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WARRANTY

Notwithstanding any provision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only to
the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., inc., will repair and calibrate an instrument
returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's examination
discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the productin lieu of
repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or replacement will be
made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal conditions of operations,
repairs will be billed at a nominal cost. In such case, an estimate will be submitted before work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS, OR
ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL NOT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT,
TORT, OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO., INC., or nearest Service facility, giving full details of the difficulty, and include
the model number, type number, and serial number. On receipt of this information, service data, or shipping
instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be made at
the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or “Best Way"*
prepaid. The instrument should be shipped in the original packing carton; or if itis not available, use any suitable container
that is rigid and of adequate size. If a substitute container is used, the instrument should be wrapped in paper and
surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
againstthe packing sheet uniess notified immediately. If the instrument is damaged in any way, a claim should be filed with
the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical Center.)
Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO.,, INC, will be happy to answer all applications or use questions, which will enhance your use of
this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.0. BOX 9090,
EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V., P.O. Box 2269, 5600
CG, Eindhoven, The Netherlands.

*For European customers, Air Freight prepaid.

John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 7/88
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1-1. INTRODUCTION

1-2. The Model 2190A Digital Thermometer is a
portable, stackable, five digit, thermocouple
thermometer capable of temperature measurements over
a range of -252°C to +2471°C (-486°F to +4480°F) with
a resolution of 0.1°. The instrument features automatic
reference-junction compensation, eliminating the
requirement for an ice bath reference-junction; front
panel switch selection of Fahrenheit or Celsius readings;
switch selectable thermocouple inputs; switch selectable
input line voltage; dual-slope measurement techniques;
and digital linearization (microcomputer controlled) of
the thermocouple inputs.

1-3. Theinstrument display has six high-intensity, seven
segment LEDs, and leading zero suppression. Five of the
LED:s are used to display numeric data, including a minus
sign for negative temperature readings. The remaining
LED displays the selected temperature scale character
(°F or °C). The symbol “0.C.” is displayed when an open-
thermocouple is detected at the thermocouple input
terminals.

1-4. Screw-type input connectors, on a removable
module, are provided for attaching the selected
thermocouple. The terminals are an integral part of an
isothermal block which serves as a portion of the
reference-junction compensation circuit. This circuit
removes the need for an ice bath reference junction (0°C
or 32°F) since it provides the electrical equivalent
automatically.

1-5. Selection of the temperature scale for display is
made with a front panel pushbutton. The scale selected,
Celsius or Fahrenheit, is displayed as either the character
°C or °F as the last character in the temperature reading.
A scale change can be made at any time, and has no effect
on the calibration of the instrument.

2190A

Section 1

Introduction & Specifications

1-6. The measurement range of the 2190A is determined
by the type of thermocouple used as the input device. The
type of microcomputer installed in your instrument will
determine the type of thermocouples that may be used.
The specifications table identifies the type of
thermocouples that are presently available for use in the
2190A, and Section 2 gives the procedure for identifying
the microcomputer type. The version required must be
specified when ordering the instrument. Choice of the
thermocouple type is accomplished by selecting the
applicable switch position on the removable input
module using the table printed beside the switch on the
pcb. Recalibration is not required if the thermocouple
type is changed.

NOTE
The letter C is not an ISA/ANSI
thermocouple desgnation. C is used for
convenience only to represent Tungsten-5%
Rhenium versus Tungsten-26% Rhenium
alloy.

1-7. The instrument is in a PTI (Portable Test
Instrument) case. This lightweight, durable plastic case
makes the instrument truly portable when used with the
Y2003 or Y2009 external power sources and can be
stacked for one handle portability.

1-8. Options and accessories available for the 2190A are
listed in Tables 1-1 and 1-2 respectively. Detailed
information concerning each item listed is given in
Section 6 of this manual, Option and Accessory
Information.

Table 1-1. 2190A Options

OPTION DESCRIPTION
21X0A-002 Output Option
21X0A-004 IEEE-488 Interface Option
21X0A-006 Limits Option

1-1
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2190A

1-9. Four input line voltages are available for switch
selection. Selection may be made for 100, 120, 220 or 240
volts £10%, as required to meet local conditions.
Frequency may vary between 50 to 440 Hertz for all
voltage selections. Refer to Section 4 of this manual on
how to change the selected input line voltage. The

instrument will also operate with an external input of 12V
dc.

1-10. SPECIFICATIONS

1-11. Specifications for the 2190A Digital
Thermometer are given in Table 1-3.

Table 1-2. 2190A Accessories

ACCESSORIES DESCRIPTION ACCESSORIES DESCRIPTION
Y2001 Multipoint Selector, Thermocouple Y2024 Power Cord, 3-way
Y2003 Calibrator, Thermocouple Indicator Y20268 Cable, Qutput Unit, RS-232-C
Y2009 Battery Pack, 12V Rechargeable Y2030 Thermocouple Input Module
Y2010 Rack Panel PTI, single, A size (for Y2001) P20J J-Type Thermocouple Probe
Y2014 Rack Panel PTI, single, C size (for 2190A, P20K K-Type Thermocouple Probe
Y2002 and ¥2023) P20T T-Type Thermocouple Probe
Y2015 5;;!:);:;:; F;';:),zds(;uble, C size (for 2190A, P20E E-Type Thermocouple Probe
Y2016 7 inch Rack Adapter PTI, single, D size
Y2017 7 inch Rack Adapter PTI, double, D size
Y2020 Panel Mount PTI-DIN, C size (for 2190A,
Y2002 and Y2023)
Y2021 145 mm Panel Mount PTI, D size
Y2022 Divider, Thermometer Calibrator

Table 1-3. Specifications

2190A Digital Thermometer

Thermocouple Types: Determined by type of microcomputer.

MICROCOMPUTER THERMOCOUPLE
TYPE TYPE
1 J,K,T,C, and R
2 J,K, E, S,and R

JDIN*, K, TDIN®, B and R

*European standard

Resolution: 0.1 °

Measurement Method: Dual slope integration, under micro-
computer control. 100 ms integration period, three readings

per second.

Linearization Technique: Computer algorithm, 4th order curve
fit.

Warm-Up to Rated Accuracy: 5 minutes.

Reference Junction Compensation: 0.005° per degree from 25°C.

Safety: PROTECTION CLASS 1 (Relates solely to insulation or
grounding properties further defined in IEC 348.)

Display: °F or °C,switch-selectable, 7-segment LED's 1.1 cm high.

Temperature Coefficient: 15 ppm/°C from 25°C.

Stability: £175 ppm in 90 days, 200 ppm per year.

C Mode Rejection: 2160 dB at dc, 50, 60, and 400 Hz
10.1%, with 100£2 unbalance at input.

Common Mode Voltage: 350V dc or 250V ac rms max.

Normal Mode Rejection: 200 dB at dc, 50, 60, and 400 Hz 10.1%.
Zero Drift: Automatic zero correction.

Input Connection: Two wires, on screw terminal isothermal block.
Input Impedance: 1000 MS2 at dc.

Max. Source Impedance: 2 k2.

Power: 12V dc or 100,120, 220 or 240V ac ¥10%, selectable, 50 to
400 Hz; 8W typical.

