor the high voltage
which is applied to the detector.

This mode can be disabled by an internal switch:
refer to section IL.E.

2. User Calibration

a. User Calibration of the ESP-1 with a Detector
Purchased with the Instrument:

The ESP-1 is calibrated at the manufacturing fa-
cility. If the instrument was purchased with a detector,
the correct calibration factors for that detector are
already entered at the factory and the instrument is
ready for immediate use. You should verify that these
parameters are the same as those supplied on the
calibration certificate supplied with the detector. Refer
to section ILLE. for directions on viewing the
parameters,

b. User Calibration of ESP-1 with Various
Detectors:

If a radiation detector was not purchased with the
ESP-1 from the factory, the ESP-1 was calibrated ge-
nerically at the factory rather than for a specific detec-
tor. In that case, calibration factors for the detector of
choice will have to be entered into the ESP-1 before it is
ready for use.

CAUTION

Failure to enter the correct parameters for
the detector being used may result in errone-
ous values being presented cn the display of
the ESP-1.
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The parameters which require being set for a par-
ticular detector are:

Section
1) Alarm Point 11.LE.1.
2) Units I1.E.2.
3) Calibration Constant I1.E.3.
4) Detector Dead Time I1.E.4.
5) High Voitage ILLE.S.

The last four are preset at the factory for the detec-
tor which was purchased with the ESP-1. The alarm
point is set at a high value at the factory and, thus,
should be reset to a user determined value if it is desired
to use this feature of the instrument.

Section II.E. provides simple instructions on how
to reset (recalibrate) the items when changing detectors
or recalibrating the instrument.

The high voltage should be checked or readjusted
for a new detector, PRIOR to connecting the detector.
Failure to do so may result in damage to the detector.

3. Calibrations Required by Regulatory Agencies

Regulatory agencies generally require routine labor-
atory calibration of radiation survey instruments by an
approved facility at least once per year. To have your in-
strument recalibrated return the ESP-1 and detector to
the factory in Santa Fe, to the Eberline repair facility in
Columbia, South Carolina, or to another approved
calibration facility. If your facility has been approved
for such calibrations, this may be accomplished by using
the procedures given in section V., ‘‘Calibration.”’

B. PRELIMINARY INSTRUCTIONS

Upon receiving the ESP-1 perform the following before
proceeding.

1. Set Up the ESP-1 and Detector

The ESP-1 has an MHYV connector on its front sur-
face for connection to a radiation detector. This con-
nector supplies high voltage to the detector and also
transmits the detector signal to the ESP-1 for processing
and display. If the ESP-1 is already connected to a de-
tector then it is reasonabie to assume that the high
voltage has been previously set. If you are not sure that
the high voltage has been properly adjusted, disconnect
the detector from the instrument by rotating the cable
connector counterclockwise. You can proceed through
these instructions without the detector being connected.
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CAUTION

Failure to disconnect the detector from the
instrument before turning it on can damage
the detector if the high voltage is not set pro-
perly for the particular detector. Instructions
for checking and setting the high voltage can
be found in section I1.E.S.

When you are ready to connect the detector, verify
that you have the proper cable. It should have a MHV
connector on one end which mates to the ESP-] and a
connector on the other end to mate with the detector.
Refer to the ESP-1 catalog sheet for the proper cable to
use with the specific detector. The cable number is
printed somewhere along the length of the cable. The
MHY end of the cable connector typically has white in-
sulation in the center which extends slightly beyond the
end of the metal portion of the connector. In contrast, a
BNC cable connector typically has the insulation flush
with the connector end. To connect the cable, rotate the
connector clockwise.

2. Turn the Instrument ON and OFF

Press the ON/OFF switch to turn the instrument on.
The same switch will have to be pressed to turn the in-
strumen. »ff.

When the instrument is turned on, the display should
indicate a numerical value on the lower line and a bar

. graph on the upper line. The bar graph may be off-

scale, so press the RESET button to get it back on scale.
The ESP-1 is in its Rate Meter Mode. Refer to section
I1.C. for more information on the displayed informa-
tion.

If the instrument has been properly calibrated and is
connected to a detector, it is ready to use. Refer to sec-
tion IL.E. for instructions on how to view and change
the calibration parameters.

A quick check to determine that the instrument is
functioning is to compare the numerical value being
displayed to the background radiation level. If they are
close, then the instrument is operating and ready to use.
Remember that normal statistical fluctuations can cause
relatively large changes in the displayed reading at low
levels. Press the SPKR button and you should hear a
click corresponding to each detector event. If this is not
the case, the speaker rate switch could be in the wrong
position. Refer to section I11.A.2.

3. Determine Low Battery Condition and Battery
Replacement

Examine the first character space in the display (up-
per left hand corner). If it is blinking, the batteries are
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low and need replacing. The ESP-1 uses six ‘‘C”" cell
batteries.

The instrument automatically turns itself off two
hours after the low battery condition signal is given. The
ESP-1 can be turned back on after it turns off, but will
turn itself off again after two hours.

To change batteries, remove the large screw in the
bottom of the case, and carefully remove the case bot-
tom while being careful not to disconnect the grounding
wire which is connected to the bottom of the case. Re-
place the batteries while being careful to orient the bat-
teries according to the diagram printed on the bottom
surface of the compartment which holds the batteries.
(See figure 5-2.)

C. OPERATION IN THE RATE METER MODE

The ESP-1 is automatically placed in the Rate Meter
Mode when the instrument is turned on. Examine the
dispiay. It will show:

1. Analog Bar Graph (at the top of the display)

The length of the moving analog bar graph is propor-
tional to the detector count rate. One purpose of the
_ moving bar graph is to permit more rapid recognition of
a sudden increase or decrease in the radiation field being
measured as compared to visual recognition from the
changing numbers.

If the bar graph is off scale in either direction, it may
be brought back on scale by pressing the RESE7button.
The full scale value of the bar depends on the level of
radiation being measured. Pressing the RESET button
always resets the value of the full scale of the bar graph
to a point that is 33 percent of full scale. If the bar graph
is displayed and is varying, the ESP-1 is working.

2. Numerical Value of Count Rate (at the bottom of
the display)

The second line of the display is the numerical value
of the count rate. The value is expressed as a number
followed by a second positive or negative number. The
second number corresponds to a power of 10. Example:
1.00 + 02 mR/his 1 x 10* =100 mR/h.

3. Alarm

The alarm point is a selected value which results in an
audible alarm when the counting rate reaches that value.
To silence the alarm, press SPKR key. The alarm will
sound even if the speaker is off at the time the alarm is
activated.

The alarm point can be viewed and set by pgessing the
MODE key. The display will contain either thel ““ALM
AT (Alarm Setting) display or will contain the
“*SCALER MODE?"’ prompt. If the latter is displayed,
press the — key and you will see:

ALM AT (ALARM SETTING)
RATE METER READING

The value of the alarm setting ‘‘ALM AT’’ can be in-
creased or decreased as desired by simultaneously press-
ing RESET and + or RESET and -.

_Note that the longer the RESET and + or - are held
down, the faster the value changes. In this manner large
changes in value can be made in a relatively short period
of time. When the changing value approaches the
desired value, release the keys and then press them down
again to permit slow changes in the displayed numbers
until the desired value is reached.

When the desired value of ““ALM AT"’ is displayed,
press the MODE key to return to the bar graph display.

CAUTION

While ‘““ALM AT"’ is being displayed, the in-
strument will not provide an audibie alarm
even if the counting rate exceeds the alarm
point. The audible alarm is only active in the
Rate Meter Mode when the bar graph is dis-
played (regardless of whether the bar graph
is on scale or not).

4. Overrange Indication

When the detector pulse rate exceeds the capability
of the ESP-1 to maintain a linear relationship between
radiation level and displayed reading, the words
““OVERRANGE"’ will appear on the display in place of
the analog bar graph. Numerical value will still be
displayed but should not be relied upon as the useful
range of the ESP-1 and detector has been exceeded. This
is a latching condition, and once it occurs, the words
*“OVERRANGE" will be displayed in all three modes
of operation. To clear the condition, the ESP-1 must be
turned off and then back on. The overrange determina-
tion is based upon the detector pulse rate and the dead
time (see section I1.E.4.). This feature requires that the
ESP-1 and detector be properly calibrated for it to func-
tion correctly.

D. OPERATION IN SCALER MODE

Start with the instrument in the Rate Meter Mode. Press
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the MODE switch. The display should read:

SCALER MODE
+ =USE/- = NO

If the display does not indicate the above, the Scaler
Mode has been disabled by an internal switch. To enable
access to this mode, first open the door in the side of the
instrument and locate the switch in the lower left corner
marked SCALER. Refer to figure 3-1. Move this switch
to the ENABLE position by sliding it to the left.

If the + key is pressed, the Scaler function will be
selected. If the ~ switch is pressed, the instrument will
again be placed in the Inquiry/ Calibration Mode pro-
vided it has not been disabled by the internal switch.
Press the + key. The display will read:

UNITS = EVENTS
+ = USE/ - = NO

or

UNITS = (UNITS SELECTED)
+ =USE/ - = NO

Units are either events or the selected rate meter units
(e.g., mR, rem, CNT). To select units, press — until the
desired unit is displayed. Then press + to accept the
unit displayed. The units selected will utilize the same
calibration constant as was used in the Rate Meter
Mode. The display will change to:

UNITS = (AS SELECTED)
ALM AT (ALARM SETTING)

The alarm indicated here is not the rate meter alarm, but
is one that sounds if the set value of total (integrated)
events or selected units is exceeded. Pressing RESET
and + or - simultaneously will increase or decrease the
total at which the alarm sounds. Press +. The display
will read:

UNITS = (AS SELECTED)
CNT FOR (COUNT PERIOD)
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The count period can be set by the operator for any in-
terval from | second to 4 hours. Pressing RESET 4nd +
or — simultaneously will increase or decrease the length
of the counting period.

To obtain a total count over a set count period, press +.
The display will read:

CNT FOR (X:XX:XX)(h:m:s)
RESET TO START

Press RESET. After one second, the display will read:

(X:XX:XX) LEFT (h:m:s)
(TOTAL COUNT SO FAR)

When the count period has expired, the display will
read: .

CNT FOR (X:XX:XX)
(TOTAL CQUNT)

For another total count, pressing RESET. erases the
previous count and starts a new counting interval. Dur-

-ing the count period, the audio alarm will sound if the
alarm limit is exceeded.

When operations or settings in the Scaler Mode have
been completed,. pressing MODE twice will shift the
ESP-1 to the ratemeter mode. The display will read:

1l (BAR GRAPH)
RATE METER READING

E. OPERATION IN INQUIRY/CALIBRATION
MODE

1. Selecting of Inquiry / Calibration Mode and Setting
the Alarm

After turning on the instrument it will be in the
ratemeter mode. Press the MODE key and the display
will read:
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SCALER MODE
+ = USE/- = NO

or

ALM AT (ALARM SETTING)
RATE METER READING

If the “SCALER MODE’’ prompt is displayed (the
first possibility shown above) then press the — key to
enter the Inquiry/Calibration Mode and obtain the
‘“*ALM AT’ display (the second possible display shown
above). Pressing the + key will place the instrument in
the Scaler Mode; refer to section 11.D.

The first entry in this mode is the alarm point viewing
and setting. Refer to section [1.C.3. where directions for
this procedure have already been given in the discussion
on the ratemeter mode. When the desired value of
‘““ALM AT” is displayed, press the + key.

2. Changing Units

a. When the + key is pressed (step 1), the display
should show:

UNITS = (UNITS SELECTED)
RATE METER READING

If the display does not indicate the above, the
Inquiry/Calibration Mode has been disabled by an
internal switch. To enable access to this mode, first
open the door in the side of the instrument and locate
the switch in the lower left corner marked
INQUIRY/CALIBRATION. Refer to figure 3-1. Move
this switch to the ENABLE position by sliding it to the
left. This will permit adjusting of all the parameters that
can be changed from the keypad on the top of the in-
strument. Likewise, after all the parameters have been
adjusted, placing the switch in the DISABLE position
will prevent changing of the parameters from the top of
the instrument.

b. If the units currently displayed are acceptable,
the next step (c.) may be bypassed by pressing +.

c. If units other than those displayed are desired,
press RESET. The options for selection are the
*“BASE’’ unit, the “SUFFIX"’ on the unit, and the

“PREFIX"’ on the unit. The first display will be the
selection of the base unit as follows:

BASE (UNIT)
+ = USE/ - = NO

The selection of the ‘*‘BASE’’ units is now possible.

The choices available for base radiation units are:

R roentgen

cnt counts

Gy gray

Sv _ sieverts

rem roentgen equivalent man
dis disintegrations

rad radiation absorbed dose

Notice that the base unit is what is displayed; thus,
if mR/h is desired on the display, select ‘““‘R”’ as the base
unit. The prefix (milli) and the suffix (h) will be added in
the next steps.

In each case, press — to reject the displayed
parameter, and another selection will be offered. When
the display shows the desired base unit, press + to ac-
cept it.

CAUTION

Selection of a new base unit requires an ap-
propriate change in the calibration constant
(CC). Refer to section II.E.3. Changing the
prefix or suffix does not affect calibration
and so requires no change in the calibration
constant.

Selection of *‘SUFFIX”’
After the + is pressed (as discussed above) to ac-

cept the base unit, the display will then present the selec-
tion of suffix as follows:

SUFFIX (UNIT TIME)
+ =USE/- = NO

The suffix is the unit of time used to calculate the
displayed ‘““‘RATE METER READING.” Three are
available:

s second
min minute
h hour
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Again, press the — switch to reject the suffix
displayed and call the next choice to be displayed. When
the desired suffix is displayed, press + to accept it.

Selection of “‘PREFIX"’

After the + is pressed above to accept the suffix,
the display will then present the selection of prefix as
follows:

PREFIX (VALUE)
+ =USE/- = NO

The prefix is the value by which the base unit is
multiplied to provide a more convenient unit of actual
measurement. Four are available:

(NONE) no prefix

U micro (x 10-¢)
m milli (x 10-?)
k kilo (x 10t%)

If the prefix displayed is not the desired value, then
press — to reject it and call the next choice to be
displayed. When the desired prefix is displayed, press +
to select it. The setting of radiation units to be measured
would now be complete. An example of this would be:

PREFIX BASE SUFFIX
m R / h
{milli) (roentgen) / (hour)

The units may be selected in any combination of
prefix/base/suffix. Press the + switch to select the
prefix.

3. Setting the Calibration Constant (CC)
a. Definition of Calibration Constant:

The calibration constant (CC) is the number used
to convert the counts from the detector to the previously
displayed base unit. Specifically, the displayed rate
meter reading is derived by dividing the counts per
seconds (from the detector) by CC and then scaling the
result based on the selected prefix and suffix.

b. Display of Calibration Constant (CC) Setting:

If the current value for the units was accepted by
pressing + (step 2 above), the display will read:
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CC = (NUMERICAL VALUE)
RATE METER READING

c. Selection of *“CC’’ for Detectors Which Were
Purchased with the ESP-1 from the Factory:

If a detector was purchased with the ESP-1 from
the factory, the calibration constant will already be set
at the factory for this detector and the following section
may be bypassed until a different type of detector is to
be used with the instrument or until time for routine
recalibration of the instrument.

. The calibration constant will have to be changed
when switching detectors. When changing back from
another detector to the detector which was purchased
with the ESP-1, use the calibration constant which is
given on the calibration sheet supplied with the com-
bined ESP-1 and detector. Change values by pressing si-
multaneously either RESET and + or RESET and - .

d. Selection of Calibration Constant for Various
Detectors:

(1) If the detector was not purchased with the
ESP-1 and, thus, a calibration sheet is not available, use
the nominal value for the particular Eberline detector
which is given in section V, ‘‘Maintenance,”’ table 2.

- (2) To increase the value of CC, press RESET
and + simultaneously. To decrease the value of CC,
press RESET and — simultaneously.

(3) To cdlculate a calibration constant for detec-
tors other than those listed in the table, the sensitivity of
the detector must be known and is usually found in the
list of specifications given on the catalog sheet. Calcula-
tions using a HP-270 detector as an example are given as
follows:

sensitivity = 1200 ¢c/min/mR/h

Calibration =
1200 ¢/min 1000 mR/R x 60m/h = 7.2 x 10’ c/R
mR/h

4. Setting the Dead Time (DT)
a. Definition:

The dead-time correction constant is a derived
number used to correct for counting losses due to in-
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ability of the detector to recover at high counting rates.
This correction results in a more linear response to the
radiation field being measured and extends the useful
range of some detectors used with the ESP-1 by a factor
of as much as ten times (which provides the equivalent
of an extra range on a standard rate meter).

b. Selection of ‘DT’ for Detectors which were
Purchased from the Factory with the Instrument:

If the ESP-1 was purchased with a detector from
the factory, the DT value will be correctly set at the fac-
tory and the next section may be bypassed until it is
necessary to use a different detector or until time for
routine calibration.

When changing back from another detector to the
detector purchased with the ESP-1, use the DT given on
the calibration sheet supplied with the combined ESP-1
and detector.

c. Selection of DT for Various Detectors:

(1) If the detector was not purchased with the
ESP-1 and, thus, a combined calibration data sheet is
not available. use the nominal value for the particular
detector which is given in Section V, ‘‘Maintenance,”’
table 2 (page 29).

(2) To increase the value of DT, simultaneously
press RESET and +. To decrease the value of DT,
simultaneously press RESET and —.

(3) For a detailed discussion of DT consult sec-
tion V.A., *“‘Calibration.”’

CAUTION
If you do change detectors, the calibration
constant (CC) and the dead time (DT) must
be changed. Use the procedures just describ-
ed in section ILE., steps 3 and 4.
5. Setting the High Voltage for the Detector of Choice
CAUTION
Do not press any of the keys! The high
voltage is not changed from the top of the in-

strument. Proceed as follows:

a. Selection of High Volitage for Detectors which
were Purchased from the Factory with the Instrument:

If a detector was purchased from the factory with

the instrument, the operating high voltage will already
be set at the factory for this detector, and the following
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section may be bypassed until a different type of detec-
tor is to be used with the instrument.

b. Selection of High Voltage for Various Detectors:

(1) If the calibration data sheet supplied with the
detector is available, use the recommended operating
high voltage which is given there.

(2) If the calibration sheet supplied with the
detector is not available, use the following general
recommendations:

fa) Geiger-type detectors (HP-190, HP-260,
HP-270): use 900 volts (exception: HP-290 requires 500
volts).

(b7 Scintillation detectors: determine the
plateau response of the detector according to the pro-
cedure described section V.A.3.c. and figure 5-1, and
select as the operating voltage a value which is 75 volts
above the beginning of the plateau.

¢. Procedure for Determining the Present Setting
for the High Voltage as Viewed on the Display:

After the desired value for DT is selected (as
discussed above), press +. The display will then show
the present value for the high voltage setting and will
look like this:

- HV = (NUMERICAL VALUE)
RATEMETER READING

If this value is not the recommended high voltage
for the detector which you plan to use with the instru-
ment, change the value using the directions given in step
d. (following).

CAUTION

Do not attempt to adjust the high voltage us-
ing the keys on top of the instrument. This
adjustment is accomplished by an internal
potentiometer.

d. Changing the High Voltage:

(1) Disconnect the detector from the instrument by
rotating the MHYV connector counterclockwise and then
open the door on the side of the instrument.

(2) Refer to figure 3-1. Using a small screwdriver,
adjust the potentiometer marked AV (the third poten-
tiometer from the right) until the value seen on the
display is the value desired for the operating high
voltage.

CHANGE |
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The operating high voltage must be changed
when switching to a different type of detector. such as
switching from a Geiger-Mueller (G-M or ionization)
type of detector (HP-210, HP-260, HP-190, HP-270,
HP-290) to a scintiilation type detector (LEG-1, SPA-3,
SPA-6, etc.) or to the neutron detector (NRD-1). To ac-
complish this, remember that high voitage can only be
changed with a screwdriver at the side of the instrument
{(inside the compartment at the right side) by adjusting
the correct potentiometer (figure 2-3) and viewing the
values on the display until the decided voltage is reach-
ed. Do not attempt to change the values shown on the
display for ‘‘HV’’ by pressing RESET and + or —.
This latter maneuver changes the calibration of the
display itself, it does not change the high voltage. If this
occurs, the meter will have to be recalibrated by return-
ing the instrument to the factory or recalibrated by a
competent electronic technician. If it is not recalibrated,
then it is possible to operate the detector at the wrong
high voltage and not realize it. This may result in
damage to the detector or may result in erroneous values
being presented on the display of the ESP-1.

Make sure that you have lowered the high vol-
tage when changing from a scintillation detector to a
Geiger-type detector, which requires lower high voltage,
before you attach the detector to the ESP-1. This will
protect your Geiger detectors from accidental exposure
to voltage which is too high for the tube.

(3) The detector of choice may now be attached
to the ESP-1 since there is now assurance that the cor-
rect high voltage will be applied by the instrument to the
detector.

The next sequence on the display (after the
“HV'’ display) goes back to the beginning of the se-
quence, which is the ‘““‘ALM AT’’ parameter. Return to
the Rate Meter Mode by pressing the MODE key.

F. SIMPLE TROUBLESHOOTING

Although detailed troubleshooting will be given in sec-
tion V, two simple suggestions for troubleshooting will
be given here. ,

1. Condition: Blinking character or letter on the
display.

If the character in the upper left-hand corner of the
display is blinking, the batteries are low and need
replacing.

Remove the large screw in the bottom of the case, and
carefully remove the case bottom while being careful
not to disconnect the grounding wire which is connected
to the bottom of the case. Replace the batteries while be-
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ing careful to orient the batteries according Jto the
diagram printed on the bottom surface of the compart-
ment which holds the batteries: see figure 5-2.

2. Condition: Display prints erratic nuvmbers or
figures (‘‘garbage’’).

If the display shows characters or letters which are
not a part of the usual display mode {displays
‘‘garbage’’), the program in the microprocessor has lost
its initialization (has become ‘“‘scrambled’'). To correct
this condition and reinitialize the microprocessor, per-
form one of the following procedures:

a. Take the batteries out of the instrument and wait
about 20 minutes. This will give adequate time for a
capacitor tCl) to discharge and allow the micro-
processor to reinitialize itself when the batteries are
replaced and the instrument turned on.

b. Or, if you cannot wait 20 minutes after removing
the batteries, perform the following steps:

(1) Remove the side door to the instrument.

(2) Refer to figure 3-1. While examining inside
the instrument, locate capacitor C1. This capacitor is
located on the top electronic board (in the top half of
the area which is visible after the side door is removed).
It is round in shape and is 5/8 inch in height and 5/8
inch in diameter and it is usually green or gray in color.

(3) Discharge this capacitor by touching the end
of a small screwdriver across the two leads {wires at the
bottom) of the capicator. A small discharge noise may
be heard.

c. Replace the batteries in the instrument while be-
ing careful to orient them according to the diagram
printed on the bottom surface of the compartment
which holds the batteries.

d. Turn on the instrument and determine if the con-
dition is corrected; that is, that the display presents let-
ters and numbers which are a part of the usual display
modes and are ‘‘reasonable.’’

e. If the display is still not functioning correctly,
you may wish to consult detailed troubleshooting in sec-
tion V or return your instrument to the factory for
repair.

CAUTION

Reinitializing the microprocessor resets all
parameters, including the high-voltage
calibration. Complete recalibration must be
performed before using the instrument.
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SECTION 111
DETAILED OPERATION

A. DESCRIPTION OF CONTROLS AND
CONNECTORS

1. Operator Controls - External (figure 2-1)

a. ON/OFF: Pressing this switch turns the instru-
ment on or off.

b. MODE: Pressing the MODE switch changes the
mode from that currently selected to one of the other
modes (Rate Meter, Scaler, or Inquiry/Calibration.)

¢. RESET: The functions of the RESET switch de-
pend on the operating mode selected for the instrument.

(1) In the Rate Meter Mode the RESET switch is
used to maintain the bar graph on the display.

(2) In the Scaler Mode the RESET switch resets
the ESP-1 to a new count interval and starts the count.
When used simultaneously with + or — , pressing the
RESET will increase or decrease the selected parameter
(count interval or alarm set point).

(3) In the Inquiry/Calibration Mode the RESET
switch has two functions. Used alone, when units are
displayed on the first line, it allows the operator to select
or to change to another unit. When the operator is ex-
amining or setting parameters (calibration constant,
dead time, or alarm), RESET used simultaneously with
+ or — will increase or decrease the value set for that
parameter.

d. LIGHT: When the LIGHT switch is pressed, the
display is illuminated.

¢. + : The functions of the + switch depend on the
operating mode.

(1) In Rate Meter Mode: The ESP-1 automatical-
ly varies response time with count rate to maintain a
maximum + /-5 percent standard deviation above
2500 cpm. The normal (fast) response time ranges bet-
ween 1.0 and 10.0 seconds. A slower response time,
ranging from 1.8 to 29.0 seconds is available to main-
tain a maximum + / -3 percent standard deviation
above 2500 cpm. The improved accuracy/slow response
time is operative while the + switch is pressed and for
1.0 minute after it is released.

(2) In Scaler Mode: The + switch is used to set
up the instrument to count events or basic units over a
selected time interval. When used simultaneously with
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RESET, it increases the count interval or alarm set
point.

(3) In Inquiry/Calibration Mode: The « switch
has two functions. Used alone, it causes display of the
next parameter in the list of parameters.-Used simul-
taneously with RESET, + allows the operator to in-
crease the value of the selected parameter.

CAUTION

- Externial keypad controls allow monitoring
and calibration of the high voltage display,
but do not allow setting (or changing) the ac-
tual high voltage. Do not attempt to change
the high voltage by pressing RESET + or
RESET - . Refer to the ‘‘Operator Con-
trols’’ section for a description of the inter-
nal potentiometer used to vary the actual
high voltage.

f. — : The functions of the ~ switch depend on the
operating mode.

(1) In Rate Meter Mode: If the siow response
time is being used, pressing the — switch will override
the 1.0-minute delay and will immediately place the
ESP-1 back in the fast response time.

(2) In Scaler Mode: The — switch is used to pro-
vide the operator access to the list of parameters. When
used simultaneously with RESET, - decreases the
count interval or alarm set point.

(3) In Inquiry/Calibration Mode: The — switch
has two functions. Used alone, — causes display of the
preceding parameter in the list of parameters. Used
simultaneously with RESET, — allows the operator to
decrease the value of the selected parameter.

8. SPKR: Pressing the SPKR switch turns the
speaker on or off. It also turns off the alarm when it
sounds. When SPKR is used to silence the alarm, the
speaker remains on until the operator presses SPKR

again.
2. Operator Controls - Internal (figure 3-1)

Removing the right side door will provide access to
the following:

a. LV: This potentiometer adjusts the operating
voltage for the instrument. It is set for 5.00 V.
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b. D: This potentiometer is the discriminator ad-
justment. It is set to an optimum input sensitivity for the
detector being used. (See section V.)

c. HV: This potentiometer adjusts the high voltage
(detector bias). It is set to the optimum operating
voltage for the detector being used (see section V). High
voltage is continuously variable from 350 to 2300 V.
Turn the potentiometer clockwise to increase the high
voltage and counterclockwise to decrease it. The value
of the high voltage being output to the detector is
displayed as the ‘‘HV ="' parameter in the
Inquiry/Calibration Mode.

d. VO: This potentiometer adjusts the viewing
angle of the display. It is set by the operator to optimize
the readout to his manner of using the instrument.

e. S RATE (one switch, three positions): These
switch positions select the rate heard from the speaker.
They are used to scale down the count rate from a high
count rate detector (e.g.; SPA-3) to a more usable rate
from the speaker. The operator can set the rate heard
from the speaker to be equal to the detector count rate
or equal to the detector count rate divided by either 64
or 256. Figure 3-1 explains the switch settings.

f. MASK (two SPST switches): One switch disables
the Scaler Mode. The other disables the In-
quiry/Calibration Mode except for the Rate Meter
‘‘alarm setting.”” Either function or both may be dis-
abled. Figure 3-1 explains the switches.

g. TEST: This switch is for use with automatic
testing only and should always be set in the operate posi-
tion (both poles up, toward PC board).

B. PREPARATION FOR USE AND OPERATIONAL
CHECK

1. The instrument should be provided to the operator
already calibrated and with the proper probe attached
(section VIII).

2. The instrument should be checked for physical
damage.

3. Insure that the instrument is operating by pressing
the ON/OFF switch, energizing the instrument and
causing the LCD readout to show the bar graph on the
first line and a numerical value of count rate on the sec-
ond line. If the first character of the display is steady,
battery output is adequate. If the first character of the
display is blinking, the operator should consider replac-
ing the batteries before proceeding.
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4. Press RESET. If the bar graph is displaved and is
varying, the ESP-1 is working. Exposure to a radiation
check source will confirm proper operation by causing
the bar graph level and the digital value to increase.

§. Press and hold down the LIGHT switch. The
display should be illuminated. If the outside light is too
bright, shield the display so that the instrument light can
be seen. Release the LIGHT switch.

6. Press the SPKR switch and listen for an audio in-
dication that the instrument is detecting ‘‘events.’’ This
indication is a series of ‘‘click’’ sounds from the
speaker. The presence of this indication confirms that
the ESP-1 is operating, although its absence does not
confirm that the instrument is not operating.

C. OPERATING THE INSTRUMENT
The ESP-1 is simple and straightforward in its opera-
tion. Turn the ESP-1 on by pressing the ON/OFF
switch to obtain a display on the LCD.

1. Rate Meter Mode (refer to figure 3-2)

The instrument is always in Rate Meter Mode when it
is first turned on. The display will read:

i (BAR GRAPH])
RATEMETER READING

Press MODE. If Scaler and Inquiry/Calibration
Modes are disabled the display will look like:

ALM AT [ALARM SETTING]
RATEMETER READING

The setting of ““‘ALM AT’ establishes the count rate
at which the alarm sounds in the Rate Meter Mode. If
the level of activity exceeds this setting, the operator will
be alerted by a 2000-Hz tone emitted by the speaker.
This tone will sound even if the speaker is off at the time
the alarm is-activated. Pressing SPKR acknowledges the
alarm, silencing it. The alarm will remain silent until the
readout has dropped below the alarm setting and ex-
ceeded it again. The value of the alarm setting can be in-
creased or decreased by pressing RESET and + or -
simultaneously. When the desired value of ““ALM AT"’
is displayed, press MODE to return to Rate Meter
Mode.
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NOTE

The longer RESET and + or — are de-
pressed, the faster the value changes. This
facilitates large value changes in a relatively
short time. Releasing the switches and de-
pressing again will return to slower value
changes. This applies anytime RESET and
+ or — are used as described in the opera-
tions that follow.

When the ESP-1 is in the Rate Meter Mode, the
operator may adjust the full scale of the bar graph and
choose fast or slow ranges of response time.

The bar graph functions essentially as a graphic pre-
sentation of detector count rate. Pressing RESET will
position the end of the bar graph at a point that is 33
percent of the total window width from the left side of
the display. As an example, 100 mR/h is displayed as:

1
1.00 + 02 mR/h

When RESET is pressed, the end of the bar graph
represents 100 mR/h. If the level drops, the end of the
bar graph will move to the left. If the level increases, the
end of the bar graph will move to the right. If the level
increases more than a factor of 3 (above 300 mR/h in
this example), the end of the bar graph will go off scale
on the right. Pressing RESET will bring the end of the
bar graph into view again and will set its value again.

2. Scaler Mode (refer to figure 3-3)
Begin in Rate Meter Mode and press MODE. If the

Inquiry/Calibration Mode is disabled, the display will
read:

SCALER MODE?
+ = USE/- = NO

Pressing — will call the ‘*‘ALM AT" parameter as
previously described. Press +. You are now in the
Scaler Mode. The display will read:

UNITS = EVENTS
+ = USE/- = NO

or
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UNITS = [UNITS SELECTED] '
+ = USE/- = NO

“UNITS’’ are either events or the selected rate meter
units (e.g., mR, REM, CNT). To select *‘UNITS,"’ press
- until the desired unit is displayed. Then press - to
accept the unit displayed. The display will change to:

UNITS = [AS SELECTED]
ALM AT [ALARM SETTING]

The alarm indicated here is not the rate meter alarm,
but is one that sounds if the set value of total (in-
tegrated) events or selected units is exceeded. Pressing
RESET and + or - simultaneously will increase or
decrease the total at which the alarm sounds. Press +.
The display will read:

UNITS = [AS SELECTED]
CNT FOR [COUNT PERIOD]

The *“‘COUNT PERIOD’’ can be set by the operator
for any interval from 1 second to 4 hours. Pressing
RESET and + or — simultaneously will increase or
decrease the length of the counting period.

To obtain a total count over a set count period, press
+. The display will read:

CNT FOR (X:XX:XX)(h:m:s)
“RESET’’ TO START

Press RESET. After one second, the display will read:

[X:XX:XX] LEFT (h:m:s)
[TOTAL COUNT SO FAR]

When the count period has expired, the display will
read:

CNT FOR (X:XX:XX)
[TOTAL COUNT]
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For another total count, pressing RESET erases the
previous count and starts a new counting interval. Dur-
ing the count period, the audio alarm will sound if the
alarm limit is exceeded.

When operations or settings in the Scaler Mode have
been completed, pressing MODE twice will shift the
ESP-1 to the Rate Meter Mode. The display will read:

1l [BAR GRAPH]
RATE METER READING

3. Inquiry/Calibration Mode (all modes enabled,
refer to figure 3-4).

Begin in the Rate Meter Mode. Press the MODE
switch. The display will read:

SCALER MODE?
+ = USE/ - = NO

Pressing — will place the instrument in the In-
quiry/Calibration Mode. The display will read:

ALM AT [ALARM SETTING]
RATE METER READING

The value of alarm setting, ‘‘ALM AT,”’ can be in-
creased or decreased as desired, by pressing RESET and
+ or — simultaneously. This value of alarm setting is in
the same units as shown on the bottom line of the
display, (e.g. mR/h, REM/h, CNT/min). When the de-
sired value of ‘““‘ALM AT is displayed, press +. The
display will read:

UNITS = [UNITS SELECTED]
+ = USE/ - = NO

If the units displayed are acceptable, press + to go on
to setting parameters (CC). If the operator desires units
other than those on the display, press RESET. The
display will read:

BASE [UNIT]
+ =USE/ - = NO
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The selection of the **BASE"’ units is now possible.
Press the — switch to reject the unit displayed #hd call
for the next choice of units to be displayed. The
available radiation units are:

R roentgen

cnt counts

Gy gray

Sv seiverts

rem roentgen equivalent man
dis disintegrations

rad radiation absorbed dose

When the display shows the desired base unit, press
+ to accept it. The display will read:

SUFFIX [unit time]
+ = USE/ - = NO

The “*SUFFIX"’ is the unit of time over which the
base units are counted. Three are available:

s second
min minute
h hour
Again, press the — switch to reject the suffix

displayed and call the next choice to be displayed. When
the desired suffix is displayed, press + to accept it. The
display will read:

PREFIX [value]
"+ = USE/~ = NO

The ““PREFIX”’ is the value by which the base unit is
multiplied to provide a more convenient unit of actual
measurement. Four are available:

(NONE) no prefix

u micro (X 107¢)
m milli (x 10
k kilo (x 10*Y)

If the prefix displayed is not the desired value, then
press — to reject it and call the next choice to be
displayed. When the desired prefix is displayed, press +
to select it. The setting of radiation units to be measured
would now be complete. An example of this would be:

PREFIX BASE SUFFIX
m R/ h
(milli) (roentgen) / (hour)
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The units may be selected in any combination of
prefix/base/suffix. Press the + switch to select the
prefix and prepare the instrument for the setting of
parameters, (i.e. calibration). Section V, ‘‘Mainte-
nance,”’ provides nominal values of the following
parameters as they apply to the particular detector being
used. The display will read:

CC = [numerical value]
RATE METER READING

The calibration constant (CC) is the number used to
convert the detector count rate to the displayed base
unit previously selected. Specifically, the displayed rate
meter reading arrived at by dividing the counts per se-
cond (from the detector) by CC and then scaling the
result based on the selected prefix and suffix. To in-
crease the value of CC, press RESET and +
simultaneously. To decrease the value of CC press
RESET and - simultaneously. Keep in mind that in-
creasing or decreasing CC will have the inverse affect on
the rate meter reading. With the rate meter reading
always displayed on the bottom line, the changing value
of CC and its affect on the reading is immediately
noticeable. When the desired value of CC is displayed,
press + . The display will read:

DT (SEC) [numerical value}
RATE METER READING

This parameter is the dead time (DT) of the detector,
in seconds. It is used to correct for coincidence loss
from the detector, yielding a more linear response to the
radiation field being measured. An extra decade of
range is possible from most detectors due to the DT cor-
rection. Typical values of DT are in microseconds ( x
107%). To increase the value of DT, press RESET and +
simultaneously. To decrease the value of DT, press
RESET and - simultaneously.

NOTE

For a more detailed explanation on setting
“CC’’ and *“DT,"” as well as nominal values
for various detectors, refer to section V.A,

When the desired value of DT is displayed, press +.”’
The display will read:

HV = [numerical value]
RATE METER READING
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The *“HV"’ value is the high voltage bias applied to
the detector. Adjusting the actual high voltage is per-
formed with the internal control potentiometer (labeled
““HV™"). The external controls, RESET and + or —, are
to be used only when calibrating the displayed HV
readout to match the actual high voltage (refer to sec-
tion V). When properly calibrated, the HV parameter
allows for high voltage monitoring on the top line of the
display and the rate meter reading on the bottom. This
is particularly useful when running detector plateaus.
Pressing + will return the display to the “‘ALM AT
parameter. Pressing — repeatedly will step the instru-
ment through the parameters in reverse order from that
shown in the preceding paragraphs. Pressing the MODE
switch anytime a parameter and rate meter reading are
displayed, will revert the instrument to the Rate Meter
Mode. -

Summarizing, the ESP-1 provides the following to the
operator.

a. In the Rate Meter Mode:

® Bar graph graphically displaying count rate.
® Count rate in selected units per unit time.
® Audible alarm if the rate exceeds the value set.

b. In Scaler Mode:

® Time remaining in the counting period which
was set.

® [ntegrated value and selected units so far in the
counting period.

® End of counting period, total time, and in-
tegrated value in selected units at the end of the
counting period.

® Audible alarm if set limit on total count is ex-
ceeded during the set count period.

¢. In the Inquiry/Calibration Mode

@ Ability to set the rate meter alarm point.

® Enables the selection of units to be used in Rate
Meter Mode.

® Ability to set the CC and DT (calibrate) to the
detector being used.

® Monitor the high voltage applied to the detec-
tor. Set the high voltage readout to match the
actual HV.

The current rate meter reading is displayed on the
bottom line whenever the ““ALM AT,” “UNITS =,”
“CC =,"” "“DT,” or ““HV ="’ parameters are displayed
on the top line.
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Block Diagram of ESP-1 Operation
(Scaler and Inquiry/Calibration Modes Disabled)

Rate Meter Mode Operating

<D}

RATEMETER :
y
( mooe )

Ratemeter ALM Set )

Alarm

MODE

NOTES FOR BLOCK DIAGRAMS

1. O or O =Control operation

2. = Increase or decrease value
3. ] = Representative display

Figure 3-2. Rate Meter Mode
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Block Diagram of ESP-1 Operation
(Inquiry/Calibration Mode Disabled)

Scaler Mode Operating

C TURN ON )
Y

RATE METER

3

|

SCALER MODE?

SELECT

+ = USE/- = NO

Cor)

2 D e

4

3

UNITS ALM ALARM
L
s )
1 Aam | seT )
SCALER
ALARM
CNT FOR
( Reser )
counrson .
TOTAL COUNT
NEW
COUNT

Figure 3-3. Scaler Mode

—(_peser )~
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Block Diagram of ESP-1 Operation

Inquiry/Calibration Mode

TURN ON

L

RATE METER
MODE [*

-

SCALER MODE
+ = USE/- =NO

/'
INQUIRY/CALIBRATION MODE
SCALER MODE <+
RATE METER ALARM
@ =1 ALMAT MODE
-
N
) % )\
# SELECT UNITS = MODE
é A

1 GeOo—+

0
O
]

~—D—

SET
READING TO MATCH

#
@—- DT(SEC) [= {_MODE_)—s
O

ACTUAL HIGH VOLTAGE
——

CHANGE 1

O— =

Figure 3-4. Inquirv/Calibration Mode
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SECTION IV
THEORY OF OPERATION

A. GENERAL

The ESP-1 employs current technology to provide to the
user a compact instrument that can be used to measure
several kinds of radiation as detected by different detec-
tors. In addition, the ESP-1 is portable and will operate
for over 250 hours before battery replacement becomes
necessary. The instrument’s most important function is
the delivery of accurate information to the operator ef-
ficiently and rapidly.

B. FUNCTIONAL THEORY

The ESP-1 consists of six functional sections as detailed
below (see figures 7-1, 7-2, 7-3).

1. Detector

The detector connected to the ESP-1 is selected to op-
timize its output for the radiation of interest. It provides
the pulse signal to the electronics for counting. The
pulse rate from the detector is proportional to the radia-
tion-field intensity at the detector.

2. High-Voltage Supply

The high-voltage supply provides the bias voltage to
the detector as required for proper operation. The high
voltage is adjustable to provide the correct operating
voltages for a large selection of detectors and regulated
to enhance operating stability. '

3. Amplifier/Discriminator

The amplifier is a linear, fixed-gain, multistage
design. It amplifies the signal from the probe to a usable
level at the amplifier output. The discriminator provides
a signal on its output only if the signal from the ampli-
fier exceeds. its adjustable threshold. This, in turn, pro-
vides a means for counting only the radiation signals
and to reject any noise and/or unwanted signals.

4. Speaker/Alarm

The speaker/alarm section provides an audible *‘click
rate’’ from the speaker, which is proportional to the
output of the amplifier/discriminator. This rate can be
scaled down to enhance the usefulness of the speaker
when high-count rate (very sensitive) detectors are em-
ployed. When the alarm is activated, the speaker emits a
continuous 2000-Hz tone.
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5. Microcomputer

The microcomputer is an eight-bit device programmed
to function as the interface between the ESP-1 operator
and the information provided by the radiation detector
{probe). Its program logic and speed of execution allow the
ESP-1 to be extremely versatile by applying mathematical
functions and logic to its input signals and displaving the
results to the operator in an understandable format.

6. Low-Voltage Supply
The low-voltage supply regulates and provides the

control point for the operating voltage for the ESP-1
electronics.

C. OPERATIONAL THEORY

For the discussion that follows, please refer to figures
7-1 through .7-12.

1. Low-Voltage Power Supply

_ Power is supplied to the ESP-1 electronics by six

C-type dry-cell batteries and regulated to 5.0 volts with
A101. The battery output limits are 9 volts for new bat-
teries down to approximately 5.4 volts for ‘‘dead’’ bat-
teries. The lower limit is set by the voltage differential
between the input and output of A101 and enables A 101
to maintain voltage regulation.

Computer voltage (Vc¢) is always applied to the com-
puter to maintain its random-access memory (RAM).
With the ESP-1 off, battery drain consists of the normal
leakage current of CMOS, typically less than 50 micro-
amperes. During battery changeout, capacitor Cl
(0.047 F) provides power for RAM for about 20 minutes
(instrument off). This power maintains all the operating
parameters at the values entered during calibration.

Pressing the ON/OFF keypad causes the microcom-
puter to initialize the program at BEGIN (figure 7-8).

If the ESP-1 is operating when the keypad is pressed,
it sets “PWR ON’’ to Al, HI (+5 V), turning off the
low voltage (Q101, Q102, Q103) to all electronics except
the microcomputer and its program access (Al, A2,
Al).
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If the ESP-1 is off when the ON/OFF keypad is press-
ed, it sets “PWR ON"’ low (0.0 wolts) turning Q101 on.
This supplies the operating voltage ( + V) to the amplifier,
high-voltage control, dispiay, and speaker circuitry. It also
switches on the battery voltage (Vgg) to the HV
oscillator and battery sense via Q102 and Q103. (All cir-
cuits are now energized.)

Integrated circuit (IC) All converts + V to a negative
voltage to provide a bias voltage (V,) to the display
(LCD). Adjustment of V, allows the operator to op-
timize the viewing angle of the display.

Battery condition is monitored by one of the compar-
ators in Al103. Pin 15 is connected to the regulated
reference (amplifier ‘‘bias’’). When the voltage at pin 14
falls below this reference, the output (pin 16) goes low.
This voltage transition is input to the microcomputer,
causing it to initiate blinking of the first character on the
LCD. The blinking indicates a low battery condition to
the operator. This switch point occurs when the battery
output is approximately 5.9 volts and allows the instru-
ment to operate properly for about another four hours
or until the battery voltage reaches its minimum.

Pressing the LIGHT keypad lights the LCD via Q!
and DS1 mounted on the keyboard. Diodes CR2 and
CR3 set Q1 and R3 as a current source that maintains a
constant drain on the batteries and prolongs lamp life.

2. High-Voltage Power Supply

High voltage is obtained by stepping up (T1) the
voltage of the oscillator, (Q10), rectifying it (CR10) and
filtering the output (C12, C13, R11). High voltage is
regulated by feeding back the output to control the
oscillator. At turn on, Q103 is on, causing Q10 to turn
on. Current flow through T1 (pins 2, 3) feeds back via
T1 (pins 4, 5), turning off (blocking) Q10. With Q10
off, blocking stops and Q10 turns on. This is a blocking
oscillator, the frequency of which is limited by
C16-R10, maintaining best efficiency of T1.

The high-voltage output is fed back via resistive
divider R12 to a voltage follower (A102, pin 3). This
stage, with a high input impedance, allows R12 to be
large, presenting a minimal current load for the supply.
The output of the voltage follower is then proportional
to the high-voltage output. Because the input impedance
to this stage is high, CR104, R113, and C114 provide
filtering to reduce noise interference.

The filtered high voltage sample is input to a compar-
ator (A102, pin 15) that is referenced to the high voltage
adjusting potentiometer, R17. When the sample (pin 15)
exceeds the reference (pin 14), the output at pin 16 goes
low, turning off Q103, which turns off the oscillator,
reducing high voltage. As the sample decreases to less
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than the reference, pin 16 goes high, turning Q103 on.
The oscillator then runs to increase the high voltage. In
this way, the high voltage is regulated to a value set by
the HV adjusting potentiometer, R17.

The filtered output of the high voltage sample is aiso
applied to pin 5 of A102. This stage is connected with
Q104 to achieve a voltage-to-current conversion with
current through R114 proportional to high voltage.
Current-to-frequency conversion is performed by the
voltage comparator A102, pins 11, 12, and 10. The out-
put at pin 10 is a frequency (Fyy) that is proportional to
high voltage. This frequency is input to the microcom-
puter, which can then convert Fyyy to a digital value and
display it as high voltage.

3. Amptifier/Discriminator

Transistor Q106 and the amplifier section of A103
form a dc-coupled linear amplifier. The gain of this
amplifier is set by R126 and the output impedance of the
preamplifier, Q106, along with R127-R128 and the gain
of the preamplifier stage. Feedback via R14! provides
dc stability. The dc bias is set by R131-R132 to half of
+V (~2.5 volts) for a linear swing of signal on the
amplifier outputs. Input protection is provided by CR103-
R122, which gives a charge path for input capacitor C11
when high voltage is shorted.

The amplifier output signal is coupled to the discrim-
inator (A103, pin 12) with capacitor C110. An output
—€A103, pin 10) occurs when the amplitude of the signal
(pulse) exceeds the reference (A103, pin 11) set by the
discriminator potentiometer, R16.

The discriminator output is divided down by 2, A105,
yielding a binary input for the microcomputer. The
microcomputer counts the binary transitions and calcu-
lates and displays the result as either rate or integrated
value for the operator.

4. Spesker

Pulses that cause an output from the discriminator
are input to the speaker control either directly or
counted down for slower audible rate. In either case, the
rate from the speaker is proportional to the radiation
level at the detector (probe). The speaker is enabled or
disabled by the microcomputer when the operator press-
es the SPKR keypad. The speaker is enabled when
“*SPKR”’ is low (0 volt).

One-half of A104 is interconnected as a monostable
multivibrator (TRIGGER). The output pulse (TRIG-
GER) width is set by R136-C112 time constant. The
other half of A104 is configured as an oscillator. It is
running while the trigger output (pin 11) is low, driving
the speaker via QI1 and Q12. The input signal to the
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trigger is differentiated by C111-R135 to prevent exces-
sive trigger pulse widths.

The alarm is activated by ‘““ALM"’ and ‘‘SPKR"’ set
low (0 volts) by the microcomputer. This sets the trigger
output low (pin 11), turning on the oscillator frequency
to the speaker.