Size and Weight: Style C case, 2.1 kg (4 |bs. 9 0z.), typical.
Overrange (Overload) Detection: The thermometer display

flashes either positive full scale or negative full scale depending

on the polarity of the overload (voltage).

Open Circuit Detection: A source impedance of 3 k{2 or more
causes the thermometer to display a flashing “O.C."”’. An internal
switch allows a user to simulate a + overload or — overload which
can be used to control limits or alarms for failsafe control.
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Table 1-3. Specifications (cont)

2190A

2190A Instrument Accuracy Specifications**

MICROCOMPUTER TYPE #1

Maximum Error
Thermocou
ouples +Degrees C tDegrees F
Applicable Portion 90 Dys20°C | 1 Yr15°C 90 Dys68°F | 1 Yr59°F
TYPe | of Temp. Range, °C At Cal. to 30°C to 35°C At Cal. to 86°F to 95°F
J 11280 0 0.18 0.19 0.21 0.20 0.23 0.26
0 to 900 0.18 0.31 0.36 0.20 047 0.58
K 1132100 0.18 0.19 0.21 0.30 0.33 0.37
0 to 1350 0.18 0.39 0.47 0.30 0.72 0.87
T 243 10 0 0.18 0.20 0.22 0.30 0.35 0.39
0 to 400 0.18 0.22 0.25 0.30 0.41 0.46
R 0 to 1708 0.31 0.59 0.70 0.47 1.01 1.20
c 0 to 2471 0.18 0.60 0.75 0.30 1.1 1.37
MICROCOMPUTER TYPE #2
Maximum Error
Thermocouples +Degrees C *Degrees F
(5] _0 (] <)
Applicable Portion 90Dys20 C 1Yr15C 90 Dys 68 F 1Yr59 F
1.
TYPe | ¢ Temp. Range, °C At Cal. to 30°C to 35°C At Ca t086°F to 95°F
J 1128 t0 0 0.18 0.19 0.21 0.20 0.23 0.26
0 to 900 0.18 0.31 0.36 0.20 0.47 0.58
K 1132100 0.18 0.19 0.21 0.30 0.33 0.37
0 to 1350 0.18 0.39 0.47 0.30 0.72 0.87
E 252 t0 0 0.18 0.20 0.22 0.30 0.35 0.40
0 to 1000 0.18 0.33 0.39 0.30 0.61 0.72
0 to 1708 0.31 0.59 0.70 0.47 1.01 1.20
s 0 to 1685 0.22 0.50 0.60 0.38 0.92 1.10
MICROCOMPUTER TYPE #3
Maximum Error
Thermocouples
P tDegrees C +Degrees F
] o o o
Applicable Portion 90Dys20°Cc | 1Yr15°C 90 Dys68°F | 1 Yr59°F
TyPe | ¢ Temp. Range, °C At Cal. t0 30°C to 36°C At Cal. to 86°F to 95°F
J DIN* 1100 10 0 0.18 0.19 0.20 0.30 0.32 0.36
0 to 760 0.18 0.28 0.33 0.30 0.52 0.61
K 5010 0 0.18 0.18 0.20 0.20 0.22 0.25
0to0 1372 0.18 0.39 0.48 0.20 0.63 0.78
T DIN* 2000 0 0.18 0.20 0.21 0.30 0.34 0.38
0 to 400 0.18 0.22 0.25 0.30 0.41 0.46
B 420 to0 1815 0.21 0.52 0.62 0.37 095 1.15
R 140 to 1700 0.18 0.46 0.56 0.20 0.74 0.93

*European Standard

**Note: Instrument accuracy does not include thermocouple errors such as non-conformity to standard curve.
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2190A

Table 1-3. Specifications (cont)

PT1 Common Specifications (2190A and Accessories)

Storage Temperature: —40 C to +75 C, except Y2003 or Y2009 is 0 to 40°C.
Operating Temperature: O to 50°C, except Y2003 and Y2009 is O to a0°c.
Relative Humidity: <<80%, non-condensing, from 0 to 50°C.

Shock and Vibration: Meets MIL-T-2800 specifications.

PTI Case Dimensions

Style A: 5.72cm H x 20.45cm W x 32.64 cm D (2.25in. H x 8.05in.W x 12.85in. D).

Style B: 8.20cm H x 20.45cm W x 32.64 cm D (3.23 in. H x 8.05 in. W x 12.85 in. D).

Style C: 10.49 cm H x 2045cm W x 32.64cm D (4.13 in H x 8.05in. W x 12.85in. D).

14
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static awareness

A Message From
John Fluke Mfg. Co., Inc. }

\ I / Some semiconductors and custom IC's can be

damaged by electrostatic discharge during
handling. This notice explains how you can

o minimize the chances of destroying such devices
by:
Y
9 I \ 1. Knowing that there is a problem.

2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and
bench techniques that are recommended.

The Static Sensitive (S.S.) devices are identified in the Fluke technical manuali parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

—

-

O 3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

¢

\

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Download from Www.Somanuals.com. All Manuals Search And Download. Page 1 of 2




8. WHEN REMOVING PLUG-IN ASSEMBLIES,
5. USE STATIC SHIELDING CONTAINERS FOR HANDLE ONLY BY NON-CONDUCTIVE
NN e N P ORT EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

N

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

=

- y

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
) Telephone 800-526-4731 or write to:

7. AVOID PLASTIC, VINYL AND STYROFOAM® JOHN FLUKE MFG. CO., INC.
IN WORK AREA PARTS DEPT. M/S 86
9028 EVERGREEN WAY
EVERETT, WA 98204

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical

JO089D-07U8604/SE EN Litho in U.S.A.
Paqge 2 of 2 Download from Www.Somanuals.com. All Manuals Search And Download. Rev. 1 MAR 86



2-1. INTRODUCTION

2-2. This section of the manual contains information
regarding installation and operation of the 2190A Digital
Thermometer. It is recommended that the contents of this
section be read and understood before any attempt is made
to operate the instrument. Should any difficulties arise dur-
ing operation, please contact your nearest Fluke Technical
Service Center, or John Fluke Mfg. Co., Inc. P.O. Box
C9090, Everett, WA 98206, Tel(206) 356-5400. A list of
Technical Service Centers is located in Section 7 of this
manual.

2-3. SHIPPING INFORMATION

24. The 2190A is packaged and shipped in a foam-
packed container. Upon receipt of the instrument, a
thorough inspection should be made to reveal any
possible shipping damage. Special instructions for
inspection and claims are included on the shipping
carton.

2-5. If reshipment of the instrument is necessary, the
original container should be used. If the original
container is not available, a new one can be obtained from
the John Fluke Mfg. Co., Inc. Please reference the
instrument model number when requesting a new
shipping container.

2-6. INPUT POWER

2-7. The 2190A will operate at any of four switch
selected input line voltages. All operate at frequencies
from 50 to 440 Hertz. A decal on the instrument rear
panel defines the original setting of the line voltage
selection switches. Refer to Section 4 of this manual for
instruction on verifying or changing the input line voltage
switch settings.
CAUTION

Before connecting the 2190A to the local ac

line verify that the present setting of the

instrument matches the local line voltage.

2190A

Section 2

Operating Instructions

2-8. The rear panel ac input connector is a three-prong,
U-ground connector which permits the instrument to be
connected, via the power cord, to the applicable line
voltage. The offset prong on this connector is connected
to the 2190A transformer shield and should be connected
through the power cord to a high quality earth ground.
The rear panel external 12V dc connector accepts two
wires from an external supply. The two receptacles are
marked for polarity.