“ALM’’ low also activates the auxiliary alarm (*‘A"’)
providing an active low output for external indication
(250 mA, 20 Vdc maximum).

5. Keyboard

The switch poles are etched on the PC board. Contact
between the poles is made by a conductive pad cast into
each keypad. Pressing a keypad effectively short-cir-
cuits the poles.

The ON/OFF keypad pulls the “RST’’ (pin 9) of the
microcomputer high. This causes the computer to reset
itself and begin running its program at the program
beginning (see figure 7-8). The LIGHT keypad causes
DSI to turn on via QI, lighting the display.

All other keypads are inputs to the microcomputer via
its input/output (I/0) port P1, which is configured as
an input port under program control. These inputs are
normally high. Pressing a keypad pulls the correspond-
ing port input low.

The program running in the microcomputer performs
the contact debounce, determines the switch(es) pressed,
and logically performs the task(s) associated with the
keyboard condition.

6. Microcomputer

Simply stated, a computer must have provisions for
moving data in and out (I/0), a logical means of hand-
ling and saving data (memory), and logical elements to
control 170 and memory (central processing unit, CPU).
To perform any task, the CPU must execute a series of
logical steps (program), which is contained in read-only
memory (ROM). Memory used to save data written to or
read from it is random-access memory (RAM). The
RAM contains the parameters (variables), logic flags,
data, scratch pads, etc., used by the program.

a. Inputs:

(1) Keyboard inputs are the operator’s input to
the computer. Under program control, the inputs cause
the task associated with the keypad(s) to be performed
(see section III).

(2) Mask (S11) switch inputs are used to signal

(flag) the program to perform certain tasks differently
or omit them completely (see section III).
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(3) FHV is a frequency, the rate of which is pro-
portional to the high voltage applied to the detector
(probe). When the program is displaying high voltage
(HV) to the user, it converts this frequency input to its
HYV equivalent.

(4) LO BATT (low battery) input (normally high)
switches low when the low-battery condition is sensed
(see ‘'Low Voltage,’’ section IV.4.C.1). This causes the
program to blink the first character on the display at
each display update (output), warning the operator of
the low-battery condition.

(5) CNT (count) input is a signal the rate of
which is proportional to the radiation intensity at the
detector. The rate is calculated by the program (counts/
time). The calibration constant (CC) and correction fac-
tor (CF [based on detector dead time]) result in a value
in radiation units as calibrated. The length of the bar
graph is also calculated. The results are then output to
the display for the operator.

b. Outputs:

(1) “PWR ON"’ (power on, active low} is output
under program control to turn the power to the instru-
ment on or off (see ‘“Low Voltag: Supply,’’ section
IV.C.1).

(2) “‘SPKR”’ (speaker on, active low) is output un-
der program control when the SPKR keypad is pressed.
The output is complemented at each press of the keypad.
This results in a push-on/push-off action of the SPKR
keypad (see ‘‘Speaker,”” section IV.C.4).

(3) ““ALM”’ (alarm output, active low) is output-
activated when the program has sensed that the
calculated reading has exceeded the value input by the
operator for ‘“ALM AT"’ (alarm setting). *‘SPKR"’ out-
put is also activated to turn the speaker on (see
‘‘Speaker,’’ section 1V.C.4).

(4) The display is a liquid crystal (LCD) 5 x 7 dot
matrix character, 2 lines of 16 characters per line. This
allows the full alphanumeric ASCII character set as well
as the special characters used to display the analog bar
graph. The LCD is a ‘““smart’’ display in that it is sup-
ported by its own microprocessor and program, thus
relieving the computer of this processing load.

The computer outputs to the LCD command in-
structions and data to be displayed based on the tasks
being performed. These data/commands are passed to
the display via the 8-bit address-data bus (A1, port P0).
A command (instruction) is differentiated from data
(character-to-display) by address line 14 (A1, pin 27),
high equals command. The command/data are accepted
by the LCD when “WR’’ (Al, pin 16) is low simultane-
ously with address line 15 (Al, pin 28) being low. This
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yields an address of 8000H for data and 0COO0OH for
commands.

The LCD requires its ‘“E” (enable, pin 6) to be
strobed 0.14 microseconds (minimum) after data and
addresses are stable. The quad NOR gate, A4 and resis-
tance-capicitance R-C time constants provided by
R2-C6 and R1-C5 accomplish this delay.

The viewing angle of the display may be changed
by varying the V, input (pin 3).

The display is not considered to be field
repairable.

c. Memory and CPU:

All RAM registers and timers are contained within
the microcomputer chip and are not available to be ob-
served. Their functions are solely to control the pro-
gram (i.e., program counter and stack pointer) or for
use by the program to perform its tasks (RAM and
ALU).

Port PO, Al, is the address-data bus. It is bidirec-
tional (input and output). Port P2, Al, outputs the up-
per eight bits of the address. On a typical program step:

(1) The address (program counter) is output at
PO (low byte) and P2 (high byte).

(2) ALE (address latch enable) is asserted and latch-
es the address low byte in A3.

(3) PSEN (program store enable) is asserted, en-
abling the addressed byte to be input to the computer
via PO.

(4) The program step is executed.

The program is stored in A2.
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SECTION V
MAINTENANCE !

A. CALIBRATION
1. General

The ESP-1 is an extremely versatile instrument. It is
useable with a wide variety of detectors and can be cali-
brated in a large variety of radiation units. The end
result of the calibration process is the reading provided
by the instrument. The accuracy of that reading depends
on the accuracy achieved in the calibration process.

Properly set up and calibrated, the instrument is in-
herently linear and accurate because of its micro-
computer-based design. The only real limitation is the
detector and its application in a particular measure-
ment. For detector application information, see section
VIII.

The calibration procedure should include testing for
instrument/detector quality (plateau) as well as adjust-
ing the reading to the radiation field at the detector. A
recommended procedure follows:

NOTE

To change the parameters that calibrate the
ESP-1, the inquiry/calibration mask switch
must be on (enabled). (Lower ‘‘mask’’
switch to the left, figure 3-1).

2. High Voltage

High-voltage readout is via an analog-to-digital con-
version (ref: ‘“Theory of Operation,’’ section IV). The
readout must be calibrated to equal the actual high volit-
age. Connect a voltmeter to the detector connector. The
input impedance of the voltmeter must be 1000 M@ or
greater. Adjust the HV control for 900 V. Select the
**HV **’ parameter using the keypads. Hold RESET and
+ or RESET and - until the readout is 9.00 + 02
(900 V).

3. Instrument/Detector Quality

The overall gain of the instrument is adjustable with
the detector bias (high voltage) and the discriminator
setting. The gain should be adjusted for the maximum
detector efficiency that also provides the best stability
for the measurement.

The discriminator setting (threshold input sensitivity)
is set according to the detector type to be used (see table
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1) and may be set by either of the following methods.
The pulse generator method is preferred.

a. Pulse Generator (Eberline MP-1 or MP-2 recom-
mended)

. Connect a pulse generator with a calibrated pulse
amplitude output to the ESP-1 detector connector. Set
the ESP-1 input sensitivity as recommended in table 1,
by adjusting the D (discriminator) control until the in-
strument is just reading the pulse generator (see figure
3-2). )

b. Voltmeter (20k ohms/volt minimum)

Measure the voltage on TEST connector, pin 11A,
(see figure 3-2). Adjust the D (discriminator) control for
a voltmeter reading corresponding to the proper input
sensitivity referenced in tables 1 and 2.

WARNING

The high voltage should be set to the
‘“‘nominal operating voltage’ or less (see
table 1) before connecting the detector to the
ESP-1, to prevent damage to the detector.
Check the high voltage by selecting the ““HV
="' parameter on the display. Make sure
high voltage calibration has been performed.

Input
Sensitivity Vthid*
(mV) (volts)
0.5 0.071
0.75 0.107
1.0 0.143
2.0 0.286
5.0 0.715
10.0 1.43
15.0 2.1¢

*Test connector, pin 11 A (see figure 3-2).

Table 1. Input Sensitivitv vs. ' thid
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¢. Connect the detector to the ESP-1. With the dis-
criminator properly set, the plateau curve can be plot-
ted. This is the only data that can truly verify that the
detector and instrument are operating properly and,
with the possible exception of G-M detectors, should be
plotted anytime a detector is changed or repaired.

The bias (high voltage) operating point for a G-M
detector is fixed by its physical properties (i.e., size,
counting gas, anode size, and fill pressure). Therefore, a
check of its sensitivity or efficiency may preclude the
plateau. It should be within +/~ 20 percent of
specified sensitivity at the specified operating voltage
(see section VIII).

To plot the plateau (figure 5-1);

(1) Select the *‘HV =" parameter on the display
(inquiry/calibration mode). The second line of the dis-
play shows the current average rate from the detector.

(2.) Adjust the HV control for a low reading
from the detector. Record the reading and the high
voltage.

(3) Increase HV in steps of 50 volts, recording the
high voltage reading at each step. Allow enough time at
each step for the reading to stabilize.

(4) Select the operating high voltage and adjust
the HV control accordingly.

4. Rate Meter Calibration

For clarity, a brief overview of the readout deter-
mination follows:

a. The average count rate is calculated each one-
half second. This average is maintained in counts per
second (cps) and is the basic unit for all readout dis-
plays. This average is also corrected for detector dead
time (parameter DT).

_ b. The average (AVG) is divided by the calibration
constant (parameter CC) (see table 3) and the proper
factors, specified in the units, prefix, and suffix are ap-
plied, converting the cps to the radiation units selected.
This is performed and displayed every 2.0 seconds.

The calibration is performed by adjusting the CC
and DT values so that the rate meter reading agrees with
the radiation intensity at the detector.

Note that the dead-time correction is applied to the
average before CC. At lower count rates, this correction
is insignificant.

Refer to table 1 for the following:

(1) Set the instrument to Inquiry/Calibration
Mode (discussed in section I11.C.). .

(2) Set the high voltage and input sensitivity to
suggested values for detector being calibrated.

10,000 )
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_ 5,000 FLATEAU
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E —— A

3]
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g

3 500

o

100 ,
0.7 0.8 0.9 1.0 1.1 1.2
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Figure 5-1. Typical Detector Plateau
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DETECTOR HIGH INPUT NOMINAL VALUES****» CALIBRATION FIELDS
MODEL VOLTAGE SENSITIVITY | UNITS CC =" ~DISEC) " SET “CC’ AT: SET “DT" AT:
HP-270 900V 10mV mR/h 7.20+07 1.00-04 20 mR/h 1.0 R/h
HP-290 ss0v 10mV R/h 5.00 + 06 2.00-05 500 mR/h 25 R/h
HP-210, 260 900V 10mVv cpm 1.00 +00* 8.00 - 05 72K ¢pm 2700K cpm
(~20 mR/h)+ {~750 mR/h)t
HP-190A 900V i0mV cpm 1.00 + 00* 2.00-04 SK ¢pm SO0K cpm
(~2 mR/h)* (~200 mR/mt
HP-230A 900V 10mV cpm 1.00 + 00" 1.20-04 60K cpm 1800K cpm
- (~20 mR/h)t (~0600 mR/h)+
AC-3 lOOOV‘_‘. 10mVv dpm 3.10-01%e" 1.20 - 05 SOK cpm 000K cpm
LEG-I 1000V** 2mV cpm 1.00 +00 1.40 - 05 SOK cpm 3000K cpm
NRD 1800V e**= 2mV mREM/h 3.00+06 1.00 - 05 27 mREM/h 67 REM/h
(~ 1200 cpm) (~3000K cpm)
SPA-3 1000V e* 10mV cpm 1.00+00 . ~1.40-05 700K cpm 3000K cpm
SPA-6 1000V** 10mV cpm 1.00 + 00 1.00-08 SOK cpm 3000K cpm

Table 2. Suggested Calibration Levels

* These are the values to be used when the instrument is set up to read in units of CPM. Other values must be used for ‘CC’ if
you wish to set your instrument to read in 2x cpm or 4x dpm beta efficiency.

** Detector high voltage should be set after running detector plateau as previously discussed (see Instrument/Detector Quality,
and Figure §-1).

*### Set to the efficiency value determined from plateau (e.g., if 31 percent efficient, then CC = 3.10-01). If calibration is to
true detector counts, “‘CC"’ should be set to 1.00, after “‘DT”’ adjustment has been performed.

##%% HV setting depends on gamma rejection point. Determineé by placing NRD in 10 R/h gamma field (or desired gamma
field to be rejected) and adjust HV for approximately S0 cpm. Reduce HV by 50 V, and verify no counts in the 10 R/h field.
The HV set point is now established, and should not exceed 2200 V.

s****The nominal values may be used to set up the ESP-1: (1) if the calibration sheet (which has the exact vaiues) for the
ESP-1 with the specific detector is not available; or (2) if the user wishes to use a detector which was not purchased with the
ESP-1. Please note that the use of nominal values constitutes a generic rather than a specific calibration and. therefore, will be

less accurate as compared to using values from the calibration sheet.

t Values in mr/hr are based on Cs-137 photons.

(3) Set ““CC="" and “DT"” equal to nominal
values for detector being used. (Refer to detailed opera-
tion, section Ill.c. , if necessary.)

(4) Select the ““CC =" parameter. The current
rate meter reading is always displayed on the bottom
line of the LCD (this applies to all parameters, DT,
HV,etc.).

(5) Expose the detector to the radiation field in-
dicated under ‘‘set CC at’’ (table 1), and adjust
“CC="" until the ‘“‘rate meter reading’’ matches the
field strength. Note that increasing the value of ‘““CC”’
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will decrease the ‘‘rate meter reading’’ and decreasing
“CC”’ will increase the ‘‘rate meter reading.’’ See table
3.

(6) Select the ‘DT (SEC)’ parameter. Expose
the detector to the field indicated under ‘‘set DT at”’
(table 1), and adjust “‘DT"’ until the ‘“‘rate meter reading”’
matches the field strength.

{7) Recheck the reading taken in step S. If not in
agreement, repeat steps 5 and 6 until both readings are
correct without having to vary the *“CC" and “DT”
parameters.
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(8) At this point no further adjustment is neces-
sary. However, a few linearity readings at fields in be-
tween the *‘CC’’ and ‘DT’ settings would be an added
verification of correct detector/instrument operation.
Increasing the radiation field above the “‘DT’’ set point,
will eventually cause an over-range alarm. This is useful
in determining the upper range limit of that particular
detector and instrument combination.

CC = counts/base unit.

Example:

a. HP-270 sensitivity is 1200 cpm/mR/h (nominal).

b. ‘‘Base’’ unit selected is “‘R.”’

NOTE

The instrument may be rough-calibrated by
adjusting nominal values in table 1. For
detectors which nominal values are not
specified, the user may determine his own
nominal values for ease and/or speed of the
calibration process.

CC = (1200 cpm/mR/h * 60 min/h)/1 x 10—3 R/mR
CC = 7.2 x 107 cnt/R
SPECIFIED PREFIX SPECIFIED SUFFIX
PREFIX FACTOR (PF) SUFFIX FACTOR (SF)
(none) i s (second) 1
u (micro) 1 x 10-¢ min (minute) 60
m (milli) 1 x10-? h (hour) 3600
k (kilo) 1 x10°

(AVG/CC) * SF * PF = READOUT IN RADIATION UNITS AS SPECIFIED.

NOTE: PF and SF are applied automatically as defined by the ‘‘units’’ selected and do not affect CC.

Table 3. Calculating Calibration Constant
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B. PREVENTIVE MAINTENANCE
1. Periodic Maintenance

Because of the simplicity of the ESP-1, periodic main-
tenance is neither time consuming nor overly frequent.

4. Install fresh batteries at least once per year.

b. Remove the bottom cover and the side access
and blow out the inside with clean, dry, low-pressure air
once a vear.

¢. Keep the outside of the case clean.

d. Open the bottom and side accesses only when
calibration, maintenance, or battery change are
necessary.

2. Battery Replacement

a. Turn the instrument off. If the ESP-1 is placed
face down, exercise caution with the push buttons to
prevent accidentally turning the instrument on. Approx-
imately 20 minutes are available for battery change with
the ESP-1 turned off.

b. Remove the large screw in the bottom cover.

¢. Remove the bottom cover.

d. Dispose of the expended batteries.

e. Install six fresh *‘C” cell batteries, observing
polarity as shown in the battery compartment (figure
5-2).

f. Reinstall the bottom cover and secure it with the
screw.

3. Right-Side Access
a. To open, turn the fastener in the center of the ac-
cess cover about one turn counterclockwise and pull

straight out.

b. To close, press the cover into the opening and
turn the fx.tener about one-half turn clockwise.

C. CORRECTIVE MAINTENANCE
1. Disassembly / Assembly
WARNING
When starting screws, exercise care. Use

screwholders and other proper tools. Don’t
over tighten!
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Use care to minimize the tension on lhe-rif-
bon cables connecting the PC boards and the
display. The cables are short and can be
damaged.

a. Removal of PC Boards:

NOTE

For proper orientation, the front is the end
with the MHV connector. The lower PC
board is the board closest to the bottom

= cover and the upper PC board is closest to
the keypad and display.

(1) Rest the ESP-1 on its top, exercise caution to
prevent operation of the push-button switches.

(2) Remove the bottom cover and the batteries.

(3) Remove the nut and lockwasher that hold the
coaxial connector at the front of the instrument.

(4) Remove the lower-board mounting screws
(one at each corner, one in the center of the opposite
end near speaker).

(5) Remove the screws on either side of the
speaker (in the semicircular retainer).

(6) Lift the front edge of the lower PC board and
_simultaneously push the coaxial connector into the in-
strument case.

(7) Fold the lower PC board over the battery
compartment.

(8) Remove the side access cover.

(9) Unscrew the two screws at the corners of the
upper PC board.

(10) Lift the upper board and move it toward the
battery compartment. The speaker will come up out of
its mounting and the retainer/spacer will be freed from
its position. Set the retainer/spacer aside.

(11) Step 10 pulls the upper and lower boards
clear of the display assembly, which is secured by the
four large screws at the corners. Loosen these screws
completely.

(12) Carefully lift the PC board set. The display
assembly will come out of its position. Take the screws
out of the Lucite® mounting.

(13) The light heads extend from the button con-
tact board to the Lucite® mounting. Be careful not to
break these leads.
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Figure 5-2. ESP-1 with Bottom Cover Removed
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(14) To remove the board complex completely
from the case, unsolder the battery leads from the lower
board.

(15) To remove the speaker, unsolder the speaker
leads from the lower board.

b. Reinstallation of PC boards:

(1) Insert the four screws into the corner holes of
the Lucite® display mounting so that it holds the
keypad board in place and so that the screws in the
Lucite® line up with the threaded holes in the case.
Tighten the screws.

(2) Position the upper PC board, component side
up, so that the holes in the board line up with the
threaded holes in the corners of the instrument case. In-
sert the screws and screw them down loosely.

(3) Holding up the lower board, position the
speaker in its mounting.

(4) Pulling up carefully on the lower board, raise
the forward edge of the upper board enough to allow
the speaker retainer’s channel-shaped support for the
upper board to be positioned so that the board is in the

-channel. The holes in the speaker retainer should be lined
up with the threaded holes in the case.

(5) Making sure that the speaker leads are not
pinched under the retainer, screw the retainer in tight.

(6) Tighten the two screws on the upper board.

(7) Guide the coaxial-connector lead through the
cutout at the rear of the lower board.

(8) Insert the coaxial connector through the
opening in the front of the case and guide the lower
board into position.

(9) The hole in the center (rear edge) of the lower
board should line up with the threaded hole in the
speaker retainer.

(10) Insert the screw and turn it down loosely.

(11) Insert the screws to hold each corner of the
upper board.

(12) Tighten the mounting screws on the lower
PC board.

(13) Install the lockwasher and nut on the coaxial
connector and tighten nut.

(14) If the speaker was removed, solder the

CHANGE |

speaker leads to the points on either end of the label
SPK on the lower circuit board.

(15) If the battery leads were unsoldered, solder
the red lead to the + point and the black lead to the —
point on the lower circuit board.

(16) Install the side access cover.
(17) Install the batteries noting polarity.
(18) Install the bottom cover.

2. Troubleshooting

The ESP-1 uses the latest state-of-the-art components
and circuitry available at the time of its design.
Eberline’s experience using similar components has
shown them to be very reliablie and trouble free. Realiz-
ing that failures and problems will occur, this section is
intended to assist the technician with the task of repair.

Eberline provides a repair and calibration service at
two locations in the United States and one in England
for the European market. Contact Eberline tor details
(see front of manual).

To hold downtime to the minimum possible, users
might consider changing the entire printed-circuit-board
set. By maintaining a spare board set and exchanging
the board set when a failure occurs, downtime (in-
ehuding recalibration) can probably be limited to less
than one hour. The inoperative board(s) can then be
repaired in-house or by Eberline without taking the
ESP-1 out of service for lengthy periods of time.

NOTE
Always recalibrate after repair.
a. General Procedure

A thorough understanding of the ESP-! circuitry
and program operation is necessary before any field
repairs are attempted. For component problems, review
section 1V, *““Theory of Operation’’ and the schematic
and logic drawings, section V. For problems related to
operation, review section III “‘Detailed Operation’’ and
the logic flow charts, section VII.

The incorporation of a microcomputer in the
ESP-1 does not change the general approach to trouble-
shooting and repair. In short, the problem must be
defined, the trouble isolated, and the defect identified.
Only then can effective repair be accomplished.

The circuitry used in the ESP-1 employs CMOS
technology. These CMOS devices are sensitive to elec-
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trostatic discharge. To prevent damage, they should be
properly grounded before and during handling.

Generally, problems can be defined in one of two

categories. These would be a nonfunctioning microcom-
puter or a nonfunctioning counter.

NOTE
““‘Counter”’ refers to the pulse amplifier,
low-voltage circuits, and high-voltage
circuits.
A nonfunctioning microcomputer can be recog-
nized by:
@ No information on the display.
@ Erratic display information.

® Unidentifiable/wrong characters on the

display.

A nonfunctioning counter can be recognized by:

® Raie meter readout too low.
@ Rate meter readout too high. !
@ Readout not statistical (erratic).

The first step in determining any problem should be
the condition of the batteries. If battery life is shorter
than specified, turn the ESP-1 OFF and check the drain
on the batteries by inserting an ammeter in series with
the + lead from the battery. The current should be less
than 50 pA. With the ESP-1 turned ON, this drain
should be less than 25 mA.

If the drain is too high in either condition, isolate
the faulty component and replace it. Remember to look
for leaky capacitors, but only as a last resort.

The second step is to check all voltages. Use
table 4. The test connector (board edge) is reached
through the side access door. Viewed through the access
door, pin 1 is toward the board center, side A is on top
of the board, and side B on the bottom (component
side) of the board. (Refer to figure 3-1.)

TEST
CONNECTOR

(FIG. 3-1) DESIGNATION LIMITS DESCRIPTION
10B Vg +6te +10V Battery voltage
12B Ve +4.99t0 +5.01V Regulated low voltage
9B +V +4.85t0 +5.0V Switched V-
11B Vas +59t0 +10V Switched Vg
9A Vo Oto -15V Display viewing

angle bias

12A GND - Reference

Table 4. Check Voltages

Any voltage not meeting the limits set establishes a
reason for repair before proceeding. See ‘‘Repairing the
Low-Voltage Supply,’’ which follows.

b. Nonfunctioning Microcomputer

1) Check the TEST switch (S1). Both switch arms
should be set toward the PC board. To reinitialize the
computer:

fa) Remove the batteries (at least 1),

(b) Short C1 (0.047 F capacitor). This can be
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reached through the side access door. (See figure 3-1.)
Allow 10 seconds.

¢/ Reinstall batteries.

NOTE

Reinitializing the computer resets all
parameters including high-voltage calibra-
tion. Complete recalibration should be per-
formed before putting the instrument back
into service.

CHANGE 1
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(2) Remove batteries and lower (amplifier/HV)
board to expose the microcomputer board. Check all
the integrated circuits (ICs) for proper seating in their
sockets. If a loose IC is found, replace the batteries and
repeat step | above. If the problem persists, proceed to
step 3.

3) This leaves the following possibilities:

fa) Shorted keypad switch or test connector.

f6) CR1 open.

(c) C2 shorted.

fd) Al or X1 inoperative.

fe) A2 inoperative.

(f) A3 inoperative.

(g) A4 inoperative.

(h) Display not operating.

fiy Damaged PC board or ribbon cable(s).
¢. Nonfunctic.uing Counter

A nonfunctioning counter usually results because
either the counter has failed or the counter is noisy.

NOTE

The instrument must be turned OFF and
back ON to reset an ““OVERRANGE"’ con-
dition. An ‘“‘OVERRANGE" indication
could be caused by an incorrect “DT’’ set-
ting for the detector in use.

In either case, first determine that the condition is
not caused by the detector or cable. The best way to do
this is to connect a known good detector and cable and
then check the operation.

Next, remove the lower board so its components
are exposed. Visually inspect for loose and/or poorly
seated components, broken wires, broken components,
etc.

If the counter has failed, check:

(1) High voltage at the detector connector. Use a
voltmeter with 1000 MQ or greater input impedance.
The voltage should be set for the detector being used. If
not correct, see ‘‘Repairing the High Voltage Supply,’’
section V.C.2.d. below before proceeding.
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(2) Amplifier output at pin 7 of A103 using an
oscilloscope with an Eberline MP-2 (or MP-1) con-
nected 1o the detector connector. Set the pulser to
15 mV and 40k counts per minute.

The positive pulse on the scope should be 2.0
volts or greater. If good, go to step 3 below.

If bad, the probable causes are:

fa) A103 inoperative.
(b) Q106 inoperative.
(c) CR103 shorted.
7d) C11 defective.

(3) Discriminator output at pin 10 of A103 using
the scope (MP-2 still connected and set as in step 2
above). This should be a positive square pulse of 4.0
volts or greater. If good, go to step 4 below.

If bad, the probable causes are:

fa) A103 inoperative
(b) DISCR control (R16) defective.
f{c) A10S inoperative.

- (4) Binary output at pin 9 of A105 using the
scope (MP-2 still connected and set as in step 2 above).
This signal should change state at the rate of the MP-2
and switch between ground and 4.0 volts or greater.

If the signal is not present, A105 is bad. If the
signal is present, move the scope to pin 14 of Al
(microcomputer chip). The signal should be as above. If
it is, Al is bad. If not, check for broken wire in the rib-
bon jumper between boards, for damaged PC board, or
bad contact at Al, pin 14.

If the counter is noisy, the most common causes
of counter noise are:

(a) High voltage too high.
(b) Loose or bad ground connections.
fc) High voltage breakdown.

fd) Input sensitivity (discriminator “‘D’’ set.
sensitive).

fe) Noisy low voltage supply.
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Loose or bad ground connections are best
detected by visual inspection. Check for:

(f) Damaged PC board.
g) Broken wire(s) in ribbon cables.
fh) T1 frame is jumpered to ground.

If the high voltage is too high, try readjusting it
(HV control). If it will adjust and control, then check
- with the detector to prove the fix. If the high voltage
does not adjust and/or control, go to ‘‘Repairing the
High Voltage Supply,’’ section V.C.2.d.

Breakdown or arcing of the high voltage is nor-
mally caused by a dirty PC board, damaged component,
or dirty/bad detector connector.

Input sensitivity can easily be checked using an
Eberline MP-2. Check it with reference to table 1 in sec-
tion IV for the detector being used. If the input sensitivi-
ty is too high, reset it 1o the proper value and check in-
strument operation. If it is still noisy, proceed.

Check the low voltage (V., + V) using a scope.
The ac component should be iess than 10 mV. If not, the
probable causes are:
(i) A101 inoperative (if noise is on Vc).
(/) All inoperative.

(k) Q101 defective.

(1) Leaky filter capacitors.

d. Repairing the High Voltage Supply
NOTE

All measurements of the high voltage require
a voltmeter of 1000 M@ or greater input im-
pedance. Use an electrostatic voltmeter or a
special high voltage arrangement such as a
Fluke model 8020A with 80k-40 high voltage
probe.

It is normal that the high voltage will fluc-
tuate around the control point (+ / — § per-
cent). Adjust the high voltage by using the
internal HV control on the PC board.
(1) No high voltage. Probable causes:
fa) Q10 and/or T1 defective.

/b) Q103 defective.
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fc) A102 inoperative.
fd) CR10 defective,
fe) C17 defec:ive.
(/) HV control (R17) defective.
(2) High voltage too high. Probable causes:
fa) A102 inoperative.
(b) Q103 defective.
(c) C17 defective.
fd) R12 defective.

(3) No fHV output (computer does not display
high voltage).

fa) A102 inoperative.
fb) Q104 defective.
fc) Q105 defective.
(d) Broken wire in ribbon cable.
(e) Damaged PC board.
— (f) Bad connection Al pin 12 to socket.
(g) Al inoperative.

(4) Fluctuating high voltage (see note above).
Probable causes:

(a) CR104 defective,
{b) A102 inoperative.

fc) R12 defective.

e. Repairing the Low-Voltage Supply

(1) V. low

Check for excessive current drain. Isolate to fauity
component by removing one IC at a time until fault is
found.

Next, try to adjust for 5.00 volts. If the adjust is
satisfactory, use. If adjustment fails, A101 is in-
operative. Replace it and readjust V. for 5.00 volts.

(2) V. high.
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Try to readjust for 5.00 volts. If the adjustment
is satisfactory, use. If adjustment fails, replace A101
and readjust V_ for 5.00 volts.

(3) Error in + V., Probable causes:

fa) Q101 defective.

fb) PWR ON from computer > 0.4 volts.
(4) Error in Vg, Probable causes:

fa) Q102 defective.

fb) Q13 defective. Also check Q10 and C10.
(5) Error in V,. Probable causes:

fa) A1l inoperative.

(b} C15, Cl14 defective.

fc) V, adjust, (R18) defective.

f. Speaker nonfuctioning (Note: Check S-RATE
[S10] for proper setting.) Probable causes:

CHANGE 1

(1) Speaker defective.
(2) Q11, Q12 defective.
(3) A104 inoperative.
(4) S10 defective.
(5) CRI101 defective.
(6) SPKR from computer > 0.4 volt with
speaker ON. Check ribbon cable, contact at pin 8 of Al,
and board damage. If they are satisfactory, Al or key-
pad switch is defective.
@) AI105 inoperative.
If speaker works but alarm does not:
fa} CR102 defective.
(b) ALM from computer > 0.4 volt when in
alarm condition. Check contact at pin 7 of

Al, ribbon cable, and board damage. If
they are satisfactory, Al is inoperative.
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SECTION VI
PARTS LIST

The following table lists the electronic items incor
mal repair. Unless otherwise
sidered typical examples only and not restrictions a
characteristics. When ordering parts from Eberline,
value, Eberline part number, or a word description if t

ly substitute equivalent parts when the one called out by the manufacturers’ part number is not available.

Board Set (3 boards plus display) part no. SP10A

porated in the ESP-1 and should contain any part necessary for nor-
specified, callouts of manufacturers and manufacturers’ part numbers are to be con-
gainst using equivalent parts with the same operating
specify model number, serial number, reference designation,
he part has no reference designation. Eberline will automatical-

MANUFACTURER AND | EBERLINE
REF DESIG | PART DESCRIPTION PART NUMBER PART NUMBER
Al Integrated Circuit | Microprocessor Intel 80C31 ICCMAS0C31
A2 Integrated Circuit | EPROM National 27C32-45 ICCMA27C32
A3 Integrated Circuit | Octal Buffer National 74HC373 ICHCA74373
or 54HC373]
A4 Integrated Circuit | NOR Gate 74HCO02 ICHCA00002
All Integrated Circuit | Converter Intersil ICL7660CPA ICVC07660
Al0l Integrated Circuit { Regulator Intersil ICL7663CPA ICAVA7663C
Al02, A103 Integrated Circuit | Operational Ampliiier | Motorola MC14575CP ICAOA14575
Al04 Integrated Circuit | Quad 2-input RCA CD4001BE ICCMA4001B
NOR Gate
A105 Integrated Circuit | 12-Bit Binary RCA CD4040BE or ICCMA4040B
Counter — 1 SGS HFC4040BE
Cl Capacitor 0047F,5V NEC FAOH473Z CPSP473MXC
C2 Capacitor 1.0 uF, 10%, Sprague CPXXI11
35 V, tantalum 196D105X9035HA1
C3 Capacitor 15.0 uF, 10%, Sprague CPXX10
20 V, tantalum 196D156X9020KA 1
C4 Capacitor 33.0 uF, 10%, Sprague CPXX12
10 V, tantalum 196D336X9010KA 1
Cs, C6 Capacitor 100.0 pF, SO V AVX SPIS5A101KAA CPCEI101P3N
C8, Cl101 Capacitor 0.047 uF, 20%, SO V Sprague CPCE473P4N
IC25Z5U473M0508
Cl10 Capacitor 220.0 uF, 20%, Sprague CPTA22IM3F
10 V, tantalum 150D227X9010S2
Cl1 Capacitor 220.0 pF, 10%, 3 kV Centralab DD30-221 CPCE221P3Y
C12, C13 Capacitor 0.01 uF, 20%, 3 kV Sprague 30GA-S10 or CPCE103P4Y
Centralab DD30-103
Cl4, C15 Capacitor 10.0 uF, 20%, Sprague 199D106X0016CB1 | CPTA100M4X
16 V, tantalum or ITT TAP-B10K3S5
Cl6 Capacitor 0.047 uF, 10%, SO V Mepco CPPF473P3N
711D1AA473PKS00AX
or Westlake
160/.047/K/250/C

CHANGE |
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MANUFACTURER AND | EBERLINE *

REF DESIG |PART DESCRIPTION PART NUMBER PART NUMBER

C17 Capacitor 3.3 uF, 20%, Sprague CPTA335P4L
35 V, tantalum 199D335X0035CBI1

C7, C104, Capacitor 0.1 uF, 10%, 50 V Centralab CW20C104K CPCE104P3N

C107, Cl114

C106 Capacitor 0.01 uF, 20%, 50 V SpragueSR155C103KAA CPCE103P3N

C110 Capacitor 820.0 pF, 10%, 100 V | Erie CK12BX821K CPCEB821P3P

Cll11 Capacitor 22.0 pf, 10%, 200 V Kemet C052C220K2X1CA | CPCE220P3R

Cl12 Capacitor 0.022 uF, 10%, 100 V | Kemet C062C223K1XI1CA | CPCE223P3R

Cl113 Capacitor 1000.0 pF, 10%, 100 V | Centralab CN20A 102K CPCE102P3P

CR1, CR2, Diode Silicon Switching IN4148 CRSIIN4148

CR3, CRI101,

CR102, CR103,

CR104

CR10 Diode Silicon Varo VA2S CRSIVAQ0025

DS1 Bulb T-1 Y, 6 V, 60 mA Chicago Mini, CM2114D LPBU1?
incandescent

Ql, Q11, QI12,| Transistor NPN, silicon 2N4401 TRSN2N4401

Q21, Q103

Qlo Transistor PNP, silicon Motorola 2N4234 or | TRSP2N4234

National 2N4234, 2N4236

Ql13, Qloi Transistor PNP, silicon 2N4403 TRSP2N4403

Q20 Transistor PNP, silicon — | 2N4126 TRSP2N4126

Q102, Q104, | Transistor NPN, silicon 2N4124 TRSN2N4124

Qlos

Q106 Transistor NPN, silicon 2NS088 TRSN2N5088

R1, R22, Resistor 10k, 5%, 1/8 W, RECC103B21

R23, R107 carbon composition

R2 Resistor 2.4k, 5%, 1/8 W, RECC242B21
carbon composition

R3, R101 Resistor 12Q, 5%, i/8 W, RECCI120B21
carbon composition

R4 Resistor 270 Q, 5%, 1/8 W, RECC271B21
carbon composition

R20 Resistor 1k, 5%, 1/8 W, RECC102B21
carbon composition

R10 Resistor 270 Q, 5%, 1/4 W, RECC271B22
carbon composition

R11 Resistor 1I0M, 5%, 1/4 W, RECCI106B22
carbon composition

R12 Resistor 2500M / 2.5M, 10% TRW/IRC REXXS5

_ 76-99-00K-00-044-2507

R13 Resistor 100k, 5%, 1/4 W, RECC104B22

carbon composition
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MANUFACTURER AND | EBERLINE |

REF DESIG | PART DESCRIPTION PART NUMBER PART NUMBER

R14 Resistor 229, 5%, 1/4 W, RECC220B22
carbon composition

R15 Potentiometer 500k Spectrol 64X504 PTCES504B23

R16, R17 Potentiometer 50k Spectrol64 X503 PTCES503B33

R18 Potentiometer 25k Spectrol 64X253 PTCE253B13

R21, R109, Resistor 47k, 5%, 1/4 W, RECC473B21

R113, R151 carbon composition

R102 Resistor 3.0M, 5%, 1/8 W, RECC305B21
carbon composition

R103 Resistor 910k, 5%, 1/8 W, - RECC914B21
carbon composition

R104 Resistor 20k, 5%, 1/8 W, RECC203B21
carbon composition

R105, R136 Resistor 75k, 5%, 1/8 W, RECC753B21
carbon composition

R106 Resistor 18k, 5%, 1/8 W, RECCI183B21
carbon composition

R108, R115 Resistor 200k, 5%, 1/8 W, RECC204B21
carbon composition

R110 Resistor 30k, 5%, 1/8 W, RECC303B21
carbon composition

R111, R120, Resistor 22k, 5%, 1/8 W, RECC223B21

R121, R127, carbon composition

R140

RI12 Resistor 470 Q, 5%, 1/8 W, RECC471B21
carbon composition

R114 Resistor 49.9k, 1%, 0.1 W RNS50 RECE493B11

R116 Resistor 390k, 5%, 1/8 W, RECC394B21
carbon composition

R117 Resistor 2.1k, 1%, 0.1 W RNSO RECE212B11

R125 Resistor 2.2k, 5%, 1/8 W, RECC222B21
carbon composition

R118 Resistor 4.7k, 5%, 1/8 W, RECC472B21
carbon composition

RS, R119 Resistor IM, 5%, 1/8 W, RECCI105B21
carbon composition

R122 Resistor 2k, 5%, 1/8 W, RECC202B21
carbon composition

R123 Resistor 39k, 5%, 1/8 W, RECC393B21
carbon composition

R124 Resistor 68k, 5%, 1/8 W, RECC683B21
carbon composition

R126, R129, |Resistor 150k, 5%, 1/8 W, RECC154B21

R14] carbon composition

R128, R135 Resistor 100k, 5%, 1/8 W, RECCI104B21
carbon composition

CHANGE |
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MANUFACTURER AND

EBERLINE

42

REF DESIG | PART DESCRIPTION PART NUMBER PART NUMBER
R131, R132 Resistor 200k, 1%, 0.1 W RNS50 RECE204B11
R133 Resistor 130k, 1%, 0.1 W RNS50 RECE134B11
R134 Resistor 100k, 1%, 0.1 W RN350 RECE104B11
R137 Resistor 510k, 5%, 1/8 W, RECC514B21
carbon composition
R138 Resistor 270k, 5%, 1/8 W, RECC274B21
carbon composition
R139 Resistor 3.3k, 5%, 1/8 W, RECC332B21
carbon composition
Si Switch Dip Toggle 2PST Alco DTP-02 SWTOI
S10, S1t Switch SPDT Dual Slide Alco TSD21DDG-RA SWSL7?
right angle
Tl Transformer blocking oscillator Microtran M8149 TFHVS
X1 Crystal 6.0 MHz, 0.015% MP-060 CYOS9
Speaker O-ring Buna N2-021 ORBN2021
Speaker l-inch-diameter x ADSP4
0.6 deep, 8 Q
Display 2-line x OPDS16
16-character (LCD)
Keypad ZP11292005
Case Upper, Lower ZP11919011
Screw Lower-case 3/8-16 x 1 SCFH3716
retaining screw flat-head,
stainless-steel
Ribbon Cable Keyboard/Computer WRFC092601
Board Cable
(9-conductor)
Ribbon Cable Display/Computer WRFC142602
Board Cable
(14-conductor)
Ribbon Cable | Computer Board/ WRFC162603
Cable Amp.—High
Voltage Board
(16-conductor)
Access door ZP11292012
Access door latch HDFAI10
Battery 1.5V, “C” cell, BTCZ6
carbon-zinc
Display lens ZP11292013
Speaker Retainer ZX11292013
CHANGE 1
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oerecroni

Figure 7-2. Functional Block Diagram for Amplifier,
High Voltage and Speaker
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Figure 7-3. Low Voltage Functional Block Diagram
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NOTES: )

1. RESISTORS ARE 74w, 5% EXCEPT AS M OTED,
RESISTOR VALUES ARE IN OMMS, K:103, m:ic®

2.CAPACITOR VALUES ARE iN MICROFARADS
EXCEPT AS NOTED,

LT3 R20 |
113

Qi
N 2n4401 A G

SPKR <  2N4OI

K1
en

Q2 i
2N4401

QND
CNT

Hy

Figure 7-6. Amplifier/High Voltage Schematric, 11292-D04D (sheet 2 of 2)

CHANGE |



_____ 52480 = — — — — .
"_‘ e TS 4 s 2 © '%"F'EU’
FEIER I
. B £ H ' 2n

[ 3 S

-_—— - — - —r

MODEL ESP-1

NS
« RESISTORS ARE Zaw, S %%, EICEPT
45 NOTED
AWSISTOR vALUES ARE 1N DmmS,
© e Muic?
<o TAPACITOR vALUES AJE N M TRDFaGADS
~1TEPY AS NTTED,

TMPUTER BOARD

A} Ot = GND

WV O —mm amt Vo
]

Yo —O————— Vo
]

T av— — o - -

Z.NE 5 plmaAR

L.l TTRIse
z N S T
w 3 o € ® a » 2 2
EE] Q s &6 ¢c o . 2
‘ 3 FEAT I
‘ PDIJT TR
)

\ T 3353l
1 ’ i ‘ J : ‘\1 « & « o« « <
! —————v i —_—
Do T LA - R
| L 'O'¢$ i
. 1 KT ~
I | ST |
: . 7 2 I
' ' I w [ i = 3 ¢ = ‘ !
i l"w - = AOMNH2 T:q/i ’ ‘
ri]es3d =
UL e o 900 -y L zﬁ:}f{.’.
Pt ' Q) &1 OnsOsE P2,0@HAE bR R e ‘
s P - N —— —_ N i
i S Xe} ac | 3 ¢ V
()P12 MODE 22 -2 100,¢ [
@ru neser P23@A i l S Ve !
Puosexn 20 G2 4 Tex0? |
(&) ris PR ON 10U
P -2J®Au._
r‘—r——ll/t’\-b ANIOLT pan AN
r——— e TR U f“{;’m P i
—o—‘—:—&—@!m TAMASK (1N PiIQ® —
Y‘I . $ J0ex STIEMASK uni vm@“ .. ; .
192 fev NI TRITD . o3 P3 PE-CAN
- (P11 10w saT ira R “'@‘_' ! D A ‘
(Qr cNTUNITO ro2@H2 ) | W2ry T
A | ‘_Q_JX = f
@ rasgi | | R 2% O
P15 W roa ADI[’I 7‘1.:,33(;\
—_ — | a3s I s
.t rasgpALs BT o |
n a rosTDA08 DER-20s ;
= " 80¢) ap7| | 2% D :
5 ! | ,Q;@@_ - ~ i
onD | Vtg‘ vee MicROCOMPuTER | ‘
GND 00— -
< vas  FEN aie
eNT
) '
10 pat E’“O; --9-®-©-- ~ 5
Fry 1
SCLR-MASK i o
CAL-MASKo
P
AW
FWEON
ve '
oy o
ve g 4 ‘LCI
et 1Y T9 W [
™0 +
| ' '
i
(K * —— e e — —
-— IR EPI R I INATIRARID L - TEST CONNECTOR

Figure 7-7. Microcomputer Schematic, 11292-D04D (sheet | ar 2)

CHANGE |

49



TURN OFF

1

SET FOR
“SLEEP”

\

( SLEEP** )

* Pressing ON/OFF ailways
starts the program at BEGIN.

** Microcomputer stays in this
mode until ON/OFF keypad
15 pressed. which causes
the logic to return to BEGIN.
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Figure 7-8. Logic Flow-Applying Power
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Figure 7-10. Logic Flow-Inquiry/Calibration

52 CHANGE 1



SCALER MODE

SELECT UNITS TO INTEGRATE:
“EVENTS" FOR CNTS *1
“RATE METER UNITS"
FOR CNTS *CC

SCALER ALARM

PARAMETER =
“SCALER ALM SET”

.PARAMETER
(Figure 7.12)

PARAMETER =
“COUNT TIME"

DISPLAY:
“CNT FOR (CNT TIME)"
“‘RESET' TO START"
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Figure 7-12. Logic Flow- Parameter Setting
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SECTION VIII

DETECTORS AND ACCESSORIES

DETECTORS RECOMMENDED FOR USE WITH ESP-1

. RANGE WITH ESP-1

MODEL NO.| TYPE MEASUREMENT USEFUL + /-5 PERCENT*
HP-270 Exposure or Exposure Rate Background to 3000 mR/h 1 to 3000 mR/h
HP-290 Exposure or Exposure Rate 0.005 to 60 R/h 0.01 to 40 R/h
HP-190A Beta-gamma Contamination Background to 25,000 cnts/s 14 to 25,000 cnts/s
HP-210L Beta-gamma Contamination Background to 100,000 cnts/s 14 to 100,000 cnts/s
HP-210T Beta-gamma Contamination Background to 100,000 cnts/s 14 to 100,000 cnts/s
HP-260 Beta-gamma Contamination Background to 100,000 cnts/s 14 to 100,000 cnts/s
AC-3 Alpha Contamination Background to 50,000 cnts/s 14 to 50,000 cnts/s
NRD Neutron Dose Equivalent or

Dose Equivalent Rate 0.001 to 200 rem/h 0.02 to 200 rem/h

LEG-1 Low Energy Gamma or X-Ray Background to 50,000 cnts/s 14 to 50,000 cnts/s
SPA-3 High Sensitivity Gamma Background to 50,000 cnts/s 14 to 50,000 cnts/s
SPA-6 Medium Sensitivity Gamma Background to 50,000 cnts/s 14 to 50,000 cnts/s

*Rate Meter Mode provides + / — 5 percent standard deviation readout capability or better over the indicated range.

CHANGE 1
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Models HP-270 and HP-290

Hand Probes

A. GENERAL DESCRIPTION

The HP-270 is an excellent general purpose G-M probe
with energy compensation and a beta shield, making it
the choice for most health physics applications. The
energy compensation permits reliable exposure rate
measurement from background to 3000 mR/h.

The HP-290 is a higher range G-M probe with energy
compensation, providing reliable exposure rate mea-

surement from 0.1 mR/h to 40 R/h.

® Energy Compensated for Gamma and
Exposure Rate Measurements

B. SPECIFICATIONS

Operating Voltage:
Plateau Length:
Plateau Slope:

Dead Time:

Temperature Range:

Wall Thickness:
Wall Material:
Gamma Sensitivity:
Energy Response:
Housing:
Connector:

Size:

Weight:

HP-270

900 +50V
100 V minimum

0.1 percent per V
maximum

100 us maximum

—-40°F to +167°F
(-40°Cto +75°C)

30 mg/cm? (tube only)
Stainless steel

= 1200 cpm/mR/h (**’Cs)
See curve

ABS plastic

BNC series coaxial

1%/s inches in diameter x
6 inches long
(3.5cm x 15.2cm)

5 ounces (142 g)

C. AVAILABLE ACCESSORIES

Cable: CA-16-60

Check Source: CS-7A

HP-290

550 xS0V
100 V minimum
0.2 percent per V maximum

20us maximum Model HP-270
—40°F to +167°F
(—40°Cto +75°C)
90 mg/cm? (tube only)
Stainless steel
=80 cpm/mR/h ("*'Cs)
See curve
ABS plastic
BNC series coaxial
1'/s inches in diameter x
3% inches long
(2.9cm x 8.9 cm) T
2 ounces (57 g) ::
22 1 i
2 f : | FHP-270 OPEN
é 8i— . I
g :4‘ [ he20
8‘5 12 ] \\
: e 10 ]I l —_
% ‘E :‘ [/ %mv»zrocu_@egL ]
p—/A
2 . ] i
oL I J
10 100 1000

GAMMA ENERGY (keV)
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Models HP-210 and HP-260
Hand Probes

A. GENERAL DESCRIPTION

These hand probes provide a sensitive beta detector
featuring a ‘‘Pancake’” GM tube with a thin mica win-
dow. They are designed for contamination surveys on
personnel, table tops, floors and equipment. The open
window, which is protected by a sturdy wire screen, per-
mits useful beta sensitivities down to 40 keV. The detec-
tor is alpha sensitive (above 3 MeV).