2-9. INSTALLATION

2-10. The 2190A and its individually packaged
accessories are installed in PTI (Portable Test
Instrument) cases. These cases are stackable, allowing the
operator to fasten them together and transport a series of
instruments as one unit. The maximum weight for the
stacked units is forty pounds.

2-11. Prepare the 2190A for operation by plugging the
input line power cord into the applicable power source or
connecting the external input connector to an external
12V dc source.

2-11a. When interfacing your 2190A with a Fluke 2300A
Scanner, use the following procedure to readjust the zero
calibration of the 2190A:

1. Turn the 2190A and 2300A power off.

2. Remove the Thermocouple Input Assembly from
the rear of the 2190A and ensure that the input termi-
nals are open.

3. Place the eight position (labeled on the PCB) of
S1 on and replace the Thermocouple Input Assembly
into the 2190A.

4. Remove the Thermocouple Scanner Card
(Option -002) from the 2300A Scanner, short the

2-1
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2190A

input terminals for one of the channels and replace
the Thermocouple Scanner Card into the 2300A.

5. Plug the 2300A Interface Option Cable into the
2190A Accessory Connector on the rear of th
2190A. \

6. Turn the 2190A and 2300A power on.

7. Set the 2300A to the channel that was shorted in
step 4.

8. Set the 2300A channel delay to 0.0.
9. Adjust the 2190A zero potentiometer (located on

the 2190A front panel, behind the screw-locked
cover) to obtain a 2190A display of 0.0.

10. Turn the 2190A and 2300A power off, remove
the Thermocouple Input Assembly from the 2190A,
move all switches of S1 to the off position and replace
the Thermocouple Input Assembly into the 2190A.

NOTE
The 2190A zero will need to be readjusted if not
being used with the 2300A. To readjust the
2190A zero, turn the 2190A power off, remove
the Thermocouple Input Assembly, short the
input terminals, repeat step 3, turn the 2190A
power on, and repeat step 9.

2-12. OPERATING FEATURES

2-13. The location of the 2190A controls, indicators,
and connectors are shown and described in Figure 2-1 and
Table 2-1 respectively.

1 2
| I, 1
oy Y Y B b

L

8 6 4 3
7 5
9 10
| |
} )

,......0.0...0.. o

16 15 14

Figure 2-1. Controls and Indicators
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Table 2-1. 2190A Controls, Indicators and Connectors

REF NAME FUNCTION

1 Digital Display Displays a five digit readout of the measured input temperature. Leading zero suppression
and a fixed decimal point are included. A minus sign is displayed for negative temperature
measurements.

2 Temperature Scale Indicator Displays the temperature scale represented by the digital display data; °cor °F.

3 Power Switch Applies or removes power from the instrument.

4 SCALE Selects the temperature scale for display; oC or °F.

5 LIMIT and FUNCTION Used with the —006 Limit Option, if installed. Limit is a numeric set with thumbwheels
to the value used by the selected function. FUNCTION, in combination with the LIMIT
numeric sets an upper (>>) or lower (<) limit value which, if exceeded, will illuminate
an indicator and close relay contacts accessible on the rear panel. The third function (&)
causes the thermometer to display the difference between the actual reading and the value
set on the LIMIT switches. The last two functions examine, and display, the maximum
( T ) or minimum (L) reading recorded in microcomputer since the last reset by the
INITIALIZE MAX/MIN pushbutton switch.

6 LIMIT EXCEEDED Part of the —006 Limits Option. Indicator illuminates when the preset limits have been
exceeded.

7 CALIBRATION Cover for calibration adjustments used in the calibration procedure.

8 INITIALIZE MAX/MIN Part of the —006 Limits Option. Resets the accumulated maximum and minimum readings
stored by the microcomputer.

9 DIGITAL OUTPUT Connector for the ASCII coded data for the Output Unit, if 21X0A-002 is instalied. Connector for the IEEE-488
if 21X0A-004 is installed (instead of 21X0A-002).

10 ANALOG QUTPUT Banana jack connector for an Analog Output (1 mV per degree), if 21X0A-002 is installed. (Only used with
21X0A-002,)

1 INPUT CONNECTOR Connection and access point for Thermocouple Input Module with isothermal block for
thermocoupie connection and selection.

12 ACCESSORY CONNECTOR Cable connector for electrical connection from accessory units.

13 FUSES Fuses for the input line power (F1) and the external 12V dc input (F2).

14 LIMITS If the Limits feature is installed, provides an output terminal fdr a relay contact closure
to signal when the set limits have been exceeded.

15 +12 vDC Input terminals for the external 12V dc power source.

16 LINE VOLTAGE Input connector for the input line voltage.

CONNECTOR

2-14. OPERATING NOTES

2-15. The following paragraphs describe various
conditions that could effect operation of the
thermometer. The operator should familiarize himself
with these conditions prior to operating the 2190A.

2-16. Option Information

2-17. Supplementary operating instructions are
necessary when operating a 2190A equipped with one of
the available options. Detailed information regarding the
operation of each available option is given in Section 6 of
this manual, Option and Accessory Information.

2-18. Fuse Replacement

2-19. The ac line input and external dc input are
individually fuse protected. Both fuses are readily
accessible on the outside of the rear panel. The ac line
input fuse (F1) should be replaced with a 1/8A slo-blo
fuse if either 100 or 120 volts has been selected as the input
line voltage. Use a 1/16A replacement if 220 or 240 volts
have been selected. The external dc input (F2) requires a
3/4A slo-blo fuse for a replacement.

2-20. Overload Thermocouple Indication

2-21. The front panel display, in addition to providinga
measurement reading, provides an indication of an
overload on the input thermocouple. When the
measurement range of the selected thermocouple is
exceeded the display flashes either the full-scale positive
or full-scale negative reading, dependent on the polarity
of the overload. The blinking indication does not
necessarily indicate that the instrument is exposed to a
damaging input condition.

2-22. Open Thermocouple Indication

2-23. If the thermocouple is open, or not connected to
the input terminals, the display flashes the characters
”0.C.”. A signal from the rear panel relay contacts can
also be obtained if the Limits Option (-006) is installed.
To accomplish this, select either the positive (+OL) or
negative (-OL) position on S4, located on the Main PCB
(refer to Section 4 for access to the Main PCB), depending
upon whether the Limits Option is set to greater than (),
or less than or equal (<). If the limits are set for >, the S4
switch should be set to +OL for an open thermocouple to
close the relay contacts for a signal. Conversely, for a
signal with a < limit, ~-OL should be selected.

2-3
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2-24. Microcomputer ldentification 2-26. OPERATION
2-25. The type of microcomputer installed in your
instrument will determine the types of thermocouples that 2-27. Thermocouple Installation

may be used. To determine the type of microcomputer you
are using, connect the 2190A to line power and turn it on.
For approximately the first ten seconds, the 2190A will dis-

2-28. Select the desired thermocouple range using the
following procedure:

play the microcompute'r version, a decimal l_)oint, and Fhe I. Remove the Thermocouple Input Module from
type of microcomputer in use. Example: A display reading the instrument through the access port on the rear
of “9004.1™ at turn on indicates that a type 1 of the 9004 panel, refer to Figure 2-2.

version microcomputer is installed. Table 2-2 lists the

microcomputer types with the thermocouples that they are 2. Connect the selected thermocouple to the input
programmed for. terminals on the isothermal block.