The HP210-L with a lead shield and the HP-210T with a
tungsten shield permit relativelv low-level beta monitor-
ing in a gamma background. The shielding ration for
*®Co gamma (front: back) is 4:1. The HP-260 is a
lightweight probe without any gamma shielding.

B. SPECIFICATIONS

Operating Voltage: 900 +50 V

Plateau Length: 100 V minimum

Plateau Slope: 0.1 percent per V maximum
Dead Time: 50 us maximum

Temperature Range: —22°F to + 167 °F
(-30°Cto +75°C)

Mica Window Thickness: 1.4 to 2.0 mg/cm?

Mode! HP-260

CHANGE |

Mica Window Size: |1.75-inch-diameter
(4.45 cm); 2.4 in* (15.5 cm?)

Gamma Sensitivity: =3600 cpm/mR/h (**7°Cs)
(into window)

*Beta Efficiency:
=45 percent **Sr-**Y
=30 percent **T¢
=10 percent '*C

Alpha Sensitivity: 3 MeV at window
Connector: BNC series coaxial

C. AVAILABLE ACCESSORIES

Sample Holder: SH-4A for use with HP-210
Cable: CA-16-60
Check Source: CS-7A

*Efficiencies with screen in place. Screen removal will
increase efficiency by =45 percent of stated value.
Efficiencies listed as percentage of 2x emission rate,
from a one-inch-diameter source.

Model HP-210T /Model HP-210L
Y
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Model NRD .
Neutron rem Detector '

A. GENERAL DESCRIPTION

The Model NRD neutron rem detector is a nine-inch-
diameter, cadmium-loaded polyethelene sphere with a
BF, tube in the center for use as an area monitor. This
detector has been shown to have an energy response
which closely follows the theoretical dose from neutrons
over the energy range from 0.025 eV (thermal) to about
10.00 MeV.' * The BF, tube allows excellent gamma
rejection.

B. SPECIFICATIONS

Detector: BF, tube in nine-inch cadmium-loaded
polyethelene sphere.

Plateau: Approximately 200 V with a slope of S percent
per 100 V.

Operating Voltage: Dependent on sensitivity of counter
and cable length. Typically 1600 to 2000 V.

Directional Response: Within + 10 percent.

Energy Range: Thermal to approximately 10 MeV.

58

Gamma Rejection: Up to 500 R/h, dependent on high
voltage setting.

Sensitivity: Approximately 50 cpm per mrem per hour
(3000 counts per mrem).

Connector: MHYV Series coaxial.

Size: 9-inch-diameter x 97/-inch overall height (22.9
cm x 25.1 cm).

Weight: 13.75 pounds (6.24 kg).

C. AVAILABLE ACCESSORIES
Cable: CA-15-36

Bracket: Wall Mounting Model ZP10478021

*‘A Modified Sphere Neutron Detector,”” D.E. Hankins.
LA-3595.

-

‘“The Substitution of a BF, Tube for the Lil Crystal in Neutron
rem Meters”'. D.E. Hankins: Health Physics Journal; Volume 14,
Number 5, May 1968.

NRD

® MEASURES NEUTRON DOSE RATE
FROM THERMAL THROUGH FAST

' ® BF, TUBE GIVES HIGH GAMMA REJECTION

CHANGE 1
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Model HP-280
Neutron Sphere

A. GENERAL DESCRIPTION

The Model HP-280 is a three-inch-diameter cadmium-
covered polyethylene sphere which uses the same BF,
tube as the NRD nine-inch sphere. HP-280 readings are
to be taken with the same tube as the NRD. No tube is
supplied with the HP-280.

The cadmium covering over the HP-280 will cause the
detector to reject thermal neutrons. Because of the
smaller moderating volume of polyethvlene of the
HP-280, it will overrespond to lower energy neutrons
and underrespond to higher energy neutrons as com-
pared to the nine-inch sphere. Thus, in the energy range
in which the HP-280 responds, a ratio of reading bet-
ween the nine-inch and three-inch spheres will give in-
formation as to the energy spectrum of the neutron flux.

This energy information has been correlated to the energy
dependence of the albedo neutron TLD dosimeter (see
references 1 and 2 below). This energy correlation is shown
as a calibration factor which would be applied to the
neutron response of an albedo dosimeter.

For a more complete understanding of the phenomenon
described above, refer to the following papers:

“A Modified Sphere Neutron Detector,’’ D.E. Hankins,
LA-3595.

*‘The Substitution of a BF, Tube for the Lil Crystal in
Neutron rem Meters.”” D.E. Hankins: Health Physics
Journal; Volume 14, Number 5, May 1968.

HP-280

CHANGE |

B. SPECIFICATIONS

Detector: BF, tube is not supplied with this sphere. Use
the same tube as in nine-inch sphere.

Electronics: Suitable for use with many Eberline
counters and scalers.

Length: Approximately 6% inches (15.9 cm).

Weight: 2 pounds (0.91 kg) less detector tube.

Calibration with Monoenergetic Neutrons
by National Bureau of Standards

Energy, keV Typical Response cpm per mrem/h

PRS-2P/NRD PRS-2P/HP-280
2 215 1835
24 240 1320
144 80 200
235 70 . 160
515 3s 35
754 35 25
1054 35 15

C. AVAILABLE ACCESSORIES

Detector: BF, Tube
Cable: CA-15-36
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MODEL ESP-1

Model AC-3
Alpha Scintillation Probe

A. GENERAL DESCRIPTION

To meet the various requirements in the field of alpha
monitoring and the different types of instruments, the
AC-3 alpha scintillation probe has been designed for
alpha surveys or for personfiel monitoring. The AC-3 is
a rugged alpha probe designed to work with several
Eberline portable survey or radiation monitoring in-
struments,

There are two versions of the AC-3, differing only in the
window assembly. The AC-3-7 designates a maximum

B. SPECIFICATIONS

Active Area: 9.1-in? (59 cm?) within 5.75-inch x
2-inch (14.6 cm x 5.1 cm) sampling area.

Window Thickness: 0.5 mg/cm? aluminized Mylar® .

Efficiency: From a |-inch-diameter source or from
59 cm? of a large distributed area
%Py source (2x).

AC-3-7 shown with optional check source

open area window for alpha surveys, and the AC-3-8
designates a rugged window which has a fine mesh pro-
tector over the Mylar® for personnel monitoring.

The Mylar® window is a ‘‘sandwich’’ assembly which
can be replaced by the removal of six screws. This win-
dow can also be used on older AC-3 probes without
modification.

There is a clear plastic probe face cover supplied to pro-
tect the window when the probe is not in use.

AC-3-7 window: 28 percent minimum,
31 percent typical.
AC-3-8 window: 18 percent minimum,
20 percent typical.

C. ACCESSORIES
Cable: CA-12-60

_Check Source: C-10 or C-12

@ LARGE AREA COVERAGE
© SUBMERSIBLE FOR DECONTAMINATION
@ FACE ASSEMBLY EASILY CHANGED

CHANGE |



MODEL ESP-1

Model LEG-1
Low-Energy Gamma Probe

A. GENERAL DESCRIPTION

The LEG-1 is a gamma scintillation probe for detection
of low-energy gamma and x-rays. It is designed for the
detection of '**] and other low-energy gamma emitters.

B. SPECIFICATIONS

Crystal: l-inch-diameter x 0.04-inch-thick with
0.001-inch window (2.54-cm-diameter x 1-mm-thick
Nal(Tl) scintillation crystal with a 0.025-mm aluminum
window). The total window thickness of the probe, in-
cluding the housing, is 0.011 inch (0.28 mm) aluminum
or 75.4 mg/cm?.

Sensitive Area: 0.79 in? (5.1 cm?)
Photomuitiplier Tube: 1-inch-diameter (2.54 cm),

11-dynode with Si1 response. The PM tube is enclosed
in a magnetic shield.

Maximum Voltage: 1500 V

Operating Voltage: Variable depending upon applica-
tion.

Current Requirement: Divider string is approximately
110 MQ, using 10 gA at 1100 V.

Dimensions: .65 inches in diameter x 7.9 inches long
(4.2cm x 20 cm).

Weight: 12 ounces (340 g)
Connector: Eberline CJ-1 which mates with Eberline

CP-1. Cable must be specified.

C. AVAILABLE ACCESSORIES

Cable: CA-12-60

CHANGE 1
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- MODEL ESP-1

Model SPA-3
Scintillation Probe

A. GENERAL DESCRIPTION

The Model SPA-3 scintillation probe is a rugged, water-
proof gamma detector designed for high sensitivity of
pulse-height applications.

The SPA-3 contains a 2-inch-diameter, 2-inch-long
Nal(TI) crystal, a 2-inch, 10-stage photomultiplier tube,

tube socket with a dynode resistor string, and a mag-
netic shield.

B. SPECIFICATIONS

Crystal: Nal(TI), 2-inch-diameter x 2 inches long
(5.1 cm x 5.1 cm).

Photomultiplier Tube: =2-inch-diameter, 10-dynode,
end-window with S-11 photocathode.

Operating Voltage: Variable dependent upon applica-
tion.

Max:mum Voltage: + 1600 V

62

Sensitivity: = 1200k cpm per mR/h with '*’'Cs

Current Drain: =120 M{} resistance string yields 10 A
at 1200 V.

Wall Material: Aluminum

Wall Thickness: !/s-inch (0.32 ¢cm), Yie-inch (0.16 cm)
at crystal.

Connector: Mates with Eberline CP-1.
Finish; Enameled body with chrome-plated connector.

Size: 2%/s-inch-diameter x 11'/s inches long (6.7 cm x
28.3 cm).

Weight: 3.25 pounds (1.5 kg)

C. AVAILABLE ACCESSORIES
Cable: CA-12-60

e HIGH GAMMA SENSITIVITY
® 2-INCH x 2-INCH Nal(TT) CRYSTAL
® RUGGED CONSTRUCTION

CHANGE 1



MODEL ESP-1

\\;

Model HP-190-A vy
Hand Probe '

A. GENERAL DESCRIPTION

The Model HP-190A hand probe uses a thin end-
window GM tube for detection of relatively low energy
beta and provides a limited sensitivity to high energy
alpha particles. The HP-190A does not have energy
compensation; therefore, it is not recommended for
gamma exposure rate measurements.

B. SPECIFICATIONS

Operating Voltage: 900 + SO0V

Plateau Length: 100 V minimum

Plateau Slope: 0.1 percent per V maximum

Dead Time: 200 ys maximum

Temperature Range: —67°Fto +167°F

(-55°Cto +75°QC)

Mica Window Thickness: 1 !/s- inch-diameter (2.9 cm)

@ THIN END WINDOW
® HIGH BETA SENSITIVITY

® WINDOW PROTECTIVE SCREEN

CHANGE 1|

Gamma Sensitivity: =2500 cpm/mR/h ('*'Cs) (into
window)
*Beta Efficiency:
=35 percent °*°Sr-*°Y
=25 percent **Tc
=10 percent '“C
Alpha Sensitivity: 3 MeV at window
Connector: BNC series coaxial

Size: 1 3/8 inches in diameter x 4 7/ inches long
(3.5cm x 12.4 cm)

Weight: 5.5 ounces (155 g)

*Measured without screen cap. With cap in place, effi-
ciency will be =50 percent of values listed. Efficiencies
listed as percent of 2x emission rate from a one-inch-
diameter source.
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WARRARTY CERTIPICATE

Ludlum Measurements, Inc. warrants the products covered in
this Instruccion Manual to be free of defects due to workmanship,
materials, and design for a period of twelve months from date of
delivery, with the exception of photo tubes and geiger tubes,
wnich are warranted defect free to 90 days.

In event of instrument failure, notify Ludlum Mezsuremen<s
Inc. for rerair or replacement. Liability of this warran:zy is
limited to the purchase Frice of the instrument.

RECEIVING CORDITION EXAMINATION

Be sure to verify that the shipping carton is received in

perfectly good condition. For exanple, that no damage should be
visible.

Should the instrument be received in a damaged conditicn,
save the shipping container and the packing material and reques:
an immediate inspection by the carrier,

Ludlum Measurements, Inc. is not responsible for the damage

which occurs during shipment but will make every efiort to help
obtain restitution from the carrier.

RETURN OP GOODS TO MANUFACTURER

If equipment needs to be returned to Ludlum Measurements,
Inc. for rezair, calibration, etc., please do so by the
acprorrlate method of shipment. all shipments should incluce
documenzaticn containing shirping address, customer name anc
telerhone number, and all other necessary information.

Your cooperaticn will expedite the return of your equipment.
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LUDLUM MODEL 65 PORTABLE GAS PROPORTIONAL COUNTER

1. GENERAL 3
The Ludlum Model 65 Portable Gas Proportional Counter is a
self-contained unit utilizing a gas proportional detector mounted
to the counting unit. It is designed to respond to Alpha or
Beta/Gamma Radiation and uses Butane as the counting gas. The
butane supply comes from commercially available cigarette lighter
refill bottles.

2. SPECIFICATIONS

LINEARITY: plus or minus 5% of full scale
DISCRIMINATION: 4 millivolt for proportional use
HIGH VOLTAGE: variable from 700 to 2500 volts

BATTERY: NEDA 1604 (9-volt, rectangular transistor radio); 30
hour life

AUDIO: built-in unimorph speaker

COUNTING RANGES: meter presentation of 0 to 500 Counts-per-Minute
with multipliers of X1, X10, X100, XlK

METER: 50 micro-amp, 1 3/4-inch scale with pivot-and-jewel
movement

FINISH: aluminum case with computer-beige polyurethane enamel
SIZE: 10 inches x 8 inches x 6 1/2 inches (L x H x W)
WEIGHT: 51lbs. B8oz.

DETECTOR: 100 cm2 open area gas proportional type using
butane as counting gas.



LUDLUM MODEL 65 PORTABLE GAS PROPORTIONAL COUNTER

3.

DESCRIPTION OF CONTROLS AND PUNCTIONS

(1) Fast-Slow Toggle Switch, when in the F position, provides a
90% of full-scale meter deflection of two (2) seconds. In S
position, a 90% of full scale meter deflection takes six (6)
seconds. Set on "F" for fast response and large meter deviation.
The "S" position should be used for slow response and damped meter
deviation.

(2) Range Multiplier Selector Switch is a S-position switch
marked OFF, X1K, X100, X10, Xl. Moving the range selector switch
from OFF to one of the range multiplier postions (X1, X110, X100,
X1K) provides the operator with an overall range of
0-500K Counts/Minute. Multiply the scale reading by the
multiplier for determining the actual count rate.

(3, 5, 8, 9) Range Calibration Adjustments are 1/8" holes with
recessed potentiometers located underneath the cover plate on the
front panel of the instrument. These adjustment controls allow
individual calibration for each range multiplier.

(4) Bigh Voltage Adjustment is also a recessed potentiometer
adjustment located underneath the cover plate. This control
provides a means to vary the high voltage from 700 to 2500 volts.
The high voltage setting may be checked at the high voltage
connector with an appropriate voltmeter, by pressing the HV TEST
and noting the reading on the meter.

(6) BV TEST pushbutton, when pressed, indicates the high voltage
Ssetting on the meter.

(7) BAT TEST, when depressed, provides a visual means of checking
the battery charge status. The instrument must be turned on to do
this check.

(10) Unimorph speaker, located behind the front panel, provides
the audio for the instrument.

(11) RESET Button provides a rapid means to discharge the meter
to zero.

(12) AUDIO ON-OFF Toggle Switch, in the ON position, operates the
unimorph speaker. The frequency of the clicks is relative to the
rate of the incoming pulses. The audio should be turned OFF when
not required, reducing the battery drain.

(13) COUNTS/MIN readout is on a dual scale meter with a range of
0 to 500 COUNTS/MIN and a scale of 0 to 2.5 KV. There is also a
battery check area on the meterface to be used with the BAT TEST
button.
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(14)
bar.

(15)
flow

(16)

ON/OFF Gas toggle valve, is actually 2 valves connected by a
These valves shut off the detector gas outlet and inlet.

FLUSH/FLOW toggle valve controls the gas flow rate. The
rates are adjusted by needle valves within the lower case.

Pressure regulator makes certain that only vapor enters

detector. The regulator set knob is covered by an aluminum cap
located above the FLUSH/FLOW valve.

OPERATING PROCEDURES

4.1

4.2

4.3

4.4

Turn the instrument range multiplier switch to X1K. Depress
the TEST button and check the condition of the battery. The
meter should deflect to the battery check portion of the
meter scale. If the meter does not respond, check the
battery and replace if necessary by removing the clip
underneath and to the front of the instrument.

Place spout of butane bottle into hole in mounting bracket
and push in. HUTTON or ZIPPO cigarette lighter refill
bottles will work in this unit. Slide holding plate behind
neck of bottle to secure in place. Turn ON/OFP toggle valves
to the ON position and turn the FLUSH/FLOW toggle valve to
the FLUSH position. Flush the detector for approx. 1l min.
Turn FLUSH/FLOW valve to FLOW.

Expose the detector to a radiation check source. The speaker
should click with the audio switch to the ON position.

Move the range to the lower scales until a meter reading is
indicated. The toggle switch labeled P-S should have fast
response in the "F*® position and slow response in the "S"
position.

Depress the RES switch. The meter should zero.

Check calibration and proceed to use the instrument.

After use turn gas flow valve OFF and remove butane bottle.

CAUTION: REMOVING BUTANE BOTTLE SBOULD BE DONE OUTSIDE OR
IN LARGE WELL VENTILATED ROOMS.

-l



LODLUM MODEL 65 PORTABLE GAS PROPORTIONAL COUNTER

5.

CALIBRATION

5.1

5.2

5.3

5.5

5.6

5.7

1
Remove the counter and connect a pulse generator. Determine
the pulse rate for 3/4-scale deflection on one calibrated
range. Using this as a reference, increase (or decrease)
this rate by factors of 10 for calibrating each succeeding
range.

GAS FLOW RATE CALIBRATION: 1Insert butane bottle spout into
seat and push in. Secure bottle in place by sliding holding
plate behind neck of bottle. Connect exhaust tube to a
flowmeter and switch FLUSH/FLOW valve to FLUSH. Allow a few
minutes for flow to stabilize and check for a rate of
approximately 50 cc/m. To adjust rate, look thru holes in
lower case on FLUSH/FLOW and locate the flush and flow
adjustments. Flush adjustment is closest to side of case.
Turning screw head adjusts flow rate. To adjust FLOW, ignite
the end of the metal tube protruding from the lower case.
Adjust flow to make flame approximately 1/4 inch high. This
is a flow rate of less than 10 cc/m.

Detector Operating Point: The instrument sensitivity is set
at 4 millivolt discrimination. After flushing the detector,
adjust HV to 1800 volts.

Place detector on alpha check source and increase HV in steps
of 50 volts until a reading of approximately 50% of alpha
test source value is obtained with 2 cpm or less background
counts. Record H.V.

Run background on High Voltage, starting at the voltage
recorded in step 5.4. Increase voltage in 50 volt increments
to excessive background counts, greater than 500 cpm. Record
voltage.

Place detector on Beta calibration source. Run plateau
starting at voltage recorded in step 5.4 to maximum voltage
recorded in step 5.5.

EXPECTED EFPICIENCIES:

TH-230 S0s
C-14 15%
Tc-99 308
Cs=-137 30%
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MAINTENANCE Y

NOTE: NEVER STORE THE INSTRUMENT OVER 30 DAYS WITHOUT REMOVING
BATTERY. ALTHOUGH THIS INSTRUMENT WILL OPERATE AT VERY HIGH
AMBIENT TEMPERATURES, BATTERY SEAL FAILURE CAN OCCUR AT
TEMPERATURES AS LOW AS 1000 FAHRENHEIT.

Instrument maintenance consists of keeping the instrument clean
and periodically checking the battery and calibration.

An instrument operational check should be performed prior to each
use by exposing detector to a known source and confirming proper
reading on each scale.

Remove the battery when not in daily use. Test the reinstalled
battery with the battery test switch.

OVERHAUL

To remove the counter, remove the four thumbscrews.

To remove the probe face, remove the face screws. Keep the probe
clean. Replace the face.

To open the counting instrument: (1) remove it from the probe,
(2) remove the four screws on the bottom of the adaptor plate, (3)
lift open the counting instrument.

CAUTION: With the instrument open, the 2500-volt high voltage
contact is exposed.

To access flow valves, remove the six screws holding the probe
onto lower case.
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BILL OF MATERIALS
CHASSIS WIRING, DRAWING 312 X 6

SWITCHES

sl MRB 2-5 08-6514
§2-83 MST 105D 08-6511
sS4 30-1 GRAYHILL 08-6517
§5-56 923 SWITCH CRAFT 08-6518
METER

Ml BEEDE 2 1/2" 912847 0-50 MA 15-8014
SPEAKER

DSl UNIMORPH 21-9251
BATTERY

BTl 9 VOLT ALKALINE 21-9282
JACK

Jl TINIJAX #41 21-9287
RESISTORS

Rl 2K 10-7011
R2 8.2K 10-7015
CAPACITORS

Cl .022MF, 100V, P 04-5516

-7 -
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BILL OF MATERIALS

CIRCUIT BOARD, DRAWING 312 X 9

CAPACITORS

Cl-C2
C3

C4
C5-Cé6
C7-C9
Clo
Cll
Cl2
Cl3
Cl4
Cls
Clé6
cl7?
cls
Cl9
C20
c2l
c22
ca3
C24-C25
C26
ca7
cas

.0015ufF, 3KV, C
.0027ufF, 3KV, C
.0015uF, 3KV, C
100PF, 3KV, C
.lufF, 35v, T
.1uP, 10V, C
100PF, 3KV, C
.0luF, SOV, C
.luF, 10V, C
100PF, 3KV, C
.0lupP, 100V, C
.001uF, 600V, C
100uP, 10V, DST
100PP, 100V, NPO
.1uf, 10V, C
.01luf, S0V, C
.001luF, 500V, C
.1uf, 10V, C
.0022uP, 100V, P
100uf, 10V, DST
.00‘7“?, IOOV, P
100uF, 10V, OST
100pPP, 100V, C

MPS6534
2N2714
MPS6534
VN2222L
2N2714

INTEGRATED CIRCUITS

ol
02
o3
U4

LM358

CA3096
CD4093
CA3096

04-5518
04-5520
04-5518
04-5532
04-5574
04-5521
04-5532
04-5523
04-5521
04-5544
04-5523
04-5562
04-5576
04-5527
04-5521
04-5523
04-5546
04-5521
04-5580
04-5576
04-5513
04-5576
04-5527

05-5763
05-5755
05-5763
05-5816
05-5755

06-6024
06-6023
06-6030
06-6023



LUDLUM MODEL 65 PORTABLE GAS PROPORTIONAL COUNTER

DIODES

CR1-CR4 MR250-2

CRS AD589

CR6 1N4148
RESISTORS

Rl 10M

R2-R3 22M

R4 47K

RS 270 OHM

R6 2.2K

R7 10K -
R8 1M

R9 10K

R10 47K

Rll 100K

R12 10K

R13 100K

R14 1K

R15 100K

R16 10K

R17 47K

R18 2.7M

R19 10K

R20 2.2M

R21 SO00K TRIMMER POTENTIOMETER
R23 10M

R24 100K TRIMMER POTENTIOMETER
R25-R28 SO00K TRIMMER POTENTIOMETER
R29 560K

R30 330K

R31 10K

R32 47K

R33 10M

R34 100K

R35-R36 10K

R37 2.7K

R38 120K

R39 390K

R4l 150K

R42-R45S 1 MEG

R46 10K

R47 10K TRIMMER POT
R48 1K

R49 22K

R50 68K

R51 1GIG

07-6266
07-6057
07-6272

10-7031
10-7034
10-7020
10-7007
10-7012
10-7016
10-7028
10-7016
10-7020
10-7023
10-7016
10-7023
10-7009
10-7023
10-7016
10-7020
10-7029
10-7016
10-7052
09-6792
10-7031
09-6789
09-6792
10-7027
10-7051
10-7016
10-7020
10-7031
10-7023
10-7016
10-7055
10-7050
10-7069
10-7024
10-7028
10-7016
09-6794
10-7009
10-7070
10-7049
12-7686
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WARRANTY CERTIFPICATE

Ludlum Measurements, Inc. warrants the products covered in this
Instruction Manual to be free of defects due to workmanship,
materials, and design for a period of twelve months from the date of
delivery, with the exception of photomultiplier tubes and geiger
tubes, which are warranted defect free to 90 days.

In the event of instrument failure, notify Ludlum Measurements,
Inc. for repair or replacement. Liability of this warranty is limited
to the purchase price of the instrument.

RECEIVING CORDITION EXAMINATION

. Be sure to verify that the shipping carton is received in
perfectly good condition. For example, that no damage should be
visible.

Should the instrument be received in a damaged condition, save
the shipping container and the packing material and request an
immediate inspection by the carrier.

Ludlum Measurements, Inc. is not responsible for the damage which
occurs during shipment, but will make every effort to help obtain
restitution from the carrier.

RETURN OP GOODS TO MANUFACTURER

If equipment needs to be returned to Ludlum Measurements, Inc.
for repair, calibration, etc., please do so by the appropriate method
of shipment. All shipments should include documentation containing
shipping address, customer name and telephone number, and all other
necessary information.

Your cooperation will expedite the return of your equipment.



__***NODEL 19 ADDENDUM SHEE. ek

Q5 AND Q6 HAVE BEEN CHANGED FROM 2N3877 TO 2N3904.
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LUDLUM MODEL 19 MI O R METER

l.
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GENERAL

The Ludlum Model 19 Micro R Meter utilizes an internally-mounted,
1" x 1™ NaI(Tl) scintillator to offer an optimum performance in
counting low-level gamma radiation. Designed to be moisture and
dust resistant, conveniences are not overlooked as the unit
features a pushbutton lighted meter.

Five range divisions are provided from which to select the most
desirable range in the 0-5000 micro R/Hr spectrum. The meter face
is made up of two scales, 0-50 and 0-25, plus battery test. The
0-50 scale corresponds to the 50, 500 and 5000 positions on tae
range selector switch. The 0-25 scale corresponds to the 25 and
250 positions on the range selector switch.

The instrument is capable of using either the standard flashlight
battery or the nickel-cadmium, rechargeable battery. However, the
Model 19 does not include circuitry for.recharging the batteries.

All controls, including a calibration potentiometer for each
range, are located on the front panel. Two "D" cell batteries are
located in an isolated compartment and easily changed from the
front panel. The meter is housed in a rugged, two-piece aluninum
bezel with waterproof seals.

SPECIFICATIONS
LINEARITY: plus or minus 5% of full scale
INPUT IMPEDANCE: 0.1 megohm

HIGH VOLTAGE: variable from 400 to 1500 volts DC, electronically
regulated to within -1%

CALIBRATION STABILITY: less than 15% variance to battery end
point

BATTERY COMPLEMENT: two standard size "D" cell batteries, secured
with screws and a gasket for dust and moisture proofing

AUDIO OQUTPUT: built-in unimorph speaker and ON-OFF switch
provided on front panel

COUNTING RANGES: 2-scale meter face presenting 0-50 Micro R/Hr
with full scale range positions of X5000, X500 and X50; and 0-25
Micro R/Br with range selections of X250 and X25

METER: 1lmA, 2 1/2-inch scale
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HV Adjustment provides a means to vary the high voltage from 400
to 1500 volts.

Range Calibration Adjustments are recessed potentimeters located
under the calibration cover, on the right side of the front panel.
These adjustment controls allow individual calibration for each
range multiplier.

OPERATING PROCEDURES

The Model 19 is a simple instrument to operate. All controls and
adjustments are located on the front panel along with the battery
compartment. The 1" x 1" NaI(Tl) Scintillator is mounted
internally, deleting external cords or cables.

4.1 Prior to Turn-on

a. Check the batteries -- type installed and condition.
b. Adjust the audio ON-OFF switch as desired.
€. Adjust the meter response switch as desired.

4.2 Turn-on

a. Range Selector Switch: Select the 0-5000 range.

b. BAT TEST Button: Depress. Check the BAT test on the
appropriate scale. Replace the batteries if the meter
pointer is below the battery CHK line.

€. Light Button: Depress. Check for light on the neter
face.

d. Meter Response Switch: Check the response in the "F" and
"S" positions.

e. Audio ON-OFF Switch: Check for audio indication.

f. Check the instrument for the proper scale indication with
a known source. Check all the ranges for the appropriate
scale indication.

g. Reset Button: Depress. Check to see that the meter
pointer returns to the zero position.

h. The instrument is ready for monitoring.

CALIBRATION

The. Model 19 radiation response is energy-sensitive. The detector
plateau-characteristic must be detemined for the anticipated
radiation nuclide. The following is an example calibration:

5.1 Remove the instrument from its case.
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DETECTOR: RCA 6199 coupled to a 1" x 1" NaI(Tl) crystal mounted
inside the instrument housing

FINISH: instrument housing of drawn-and-cast aluminum fabrication
with computer-beige, polyurethane enamel and silk-screened
nomenclature; rubber-booted switches

SIZE: 6.4 inches x 3.4 inches x 8.0 inches (H x W x L exclusive
of handle) )

WEIGHT: 4.5 pounds

DESCRIPTION OF CONTROLS AND FUNCTIONS

Range Selector Switch is a 6é-position switch marked OFF, 5000,
500, 250, S0 and 25. Moving the range selector switch to one of
the range positions (5000, 500, 250, SO, 25) provides the operator
with an overall range of 0-5000 Micro R/Br. Note that the range
positions 5000, 500 and 50 are screened in black and correspond to
the meter scale, screened in black. The range positions 250 and
25 are screened in red and correspond to the meter scale, screened
in red.

AUDIO ON-OFF Toggle Switch, in the ON position, operates the
unimorph speaker, located on the left side of the instrument. The
frequency of the clicks is relative to the rate of the incoming
pulses. The higher the rate is, the higher the audio frequency.
The audio should be turned OFF when not required to reduce battery
drain.

Fast-Slow Toggle Switch provides meter response. Selecting the
"F" position of the toggle switch provides 90% of full scale meter
deflection in 3 seconds. In "S" position, 90% of full scale meter
deflection takes 11 seconds. 1In "F" position, there is fast
response and large meter deviation. ®S® position should be used
for slow response and damped, meter deviation.

BATTERY Pushbutton Switch, when depressed, indicates the battery
charge status on the meter. The range selector switch must be out
of the OFF position.

RES Button, when depressed, provides a rapid means to drive the
meter to zero.

Light Pushbutton Switch, when depressed, lights the meter face.
This switch is marked with an "L".
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NOTE: NEVER STORE THE INSTRUMENT OVER 30 DAYS WITHOUT REMOVING
THE BATTERIES. ALTHOUGH THIS INSTRUMENT WILL OPERATE AT VERY HIGH
AMBIENT TEMPERATURES, BATTERY SEAL FAILURE CAN OCCUR AT
TEMPERATURES AS LOW AS 100° FAERENHEIT. NEGLECTED BATTERY
SEAL FAILURE WILL SURELY CAUSE ONE AWFUL MESS!

Instrument maintenance consists of keeping the instrument clean
and periodically checking the batteries and calibration. Once
initial calibration is performed, recalibration should not be
required if the batteries are maintained in good condition.

An instrument operational check should be performed prior to each
use by exposing the detector to a known source and confirming the
proper reading on each scale.

Under certain conditions, the NRC requires instrument
recalibration every three months. Check the appropriate
regulations to determine the recalibration schedule.

Also at three month intervals, the batteries should be removed and
the battery contacts cleaned of any corrosion. If the instrument
has been exposed to a very dusty or corrosive atmosphere, more
frequent battery servicing should be used.

Use a spanner wrench to unscrew the battery contact insulators,
exposing the internal contacts and battery springs. Removing the
handle will facilitate access to these contacts.



LUDLUM MODEL 19 MI._ ) R METER -

6.

5.2 With the instrument off, remove the HV jumper at the Cl9-RS
junction.

5.3 Connect a pulser to the Cl-R5 junction.

a. Set the pulse height at 80 millivolts, negative.
b. Calibrate the scales as follows:
Scale Reading Bulses/Minute
25 20 3,200
50 40 6,400
250 200 32,000
500 400 64,000
5,000 4,000 640,000

5.4 Connect the jumper back to the C19-R5 junction.

5.5 Replace instrument can
Note: The detector is not light- tight outside of the can.

5.6 Plateau instrument using Americium-241 using E.V. adjust
potentionmeter on front panel.

5.7 Determine the plateau center voltage
a. Remove can
b. Measure H.V. at the detector plug on circuit board.

NOTE: The voltmeter must have a 1,000 megohm/volt, or
greater input impedance or use a Model 500 Pulser.

5.8 Replace instrument can.

5.9 Take the Model 19 to a certified calibration range.
Calibrate each scale for best fit at 1/5 and 4/5 scale. If
the reading error exceeds 10% of reading, record the field
versus the meter reading at S points on the scale. Place a
copy of this meter correction on the instrument case.

5.10 If the calibration range background is too high for the Micro
R scales, calibrate the 5000 scale as in Step 5.9.
a. Turn instrument off and remove instrument from can.
.b. Remove H.V. Jumper
¢. Turn instrument on
d. Connect pulser and determine pulse rate verses micro R/hr
calibration point on 5000 scale.
e. Calibrate the lower scales with Pulser using information
in step (c).
f. Turn instrument off and reconnect H.V. Jumper.
g. Replace can
S.11 Recheck all operating functions of the instrument prior to
use.
MAINTERANCE
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TRARSFORMERS

Tl
T2

RISCELLANEOUS

6 EACH
2 EACH
1l EACH
1l EACH

22k

18k

1M
3.3k

56 Ok
10k

1M

2.7 M
82k

22k

10k
270k
8.2k
82k
100k
SAT.
330 OHM
75k

10k
4.7k
100k 1%
16.5k 1%
10k

1k

200 oM
1M

SAT (Typical 2.2k)
75k

1G

L8050
LVPS

RECPT-CLOVERLEAF 011-6809
PIN-MOLEX 16060007 (SM)
PIN-MOLEX 16060004 (LG)
JACK-TEST 1128-09-0319

ASSEMBLED CIRCUIT BOARD

10-707¢C
10-7018
10-7028
10-7013
10-7027
10-7016
10-7028
10-7029
10-7022
10-7070
10-7016
10-7007
10-7015
10-7022
10-7023

10-7053
10-7074
10-7016
10-7014
12-7557
12-7541
10-7016
10-7009
10-7006
10-7028
10-7012
10-7074
12-7686

40-0902
40-0944

18-8771
18-8792
18-8795
18-8806

5120-006-00
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BILL OF MATERIALS
CIRCUIT BOARD, DRAWING NO. 120 X 6

CAPACITORS

c1 100pF, 3kV, C
c2 100kF, 100V, C
c3 470pF, 100V, C
c4 47pF, 100V, C
cs .01uF, 100V, C
Ccé 22uF, 15V, DT
c7-C8 100uF, 10V, DST
c9 4.7uF, 10V, DT
c10 .1uF, 100V, C
cl1 4.7uF, 10V, DT
C12 22uF, 15V, DT
c13 .01uF, 100V, DT
Cl4-Cl15 100uF, 10V, DT
Cl6 1uF, 35V, DT
c17 .1uF, 100V, C
c1s 100pF, 3kV, C
c19 .0056uF, 3kv, C
C20-C23 .0015uF, 3kV, C
c24 .01uF, 100V, C
TRANSISTORS

Q4 MPS6534

Q5-Q6 2N3904

Q7 MPS6534

INTEGRATED CIRCUITS

Ul CA3096
02 CD4093
u3 CD4098
U4 , CA3096
U5-06 LM358
DIODES

CR2-CRS 1N4007
CR6-CR10 1N4148
CR11l LM3852-1.2
RESISTORS

Rl 22k

R2 2.7 M
R3 10k

R4 470k

04-5532
04-5527
04-5555
04-5533
04-5523
04-5579
04-5576
04-5578
04-5521
04-5578
04-5579
04-5523
04-5576
04-5575
04-5521
04-5532
04-5522
04-5518
04-5523

05-5763
05-5755
05-5763

06-60 23
06-6030
06-6066
06-6023
06-6024

07-6274
07-6272
05-5808

10-7070
10-7029
10-7016
10-7026
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BILL OF MATERIALS

WIRING DIAGRAMN,

ADDIO
Dsl

CONNECZTORS

Pl

SWITCHES

Sl
S2
S3
S4
S5
s6

BATTERY

BTl
BT2

DETECTOR

R2-R10
R11l

CAPACITORS

0
-

g

O‘El"l"

]

DRAWING NO. 120 X 5

UNIMORPH 60690

RIBBON-050-010-455 10PIN

PA-600-210
7101-SYZ-QE TOGGLE
7101-SYZ2-QE TOGGLE
30-1-PB GRAYHILL
30-1-PB GRAYHILL
923 PB SWTCHCRFT

"D*" DURACELL BATTERY
"D" DURACELL BATTERY

1M
10M
18.2M

0.01luF, 2kV

M19 BATTERY BOX LID
BATTERY CONTACT SET
DEEP CAN

M19 CASTING

M19 MAIN HARNESS
M19 RIBBON HARNESS
M19 METER

PORTABLE HANDLE
PORTABLE KNOB

21-9251

13-8064

08-6501
08-6511
08-6511

08-6517

08-6517
08-6518

21-9313
21-9313

10-7028
10-7031
10-7033

04-5525

9120-023
40-1707
40-0266

9367-004

8120-009-00

8367-005
40-1808

7001-012-01

08-6613
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BILL OF MATERIALS
CALIBRATION BOARD, DRAWING NO. 367 X 6

CAPACITORS
c2 0.0022uP, 100V, C 04-5564
c3 0.00luf, 100V, C 04-5519
(o]} 220pF, 100V, C 04-5530
RESISTORS

R12 100k TRIMMER 09-6813
R13 10k TRIMMER 12-7719
R14 10k TRIMMER 12-7719
R1S 10k TRIMMER } 12-7719
R16 10k TRIMMER 12-7719
R17 10k TRIMMER 12-7719
R18 100k TRIMMER 09-6813
R19 1M TRIMMER 09-6814
R20 1M TRIMMER 09-6814
R21 1M TRIMMER 09-6814
R22 1M TRIMMER 09-6814
MISCELLANEOUS .

Pl STRIP-102888-5 10PIN 13-8110
ASSEMBLED CALIBRATION BOARD 5367-002

-10-
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WARRANTY CERTIFICATE

Ludlum Measurements, Inc. warrants the products covered in this
Instruction Manual to be free of defects due to workmanship,
materials, and design for a period of twelve months from the date of
delivery, with the exception of photomultiplier tubes and geiger
tubes, which are warranted defect free to 90 days.

In the event of instrument failure, notify Ludlum Measurements,
Inc. for repair or replacement. Liability of this warranty is limited
to the purchase price of the instrument.

RECEIVING CONDITION EXAMINATION

Be sure to verify that the shipping carton is received in
perfectly good condition. For example, that no damage should be
visible.

Should the instrument be received in a damaged condition, save
the shipping container and the packing material and request an
immediate inspection by the carrier.

Ludlum Measurements, Inc. is not responsible for the damage which
occurs during shipment, but will make every effort to help obtain
restitution from the carrier. .

RETURN OF GOODS TO MANUFACTURER

If equipment needs to be returned to Ludlum Measurements, Inc.
for repair, calibration, etc., please do so by the appropriate me thod
of shipment. All shipments should include documentation containing
shipping address, customer name and telephone number, and all other
necessary information.

Your cooperation will expedite the return of your equipment.
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1. GENERAL
The Model 12 Count Ratemeter provides the required electronic
circuitry for radiation monitoring with proportional,?
scintillation and G-M detectors.
This manual includes general description, control functions,
operation, calibration and maintenance instructions. 1In the

event that further information is desired, please contact the
factory or our field representatives.

2. SPECIFICATIONS

POWER: two flashlight batteries, standard "D" cells; Mercury
or rechargeable cells directly interchangeable

HIGH VOLTAGE: adjustable from 200 to 2,400 volts;
electronically regulated to 1%; HV support of scintillation
loads to 1,500 volts, proportional to 2,400 volts.
SENSITIVITY: adjustable from 2 to 60 millivolts.

INPUT IMPEDANCE: 0.1 Megohm

METER: 1mA, 2 1/2-inch scale, pivot-and-jewel movement
RANGE: 0 to 500,000 Counts/Minute (CPM)

LINEARITY: 5% full scale

CALIBRATION STABILITY: less than 5% variance to battery
endpoint

CALIBRATION CONTROLS: individual, locking potentiometers for
each range; accessible from the front cover while in
operational status

AUDIO: built-in unimorph speaker with On-Off switch
RESPONSE: 4 or 22 seconds for 90% of final meter reading
CONNECTOR: Series "C"

SIZE: 4.2 inches by 3.4 inches by 8.0 inches (H x W x L,
exclusive of handle)

WEIGHT: 3.5 pounds

FINISH: drawn-and-cast aluminum fabrication, with
computer-beige pclyurethane enamel and silk-screened
nomenclature
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3. DESCRIPTION OF CONTROLS AED PUNCTIONS N

Range Multiplier Selector Switch is a 6-position switch
marked OFF, BAT, X1000, X100, X10, Xl1. Turning the range
selector switch from OFF to BAT position provices the
operator with a battery check of the instrument. A BAT check !
Scale on the meter provides a visual means of checking the
battery-charge status. Moving the range selector switch to
one of the range multiplier positions (X1000, X100, X10, X1)
provides the operator with an overall range of 0 to
500,000 CPM. Multiply the scale reading by the rultiplier
for determining the actual scale reading.

AUDIO ON-OFF Toggle Switch in the ON position operates the
unimorph speaker, located on the left side of the instrument.
The frequency of the clicks is relative to the rate of the
incoming pulses. The higher the rate is, the higher the
audio frequency. The audio should be turned OFF when not
required to reduce battery drain. -

Fast-Slow Toggle Switch provides meter response selection.
Selecting the "F" position of the toggle switch provides 90%
of the final meter reading in 4 seconds. In "S" position,
90% of the final meter reading takes 22 seconds. Set on "F"
for fast response and large meter deviation. "S" position
should be used for slow response and damped meter deviation.

RES Button, when depressed, provides a rapid means to drive
the meter to zero.

HV Test Button, when depressed, displays the detector high
voltage on the meter.

Range Calibration Adjustments are recessed potentiometers
located on line with each multiplier position. These
adjustment controls allow individual calibration for each
range multiplier.

HV is a screwdriver adjustment that provides a means to vary
the high voltage from 200 to 2,400 volts. The high voltage
setting may be checked at the connector with an appropriate
voltmeter.

GAIN Adjustment allows the input sensitivity to be adjusted
from 2 to 60 millivolts. The GAIN is normally set for
10 millivolts at the factory.
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4.

OPERATING PROCEDURES

4.1

4.3

4.4

Slide the battery box button down. Open the 1id and
install two "D" size batteries. Note (+) (-) marks on
the inside of the 1id. Match the battery polarity to
these marks.

NOTE: Center post of flashlight battery is positive.
DO NOT TWIST LID BUTTON - It slides to the rear.
Close the battery box 1lid.

Switch the range switch to BAT. The meter should
deflect to the battery check portion of the meter scale.
If the meter does not respond, recheck that the
batteries have proper polarity.

Turn the instrument range multiplier switch to X1000.
Expose the detector to a radiation check source. The
speaker should click with the audio switch turned to the

ON position.

Move the range switch to the lower scales until a meter
reading is indicated. The toggle switch labeled F-S
should have fast response in "F" position and slow
response in "S" position.

Depress the RES switch. The meter should zero.

The operating point for the instrument and probes is
established by setting the probe voltage and instrument
sensitivity (BV and GAIN). The proper selection of this
point is the key to instrument performance. Efficiency,
background sensitivity, and noise are fixed by the
physical makeup of the given detector and rarely varies
from unit to unit. However, the selection of the
operating point makes a marked difference in the
apparent contribution of these three sources of count.

In setting the operating point, the final result of the
adjustment is to establish the system GAIN so that the
desirable signal pulses are above the discrimination

- level and the unwanted pulses from background radiation

and noise are below the discrimination level and are not
counted.

The total system gain can be controlled by adjusting
either the instrument GAIN or the high voltage. Voltage
affects control in the probe; GAIN controls the

amplifier gain. .
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4.7

In the special case of G-M detectors, a minimum voltage
must be applied to establish the Geiger-Mueller
characteristic. Further changes in gain will not affect
this type probe.

The operating point for each detector is set at a
compromise point of sensitivity, stability and
background contribution. These operating points are
best for general monitoring. In application, these
arbitrarily selected points may not be the best. 1In
order to select a better operating point, the following
guides are presented:

a. G-M detectors are not capable of amplitude
discrimination; so, the discriminator control has no
function. The ratemeter will operate at any setting
of the GAIN control with a G-M detector. Set the
GAIN control at 50% clockwise and adjust the HV
control for 900 volts. If a voltmeter is not
available, increase the output voltage until a sharp
increase in count rate is observed without a source.
Then back off slightly and check the probe with a
source, AFTER SETTING THE VOLTAGE, RECHECK THE GAIN
SETTING TO INSURE THAT THE INSTRUMENT DOES NOT
DOUBLE PULSE.

b. For proportional detectors, set the GAIN control for
2-millivolt discrimination (near maximum clockwise).
Expose the detector to a check source. Adjust the
HV until the low energy source is detected. Refine
the HV adjustment for an optimum source count with a
minimum acceptable background count.

¢. For air proportional alpha detectors, set the GAIN
for 2-millivolt discrimination. Adjust the HV until
the detector just breaks down (shown by a very rapid
increase of count rate without a source present).
Measure the HV output; then decrease the HV setting
to operate 100 volts below breakdown.

d. For scintillators, set the GAIN for 10 millivolts.
Carefully increase the HV until the instrument
plateau's on the background count. This provides
the most stable operating point for the detector.

Check the calibration and proceed to use the instrument.
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5.

CALIBRATION

Calibration controls are located on the instrument cover in .

line with the multiplier index of each scale. The controls
may be adjusted with an 1/8-inch blade screwdriver.

The instrument may be calibrated to true reading; or, when
used with a single source, geometry calibration may be used.
Both methods are described below. Unless otherwise
specified, the instrument is calibrated to true reading at
the factory.

S.1 True Reading Calibration requires the following steps:

a. Connect the input of the instrument to a negative
pulse generator.
CAUTION: The instrument input operates at a high
potential. Connect the pulse generator through a
0.01 MPD, 2,000-volt capacitor unless the pulse
generator is already protected.

b. Adjust the pulser frequency to correspond to the
3/4-scale value of the instrument. Increase the
pulser output voltage until a stable meter reading
is obtained. Adjust the calibration potentiometer
for a 3/4-scale reading. Repeat for each range.

c. To correlate this calibration to detected radiation
value, probe efficiency must be determined. Select
the operating point for the probe used as outlined
in the previous section. Then determine the
count-rate with the probe exposed to a calibrated
source. The ratio of the instrument count-rate
versus the known source value is the probe
efficiency. This degree will be different for
various types of probes and sources. By using probe
efficiency, one determines the actual emission rate
of an unknown source.

NOTE: For proportional and scintillation detectors,
changes in the BV and GAIN controls will change the
apparent detector efficiency for many sources.

5.2 Geometry calibration is often used when the instrument
is utilized to measure radiation with a limited
spectrum, for example, a single isotope contamination.
To calibrate the instrument using this technique, obtain
calibration sources with a spectrum similar to the
unknown radiation. Expose the probe to the source and
adjust the calibration control until the meter reading
corresponds to the source value. Repeat this procedure
with scaled sources for each instrument range.
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NOTE: 1In the event that only one source is available,
calibrate the corresponding range to that source. .
Disconnect the probe and connect a pulse
generator to the instrument. Determine the pulse
rate for 3/4-scale deflection on the calibrated
range. Using this reading as a reference,
increase (or decrease) this rate by factors of
ten for calibrating each succeeding range.

MAINTENANCE

NOTE: NEVER STORE THE INSTRUMENT OVER 30 DAYS WITHOUT
REMOVING THE BATTERIES. ALTHOUGH THIS INSTRUMENT WILL
OPERATE AT VERY HIGH AMBIENT TEMPERATURES, BATTERY
SEAL FAILURE CAN OCCUR AT TEMPERATURES AS LOW AS
100°F. NEGLECTED BATTERY SEAL FAILURE WILL SURELY
CAUSE ONE AWFUL MESS.

Instrument maintenance consists of keeping the instrument
clean and periodically checking the batteries and
calibration. It is recommended that automatic recalibration
not be used with this instrument. The instrument design is
quite redundant and once initial calibration is performed,
recalibration should not be required if the batteries are
maintained in good condition.

An instrument operational check should be performed prior to
each use by exposing the detector to a known source and
confirming the proper reading on each scale.

Under certain conditions, the NRC requires instrument
recalibration every three months. Check the appropriate
regulations to determine the recalibration schedule.

Also at three month intervals, the batteries should be
removed and the battery contacts cleaned of any corrosion.
If the instrument has been exposed to a very dusty or
corrosive atmosphere, more frequent battery servicing should
be used.

Use a spanner wrench to unscrew the battery contact
insulators, exposing the internal contacts and the battery
springs. Removing the handle will facilitate access to these
contacts.
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BILL OF MATERIALS

CIRCUIT BOARD, DWG. MNO. 363 X 127

CAPACITORS

c1 100pF, 3kV, C
c2-c3 470pF, 100V, C
ca 100pF, 100V, C
C5 .0luF, 100V, P
(o 22uF, 15v, DT
C7-C8 100uF, 10V, DT
c9 4.7ufF, 10v, DT
Cl10 .luF, 100v, C
Cll 4.7uf, 10V, DT
Ccl2 22ufF, 15v, DT
Cl3 .01luF, 100V, C
Cl15 100uF, 10V, DT
Clé luF, 35V, DT
Cl7 .lufF, 100v, C
cls 100pF, 3kV, C
C19 .0056uf, 3kv,C
C20-C21 .0015uF, 3kVv, C
c22-C23 .0056uF, 3kv, C
C24 .0luF, 100v, C
C26 .luF, 100v, C
c27 .01uF, 100v, C
C28 1\;-JF' lOV, DT
Cc29 .005%uF, 3kv, C
c30 100uF, 10V, DT
C32 100ufF, 10V, DT
TRANSISTORS

Ql MPS6534

Q2 2N3904

Q3-Q4 MPS6534

Q6 2N3904

Q7 MPSUS51

PART NO.

04-5532
04-5555
04-5527
04-5512
04-5579
04-5576
04-5578
04-5521
04-5578
04-5579
04-5620
04-5576
04-5575
04-5521
04-5532
04-5522
04-5518
04-5522
04-5620
04-5521
04-56 20
04-5576
04-5522
04-5576
04-5576

05-5763
05-5755
05-5763
05-5755
05-5765



LUDLUM MODEL 12 CO _ I RATEMETER

INTEGRATED CIRCUITS

Ul
U2
u3
U4
us-uUé6
u?

DIODES

CR1l
CR2-CR5
CR6-CR10
CR1l

RESISTORS

CA3096
CD4093
CD4098
CA3096
LM358

CA3096

1N34A
MR250-2
1N4148

LM385 2 1.2V

1M

100k
10k
100k
10M

10k

1M

6.8k

1k

10k
100k
75k

1M
2.7M
82k
330k
15k
100k
10k

270 OHM
8.2k
82k
100k
10k

47k
560k

1k

2.2k
330 OHM
75k

10k
4.7k
100k 1%
16.5k 1%
10k

1k

06-6023
06-6030
06-6066
06-6023
06-6024
06-60 23

07-6253
07-6266
07-6272
05-5808

10-7028
10-7023
10-7016
10-7023
10-7031
10-7016
10-7028
10-7047
10-7009
10-7016
10-7023
10-7074
10-7028
10-7029
10-7022
10-7051
10-7017
10-7023
10-7016
10-7007
10-7015
10-7022
10-7023
10-7016
10-7020
10-7027
10-7009
10-7012
10-7053
10-7074
10-7016
10-7014
12-7557
12-7541
10-7016
10-7009



LUDLUM MODEL 12 OOo«T RATEMETER ~

R38
R39-R40
R4l
R42
R43
P46
R49
RS0

TRABSFORNERS

Tl
T2

MISCELLANEOUS

8 EACH
1 EACH
1 EACH

200 OHM

1M

SAT (TYPICAL 432k 1%)
33k

100k

10k

1G

1k

L8050
LVPS

RECPT-CLOVERLEAF 011-6809
WALDON 16-06-0007 SM. RECEPTACLE
WALDON 16-06-0004 LRGE. PIN

ASSEMBLED CIRCUIT BOARD

-10-

10-7006
10-7028

10-7019
10-7023
10-7016
12-7686
10-7009

40-0902
40-0944

18-8771
18-8792
18-8795

5363-153
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R12
R35
R31
R34
R38

DESC: BOARD LAYQUT
MODEL: 12

PART #: 5363-153

DWN:  BK DATE: 10-13-88
DSGN: DATE:

E&]ﬂ{r’l“ i"’"‘" |
TR g Tocae: s
TINLE

MODE] COUNT _RATEMETER
Feee T
s o 5 2A




LUDLUN MODEL 12 O T RATEMETER

BILL OF MATERIALS

WIRING DIAGRAM,

ADDIO
DSl

CONNECTORS

Jl
Pl

SWITCHES

Sl
s2
S3
S4
S5

BATTERY
BT1

BT2

MISCELLANEOUS

* % % % % % % ¥

=
=

DWG. NO. 363 X 59

UNIMORPH 60690

UG706/U SERIES C CONNECTOR
RIBBON-499568-2 14PIN

PA600-210
SWTCHCRFT 923 PB
GRAYHILL 30-1 PB
7101-SYZ-QE TOGGLE
7101-SYZ-QE TOGGLE

"D" DURACELL BATTERY
"D" DURACELL BATTERY

MODEL 12 BATTERY BOX LID
BATTERY CONTACT SET
MODEL 12 CASTING

MODEL 12 MAIN HARNESS

MODEL 12; 139 RIBBON HARNESS

PORTABLE CAN

PORTABLE HAMDLE
PORTABLE KNOB

PORTABLE METER (15-8030)

-11-

21-9251

13-7751
13-7971

PART NO.

08-6501
08-6518
08-6517
08-6511
08-6511

21-9313
21-9313

9062-112
40-1707
9363-045
8062-030-00
8363-049
40-0045
7001-012-01
08-6613
40-1805
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LUDLUM MODEL 12 OL_<T RATEMETER

BILL OF MATERIALS

CAL BOARD, DWG. NO. 363 X 25

CAPACITORS

Cl
Cc2

RESISTORS

Rl

R2
R7-R8
R9
R10

.0047uF, 100V, C
.047uF, 100V, C

10k TRIMMER POT
100k TRIMMER POT
1M TRIMMER POT
2M TRIMMER POT
250k TRIMMER POT

RESISTOR NETWORK

RN1

RISCELLANEOUS

8 EACH
Pl

NETWORK 10k SIP 8PIN

IC-F4093~C EYELETS

STRIP-102888-7 14PIN M

ASSEMBLED CALIBRATION BOARD

PART NO.

04-5513
04-5565

09-6787
09-6813
09-6814
09-6834
09-6819

12-7720

06-61 06
13-8111

5363-043



DESC: CAL_BOARD

[ BOARD #: 5363-043

RILLARTT]

DATE: 8/6/07

DSGN: DI,

DATE: 7/87

X3

R7 1M
X10
AB 1M
X100
RS 2M

X1K
A10 250K

lem

o1 212208 B2 [0 ne
TITLE M312 CAL BOARD

I-lﬂillml ue | uniey
@ BNy e

163

wasy
25C




5383-043]

DESC: CAL EQARD

MODEL: 12
PART #: £363-043
OWN: HH DATE: 8/7/87

DSGN: DL DATE: 7/87

2T L.
e = 2o
TITLE M12 CAaL 30AR0
LB T
Arn e we | 383

[



LUDLUM MODEL 12 COUNT RATEMETER

BILL OF MATERIALS

HV TEST BRD, DWG.

INTEGRATED CIRCUITS

ol

RESISTORS
R12-R13

R14-R15
R16

ASSEMBLED HV

ICL 7621

750K 1%
1M 1%
10K TRIMMER POT

TEST BOARD

NO. 363 X 126

13-

PART NO.
06-6171

12-7693
12-7609
09-6822

5062-191



J4
INTRM HV TEST

DESC: HV TEST BOARD

BOARD #: 5062-191

DWN: HH

DATE: 5/27/88

O
b

DSGN: DATE:
HV READOUT ADJUST
08
1/2 U1
+5V +5V 1/2 U1
@—/\R/i\gw—+——3+ 8 2f+ 8
750K LM358 LM358
: 913  — 4 - 4
750K
R14
Ri5 1M
iM
2:. ’”“nﬁ"%’
mu;gpéi',xlgggﬂ
TITLEN18 HY TEST 3CARD
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DESC: INTRM HV TEST

MODEL: M18

PART #: 5062-191

DWN: HH [ DATE: 8/14/87

DSGN: DATE:

'.DI

%ﬁﬁgr[mm

TITLE M18 WV TEST BOARD

Tl e e

m osues | semy
q |
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1540 SERIES

DIGITAL PORTABLE MASS FLOW CALIBRATORS
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(408) 646-5911
(800) 4-AIRFLO



SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

TABLE OF CONTENTS

1 Description
2 Principle of Operation
3 Operating Instructions
4 Specifications
S Maintenance

A. Battery lLife

B. Probe

C. Calibration

6 Warranty

December 1983

Copyright 1983 Kurz Instruments, Inc.



SECTION 1 -

Desc:igtion

The KURZ Series 1540 Digital Portable Mass Flow Calibrators are highly
accurate easy-to-use, battery-powered instruments for measuring Mass Flow
rates.

The Series 1540 instruments provide accurate measurements of extremely
low flow rates, with exceptional sensitivity and readability.(down to 10SCCM)
KURZ solid-state "DuraFlow” sensing elements are extremely rugged, and
their large size renders them immune from particulate contamination. The
standard probe's -55°C to +125°C operating range permits use in a wide
variety of industrial applications. -

KURZ Digital Portable Mass Flow Calibrators have unsurpassed accuracy
and repeatability: $2% accuracy for each full-scale range, and £.02S5% of
full scale reproducibility. The large LCD display improves speed and acc-
uracy of readout, and it is easily read outdoors. A linear, analoqg output
voltage permits time history recordings with esasy-to-interpret linear
amplitude calibration. The analog output is in engineering units, with a
maximum of 0 to 2 VDC full scale.

All series 1540 systems come complete with Kurz Instruments Flow
Transducer: a 3" long " NPT pipe nipple for flow straightening (*); a hose
nipple for i" tubing; a fifteen foot cable: LCD Readout Meter; 115 VAC,

60 Hz or 230 VAC, SO Hz Battery Charger; rugged carrying case and operation
Manual.

*CAUTION: The flow straightener or an equivalent length of pipe
must be used on the inlet side (marked "in®") of the flow
body for proper operation. Otherwise insufficient flow
straightening will occur, and turbulent air say hit the
Sensor causing an error. (Note, in extrems situations, such
as vhen using an 1/8" inlet line or a swedgelok with an 1/8"
hole, a longer straight section may be needed to prevent
“jet" effects.)



SECTION 2

Principle of Operation

The mass flow transducer incorporates the Kurz "DuraFlo"
unique temperature and flow sensors. The flow sensor is heated
and operated as a constant-temperature thermal anemometer and
responds to the mass flow by sensing the cooling effect of the
air as it passes over the heated flow sensor. The temperature
sensor accurately compensates for a wide range of ambient temp-
erature variations. The output is directly displayed in mass
flow units of Standard Liters Per Minute. (SLPM) (referenced to
25°C and 760 mm Hg.) Because the sensors are large and rugged,
they are breakage resisitant, insensitive to dirt, and are easily
Ccleaned. The flow-thraugh design of the transducer minimizes
pressure drop and el::-inates susceptability to plugging as
experienced with capillary tube type thermal flow sensors.

It should be noted that both sensors are constructed from
high density aluminum oxide, wound with platinum, and have a special
glass coating. It is a similar construction to that used by the
National Bureau of Standards for their reference platinum resistance
temperature standards. This construction gives the extremely high
repeatability of the Xurz mass flow calibrators.

It should also be noted that the mass flow readings of the
Series 1540 Portable Mass Flow Calibrators are refferenced to
standard conditions of 25°C and 760 mm Hg pressure and if volumetric
flowrate is desired, the following relation should be used:

d
s
Qact = Qind x 3:

d’- air density at standard conditions of 25°C and 760 =mm Hgq,
da- actual air density inside the transducer,

Qact' Volumetric flow rate (LPM), and

Q.

ina™ Indicated mass flow rate (SLPM)



SECTION 3

Operating Instructions

All KURZ portable meters are shipped with the battery in a
low-charge condition. with the range switch in the "OFF" position,
charge the batteries before use. Plug the charger into the front
panel receptacle labeled “"CHARGER". Plug the other end of the
charger into an AC Wall socket. Charge the unit for a period of
at least on hour before operating.

A charge of 12-16 hours is recommended to achieve a full charge.
The charger is intended for charging purposes only. 1It's use is
not recommended during operation.

To check the battery voltage, turn the.control knob to the
“BATT OK" position. For Proper cperation, the indicator should
read in excess of 9 volts. A fully-charged condition is approxi-
mately 10.2 volts. At full charge, the instrument can be operated
for about 8 hours of typical use. For maximum operating time be-
tween charges, turn the system off between measurements.

To operate, plug the probe connector intoc the "PrROBE" receptacle,
preferably when the control switch is in the "OFF"™ Position. Allow
about 30 seconds for warm up.

Please Note: The markings on the flow body orient the unit so
the air ALWAYS flows from "In”" to "Out”. Next, turn the range
switch past “"Battery" to the highest flow range position and the
down range if necessary. The Portable Mass Flow Calibrator is now
operating and will respond to the slightest air movement. Set the
control knob to the "FAST" position. If the digital indication is
not stable, switch to the "SLOwW" position. The "FAST" and "SLOW"
positions have time constants corresponding to 1 second and 2 seconds.

You have a choice of continuous measurement in the "DISPLAY"
mode, or you can stop the display from updating and hold a reading
in the "HOLD” mode. Switch to the lower range, if provided, to obtain
increased resolution at low flows.

Remember to turn the range switch "OFF" when putting the system
back into the carrying case. It is also suggested, to save battery
time, to turn the meter "OFP" if there are long periods between
neasurements. If possible, operate the transducer with clean air. The
use of an upstream air filter is highly recommended. This will insure
long-term calibration accuracy.

All Series 1540 Portable Mass Flow Calibrators have an analog out-
Put signal available via jacks on the front panel. The voltage is
proportional to the mass flow rate in standard liters per minute.

{Continued)



SECTION 3

Cperating Instructions (cont‘d)

The output signal level is directly related to engineering
units of the measured variable, with a maximum of 2 VvDC full
scale. For example, a range of 0 to 200 L?M has an output of
0 to 2 V: a range of 0-50 LPM has 0 to .5 V; 0-3 LPM has O to
0.3 V.

t't".'l'.ﬁ'.'t..'.t.t'...".."Q.'C...'......"""....'.'ﬂ'.t'

SECTION 4

Specifications

The specifications for Xurz Series 1540 are listed on
th following page.



SECTION S

Maintenance

A. BATTERY LIFE

As with all rechargeable nickel-cadmium battery systems,
the batteries will have longer life if they are not allowed
to become overly discharged. It is recommended that the
batteries be kept fully charged whenever possible and that
the battery voltage be checked from time to time while using
the instrument. Simply set the control knob to the "BATT OK"
position and read battery voltage on the display. At full
charge, the reading will be about 10.2 volts. Minimum voltage
for instrument operation is about 9 volts. Wwhen the batteries
are fully charged, the instrument can be typically used for
about eight hours unless high flow rates are measured for
extended periods of time. It is recommended that the instru-
ment be turned off bhetween measurements.

Temporary degradation, peculiar to nickel-cadmium batteries,
may cause a decrease in operating period between recharges. 1If
this occurs, let the batteries discharge to below 9 volts and
then fully recharge them. This should correct the temporary
degradation.

B. FROBE

Although the relatively large diameter of the velocity
sensor renders it immune to particulate contamination in most
environments, continuous use in dirty environments may
necessitate periodic cleaning. Clean the sensor with a camel's
hair brush and clean water, followed by an alcohol rinse. The
sensor should be dry before resuming operation.

Store or transport the meter and prcbe in the convenient
foam-padded carrying case to prevent shock damage.

USERS SHOULD NOTE THAT PROBES ARE NOT INTERCHANGEABLE.
Each probe is matched, for temperature compensation and cali-
bration, by circuit components in the instrument with which it
was delivered. Accurate measurements can be made only when an
instrument is used with the probe with which it was delivered.

C. Calibration

Calibration should be checked periodically, normally anually,
depending on accuracy requirements and extent of instrument use.
The meter must be returned to Xurz Instruments, Inc.(*) for
recalibration. Calibrations are traceable to the National Bureau
of Standards (MBS). Before sending the meter to Kurz, you must
contact the Factory Service Department for a Return Authorization
Number. Units that do not have the Return Authorization Numbers
on the box or the packing slip will be returned to the sender.

{continued)



THE FLAGSHIP ur OUR MASS FLOW CALIBHATOR LINE, N
THE 1540 PRESENTS A FULL COMPLEMENT OF FEATURES!

The Kurz 1540 Series digral mass
tlow calibrator features the unique
“OuraFilo”™ sensor ncorporated in the
mass flow transducer It 1s rugged. din-
resistant, and gives excephonal low-
flow sensitivity. This cCOMdINAbON Qives
accurate flow calibration and low pres-
sure drop without affecting the flow
being measured. A large .7-nch liquid
crystal display :nsures fast, easy-to-
read flow rates. The 1540 features the
finest accuracy of any portable mass
flow calibrator in the worid with standard
accuracy of =(2% reading + 'A% full
scale) and /4% repeatability. Each unit
is built o a rugged. break-resistant,
shock-protected case. Enginesred for
oase of use, reliabilty, and ruggedness,
these instruments are versatie and
easy 10 use anywhere. Seif-contained
rechargeable nickel cadmium batieries
provide up 10 8 hours of operstion be-
tween charging. Several models are
avaiiable for a large spectrum of appil-
cations. Standard features include:
.7-nh LCD dispiay, normal and siow
response tme, sampie and hoki, and 8
recordable output. Each unit comes
with the Kurz “Durafio ™™ probe in the
mass flow transducer, 15-loot trane-

to fiter hoiders. and pipe and ade I

MODEL 1540 Oiphe! Row Caltreter -¥

PRINCIPLE OF
OPERATION

wrpersise herrmal ._ od
responds 10 he meass

tngs are svasable. Other flow renges . ¥ cooliing eflest of e o B W pastes

and matenals of construction are siss- G e heated Tow senash. The tam-

t.
-

avaiiable. ..

|
i
i
r
:

pagiye senscr acourately OMpen-
sitd fir a wide range o ambient
tperatre varigiors. The et b

etdiard Rers per mirnge (SLPM) (re-
ferenced 1 25°C and 790 mm Hg). Be-
cause the senecrs are large and nagped,
oy are break-resistart, inssnaliive ©
dn, and easily cleansd. The flow
fvough desipn of the taneducer
minimizes susceptilily © plugging
such ss that experienced with capillery
tube-type thermal flow sensors.

FEATURES

o Large .7-nch LCD diaplay
Portable

oasee
¢ in laboratory and industrial
research, air mass low measure-
Ments are sasy with the 1540

OFFERING THE WORLD'S
WIDEST LINE OF MASS
FLOW CALIBRATORS

SERIES 1540
DIGITAL FLOW CALIBRATOR



SPECIFICATIONS

MODEL NUMBER 1540 1541 1542 1543 1544

FLOW RANGES (SLPW) 0-3 0-5 0-20 0-50 0-200

(REFERENCED TO 29°C 03

ANO 780 mm Hg)

ACCURACY = (2% ot reading + 'A% of full scale) for each flow range over a lemperature range
%-m)n+mmnmwd.zsnzm(wwovo
soom

REPEATABILITY =0.25% of full scaie for each range

TEMPERATURE RANGES Tranaducer: ~-85°C © + 125°C; Meter: 0°C 1o 50°C

RESPONSE TIME Traneducer: 0.1 second; Meter Readout: 0.5 second

MAXIMUM PRESSURE DROP 4.5 cm H,0 high range (1.8 in H,0)

0.18 em H,0 mid-range (.07 in H,0)
0.007 om HyO 1ow rangs (.003 in H,0)

PRESSURE RANGE OF TRANSDUCER

50 pei (acouracy guerantsed 10 30 pai)

POWER Nicksi-cadrium battery with 118/230 VAC, 50/80 HZ charger. operates up to exght
hours betwesn charges

NET WEIONT OF METER 12K/ 275 -

AND TRANSOUCER

SHIPPING WBIGHT 23Kg/ 7D,

METER READOUT Custom ruggedized, ssif-ghieiding .7-inch liquid crystal dispiay, seif-stonng handle,

FLOW TRANSOUCER MATERIAL Nickel-piated aluminum and lsxan flow DOdy; COraMIC, PIatinum and epOXy S8NSOTS ;
stainiess stes! svailabie

TRANSDUCER DIMENSIONS 2.54 om x § om x 5.32 am, %° NPT femaie inist and outiet, axcept for 1544 with
¥ mele threaded, 10° long

CONTROLS Zoro and span conirols inside meter
Range and battery test switch on front panel

DIMENSIONS Moter: 27 x 5" x 7, Carrying Case: 3" x 10” x 14”

FILYER CASSETTE ADAPTOR
(AN models axcept 1844)

Allows direct attachment 10 standerd 37 mm casssties (add "-8° to model number)
or 47 mm casselias (add *~F" 10 model number)

TER (47 mm) CASSETTE

ERminstes wind eflects when callbrating virtual mpactors (add “-C* 10 modei
nuMber when ordenng)

AECTRACTILE CABLE OPTION 6 fest of rectracilie cable (11 inches when coiled) repiaces standard 8-1oot cable
(add *=R" 10 model number)

STAINLESS STEEL OFTION Add *~-S8(318Y" for 318 stainiess stesl fow body

WARRANTY 1 Al yoor parts and labor

Optione/

SERIES 345
Degital Drspiay
Bench Catwet

SPRECIFICATION SHEET NO. 1540-2/87

INSTRUMENTS INC

(1-800-424-7388)



SECTION 5

Maintenance

C. CALIBRATION (cont'd)

Be sure to include the battery charger and probe as well as the
user's name, address and phone number to expedite the recalibration
process. Allow 4 to 6 weeks turn around time.

* KURZ INSTRUMENTS, INC.
2411 Garden Road
Monterey, CA 93940 .
Attn; Service Dept.
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SECTION 6

wgn‘antx

All products manufactured by Kurz Instruments, Inc. carry a
warranty against defective parts and workmanship to the original
purchaser for a period of ONE YEAR after date of delivery. Damage
caused by heat or corrosives, misuse, or negligence is not covered
by this warranty.

"DuraFlow" probes are NOT interchangeable and are not covered
by warranty. Please inspect and verify that the unit is operational
upon receipt of all Kurz products. All units are shipped after
NBS-traceable calibration.
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Dear Customer:

Congratulations! We at Fluke are proud to ]

; ns! present you with the Mod

24_ ullmneler. This instrument represents the very latest in integrated a:clfgi:z
isplay technology. As a result, the end product is a ed and reliable

instrument whose ] 1] 1] i
i b o r[:‘e';f;:unce and design exhibit the qualities of a finely

To fully appreciate and protect ] :
4 Yyour mvestment,
moments 1o read the mamml{J As always, Fluke mmdsﬁh’:‘ . ;ﬁu)r'%}:g&{ﬂ

full 2-year warranty and a worldwi 7 zats ]
B e Z and o z::rm. service organization. If the need arises,

Thank you for your trust and confidence.

John Fluke Mfg. Co., Inc.
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Section 1
Introduction & Specifications

1-1.  INTRODUCTION

(-2. Your John Fluke Model 80248 is a pocket-size digital multimeter that is ideally
suited (ur application in the ficld, laboratory, shop, or home. Some of the features of your
instrument are:

FUNCTIONS: Al standard VOM measurement functions — ac/dc voliage. ac/de
current, resistance — plus:

Conductance: A ncw multimeter function that allows fast, accurate, noisc-free
resistance measurements up to 10,000 M{),

lemperature:  Uscd with a K-type thermocouple, this function provides direct
display in degrees Cclsius for K-type thermocouples.

Peak-Hold: Provides short-term memory for capturing the peak value of
iransient ac or dc signals such as motor starting current.

Continuity: Provides an immediate visual and audible indication when
continuity.is detected (use for passive circuit testing).

Level Detector: Senses logic levels and other active signals less than 250V dc or ac
sms. Visual and audible indications of the results are provided.

RANGE for each function has:

Full autopolarity

Overrange indication

Effective protection from overloads

Dual slope integration measurement technique to ensure noise-free measurements

11



8024B

OPERATOR CONVENIENCE:

3 1/2-digit liquid crystal display: A high contrast display that can be casily read
from across the room. No more worries about bent needles, paraliax. etc.

! ong term calibration stability: 2 years. Easy calibration - few adjustments.
Lightweight: 482 kg (17 ounces).

Salcty Designed lest Leads: Finger guards on the probe and shrouded contacts on
connectors reduce the chance of accidental contact with circuit voltages.

POWER:

Up to 100 hours of continwous operation can be expected from a single,
incxpensive. 9-volt, alkalinc battery {iransistor radio/calculator type).

l.ow battery voltage is sutomatically detecied and displayed. The low battery
indication, BI', appears in the display when about 10 hours of operation remain.

Line operation is possiblc using a Model AB1 Battery Eliminator. (See Section 6.)

ACCESSORIES:

A full line of accessories are available 10 extend the range and scope of your
instrument. | hey are listed in lable -1 and described in detail in Section 6.

1-3. SPECIFICATIONS
1-4. Table 1-2 lisis the specifications of your 8024B.

Table 1-1. 80248 Accessories

MODEL NO. DESCRIPTION
C90 Detuxe Carrying Case (Soft Vinyl)
Y8105 Rugged Carrying Case (Molded Plastic)
Y8102 Type K Sheathed Thermocouple
Y8103 Type K Beaded Wire Thermocouple
Y8104 Thermocouple Termination Kit
80T-150C Temperature Probe °C
80T-150F Temperature Probe °F
80K-6 High Voltage Probe
B80K-40 High Voitage Probe
83RF High Frequency Probe
85RF High Frequency Probe

- ——m———

e e ——— . e v a

Table 1-1. 00248 Accessories (cont)

MODEL NO. OESCRIPTION
801-600 Current Transiormer, 2° jaw opening
080J-10 Current Shunt
A81 Battery Eliminator
Y8100 AC/DC Current Probe
Y8101 Current Transformer 7/18" jaw opening
Y8132 Safety Designed Test Lead Set
Y8134 Deluxe Test Load Set
Y8140 Slim Fiex Test Lead Set
Table 1-2. 80248 Specificaiions

The following electrical specifications assume 8 2-year calibration cycle and
an operating temperature of 18° C to 28° C (64° F 10 82°F) at relative humidity

up to 80% uniess otherwise noled.

FUNCTIONS: DC Volits, AC Voits, DC Current, AC Current, Resistance, Diode
Test, Conductance, Temperature, Peak-Hold, Continuity, and Level Detection.

DC VOLTS
RANGE RESOLUTION ACCURACY FOR 2 YEARS
1200 mV 100 pv
v tmv
120V 10 mVv $(0.1% of reading + 1 digit)
+200V 100 mV
+1000V S A
Response Time ............. Less than 1 sec.
Overvoitage Protection. ..... 1000V dc or peak ac on all ranges, except
200 mv (15 sec max above 300V dc or rms)
input impedance ........... 10 M3, ol ranges
Normal Mode Rejection Ratlo > 60 dB at 50 Hz and 60 Hz
Common Mode Rejection
Ratio (1 k{2 unbalance) .. ... > 100 dB at dc, S0Hz and 60 Hz
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Table 1-2. 80248 Specifications (cont)

AC VOLTS (Average Sensing, AMS Calibrated Sinewave):

RANGE |[RESOLUTION ACCURACY
45 Hz to 1 kHz | 1 kHz t0 2 kHz | 2 kHz to 5 kHz
200 mvV 1004V
*(0.75% +(1.5% of 2(5% of
v 1 mv of reading reading +3 reading
20V 10 mV +2 digits) digits) +5 digits)
200V 0.1v
750V v Hi% of Not Not
reading +2 Specified Specified
digits)
Response Time ............. Less than 2 seconds
Overioad Protection ........ 750V rms or 1000V peak continuous, except
200 mV ac ranges (15 seconds maximum
above 300V rms).
Common Mode Rejection
Ratio (1 kflunbelence) .. ... >60 dB at 50 Hz and 60 Hz
Voit-Hz Product ............ 10" max (200V at 50 kHz)
tnput impedance ........... 10 MSQ in paraliel with < 100 pF
DC CURRENT
ACCURACY BURDEN
RANGE RESOLUTION
€S o FOR 2 YEARS VOLTAGE
2mA 1HA
20 mA 104 A +(0.75% of 0.3V max
reading +1
200 mA 1004 A digit)
2000 mA 1mA 0.9V max
ResponseTime ... .......... Less than 1 second
Overiocad Protection ........ 2A/250V fuse in series with 3A/600V fuse.

80248
Table 1-2. 80248 Specifications (conl)
AC CURRENT
[ACCURACY for 2 Years
BURDEN
RANGE RESOLUTION | 45Hzto | 450Hzlo
VOLTAGE
450 Hz 1 kHz
2mA 1 pA +{3% of Not
reading | Specified
12 digits) 0.3V rms

20 mA 10 uA 2
1(1.5% of reading +

200 mA 100 A d:oltl) "o o9V rms

2000 mA 1mA ' max

Response Time ............. Less than 2 seconds
Overioad Protection ........ 2A/250V fuse in series with 3A/800V fuse.
RESISTANCE
MAXIMUM
ACCURACY | FULL-SCALE
RANGE | RESOLUTION TEST
FOR 2 YEARS | VOLTAGE CURRENT
+(0.2% of
20002 0.4} reading +3 digits)] <023V 35 mA
2S00} 12 +(0.1% of >1oV 1.1 mA
20 k§2 100 ';":‘)“9 " <0.25V 13 pA
0
200 k€1 10082 >0.7V 13 HA
2000 k2 182 +(0.15% +1 dight) | <0.25V 0.13 MA
(2% of
20 MY 1082 reading +1digh) | >7V 0.13 pA

Overioad Prolection . ....... S00V dc/ac rms on ali ranges (15 sec max
above 300V dc or rms ac)

Open Circult Voltage ... ... ... Less than 1.5V on all ranges except 2 k{3
range is less than 3.5V.

OlodeTest .............onnt The three ranges—2 k{3, 200 k€}, 20 M{3—
have enough open circuit voitage to turnon
silicon junctions allowing & diode test. The
2k§2 range is preferred and is marked with a
diode symbol. The three non-diode lest
ranges — 20052, 20§32, and 2000k {3 — wilt
not turn on silicon junctions when making
in-circuit resistance messurements.

1-4
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Table 1-2. 50248 Specificstions (cont)

CONDUCTANCE*
Range ..................... 200 nS
Equivaient Resistance
Range ..................... s5MS2to 10.000 ME2
ACCWECY......c..oinnnnnn +(2.0% of reading + 10 digits)
ResoluMon ................. 0.05% of range (10°'°S)
Overioad Protection ........ 500V dc/rms ac (15 sec max above 300V dc
OF rms ac)
Diode Test ................. Wwill forward bias a typical PN junction

*Conductance is the inverse of ohms (1/£1) and is expressed in siemens (S).
A decrease in conductance is equivalent to an increase in resisjance.

PEAK HOLD Use lor Measuring Transient Signals

80248

Teble 1-2. 00248 Specifications (comt)

$3°C +1 digit. -20° to +300°C

3% of reading, +300°C 1o * 1285'"3
Accurac {Accuracy includes NBS conformity,
courasy calibration stability, zero, and reference
junction but not thermocouple erfors.)

Dual banana isothermal termination pro-
vided with FLUKE thermocouple acces-

Connection sories. Use Y8104 termination accessory
for any K-Type thermocouple.
Overioad Protection 2A/250V tuse in series with 3A/600V fuse.

AC or DC, VOLTS or CURRENT
FUNCTIONS, RANGES ALL RANGES
AC
Accuracy 3% of reading + 10 digits, all ranges
(48 — 450 Hz) (except 2 mA, 6% of reading + 10 digits).

Average sensing, calibrated to read
highest rms value of sine wave.

Acquisition Time 150 ms**
DC
Accuracy 3% of reading + 10 digits, positive pulses
Acquisition Time 10 ms** square pulse
(3 ms square or 8 ms half sine typ.)
) Display Decay Rate <1 digit/sec

**Acquisition Time is the minimum duration of peak or surge for rated
accuracy.
Accuracy Improves for longer peak duration.

TEMPERATURE (Thermocouple accessory required)

Temperature Sensor K-Type Thenpocouple (Chromel-Alumel)
: See accessories

Range -20°C to +1265°C

Resolution 1°C

1-6

CONTINUITY Use for Passive Circult Testing®

Ranges Al Resistance and Conductance ranges
Open Circult: * A " Display
Indication Continuity: * ¥ " Display ¢ 2 kHz sudio
tone (seteciable)
50 uS (Minimum duration of continuity
Response Time or open lo toggle display or audio tone.
(2 K} range) Puise streicher holds dispiay and tone
for approx. 100 ms.)
500V dc or rms ac all ranges (15 sec max
Overload Protection above 300V dc Of rms ac)

*See section 2 for additional information.

LEVEL DETECTOR Use for Active Circult Tesling

Reference Level +0.8V dc nominai on 200 kL range
« & " for inputs greater than reference
Display » ¢ " lor inputs than retsrence

- & * tor inputs toggling above and
¥ below reference

Audio tone coincident with * ¥ ”
(switch selectable)

1-7
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Table 1-2. 90248 Specifications (cont)

Puise Response
(200 &£} range)

Input iImpedance

50 puS (Minimum width of 0 to +3V
pulise required to toggle dispiay. Puise
stretcher hoids display for approx. 100
ms when short puises are detected.)

>100 k£ in paraliel with <100 pF

Overioad Protection 500V dc or rms ac (15 ssc max above 300V
dc or rms ac)
ENVIRONMENTAL
Toemperature
OPERATING ............. 0°C 10 50°C (32°F to 122°F)
STORAGE ............... -35t0 +60°C '
Relative Humidity ........... 0 to 90% from 0° C to 35° C except 0 to 80%
from 0° C t0 35° C on 2M{£}, 20MS2, and
200 nS ranges; 0 to 70% from 35° C to
50°C
Temperature
Coefficient ............... .. <0.1 times the applicable accuracy speci-
ficationper*Ctlor0*Cto 18°Cand 28°C to
$0°C (32°F 10 64 4°F and 82.4°F t0 122°F),
except temperature (<0.02 X accuracy
per °C)
GENERAL:
ProlectionClass 2 .. ........ (Relates solely to insulation or grounding
properties defined in IEC 348)
Maximum Common Mode
Voltage .................... 500V dc or rms
Power Requirements . ... ... Single 9V battery, NEDA 1604
BATTERYLIFE........... Alkaline: 100 hours typical
Zinc carbon: 50 hours typical
BATTERY INDICATOR ... “"BT" in display illuminates when approxi-
mately 20% of lite remains
Display .................... 34 digit LCD (1,999 count), autozero, auto-
polarity
Slze. ...l LxWxH: 180cmx86cmx45cm
(7T1inx34inx 18in)
Weight ..................... 48 Kg. (17 o2)
1-8
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Section 2
Operating Instructions

) ibiti ic undersianding of
:1‘ To lully utilize the measuremet capabilitics of your 80248, 3 basic v

C i i jon of the manual
its measurement techniques and lmitations is required. This section
provides that information.

2-3. PREPARING FOR OPERATION

' leads black)
:-:' Your 80248, this manusl, onc 9V battery, n?d two .t‘e:d ads ('::::;: ;::“y <)
er hipped to you in a specially designed conhmett et
atact he place of purchase immediately if anything L mo‘ng. p x of “chue"be
el:i.h‘.ld:alisly you, contact the nearest John Fluke Service Center. A list o
o . , .
centers is located at the end of this manual.

- . -
i iginal shipping container. if the origina
I lumry.pluuustheot.np g
::uill:e:e:‘:;lm::lihbh. a scw one can be obtained from the Jx :-‘:-u_ Mig oim.
Please state the instrument model number when requesting 8 ipping comai

4y Y.om wz:'u'i‘:.:ﬂismd 10 operate on & single, inexpemive.. OVO::H:S‘:[ :::
3;:;u'mor radio/ cakulator variety (NEDA 1604). When y::mu:nu:: ;w w "p,ed :
battery will not be installed in the DMM. Once the .bmcry ”ho,“ T
typicz operating life of upto 100 hours wn::. :l::l:e“ b:?f “o':[ e iator
i _ When the battery has exhuﬂ. al " dicator
u:‘lz:. :::ryin the upper lefi corner of the display. Yowr um::.u opeul;:c p:::::; '{o"in'
:au ':0 hours on an atkaline battery after BT appears inl isplay.
procedure 10 install o replace the bhattery of fuse:

CAUTION
within e baltery should be
eneure operation scourecy
::heﬁ.mn ::-\n‘dNMdhmm
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M.'
wwmw-mammnrnmnmumﬁm

s lucuvoovmw,,m
: lolmh,m bets
foplaced immedisiely 1o prevent demage 1o the LCD. . be

WARNING

TO AvOr
SHOULD Do::.:::ﬂlchl SHOCK, BATTERY OR Fuse REPLACEMENT
PERFORMED AFTER THE INPUT SIGNAL AND TEST

LEADS HAVE BEEN RE
MOVED FROM THE IN|
POWER SWITCH HAS BEEN SET 7O OFF. PUT TERMINALS AND The

I Set the K0248 POWER switch 10 OFF,

2 . > tes
Remove test kads from cxlernal circuit ¢

terminals. onnections and from the K248 input

1 Open the baner

. y com *
Figure 2.1, partment on the Imumn‘ of the 80248 as shown in

USE THUMBS TO PUSH

—_—
BATTERY COVER FROM L L.
80248 CASE. INDEX . )
FINGERS SHOULD BE

\

USED TO PREVENT
COVER FROM \
FLYING AWAY.

BACK SIDE OF 80248

80248

4. 1il the hattcry out as shown in Figure 2-2.

5. If fuse F1 is to be replaced, use a pointed tool, such as a probe tip or small
screwdsiver 1o pry F1 from its holder. Replace the defective fuse with type AGX2.
(Instruments that accommodate metric fuses use type 171100-2))

6. Carefully pull the battery clip free from the batiery terminals as shown in
Figure 2-2.

7. Press the batiery clip onto the replacement battery and rctura both o the
battery compartment.

8. Make sure the battery leads are routed to the side of the battery and are
completely within the confines of the batiery comparniment before sliding the cover

into place.

NMTMTEMWMMMWEHVW!HISMW
AND FULLY CLOSED.

2-2

Figure 2-1. Removing the Battery Cover

Figure 2-2. Battery Removal

2-9. PHYSICAL FEATURES

2-10. Hefure you try to use yousr 80248, we suggest you take a lew minutes to get
acquainted with your instrument. Al of the externally accessible physical features of your
80248 are shown in Figure 2-3 and described in Table 2-1. L.ocate each feature on your

8024B as you read the description.
2-3
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Table 2-1. WMUUMCM)

NAME

12
"
10
9
3
)
Figure 2-3. Controls, Indicalors snd Conneclors
Table 2-1. Conirols, indicators, and Connectors
ITEM
NO. NAME FUNCTION
\
.

1 Display A 3% digit display (1999 max) with
decimal point and minus polarily indi-
cation. Used to indicate measured input
vaiues, overrange condition, low bat-
tery condition and level.

2 Battery Eliminator An external input power connector for
Connector use with the Model A8t Battery Elimi-
nator accessory. (A81 is available in a
variety of voltage and plug configura-
tions. See Section 6.)
3 Battery Compartment Cover for the 9V battery and cunient-
and Cover protection fuse F1. Refer to figure 2-1

for battery cover removal instructions.

2-4

v/SU/S Input
Connector

COMMON Input
Connectof

mA/* C Input
Connector

Function Switch
mA C/IV/ALS

Range Switches

Tilt Bail

resistance maessurements. This con-
nocto.l will accept standard banang
plugs.

Protected test iead connector used a8

ioclodmuudeom.dofuudu
:::hmhlnpmlouﬁcmmnwtm
perature.

‘ - push
ush-push switch (push on - P
:“p do not pull to select 8 tunction),
wh'ieh works in conjunction with the
high Input connectors snd the TEW:
'CM!@MOMDWMW.M

function.

tnteriocked push-button switches ':‘x
selecting ranges, i.e.. pressing the
desired range switch selecisthat range
and cancels previous switch depres-
slons. Do not pull swilches to select &
range.

Voltage: 200mV, 2V, 20V, 200V, 1000V
dc/T50V ac

c\mom:zmA.zomA. 200 mA, 2000 mA

Resistance: 20083, 2 x £}, 20 w2, 200
K2, 2000 kS2. 20 MG

Conductance. 200 nS (S = Siemens =
151 = imernational unit of conduc-
tance). Reqguires simultansous depres-
sion of two range® switches.

Temperature: * C

- tand which
A removable fold-out 8 ‘
sllows the instrument to be either tilted
for bench-top use of hung froma hook
in the absence of 8 work area.
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. Table 2-1. Controls, indicsiors, snd Connectors {cont)

ITEM

NO.
NAME FUNCTION

10 DC/AC/Audible tone

N A push-push switch (push on - push

off, do not pull). When using V or mA
functions, the in position selects AC
measurement functions and the out
position selects the DC measurement
function. When used with £ or S tunc-
tions, the in position enables the audi-
bie tone festure and the out position
disables the audible tone feature.

A push-push swilch (push on - push
ofl, to the right only, do not push or pull
to the left), that erlables or disables the
Peak-Hold function.

A slide swiltch used (o turn the instru-
ment off and on.

n PEAK HOLD Switch

12 POWER Switch

2-11. OPERATING NOTES

12 T . . .
. 2-12. The following paragraphs will familiarize you with the capabilities and limitations

of your Model 8024B.

2-13. Input Overioad Prolection
CAUTION

Ex

'hxmm“mmwm:mdmmywhlw.
““Mwmmwwhmbpumwm
— TW-WWMWlMth
...,.,.@m...... Ppuises per second for 6 kV, 10microsecond pulses, and
mm“m.“-:mm.rumwmm-m-wm
o T components; RV1 - RV4, R1 and R2°, ¥ replaced,
e cnly Fht ..M‘. parts 10 maintain product salety. * R2 is a lusable

replacement (o insure salety.

overload Pl’o‘mlo“. The overload Ill“l‘s for each ‘“l\cllol‘ and range arc given in l'b'c 2

2.
2-15.  Input Conneclion to COMMON
WARNING
TO AVOID ELECTRICAL SHOCK AND/OR INSTRUMENT DAMAGE, DO

:g: !cgmtc‘r THE COMMON INPUT TERMINAL TO ANY SOURCE OF
HAN 5080 VOLTS DC OR 560V RMS AC ABOVE EARTH GROUND.

80248

Table 2-2. input Overioad Limits

SELECTED INPUT
FUNCTION TERMINALS MAX. INPUT OVERLOAD
Vollage v/§/S and 1000V dc or peak ac on all ranges
COMMON except 200 mV (15 sec max sbove
300V dc or rms).
Current and mA-"Cand 2A maximum, luse protected to 600V
Temperature COMMON dc/ac rms.
DO NOT USE ABOVE 800V.
Resistance, v/£)/S and 500V dc/ac rms.
Continuity, COMMON
Level Detector
and Conductance
Any COMMON 500V dc/ac rms with respect to earth
ground.

216, Ve K024H any be operated with the COMMON inpul terminal at a poteatial of wp
10 SO0V dc or 500V ¢ms ac above carth ground. If this Himit is cxcecded. instrument
damage may occur. | his, in turn, may result in a safely hazard lor the operator.

2-17. Fuse Check

2-18.  Uhe current (mA) function contains two fuses. Check them as lollows:

1. Complcte the setup steps for the RESIS | ANCE (1) function and sclect the 2
ki) range.

2 fouch the red test probe to the mA input jack so that the V-{l input and mA
input are connected together.

3. 16 the display reads approximately . 100 k), both fuses are good.

4. ifihedisplay reads overrange | followed by blank digits, onc or both fuses need
veplacement. Scc the following paragraph for replacement instructions.

2-19. Fuse Replacement
2-20. Al ac and dc current ranges arc (use protected. Twa series fuscs are used: () 1),

2A/ 250V, replaceable at the baticry compartmem (scc Section 2 “Battery or e
Installation/ Replacement™) and (2) ¥2, JA/600V battery fuse (sce Scction 4

“Hattery/ Backup buse Replacement™).
WARNING

70 AVOID ELECTRICAL SHOCK DO NOT OPERATE THE 80248 UNTIL THE
BATTERY COVER IS IN PLACE AND FULLY CLOSED.

2-7
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2-21. The Display

222 As Figure 244 shows, your 8024B has a 3-1/2 digit liquid crystal display. Displayed
values can range from 000 through 1999 (1999 is rounded to 2000 for case of discussion).
The decimal point position is determined by the selected range and is independent of
sclected function, except iemperature. When the © C function is selected, the decimal poist
is not displayed. If ihe dec voltage or current measurement function is sclected. the minus
sign indicates that the input signal is negative with respect 1o the COMMON inpwt
tesminal. If the ® C measurement function is sciccted, the minus sign indicates that the input
temperature is below zero. The absence of a minus sign indicates a positive reading. The
minus sign is also used in conjuncton with the up and down ’ arrows when analyzing the
input signal using the level detector function.

NOITE

The minus sign (-) may flash momentarily as the 8024 B comes out of an
overrange condition. This will most likely be seen in the ohins mode as the
open circuit test leads are applied 10 an in-range resistance value. If the
minus sign remaing on for in-range ohms readings. the circuit is live (o
negative voltage is present at the input terminals due 10 charged capacitors,
etr.) and incorrect resistance readings will be displayed.

MBas|

Figure 2-4. Display

2-23. The up and down e arrows (above and below the minus sign) are enabled by
sclecting the resistance or conductance functions. These arrows arc visual indicators for
the continuity and level detector functions.

2-24. The display has two abnormal status indicators (Figurc 2-5), low battery power
and instrument overrange. A BT is displayed when approximately 20% of battery life
remains (battery replacement is indicated). A | followed by three blanked digits is
displayed (decimal point may be present) as an oversange indication. It means that the
next higher range should be selected. It does not necessarily mean that the instrument is
being exposed 10 a damaging input condition. For example, when measuring resisiance an
open-input will cause an overrange indication.

2-8
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NOTE

is pow : \-81 Battery Eliminaior the “BT”
he 80248 is powered with the A-81 : .
::dhi:l:w may come on. However, insirument operation will be normal

i C ad reliable unit which will
iquid uldhpllymedoulkmdnalmﬁdl . "
2:3:}::: o:“::m:xoty service. Dispiay life can be extended by obscrving the following
practices:
(. Protect the display from extended expusure (o bright sunlight.
2. Keep the multimeter out of high (cmperature, high humidity environments

day). (nherwise the display may
nchnﬂwduholnarounbo&.my v py
‘;mpourily wrn bisck. Recovery occurs at normal operating tcmperature

i [ ty low temperature
[ ration may be slowed in extreme temy !
. virToTn:;trhzofml'e will occur to the LCI), but response time is greatly
:::cmsed Recovery occurs at normal operating temperaturc.

:-3. The (:l::v':;"wnmﬂu describe ilow to operate your 8024B in each of its nine

functions. Proceed to the description for the function you want to use.

2-::. FACID(;: :I::m‘vo)penlion for the voltage measurement (unction. Perform each of
2-29. Figure

the steps listed in sequence and comply with the warning.

Current (mA) _ .
:-:" ::::‘2:1 shows o::enl,ion for the cusrent measurciment function. Perform cach of

the steps listed in sequence and comply with the warning.

3 1ance (1) Operation ' . )
::: :::: 28 sh(ov:s operation for the resistance measurcment function. o make

resislance measurcments, complete each of the steps listed in the figure sequentially, and
comply with the warning.
2-9
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CURRENT (mA)

—— —n =T

VOLTS (V)

(IN FOR AC)

IN FOR 20V

RANGE
OUT FOR V*

FUNCTION

The PEAK-HOLD switch and Function switches are push-push
type. Operate these switches by pushing to the RIGHT® only!
Do not push or pull these switches to the left (out or off) positions.

oConnect the test leads as shown above.

®Depress the grey switch beside the range desired (20V is -
shown selected).