Table 2-2. Thermocouple Input Module Switch Settings.

DISPLAY AT MICROCOMPUTER TYPE SELECT SWITCH SETTING (S1)
TURN ON TYPE 0 1 2 3 4 5 6 7 g* g*
9004.1 or 9005.1 1 J K T C R CAL | CAL
or 9005.2 2 J K E S R CAL | CAL
or 9005.3 3 J** K T** B R CAL | CAL

Example: To select a switch setting of 5, position the thermocouple type select switches as shown:
1 2 4 8

t
ON . . - - 1+4=5

In these positions the display will have a maximum range of 99 999 uV with 1 uV resolution. .
** DIN standard

*

T/C INPUT
MODULE

INPUT
THERMOCOUPLE (T/C) WIRE TERMINALS
ACCESS PORT
T/IC
SELECTOR

SWITCH (s1)

Figure 2-2. Thermocouple PCB Access
24
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3. Set the thermocouple selector switch to the 5. Expose the thermocouple probe to an unknown
setting shown in Table 2-2 and on the pcb beside the temperature or the temperature to be monitored,
isothermal block, for the thermocouple installed. within the thermocouple’s specified range (see

Specifications in Section 1).
4. Connect the Thermocouple Input Module to
the instrument Main PCB through the access port
on the rear panel.

6. The probe temperature, in the scale selected, is
displayed on the front panel.

5. Verify that the instrument has been calibrated for 2-31. Voltage Measurements
the thermocouple in use. See Section 4 “Thermo-

couple Input Calibration” for more information. 2-32. The 2190A may be used to measure positive or
negative voltages up to 99.999 mV with 1 uV resolution.
2-29. Thermometer Operation When using the 2190A to measure voltages, the
. . temperature units (°C, °F) are to be ignored. Since the
2-30. Operate the 2190A Digital Thermometer using the decimal point will be fixed, ignore it and read the display
following procedure:. in uV. Example: 99 mV input = display of "9900.0” °F or

1. Verify that the instrument has the correct
thermocouple connected, or install the desired
thermocouple using the procedure previously given
in this section.

2. Connect the input line cord to the applicable
power source.

3. Select the temperature scale desired for display
with the front panel SCALE switch (in for °C and
out for °F).

NOTE

If Option -006 is installed the FUNCTION
thumbwheels must be set for Limits (> or <)
for a direct temperature reading.

4. Select POWER ON.

NOTE

Refer to Section 6 of this manual or applicable
accessory manuals, for instructions on the
operation of any installed options or
connected accessories.

°C. Use the following steps to measure voltages with your
2190A.

1. Remove the 2190A’s Thermocouple Input
Module, refer to Figure 2-2.

2. On the Thermocouple Input Module, set select
switches to position #8 or #9 (refer to Table 2-2 for
switch selection, and Table 2-3 for switch
functions). Replace the Thermocouple Input
Module.

NOTE
For the following steps the source resistance
must be kept below 2 kQora0.1 uF capacitor
must be placed across TC+, TC-.

3. Connect the unknown voltage to TC+ and
TC-.

4. Turn the 2190A on, display will now read in uV
units.

Table 2-3. T/C Input Module Switch Functions

SWITCH
|
SWITCH POSITION SWITCH FUNCTIONS
0-6 Programs the microcomputer (Uc) for each T/C probe type (see Table 2-2 ).
S1 7 Not Used
8,9 "“CAL", programs the Uc to read UV (bypasses the linearization program).

2-5/2-6
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3-1. INTRODUCTION

3-2. This section of the manual contains an overall
functional description, followed by a brief circuit analysis
of the 2190A Digital Thermometer. Simplified circuit
diagrams are provided, as necessary, to supplement the
text. Detailed schematics are given in Section 8 of this
manual.

3-3. OVERALLFUNCTIONALDESCRIPTION

3-4. The Model 2190A Digital Thermometer, shown in
Figure 3-1, is a 5-digit microcomputer controlled
thermocouple thermometer capable of resolving 0.1°C or
0.1°F over temperature range of -252° to 2471°C or
-486° to 4480°F. It features a reference-junction
compensator (eliminating the need for an ice bath
reference-junction), dual-slope A/ D conversion
technique. microcomputer control logic, and a 5-digit
display with temperature scale indicator.

3-5. In operation, the 2190A executes a continuous
series of measurement cycles to update the temperature
display. The measurement cycle is controlled entirely by
the microcomputer and includes three major subcycles:
the Auto-Zero. Integrate. and Read periods. Each
subcycle controls the operation of the analog section of a
dual-slope integrator. which in turn. generates a compare
output. which is used by the microcomputer to generate
the proper control signals. (In addition to these major
subcycles. a recovery signal is applied at the end of the
read period to assist the Auto-Zero period.)

3-6. The configuration of the analog section duringeach
phase of the measurement cycle. is established by the
condition of microcomputer controlled FET switches.
The measurement cycle begins with the Auto-Zero
period. During this period. the input to the Buffer
Amplifier is connected to ground through an FET switch
and the accumulated dc offset voltages present in the
analog section are sampled and held by the Auto-Zero

2190A

Section 3

Theory of Operation

capacitor. This voltage is used later in the measurement
cycle to cancel measurement errors introduced by offset
voltages present in the analog circuitry. As a result, the
final measurement is proportional to the thermocouple
probe output voltage and does not include offset errors.

3-7. During the Integrate period, the thermocouple
input voltages (probe voltage and input terminal
voltages) are applied to the integrator and the algebraic
sum of these voltages is integrated over a 100 ms period.
At the end of this period the thermocouple input voltages
are removed from the integrator and the Read period is
started.

THERMOCOUPLE
PROBE

DUAL SLOPE
ANALOG CIRCUIT

INT
READ
AZ
COMPARE

MICROCOMPUTER
CONTROL &
LINEARIZATION

DISPLAY

Figure 3-1. 2190A Simplified Block Diagram
3-1
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3-8. A reference voltage is applied to the integrator
during the Read period, causing the integrator capacitor
to be discharged at a linear rate. When the integrator
output reaches the voltage stored on the Auto-Zero
capacitor a compare signal is generated to end the Read
period. The duration of the Read period is translated by
the microcomputer to provide a digital indication
proportional to the thermocouple probe voltage.

3-9. To compensate for the error voltage present on the
input terminals, the microcomputer configures the analog
portion to do a complete conversion cycle on the
reference-junction voltage every 11th read cycle. This
voltage is generated by a transistor which is at the same
temperature as the input terminals. The microcomputer
uses the number generated during the Read period to
compensate the input voltage and display the actual
probe temperature.

3-10. CIRCUIT ANALYSIS

3-11. Circuit analysis of the 2190A is discussed in two
sections; digital and analog. The digital section is covered
first and particular attention is paid to the control it
exercises on the analog section. The analysis of the analog
section covers the analog measurement circuitry and the
power supply.