®Set the AC/DC switch out for DC or in For AC {(DC is shown

selected).
WARNING

TO AVOID ELECTRICAL SHOCK AND/OR INSTRUMENT DAMAGE,
DO NOT CONNECT THE 8024B TERMINALS TO SOURCES THAT
EXCEED THE FOLLOWING LIMITS WHEN MEASURING
VOLTAGES:

COMMON: 500V DC OR AC RMS WITH RESPECT TO EARTH
GROUND.

v-£1-S: 1000V DC OR 750V AC RMS WITH RESPECT TO THE
COMMON TERMINAL (IN THE 200mV RANGE, SOURCES
GREATER THAN 300V DC OR AC RMS SHOULD NOT BE CON-
NECTED LONGER THAN 1S SECONDS).

®Connect the test leads 10 the circuit being measured.

oRead the measured value on the display. The minus sign will
appear if the V-02-S terminal is negative with respect to the

COMMON terminal.

OFF=

OUT FOR DC°
{IN FOR AC)

FUNCTION®

*NOTE:

The PEAK-HOLD switch and Function switches are push-push

IGHT »only!
hese switches by pushing 10 the R !
gowm?m:: pull these switches to the left (out or off) positions.

eConnect the test teads as shown.
oDepress the grey switch beside the r
shown selected).
eSet the AC/DC switch out for DC o in for AC. 3
elnsure that all other switches are at the out of OFF patsitions.
WARNING

ange desired (20 mA range

EXCEED THE FOLL

CURRENT:

COMMON: 300V DC OR AC RMS WI

GROUND.

mA-° C: CURRENT OF 2 AUWPS OR OPEN CIR

600V DC/AC RMS.
eConnect the test leads to the circuit being measured. ‘
e on the display. In DC the minus sign

u
eRead the measured val negative with respect to

will appear if the mA->C terminal is

Figure 2-6. Volis Operation

2

the COMMON terminal.

AND/ORINSTRUMENT DAMAGE,
7O AVOID ELECTRICAL .ch:mu?:ku 7O SOURCES THAT

THE
0O NOT CONNET? OWING LIMITS WHEN MEASURING
TH RESPECT TO EARTH

CUIT VOLTAGE OF

Figure 2-7. Current Operation
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-~

r RESISTANCE (2)

OFF*

IN FOR TONE
(OUT FOR SILENT)

IN FOR 20 k2
RANGE

INFOR

FUNCTION®
*NOTE: "
The PEAK-HOLD swi

tch and Functio ]
e & ; n switches are push-
oype. € Zeursn;luo:heslel s:nlches Py pushing to the RIGIZ" bﬁun;:I
- pull these switches to the left (out or off) positi
nnect the test leads as shown. oo

®Depress the mA-°C-V-£-S switch.

®Depress the grey swi
Yy swit H .
selectad. ch beside the range desired (20k is shown

(1] 3
.'ns r .l ' ()“la Wi c'l“ re at the out or 0' ‘ ositions

®Make sure that the devi
dev i
rical energy. ice being measured contains no elect-
WARNING

TOAVOIDEL

DO NOY co::ggﬁ::.:uocx AND/OR INSTRUMENT DAMA
EXCEED THE rou.o:l?':: L8 10 SOURCES "‘G‘E"
RESISTANCE OR CONTINUITY: LIMITS WHEN MEASURING

COMMON: 500V D
GROUND. C OR AC RMS WITH RESPECT TO EARTH

v-{2-8: 500V DC O MS W
: A
TERMINAL AC RMS WITH RESPECT TO THE COMMON

CO
ec e test ew‘ across tm * ce Mlng me d
@ nnect t" e ' ( V| asured.

®
Read the measured value on the display.

Figure 2-8. Resistance Operation
2-12

. h
The 2N range

”.llhﬂ-"munddeptcu!

from the display and the
gmivase the down'¥ arrow and audio tone.

N s preferred a
The open circuit volage is less than 3.3V

magss- Whes testing diodes in conjunct
'
measurcments.

3. .
2-99. Figure 2-9 shows operation
P

conductance measurcements,
and comply with the warning. Siemens
resistance cquivalent to the displayed

conversion material p

2-00. Temperature (°C) Operalion

soling
of your 8024B can beused to
e AC/DC switch(toena

), and 20 M1 rangesof the
nd is marked with a diode sy!
on the 2 kil range
ion with the audio tone, ust

The 20011, 20 k1. .udzowmmmmbe

resented later in this section

80248

make fast continuity tesis. Sclect the 2
bic thc sudible alarm). Thed
red beiween the test iead tips

ar in the display. ¥ continuity is measy
nomentarily), the audible tone will sound, then the upAarrow will
downVarfow

will appeas. Typically, 60041 oF tess will

Comply with the k) warning.

k0 function will tura 00 PN junctions.
nbolonhelrodpoulolyoumﬂl,
and lces than 1.3V on all other
the 200 kf} range.

NOTE

used for in-circwit resistonce

measurement function. To make
fisted in the figure sequentially,
. the displayed units. is cqual to 1/01. For the
value, refer 10 the eondudlme-(o-resisume
under Mcasurement Techniques.

WARNING

MEM.MMT’”V“

THE ACCESSOR

241, Figure 2-
the thermocouple accessories
Probe. To find the Fahrenheit equi
Conversion postion of the Measure

section.

Thermocouple connections N
e Y8104)ond thermoco

connectors (such as th
as the the: macouple. Failure
temperatire measurement.

10 describes operation for ©
and with the John Fluke M

valent of the *C display.

he temperature measurement function with

odel 80T-150 Temperature
go to the Temperature

ment Techniques material presented later in this

NOTE
ust be mode using approved isothermal

uple wire 1hat is the same type
ials will resuli in erroneous

10 use these maier
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CONDUCTANCE (S) (Use for measuring resistances above 20 MQ)

OFF.

DEPRESS BOTH AT TH j K
SAME TIME FOR S
RANGE
INFORS
FUNCTION®
*NOTE:
The PEAK-HOLD switch and Function switches are push-push
type. Operate these switches by pushing to the RIGHT W only!
Do not push or pull these switches to the left (out or off) positions.
®Connect the test leads as shown.
®Depress the mA-"C-V-02-S function switch.
OAT THE SAME TIME, depress both of the grey S range switches.
®insure that all other switches are at the out or OFF positions.
®lnsure that the device being measured contains no electrical energy.
WARNING

TOAVOID ELECTRICAL SHOCK AND/OR INSTRUMENT DAMAGE,
DO NOT CONNECT THE 80248 TERMINALS TO SOURCES THAT
EXCEED THE FOLLOWING LIMITS WHEN MEASURING
CONDUCTANCE: .

COMMON: 500V DC OR AC RMS WITH RESPECT TO EARTH
GROUND.

v-£2-8: 500V DC OR AC RMS WITH RESPECT TO THE COMMON
TERMINAL.
®Connect the test leads across the device being measured (connect the
red test lead to the + end of polarized capacitors for leakage measure-
ments.
®Read the measured value in the display.

©See Measurement Techniques section for Conductance-Resistance

Conversion chart.

Figure 2-9. Conductiance Operation

80240

TEMPERATURE (°C)

THERMOCOUPLE

OUT FOR °C
FUNCTION®
*(SEE NOTE ON CONDUCTANCE PAGE)

WARNING
TO AVOID ELECTRICAL SHOCK AND/OR INSTRUMENT DAMAGE,
DO NOT EXCEED THE MAXIMUM VOLTAGE AND TEMPERATURE
LIWNTS FOR THE ACCESSORY USED.

John Fluke Thermocouple ACCESSORIES

oCounnect the thermacouple termination across the mA-°C and
Common terminsis with the TEMP side plugged into the
mA-°C terminal,

®Depress the grey TEMP °C rangs switch.
®lnsure that all other switches are at the out or OFF positions.

®Read the measured value in the display. See Measurement
Technique section for °F conversion.

®)f unit fails to function properly, see FUSE CHECK para. 2-17.
John Fluke 80T-160 ACCESSORY

®Connect the 80T-150 terminstion across the V-£2-S snd COMMON
terminals with the M side plugged into the V-2-S terminal.

®Select the appropriate range (200 mV or 2V).
®insure that all other switches are at the out or OFF positions.

®Set the 80T-150 POWER switch to the ON position and read the
display in units indicated on the accessory Iabel.

Figure 2-10. Temperature Operation
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242. Not alLapplications for temperature measurement use just one thermocouple. The
applications material a1 the end of this section describes how 1o use your 80248 to
sequentially measure different thermocouples of the same Lype. Your 8024B is intended for
use with K-type thermocouples. If you use another type of thermocouple, the
measurement will be in error. See the Temperature Measurement Techniques material
presented later in this section.

2-43. Level Delecior Operation
WARNING

TO AVOID ELECTRICAL SHOCK AND/OR INSTRUMENT DAMAGE, DO
NOT CONNECT THE 80248 TERMINALS TO SOURCES THAT EXCEED THE
FOLLOWING LTS WHEN USING THE LEVEL DETECTOR FUNCTION:
COMMON: 500V DC OR 588V AC RMS WITH RESPECT TO EARTH GROUND
VAVS: $60V DC OR 500V AC RMS WITH RESPECT TO THE COMMON
TERMINAL.

2.44. Use the level detector function for sensing logic levels and other active signals less
than 250V dc or ac rms in amplitude. Select the 200 k{2 range on the {) function. The 200
k{) range is marked with a step function symbol (£") on the front panel of your 80248 to
indicate its use in the level detector function. The level detector compares the input signal
to a +0.8V (nominal) reference. There is both audibie and visual indication of the results of
the comparison. The audiblc indication is s 2 kHz tone that can be enabied by depressing
the AC/DC switch or disabled by releasing the AC/ DC switch. The visual indicationis an
up and/or down arrow that appears on the display above and/or below the minus sign
position. Figure 2-11 shows the indications for some typical input signals. Starting (rom
feft to right:

1. The level is above the +0.8V reference so the Aup arrow appears in the display
and the audible tone does not sound.

2. The input lcvel is below the +0.8V reference, but above OV. The audible tone
sounds and the ¥down arrow appears in the display but the minus sign is absent.

3. The input levgl is below both the +0.8V reference and OV. The Wdown arrow
appears, the tone is audible, and the minus sign appears.

4. The input signal is very near 0V. The Wdown arrow appears, the audible tone
sounds, and the minus sign flickers off and on.

5. The input is a train of pulses that pass above +0.8V but whose average value is
positive. Each time s pulse goes above +0.8V, the A up arrow appears and the
audible tone is silent. Each time the pulse goes below +0.8V, the ¥ down arrow
appears and the audibie tone sounds. The minus sign does not appear. For a last
pulse train, both arrows will be on.

6. The input signal is 8 sine wave whose positive peaks pass above +0.8V but
whose average value is negative. The audible tone and arrows behave as described
in step 5 and the minus sign appears in the display.

80248

Tone an)) o) ) ) )

DISPLAY

TYPICAL

Figwre 2-11. Level Delecier Opersiion

7. For short pulses, your 80248 has a pulse stretcher circwit that caplures and
holds the pulses long caough for the display and tone to respond, typically for 100
ms. The input impedance of the level detector is 100 kR so as not to load logic
circuits. The level detector is also wsable oa the 2 ki) range. On this range, the
reference level is +0.4V nominal. Sec Measurement Techniques for addmoml
informatioa.

2-45. Pesk Hold Operation
CAUTION

The PEAK HOLD switch s a push-push iype. Operate this switch by pushing 1o
Whe right enly. Do net push or pull the swlich 1o the IRt (o).

2-46.  The peak hold function provides short term memory of the most positive dc or ac
rms level (Figure 2-12). The peak hold fuaction is inended 10 be used for voltage and
current measurements. Proceed with the stepe of operation for the measurement function
being used with the peak hold function. When the test leads have been connected (0 the
circuit to be measured, set the PEAK HOLD swisch to ON. For a new reading, set the
PEAK HOLD switch to OFF thea back t0 ON. To read negative peak signals, reverse the
test connections. An exampic peak hold operation would be as follows:

1. Set the PEAK HOLD switch to OFF.
2. Seclect the DC, V (volts) functions.
3. Insert the red test lead into the V/0)/S input, and select the 20V range.

4. Locate the battery climinator connector on the right side of the unit.
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PEAK HOLD
VALUE

oC
PEAK HOLD

-j— — VALUE
-AMS

> .
ao-v

Figure 2-12. Pesk Hold Operation
1)
5. Measure the voltage on the side contact (bottom of hole) of the conneclor
(approximatcly +2.90V).

6. Setthe PEAK HOLD switch to ON and momentarily touch the test lead o the
side contact.

7. The reading should be the same as step S, within a few digits.

8. False readings may result if the range or function switches are changed while
the PEAK HOL.D switch is set 1o ON. 1o avoid these errors, sescl the PEAK
HOLD circuit after each range or function change.

9. Static clectricity and noise pickup may cause erfors when using the PEAK
HOLD function. While the PEAK HOLD switch is ON, avoid touching the probe
1ips to fingers or other objects which may contain a static charge. The potential for
noise pickup is worst whenever the test leads are open circuited. This is particularly
true on the 200 mV. 2V and 2 mA ranges. Refer to AC/DC current measurement
section of MEASUREMENT TECHNIQUES for additional information.

NOTE

For DC voltages and currents, the peak hold function measures the “most
pusitive” value of the input waveform. lf the “most positive™ excursion of
the waveform is negative with respect to common. a negative sign will be
displayed, i.e.. w hen a negative sign is display. the measwred value is not the
negative peak, but is. instead the least negative (or most positive)portion of
the applied waveform.

10. PEAK HOLD accuracy may be affected by mechanical shock. If your K048
has suffered mechanical shock during a peak measurement, reset the PEAK
HOL.D circuil and repeat the mcasurcment.

80248

2-47. INITIAL CHECK-OUT PROCEDURE

248. Now that you have installed the baticry, and know where everything is and how it
works, let's make sure that the unit is working properly. We'll rum through s simple check-
out procedure starting with turn-on. No eyuipment other than test leads will be required.
If a problem is encountered, please check battery, fuse, switch setting, and test lead
connection before contacting your nearest John Fluke Service Center.

NOTE

This procedure is intended 10 verfy overall instrument operation, end is not
meant as @ substitute for the formal Performance Tests given in Section 4.
Limits shown exceed the specifications because the procedure uses one
measwement 10 check another.

1. Set the POWER switch to OFF and all range and function switches (0 the
reicased (out) position.

2. Set the POWER switch 10 ON and observe the display. It should read between
-00.1 and 00.1.

3. Connect the red test lead to the V/()/S inpwt terminal. Depress () function
switch 1o select 13 function. .

4. Touch the red probe tip to the COMMON input terminal, and sequentially
depress each of the six derk range switches starting at the top (20 M0). The display
should read zero 11 digit and the decimal point should be positioned as lollows:

20 M1} - 0.00
2000 k{1 - 000
200 k2 - 00.0
20 kQ) - 0.00
2«0 - .000
20003 - 00.0

mranos

S. Press the 20V range switch and remove the probe from the COMMON input
terminal. Release function switch to sclect vols function.

6. Look inside the battery climinator connector on the right side of the 80248 and
locate the connector contacts.

7.. Touch the red probe to nneuup&d the battery eliminator connector. The
display should read approximately -6.1V dc. (Note: this voltage varies with
condition and type of bettery.)

8. Touch the probe tip 0 the side contact of the battery climinator connector
located at the bottom of the hole. The display should read approximately 2.9V de.
Notice that the sum of the two readings is cqual to the battery vokage (typically 8 to
10V dc). Remove the probe from the battery climinator connector.
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9. Depress the 0 function switch and the AC/DC switch. The & up arrow will
appear in the display. Sequentially depress each of the six range switches. The
display will indicate an overrange condition and the decimal point will change
position,

10.  Touch the red probe tip to the COMMON input terminal, the audible tone
will sound and the Wdown arrow will appear in the display. Sequentially depress
each of the grey range switches. The display should read zero at cach range setting.
Ludm’m:ncmybewlﬁciemtoume-ouwlwouuh(o.l or 0.20))
indication on the 200()} range. Release the AC/ DC switch to silence the audio tone.

11.  Touch the red probe tip to the mA -°C input connector and press the 2000}
switch. The display should read 99.0 o 101.0.

12, Press the 2 kN switch. The display should read .099 to .101. Remove the probe
from the mA -°C input connector.

13. Simultancously depress the two range switches to selert the 200 nS range. The
display should read 00.0 to 01.0 (minimum conductance, maximum resistance).

14.  Touch the red probe tip 10 the COMMON input terminal. An overrange
indication should be displayed since conductance is the reciprocal of resistance.

I1S. Connect the black test lead 10 the COMMON input connector.

16. Depress both the AC/DC switch and the 750V ac range switch. Set the
function switch 1o the voltage (out) pasition. (Use 750V range for 230V line.)

THE LOCAL LINE VOLTAGE 1S MEASURED IN THE FOLLOWING STEP. BE
CAREFUL NOT TO TOUCH THE PROBE TIPS WITH FINGERS, OR TO
ALLOW THE PROSE TIPS TO CONTACT EACH OTHER,

17.  Measure the local ac line voltage at a convenient output receptacie.

18. Set the PEAK HOLD switch to the ON position. The value of the line voltage
will be locked on the display. The display value should decay no faster than | digit
per second. Set the PEAK HOL.D switch to the OFF position.

19 Remove the test leads from the line power receptacle and set PEAK HOL.D 1o
OFF., function to DC, PEAK HOLD to ON, and reinsert probes; observe 1.41 X ac
voltage. (This is the instantancous peak of a single half wave of line voliage ) Set
PEAK HOLD 10 OFF.

20.  Sclect the 200 k1) range of the 0 function switch (level detector), and depress
the AC/DC switch (1o enable the audible tone).

we. ot s v A © Cu——— -- - e ———
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21. Comnect lbelulludslolheliuvollmmm. You will hear the audible
tone modulated by the linc frequency and see both arrows displayed.

22, Remlheledhdsl’mlllelinmm.

23 llyourmlﬂhumpu‘edpto'edyb!l'thhwlioqudrudy
for use.

throughout the electromics industry, these peragraphs offer specific information (or use
with your 8024B. (Figwre 2-13 presemts & temperature correction factor for K-type
thermocouples.) Use this chart for accuracy enhancement above 300°C.

2-51. Temperature Conversion

2-52. mwmm-&whlmmlmdhﬂnndin'c}oﬁnd
the equivalent temperature in °F, cither uec the conversion tables in Table 2-3 or the
formula: 1.8 (°C) + 32° = *F.

+20 C T T 1
TYPICAL K—-TYPE g
THERMOCOUPLE ¢
—\/ /
+10°c ) W .
ANSI LIMITS FOR /, J;
K-TYPE THERMOCOUPLES / ;
S freg et AN v
B 0 7 - S [y L4 v
o ,' £ Bt JRrLand 8 '\. /] K4
w : " i \‘s “ \ \ s / rl
’ N, ‘c_. P ‘0'
g —10% ) N \. ’
A h AT 4 ’l
g \\ "
8 -20° e
o \‘. .’l’
-30°c

-100° 0°100° 300° 500° 700° 900°  1100° 1300°
ADD THE APPROPRIATE CORRECTION FACTOR
TO THE DISPLAYED VALUE

EXAMPLE: DMM READS +800°C.
FROM PLOT, CORRECTION FACTOR = —19°C
ACTUAL TEMPERATURE = 800 — 19 = 781°C
19

ERROR - T 2.4%

——— e
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Table 2-3. Celolus-to-Falwenhelt Conversion Scale

°c °¢ °n °F c °F
—40 —-40.0 5 ao 40 104.0
-38 -38.4 8 428 T 105.8
-38 -328 ? 4“6 42 1078
-34 -29.2 8 46.4 43 109.4
-32 ~-26.6 9 48.2 a“ 1.2
-30 -220 10 50.0 45 1130
~-28 -18.4 1 51.8 48 1148
-26 ~14.8 12 53.8 'Y 1186
—~24 -1n.2 13 55.4 48 118.4
-22 -76 14 57.2 49 120.2
-20 -40 15 58.0 50 1220
T -22 16 608 ' 8§ 1310
-18 -04 17 626 60 140.0
-17 14 18 644 85 1490
-16 32 19 66.2 70 158.0
~15 5.0 20 68.0 7% 167.0
~14 68 27 698 80 176.0
-13 8.6 22 78 85 186.0
-12 104 23 734 90 "194.0
-1 122 24 75.2 95 203.0
T 14.0 25 770 100 2120
-9 158 26 7838 108 2210
-8 176 27 806 110 230.0
-7 194 28 824 18 239.0
-8 21.2 29 84.2 120 2480
-5 230 30 86.0 125 257.0
-4 248 N 878 130 266.0
-3 26.6 32 896 135 2750
-2 28.4 33 914 140 284.0
-1 302 34 93.2 145 293.0
0 320 35 95.0 150 3020
1 338 38 968 156 o
2 356 37 98.6 160 3200
3 374 38 100.4 165 3290
4 39.2 39 102.2 170 338.0

2-22
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Table 2-3. Celolus-10-Fahrenhent Conwersion Scaile (cont)
Oc °F °c 0‘ oc oF
175 347 350 662 780 1382
180 356 358 en 800 1472
188 365 380 680 850 1562
190 374 366 680 900 1662
195 383 370 698 950 1742
200 392 375 707
205 401 380 718
210 410 385 726
215 419 390 734
220 428 396 743
225 437 400 762
230 448 406 761
235 455 410 770
240 464 418 7
245 473 420 788
260 482 42 ”
256 491 430 808
260 500 435 815
2656 500 440 824
270 518 445 833
275 527 450 842
280 536 465 851
285 548 4680 800
290 554 485 869
205 563 47 878
300 572 475 887
306 581 480 898
310 580 485 908
315 699 490 914
320 608 98 Ly
325 617 800 932
330 626 650 1022
335 635 600 112
340 644 660 1202
345 653 700 1292
2-23
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2-53. Conductance-io-Resietance Conversion

2-54. The conductance measurement function of your 8024B displays in siemens. To
convert siemens (o ohms, use cither the conversion scale and interpolation table in Figure
2-14 or the formula: siemens = /).

2-55. AC Measurements

2-36. The ac ranges of the 8024 B employ an average responding ac converter. This means
that the unit measures the average value of the input, and displays it as an equivalent rms
value for a sine wave. As a result, measurement errors are introduced when the input wave
form is distorted (non-sinusoidal). The amount of error depends upon the amount of
distortion. Figure 2-15 shows the relationship between sime, square, and triangular
waveforms, and the required conversion factors. To convert the display reading for a given
input waveform 10 a known measurement value, mukiply the reading by (he appropriate
Display Mubtiplier.

2-87. AC/DC Vollage Messuremenis

2-58. The 30248 is equipped with five ac and five dc vollage ranges; 200 mV, 2V, 20V,
200V, 750V ac/ 1000V dc. AN ranges present an input imgedance of 10 M(}. On the ac
ranges, this is shunied by less than 100 pF. When making measurements, be careful not to
exceed the overload limits given carlier in Table 2-2.

2-59. Mecasurcment errors due (o circuit loading can result when making cither ac or de
voltage measurements on circuits with high source resistance. However, in most cases the
errox is negligible (0. 19) as long as the source resistance of the measurement circuit is 10
k2 or less. I the circuit does present a problem, the percentage of error can be calculated
using the appropriate formula in Figure 2-16.

2-60. AC/DC Cusrent Measurements
WARNING
INSTRUMENT DAMAGE AND OPERATON INJURY MAY RESULT IF THE
FUSE BLOWS WHILE CURRENT IS BEING MEASURED IN A CIRCUIT
WHICH EXHIBITS AN OPEN CIRCUNT VOLTAGE GREATER THAN 088V. DO
NOT ATTEMPT IN-CIRCUIT CURRENT MEASUREMENT WHERE THE
POTENTIAL IS GREATER THAN 000V DC OR AC RMS.

2-61.  Four ac and four dc current ranges are included on the 80248; 2 mA, 20 mA, 200
mA, and 2000 mA. Each range is diode protecied 1o 2 amps and fuse protected above 2
amps. If the fuse blows, refer to fuse replacement information given earlier in this section.

2-62. In high clectrical noisc environments (near ignition switches, fluorescent lights,
relay swilches, etic.) unstable or erroneous readings (exceeding specifications) may occur.
The effect is most obvious when measuring low level current on the 2 mA range. If an
erratic or crroncous reading is suspected, temporarily jumper the V/{}/ S connector to the
mA connector. This will cnsure an accurate measurement. Remove this temporary jumper
when the measurement has been completed. This is recommended oaly for the 2 mA and 20
mA ranges.
CAUTION

To svold possible Instrument demage and/or «rTONecUs Messurements,

remove the lemporary VAV/S-10-mA jumper belore attempiing voltage of

reslstance messurements.
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‘oM 200
200 #8 Range
(woms =l 100 10
80-§ 20
20 3~ 650
10 100
$ 1 200
2
1 == 1000
°8 = slemens = 1/£1 = Insernationsl unic
of conductance farmerly known ae the 08 2000
mho.
02 - 5000
01-*- 10000

mewommmmmmm.m,mmo
table below, locate the mast significant digit of the displey resding on the
vertical NO. column, and the next digit on the horizontsl NO. row. The
number st the intersecting coordinetes represents the unknown resistance
velue. For example, 8 reading of §2.0 nS is equat 10 19.2 ML Decima!
point locstion s determined from the scele spproximetion.

Intarpolation Teble (i/no.)

112134 8|6]|.7]8]9

900].8331.700 | .714| 087|625 |. .
4761 .4861.4361.417] .400 |.385 {.370|.375 | .345
.323).313.303|.204 | .288 | .278 | .270| .263 | .268
-2441.2381.233|.227|.222|.217 | .213| .208 | .204

-164].161).150.156 | .1564 |.1562 | .149] .147].145
-1411.139).137].136|.133|.132|.130| .128|.127

DN WN =

0

1

600

333

.250 .
-200)1.198|.1921.187|.186|.182|.179 | .175] .172].180
167

143

126

m

12311221121 1.119|.118].116 | .116] .114].112
1031 .102§.101
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1. DC VOLTAGE MEASUREMENTS

Loading Error in % = 100 x Rs= (Rs + 10°)
Where: Rs = Source resistance in olwns of circuit
being measured.

2. AC VOLTAGE MEASUREMENTS

First, determine input impedance, as follows: *
Zin=
F 4 X . )l

Where: Zin = effective input impedance
Rin = 10’ ochms
Cin = 100 x 10 ~'? Farads

F = frequency in Hz

Then. determine source loading error as follows: *

Loading Error in% = 100 x ———
Zs + 2in

Where: Zs = source impedance
Zin = input impedance (caiculated)

* Vector algebra required.

' ,/ —~ I
7 -—
4 - 90248 DISPLAY MULTIPLIER
GIVEN INPUT WAVEFORM | FOR MEASUREMENT CONVERSION
PKPK | oPK | Ams | Ava
SINE
PK A4
o{b pkpx]| 2828 | 1414 | 1000 | 0900
RECTIFIED SINE (FULL WAVE)
PK 4
m prpr| 1414 | 1414 | 1000 | 0900
0 —-r—
RECTIFIED SINE (HALF WAVE)
P PK-PK 2828 2628 1414 0.900
o-‘ WAV 5
SQUARE
PK i
ol I | Pk-PK| 1800 | 0900 | o900 | 0900
-
RECTIFIED SQUARE
PK 1
I l l l PK-PK 1.800 1.800 1272 0900
0 —-'—
RECTANGULAR PULSE  D=X/Y
PK -—l— ,
oﬂ_ﬂ pk-PKk| o090 | oD | 090 | 09D
~ v |
TRIANGLE SAWTOOTH
PK i
0,\/ p-Pk| 3600 | 1800 | 1038 | 0900
-

Figure 2-15. Waveform Conversion
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Figure 2-16. Voltage Measurement Error Caiculalions

2-63.  Full-scale burden voltage (voltage drop across the input terminals) for all ranges
except 2000 mA is less than J00 mV. The 2000 mA range has full-scale burden voltage of
less thun 900 mV. This voliage drop can affect the accuracy of a current measurement il the
current is unregulated and the DM M resistance represents a significant portion (1/ 1000 or
more) of the source resistance. If burden voltage does present a problem, the percentage of
crrof can be calculated using the formula in Figure 2-17. This error can be minimized by
using the highest current range that gives the necessary resolution. Hor example. if 20mA
in measured on the 2000 mA range the bu vollage is approximately S mV.

2-84. Resistance Messurements

2-65.  Six direct reading resistance ranges are provided on the 8024B; 20 M1, 2000 kf},
200 k12, 20 k1), 2 ki), and 2001). All ranges cmploy a two wire measurement technique. As
a result, test lead resistance may influence measurement accuracy on the 20011 range. 1o
determine the error, short the test leads together and read the lead resistance. Correct the
measurement by subtracting the lead resistance (rom the unknown reading. 1 he error is
generally on the order of 0.2 (0 0.3 ohms for a standard pair of test leads.

2-27
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"D

Es
IFBT

AAA
A A o

amAAA
A A S

AMMETER SHUNT

Eg = Source voltage

AL = Load resistance + Source resistance

I = Measured current (display reading in mA)

Eg = Burden vollage (caliculated), i.e.! Display reading

expressed as a % of full-scale (100 x _D' U ‘
times (ull-scale burden vollage for selected range. See
Table. MAXIMUM
RANGE BURDEN VOLTAGE
2 mA 10 200 mA | 0.3V
2000 mA oV

80248

2-66. Three resistance ranges have a high enough open circuit voltage to turm on a silicon
junction. These ranges - 2 k1), 200 ki), and 20 M{) - can be weed (o check silicon diodes snd
wansistors. The preferred 2 ki) range is marked with a diode symbol. The 2006, 20 k(1 and
2000 k1) ranges can be used 10 make in-circuit resistance measurements. Typical full scale
voltage and short circuit currest for each resistance range is given in Table 24. All values
shown are referenced (0 the COMMON input terminal; i.c., the V/(3/S terminal is

positive.
NOTE

Any changes (greater than one or two digits) in apperent resisiance when
test leads are reversed may indicate either ihe presence of & diode junction or

current error due 10 Burden Voltage

Ep
IN% =100x ——
Es-Ep
Eg x Iy

INMmA ~ EETE;
Example: Eg = 14V, Ry = 90, M= 1497 mA,

Ep = 100 x ;;:; x 0.9 (from Table) =

74.9% or 0.9 = 0.674V

; 874 874
% =100 = 100 = 5.06%

Error in 14- 674 13.326

Incresse displayed current by 5.06% o obtain true current.

A= 874 x 1497 - 1009 _ 76 mA
14 - 674 13.326
Increase displayed current by 76 mA to oblain true current.

Error in m

2-28

Figure 2-17. Cumrent Measurement Caiculstions

@ voliage in the circui.
CAUTION

Turn tosl clroull power off and discharge ol copaciiers belere allempling In-
Toble 2-4. Veltoge/Cusvent Capebility of Resislance Ranges
RANGE FULL-SCALE SHORT CIRCUIT

VOLTAGE (TYPICAL) | CURRENT (TYPICAL)

20 MO +800 mV 40.12 A
2000 kQ 4200 mV 4+0.12 pA
200 k0 +800 mV +12 uA
20k0 4200 mv +124A
2k P} +1Lwv +1.0mA
2000 +55 mv +0.3mA

2-87. APPLICATIONS

2-68. The test applications described in the following paragraphs are suggesied uselul
extensions of the 80248 measurcment capabilitics. However, they are not intended as the
equivalent of manufacturer’s recommended test methods. They are intended 1o provide
repeatable and meaningful indications which will allow the operator (0 make sound
judgments concerning the condition of the device tested; i.c. good, marginal, or defective.

2-71. In 1821, Secbeck found that when two dissimilar metals are connected at two
junctions and the junctions are at different temperatures, a current will flow in the loop
(Figure 2-18, Part A) and will continue to flow as long as there is a difference in
temperature. This principle is used by your 3024B whea making temperature
measurements.

2-72. The K-type thermocoupie that is uscd with your 80248 is made from two dissimilar
metals, Chromel and Alumel. As long as the same two types of metal are wsed throughout
the loop (Figure 2-18, Part B), there are still only two junctions. The copper conductors of

2-29
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your 8024B are different (rom both the Alume! and the Chromel (Figure 2-18, Part C)
which would scem (0 8dd a third junction to the loop. But, remember there is no current or
voltage in 8 thermocouple loop if both junctions arc st the same temperature. The
CHROMEL isothermal characteristics of the special iermiaation wnit for Joha Fluke thermocouples

insures that the two junctions at your DMM are at the same temperature. This leaves the i
original circwit as shown in Figure 2-18, Part A. If you are going to connect yous own K-
type thermocouple, use 8 Joha Fluke Model Y8104 Thermecouple Termination Unit (see '
A. Section 6 for details). : :

2-73. Monlloring More Then One Thermeoeuple
2-74. You can wse your 30248 10 monitor more than omc thermocouple — even
ALUMEL thermocouples (hat arc permanently mounted in yous sysiess. If your preseat K-type
. lhwphnnmbmdh‘mwmmmmwin
stations, you can sttach your present K-type thermotouple quick-conmect toa John Fluke
Model YE104 Thermocoupie Termination Unit via K-type thermocouple wire (Figure 2-
19). Then piug the Y8104 into your 30248, and carry the meter and thermocouple quick-
! connect assembly from station (o station reading the variows tcmperatures. If your
CHROMEL CHROMEL thermocouples are routed 10 a centralized point (Figure 2-20), wec one of more John Fluke
Model 2161A Muliipoist Selectors. Conaect the lant 2161A to your 80248 via a Y3104

Thermocouple Termination Unit and select the thermocouple(s) you wamt to read.
8 2-75. Leakage Tester : |
’ ' 2-76. The 200 uS conductance range effectively extends the resistance measurement

capability of the 90248 (up to 10,000 M{2) to the poim where it can be used (0 provide
useful leakage measurements on passive components. For example, you can detect leaky ]
. capacitors, diodes, cables, connectors, printed circuit boards (pcbs), etc. In all caves, the 1
ALUMEL ALUMEL ! test voltage is <5V dc.

2-77. Leakage testing on purcly resistive components such as cables snd pcbs is
straightforward. Select the 200 nS range, instali the test leads in the V/N/S and
COMMON input terminals, connect the leads (0 the desired test points on the unit-under- '
test, and read leakage conductance. If an overrange occurs, select the resistance range that

DMM
CHROMEL -o provides on-scale reading.
_ . " NOTE
C. Under high humidity conditions (>80%) conducionce measurements may .
be in error. To ensure accurate measurement, conneci clean test leads 1o the 1
80248 and (with the leads open) read the residusl leakage in nenosiemens. X
COLD Correct subsequent measuremsents by subtracting the residual from the '

1 readings. (Fingerprints or other contaminetion on the pcb may also cause

ALUMEL JUNCTION . residual conduciance readings.)

J COMPENSATION .

ISOTHERMAL 2-718. DIODES

2-79. Diode leakage (IR) tests require that the diode junction be reverse biased when

TERMINATION UNIT being measured. This is sccomplished by connecting the diode's anode to the COMMON
input terminal and its cathode to the V/{)/S input terminal. Leakage can then be read in

. terms of conductance. In the event of an overrange, select the resistance range that

Figure 2-18. Thermocouples provides on-scale reading.
2-30 2-Nn
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Figure 2-19. Thermocoupie Termination Unit

A SINGLE 2181A
CONNECTIONS

Y8104

SERIAL 2181A
CONNECTIONS

NOTE:

THERMOCOUPLE INPUTS

FaN
‘12345678910
NI EE NN
'0 +
out EXT | NO CONNECTIONS

-
Y8104 -

THERMOCO(’LE INPUTS n:mocouns INPUTS:

/tz:usono?/uusnon

PLOLERRel ety

s ol o
ONIT 1 UNIT 2

In both configurations all interconnects are mede using s thermocouple wire type that is
identical t0 the input thermocouples.

Figure 2-20. Multipoint Seleclion
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Section
Theory of Operatioi

3-1. INTRODUCTION

3-2. This section of the manual describes the theory of operstion of your $0248. T!
ovenall fuaction of your 50248 is presented first at an overall functional level. Then
operation of the a/d converter aad each function of your 30248 is described ia more detai
A detailed schematic of your 30248 can be found in Section 7.

$-3. OVERALL FUNCTIONAL DESCRIPFTION

34. Figwe 3| Mth-juau&sdmmﬂumnp(lmlsmphﬁt
functional block diagram. Input signels are routed by the range and function switcix
through the appropriatc signal conditioners 50 thet a dc analog signal that is proportion:
to the input signal is applied to the input of the a/ d convertes if the PEAK HOLD switch
at the OFF position. If the PEAK HOLD switch is a1 the ON position, the dc analog sign:
will be stored on a capacitor ia the peak hold circwit which will drive the a/d converter wit
8 dc voliage that is the same as the stored charge on the peak hold capacitor until 1}
PEAK HOLD switch is set 1o the OF F position. The a/d converter will drive the display t
a digital dispiay that is sumerically the same as the proportional inpui signal. Decim:
point position is determined by the range switch selecied. When the () function is selecte:
the input signal is also rowted to the level detector circuit. The level detector circu
compares the input signal level to a +0.8V reference (200 k) range). If the signal is mor
positive than the reference, the level detector circwit will cause the A up arrow to |
displayed (over the minus sign position). If the input signal is less positive than tt
reference, the level dotector will cavee the  down arrow to be displayed (under the mim
sign position). If the tone is snabled (AC/ DC switch at the AC position) the lev:
detector circuit will canse the audible tone 10 sound whea the input signal is less positis
than the refevence.

3-8. A/D Converter

36 Tlnemnnuloﬂo-dhhlmmmkmluhd by a single custor
a/d converter and display driver IC, US. The a/d convertes employs the dual slope metho
of a/d conversion and requires a series of external components to establish the bas:
timing and reference levels required for operation. These include an iniegrating capacito
an autozero capacitor, and s flying capecitor (for applying a reference level of eithe
polarity). Since the power consumed for display operation is very low, the a/d convert
IC also contains the display latches, decoders, and drivers.
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Figure 3-1. 80248 Block Diagram
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3-7. The digital control portion of the a/d converter process is an internal function of
U8, and is keyed to the cxternal crystal frequency. As s result, the conversion process is
continuously repeated, and the display is updaied at the ead of every conversion cycle.

38 A simplified circuit dingram of the analog portion of the a/d converter is shown in
Figure 3-2. Each of the switches shows represent analog gates which are operated by the
digital section of the a/d converter. (Sheet | of the Schematic aleo illustrates the a/d
comverter in a block form.) Basic timing for switch optration and, therefore, a complete
measurement cycle is shown ia Figure 3-3.

39. Any given measurement cycle pesformed by the a/d converter can be divided into
shree comsecutive time periods, sutozero (AZ), integrate (INTEG), and read. Both
autozero and integrate are fixed time periods whose lengths are multiples of the clock
frequency. A counter determines (he length of both time periods by providing an overflow
ot the end of every 10,000 clock pulses. The read period is a variabie time which is
proportional to the unknown input voltage. The value of the voltage is determined by
counting the number of clock pulses that occur during the read period.

3-10. During autozero, a ground refesence is appliod as an input to the a/d converter.
Under ideal conditions the output of the comparator would also go to zeso. However,
input-offset-voltage errors accumulate in the amplifier loop, and appear st the
comparator output as an error voltage. This error is impressed across the AZ capacitor
where it is stored for the remainder of the measurement cycle. The stored level is used to
provide offset voltage correction during the integrate and read periods.

3.11. The integrate period begins at the end of the autozero period. As the period begins,
the AZ switch opens and the INTEG switch closes. This applics the uriknown input voltage
1o the input of the a/d convester. The voltage is bulfered and passed on to the integrator to
determine the charge rate (slope) on the INTEG capacitor. At the end of the fixed integrate
period, the capacitor is charged to a level proportional to the unknown input voltage. This
voltage is transiated to a digital indication by discharging the capacitor at a fixed rate
during the read period, and cousting the sumber of clock pulses that occur before it
returns to the original awtozero level.

3-12.  As the read period begins, the INTEG switch opens and the read switch closes. This
applics 8 known referencs voltage to the input of the a/d converter. The polarity of this
voltage is automatically selected to be opposite that of the unknown input voltage, thus
causing the INTEG capacitor to discharge at a fixed rate (slope). When the charge is equal
10 the initial starting point (sutozero level), the read period is ended. Since the discharge
slope is fixed during the read period, the time required for discharge is proportional to the
unknown input voltage.

3.13. The autozeso period, and thus a new measurement cycle, begins at the end of the
read period. At the same time the counter is released for operation by transfesring its
contents (previous measurement value) to a series of latches. This stored data is then
decoded and buffered before being used for driving the liquid crysial display.
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3-14. VoRage Messurement Function ,

3-15. Both ac and dc voliage mecasurement functions usc an overvoltage protected 10

M input divider 10 scale down the input voltage. Under normal conditions (assuming 3

dc input signal on the proper range) the divides output is a dc volage that is direcily
proportional to the input signal level. tf the AC function is selecied, the output of the

divider is ac coupled 1o an active full-wave rectifier whose dc output is calibrated to eyual

the rms level of the ac input (for sine wave inputs). If the PEAK HOLD switch is al the

OFF position, the dc voltage from the divider or the acconverter is passed through a lilter

and applied 10 the a/d converter as the unknown input (Figure 3-4). Peak Hold operation. ,
will be covered later. . ?

TO A/D

CONVERTER
LO

UNKNOWN

Ml

3-16. Cusrrent Messurement Function wl
3.17. Current measurements are made using a fuse protecied, switchable, current shunt '
(0.103, 101, 1062, or 1000D) to perform the current-10-vollage conversion required by thea/d {
converter (Figure 3-5). The vokage (IR) drop produced across the selected shunt may be
either ac or dc. If the input current is dc and the DC function is selected, the iRdrop is
passed through a low-pass filter, and presented as the unknown input to the a/d converter.
However, if the input current is ac and the AC function is selected, the IR drop is sectified
i by the ac convertcr. if the PEAK HOLD switch is at the OFF position, the dc signal from
cither the ac converter or the current shunt is routed through a filter (o the a/d converter.
This unknown input voliage to the a/d converter is proportional to the current passing
through the current shunt. :

LOW PASS
FILTER

PEAK-HOLD
CIRCUIT
lon
—
OFF

3-18. Tempersture (°C) Messurement Function

3-19. As Figure 3-6 shows, the input from the thermocouple accessory is applied across

the mA and COMMON terminals. f the PEAK HOLD switch is in the OFF position the '

input will be routed through a filter to the a/d converter unknown input. The COMMON ,
[ Q

AC
CONVERTER

terminal is thermally tied to the collector and base leads of transistor Q3. This provides
reference junction temperature compensation. QIchanges with temperature and provides
an offset voltage 10 counter the thermocouple at the input jacks to ensure the integrity of <
the reading at the messurement end. 8

P— T———— —r————

3-20. Resietance Messurement Function

3-21. Resistance measurements are made using a ratio technique as shown in Figure 3-7.
Whea the ki) function is selected, 8 simple serics of circuits are formed by the internal
reference voltage, a reference resistor from the voltage divider (sclected by range switches), '

and the external unksown resistor. The ratio of the two resistors is equal to the ratio of y AAA
their respective volage drops. Therefore, since the value of one resistor is known, the value . A
of the second can be determined by using the voltage drop across the known resistoras s
reference. This detcrmination is made directly by the a/d converter.

VOLTAGE
DIVIDER

3.22.  Ovensll operation of the a/d converter during s resistance measurement is basically
as described carier in this section, with onecxception. The reference voltage present
during a voltage measurement is repiaced by the voltage drop across the reference resistor.
This allows the voliage across the unknown resistor 10 be read during the integrate period,
and compared against the reference resistor during the read period. As before, the length
of the read period is a direct indication of the value of the unknown. The PEAK HOLD
switch should always be in the OFF position when making resistance measurements.
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3-23. Conducience Measurement Funciion

3-4. Conductance measurements are made using a ratio technique similar to that used
in making resistance measurcments (Figure 3-7). The main differences are: only one range
is provided (200 nS), and the function of the range resistor and the unknows resistor in the
measurement cycle is reversed. That is, the voltage drop across the range resistor is used as
the unknown inputl during the integraie period, and the voltage across the unkmown
resistor is used for the refercnce input during the read period. As a result, the display
provides a reading that is the reciprocal (1/11) of the uakmown input resistance; i.c., the
higher the input resistance, the lower the display reading. The PEAK HOLD switch
should always be in the OFF position whea making conductance measurements.

3-28. Pesk Hold Clroult Lavel

3-26. As Figure 3-8 shows, the peak hold circuit consists of an operational amplifier
(U19) and a capacitor (C19) which is across the a/d converter (US) input. When the PEAK
HOLD switch is set to the ON position, swilch action removes the normalinput to the a/d
converier and routes the owtput of the signel conditioners to U19. The operational
smplifier charges C19 (0 the peak positive input signal 10 the DMM. Thechargeon C19is
the unknown value that the 8/d converier reads 10 determine the displayed value. As the
charge on CI9 biceds off theough U9, Ul4, and QI0, the display value will decay. Peak-
:e&>niﬁl8-rn1'riﬂ‘g-i"d;.’iri&.’g.x
AC Converter. Peak-Hold DC should give the pasitive peak of any input waveform.

3-27. Level Detector Clroult {

3-28. As Figure 3-9 shows, when the ) or S functions dre selected, the DMM input is
routed both to the resistance/ conductance signal conditiomer and to the comparator of the
level detector circuit. The other input 10 the comparator is a +0.8V reference level (200kN
range). When the DMM input is open circuited or greater than the seference, the level
detector circuit causcs the Aup arrow (o appear in the dispiay. If the DMM input is less .
than the reference level, the level detector circuit causes the Wdown arrow to appear inthe
display and the audible tone 10 sound if the AC/DC switch is at the AC position.

NOTE

The Peak-Hold switch should be in the OF F position when using the Level
Detector Circult. ’

K]
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INTRODUCTION

The Model 80T-150U Universal Temperature Probe is a self-
contained temperature-to-voltageconverter. The probe is designed
to provide a direct temperature reading when it is connected to any
high impedance DMM thatis capable of 1 mV resoiution and atleast
a 300-count full scale readout capability. Output is | mV per degree
(Celsius or Fahrenheit). Two switch-seiected temperature output
scalings are provided: -50 to +150°C or -58 to +302°F. The probe
will stand off 350V dc or peak ac.

The unit is housed in two separate but attached assemblies: a
temperature probe and a temperature-to-voltage converter. The
probe contains the temperature-sensing element and is slectrically
connected to the temperature-to-voltage converter through a 48-
inch shisided cable. A three-position switch on the converter acts
as a power switch and is used for selecting Celsius or Fahrenheit
scaling for the output Two banana plugs with standard 0.75-inch
spacing are provided for connecting the 80T-150U to the DMM.

Operating power for the 80T-150U is derived from a standard 9V
battery. Typicaily, an alkaline battery provides more than 1600 hours
of continuous operation before replacement is necessary. An OFF
switch is provided on the temperature-to-voitage converter to allow
battery conservation when the unitis notin use. In addition, the OFF
position of the power switch allows the battery condition to be
determined via the external DMM.

Temperature is measured by exposing the probe tip directly to the
material to be measured (non-corrosive liquid, gas, or solid). A direct
temperature reading is displayed on the DMM.
SPECIFICATIONS

The 80T-150U will achieve rated accuracy when it is used with any
0.25% DMM that has an input impedance of 3 1 MQQ.

ELECTRICAL
Measurement Range: -50 to +150 degrees Celsius

-58 to +302 degrees Fahrenheit
Accuracy:
AMBIENT °C ACCURACY
+15to +35°C +1°C from 0 to +100°C, decreasing linearty to

+3°C at -50 and +150°C

0to 15°C and +2°C from 0 to +100°C, decreasing linearly to

+35 to +50°C +4°C at -50 and +150°C
AMBIENT °F ACCURACY
+59 to +95°F +1.8°F from +32t0 +212°F, decreasing linearly

to +5.4°F at -58 and 302°F

+3210 +59 °F and +3.6°F from +32t0 +212°F, decreasing linearly
+95to +122 °F to 7.2 °F at -58 and 302°F

Sensitivity (80T-150U output): 1 mV dc / °C or °F
Voitage Standoft: 350V dc or peak ac
Settiing Time: 5.5 seconds to settie within 2° for a 50° change

P/N 778134 FEBRUARY 1986 Rev. 2, 1/88
£1988. John Fluke Mig. Co.. Inc. All ngnts reserved. Litho n U.S.A.