3-12. Digital Section

3-13. The digital section of the 2190A consists of a
single-chip microcomputer (U4), which has a self-
contained, programmed, read only memory; a hex
CMOS open drain buffer (U3) and an LED display. Its
function is to convert the non-linear thermocouple probe
voltage, as measured by the analog section, into a linear
digital display, provide the necessary control signals to
the analog section and to provide control for all
accessories on an accessory bus. The 2190A LED display
provides a direct reading of the probe temperature in °C
or °F.

3-14. The microcomputer contains all 2190A program,
control logic, and linearizing capability and provides the
display with all signals necessary to update the display.
The linearization of the non-linear input signal is
accomplished by selecting one-of-several programs which
compute the correct temperature using a 4th-order,
curve-fit approximation of the probe output. The
operating program is selected to match a particular
thermocouple type and is enabled by the numeric setting
corresponding to the thermocouple type in use. The
rotary switch is located on the thermocouple input
assembly next to a table showing the switch setting
applicable to the thermocouple type in use.

3-15. Measurement data is continuously strobed out of
the microcomputer in decoded-seven-segment, character-

3-2

serial format and sent to the LED display. With an
overload condition the display flashes on and off. An
”0.C.” display indicates an open thermocouple probe
condition.

3-16. The basic measurement cycle shown in Figure 3-2,
consists of three major subcycles; a 100 ms minimum
Auto-Zero period, a 100 ms integrate period, and a
variable Read period. The total measurement cycle time
consists of 300 ms; 100 ms to integrate, up to 100 ms to the
Read period, and the remaining time to the Auto-Zero
period. (Auto-Zero time wiil vary from 100 to 200 ms.) To
accomodate settling times in the analog section a (A) 2,
(1 ms nominal) hold signal is inserted at the beginning and
at the end of the Integrate period.

3-17. Analog Section
3-18. ANALOG MEASUREMENT CIRCUIT

3-19. The analog circuit is shown in simplified form in
Figure 3-3. It consists of a thermocouple input circuit, a
reference-junction compensator, a voltage reference, a
buffer amplifier, an integrator, a gain stage, a
comparator, and a combination of FET switches. The
switches are shown in their open state and are closed by
the measurement cycle commands generated by the
microcomputer.

3-20. The Thermocouple Input circuit consists of an R-
C filter and a pair of voltage protection diodes. The
difference between the thermocouple probe voltage and
the input terminal voitage is passed through the filter and
appears at FET switch Q15. The R-C filter increases the
normal mode rejection capability of the 2190A.

3-21. The reference-junction compensator consists of
an isothermal block, a pair of screw type input terminals
and a transistor temperature sensor, (all on the
Thermocouple Input Assembly). The isothermal block
maintains a negligible temperature differential between
the input terminals and the temperature sensing
transistor. Thermocouple voltages introduced by the
dissimilar metals at the input terminals vary as the
isothermal block adjusts to ambient temperature.
Temperature changes are sensed by the forward biased
transistor to produce a correction voltage which is read by
the analog measurement circuitry every eleven cyeles. The
reading is saved by the microcomputer and is used to
compensate for the error voltages present at the input
terminals. Predictable characteristics ot a forward-biased
P-N junction allow the reference-junction compensator
to function over a wide temperature range. This
correction voltage occurs at FET switch Q17.

3-22. The voltage reference consists of a thin-film
resistor network supplied by an accurate 6.2V dc
reference voltage. The divider is set to provide 100 mV
and 200 mV. These voltages appear at FET switches Q12
and QI13, respectively.
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MEASUREMENT CYCLE = 300 ms
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DE+ is generated for positive input voltages. Negative input voltages enable the DE— mode which, in turn, operates FET
switch, Q13.

Waveform is shown for positive input voltage. It is inverted for negative inputs. Shown for full-scale in.

VvV

The Q numbers in parenthesis represent FET switches operated by the commands. See Figure 3-3.

Figure 3-2. Measurement Cycle Waveforms

3-23. The Buffer, Integrator, Gain Stage, and
Comparator Amplifiers combine to perform the analog
functions of the Integrate, Read, and Auto-Zero periods.
The Buffer is used to provide integrator inputs during all
three periods. The Integrator integrates the Buffer output
voltage during the Integrate and Read periods and, in
combination with the Gain Stage, functions as a closed-
loop amplifier during the Auto-Zero period.

3-24. During the first phase of each measurement cycle,
the analog section goes through an Auto-Zero period.
During this time, four auto-zero switches (Q12, Q16, Q6,
and Q10) are closed by the Auto-Zero command from the
microcomputer. Two of the switches (QI2 and QI6)
charge the reference capacitor to 100 mV. Switch Q16
also zeroes the input to the buffer amplifier. The third
switch, Q6 connects the Integrator and Gain Stage into a
closed-loop configuration and allows the auto-zero
capacitor (C10) to charge to a value which is proportional
to the algebraic sum of all the offset voltages present in the
Buffer, Integrator, and Gain Stage. At the end of the
Auto-Zero period, switches QI12, Q16, Q6 and Q10 are
opened. The VREF capacitor and the auto-zero capacitor
retain their charge for use later in the measurement cycle.

3-25. The Integrate period (see Figure 3-2) starts on the
leading edge of the integrate command from the
microcomputer; switch Q15 is closed and switch Q8 is
opened. The thermocouple input voltage is applied
through switch Q15 to the buffer input. After a | ms
settling period, switch Q8 closes and the buffer output is
applied to the Integrator for 100 ms. As the integrator
capacitor charges, the Integrator drives the comparator
(through the Gain Stage) to either 0 or +5V dc to indicate
the polarity of the thermocouple input voltage, negative
or positive, respectively. At the end of the Integrate
period, the integrate capacitor is charged to a level and
polarity which are proportional to the thermocouple
input voltage and switches Q15 and Q8 return to the open
state.

3-26. The Read period starts at the end of the Integrate
period and one-of-two Read modes is enabled depending
upon the input polarity sensed by the comparator during
the Integrate period. If a positive input is sensed, a
positive Read mode is enabled. Similarly, a negative Read
mode is enabled when a negative input is sensed.

3-3
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Figure 3-3. Simplified Schematic — Analog Section
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3-27. If the positive Read mode is commanded, FET
switch Q11 is closed. This grounds the positive end of the
VREF capacitor which effectively applies -100 mV to the
input of the buffer.

3-28. If the negative Read mode is commanded, switch
Q13 is closed connecting the positive end of the VREF
capacitor to +200 mV. Therefore, the voltage applied to
the buffer is the algebraic sum of 200 mV and the voltage
across the reference capacitor. This effectively applies
+100 mV to the input of the buffer.

3-29. Aftera | mssettling time, switch Q8 closes and the
buffer output voltage is applied to the integrator input,
causing the integrator capacitor to discharge at a linear
rate determined by the reference voltage. The discharge
continues until the integrator voltage reaches the
comparator trip point, which is referenced to the voltage
on the auto-zero capacitor. When this level is reached the
comparator changes state, commanding the
microcomputer to terminate the Read period. To
facilitate Auto-Zero, the microcomputer then calls a
reference voltage opposite in polarity to the one
previously used. When the integrator again reaches the
trip point, the microcomputer immediately begins the
Auto-Zero period.

3-30. Offset voltages present during the Integrate and
Read periods are cancelled by offset voltages that were
sampled and held during the Auto-Zero period. However,
during conversion within the microcomputer, the
temperature corresponding to the reference-junction

2190A

voltage is added to the measurement data and, as a result,
the displayed temperature is equal to the thermocouple
probe temperature.

3-31. O.C. DETECTOR

3-32. The open thermocouple detector (Ul4 and its
associated circuitry) on the thermometer is used to
determine whether or not the impedance at the input
terminals exceeds a predetermined level. It therefore
provides an indication of a broken or faulty
thermocouple. A square wave is applied to the input of
the thermometer and its magnitude is compared to a
reference square wave. If the reference is exceeded, an
open circuit condition is detected. This occurs at a
nominal 2 k(.

3-33. POWER SUPPLY

3-34. The 2190A power supply consists of a DC-to-DC
Converter and voltage regulating circuitry. AC inputs are
made via the input power cord, line fuse, and power
transformer/ rectifier. External +12 volt dc inputs can
also be made directly to the DC-to-DC Converter via line
TBI (see Main PCB schematic, Section 8). The function
of the power supply is to provide +5, +15, and -15 dc
operation voltages for the 2190A circuitry. The power
supply can be driven from AC line or 12V dc external
source. The DC-to-DC conversion and voltage regulation
is accomplished using conventional power supply design
techniques.

3-5/3-6

Download from Www.Somanuals.com. All Manuals Search And Download.



Download from Www.Somanuals.com. All Manuals Search And Download.



2190A

Section 4

Maintenance

WARNING

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK, DO NOT
PERFORM ANY SERVICING OTHER THAN THAT CONTAINED IN
THE OPERATING INSTRUCTIONS, UNLESS YOU ARE QUALIFIED

TO DO SO.

4-1. INTRODUCTION

4-2. This section of the manual provides information
about warranty, factory service, maintenance,
performance testing, routine recalibration, and
recalibration after repair. The performance test is
recommended when the instrument is received and later
as a preventive maintenance tool or for testing after
repair. The test verifies performance at several
temperatures within the range of a given thermocouple
type. Specifications are provided both for annual and for
a more precise 90-day performance-testing cycle.

4-3. SERVICE INFORMATION

4-4. The instrument is warranted for a period of l-year
upon delivery to the original purchaser. The
WARRANTY is located on the back of the title page
located in the front of this manual.

4-5. Factory authorized calibration and service for each
Fluke product is available at various worldwide
locations. A complete list of these service centers is
included in Section 7 of this manual. If requested, an
estimate will be provided to the customer before any work
is begun on instruments that are beyond the warranty
period.

4-6. GENERAL MAINTENANCE
4-7. Instrument Disassembly

4-8. Removal of the instrument from its case is
necessary only for maintenance. Routine calibration can
be done without such removal. Disassemble the
thermometer using the following procedure:

I. Remove the Thermocouple Input PCB
Assembly through its access port in the rear panel.

2. Remove the four screws on the bottom of the
instrument that secure the two halves together and
lift the top cover free.

3. Remove the Output Option, if installed and
required, by removing the three screws connecting it
to the Main PCB, disconnecting the interconnect
cables at J1 and J3, and lifting the Option PCB
clear.

4. Remove the screw securing the center of the
Main PCB to the bottom portion of the case.

5. Lift the Main PCB, complete with front and
rear panels, clear of the case.

4-1
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6. Remove the front panel, if required, by
disconnecting the guard screw at the lower right
corner; disconnecting the front panel interconnect
cable at J6; disconnecting, if installed, the Limits
Option interconnect cable at J4, and moving the
front panel forward.

7. Remove the rear panel, if required, by
removing the three screws attaching it to the Main
PCB; disconnecting the wires from the input line
power connector; unsoldering the wires from two
fuse holders and moving the rear panel free.

8. Perform reassembly in the reverse order.
4-9. Input Line Power Selection

4-10. Input line power voltage is selected by positioning
the slot on two switches. Figure 4-1, shows the switches on
the right edge of the Main PCB set for 120 volt ac
operation. Table 4-1, lists the switch settings for other line
voltages available.

S3
o o
a S
5 O |5
N
RIGHT

'—

SLOT %

S5 <

w
=) =)
< I
N N
S O |5
S S

Figure 4-1. Line Voltage Selection Switches

Table 4-1. Line Voltage Selection Switches Positioning

S3 SLOT S5 SLOT
VOLTAGE (REAR SW) (FRONT SW)
100 Left Right
120 Left Left
220 Right Right
240 Right Left
4-2

4-11. Cleaning

4-12. Clean the instrument periodically to remove dust,
grease, and other contamination. Use the following
procedure:

CAUTION

Do not use aromatic hydrocarbons or
chlorinated solvents for cleaning. They will
react with plastic materials used in the
manufacture of the instrument.

1. Clean the front panel and case with a soft cloth
dampened with a mild solution of detergent and
water.

2. Clean the surface of the pcb using clean, dry air
at low pressure (<20 psi). If grease is encountered,
spray with Freon T.F. Degreaser or anhydrous
alcohol and remove grime with clean, dry air at low
pressure.

4-13. Fuse Replacement

WARNING

DISCONNECT THE UNIT FROM LINE
POWER BEFORE ATTEMPTING FUSE
REPLACEMENT. :

4-14. The 2190A has two fuses, both accessible on the
rear panel. Fl is for the input line power and should be
replaced, when necessary, with a 1/8A MDL (slo-blo)
fuse when the input line power selected is 100V or 120V.
When the input power selected is 220V or 240V, F1
should be replaced witha 1/16A MDL fuse. F2 is for the
12V dc external power and requires 3/4A MDL fuse.

4-15. Service Tools

4-16. No special tools are required for maintenance or
repair.

4-17. PERFORMANCE TEST

4-18. The performance tests listed here (Ambient
Temperature or Ice Bath Test) perform the same
function, specifically, verifying instrument performance
to its specifications. Either test may be used for initial
acceptance, verifying calibration, or as an aid in
troubleshooting. Both tests need not be performed. If the
thermometer fails to meet specifications in either
performance test, the calibration adjustment procedure
or troubleshooting should be performed, as determined
by qualified personnel.

4-19. Table 4-2, lists the equipment required for the
performance test and calibration adjustment procedure.
If the recommended model of test equipment is not
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available, a substitute that meets the minimum use I. Turn the POWER switch OFF and remove the
specifications may be used. The test should be conducted line power cord from the line voltage source.
with an ambient temperature of 25 £2°C (77.0 £3.6°F).

4-20. Ambient Temperature Test

4-21

2. Select the switch position on the Thermocouple
Input Module corresponding to the microcomputer
and thermocouple type in use, see Table 2-2.