FLUKE

¥

Instruction Sheet

80T-150U

Universal Temperature Probe

I/

ENVIRONMENTAL
Ambient Opersting Range for Unit: 0 to +50°C (+32 to +122°F)
Maximum Temperature Probe Body and Cable: +70°C (160°F) See
Probe Limitations
Storage Temperature for Unit: -40 to +70°C (-40 to +160°F)
Mumidity: 0% to 90% (0°C to 35°C) noncondensing
0% to 70% (35°C to 50°C) noncondensing

Altitude: Operating: < 10,000 feet

Storage: < 50,000 feet
Application Force: 20 pounds maximum (probe tip to measured
surface)

GENERAL

Weight: 5.7 ounces, 161.5 grams

Overall Length: 53.8 inches, 1.6 meters

Batiery: Standard 9V battery (NEDA #1604,6F22,006P)

Battery Lile: 1800+ hours, typical (Alkaline Battery), 8.5V minimum

gutput Terminstion: Standard 0.75-inch spaced double banana
ug

Probe Material: Glass-filled valox

Probe Size: 0.6 in. maximum diameter

Tip Material: Aluminum

Tip Size: 0.07 to 0.08 in. diameter, 30% convexed

OPERATING NOTES

The following paragraphe are intended 10 familiarize the operator
with the 807-150U. The operator should read these paragraphs
before attempting 10 operate the probe.

Probe Limitations

The 80T- 150U probe is constructed of a highly durable plastic and
is suitable for measuring the temperature of liquids, gases, and solid
surfaces up o 150°C. When measuring temperature, observe the
following precautions to prevent damage to the probe:

1. Do not expose the probe end (probe tip plus about 2
inches ot the probe body) t0 temperatures exceeding
+150°C (302°F). The remainder of the probe body
should not be exposed 10 temperstures above +70°C
(180°F).

2. For liquid measurements, recommended applications
range from water, iubricants. and fuels to most solvents.
Liquids as shaliow as % inch can be measured since the
temperature sensor is in the probe tip.

WARNING

TO AVOID ELECTRICAL SHOCK, DO NOT USE THIS

INSTRUMENT WHEN VOLTAGES EXCEEDING 350V

OC OR PEAK AC ARE PRESENT. THE PROBE TIP I8

ELECTRICALLY CONNECTED TO THE OUTPUT

TERMINALS.
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CAUTION
Long-term sxposure of the probe 10 corrosive snviron-
ments will result in pitting and deterioration of the
sluminum probe tip.

Error Sources

When the probe tip is applied to a solid surface, it draws or sinks
heat from the surface. Therefore, if the measured surface has a iow
mass (e.g.. 8 transistor case), the indicated temperature may be
lower than the actual temperature.

Similarly, a steady-state error or gradient exists between the
measured surface and the sensing device in the probe tip. This is
duse to the flow of heat from the measurement surface to the probe
body. The effect of the steady-state error increases as the differential
between ambient and surface temperature increases.

To determine the actual surface temperature of a device, both the
heat-sinking and steady-state errors must be considered. The
correction curve given in Figure 1 approximates the effect of both
error sources on TO-3, TO-5, and TO-18 transistor cases.

RF signals applied to the 80T-150U probe tip can aiso cause errors
in temperature measurement. Figure 2 defines the rf signal limits
that can be tolerated without degrading measurement accuracy.

OPERATION
Use the following procedure to operate the 80T-150U probe:

1. Connectthe banana plugs on the 80T-150U to the input
terminais of a high impedance DMM. Observe polarity.

2. Select a dc voitage range that will provide at ieast 1 mV
resolution (1 mV/degres) and a full scale readout that
will encompass the expected temperature. The 2V
range of a 3 ¥%:-digit DMM is adequats. ignore readings
of less than 1° when a more sensitive DMM is used.

3. Set the 80T-150U power switch to °C or °F, and
energize the DMM.

4. Firmly touch the probe tip 1o the surface 10 be measured,
or expose it to a liquid or gas. The DMM will display the
temperature in degrees. Vary the probe angle and
pressure when measuring solid surface temperatures.
The highest stabilized reading will be the most accursie.
(See the following measuring technique.)

1.  When measuring higher than ambient temperatures,
adjust the connection between the probe and the
surface until you get the highest temperature reading.

2. When measuring lower than ambient temperatures,
adjust the connection between the probe and the
surface until you get the iowest temperature reading.

3. When measuring near ambient temperatures, make the
reading when the multimeter readout is most stable.

THEORY OF OPERATION

The Model 80T-150U uses the negative temperature coefficientofa
semiconductor (P-N) junction 10 measurs temperature. The PN
junction is thermalty integrated into the probe tip and comprises one
leg of a bridge circuit as shown in the simplified circuit diagram of
Figure 3. One 8V battery is used to power both the bridge circuitand
operational amplifier AR1. Since the bridge must be balanced to
provide 0°C and 0°F indications. separate range or temperature
scale resistors R7 and R8 are included in the bridge circuit When
A6 and R2 are shorted by S1, the *C scale is selected and the bridge
is calibrated by R3 to null at 0°C. Conversely, when S1 is open, the
0°F scale is selected, and the bridge is calibrated by R2 to null at
0°F. Deviations above and below 0° provide a bridge output of
approximately 245 mv/*C.

Operational amplifier AR1 is used to measure the bridge outputand
scale it to a 1 mV/degree signal. Since the °C and the °F scale are
sloped differently, the scale for AR1 must be matched with the scale
selected for the bridge circuit. Shorting resistors R15 and R18
selects the *C scale. Conversely, when S1 is open, the °F scale is
selected. Resistor R4 calibrates both scales.

The output voltage used to drive the external voltmeter is taken from
the output of AR1 (P2) and the reference side of the bridge (P1).
Since AR1 is operating as an inverting amplifier, its outputis used as
the low input to the voitmeter. This enabies the voitmeter to display
an increase in teMpPerature as an iNCrease in voltage.

GENERAL MAINTENANCE
Access Information

The battery and the calibration pots are located on the interior of the
temperature-to-voitage converter assembly. Access to these ioca-
tions is accomplished by removing the screw from the bottom side of
the assembly and removing the 10p of the plastic case.

Battery Condition Test

CAUTION 1.  Set the power switch 10 the OFF position.
3. Setthe DMM 1o the 200 or 300 mV dc range.
MEASURING TECHNIQUE 4. Read the batiery 18st voltage on the DMM. A minimum
Here are some suggestions for improving the accuracy of your mdngdimebmundindmmt
temperature measurements: approximately 100 hours of battery lfe remain.
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vs. Meler Reading Above Ambiem

Figure 2. Maximum Signal RF Limite (Vrme) at Probe Tip
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Figure 3. Simpiified Circuit Diagram
Battery Replacement
WARNING

TO AVOID ELECTRICAL SHOCK, REMOVE THE
PROSE FROM THE MEASUREMENT SURFACE
SEFORE OPENING THE CASE. TOTALLY
REASSEMBLE THE INSTRUMENT BEFORE
ATTEMPTING TO USE IT.

1. Set the power switch to the OFF position.
Disconnect the 80T-150U from the DMM.

3. Turn the 80T-150U so the power switch is facing down.
Remove the single screw located between the banana
plugs.

4. Grasp one case half in each hand. Pull the two halves
apan, beginning at the end with the banana plugs.

5. Remove and replace the battery.

Reassembie the 80T-150U as follows. Mate the two
case haives at the end where the cable enters the case,
then “hinge” the two halves together. Repiace the case
screw, being careful not to pinch the probe cabie or
battery wires.

PERFORMANCE TEST

Complete the calibration procedure without opening the
temperature-10-voitage converter assembly and without making
any calibration adjustments. Observe the readings given in
[brackets]. Other readings are for calibration only.

\\\
CALIBRATION
A calibration cycle of one year is recommended to maintain the unit
within the specifications given earlier. The equipment required for
calibration is listed in the table following the calibration procedure.
NOTE "y

Values given in brackets apply to the Performance
Test.

Perform the following steps to calibrate the 80T-150U:

1. Access the interior of the temperature-to-voltage
converter by removing the bottom case screw and
separating the case haives.

2. Connect the 80T-150U to a DVM with 10 uV resolution,
and select mV dc range.

3. Selectthe °C position of the switch. Immerse the probe
tip 2 inches into a mercury thermometer monitored 0°C
bath, and allow 60 seconds for the readings to stabilize.

4. Adjust R3 (see Figure 4) to obtain the following reading:
0.00 + 0.05 mV dc [0 + 2 mV dc}

5. Select the °F position of the switch, and adjust R2 to
obtain the following reading:

320 £ 0.1 mV dc [32.0 + 4 mV dc]

6. Selectthe *C position, and move the probe tipto a 70°C
to 90°C bath and again aliow the readings 10 stabilize.

7.  Adjust R4 to obtain a DVM reeding that agrees with the
bath tempersture (BT) as monitored by a mercury
thermometer.

*C BT £ 0.05 mV dc {BT £ 2 mV dc)

8. Selectthe °F position, and verity that the outputis within
+ 4 mV dc of the bath thermometer reading. if necessary,
change the OVM range to obtain an on-scale reading.

9. Retum the probe tip to the 0°C bath and check the
output. i readjustment is necessary, repeat steps 4
through 8 until readings can be obtained without
adjustment.

10. Set the 80T-150U switch to the OFF position, and
remove the 80T-150U from the DVM.

11. Reassembie the 80T-150U.
12. The 80T-150U is now calibrated.

PROBE REPLACEMENT

A probe kit (80T-150-70011K, PN 431023) is available for replacing
damaged or defective probes. The kit includes a probe and cable
assembly and an installation and calibration instruction sheet

LIST OF REPLACEABLE PARTS

A Schematic of the 80T-150U is shown in Figure 4. A list of
repiaceable parts is shown in Figure 5. When ordering parts,
provide the deecription, Fiuke part number, and the quantity
required.

!

Test Equipment Requirements
INSTRUMENT TYPE MINIMUM USE SPECIFICATIONS AECOMMENDED MODEL
Mercury Thermometer 0.1°C Resolution Princo Model SAMA-CP4S
Dewar Flask and Cap 1-Pint Capacity (for ice Bath) Thermos Bottle
Metal or Glass Container 1-Pint Capacity Suitable for Boiling Water
Digital Voitmeter 100 mV Range with 10 sV Fluke Model 8840A
Resolution
1000 mV Range with 100 sV
Resolution

For application or operation assistance
or intormation on Fiuke products cail:

800-426-0381 in most of USA.
208-356-5400 from AK, HI, and WA
208-358-5500 from other countries

John Fluke Mig. Co., inc
P.O. Box C9080
Everstt WA 96206
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Operating Instructions ™

Cole-Parmer Series 5985
Submersible Assembly

For use with Cole-Parmer pH Wands

T -

o (I @EE]

Model 5985-77
(Shown with 5985-75
pH Wand with ATC)

Cole .—ﬂ

Parmer

Cole-Pamer Instrument Com nx
7425 North Oak Park Avenue, Chicago, illinois 50648
Phone 1-312-647-7600 or Toll-free 1-800-323-4340
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General Description

This submersible assembly is designed specifically for use with Cole-
Parmer’s Series 5985 pH Wands. The assembly lets you measure pH in
tanks, large baths, drums, etc., or wherever a submersible extension is
necessary or desirable.
The assembly instalis between the pH wand and the electrode, to ex-
tend the measurement reach to a full 26". The upper section holding the
pH wand, the meter holder, rotates a full 360° for comfortable viewing
from all angles. The lower portion, the assembly shaft, has a PVC
sieeve with watertight Viton® O-ring, to protect the electrode from
bumps or joits during measurements.
Two assemblies are available:

Model 5985-65, for use with Model 5985-50 pH Wand

Model 5985-77, for use with Model 5985-75 pH Wand with ATC

Specifications
Mode! numbers: 5985-77: For 5985-75 ATC pH Wand
5985-65: For 5985-50 pH Wand
Assembly shaft: Length: 26.0" (71.1 cm)
Diameter: 1.25" (3.2 cm)
Meter hoider: Length:  7.25" (18.4 cm)
WxD: 20" x 1.5 (5.1 x 3.8 cm)
Protective sleeve: PVC, w/Viton® O-ring
Shipping weight: 31 ibs. (1.4 kg)

Page 1



Assembly Diagram

e

2

d 1

™7
Upper Assembly
1. Meter Holder
2. Position Screws (2)
3. (pH Wand)

- Assembly Shaft

4. Retractable Cord

5. Electrode Connector

6. (pH Eloctrode)

7. Large O-ri

8. Threaded Insen—-lncludes:
a. Inner O-ring (black)

9. Protective Sbcve (Gland)
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Assembly Instructions

The submersible assembly consists of two major sections, the electrode
holder and the meter hoider. Refer to Assembly Diagram as needed.

To install the electrode: _

1. Unscrew and remove the protective sieeve (gland) from th'e bottom of
the assembly shaft. Put it to one side.

2. Next unscrew and remove the double-threaded insert, which houses
a threaded nut, spacer band, two washers and O-ring. Put it aside,
also.

3. At this point the end of the electrode connector is exposed, hanging
from a retractable cord. Pull it out from the assembiy shaft until the
electrode connector is accessible.

4. Unscrew and remove the electrode from the pH wand, and screw it
into the electrode connector in the assembly shaft.

5. Remove the threaded nut from the bottom of the double-threaded in-
sert. Push the tip of the electrode all the way through the insert, until
the insert touches the rubber sleeve of the electrode’s refill cap.
NOTE: Some of the parts—washers, O-ring or spacer band—may

fall out from tive threaded nut when it is removed from the insert.

6. When the insert is in place on the electrode sheath, screw the
threaded nut (and whatever other parts have become disassembled
in the process) back into place and hand tighten to secure.

7. Replace the protective sieeve (gland) at the bottom of the threaded
insert and screw it back into position.

8. Next, push the electrode (with insert and sieeve) back up into the
assembly shaft and screw it into position. The lower portion of the
assembly is now ready.

NOTE: Make sure to hand tighten all threaded connactions in the
lower assembly before use.

TJo install the pH wand:

1. Push the pH wand (without electrode) as far into the meter holder as
possible. This will ensure electrical contact with the connection cable
in the assembly shaft.

NOTE: Make sure that the front panel controls are exposed.

2. To position pH wand at comfortable viewing angle, loosen the two
screws at the neck of the meter hokler. The upper portion of the as-
sembly rotates 360°, for a wide range of comfortable angles. Tighten
the screws again to lock the meter holder in place.




Operation

After assembly, put the assembly shaft into the liquid to be measured.
To make sure that the electrode tip is fully submerged, cover the pro-
tective PVC sleeve completely with the liquid.

Push the “On/Off” switch on the pH wand and allow approximately 3
minutes for the pH wand to stabilize, then read the display. When mea-
surements have been taken, turn off the pH wand and remove the as-
sembly from the drum or tank.

Refer to pH wand instruction manual for more details on operation.

Cleaning

Because the assembly shaft is submerged in liquid during use, it should

be cleaned periodically to prevent clogging. The assembly should also

be cleaned when changing from one liquid to another to avoid con-

taminating sampiles being measured.

Between uses, wipe the assembly dry with a clean cotton cloth. For a

more thorough cleaning, use a good general-purpose laboratory or in-

dustrial cleaning solution, or mild soap and water to clean the PVC

sheath and meter hoider.

NOTE: The cleaning solution used will depend on the liquids being
measured. For advise on selecting a cleaner, call us for techni-
cal assistance.

Page 4




-~

Warranty - NG

The Cole-Parmer Instrument Company warrants this product to be free
from detects in material and workmanship for a period of six months
from date of purchase. if repair or adjustment is necessary and has not
been the result of abuse or misuse within the six month perioy, please
return—freight prepaid—and correction of the defect will be made with-
out charge.
Out-of-warranty products will be repaired on a charge basis.

Return of items

Authorization must be obtained from our Customer Service Department
before returning items for any reason. When applying for authorization,
please include data regarding the reason the items are to be retumned.
For your protection, items must be % to prevent damage
in shipment and insured against poss! or loss. Cole-Parmer
will not be responsible for damage resulting from careless or insufficient
packing. A 15% restocking charge will be made on all unauthorized
retumns.

NOTE: The Cole-Parmer Instrument Company reserves the right to

make improvements in design, construction and appearance of
our products without notice.

Cole-Parmer instrument Commn
7425 North Oak Park Averwe. M e‘ua
Phone 1-312-647-7600 or Toli-free 1
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HAND~t— [ BEAROMETER/ALTIMETER CAL " RATION REPORT

®
| SERIAL NUMBER: 3@#572
CALIBRATION 1D: BEGIZSH914
®
FREFERENCE TEMFERATURE
FRESSURE (mb? Dearees C
o 199, 95 38.04
1 GED . GO 8. @
: 89%.97 8. 06
L) 799, 9% 38.15
699.94 38.39
&Py, o z8.44
® SSa. 26 z8. 23
649,93 z8. 22
TS . 1 z8.14
o 849, 85 38.@2
549. 8 37.94
1849, 9¢& 37.94
@ 1999, 94 28.82
965,97 28.81
899.9% 28.78
® 80G. 19 28.76
706,21 28.78
595, 98 2e.74
® S49, 07 28.77
545.87 28. 61
749,98 28.81
® 249,87 28.71
9SG . 67 28.78
1845, 94 28.78
® 1399, 91 27.92
999, 98 27.94
899, 95 23.95
® 80w, 15 2I.96
708.16 23.95
69 . 29 23.93
® 549,92 23.91
645.85 23.91
749,95 23,93
o 85%. 19 23.88
953 . 39 23.88
1056, 24 23.90
® 1100, 23 15. 02
1809, 30 15.904
899,93 14,96
® 80v. 18 14.96
780,19 14.96
595, 96 14.56
® 549 . 9% 14.98
649,84 14,95
749,94 14.96
| 845.84 14.96
953, 38 14.96
195¢, 23 14.93
® 1699, 96 5,22
999, 95 5.17
899.92 s.14
769._84 ©.17

INDICATED
PRESSURE (mb)

1399.98
999.8%
899.98
799.89
793, @0
600.41
Sod. 34
&S0, 82
749.65
849.7°9
Q49.91
1849.96
1136, 13
1999 . 69
Qvw. ¢4
899,19
799.@1
&89, 86
$49.89
649 .87
749.88
84%.7°
949.97
1949,95
114@, 85
99,97
Qed. 14
809,27
7e0.67
689,38
549.87
649,83
749.92
854.14
949,93
1256.22
1100.06
19009.25
899.83
800¢.12
790.91
608 .09
549.680
649.84
749.92
S5¢ ., ¢
Q49.99
125328. 18
1099.86
1309, A2
ug, 22
8¢g, a2

ERFOKR
(mb)
8,902
~-@d.14
¢.01
-6.1¢
@.066
@, 0%
3. 56
a.9c
-@. 26
-9.11
g.11
9.09
¢.18
W, d3z
@10
é., o0
-G, 20
.9t
-3, 32
-g, 04
-9, 14
-7.98
-9.14
a.91
9.14
.81
.19
¢.908
-@.039
?2.09
~-3.04
-9.902
-9, 01
-4, b6
-@.16
-8.91
-6.17
-9.905
-3.10
-3.906
-$.18
@.13
-©.11
-8.01
-3 I3
g.16
-g.,0s
-g.985
-¢. 04
g.38
G, 3¢
W18



®. 549, 9
659, 16
749.95
849.84
949.71

1449.92
1999.99

1090 . 28
899.92
899.17
700.15
599.97
549,93
649.85

. 749.94

849.87
949,72
1049, 9¢
1699, 90
999. 96
899.93
89d. 16
709.16
596.97
549,97
649.88
749.98
853.17
950 . ¢8
1649 ,97
1299, 89
999,95
899.92
80@.1S
799,15
599.97
559.21
649.8%
749,97
§59. 16
950 .34
10654, 27
1999.88
999.93
89%.97=
800.15
708.16
599.97
549 .99
659.15
749.92
8%59.15
959,33
195¢. 21

~ @

ERROR STATISTICS

MIN. -6.36
MAX.
AVE.
S.D.

"
s
ol
M

"
5
[
()

o e

S.14
S5.12
S5.132
5.09
S5.11
.12
14.8%
14.868
14,89
14.93
14.9¢
14.91
14,96
14.95
14.94
14.96
14,96
14.94
2Z.89
23.84
23.92
23.87
23.86
23.89
23.88
2Z.88
2Z.88
2Z.89
-_.88
.9
28.66
28.7%
28.71
28.72
28. 66
28.65
28. 66
28. 68
28.74¢
28. 66
28.65
28.61
37.92
37.92
37.97
37.99
38. 00
38.922
38. ¢4
37.99
38. a9
38. 99
38.090
38.84

19,74
-3, 00
749.98
849.83
949.53

1049, 93

1099, 82

1900.27
900.12
800. 29
709. 46
690,087
549.79
649.91
749.87
859.01
949.57

1049 .93

1999.63
999,91
999.1%
800. 25
709.29
699.13
$49.80
649,83
749,96
859. 11
949,86

1949.97

1999.84

190G . 91
900. 14
89G.19
709.19
689,12
S53. 12
649.74
749,83
859.907
949, 90

1050.33

1999.99
999,87
990 . 00
799.99
780,12
599.99
550.15
659,24
749.96
859. 97
953,13

1050.24

-g.16
=@.16
@.063
-2.921
-9.18
2.01
-Gng
-2.901
2.20
o‘ 12
#.32
9.19
-$.13
2.06

-9.97

" 9.14

C-9.15

28.92
-8.07
-3.95

g.22

?.929

9.13

g.16
-@.13
-9.94
-, IZ
-@.96
-@, 22

9.24
-@.95

9.906

22

a, a5

3.0

g.1%
-9, &9
-g. 79
-3d.11
-%.98
-#.14

@.985

2.19
-9.96

@.97
~9.16
-@.03

@.32

0.25

ag.98

@.04
-¢.98

@.039

?.04
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Table 4-1. Test Equipment Required

REQUIRED CHARACTERISTICS

RECOMMENDED
EQUIPMENT

DMM
Calibrator

AC VOLTS: ,
Voltage Range: OV to 200V to
750V :

Accuracy Required: +.1%,
10.35%, 10.1%

Frequency: 5 kHz to 2 kHz to 1
kHz to 100 Hz, +0.25%
DC VOLTS
Voitage Range: 0 to 1000V
Accuracy: £0.025%
AC CURRENT:
Current Range: 0 to 1800 mA
Frequency Range: 100 Hz to
1 kHz
Accuracy: £0.1%
DC CURRENT:
Current Range: 0 to 1900 mA
Accuracy: 10.1%
RESISTANCE:
Value: 10083
Accuracy: $0.05%
Value: 1 k3, 10 k£2, 100 k2,
1000 k§3
Accuracy: $0.025%
Value: 10 M)
Accuracy: 10.5%

John Fluke
Modei 51008

4-9.
4-10.

80248

GENERAL INFORMATION
Access inlormelion
NOTE

To avoid contaminating the peb with oll from the fingers, Aandle it by the
edges or weer gloves. U the pcd does become conteminased, refer 10 the
cleaning procedure given later in this section.

.BACKUP FUSE (F2) AND CALIBRATION ADJUSTMENTS

Use the fdmmwowdmwmnmmmluﬁhmujmm:
{.  Set the power switch to OFF.

2 Dicoummmﬂhtmyeﬂ-hm.ifuw.

k) Remove the three phillips-head screws from the bottom of the case.

4 rmsuhmmpummwmnmmammm
conncctors. Then, pull the top cover from the wnit.

5. Al adjusiments mecessary to complete the calibration procedure are now
accessible (see Figure 4-1). ’

DMM

Temperature
Reference
Monitor

Thermocouple
Accessory

Vacuum
Insulated Bottle

2 Hole Cork

Puise
Generator

Oto12Vdc ¢.1%

0.4° C resolution at 0°C
80248 compatible

1 quart capacity minimum
To fit mouth of Vacuum Insulated
Bottle

Can generate 25 pisec pulses at
Svp-p

John Fluke
Model 80208

PRINCO ASTM
56C

John Fluke
Model Y8102
or Y8103

Thermos

Hewiett Packard
Model 8003A

SHIELD
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4+11. PCB
~ 412 Tmmmrcnmumms-m.uémmo-iqmumm
m.ovetheMaiPClAmuylronlheuu:
I Coqhetthdﬁmmmm
2 nmmmrmmqumm.

3 Ulh.mhhxﬁlﬁ.mmlhbmr&ht-hdmdlkpéulilhh
fm.MpullhpeblotherWuuilild&nheMu‘ulhhmou. .

4. Reassembic in the logical reverse order.
NOTE

When installing the pcb, route batiery-clip wires behind the poss on the lefi-
hand side of the botiom case. Abomdcmtlnuhcmnbkphukb
located beneath the renge swisch pushbutions s properly insselled in the
botiom case and thes the green power-swisch cap is mosmied on the power

I Rmmuﬁnmmmuﬁuthl’cnmwwedun.

2 Pl.ceyontthnnlnoneitheuideoﬂhdiwhyluulndwefullymhlhelem
out of the LCD bracket.

3. Tuming LCD bracket upside down gently tap into your palm, LCD shouldfall
out.

NOTE )

When instelling the LCD make cevtain thet its flat surface is facing out and I
its connector petiern is on fop of and makes contact with, the flexibile _
layered connecior. .

4-15. LSI (U8) ACCESS
4-16. Use the following procedure 10 remove/replace the a/d converter and display
driver IC, Us:

1. Remove the pcd assembly using the PCB access procedure,

2. Onthe bottom of the peb locate and remove the two phillips-head screws from
the display assembly.

4-4

4-17.

oimlquglcouuhm

s When instaling US make sure all pine are lined upiuthcsocket.-ndlhcnprea
US carefully into place.

45

L Itl = A IM&-_—.______,,.
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4-18.  Clean the front pancl and case with a mild solution of detergent and water. Clean
dust from the circuit board with low pressure (<20 psi) dry sir. Contaminants can be
removed from the circuit board with demineralized water and s soft brush (remove the
Display Assembly before washing, and avoid getting excessive amounts of water on the
switches). Dry with clean, dry air at low pressure, and then bake at 50 to 60°C (124 -
140°F) for 24 hours.

4-19. Ballery/Backup Fuse Replecement
WARNING

SATTERY/FUSE REPLACEMENT SHOULD ONLY BE PERFORMED AFTER
THE TEST LEADS HAVE DEEN REMOVED PROM THE INPUT JACKS, AND
THE POWER SWITCH I8 SET TO OFF. BACKUP FUSE REPLACEMENT
PROCEDURE YO BE PERFORMED BY QUALIFIED SERVICE PERSONNEL
ONLY. USE ONLY THE RECOMMENDED REPLACEMENT TYPE.

L

4-20. Refer 10 Section 2 of this manual for battery and main fuse (F 1) replacement
procedure. Use the following procedure 10 replace the backup fuse (F2).

1. Compiete the “Backup Fuse and Calibration Access Procedure” located earlier
in this section.
2. Using a pointed tool such as a probe tip, pry the backup fuse from its holder.

3. Replace the defective backup fuse with a 3A, 600V type BBS-3 only.

421. PERFORMANCE TEST

4-22. The performance tests are used to compare the 8024B performance with the list of
specifications given in Secction 1 of this manual. It is recommended for incoming
inspection, periodic maintenance, and to verify specifications. If the instrument fails any
test, calibration sdjustment and/or repair is indicated. The 8024B being tested will be
referred to as the UUT (Unit Under Test).

4-23. inlial Procedure
4-24. Esch of the performance tests assume that the following conditions exist:

I. The unit has been allowed to stabilize and will be tested at an ambient
temperature of 23 £5°C (73 £ 9°F).

2. The fuse and battery have been checked and, if necessary, replaced.

3. Set the UUT switches to the following positions:

POWER ON
PEAK HOLD OFF
All other switches out

-

ba J i J A

80248
4-25. Dieplay Test
4-26. Use the following procedure to verify the proper operation of all LCD indications
except BT.

1. Select the () function aad commect a short between the COMMON input
terminal and the V/1/S inpwt termimal. Thea for cach step in Table 4-2, sclect the
range indicated and verify that the correspondiag decimal point position and digi
display in the table and the LCD are the same. :

' 2 Select the DC V function, 2.0V range on the UUT.

k § COIWIMW.IMIhFW‘-J.

Toble 4-2. Displey Test
STEP SELECT RANGE UUT DISPLAY
1 2008} 00.0°
2 2k} 000
3 20k 0.00
: 4 200 kf3 00.0
[ 2000 k) ' 000
, ] 20 M2 0.00
ﬂ 4 200 nS 1

*One or two digits may appesr i a test iead Is used to connect the two terminals.

DMM
CALIBRATOR

4-7
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4. Program the DMM Calibrator for a UUT input of - 1.0V dc and verify that the
- sign appears in the UUT display.

S. Program the DMM Calibrator for a UUT display of +1.888 and verify that all
segments of cach digit appear ia the LCD.

6. Program the DMM Calibrator 50 that each possible number appears inecach
digit of the display (3-1/2 digit wnit).

7. Program the DMM Calibrator for 8 UUT input of OV de.

5. On the UUT, depress the mA-*C-V/}/S switch.

9. Verify thet the'V dowa arrow appears in the UUT display.

10. Program the DMM Calibeator for s UUT input of +15V dc.

I1. Verify that the Wdows arrow disappears from the UUT displey and the Aup
arrow appears in the UUT display.

4-27. Voltage Test
4-28. Usc the (ollowing procedure 10 verify the proper operation of both the AC and DC
V measurement functions:

1. Connect the equipment as shown in Figure 4-3and release the mA-*C-V/§/S
function switch.

2 For each step of Table 4-3 sct the AC/DC switch 1o the indicated position,
sclect the listed range, program the DMM Calibrator for the corresponding UUT
input, and verify that the UUT displayed value is within the limits listed.

4-29. Current Test
430. Use the following procedure to verify the proper operation of both the AC and DC
mA measurement functions:

1. Connect the equipment as shown in Figure 4-4.
2. For each step of Table 4-4 sct the AC/DC switch to the indicatedposition,

scloct the listed range, program the DMM Calibrator for the corresponding UUT
input, and verify that the UUT displayed value is within the indicated limits.

4-31. Resistance/Conduciance Test
4-32.  Use the following procedure 10 verify the proper operation of both the k 1and nS
measurement functions:

1. On the UUT set the mA-*C-V/)/S function switch to the in position (nS).

4-8

2. Coanect the oquipment s shown in Figure 4-3.
3. For each step of Table -5 sct the AC/DC switch to the indicated position,

sclect the lissed range, program the DMM Calibratos for the correaponding UUT
input, and vesily that the UUT displayed valus is within the indicated limits.

Table 4-3. Vellage Test

UUT SWITCH
sTer POSITION ataindd '::““'
DC/AC |[RANGE| LEVEL | FRSQ.
' 200mv | +190 mv de 190.7 % 190.3
2 —190 mV & ~180.7 0 -1903
3 oc |2 1V 1897 10 1.903
4 00V & bc 0.001 to ~0.001
5 20v WV & 1897 10 19.03
e 200v | 190V de 189.7 10 190.3
7 1000v | 1000V dc 988 10 1002
s Short —_ 00.0 10 00.2
° 100Hz| 1884w 1918
10 20mV | yoomvac | 2kHz 1888 t0 193.2
s
" 5 kHz 180.0 +0 1909
12 100 Mz 1484 0 19018
13 AC I 2kHz | 1888101932
14 w1l sk 1.800 to 1.990
15 10 mV ac
8 kHz 0.175 0 0.206
. .

16 10| 1884 10 19.18
17 20v | tVecrms | 20042 18.68 10 19.32
18 8 kHz 18.00 to 19.90
19 10| 99001010
o 200V | 100Vecrms| oz | 98201018
7 100Hz| 7400 760
2 TEOV | TSOVecrme| o vz 740 v 760
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OMM
CALIBRATOR

Hi
Lo

Figure 4-4. General Equipment Connection - Current

Table 4-4. Current Test

UUT swWi )
m?n;:“ INPUT DISPLAY
STEP LIMITS
AC/DC | RANGE| LEVEL FREQ.
) 2mA +1.9 mA de +1.886 10 +1.9186
2 20 mA +19 mA dc +18.86 to +19.16
3 bC +190 mA dc +1885 10 +191.5
4 200mA | _ 190 mA de ~188.5 to —191.6
5 2000 mA| +1.9A dec +1885 10 +1916
6 Short 0.000 10 0.002
7 2mA 100 Hz
1.9 mA oc rms 1.841 10 1.960
8 o 1M 7400 Hz
) 100 Hz
20mA 19 mA sc1me 18.69 10 19.21
10 AC 1 kHz
1" 100 Hz
200 mA [190 mA ac ¢ 186.9 to 193.1
12 1 kHz
13 100 Hz
2000 mA| 1.9A ac rms 1860 to 1931
14 1 kHz
4-10

[ ] [—" | [ S ]
80248
Table 4-5. Reslstance/Conducionce Test
SELECT | . DISPLAYED VALUE SHOULD BE
STEP RANGE NeuUT NO LESS THAN | NO MORE THAN
1 2000} 10002 9.5 100.5
2 2«8} 1k} 0.998 : 1.002
3 20k 10k} 9.08 10.02
4 200 k2 100 kf} 2.8 100.2
_5 2000 k) 1 M2 997 1003
[} 20 MQ2 10 M 9.79 10.21
7 200 nS 10 Mf2 970 103.0
4-33. Pesk Hold Test
4-34.  Use the lollowing procedure 0 verify proper operation of the peak bold function:

4-35.

4-36.

2.

)

4.

Select the AC V function, 2V range.
Connect the equipment as shown in Figure 4-3.
Program the DMM Calibrator l’or & UUT input of 1.9V ac rms at 100 Hz.

Push the PEAK HOLD switch to the ON position and verify that the UUT

display is between 1.83) and 1.967, 1(3% of rdg + 10 digits).

5.

6.

A

Program the DMM Calibrator for an output of 0.1 mV ac rms at 100 Hz.
Verify that the UUT display changes less than 10 digits in 10 seconds.

Push the PEAK HOLD swiich to the OFF position.

Continuity Test
Use the following procedure to verify proper operation of the continuity function:

2.

kX

4.

Seilect the () function and 2 kf} range.
Connect the test leads to the COMMON and V/()/S terminals.
When the test leads are open circuited, the & up arrow will be displayed.

Short the test leads together and observe that theAup arrow disappears and the

Wdown arrow is displayed.

4-11
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5. Depress the AC/DC switch to activate the audible tone.

6. Momentarily short the test leads together and observe that the tone sounds
coincident with the Wdowa arrow. The & up arTow may or may wot be displayed,
depeading on the duration of the short.

4-33.  Use the following procedure to verify the proper operation of the level detector
function:

e

I.  Sclect the N functions, 200 k() range.

2 hwlkpﬁ:mlmfu.ﬁ#pﬂnthﬂlmt«lhuﬂuxwm
and 0 to 3V 10.5% in amplitude.

3. Commect lhcpuhepemoﬂolhc UUT: +tofhe V/)/S terminal and - to the
COMMON terminal

4.  Cause the pulse gemerator (0 output single pulses and verify that theAup arrow
appears momentarily in the LCD of the UUT for each single pulse.

5. On the UUT depress the AC/DC switch to enable the audible tone. The
audible tone should be on continuously.

6. Cause the pulse geserator to output 500 ms pulses and veril‘y'th( the Aup
arrow appesrs in the LCD and the audibic tone stops for each pulse.

7. Release the AC/DC switch 1o disable the sudible tone. The ¥ down arrow
should appear in the UUT display.

4-30. BT Test

™ 4-40. Complete the following procedure to verify that the BT indicator appears on the
LCD at the correct battery level, and that the accuracy of the UTT remains unaffecied at
this battery voltage level:

4-12

1. Connect the equipment as shown in Figure 4-5.
2. Set the UUT switches to the following positions:

200 mV in
AC/DC DC (out)

3. Set the DMM controls to the following positions:

20V in
AC/DC DC

VARIABLE
POWER
SUPPLY

FMgure 4-8. BT Test

4. Program the DMM Calibrator for a UUT input of 190.0 mV dc.

S. Adjust the varisble powes supply wmtil the BT indicator appears ia the UUT
dinplay.

6. Verify that the DMM display is botween +6.5 aad +7.5V dc.

7. Decresse the output of the variable supply until the DMM displays +6.0V.
8. Verily that the UUT display is botween 189.8 and 190.2 mV dc.

9. Program the DMM Calibrator for an input of OV dc.

10. On the UUT, depress the ()/S function switch aad 2 k) switch.

11, Adijust the variable power supply until the DMM displays +10.0V dc.

12. Program the DMM Calibrator for & UUT input of | k).

13, Verify that the UUT display is between 0.998 and 1.002.

14.  Adjust the variable power supply watil the DMM displays +6V dc.

15. Verify that the UUT display is between 0.996 and 1.002.

4-13
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4-41. Tempersiure Test
WARNING

DO NOT PERFORM THIS PROCEDURE IF THE TIP OF THE
THEROMOCOUPLE ACCESSORY HAS BEEN EXPOSED TO TOXIC
MATERIALS. INSTEAD USE THE ALTERNATE PROCEDURE DESCRISED
N THE FOLLOWING CALIBRATION ADJUSTMENTS PROCEDURE.

4-42.  The following procedure takes advantage of the inherent stability of human body
temperature to verify proper operation of the °C temperature function. If there is any
doubt about this procedure, if the thermocouple tip has been exposed to toxic materials,
or if extremeaccuracy of measurement is desired, use (as a reference) the lag bath described
in the °C Adjustment procedure in the following Calibration portion of this section.

1. Decpress the TEMP °C range swilch and release the £}/S switch on the UUT.
2. Connect the John Fluke thermocouple accessory (o the UUT.

3. Wipe the tip of the thermocouple accessory clean and place the tip between
your thumb and index finger until the UUT display readings stabilize.
NOTE
Normal body temperature of humans is 37°C (98.6° F).

4. Verify that the UUT display is between 34 and 39°C.

4-43. CALIBRATION ADJUSTMENTS

4-44.  Under normal operating conditions the 8024B should be calibrated once every two
years to maintain the specifications given in Section | of this manual. If your 8024B has
been repaired or if your 8024B has failed any of the Performance Tests, immediate:
calibration is indicated. Test equipment needed for the calibra-
tion adjustment is listed in Table 4-1. If the test equipment is not availabie, your nearest
John Fluke Service Center will be glad to help. A list of these centers is given in Section 5 of
this manual. For verification, complete the Performance Tests after the calibration
adjustmentsare made. The 8024B beingcalibrated will be referred (o as the UUT (Unit
Under Test).

445. Use the following procedure to perform the calibration adjgstments:

L. Allow the UUT tostabilize for at least 30 minutes at an ambient temiperature of
21°C 10 25°C (70°F 10 77°F).

2. Complete the calibration access procedure presented eardier in this section.
3. Sclect the DC V function, 200 mV range on the UUT.

4. Connect the equipment as shown in Figure 4-3.

5. Program the DMM Calibrator for a UUT input of +190.0 mV dc.

4-14
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6. Adjust the DC CAL (R6) for s UUT display of exactly 190.0.

7. Connect a jumper across Q10.

8. Push the PEAK HOLD switch to the ON paosition.

9. Adjust R17 (Peak Hold offset) for a UUT display of exactly 190.0.

10. Remove the jumper from across QI0.

1. Push the PEAK HOLD switch to the OFF position.

12.  Connect the equipment as shown in Figure 4-3.

13. On the UUT, depress the AC/DC switch.

14.  Program the DMM Calibrator fora UUT input of 190.0 mV ac rms at 100 Hz.
13, Adjust the AC CAL (R4) for 8 UUT display of exactly 190.0.

16.  On the UUT, depress the 2V range.

17. Program the DMM Calibrator for a UUT input of 1.9V ac rms at § kHz.
18.  Adjust the HF CAL (CI) for a UUT display between 1.805 and 1.995.

19.  Establish a lag bath (ice point environment) as shown in Figure 4-6 and allow
the lag bath to sit for 30 minutes to reach thermal equilibrium.

20. Connect the Thermocouple Accessory to the UUT.

2. Adjust the TEMP CAL (R 10) fora UU'] display the same as the Temperature
Reference Monitos reading.

4-48. TROUBLESHOOTING
CAUTION

Slatic discharge con demage MOS components contained in the 80248, Avold
insirument domage by complying with the precautions on the Ststic
AmeMHMum.nwl.

4-47.  Never remove, install, or otherwise connect or disconnect components without
first turning the 8024B POWER switch to OFF. Table 4-6 is a troubleshooting guide for
the 80248. 1 0 properly use the guide, complete the performance tests given earlier in this
seclion and note any discrepancies. Then locate the heading of the procedure in question in
the Test and Symptom columa (Table 4-6). Under that heading isolate the symptom that
‘approximates the observed malfunction. Possible causes are lisicd (o the right of the
sclected symptom. Details necessary to isolate a particular cause can be derived from the
Theory of Operation in Section 3 and the schematic diagrams in Section 7.
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_~TEMPERATURE REFERENCE MONITOR

THERMOCOUPLE ASSESSORY

[=VACUUM INSULATED BOTTLE

|_—ICE SLURRY:

1. FILL TOMARK WITH
CRUSHED ICE.*

2. FILL TOMARK WITH
WATER.*

“Both the ice and the water for the ice siurry should be

sither distilled water or Reagent Grade 11 DI wafer.

Figure 4-8. Lag Bath

Y -d [ 4 [ |
80248
Table 4-8. Troubleshosling Guide
TEST AND SYMPTOM POSOIBLE CAUSE
INITIAL PROCEDURE

BT Is displayed when unit is turned on
(oee BY procedure also). Note, BT witt
normelly be displayed for some Hine
voltages when the AS1 line sliminator
8CCoN0oTy i used.

Display blank.

DISPLAY TEST

Omormmwvﬂnﬂm
through entire test.

Mkw«mwmng-
ments always it.

improper decimal point indication.

Minus sign improperty dispiayed.

thluymbmdounotmpondto
changes in input.

VOLTAGE TEST
DC: Display reading is out of tolerance
on 200 mV range.

Dispiay readings out of tolerance on
all ranges except 200 mV.

AC: Display reading out-of tolerance
on the 2V range with 1.9V ac rme, 8 kHz,
input.

Display readings out of tolerance on
all ranges except the 200 mv range.

Low battery voitage, U18C, U7,
us

Dead battery, POWER switch
(89). VR2 shorted. U8, J5A

Dieplay interconnection, Display

(U9)
ue

Check signels at U7. Are they
oK?

YES: Display (U9).

NO: Range switches or intercon-
nect.

us

PEAK HOLD switch is at the ON
position (if you pushed toward
the left to set the PEAK HOLD
switch to the OFF position, the
switch is stilt atthe ON position),
VR1,U8, Y1, C8shorted, or inter-
connect.

DC CAL (R8) out of calibration,
VA1

Us, Ue, S8
Ul u2, u3

AC CAL (R4) out of calibration,
AC Converter

Ut

4-17
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Tabile 4-6. Troubleshooting Guide (cont)

~—wa

TEST AND SYMPTOM

POSSIBLE CAUSE

PEAK HOLD TEST
Value does not appear in the display.
Value decays 100 fast.

LEVEL DETECTOR TEST
UP arrow doesn’'t appear and audible
tone doesn't sound when the input is
low.

Down arrow doesn’t appear and audible
tone doesn’'t sound when the input is
low.

Down arrow appears, but tone doesn’t
sound when input is low.

CURRENT TEST
Input does not affect display.

Displayed reading is out of tolerance
on one Or More ranges..

°C TEST
Display reading out of tolerance.

U19, (U14, Q10), C5, C6
U19, C19, U14, Q10

U21,U17,U16, U10, U9, of inter-
connect.

€ switch (S1E), U21, U17, U186
S88, or interconnect, U10, U9,
LS

U1 Qs

AC/DC switch (S8B), U0, Q8,

U1BA, LS1

F1, F2, CR1, CR2

it 2000 mA and 200 mA ranges
are OK, U2 is defective. Other-
wise, U3 is defective.

TEMP COMPENSATION (R10)
out of calibration. Room temp
should be displayed if °C input
and common are shorted to-
gether. Check also fuse and bat-
tery connector.

4-18

Section §

List of Replaceable Parts

§-1. INTRODUCTION

5-2. This scction contains an illustrated parts breakdown of the instrument. A similar
parts listing for cach of the options will be found in Section 6. Components are listed
aiphanumerically by assembly. Both clectrical and mechanical components are listed by
reference designation. Each lisied part is shown in an accompanying illustration.

5-3. Pants lists include the following information:

1. Reference Designation.
2. Description of each part.
3. FLUKE Stock Number.

4. Federal Supply Code for Manufacturers. (Sce Table -4 for Code-to-Name
list) .

5. Manufacturer's Part Number.
6. Total Quantity per assembly or component.

7. Recommended Quantity: This entry indicates the recommended number of
spare parts necessary (0 support one to five instruments for a period of two years.
This list presumes an availability of common electronic parts at the maintenance
site. For maintenance for one year or more at an isolated site, it is recommended
that at least one of cach assembly in the instirument be stocked. In the case of
optional subassemblics, plug-ins, etc., that are not always part of the instrument, or
are deviations from the basic instrumemt model, the REC QTY column lists the
recommended quantily of the item in that particular assembly.