Use the following procedure to test the instrument
at ambient temperature:

3. Connect the equipment as shown in Figure 4-2.

Table 4-2. Test Equipment Requirements

TEST EQUIPMENT MINIMUM USE SPECIFICATIONS RECOMMENDED MODEL
Thermocouple Wires Type K preferred Omega or manufacture specification
Mercury Thermometer 0.02° C resolution Princo Model ASTM56C
(either °C or °F) 0.05°F resolution Princo Model ASTM56F
Dewar Flask/Cap 1-pint capacity Thermos
DC Voltage Calibrator Output Voltage 0 to 10V Fluke Model 343A

Accuracy: 0.002%
Resolution: 100 uV
Voltage Divider 100:1 Ratio: 0.005% Fluke Y2022 or Fluke 720A or
Kelvin-Varley Divider (Shunt Fluke 750A
output with 1 uF capacitor)
Variable Line-Voltage 100, 115, 230V ac, as required, General Radio VARIAC W5HM
Transformer +10%
Decade Resistor Accuracy: 1% General Radio 1434
Ranges: 1k, 10k, and 100k
Voltmeter Resolution: 100 uV Fluke 8800A
Accuracy: .008%
2190A LINE VOLTAGE
+ - INPUT LINE TRANSFORMER
? 9 CORD Re
Tb
THERMOCOUPLE WIRE ™ MERCURY
THERMOMETER
(0.02° RESOLUTION)
2 ol g
VOLTMETER +? ﬁ?—
LAG BATH
(ROOM TEMPERATURE
WATER) OR ICE BATH,
DEPENDING UPON
WHICH PERFORMANCE
TEST | E
DC VOLTAGE . 3 J /_ EST IS USED
CALIBRATOR Lo COPPER VOLTAGE é/ /
L‘S WIRE O biiDER C//COPPER ‘{\
= e WIRE IMMERSED TO
~ APPROXIMATELY
SAME DEPTH

Figure 4-2. Equipment Connections

4-3
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NOTE

Whenever the 7204 or 750A is used as the
divider a | uF capacitor must be placed across
its output terminals, otherwise an open
thermocouple condition will result.

4. Verify that the POWER switch is OFF, then
adjust the line voltage transformer for the nominal
input line voltage.

5. Turn the POWER switch ON.

6. Allow the 2190A to stabilize (at least 5
minutes).

7. Select the temperature scale (°C or °F) on the
2190A to agree with the temperature scale of the
mercury thermometer in the lag bath.

8. Read the temperature of the mercury
thermometer and find the corresponding mV
reading to this temperature (refer to the
Thermocouple Reference Tables in Section 7B of
this manual). Interpolation may be used as
necessary.

9. Algebraically subtract the mV reading found in
step 8 from the first value found under the "Divider
Output mV” column of Table 4-3, for the
microcomputer and corresponding thermocouple
type in use.

10. Obtain a divider output equal to the result
found in step 9 by adjusting the calibrator, or if
using the 720A or 750A, adjust the divider.

11. Verify that the 2190A reads the value listed in
Table 4-3, within the limits specified (90-day or 1-
year as required).

12. Repeat steps 8,9, 10, and |1 for the remaining
voltages in the "Divider Output mV” column.

13. Set the line voltage transformer for line
voltage minus ten percent and repeat the test for one
thermocouple type.

14. Set the line voltage transformer for line
voltage plus ten percent and repeat the test for one
thermocouple type.

15. Set the line voltage transformer for the input
line voltage.

16. Disconnect the thermocouple from the input
terminals.

17. This completes the performance test.

4-22. Ice Bath Construction

4-23. To construct an ice point bath. use the tfollowing
procedure:

1. Prepare a thermos by drilling two holes in its
cap to accept the thermometer and thermocouple
wires or use a standard laboratory cork.

2. Fill the thermos with shaved or crushed ice
made from distilled water.

3. Fill the thermos with enough distilled water so
that the ice becomes slush. but not enough to tfloat
the ice.

NOTE
As the ice melts, siphon off the excess water
and add more ice. Allow approximately 5 1o
10 minutes for the water to drop back to the

freezing point.

4. Replace the thermos cap or cork and insert
thermocouple wires and thermometer as shown in
Figure 4-2.

Table 4-3. Performance Test Values

THERMOCOUPLE DIVIDER °F (2190A DISPLAY) °C (2190A DISPLAY)
TYPE OUTPUT mv 90 DAY 1 YEAR 90 DAY 1 YEAR
MICROCOMPUTER TYPE #1
J ~5.553 ~190+0.2 ~-190+0.2 -123.3£0.2 -123.30.2
—2.483 —60.0 £ 0.2 —60.0 £ 0.2 ~51.1£0.2 ~51.1£0.2
23.317 800.0 + 0.2 800.0 £ 0.3 426.7 £ 0.2 426.7+0.2
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Table 4-3. Performance Test Values (cont)

THERMOCOUPLE D|V|DER OF (2190A DISPLAY) OC (2190A D|SPLAY)
TYPE OUTPUT mV 90 DAY 1 YEAR 90 DAY 1 YEAR
MICROCOMPUTER TYPE #1 (cont)
T —6.105 —-400 + 0.3 -400 0.3 2044 £ 0.2 204.4 + 0.2
—4.009 ~190 0.3 ~190+0.3 ~123.3%0.2 —123.3+0.2
8.062 350 + 0.3 350 + 0.3 176.7 +0.2 176.7£0.2
740 + 0.4 393.3+0.2 393.3+0.2

400 £ 0.4 2044 £ 0.3 2044 + 0.3

40004
1500 + 0.6 1500 £ 0.7 815.6+0.4 8156.6+0.2
3100+ 0.9 3100+ 1.0 1704.4 £ 0.6 1704.4 £ 0.6

MICROCOMPUTER TYPE #2

—-123.3+0.2

-190£0.3 -190%0.3 —-123.3£0.2

-60+0.3 -60+0.3 —51.1+0.2 -51.1%0.2
1200 + 0.5 1200 + 0.5 648.9 0.3 648.9 0.3
2400 + 0.7 2400+ 0.7 1315.6 £ 0.4 1315.6 + 0.4

2044 +03
815.6 0.2
1704.4 £ 0.6

400+ 0.4
1500 £ 0.7
3100 1.0

2044+ 03
8156+ 0.4
1704.4 £ 0.6

400 + 0.
1500 + 0.6
3100 £ 0.9

MICROCOMPUTER TYPE #3

-29.380

JDIN® ~4.33 ~130.0 +0.3 ~130.0 +0.3 —90.0 +0.2 ~90.0 0.2
10.95 392.0 0.3 392.0 +0.4 200.0 +0.2 200.0 0.2
42.92 1382.0 20.5 1382.0 0.5 750.0£0.3 750.0 £0.3
TDIN® ~5.510 ~310.0 +0.3 ~310.0 +0.3 190.0 £0.2 190.0 0.2
2.480 140.0 0.3 140.0 +0.3 60.0 +0.2 60.0 £0.2
734.0404 390.0:02 | 390002

400.0 0.4 2044 + 0.3 2044:t03

R 1508 400.0 +0.4

8.141 1500.0 +0.6 1500.0 £0.6 815.6 0.4 815.6 +0.4
20.215 3062 + 0.9 3062 £ 0.9 1700 + 0.6 1700 + 0.6

*European Standard
4-5
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4-24. Ice Bath Test

4-25. Use the following procedure to test the 2190A
using an ice point bath:

I. Repeat steps | through 7 of ambient
temperature test; verify that the temperature of the
water is at the freezing point.

2. Using Table 4-3 (for the corresponding
microcomputer and thermocouple type) obtain a
divider output equal to the first value of the
"Divider Output mV” column and verify that the
2190A reads within the limits specified, 90-day or |-
year.