S-4. HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the manufacturer by using the
manufacturer’s part number, or [rom the John Fluke Mfg. Co., Inc. actory or its
authorized representative by using the FLUKE STOCK NUMBER. In the event the part

5-1
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Table 5-1. 00248 Finel Assembly
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-you order has been replaced by a new or impiroved part, the replacement will be

sccompanied by an explanatory note and installation instructions il necessary.
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5-6. To cnsurc prompt and efficicnt handling of your order, include the following

information.
[
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F1(REF)
Underside

|

Hs(nEF)/

A1(Bottom)

H3(3)

80248/T3B

Figure 5-1. 8024B Final Assembly

5-4

> m——- e

80248
A2
MP1
MP2
O A
Lo
q
L
D
®
H1(4) MP3(2)
MPS5(REF) MPS
A2(REF) i ?mmen
MP4
DB04-4221
Figure 5-1. 80248 Final Assembly, interior (cont)
55
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FLUKE | mF6 Tet | nec
::: BESCRIPTION $TOCK | SPLY MFS PART NO. o :!n g
™. | coot £
a1 CASE ASSEMBLY 1
FIGURE 5-2 (8024B-4201)
MP1t BAIL, PLASTIC 616961 89536 616961 1
MP2 CASE, BOTTOM 613950 09536 613950 1 .
MP3 CASE, TOP 582027 09536 5382027 1
wPy DECAL (CASE TOP) 608M62 09536 60MM62 1
MPs DECAL, WARNING 220938 09536 1420938 AR
PG COVER, BATTERY 613968 089536 613968 1
MP7 FLANGE, SWITCH 455881 89536 as55881 1
MP8 SHIELD (NOT SHOWN) $08101 89536 500101 1
MP9 SHOCK ABSORBER 820481 89536 A288a1 1
MP10 SPACER (CASE) 158588 089536 A58588 2
MP*1 POOT, NON-SKID 608397 89536 604397 ]
1 ORDER CASE PARTS SEPARATELY.
z
£ b
3
z
°
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m |
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FLUKE | MFG

REF DESCAIPTION stock | seur MFG PART NO. TOT |REC| g
DES n0. | Ccoo o) 1

A2 MAIN PCB ASSEMBLY ORDER ONLY AT COMPONENT LEVEL REF 1

FIGURE S-3 (8028A~4011/40118)

cs CAP, CER, 0.22 UF +/=-20%, 50V 519157 S1406 RPE'11250224M50V 1

cé CAP, POLY, 0.047 UF +/-10%, 100V 486773 89536 MA6TT3 2

c7 CAP, CER, 500 PF «/=110%, 1KV 105692 71590 2DDHSOWSO1K 2

c8 CAP, POLYPROP, .0AT UF «/-10%, 100V BA6TT3 89536 MN6TT3 er

[+'] CAP, POLY, 0.10 UF +/-10%, 100V 486781 89536 MA6TOM 1

C10 CAP, AL. ELECT, 22 UF +/-20%, 16V 618750 89536 618750 1

c1n CAP, MYLAR, 0.22 UF +/-10%, 100V 436113 73885 C2B0MAH/A220K 1

c12 CAP, CER, 500 PF +/=110%, 1KV 105692 71590 2DDHSONS01K REP

C13 CAP, MICA, 150 PF «/=5%, 500V 148478 72136 CMISFI51J 1

Ciu CAP, MYLAR, 0.022UF +/-10%, 400V 369165 73845 C281A/422K 2

C1s CAP, MTL, .022 UF +/-10%, 400V 369165 73845 C2814/A22K REF i

c19 CAP, POLY, 1.0 UF «/-~10%, 50V 615427 BAN11  XM63UW-1.0-10P=-50V 1

c20 CAP, CER, 0.01 UF +/-20%, 100V 807361 72982 8121-A100-WSR-103M 2

ca1 CAP, CER, 0.01 UF +/-20%, 100V 807361 72982 8121-A100-WSR-103M REF

cau CAP, CER, 470 PF +/=-20%, 100V 358275 72982 B8131-A100-WSR-ATIM 1

CR1 DIODE, s2 3NT559 14099 1N5X00 2 1

cR2 DIODE, s: 7559 18099 1MSA00 reF

CR8 DIODE, HI-SPEED SWITCHING 203323 07910 1NAANS 1 ]

J4 JACK, DC POWER, PC MOUNT 823897 89536 423897 1

Js CONTACT ASSEMBLY 535278 89536 5352718 1

J6 WIRE ASSEMBLY (RED) 516088 89536 516088 1

J7 WIRE ASSEMBLY (BLK) 516070 89536 516070 1
nEF FLUKE | MF§ N
vu:s OESCMPTION STOCK | seLy MFS PART RO, TOT | REC g

0. | coot orviory)

Ls1 TRANSDUCER 513101 89536 513101 1

MP1 FUSE CAP 580716 09536 530716 1

Hr2 FUSE CLIP 530925 89536 534925 1

-MP3 FUSE CLIP 535203 89536 535203 1

MPY SPRING, FUSE (USA) 535211 89536 535211 1

uP6 INSULATOR (NOT SHOWN) 175125 89536 175125 1

MPT SPRING, FUSE (EZUROPEAN) 535229 09536 535229 1

Q3 XSTR, SI, NPN 168716 07263 819253 1

Q8 XSTR, SI, MNP 195974  0AT13  2M3906 1 1

Q10 1STR, J-FET 357905 89536 357905 1o

n RES, COMP, 100K +/-10%, W 109397 01121 GBIOMY 1

. RS, W, 1000 +/-10%, 2V NTR080 09536 ATROBO 1

RS RES, DEP. CAR, 1M +/-5%, 1/W 388987 00031 CR251-2-5P1M 3

% RES. VAR. 500 +/-108, 0.5V MTTI0 89536 ARTT30 1

28 XES, DEP. CAR, 220K +/-5%, 1/ 348953 80031 CR251-4-5P220K 2

Mo RES, VAR, SK +/-108, 0.5V a78883 89536 A78083 1

R13 RES, COMP, 10M «+/-5%, 1/% 198948 01121 CB106S 3

RN RES, COMP, 10M +/-5%, 1/0W 194948 01121 CB1065 mr

R16 RES, DEP. CAR, 220K +/-5%, 1/3%W 358953 80031 CR2S1-4-5P220K nwr

7 RES, VAR, 1M +/=-10%, 0.5W 851383 89536 461343 1

R20 RES, DEP. CAR, 30K +/=-5%, 1/8W 368753 80031 CR251-A-5P30K 1

R21 RES, DEP. CAR, 2K «/-5%, 1/MW M1869 80031 CR2S1-8-5P2K 1

22 RES, DEP. CAR, 10K +/=5%, 1/8W 338839 80031 CR251-3-5P10K 1

R2% RES, COMP, 10M +/-5%, 1/8 194944 01121 CB106S Iy

R2S RES, DEP. CAR, 100K «/-5%, 1/4W 388920 80031 CR251-8-5P100K 1

Alquessy §Dd W Ty €-S MQeL
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FLUKE | MFE z
::: OESCRIPTION sTocK | seLy NFG PART N0, ;:: ::: 0 >
N. | cooe £
Re8 RES, DEP. CAR, 1K +/=5%, 1/74W 3434826 80031 CR2S1=d=5P1K 1 "
R29 RES, DEP. CAR, 1M +/=5%, 1/74¥ 348987 80031 CR251=4-5P1M REF ]
R30 RES, DEP. CAR, 1M +/=5%, 1/8W 348987 80031 CR251=8-5P1M REF
RV VARISTOR, +/=10%, 430V MNT7672 09214 VA3MATB ] 1
RV2 VARISTOR, +/=10%, 430V MTET2 09214 V33IMATB =r -4
RV3 VARISTOR, +/-10%, 430V AR7672 09218 Y33IMATE REF i
RV VARISTOR, «/-10%, 430v 887672 09214 VYR3IMATD REPF ¢
39 SWITCH, SLIDE 53365 79727 G1=116-0005,G=20~32 1 Lod
[+ RESISTOR NETWORK 513048 89536 S1304% 1 1 g
vs RESISTOR NETIWORK 5§13002 89536 513002 1 £
o @1zc, C-M0S, QUAD, EXCLUSIVE OR GATES 355222 02735 CDAO30AE 2 1 !'
v8 QIC, C-M0S, LSI, LCD INTERFACING (40-PIN) 429100 89536 429100 1 1 8
u10 @1IcC, C-MOS, QUAD, EXCLUSIVE OR GATES 355222 02735 CDAD3IOAE REF o
U12 RESISTOR NETWORK 513051 89536 513051 1
U1a @IC, C-MOS (SELECTED) 539437 89536 539a37 1
018 RESISTOR NETWOREK 513036 89536 513036 1
U116 OIC, C=MOS, NAND GATE QUAD 2-INPUT AS3281 02735 CDAOI1BE 1 1
U117 @I1C, C-MOS, RE=-TRIG/RESET MULTIVIBRATOR 393512 027135 CDA09BAE 1 1 ‘e
018 IC, LINEAR, 5-XSTR ARRAY 288906 12040 LM30A6N 1 1 §
U119 @IC, C-MOS ( SELECTED) 526608 89536 526608 ) 1 1 =
021 IC, LINEAR, OP AMP 539643 89536 539643 1
VR1 IC, LINEAR, LO-VOLT REF (SELECTED) 508259 89536 508259 1
YR2 DIODE, ZEMER, 12V 113456 OATI13 149634 1 1
Xus SOCKET, IC, A0-PIN . 829282 09922 DILBAOP-108 1
b4 ] CRYSTAL, QUARTZ, 3.2 MMZ (50 HZ) 513937 089536 513937 1 1
1 ORDER SPARES BY COMPONENT LEVEL.
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FLUKE | MFG ot {nec| ¥
::; DESCRIPTION STOCK | SPLY MFG PART NO. o‘rlv 0:5 g
nO. C00¢ I
A3 SWITCH PCB ASSEMBLY ORDER ONLY AT COMPONENT LEVEL REF
FIGURE 5-4 (D8BO4-4031/8024A-4021)
c1 CAP, VAR, TRIMMER, 1.5 - 0,25 PF 2000VDC 535016 172982 530-006 1
c2 CAP, FILM, 0.022 UF +/-10%, 1000VDC 488183 52763 MET-1822-322/10+10% 1
3 CAP, AL. ELECT, 22 UF +/-20%, 16V 618750 89536 614750 1
o1} CAP, CER, 33 PF «/-2%, 100V 358852 72982 8121-A100-C0G=330G 1
c17 CAP, CER, 0.04T UF «+/-20%, 50V 460733 71590 CW20CRT3M 1
c18 CAP, CER, 0.22 UF +/-20%, 50V 519157 S1806 RPE11125U22A0M50V 2
c22 CAP, CER, 0.01 UF +/=20%, 100V 307361 72982 8121-4100«-WSR=103M 1 I
ce3 CAP, CER, 0.22 UF +/-20%, S50V 519157 S1806 RPE111Z5U224M50V REF
CR3 DIODE, SI, HI-SPEED SWITCHING 203323 07910 1NMAXS 1) 1
CR4 DIODE, SI, HI-SPEED SWITCHING 203323 07910 4Nuaag REP
CRS DIODE, SI, HI-SPEED SWITCHING 203323 07910 1N&&AkS REF
CRé DIODE, SI, HI-SPEED SWITCHING 203323 07910 1N&a48 REF
MP1 BUTTON, SW, "Function® (S1,38) 606889 89536 606889 2
MP2 BUTTON, SW, "Range” (S2-S7) 606871 89536 606871 6
Q1 TRANSISTOR, SI, NPN 218396 0AT13 2N3904 3 1
Q7 TRAIISISTOR, SI, NPN 218396 04713 2N3904 REF
Q9 TRANSISTOR, SI, NPN 218396 O0AT13 2N3904 REF
R1,R2 SEE U3
R3 RES, COMP, 2.2M +/-=%, /8% 198390 01121 CB2275 1
RA RES, VAR, 300 /=103, 250VDC/RMS 513824 89536 513424 1
R9 RES, COMP, 10K «/<5%, 1/&W 148106 01121 CB103S 1
R18 RES, DEP. CAR, 280K +/=5%, t/uw 4825859 80031 CR251-4-5P220K 1
REF FLUKE | MF§ TOT | REC
poud OESCAIPTION sTocKk | smy MFS PART NO. 0
ne. COO¢ 0Ty | Q1Y ;
6 RES, DEP. CAR, 10K +/-5%, 1/4W 388839 80031 CR251-3-5p10K
27 RES, DEP. CAR, 51K +/-5%. 1/8W 376438 80031 CR251-4-5P51K :
1 RES, DEP. CAR, 390K +/-5%, 1/4W MA2AT5 80031 CR251-4-5P390K 1
m2 RES, DEP. CAR, 200K +/=5%, 1/8W M1285 80031 CR251-8-5P200K 1
m IES, CURRENT LIMITING, 1K +/=80%, 2W 886849 89536 689 1
$1-88 SUTTCH ASSEMBLY 508119 89536 508119
1
810 SVITCH, *Peak Hold® 525121 89536 525121 1 1
u RESISTOR NETVWORK 515874 89536 S1S87a 1
v2 RESISTOR NETVORK MNTTO06 89536 AATT06 1
B RESISTOR SHUNT (W/R1,R2) N35T27 89536 a3s5T27 1
UA RESISTOR NETWORK 513028 89536 513028
1
20 IC, LINEAR, OP-AMP 818566 12080 LM3S8N 1 1

1 "Peak Hold" BUTTON P/N, SEE

FINAL ASSY., MP1.

(03) Aiquessy @0d Youmsg cv -5 gy
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Table 5-5. Federal Supply Codes lor Manulaciurers
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Figure 5-4. A3 Switch PCB Assembly

on21
Allen-Bradiey Co.
Milwaukee, Wisconsin

02735

Replaces 18725

RCA - Solid State Div.
Somerville, New Jersey

04713

Molorole Inc.
Semiconducior Group
Phoenix, Arizona

05277

Waestinghouse Electric Corp.
Semiconductor Division
Youngwood, Pennsylvania

07263
Fairchild Camers & insirument Corp.
Semiconductor Di

Division
Mountsin View, California

07810
Replaced by 15818

08214

General Electric Co.
Products

Power Component Operation

Auburn, New York

00922
Burndy Corp.
Norwalk, Connecticut

12040
National Semiconductor Corp.
Danbury, Connoc“cul :

14009
Semtech Corp
Newbury Park, Californis

15818

Teledyne Semiconduclors
Formerly Ameico Semiconductor
Mountain View, Calilornia

18736
Voltronics Corp
Hanover. New Jersey

19647
Caddock Elecironics Inc.
Riverside, Calilornia

WEIM'&Co inc.
Berp Electronics Div
MMW
30038

Jol indusiries Inc.
Garden Grove, California

50187
Midwest Components inc.
Muskegon, Mississippi

51404

Coming Gilass Works

Medical & Scientific instruments
Maedtisid, Maryiand

$1408
Murata of America
Mumc“mm

52763
Siettner-Trush Inc.
Cazenovia, New York

56200
Sprague Eleciric Co.
North Adems, Massachusetts

71400
Div. of McGraw-Edison Co.
St. Louls, Missouri

715600

Centrelab Electronics
Div. of Globe Union Inc.
Mitwaukee, Wisconsin

72138
Electro Motive Mig. Co.
Florence. South Carolina

72082
Erie Technical Products Inc.
Erie. Pennsyivania

73448
Amperex Electronic Corp.
Hicksville, New York

75018
Littlefuse Inc.
Des Plaines, Hitinois
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Table 5-5. Federal Supply Codes lor Manutaclurers (cont)
79727 84411
C - W industries TRW Electronic Components
Warminster, Pennsyivania TAW Capacitors

Ogaliala. Nebraska

80031
Mepco/Electra Corp 89536
Morrnistown, New Jersey John Fluke Manufacturing Co., Inc

Everetl. Washington
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Section 6
Accessory Information

6-1. INTRODUCTION

6-2. This section of the manual contains information concerning the sccessorics
available for use with the Model 3024B Digital Multimeter. (There are no options
available a1 this time.) The accessories, some of which are shown in Figure 6-1, are
described in general terms under a separate major heading containing the accessory model
number. The depth of detail is intended to give the prospective uscr an adequate first
acquaintance with the featurcs and capabilitics of each accessory. Additional information,
when necessary, is supplied with the accessory.

¢-3. DELUXE CARRYING CASE (C90)

6-4.  The C90 Deluxe Carrying Case is a pliable, vinyl, zipper-closed pouch that provides
in-ficld-transport protection for your DMM, as well as convenient storage locations for
test leads, operator’s guide, and other small accesssories. A finger or belt loop is included
on the case as a carrying convenience. .

§-5. RUGGED CARRYING CASE (Y8105)

6-6.  Your Y8105 isa rigid plastic case that provides protection from dirty, damp, abusive
environments. The rugged case is large enough to hold your DMM, test leads, operator's
guide card. a temperature measuring accessory, an ac current measuring accessory, a spare
battcry, and a spare fuse.

6-7. VYPE K SHEATHED THERMOCOUPLE (Y8102)

8-8. introduction

6-9.  Your Y8102 can be used for almost any application, but is best suited for use as a
liquid immersion type probe. In most liquids, the grounded measuring juncion of your
Y8102 provides fast response time. The special isothermal tesmination unit that plugsinto
your DMM climinates temperature gradient problems by keeping the two DMM
junctions at the same temperature. Sce Section 2 of this manual for applications.

6-1
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6-10. Specitications

TYPE . i K (Chromel vs Alumci).
ACCURACY (with respect to
NBS tables) ..............ccetnen 12.2°C (4°F) over the range ol O U 10 276.7°C

(32°F to SWO°F).
+3/4% of wemperatuse over the range of 276.7°C
10 926.7°C (530°F 10 1700°F).
(Above accuiacy and range specifications apply to
thermocouple  accessory  only.  Usc 80248
Temperature function specifications when using
the Y8102 accessory with the 8042B muluimeter.)
TIME CONSTANT ............. 10 seconds (for air at room temperature and one
atmosphere of pressure moving a1 65 fi/scc).
SAMPLING 1P
Maximum Temperature Rating .. 927°C (1700°F).

Sheath Material ............... Inconel.
DIMENSIONS ................. 3.17S mm (/8 inch) in diameter, 15.24 cm (6
inches) in length. Conductor length 48 inches

nominal.

¢-11. TYPE K BEAD THERMOCOUPLE (Y8103)

6-12. Introduciion

6-13. Your Y8103 can be used for any measuring application (in Teflon compatible
environments) except penetration. The exposed tip imcans extremely fast response time.
The special isothcrmal termination unit that plugs into your DMM eliminates thermal
gradient problcms by keeping the two DMM junctions al the same tempeiature. See
Section 2 of this manual for applications.

6-14. Specifications

TYPE ... K (Chroancel vs Alumel).

RANGE ... ... it 150°C 10 260°C ( 238°F 1o 500°F) continuous.
ACCURACY (with respect to

NBSables). .............coivunn 2.2°C (4°F) over the range of 17.8°C to 260°C

(0°F to SOO°F). (Above accwracy and range
specitications apply to thermocouple accessory
only. Use 8024B Temperature function
specifications when using the YRI0O) accessory
with the 8024B multimeter.)

TIME CONSTANT ............. 2 seconds (for air al room temperature and one
stmosphere of pressure moving with a velocity of
65 ft/sec).

INSULATION IYPE . .... et Teflon Fused Tape

6-15. THERMOCOUPLE TERMINATION (V8104)

6-16. The Y8104 is a special isothcrmal tesmination kit that is designed 10 provide a
junction between a dual male banana plug and thermocouple wire. | he termination unit
climinates thermal gradient errors by keeping the two DMM icrminals at the same
temperature. The maximum thermocouple wire size is 14. The dual banana plug spacing is
.75 inches.
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6-17. TEMPERATURE PROBES (00T-1S0C and 007-150F)

6-18. (Introduction

6-19. Lhe 801-150 L emperature Probe converts the instrument into » direct-reading (|
mV de/°PC or °F thermometer. Ut is ideally suited (or surface. ambient and liquid
measurenmient, and lends itsell casily 10 a8 wide range of design, troubleshooting. and
cvaluation applications. A rugged. last-responding probe-tip with a 350V dc standolf
makes the 80 1-150 one of the most versatile snd easy-10-use temperature probes available.

6-20. Specifications

RANGE (°C/°F) (ficld sclectable by

intcrnal jumpers) ...l -50°C 10 +150°C (80T-150C). -58°F 1o +302°F
(80T-150F)

ACCURACY .. 21°C (1L.8°F) from 0°C 10 100°C, decreasing
linearly (0o £ WC (5.4°F) st SO°C and +150°C

RESOLUTION ............00ee, 0.1°C on 200 mV range

VOLIAGE STANDOFF ......... 350V dc or peak ac

POWER ..........ciiiviiiinen. Internal disposable battery; 1,000 hours of

continuous use

8-21. HIGH VOLTAGE PROBE (80K-8)

6-22. Introduction

6-23.  Jhe B0K-6 is a high voltage probe designed to extend the voliage measuring
capability of an ac dc voltmeter to 6000 volts. A 1000:1 voltage divider provides the probe
with a high input impedance. The divider also provides high accuracy when used with a
volumceter having a 10 megohm input impedance. A molded plastic body houses the divider
and protects the user from the voltage being measured.

8-24. Specifications

VL IAGE RANGE ............. 010 6 kY, dc or peak ac
INPUTIMPEDANCE ........... 75 megohms nominal
DIVISION RANO. ... .......... 1000:1
ACCURACY
DCOSOOMH, ...l 1%
SO Hstwo LM/, ool 2%
Above 1 kH, ...l Output reading falls. | ypically, 309% at 10 hH.,.

6-25. H!'GH VOLTAGE PROBE (00K-40)

8-26. Introduction

6-27.  Lhe Maodel BOK -40 extends the vollage measurement capability of the instrument
up (0 40 kV. Internally, the probe contains a special 1000:1 resistive divider. Metal-film
resistor with inatched emperature coelficients comprise the divider and provide the probe
with its excellent accuracy and stability characteristics. Also, an unusually high input
impedance (1000 MQ) minimizes circuit loading, and thereby contributes to measurement
accuracy.

6-5
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6-28. Specifications

VOLTAGE RANGE ............. 1 kV to 40 kV dc or peak ac, 28 kV rms ac
INPUT RFSISTANCE ........... 1000 M1}

DIVISION RATIO .............. 1000: 1

ACCURACY DC(OVERALL) .... 20kV to 30 kV 12% (calibrated at 25 kV)
UPPER LIMIT ................. Changes linearly from 2% at O kV (0 4% at 40k V
LOWERLIMIT ................ Changes lincarly from 2% at 20 kV (0 4% at | kV

ACCURACY AC (OVERALL) ... 156 at 60 Hz

$-29. HIGH FREQUENCY PROBE (83RF)

6-30. Introduction

6-31. The BIRF Probe cxtends the frequency range of the instrument voltage
measurement capabiltity to include 100 kHz to 100 MH7 input from 0.25 to 30V rms. It
operates in conjunction with the instrument’s dc voltage ranges, and provides a dc output
hat is calibrated 10 be equivalent to the rms value of 8 sine wave input.

8-32. Speciiications '

FREQUENCY RESPONSE ...... 11 dB from 100kHz to 100 MHz (relative toac/dc
transfer ratio)

AC-TO-DC TRANSFER RATIO (23

+5°C)
RMS lnput DC Output
(100 kHz)
0.25 - 0.5V 0.25 - 0.5V t1.5dB
05-20v 05-20V 10548
20 - 30V 20-30v £1.0dB
EXTENDFD FREQUENCY
RESPONSE..................... Useful for relative readings from 20 kHz to 250
MHz.
RESPONSE .................... Responds to peak value of input; calibrated to
read the rms value of a sine wave.
VOLTAGE RANGE ............. 0.25 10 WV dc
AXIMUM DCINPUT ......... 200V dc
.EMPERATURE COEFFICIENT (0
O 1R°C, 2810 50°F) ............. 10.1 of ac-to-dc transfer ratio specifications per
oC )
INPUT CAPACITANCE ......... <5 p¥

6-33. HIGH FREQUENCY PROBE (85RF)

§-34. Introduction

6-33.  The Model 85RF High Frequency Probe allows measurements over a frequency
range of 100 kHz to 300 MHz from .25V 1o 30V rms. It operates in conjunction with the
instruments dc voltage ranges and provides a de output that is calibrated to be equis alent
to the rms value of a sinewave input,

6-6
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68-38. Specifications
FREQUENCY RFSPONSE
00 kI 10 IOOMHN2 ..., ... 105dB
100 MIly 10 200M187 .........., +10dB
200MH7 10500 MH7 ........... t30dB
EXTENDED FREQUENCY
RESPONSE ... ... ........ Useful for relative readings from 20 kH7 to 700
MHz.
RESPONSE ..................... Responds to peak value of input; calibrated to
’ read rms value of a sine wave.
VOLTAGE RANGE .............. 0.25V dc to 3OV rms
MAXIMUM DC INPUT .......... 200V dc
INPUT CAPACITANCE .......... <5 pF
AC-TO-DC TRANSFER RATIO .. It
RATIO ACCURACY ............, 0.5 dB at 10 MH2

6-37. CURRENT TRANSFORMER (901-600)

6-38. Introduction

6-39. The Model 801-600 ecxtends the ac current measurement capability of the
instrument up to a maximum of 600 amps. A clamp-on transformer designed into the
probe allows measurements to be made without breaking the circuit under test. In use, the
current carrying conductor being measured serves as the trans{ormer’s primary while the
801-600 serves as the secondary. Because of a high efficicncy, quadrature-type of winding,
wire size and location of the conductor within the transformer jaws do not affect accuracy
of the current measurcment.

6-40. Specifications

RANGE ... ... .. | to 600A ac

ACCURACY ..........civvuet. 3%

FREQUENCY RESPONSE ...... 30 Hz to ! kHz, 10 kH2 typical
DIVISION RATIO .............. 1000:1

WORKING VOLTAGE ........... 750V rms maximum.
INSULATION DIELECTRIC

WITHSTAND VOIL.TAGE ........ Skv.

MAXIMUM CONDUCTOR SIZE . 2-inch diameter.

6-41. CURRENT SHUNT (80J-10)

6-42. Introduclion

643, 1he Madel 80J-10 Current Shunt extends the current measuring capability of your
meter to 10 amps continuous (20 amps for periods not exceeding | minute) DCto 1I0kH,
at an accuracy of 0.25% in excess of the voltmeter accuracy. ’

8-44. Specifications

SHUNI ..o 10 amps at 100 mV
ACCURACY (I8°C 10 28°()
DCI0kH7 ...l 10.25%
10kIZ-1000kHz ............... Rising to | dB at 100 kHz typical
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TEMPERATURE COEFFICIENE ¢ 005%.1°C

INDUCTANCE ............... .. & 3 all in series w/0.011) shunt

OVERLOAD ... .. .. ... ... ... Up 10 one minute at 20A with a 1 /4 duly cyck: lor
recovery alter cusrents between 10A and 20A

CONNECISTO ................ 3/4 inch center banana jacks

CONNECIORS ............... .. S-way binding posts (red and black)

6-45. BATTERY ELIMINATOR (AB1)
WARNING

DO NOT SUBSTITUTE A CALCULATOR TYPE BATTERY ELIMINATOR FOR
THE AS1. THESE UNITS DO NOT PROVIDE THE PROTECTION
NECESSARY FOR COMMON MODE MEASUREMENTS UP TO 300V DC.
ALWAYS USE THE MODEL A81 FOR AC-LINE OPERATION.

646. The AB) Battery Eliminator replaces the output of the DMM battery to allow ac-
linc operation of the DMM. Selkect the correct AKI configuration according to the list
below:

NOTE

The “BT™ indicator mav come on when wsing the A8 This does nes
adversely affect the operation of the 80248,

I For 100V ac £ 100, 48 10 62 1, operation, use /\Hll-l()ﬂ.
2. bor 115V ac 210 4% 10 62 H2 operation, use ARL-115.
3. For 2MV ac 11K, 48 10 62 Hs (US. type plug) operation, use AKE-230-§
4. Lor2MVac £10%, 4810 62 11, (European type plug ) operation, use AKLE-230

6-47. AC/DC CURRENT PROBE (v8100)

6-48. Introduction

6-49.  The Fuke Y8100 DC/AC Current Probe is a clamp-on piobe that is used with a
voltmeter, multimeter, or oscilloscope to read de, ac, or composite (ac on de) current
measurements. | he jaws on the Y8100 are designed 1o clamp around conductors upto3/4
inch in diameter. The pistol shape allows sale. ciany. onc-hand operation when making
current measurements. The Madel YRIN probe is battery powered with size AA cells.
measures current 1o 200A de or ac rms using most any voltmeter. {wo ranges. 20A and
200A, produce a 2V outpul at full-range current.

6-50. Specifications

RANGES ... .. .. ... ... ... .. 20A ac or de
200A ac or de
RAIED OVIPYVL 2V at full range

6-8
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ACCURACY
DCw200, ................. 124% of range
200700 0, ... <I00A add 3% remding

: >100A add 16, reading

CALIBRAIION CYCLE ......... | year

FREQUENCY RESPONSE ...... dc to 1.0 kH,

RECOMMENDIED LOAD .. ..... 230 k1)

TEMPERATURE RANGE ... ... +15°C 10 +35°C; for specified accuracy - 10°C 10
+50°C; storage and operation at reduced
accuracy.

HEALING LIMHIALION ........ Prolonged operation above 200A ac or | kH/ can

cause damage (o the Y8100,
WORKING VOLITAGE RATING . Core to output; 600V dc or 480V ac Maximum
output to ground; 42V dc or WV ac

APERIURESIZE .............. 347 (19 mm) diameter

SIZF-OVIRALL .............. .. 9" x4/ 2% 1-7/16% (230 nvn x 115 mm x 37 1m)
WEIGHY ... ... 14 ounces (0.4 kg), with batterics

POWER ... ................... Four “AA" celis

BAITERY LIFE .............. .. Alkaline-20 hours continuous

6-51. AC CURRENT TRANSFORMER (vet101)

6-52. introduction

6-53. The Model Y8101 (Figure 6-1) is a small clamp-on current transformer designed 1o
extend the curremt measuring capability of an ac current meter up to 150 amperes. A
clamp-on coil desinged into the probe allows measurements to be made without breaking
the circuit under test. This coil serves as the secondary of a 1:1000 iransformer. |he
current-carrying conductor being measured scrves as the primary.

6-54. Specifications

CURRENI RANGE ............. 2A to 150A

ACCURACY, (48 H, 10 10 kH7) . 12%, 10A 10 150A
o 18%. 2A 10 10A

DIVISION RAVIO .............. 1000:1

WORKING VOV TAGE .......... OOV ac rms maximum
INSUIFLATION DIELECIRIC
WITHSIAND VOLTAGE ....... JkV rms

MAXIMUM CONDUCTOR SIZE . 7/16” (1.4) cm)

6-55. SAFETY DESIGNED TEST LEAD SET (Y8132)

6-56.  This test kead set is equivalent 10 the set originally supplicd with the 80208
multimeter. The set includes one red and one black test lead. Each probe has an anti-slip
shaulder near the test lip and is connected 1o the mulimeter viu a salety-designed shrouded
banana conncctor. This set will fit John Fluke instruments with salety-designed input
jacks.
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§-57. DELUXE TEST LEAD SET (Y8134) l
6-58. The Y8134 is a deluxe test lead set. The attachments provided allow }
interconnection with a wide varicty of leads and clectronic components. Included in the kit ‘
are: i
1. Two tcst lcads (one red and one black). The Y8IM kcads have a shrouded ) secuon 7
banans conncctors on each cnd. : 8chema‘lc Dlagrams
2. Two test probes
3. Two insulated alligator clips
4. Two spade lugs
> One squeeze hook TABLE OF CONTENTS
6. One test lead h '
7. Onc instruction sheet Tl BO24B SCREMANC .....ovvnesieneieneii e 73
6-59. SLIM FLEX TEST LEAD SET (Y8140)
6-60. The Y8140 Test Lead Set (Figure 6-1) consists of one red and one black 60-inch
(1.52 meter) test Iead, each with a standard banana plug on one end and an extendable tip
probe on the other end. This flexible metallic tip conductor may be extended up to 2.9
inches and is insulated 1o within 0.1 inch of its tip. This insulation reduces the chance of
creating an inadvertent short circuit while using the probes in their extended
configuration. Intended primarily lor measuring vollages, the YE140 leads may also be
used for measuring modest currents.
&
P
6-10 71
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Figure 7-1. 80248 Schematic Diagram
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Appendix A
Manual Change and Backdating
Information

INTRODUCTION

This appendix contains information necessary o backdate the manual (0 conform with
earlict pcb configuations. To identify the configuration of the pcbs used in your
instrument, refer to the revision letter (marked in ink) on the component side of each pcb
assembly. Table A-1 defincs the assembly revision levels documented in this manual.

NEWER INSTRUMENTS

As changes and improvements are made 10 the instrument, they are identified by
incrementing the revision letter marked on the atfecied peb assembly. These changes are
documented on a supplemental change/ errata sheet which, when applicable, is inserted at
the from of the manual.

OLDER INSTRUMENTS
To backdate this manual to conform with an carlicr assembly revision level, perform the
changes indicated in Table A-1.

CHANGES

There are no backdating changes at this printing. All pcb assemblies are documented at
their original revision level. )

Table A-1. Manual Stslus snd Backdeting Information

Rt Poshe * 1o adept enudd 0 sorbier rov perfers oh
W‘;ﬂ Assombly Pary | 4o douss dov By wal with shongs vader dosived rov futber
| e ol we. [-Talsfc]ee e [e]n]oTalcTu]=]+

A2 MAIN PCB ASSEMBLY 0000 [ * Ix

A3 SWITCHPCE ASSEMBLY 670002| @ Ix

NG 1 44 —

* N e The FCP sovision veh desummmrnad 1 this menuet
@« Thane resision twteere ttwne wend we the Bateument
B8024A-1611 --nu—-hhu:::c. -

Figure 7-1. 80248 Schematic Diagram (cont)
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CONDUCTANC

(S) /\

(Use lor measuring
1esistances above 20 MO)

DEPHESS BOTH AT THE
SAME LIME FOR 200 nS RANGE

*NO TF The tunchion swiiches are push-push type Do nol pull them 1o the
wit o0 OFF posions

» Connect the lest leads as shown

+ Depiess the mA C V Q-5 function swilch

s AT THE 7 “ME TIME depress bolh of the 200 nS range swiilches
" Insure \It other swilches are at the out ot OFF positiens

* lnswre # device being measwied Conlains no eleckical energy. mcluding
hatged capaciors

WARNNG
10 AVOIS ELECTRICAI SHECK AND/OR INSTRUMENT DAMAGE. OSSERVE The
FOLLOWING MAXIMUM LINITS WNEN MEASURINIG RESISTANCE

OVERLOAD moucuou

1 lm
SWV

» Connerl the test probes actoss the device beng measwed

» Conductance s desplayed in Ssemens whch nuals 172 Use the conversion
rales below 1o d the ¢

OWBUCTANCE - T9-RESISTANCE CONVERSION I8 - 1/

L] o o8 [ 4]
200 5 S —g— 200
100 -~ 0
2 —F— 500
= EXAMPLE.
5 0 ) = When measuring conductance
; 1 —4— 1000 acrossa 0 MQ reustance.
! = 3 your BO4B will display
— ; 333 (nS)
0 - 0520
10 -100 g2 »‘_. 5000
=
: S
$— 200 01 10000

RESISTANCE

(Q) A

o *

W FOR TONE
(OUI FOR SH ENT)

N FOR
20 k() RANGE

NFORO»

FUNC 0N
* NOTE Inetunchonswitches ae
push-push type Do ol puli ihem to
the oul posthon

® Connect the lest leads as shown

© Depiess the mA- C-V-N-S swilch

o Depress the switch beside Ihe range desned (20 k) is shown selecied)
* lnswe thal alomm'smlclmuulm:wlm(lrmm

® Make sure that the device beng measured containg no elecirical energy
including chasged capaciims

WARNNG
10 AV ELECTMICAL SHOCK AND/OA ISTAUMENT BANASE. DESERVE TRE
FOLLOWING MARIVAY LI TS WHER MEASUMNG CONGUC TANCE:

owmow mm 1H0NS*

()II()II

**protection 15 seconds maximum lov overloads above 300V
® Connecl the lest probes across the device beng measwed
® Read the measured value on he display (See overrange YOLTS page )

DIODE TEST (D)

»
2k 200 k2. and 20 MO 1anges will twn on P-N junction diodes
® Select the Q tunclion. 2 k) range and comply with the waining
@ Connect the lest probes 1o lorward bias the the diode as shown below

~— 3 Typical reading lor lorward
5 J ﬁ 9330 |] iased silicon drode
© Reverse the test probes 10 back bias the dinde as shown below
n Overra o will be displayed
RS A‘,. (" [l [ ‘ pwv paulloi resislor ¢,
i e -
© Use 200 k0 range (or testing diodes with muc lone ndication

IN-CIRCUIT RESISTANCE MEASUREMENTS

The 20000, 20 kQ. 2000 kO 1anges can be used lo measwre resistance valves

[N |

tu\

On these ranges the tes! voltage
1S less than the volage required
to linn on 2 normal silicon drode

CONTINUITY TESTING

(Use for passive cucuit lesting)

ﬂ‘i :é’ .,)))
»
© Select the k) hunction. 2 kO range

® H the anbible tone is desited, deprass the AC/DC switch
© Insure that the device being measured contains no elecirical energy

WANDNG
T8 AVSID ELECTINCAL SHOCK ANG/SN IRSTRVISENT DAMASE. COMPLY WITH TIE
WARIING FOR THE RESISTANCE (02) FURCTION.

© Connect the les! probes to the clecun) heing measured

o Conti betwoen the losi icads will Lause ihg down srsow | W }le appenr
on the and the audible fane 1o seund (1 enabled)
S —

LEVEL DETECTOR [ i)

{Use tor ACTIVE circu testing)

WANNNS
T AVEID ELECTMICAL SHOCK ANG/OR IS TAUISERT DAMAGE. CONPLY WITH THE
WARIING FOR TNE RESISTANCE (1) FUNCTION.
@ Use this function for

logic levels and other active signale less than
250V dc or aC 1ms In
o Select the O funchien, mmuulmn 100 k(Y

o it the audible tone in desied. depress the AC/DC swilch
o Compatison is made between a 0.8V dc relerance voltage and the inpul
signal. with respect 10 the COMMON lorminals. i the input signal’
® Is more posHive than 0.8V, the G040 gisplays an up rrow ( A )
o Is less positive than 108V 00248 displays a down miow (W )
enabled. the audible ione seunds
o Passes back and forih theough +0.0V. the SI248 displays both arrows ¥
onabled. the audible tone seunds
@ Average valus I8 nogoitive, umunm..
o Average value i3 very near zere. the minus sign may flcker ( 1 )

:MIE T117) BT 1) BT BT ) JI))
a a P
DISPLAY - a
v v L 4 v v
lchl oRY- J------~--ca- r B
—
Sonas | L_..f.d
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1.0 INTRODUCTION

The Hand-Held Barometer (HHB) is a small, light instrument which
can accurately measure and display atmospheric pressure and
pressure altitude. A microprocessor computes instantaneous
readings of ambient pressure and pressure altitude from the
output of an accurate pressure sensor. A standard 9-volt
transistor battery powers the unit.

A five-digit Liquid Crystal Display (LCD) displays the
instrument's readings. Display annunciators indicate the type of
data and the unit of measure that are currently displayed. The
instrument is operated from an easy-to-use five-key keypad.

1.1 The LCD
The Hand-Held Barometer's LCD offers the following features:

o Data readings of up to five digits, with decimal point
and minus sign as required

o The current operating mode
o Annunciators for the units of measure

o Battery low warning: “BAT" in lower right corner to
indicate that the battery needs to be replaced
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1.2 Keypad

A

The five keys on the Hand-Held Barometer can be used to turn the
device on or off, to select operating modes, to select the type
of units in which data are displayed, and, in some operating
modes, to set reference values.

ON/OFF Key

The ON/OFF key powers the instrument on or off. The key works as
a toggle switch; pressing the ON/OFF key when the instrument is
off turns it on, and pressing the key when the instrument is on

turns it off.

To conserve power, an internal jumper's default setting allows
the Hand-Held Barometer to automatically shut itself off. When
more than two minutes have transpired since any key was pressed,
the instrument shuts off. (Refer to section 1.7 *The Sleep
State Jumper" for instructions on changing this jumper setting to
disable automatic sleep state.)

To reactivate the HHB, press the ON/OFF Kkey. The Hand-Held
Barometer always remembers the operating mode and the units of
measure that were displayed during the last power on, and
automatically returns to this display when the unit is turned on.

MODE Key

The MODE key allows you to select the operating mode. These
modes are identified by an annunciator on the left side of the
display. Modes are presented in a cyclic fashion as follows:

Operating Mode Annunciator
Barometer PRESSURE
Standard Altitude ALTITUDE (AS)
Temperature-Compensated Altitude | ALTITUDE (TC)
Differential Altitude A ALTITUDE
Differential Barometer & PRESSURE

Each time MODE is pressed, the display advances to the next
operating mode. When MODE is pressed from Differential Barometer
mode (A PRESSURE), the display returns to Barometer mode

(PRESSURE) .

-2-
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in addition to the modes listed in the preceding chart, a
Calibration mode may be selected by simultaneously pressing the
SET/ZERO key and the MODE key.

‘ Operating Mode Annunciator |

| Calibration ‘ CAL |

Arrow Keys

The arrow keys are used either separately to select the units
in which data readings are displayed, or with the SET/ZERO key to
set a known reference level. Used by itself, an arrow key causes
the display to change to the next unit. Reference values may be
set by displaying the current reference value, then
gsimultaneously pressing an arrow key with the SET/ZERO key until
the desired reference value is displayed.

SET/ZERO Key

The SET/ZERO key 1is used either separately ¢to *“zero"™ the
differential altitude or differential pressure, OIr with the arrow
keys to set the barometric or altitude reference level. Used
alone, the SET/ZERO key in a differential mode sets the current
zero reference level. Non-zero reference values may be set Dby
displaying the current reference value, then simultaneously
pressing an arrow key with the SET/ZERO key until the desired
reference value is displayed.

1.3 Operating Modes

Atmospheric pressure Or pressure altitude may be displayed by
selecting one of five operating modes. To select a mode, Yyou
*gcroll” through the modes by pressing the *"MODE" key. These
modes are Barometer mode, Standard Altitude mode, Temperature-
Compensated Altitude mode, Differential Altitude mode, and
Differential Barometer mode.

Barometer Mode

When you select the Barometer mode, the instrument acts as a
simple barometer. Atmospheric pressure can be displayed in one
of six units of measure, as described in section 2.0.
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Altitude Modes

Barometric pressure is converted to a pressure altitude when the
Standard Altitude mode is selected. In this mode the instrument
operates as a normal aircraft altimeter would operate; that |is,
altitude above sea level in the ICAO Standard Atmosphere is
displayed. Since atmospheric conditions are rarely “standard,”
you may correct this altitude reading for current atmospheric
conditions by entering the local "altimeter setting,” as recorded
by the local airport. Alternatively, if your current altitude is
known, you may enter this value as an altitude reference level.
Refer to section 3.0 for more information.

I1f, however, neither the "altimeter setting” nor the current
altitude are available, you can use the Temperature-Compensated
Altimeter mode. Accuracy is improved by entering the ambient
temperature to correct for the difference in temperature between
the site atmosphere and the Standard Atmosphere. This mode is
described in detail in section 4.0.

Differential Modes

Differential Altimeter mode can display a change in altitude
between a "zero" reference level and your current site position.
A surveyor might use this mode, for example, to directly measure
the height of a hill. The surveyor could zero the differential
altimeter reading to make a benchmark at the bottom of the hill
and then walk to the top; the reading at the top would be the
height of the hill above the benchmark. Refer to section 5.0 for
instructions on using this mode.

Similarly, Differential Barometer mode measures the change in
atmospheric pressure between your selected zero reference level
and the current pressure. This mode allows you, for example, to
quickly determine the change in pressure from one day to the
next. This mode is described in detail in section 6.0.

Calibration Mode

Calibration mode is entered by simultaneously pressing the MODE
and SET/ZERQ keys. This mode allows you to set the barometric
pressure in millibars when a reading from an external, highly
accurate barometer is available. This procedure is required only
infrequently to correct for long-term drifts in instrumentation.

Refer to section 7.0.

-l -
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1.4 Measurement Averaging

The HHEB makes four measurements each second. Any measurement
displayed by the Hand-Held Barometer is an average of the last
eight measurements. Each time a new measurement is made, it',
replaces the oldest of the eight stored measurements, and is
averaged with the seven previous measurements. The display 1is
continuously updated with these new averages.

The averaging of pressure and altitude readings removes short-
term fluctuations from ambient pressure bursts that are caused by
wind or by rapid movement of the instrument. I1f a sudden, large
change in pressure Or altitude has occurred, the display |is
stable and accurate after two seconds. Averaging also removes
fluctuations from the residual noise of the electronic circuits.

1.5 Replacing the Battery

The Hand-Held Barometer is shipped with a 9-volt alkaline battery
installed. This should be replaced when the "BAT" annunciator
is constantly illuminated. A 9-volt alkaline battery, NEDA No.
1604A (Eveready No. 522), should be used. A nevw alkaline battery
should last for approximately 80 hours of continuous usage.

Note: when the battery is replaced, the pressure offset from
Calibration mode is lost; the offset is reset to zero. Enter
Calibrate mode and write down this offset BEFORE removing the
battery, and reenter this value after replacing the battery. 1In
addition, any reference values (such as the temperature in
Temperature-Compensated Altitude mode and the altimeter setting
in Standard Altitude mode), are lost and must also be reentered.

To replace the battery, ljoosen and remove the four screws from
the back cover. Lift off the back cover. The battery will be
visible in the lower left corner of the instrument. Remove the
old battery, gently prying the connector on the battery terminal

up and off of the battery.

Snap the two-position battery connector onto the new battery and
set the new battery into position. Replace the back cover and
tighten the four screws. _Turn the unit on by pressing the ON/OFF
key and verify that the LCD works properly and that the “BAT"
annunciator is no longer visible. Reenter the pressure offset,
altimeter setting, and temperature.

1.6 Handling Precautions

The electronics and pressure sensor are housed in an impact-
resistant plastic case. The case is, however, NOT water tight.
Do not immerse the instrument under any circumstances. Also note
that the front cover is somewhat pliant. If you press hard
against the front of the unit you can cause erroneous readings.
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AIR's patented dual-diaphram pressure sensor has extremely 1low
sensitivity to shock, vibration, acceleration, and changes in
orientation or temperature, while maintaining high sensitivity to
pressure variations. vy

1.7 The Sleep State Jumper

To conserve power, an internal jumper is set to enable a sleep
state. With this Jjumper on one pin. only (the setting at
shipment), the Hand-Held Barometer will automatically shut off
when more than two minutes have transpired since any key was
pressed. Changing the jumper position allows the instrument to
turn off only when the ON/OFF key is pressed.

To set this jumper, loosen and remove the four screws from the
back cover. Lift off the back cover. The following illustration
shows the jumper location:

8V BATTERY

- ‘L‘_ o
) ]

4 L
- | S —
muoos/ \( 5’ SLEEP MODE
DISABLED n,' \g:], ENABLED
\ rd

\
\
S’

As shipped from AIR, 1Inc., the jumper covers one pin only, and
does not connect to the second pin. This jumper position causes
automatic shut down after two minutes.

To disable automatic shut down and allow the HHB to turn off only
when the ON/OFF key is pressed, install this jumper on both pins.
After Kou have set the jumper position, replace the back cover
and tighten the four screws.
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2.0 BAROMETER MODE

The Barometer mode measures atmospheric pressure. To use
Barometer mode, press the MODE key until the display shovs
"pRESSURE” in the upper left corner of the display.

2.1 Selecting Units

Units are selected by pressing the up or down arrow keys. The
units are presented in a cyclic fashion, allowing you to scroll
up or down through all available units. The barometer mode units

are in the following relative order:

Unit of Measure Annunciator
Millibars mb

Inches of mercury in Hg
Millimeters of mercury mm Hg
Pounds per square inch absolute PSIA
Kilopascals kPa

Inches of water in H20
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3.0 STANDARD ALTITUDE MODE

The Standard Altitude mode measures the current pressure altitude
above sea level. To select this mode, press the MODE key until
the "ALTITUDE (AS)" annunciator appears.

The Hand-Held Barometer determines the altitude based upon the
relationship between altitude and atmospheric pressure in the
ICAO Standard Atmosphere. At any site, however, conditions can
differ significantly from the standard atmospheric conditions.
To obtain an accurate altitude reading, you must therefore enter
either the current “altimeter setting” (as available from a local
airport) or your current altitude (as avajilable from an accurate
topographical map) which the HHB can use as a reference or
*benchmark."”

Altitude can be displayed in feet or meters. A reference
(benchmark) altitude can also be set from this display. The
current altimeter setting can be displayed (and set) in either
millibars (mb) or inches of mercury (in Hg).

Note: Since the HHB cannot be connected to an aircraft static
pressure port, it is not suitable as an aircraft pressure
altimeter.

3.1 Entering a Benchmark Altitude

To calibrate the instrument to a known altitude at a benchmark,
press an arrow key until the desired units, feet (ft) or meters
(m), are displayed. Set this value by holding down the SET/ZERO
key while pressing the up arrow key to increment the altitude
reading or the down arrow key to decrement the reading.

When you set either an altitude or altimeter reference value, you
can hold an arrow key depressed. The longer you hold the key
down, the faster the reading changes values.

Note that at a given site the altitude reading will change with
time due to weather induced pressure changes. New benchmark
settings may therefore be required periodically ¢to assure
accurate readings.

Standard Altitude mode can also be used to determine the
altimeter setting when the current altitude is known. To
determine the altimeter setting from Standard Altitude mode,
select feet (ft) or meters (m), and enter the present altitude.
Select millibars (mb) or inches of mercury (in Hg) to see the
current altimeter setting.
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3.2 Entering an Altimeter Setting

To calibrate the instrument by entering an altimeter setting,
press an arrow key until the desired altimeter units, millibars
(mb) or inches of mercury (in Hg), are displayed. (When you set
a value in one unit, the instrument automatically corrects all
corresponding units.) The default value (Standard Atmosphere) is
29.92 in Hg or 1013.25 mb. Set the current altimeter setting by
holding down the SET/ZERO key while pressing the up arrow key to
increment the altimeter setting or the down arrow key to
decrement the setting.

wWhen you set either an altitude or altimeter reference value, you
can hold an arrow key depressed. The longer you hold the key
down, the faster the reading changes values.

If you do not know the ljocal “altimeter setting" or a
topographical benchmark, use the Temperature-Compcnlated Altitude
mode for best accuracy, described in section 4.0.

Note that the altitude reading will change due to weather induced
pressure changes, in which case a second altimeter setting may be

required to assure accurate readings.

3.3 Selecting Uaits

Altitude readings can be displayed in feet (ft) and meters (m).
Altimeter settings can be displayed in inches of mercury (in Hg)
and millibars (mb). These units are presented in the following

relative order:

Unit of Measure | Annunciator(s)
........... - 0 o o P - - - - - = - - - - =
Feet ft

Meters n

inches of mercury in Hg ALT SETTING
millibars mb ALT SETTING
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4.0 TEMPERATURE-COMPENSATED ALTITUDE MODE

The Temperature-Compensated Altitude mode measures the pressure
altitude above sea level. This mode should be used when the
ambient air temperature is known but neither the “altimeter
setting™ nor an altitude benchmark is known.

Altitude can be displayed in feet (ft) or meters (m) . The
current air temperature can be displayed (and then set) 1in
degrees Fahrenheit or degrees Celsius.

To enter Temperature-Compensated Altitude mode, press the MODE
key until the "ALTITUDE (TC)" annunciator is displayed.

4.1 Setting the Temperature

To calibrate the instrument with a known ambient temperature,
press an arrow key until the temperature is displayed in degrees
Fahrenheit or degrees Celsius. (When you set the temperature in
either unit, the HHB will automatically correct the other unit.)
Hold down the SET/ZERO key and press the up arrow key to
increment the temperature value or the down arrow Kkey to
decrement the temperature.

Note that when you set the temperature, you can hold an arrow key
depressed. The longer you hold the key down, the faster the
reading changes values.

The temperature setting is stored in the Hand-Held Barometer's
memory until you physically change it. This setting is used by
both the Temperature-Compensated Altitude mode and the
Differential Altitude mode, described in section 5.0.

If you do not know the “"altimeter setting,” a benchmark height,
or the ambient air temperature, Yyou should approximate the
ambient air temperature as best you can and use the Temperature-
Compensated Altitude mode. This method generally offers the most
accurate altitude readings under those circumstances.

To obtain the most accurate altitude measurements, YOu should
enter the ambient air temperature at each new altitude that you

wish to measure.

=10-
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4.2 Selecting Units

Altitude readings can be displayed in feet (ft) and meters (m).
Temperature settings can be displayed in degrees Fahrenheit (oF) .
and degrees Celsius (oC) . These units are presented in the

following relative order:

Unit of Measure | Annunciator (s)
.......................... ittt ekt
Feet £t

Meters n

degrees Fahrenheit oF TEMP SETTING
degrees Celsius oC TEMP SETTING
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5.0 DIFFERENTIAL ALTITUDE MODE

Differential Altitude mode is used to measure the change in
altitude relative to a reference height. For accuracy of
measurement, the ambient air temperature should be entered.

To use Differential Altitude mode, press the MODE key until the
gisplay shows "A ALTITUDE" in the lower left corner of the
isplay.

Altitude can be displayed in feet (ft) or meters (m) . The
current air temperature can be displayed (and then set) in
degrees Fahrenheit or degrees Celsius.

5.1 Setting the Temperature

To calibrate the instrument with a known ambient temperature,
" press an arrow key until the temperature is displayed in degrees
Fahrenheit or degrees Celsius. (Wwhen you set the temperature in
either unit, the HHB will automatically correct the other unit.)
Hold down the SET/ZERO key and press the up arrow key to
increment the temperature reading or press the down arrow key to
decrement the reading.

Note that when you set the temperature, you can hold an arrow key
depressed. The longer you hold the key down, the faster the

reading changes values.

The temperature setting is stored in the Hand-Held Barometer's
memory until you physically change it. This setting is used by
both the Differential Altitude mode and the Temperature-
Compensated Altitude mode, described in section 4.0.

If you do not know the local ambient air temperature, use an
estimated value. You can expect reasonable accuracy over a
limited range of differential altitude.

Note: To obtain the best accuracy of differential altitude
measurements, enter the ambient air temperature at each altitude

that is measured.
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5.2 Setting a Zero Reference Height

To set a specific altitude as a zero reference height, simply
press the SET/ZERO key. All subsequent differential altitude
readings will be relative to this zero altitude, until you
physically set another altitude at zero.

The display uses a minus sign to indicate altitudes that are
below the reference level. For example, if you were to climb 100
feet above your current reference level, the display will show
*100 £t" and conversely, if you were to climb 100 feet below your
current reference level, the display will show *-100 ft."

Atmospheric pressure changes will cause errors in differential
height, therefore you should reset to zero at the reference site

as often as practicable.

5.3 Selecting Units

Altitude readings can be displayed in feet (ft) and meters (m).
Temperature settings can be displayed in degrees Fahrenheit (oF)
and degrees Celsius (oC). These units are presented in the

following relative order:

3

Unit of Measure | Annunciator(s)

- e an en an G P G5 OF U O db G b 4D Sb G ED ah 6B a8 -----*----------------------
Feet ft

Meters m

degrees Fahrenheit oF TEMP SETTING
degrees Celsius oC TEMP SETTING
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6.0 DIFFERENTIAL BAROMETER MODE

The Differential Barometer mode is used to read the change in
barometric pressure relative to a reference pressure. To use
Differential Barometer mode, press the MODE key until the display
shows "A PRESSURE",

6.1 Setting Zero Reference Pressure

A reference point for barometric pressure is established by
defining the current barometric pressure as zero. To set
pressure at zero, simply press the SET/2ZERO key. All subsequent
differential barometric readings will be relative to this zero
pressure level, until you physically set another pressure reading
at zero.

The display uses a minus sign to indicate pressure readings that
are below your reference level. For example, if pressure were to
drop 0.2 millibars, the display would show "-0.2 mb," and
conversely, if pressure were to rise by 0.2 millibars the display
would show "0.2 mb.*

6.2 Selecting Units

The barometric reading can be displayed in the following units:
millibars (mb), inches of mercury (in Hg), millimeters of mercury
(mm Hg), pounds per square inch absolute (PSIA), kilopascals
(kPa), and inches of water (in H20).

Units are selected by pressing the up or down arrow keys. The

units are presented in a circular fashion, in the following
relative order:

Unit of Measure Annunciator
Millibars mb

Inches of mercury in Hg
Millimeters of mercury mm Hg
Pounds per square inch absolute ; PSIA
Kilopascals kPa

Inches of water in BH20

-14-
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7.0 CALIBRATION MODE

The Calibration mode allows you to enter a pressure offset to.
compensate for slight long-term drifts that occur during normal' ;
operation. This offset is stored in the Hand-Held Barometer's
battery powered memory. When the battery is changed you will
have to reenter this pressure offset.

To use the Calibration mode, enter Barometer mode by pressing the
MODE key until the PRESSURE annunciator is displayed, then press
an arrow key until the desired units is displayed. Make a
careful comparison of the barometric pressure standard to the
HHB's reading, averaging one minute's readings. Determine the
offset by subtracting the HHB value from the barometric pressure
standard. The resulting difference (retaining the algebraic
sign) is the offset.

Press and hold down the SET/ZERO key, then press and hold down
the MODE Kkey. The display will show the letters CAL for one
second. The current pressure offset is then displayed. The HHB
is shipped with a pressure offset of 0.0.

Holding the SET/ZERO and MODE keys depressed, press the up arrow
key to increment this offset, or the down arrow key to decrement
the offset. The pressure offset must be in the range of -1.28 md

to 1.27 mb. (Refer to section 10.0 for unit conversion factors.)
If the measured offset exceeds +/-1.2 mb, the accuracy of the
reference barometer should be verified. If the reference

barometer proves to be correct, return the Hand-Held Barometer to
AIR, Inc. for factory recalibration.

This calibration should only be necessary every few months, and
only if you have a pressure standard available which is more

accurate than the Hand-Held Barometer.

To exit Calibration mode and return to Barometer mode, release
the MODE key then the SET/ZERO key. Verify your offset by
comparing the current HHB reading to the barometric pressure
standard. HHB readings (averaged for one minute) and the
barometric pressure standard should now be equal.
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8.0

Calibration range (standard)

Accuracy (std. range):

Operating Environment:

Size:

Weight:
Power Requirements:

Power off:

Power on:

SPECIFICATIONS

: +40 to 105 oF (+5 to +40 oC)

17.7 to 32.5 in Hg (600 to 1100 mb)
-2300 to 13800 ft (-700 to 4200 m)

Custom calibration ranges are also
available)

+/-0.009 inHg, 23.6 to 31.3 inHg
+/-0.3 mb, 800 to 1060 mb

(or)

+/-0.015 inHg, 17.7 to 32.5 inHg
+/-0.5 mb from 600 to 1000 mb

=13 OoF to +122 oF (-250C to +500C)
8.9 to 38.4 inHg (300 to 1300 mb)
-7000 to 30000 £t (-2100 to 9100 m)

1.2 in x 3.6 in x 5.7 in
(3.0 cmx 9.1 cm x 14.5 cm)

10.0 oz (280 g)
standard 9V transistor battery

Battery life > 1 year

Current drain: 4 ma.

Voltage: 9V battery

Battery life: 80 hrs of operation
at 22 degrees Celsius
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9.0 EQUATIONS

Mathematical equations are used by the HHB to calculate the
output parameters.

pressure in millibars is calculated by a fifth-order polynomial
equation with temperature dependent cross product terms. The
- equation is used to convert raw data to a numeric pressure value.

9.1 Altitude Equations

The equation for standard altitude is:
H = 44330.77 * (1 - [ Po / Pr ]} ** 0.19026 )

Where: H = altitude above sea level in meters.
Po = gite pressure as measured by the instrument in mb.
Pr = the "altimeter setting” in millibars.

Note: This instrument uses the altimeter equations for the
standard atmosphere between sea level (h = 0 m) and the top of
the troposphere (h = 11000 m) (lapse rate assumed to be 0.0065
deg C / m). This same assumption is made for negative altitudes
even though the standard atmosphere is not defined below sea
level.

You may correct the altimeter by adjusting Pr to the correct
altimeter setting or by adjusting H to a known height. If you
adjust H, a new Pr in millibars is calculated according to the

following eguation:

Pr= (Po) / (1 =B / 44330.77 ) ** | 1/0.19026 )

The equation for temperature compensated altitude is:

H= (To/ 0.0065 ) * ( [ 1013.25 / Po ] ** 0.19026 - 1)

Where: H = altitude above sea level in meters.
Po = site pressure as measured by the instrument in mb.

To = site temperature in deg K as measured by the operator.
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When using this mode the operator may correct the altitude
reading by adjusting To to the site ambient air temperature.

The equation for differential altitude is:

DH= ( To / 0.0065) * [ ( Ps / Po) ** 0.19026 - 1 ]

Where: To = site temperature in deg K as measured by the user.
Po = site pressure as measured by the instrument in mb.
Ps = set equal to Po whenever the differential altitude is

zeroed with the SET/ZERO key.

I -
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10.0 Conversion Chert

Inch of mercury = 33,8639 millibers

I 1.0 |
| 1.0 miliimeter of mercury = 1,333224 milllibars !
1 1.0 pound sq. In. absolute = 68.9476 mililbers |
| 1.0 kilopascal = 10.00 milililbars |
| 1.0 Inch of water = 2.491 mililbars |
'--------------------------------------------------'
| 1.0 meter = 3,28 feet N |
| 1.0 foot = 0.304088 moeters |
' -------------------------------------------------. l
| degrees K = 273.15 + deg C |
| degrees K = 273.15 + 5/9 (degrees F - 32) |
| degrees C = 5/9 (degrees F = 32) !

|
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THE NEW MODEL 29%..r SOi.MOISTURE
PROBE is the most effective portable
moisture measuring instrument available.
Designed for rugged field use, the patented
thermos construction utilizing capillary tube
connections and super porous ceramic tip
assures fast response and accurate readings,
independent of temperature differences. The
new self-servicing feature, unique in
tensiometer construction, eliminates the
need for accessory service kits, assuring fast
rasponse Limoe zfter vears of use,

The Probe is now shipped in a dry condition

for- greater convenience -in_bandling and

- ~:yajifege over a period of time. Follow the

gmple instructions to water fill your unit in
_prepara¥ion for use. -

ACQUAINT YOURSELF WITH THE PARTS OF

THE PROBE, as shown in Fig. 1, front page

A strap across the top of the Carrying Case
holds the Probe and Coring Tool in place. To
remove the Probe and Coring_Tool, simply
pull out on the free end of the strap to undo
it from its snap. NOTE that the Probe fits
into the side of the Carryinhﬂse marked
"PROBE" on the nameplate. Coring Tool

fits into the other side of the case marked
"CORlN_G TOOL".

PROBE
‘ CORING TOOL
FREE END
OF STRAP
NOTE THAT WATER STORAGE F 2
SPONGE 1S AT BOTTOM OF 1g.
THIS SIDE

As illustrated in Fig. 2, it is very important
that the Probe always be kept in the side of
the Carrying Case marked "PROBE" when it
is not actually being inserted in the soil,

since -nis s;.: of the Carrying Case has a
water storage reservoir at the bottom.
During the "ijtial Filling" operation,
pictured and described on pages 2 thru 5, you
will fill the water storage reservoir.
Thereafter the sensing tip of the Probe wiil
be kept moist.

An Accessory Kit is provided with each
Probe. It consists of a small screwdriver, a
3/32" size Allen wrench, and a replacement
sensing tip and seals. The screwdriver is used
to vent and adjust the dial gauge, and to
replace the sensing tip. The Allen wrench is
used in the event the dial gauge needs
replacement.

With proper care the Probe will give you
many, many years of excellent service.

IF YOU LIVE AT ALTITUDES APPRECIABLY
ABOVE SEA LEVEL

You will notice on delivery that the pointer
on the dial gauge may not read zero and the
diaphragm on the bottom side of the dial
gauge may be bulged out. This is due to the
lower atmospheric pressure at your elevation.
To correct this condition, the gauge must be
vented. The procedure for venting and adjus-
ting the pointer is covered in the "Care and
Maintenance" section.

High altitude limits the operating range of
the Probe due to the reduced atmospheric
pressure. Read about the effect of high
altitude under "More About the Soilmoisture
Probe" on page 14 of the instructions.

The dial gauge readings mentioned in the
tilling instructions apply for elevations in the
range from sea level to approximately 2000
ft. At higher elevations the readings will be
somewhat less. This is again called to your
attention at appropriate places in the
instruction information.




INITIAL FILLING v’
STEP 1.

Turmn Null Knob all the way clockwise as far
as it will go and then insert porous ceramic
sensing tip in water.

STEP 2.

Keep sensing tip in water. Tum Null Knob
counterclockwise until you just see the red

ring.

On initial filling, the pointer will normaily
rise to a reading of 40 to 50.

Let pointer drop to zero.

STEP 3.

Keep sensing tip in water. Continue to turn
Null Knob slowly counterclockwise until it is
loose and can be removed.




STEP 4.

Fill handle with water. A teaspoon works
well for this operation. Water should be
poured into the handle slowly and carefully so
that air bubbles are not trapped. If you see a
bubble clinging to the smooth wall or bottom
of the handle cavity, you can nudge it free
with the sharp end of a pencil.

STEP 5.

Screw Null Knob completely back in handle,
which will push out excess water.

While you are doing this, water will coze out

through the porous ceramic tip and drip off
the end.

STEP 6.

Turn Null Knob clockwise as far as it will go.




STEP 7.

Remove tip from water and dry with Kleenex
or similar absorbent tissue. Dial pointer will
rise to a reading of 20 or 30 as moisture is
pulled into the dry tissue.

STEP 8.

Tum Null Knob counterclockwise until you
just see red ring. Pointer will normally rise
to a reading of 80 or 90 centibars if you live
at an elevation between sea level and about
2000 ft. If you live at higher elevations, the
-maximum reading will be somewhat lower.
See page 14 which describes the effect of
altitude on the operation of the Probe.

If the pointer does not rise, it can mean that
the porous ceramic sensing tip has been
cracked by rough handling. See section on
"Care and Maintenance"” for corrective
action.

STEP 9.

Immerse porous sensing tip again in water
and wait until pointer drops to zero.




STEP 0. .

Repeat Step 3, removing Null Knob again
while sensing tip is in water. Repeat Steps 4,
5, and 6, again refilling handle with water
and insert Null Knob and turn clockwise as
far as it will go.

STEP II.
Check Response Time

To do this, wipe the Probe and porous
ceramic tip with absorbent tissue, to remove
all excess water. Turn Null Knob until
pointer reaches a reading of 50 on the dial.
Now when you dip the sensing tip in water
the pointer will normally drop from a reading
of 50 to a reading of 10 in approximately one
second -the time that it takes to say "one,
one thousand". The Probe is ready for use if
the response time is approxiinately one
second.

STEP 12.

Fill the Carrying Case tube which is labeled
"PROBE" with water and allow to stand for a
minute or two. This will fill the sponge
cartridge with water. Empty excess water
out and insert the P-obe. The sponge
cartridge in the Carrying Case will now keep
the porous ceramic sensing tip wet so that 3
ready to use at any time in the field.

In the future, always keep the Probe in the
Carrying Case when not in use,

When examining the Probe, DO NOT leave
the porous cerar ‘= sensing tip exposed to the
air for prolongec periods. When the Probe is
removed from the Carrying Case and the
sensing tip is not kept moist, evaporation of
moisture from the tip will pull the dial gauge
up to a very high centibar reading.

Under these conditions, air can diffuse
through the water in the pores of the sensing
tip and enter the Probe, which can result in a
decrease in sensitivity and require a refilling
cycle.

NOTE: [F THE RESPONSE TIME IS TOO
LONG

If the response time, after initial filling, is
considerably more than one second, it usually
indicates that an air bubble has been trapped
in the handle. To correct this, simply repeat
Steps 8 and 9 and then Steps 3, 4, 5, and 6,

again wooking 1to the handle cavity after
tilling to see if there are any bubbles clinging
to the internal wail. In the event that there
are, simply nudge them loose with a sharp
end of a pencil. Fill the cavity in the handle
to the top, replace the Null Knob, wipe dry
and again check the response time.

Each filling cvcle removes more air until the
Probe is virtually free of all air and is very
responsive.

NOTE: THE POINTER MAY NEED
ADJUSTMENT

The pointer may have to be adjusted after
the filling operation. First read the following
section concerning the Dial Gauge and then
refer to the "Care and Maintenance" section
for specific instructions for adjusting the dial

gauge pointer.

ABOUT THE DIAL GAUGE AND CARRYING
CASE

The Bourdon dial gauge was filled with an
ethylene glycol mixture at the factory. This
assures protection against freezing for an
extended period of time. As a matter of
precaution, however, it is always desirable to
store the Probe at temperatures above
freezing so as to avoid any possible damage
to the unit through the formation of ice
crystals.

When the Probe is in the Carrying Case and is
held vertically, the pointer on the dial gauge
should read zero. You will note, however,
that if the Carrying Case is tipped
horizontally, the pointer on the dial gauge
will read below zero. This is caused by the
shift in weight of the water column within
the Probe itself. For normal use, the dial
pointer is set at zero when the Probe is held
vertically and when only the ceramic sensing
tip is immersed in water. For pointer setting
instructions see "Care & Maintenance"
section.

Intense heat can cause the plastic Carrying
Case to distort, and can result in the
evaporation of all water from the sponge
within the Carrying Case, which will be
detrimental to the operation of the
Soilmoisture Probe. It will also result in
frequent servicing for removal of air. Do not
store or transport the Soilmoisture Probe
where it is subject to intense heat. Very high
temperatures can develop within a closed cab
of a truck or the trunk of a car.




MAKING A SOIL MOISTURE MEASUREMENT
STEP | - CORING A HOLE

The first operation in taking a reading is to
core a hole in the soil with the Coring Tool to
accept the Probe. The Coring Tool is pushed
vertically down into the soil, as shown in Fig.
12. After reaching the depth desired, the
Coring Tool is removed.

This operation will pull out the soil core and
will provide a proper sized hole in the il for
insertion of the Probe.

The soil should be cleaned from the Coring
Tool after each coring operation, in order to
make sure that the succeeding core will be
properly cut. The core is removed simply by
inverting the Coring Tool so that the core
can slip out the handle end, see Fig. 13. The
core, it"-if, gives a good profile of the soil
below t- - surface. The Cleaning Rod can be
used to remove any remaining soil from the
cutting tip, as shown in Fig. 14. In the event
soil becomes lodged inside the Coring Tool,
striking the side of the steel Coring Tool with
the side of the Cleaning Rod will jar the soil
inside so that it will fall out.

If in coring the hole an impediment is
encountered, such as a rock or a hard root,
simply move to an adjacent location and core
another hole. After the reading has been
made, no attempt should be made to plug the
hole, since the small diameter hole is not
detrimental and will provide desirable
aeration.

The Coring Tool makes a hole in the the soil

which is tapered at the botto.a. The larger
portion of the hole provides clearance for the
Probe when it is inserted into the hole, until
it reaches the proper depth for measure ment.
When the sensing tip of the Probe reaches the
bottom of the hole, it is pushed firmly into
the tapered portion of the hole so that a tight
contact is made between the sensing tip and
soil. This tight contact is essential to make a
good, fast, soil suction measurement. See
Fig. 15, page 7.

The Coring Tool is made from strong,
chromemoly steel, and will stand
considerable punishment. If, however, the
soil surface is too hard or dry for the Coring
Tool to penetrate, the surface soil can be
broken with a larger soil sampling tool or
shovel. The Coring Tool can then be pushed
into the hole created to provide a proper-
sized hole to accept the Probe.
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In loose, cultivated soils and planting mixes,
the Probe can frequently be pushed down
directly into the s0il without coring a hole.
Some precautions should be exercised in
taking measurements in these loose soils to
make sure that the porous ceramic sensing
tip is in good contact with the oil, and that
undue force in inserting the Probe is avoided.

STEP 2 - INSERTING THE PROBE

Prior to removing the Probe from the
Carrying Case, turn the Null Knob clockwise
as far as it will go and then undo the knob
(counterclockwise? approximately 1/2 turmn.
This operation will nrovide the proper range
for the Null Knob when taking a reading. See

Fig. 16.

The Probe is now removed from the Carrying
Case and inserted into the hole made by the
Coring Tool, and pushed in so that the sensing
tip is in firm contact with the soil.

NOTE: If the Probe has been stored in a very
hot environment, such as in the back of a
truck, you should leave the Probe in the
initially cored hole for two to three minutes
to bring the Probe to approximate
temperature equilibrium with the soil. The
Model 2900F Probe has been designed to have
very minimum temperature effects.
However, it is desirable to eliminate extreme
temperature variations between the soil and
the Probe in order to obtain the fastest
response and ease of use. After the initial
temperature :djustment, when necessary,
retum the Probe to the Carrying Case to
drop the pointer reading to zero; core an
adjacent hole, and reinsert the Probe.

If the soil is saturated with water, the point-
er of the dial gauge will remain at zero.
Otherwise, the pointer will immediately start
to rise when the Probe is inserted into the
hole. After insertion, allow the Probe to
remain undisturbed for approximately one
minute, and at the end of this time observe
the pointer reading.

Tuen the Null Knob counterclockwise to bring
the pointer up to a value which is one and
one-half times the initial reading after the




one minute period. In other words, if the
reading after one minute is 20 centibars, turn
the Probe so that the reading is adjusted to
30 centibars. If the reading is 40 centibars,
turn the Null knob so that the pointer is at 60
centibars, etc. See Fig. I7.

After making the first adjustment, observe
the pointer movement after {5 to 30 seconds.
Tapping the dial gauge lightly with the finger
while observing the pointer movement will
tend to reduce the normal internal friction so
that changes in the pointer position will be
observable with minimum lapsed time. [f the
pointer is moving down to a lower value than
the one set, you know that the correct soil
suction value is somewhere between the
initial reading at one minute and the adjusted
value. In this case, tum the Null Knob in a
clockwise direction to lower the pointer to
read one-half way between the initial value
and the first set value. After this second
adjustment, again observe the direction in
which the pointer is moving and then make a
subsequent adjustment to an intermediate
value. By this process, you "bracket" the
actual soil suction value and can very quickly
adjust the Probe to the true soil suction
value. When the pointer is adjusted to the
true soil suction value, it will not move up or
down, but will remain in a fixed position.

If after the first adjustrnent the pointer
continues to move up to a higher rather than
a lower reading, you should immediately
move the pointer approximately 10 centibars
iigher and observe the pointer movement. If
it continues to move up to a higher value,
advance the pointer an additional 10
centibars. Once you reach a level where the

pointer starts to move back down, vou have
then "bracketed" the reading, ard
adjustments can be made as described above
to arrive at the correct value.

In many moist soils, the Probe will come to
equilibrium  very quickly without any
appreciable adjustment of the Null Knob.

Through experience in using the Probe in your
soils, you will soon be able to estimate the
final dial gauge reading from the speed that
the pointer moves after insertion of the
Probe. It is best to minimize the use of the
Null Knob to limit disturbance to the soil
moisture conditions being measured.

After making a reading, the Soilmoisture
Probe should be wiped free of surplus,
clinging soil with the hand and returned
immediately to the Carrying Case, so that
the sensing tip is in contact with the water
storage sponge and remains moist, with the
dial gauge reading zero. If when making field
measurements the soil suction value exceeds
the highest operating value corresponding to
your elevation, the Probe shouid not be left
in the soil for extended period.

Soil moisture values can vary considerably
within a given area because of differences in
root action, drainage and exposure. For this
reason, it is desirable to make several
readings in a given area in order to fully
evaluate the s0il moisture conditions.

APPLICATION OF READING

A zero soil suction reading indicates that the
soil is saturated. Under this condition, all of
the s0il pores are filled with water and any
additional water will flow through the soil if
there is drainage, or pond on the surface or
run off if there is not. Saturated conditions,
of course, should be avoided since they are
detrimental to plant growth, and the
Soilmoisture Probe will immediately detect
this undesirable condition.

In medium textured soils most plants grow
hest where the soil suction readings are kept
between 20 and 60 centibars. At this
moisture level, you have good aeration as
well as good movement of moisture. Turf is
frequently grown at lower soil suction values.

In sandy soils the optimum range is usually 10
to 30 centibars.




In heavy clay soils __.at ca. store greater
amounts of water, maximum readings of 7C
or 80 centibars will not be harmful tc
growing plants.

If soil suction values are allowed to reach 80
centibars, it can be detrimental to the plant,
particularly for sandy and sandyloam soils.
At this moisture level, the supply of water
for the roots is becoming limited and the
water films are becoming so thin the soil
moisture movement within the soil is very
slow. This means that moisture withdrawn by
a root, in a given area, is not readily
replaced. As a result, under conditions of
bright sun and wind, destructive stress condi-
tions can develop in the plant.

It has been determined in recent years that it
is better to keep soils somewhat more moist
than was originally practiced in order to get
the best water penetration when irrigating,
and also to provide the healthiest
environment for optimum crop production.
The best thinking in this regard at the
present time is to keep s0il suction values at
a maximum of 40 to 50 centibars, and to
arrange irrigation so that you do not create a
saturated condition (0 to 10 centibars of soil
suction) for any length of time in the feeder
root zone.

Where you are working with sandy soils which
have extremely limited water storage
capacity, irrigation is started at lower soil
suction values, frequently in the range of 15
to 20 centibars.

Where you are working with drip irrigation
systems and the readings are made
approximately 12" away from the emitter,
soil suction should be maintained at a rel-
atively low value (usually in the range from
10 to 25 centibars, depending upon soil type).

CARE AND MAINTENANCE
VENTING THE DIAL GAUGE

The vent screw is in the plastic coverplate of
the dial gauge, as shown in Fig. 18. To vent
the dial gauge, simply remove this screw
momentarily, as shown in Figs. 19 and 20, and
replace the screw. The vent screw will
accept the small flat blade screwdriver such
as supplied with the Accessory Kit.




ADJUSTING THE DIAL GAUGE POINTER

First remove the vent screw from the dial
gauge and insert a flat blade /8" wide
screwdriver such as supplied with the
Accessory Kit through the hole in the gauge
cover plate to engage the slot in the
adjusting screw. See Fig. 21.

SCREWDRIVER

PIN

TURN COUNTERCLOCKWISE IF
POINTER IS READING TOO LOW

DIAL GAUGE

TURN CLOCKWISE IF POINTER

Fig. 21
IS READING TOO HIGH

If the gauge was reading high, turn the
screwdriver clockwise an estimated amount
to correct the error.

If the gauge was reading low, turn the screw-
driver counterclockwise an estimated amount
to correct the error.

Repeat the process, if necessary, until the
pointer is on the zero position.

REPLENISHING MOISTURE IN CARRYING
CASE

Periodically remove the Probe from the
Carrying Case and fill the Probe side with
water and then empty. This process flushes
accumulated soil particles from the case and
keeps the sponge at the bottoin of the
Carrying Case moist.

TESTING THE RESPONSE TIME

The successful operation of the Model 2900F

Soilmoisture Probe is due to its structura]
rigidity and the fact that the air has been
almost completely removed from the water
and the internal structure of the Probe. For
these reasons, any small amount of
movement of water through the porous
ceramic sensing tip will result in a
substantial change of the vacuum level within
the Probe. This very responsive action,
coupled with the use of the Null Knob, results
in only a small disturbance to the water films
in the surrounding soil which are being
ineasured, and hence, accurate measurements
of soil suction can be made quickly.

If air is present in the unit, then a substantial
amount of water must flow through the wall
of the porous ceramic sensing tip to change
the vacuum level within the Probe. The air
within the Probe expands as the pressure is
reduced (centibar reading increased) and, as a
result, a larger amount of water moves into
and out of the surrounding soil. This in turn,
results in a less responsive movement of the
pointer on the dial gauge, a "spongy" action
of the Null Knob, and a longer time to obtain
an accurate soil moisture measurement.

The response time is defined as the time
required for the dial pointer to drop from 50
centibars to 10 centibars when the porous
ceramic sensing tip is plunged into a
container of water.

If at any time the operation of the Probe
appears to be "spongy", and excessive time
seems to be required to make a soil suction
reading, simply remove the Probe from the
Carrying Case and wipe the porous sensing
tip with an absorbent tissue, and tum the
Null Knob so that the pointer on the dial
gauge registers 50 centibars. Then plunge
the sensing tip of the Probe into a container
of water and note the time required for the
pointer to drop from 50 centibars to 10
centibars. If this time is appreciably in
excess of one second, then it would indicate
that there is air accumulated within the
Probe. To remove the air from the Probe and
restore the fast response time, the Probe
should be refilled with water as described
under Initital Filling, page 2.

If the porous ceramic sensing tip has been
cracked during use, this will permit air to
enter the system. A very fine crack may
exist and not be readily observable. Under
these circumstances, it is usually not possible
to obtain a reading of 50 centibars to conduct

10
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the response time test. If a dial reading of
50 centibars cannot be reached by drying the
sensing tip and turning the Null Knob, then
there is too much air in the system and there
may also be a crack in the sensing tip. To
replace the porous ceramic sensing tip, see
the section on this.

Over a period of many months or years, there
is a tendency for the pores in the ceramic
sensing tip to become clogged with deposits
which decrease the permeability of the cera-
mic. Such clogging will, of course, slow down
the response time of the Probe. If the Probe
has been carefully filled with water to
remove all accumulated air, and the response
time is still in excess of 2 seconds, it would
be advisable to replace the porous ceramic
sensing tip with a new one.

REPLACING THE POROUS CERAMIC

SENSING TIP

If the porous ceramic sensing tip has been
broken or cracked during use, or if the pores
of the ceramic have been clogged over a long
period of time and the response time of the
Probe is too long, the porous ceramic sensing
tip can be readily replaced with a new one.
When replacing the porous ceramic sensing
tip, the "O" ring seals must also be replaced.

To replace the sensing tip, the slotted cap
nut at the end of the Probe is first removed.
A large screwdriver that fits the slot in the
cap nut can be used, or the small pointer
adjusting screwdriver can be used by putting
the side of the screwdriver into the slot in
the nut, as shown in Fig. 22. When facing the
end of the Probe, turn the cap nut
COUNTERCLOCKWISE to loosen it.
Completely remove the cap nut, the porous
ceramic sensing tip, and the two "O" ring
seals at either end of the sensing tip. In
removing the parts, be sure that the smooth
surfaces on the cap nut and on the stem of

Fig. 22

the Frobe where the "QO" rings seat are not
scratched or marred, since it is essential that
these surfaces be kept smooth in order to
assure a complete vacuum seal when the new
sensing tip is installed. Clean off any
accumulated corrosion from the stem of the
Probe.

Fig. 23

Fig. 23 shows the stem of the Probe, with the
two small cross holes. The "O" ring seals,
porous ceramic sensing tip, and slotted cap
nut are arranged in this photo in the same
manner as they fit on to the stem of the
Probe.

Figs. 2¢ through 28 show the successive oper-

ations in mounting the parts on the stem of
the Probe. .

Fig. 2¢

Fig. 25

1



The final assembly operation is screwing on
the slotted cap nut and tightening it securely
with a screwdriver. The slotted cap screw
should be tightened as far as it will go. Parts
have been carefully machined so that the "O"
ring seals are properly squeezed when the
slotted cap nut is screwed completely on
until it seats on the end of the Probe stem.
The "O" rings make a vacuum-tight seal be-
tween the brass surfaces of the Probe stem
parts and the ends of the porous ceramic
sensing tip. The ends of the porous ceramic
sensing tip have been machined smooth to
assure a vacuum-tight seal. In handling the
porous ceramic sensing tip when mounting it
on the Probe, make sure that the sensing tip
is not scratched or chipped.

The Porous Ceramic Sensing Tip is supplied
~ith a tapered configuration. The taper
rnatches the taper of the Coring Tool. The
taper assures better contact with the soil
which increases sensitivity and speed of re-
sponse.

When replacing the .p, special care muxt be
taken to see that the "top" arrow arked on
the tip points in the direction as shown in
Fig. 29.

Fig. 29

After replacing the tip, fill the probe as
described under lnitial Filling.

12



REPLACING THE DIAL GAUGE

If the dial gauge has been mechanically dam-
aged so that it is inoperative, it may be
replaced in the field. First remove the
socket head set screw from the handle, as

shown in Fig. 30. This is an "Allen" head set
screw that accepts a 3/32" size Allen wrench,
such as supplied in the Accessory Kit. Then
grasp the dial gauge firmly, as shown in Fig.

31, and turn counterclockwise until it is free
from handle. Fig. 32 shows the dial gauge
removed from the handle. The internal
connecting tube usually remains in the dial
gauge.  Carefully pull out the internal
connecting tube from the dial gauge. Fig. 33
shows an '"exploded" view of the various
parts. The internal connecting tube has "O"
ring seals at each end. Push the internal

2

i Internal Connecting
~ Tube

connecting tube all the way into the recess in
the handle of the Probe, as shown in Fig. 34.
Then screw the new replacement dial gauge

13



into the handle, also illu. .ted in Fig. 34,
making sure that the internal connecting tube
enters the hole in the stem of the dial gauge.
[f the "O" ring seals on the ends of the
internal connecting tube seem to resist
entering the Probe handle and dial gauge
stem, wipe on a thin layer of vasoline or
vacuum grease on the "O" ring seals to
reduce the friction. After screwing the
replacement dial gauge completely into the
Probe handle and orienting it at the proper
angle, replace the Allen head set screw and
wrench it down to hold the dial guage firmly
in place.

After replacing the dial gauge the Probe
must be refilled with water as described
under Initial Filling.

Replacement dial gauges suppled by the fact-
ory have been filled under high vacuum with
a mixture of ethylene glycol and water. This
procedure protects the gauge from freezing
damage when in use and also makes it easy to
remove the air from the Probe during the
filling operation. [f the replacement dial
gauge has lost some of the filling fluid
through mishandling, it can still be used.
However, it will require a number of Probe
tilling cycles to remove all the air from the

gauge before the desired response time is’

obtained.

STORAGE AND GENERAL CARE

When the Probe is not in use, it can be stored
in almost any location that is not subject to
freezing or high temperatures. Before stor-
ing for any extended length of time, fill the
Probe section of the Carrying Case with
water to make sure that the water storage
sponge is completely saturated with water.

In the event the sponge does dry out during
storage, and the response time of the Probe
is greater than required, the Probe should be
filled with water, as given under Initial Fill-
ing.

The Soilmoisture Probe is quite rugged; how-
ever, care should always be taken to protect
the dial gauge of the Probe from severe
mechanical shocks.

Soilmoisture Equipment Corp. maintains a
stock of replacement parts, as carried in the
attached Parts List. If severe damage does
occur to the Probe, it can also be returned to

the factory .or refurbishing. When ry rning
the Probe for repair work, be sure to tacurn
the complete Soilmoisture Probe assemnbly,
including Carrying Case and other parts. Re-
tum shipments must be made on a prepaid
Dasis and packed securely to protect the
equipment in transit. '

MORE ABOUT THE SOILMOISTURE PROBE
EFFECT OF ALTITUDE ON PROBE

PRACTICAL READING RANGE
0 TO 88 CENTIBARS

IN THIS RANGE AIR COMING
OUT OF SOLUTION MAKES
READING INACCURATE

THEORETICAL LIMIT OF
READING

L

PRACTICAL READING AANGE
0 TO 81 CENTIBARS

IN THIS RANGE AIR COMING
OUT OF SOLUTION MAKES
READING INACCURATE

THEORETICAL LIMIT OF
READING

N THIS AANGE WATER
SREAKS INTO A VAPOR
CAUBING UNIT TO LOSE
ALL OF iTS WATER

At 1000 Ft. above Sea Leve!

PRACTICAL READING RANGE
0 TO &8 CENTIBARS

IN THIS RANGE AIR COMING
OUT OF SOLUTION MAKES
READING INACCURATE

THEORETICAL LIMIT OF
\ READING
(.
IN THIS AANGE WATER
BREAKS INTO A VAPOR
CAUSING UNIT TO LOSE

ALL OF ITS WATER
At 5000 Ft. above Sea Level

The Reading Renge is Reduced Approximately 3.5
Centibers for Each 1000 Ft. Incresse in Elevation
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PRINCIPLES INVOLVEDp IN THE OPERA-
TION OF A TENSIOMETER-TYPE MEASUR-
ING INSTRUMENT
/ Removable Cap

/

Vacuum Gauge

Soil Surface

/

s d S

Free Water in Cup

)

’F‘ui. 35 //

Pores  ENLARGED VIEW

Fig. 35 above shows a section view ci a
tensiometer in place in the soil. A tensio-
meter consists essentially of a tube, sealed at
one end by a porous ceramic cup which is in
contact with the soil. The other end of the
tube is above ground and is connected to a
vacuum gauge. This end of the tube is sealed
with a removable cap after the tube has been
filled completely with water.

The insert in Fig. 35 shows a magnified view
of the porous cup in contact with the soil
particles. The special thing about the porous
ceramic is the size of the pores. The pores
are reasonably uniform and of controlled
maximum size. When the porous ceramic is
wetted and the pores filled with water, the
surface tension of the water at the air-water
interface at each of the pores, seals the
pores. Water can flow through the pores, but
the water film at each pore acts like a thin
rubber diaphragm and will not let free air
pass, throughout the working range of the
tensiometer.

The insert also shows the water film which
surrounds each soil particle. These films of
water are bound to each of the soil particles
by strong molecular forces. As soil dries out,
these water films become thinner and more
tightly bound. The "tension" thus produced
within these water films causes water to be
sucked from the tensiometer through the

pores in the ceramic cup. These same strong
molecular forces make it increasingly
difficult for plants to extract moisture from
the soil as the soil dries out.

As water is sucked from the tensiometer by
the soil, a partial vacuum is created in the
tensiometer, since the unit is completely
seajed except for the porous cup. As more
water is removed, the vacuum inside the unit
becomes higher. The amount of the vacuum
is registered on the vacuum dial gauge.
Water is sucked from the tensiometer by the
soil until such time as the vacuum created
inside the tensiometer is just sufficient to
overcome the suction of the soil. At this
point, an equilibrium is reached and water
ceases to flow from the cup. The
tensiometer then reads directly the amount
of "soil suction". As the soil moisture is
further depleted through evaporation,
drainage, or the action of plant roots, the soil
suction increases. More water is then sucked
from the tensiometer until the vacuum in the
unit is increased and a new equilibrium point
reached.

When water is added to the soil from rainfall
or irrigation, the soil suction is reduced.
Then the high vacuum in the tensiometer
causes 0il moisture to be drawn from the
soil through the walls of the porous cup into

the unit. This flow of water back into the
tensiometer reduces the vacuum. The flow
continues until the vacuum in the

tensiometer drops to the value where it is
just balanced by the s0il suction. If water is
added to the soil until the soil is completely
saturated, then the vacuum dial gauge on the
tensiometer will drop until it reads zero.

As outlined above, a tensiometer always is
maintaining a balance with the soil suction,
and the vacuum gauge on the unit indicates
the value of the soil suction at the porous

cup.




MEANING OF READINGS —

The Model 2900F Soilmoisture Probe is a
tensiometer-type instrument that reads soil
suction directly. The "soil suction" reading is
a direct measure of the availability of mois-
ture for plant growth, and the standard unit
of measurement is the "bar". The bar*is a
unit of pressure in the metric system and is
used to define positive pressure (above at-
mospheric pressure), or negative pressure or
vacuum (below atmospheric pressure).

The gauge on the Probe is calibrated in
hundredths of a bar {or centibars) of vacuum,
and is graduated from zero to 100.

In scientific work, it is becoming customary
to express pressures and vacuums in a unit of
measure called a "Pascal”, and a "Kilopascal”
which is 1000 times as large as a Pascal. A
"centibar", as used above is exactly equal to
a Kilopascal. Therefore the dial gauge on the
Probe also reads in kilopascals and is grad-
uated from zero to 100 kilopascals (K Pa).

Soil suction is actually created by the attrac-
tion that each soil particle has for the water
in the soil. Because of this attraction, water
forms a film around each particle of soil and
collects in the capillary spaces between the
soil particles. As the soil becomes drier,
these films become thinmner and the attrac-
tion or soil suction increases. The plant root
has to overcome this soil suction, or attrac-
tion force, in order to withdraw moisture
from the soil. The measurement of soil
suction then gives a direct indication of the
amount of work the plant root must do to get
water from the soil. The only oisture
measuring instruments that are able to ac-
curately measure soil suction are those using
the tensiometer principle. These instruments
read centibars of il suction directly without
calibration for soil type, salinity, or temper-
ature.

WHAT HAPPENS WHEN THE PROBE IS IN-
SERTED INTO THE SOIL

When the Probe is inserted into the cored
hole, there are various effects associated
with the movement of the porous ceramic

*

The bar is defined as 108aynes-cm? and is approx:imatelv equivalent

to ! atrmospnere (.987 armospnere) or 14.5 psi of pressure. It s

20proximately eoud! 1o tne ‘orce exerted Dy a haght of 30 incnes of

mercury or 750mm of mercury . or 33% ft. of water, or 1000 ¢cm
of water.

sensing tip «nrougn the soil. The soil surroun-
dinz che tip is slightly cornpacted and the
wipu:g action of the porous ceramic througn
the soil causes small thermal effects. [t
takes a few moments for these disturbances
to disperse, and it is for this reason that it is
not desirable to move the Null Knob for the
first minute after insertion of the Probe.

In ordar to obtain a soil suction reading, it is
necessary that a small amount of water tran-
sfer between the sensing tip of the Probe and
the soil. When the Null Knob is turned
clockwise, water is forced out of the Probe
sensing tip and into the surrounding soil.
When the Null Knob is turned counterclock-
wise, a vacuum is created within the Probe
which causes inoisture to move from the soil
through the ceramic sensing tip and into the
Probe. In order to obtain an accurate reading
within the minimum amount of time, one
must be careful not to disturb the moisture
conditions surrounding the sensing tip. For
this reason, adjustment with the Null Knob
should be kept to a minimum. After you have
had a little experience with your particular
soils, you will find that adjusting the Null
Knob to bring the pointer to the correct soil
suction value will become quite simple and
direct.

3.

TIME REQUIRED TO MAKE A READING

The time that it takes to make a soil suction
reading varies with soil types and amount of
moisture. In order to make a soil suction
reading, a small amount of water must be
transferred between the soil and the sensing
tip of the Probe. Although this transfer is
reduced to a minimum by the use of the Null
Knob, the water that is transferred inust
move through the soil itseif. The rate at
which this water moves through the soil is
determined by the "capillary conductivity" of
the soil. The capillary conductivity not only
varies from soil to soil, but also with the soil
suction value for any given soil. In moist
soils, the capillary conductivity is higher, and
in dry soils the capillary conductivity is
lower.

Since capillary conductivity drops off rapidly
as soil suction values increase, it requires a
longer time to make a soil suction reading in
dry, as compared to moist soil. The type ot
soil will also influence the time required to
make a reading. To illustrate the effect of
varying capillary conductivity, Fig. 36 shows
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tn® 1.ne TegUirea tor the Probe to r@cover to
a reading of 15 centibars in a sandy-loam soil
when soil suction value in the Probe is
arbitrarily reduced to 5 centibars of soil
suction. The experiment is repeated with the
soil suction value in the Probe incgeased to
25 centibars of soil suction. Under these
conditions, you will note that the recovery
time is approximately 1 to 2 minutes. Fig.
37 shows the same experiment in the same
soil when the equilibrium soil suction value
was 37 centibars. Here, you will note that
the recovery time is approximately 5 minutes
in each case. The experiment is again
repeated in the same soil when the soil
suction value is approximately 48 centibars.
Fig. 38 shows this graph, and you will note
that in this case the recovery time is
approximately 8 to 9 minutes. These
expeciments demonstrate the change in rate
at which moisture moves along the water
films in the soil as %0il suction values change,
and convey a feeling for the response of the
Probe to adjustments of e Null Knob when
making a reading.

PROBE TIPS

It has been our experience that ..:curate,
reiiable moisture readings can be made
within a few minutes at any one given
location. In general, the readings can be
made more quickly when soil suction levels
are in the low range than when they are in

the high range.

No problems in measurement will be
encountered in sandy or sandy-loam soils. In
the event you are confronted with the making
of measurements in extremely heavy clay
soils, more time than normal will be required
to reach equilibrium because of the extreme-
ly slow movement of water through this type
of soil.

CAUTION

In wet clay soils, the plastic soil itself can
make an airtight closure around the sensing
tip as the Probe is being pushed into the soil.
If this happens, pressure can be built up in
the Probe by the air trapped in front of the
Probe, see Fig. 39. Since this air is sealed by
the wet clay soil, a high air pressure can be
developed as the Probe is pushed further and
further into the soil.
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o— MOVE UP AND DOWN
X IN VERY SHORT
STROKES

-

ENTRAPPED AIR

Fig. 39

DIAL GAUGE
PRESSURE BUILD UP

Fig. 40

To detect such a condition, observe the dial
pointer when pushing the Probe down into the
soil. [f the pointer moves below the zero
nark and touches the pin, see Fig. 40,
pressure is being built up. Stop further
pushing, and pull the Probe up to relieve the
pressure. Then push the Probe down and then
sull up again in short strokes to enlarge the
hole in the sensing tip area to prevent the

entrapmer. _Jf air. Then push the Probe to
full depth, and make a reading.

POTTED PLANTS

The Model 2900F Soilmoisture Probe is
particularly valuable in determining moisture

conditions in potted plants, such as in
commercial buildings or in nurseries. The
Probe responds quickly in planting mixes used
in potted plants, and can usually be pushed
directly down into the root zone without
coring a hole. Its portability eliminates the
necessity of attention to vandalism that must
be given to fixed moisture ieasuring
instruments. After thoughtful wuse, a
watering plan can be developed that keeps
maintenance and water costs to a minimum.

USING A NUMBER OF PROBES AT THE
SAME TIME

Where one is engaged in frequently
evaluating moisture conditions in large
irrigated fields, the use of several Probes can
speed up the work. As an example, an
agricultural consuitant who has the responsi-
bility of programming irrigation for his client
can walk out into a field and insert a number
of Probes without taking immediate readings.
When the crop is high, the Probes are flagged
with a red cloth on a wire stake so they can
be readily found. The consuitant then makes
his other crop observations. After
completing his other work, he returns to pick
up the Soilmoisture Probes. By this time, .he
Probes have reached equilibrium, and the
readings can be quickly noted down.
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SOILMOISTURE PROBE PARTS

— | ® '
i ‘1) J
? J
|
|
-
S J QJR
COMPLETE ASSEMBLIES
ITEM PART NO. DESCRIPTION ITEM PART NO. DESCRIPTION
A 290IFLI2 PROBE ASSEMBLY, 12" C  2903LI2 CARRYING CASE 12"
290IFLI8 PROBE ASSEMBLY, I8" 2903LI8 CARRYING CASE 18"
B 2902L12 CORING TOOL 12" D 2953 CLEANING ROD

2902LI8 CORING TOOL 18"

INDIVIDUAL REPLACEMENT PARTS
(See Reverse Side for [llustrated Parts Break Down)

ITEM PART DESCRIPTION ITEM PART DESCRIPTION

NO. NO. NO. NO.

l 2901-1 PROBE CAP 10 2901F-001 NULL ADJUSTING KNOB

2 801X008 "O”" RING SEAL 11 2901FL12-100 PROBE BODY ASSY., 12"

3 2901-2 REPLACEMENT SENSING TIP 2901FL18-100 PROBE BODY ASSY., 18"

4 2060G5 VACUUM DIAL GAUGE, 2" 12 2903L12-300 SHEATH ASSEMBLY, 12"
dial, 1/4 NPT Gauge Stem, 2903L18-300 SHEATH ASSEMBLY, 18"
Recalibrator Type 13 2903-100 SPONGE CARTRIDGE

5 2901F-300 GAUGE CAPILLARY ASSY. 1 2903-1 SHEATH CAP

6 80I1X003 = "O" RING SEAL (2 req'd) 15 2900FK! ACCESSORY KIT FOR

7  QIO032CAE03 SET SCREW, 10-32 X 3/16" 2900F

8 801X013 "O" RING SEAL 16 2903-007K! INSTRUCTION PLATE

9 801X0l14 "O" RING SEAL ' KIT
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