3. Repeat step 2 for the remaining voltages in the
"Divider Output mV” column.

4. Repeat steps 13 through 17 of ambient temp-
erature test.

4-26. CALIBRATION ADJUSTMENT

PROCEDURE

4-27. The thermometer should be calibrated at either
90-day or annual periods, depending upon the accuracy
desired, and any time that repairs are made to the
instrument. Either scale can be verified by executing the
performance test previously given. The microcomputer
can also be changed without effecting the calibration of
the instrument.

4-28. Equipment Preparation

4-29. Prepare the equipment for calibration using the
following procedure:

1. Remove the top cover from the instrument.

2. Select switch setting of 9 (CAL) on the
Thermocouple Input Module to disable the
reference-junction circuitry (see Table 2-2).

3. Connect the equipment as shown in Figure 4-3.
Refer to Table 4-2 for the applicable test equipment
models.

NOTE
Insure the instrument warm-up period has
been sufficient to reach rated accuracy (at
least 5 minutes).

4. Select the desired temperature scale.

NOTE
If the Limits Option is installed select the
LIMITS (< or >) function.

2190A DIGITAL
THERMOMETER
+ -
VOLTAGE + -O HI
DIVIDER LO
+ -0 DC VOLTAGE
- = CALIBRATOR

Figure 4-3. Calibration Adjustment Connections

4-30. Zero Adjustment

4-31. Perform zero adjustment using the following
procedure:

1. Select a thermometer input, from the voltage
divider, of 10.2 uV dc.

2. Record the thermometer display.

3. Reverse the polarity of the input by reversing
the polarity of the calibrator output.

4. Record the thermometer display.

5. Adjust ZERO (R31) through the front panel
access port and repeat steps | through 4 as required
to obtain the same value in both step 2 and 4.

6. Adjust R14 for a thermometer display of 1.0 of
the same polarity as the input.

7. Connect a test DMM between TP16 (HI) and
TP1 (LO).

8. Adjust R17 fora DMM reading between 6.1999
and 6.2001V dc. Ignore any thermometer display.

4-32. Reference Adjustment

4-33.Perform the reference adjustment using the
following procedure:

. Select a thermometer input, from the voltage
divider, of 99 mV dc.

2. Adjust +FS (R29) through the front panel
access port for a display between 9899.9 and 9900.1.

3. Reverse the polarity of the input by reversing
the polarity of the calibrator output.
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4. Adjust -FS (R30) through the front panel negative supplies repaired, the reference-junction bias
access port for a display between 9899.9 and 9900.1. resistor R3 must also be replaced. R3 is a selected resistor

and must be individually matched to Q1. Prior to the
5. Select a thermometer input, from the voltage matching procedure, calibrate the instrument using the
divider, of 45 mV dc and verify the thermometer standard procedure through the reference-junction
reads between 4499.9 and 4500.1. adjustment and then replace the thermocouple input

calibration portion of the procedure with the following:

4-34. Reference-Junction Adjustment I. Connect a thermocouple probe to the input

terminals and select the applicable switch setting on
the Thermocouple Input PCB Assembly (K-type
thermocouple preferred) and insert the probe intoa

4-35. Perform the reference-junction adjustment using
the following procedure:

I. Disconnect the voltage divider from the lag bath.
calibrator and the thermometer. ' .
2. Center the reference-junction potentiometer

2. Select a calibrator output of +0.5785V dc. R1.

CAUTION 3. Connect a decade box (see Table 4-2) in place of

. . the reference-junction bias resistor.
Verify that the calibrator output is correct r J !

before applying it to the instrument. 4. Adjust the decade-resistance box for the value

from Table 4-4 that causes the temperature to read
closest to the lag bath temperature as monitored on
the mercury thermometer.

3. Connect the calibrator between TP1 (HI) and
TP17 (LO). Select switch position | (K) on the
Thermocouple Input PCB Assembly, and short the
thermocouple + and - input terminals with a short

piece of copper bus wire 5. Remove power, disconnect the decade box, and

connect the resistor selected from the table.
4. Adjust RS for athermometer display of 77.0°F. 6. Reapply power, allow the system to stabilize at
its rated accuracy (at least 5 minutes), then adjust
R1 through the rear panel access port for a
temperature display equal to the reading of the lag
bath mercury thermometer.

5. Disconnect the calibrator from the
thermometer and remove the short on the
thermocouple input terminals.

4-36. Thermocouple Input Calibration 7. Calibration and component selection is
complete. Disconnect all test equipment from the
instrument.

4-37. Perform the thermocouple input calibration using
the following procedure:

1. Connect a thermocouple to the thermometer

input terminals (K-type preferred) select the Table 4-4. Bias Resistor Values
applicable switch position and insert the probe into
a lag bath v E JOHN FLUKE VALUE JOHN FLUKE
ALY PART NUMBER PART NUMBER
2. Allow the system to stabilize, then adjust R1 on
the Thermocouple Input Module through the rear 49.9k 268821 110k 234708
access port for a temperature display equal to 52.3k 237248 124k 288407
reading of the lag bath thermometer. 54.9k 2713583 140k 289439
57.6k 289116 162k 375998
3. Calibration of the 2190A is complete. 60.4k 201419 191k 375923
Disconnect all test equipment from the instrument. 63.4k 235382 237k 288373
68.1k 236828 309k 235283
73.2k 23722 332k 289504
4-38. SELECTED COMPONENT 78.7k 289058 464k 271908
REPLACEMENT OR ADJUSTMENT 84.5k 229492 562k 235358
90.9k 223537 1.05M 260737
4-39. If the reference-junction transistor (Ql on the 100k 248807 o OPEN
Thermocouple Input PCB Assembly) is replaced or the
4.7

Download from Www.Somanuals.com. All Manuals Search And Download.



2190A

4-40. Multipoint Potentiometer Adjustment

4-41. The multipoint potentiometer (R57) is set at the
factory and should not require further adjustment unless
one of the other resistors in the divider (R1 and R2) or the
capacitor (C19) require replacement. Adjustment of the
potentiometer requires that a Y2001 Multipoint Selector or
a 2300A Scanner may be connected to the instrument.
Adjust R57 subsequent to replacement of any of the four
affected components (C19, R1, R2, or R57) using the
following procedure:

1. Connecta Y2001 Multipoint Selector or a 2300A
Scanner to the instrument.

2. Short the input to one channel on the Y2001 or
2300A Scanner and select that channel on the front
panel. (If a 2300A is used, select delay of 0.0.)

3. Obtain an output of 578.5 mV dc from a test dc
calibrator.

4. Apply the output of the dc calibrator to TP1 (HI)
and TP18 (LO).

5. Adjust R57 for a thermometer display of
77.0°F.

4-42. TROUBLESHOOTING

4-43. Troubleshooting for the 2190A consists of the
tabular flow chart in Table 4-5. When a step on the flow
chart is completed check for a decision transfer. If no
decision is required perform the next step of the table in
sequence.

Table 4-5. 2190A Troubleshooting

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
1 Short the thermocouple input.
2 Set the thermocouple selector switch to position 8 or 9 (Cal. pos.).
3 Apply power to the thermometer.
4 Does the display read 2190.X for ten seconds and then change to 0°c (0°F)? 14 5
NOTE: X = A numeral depending on the version of software installed.
5 Does any portion of the display illuminate? 13 6
6 Measure between TP2 and TP4 for +5 210% VDC, between TP1 and TP3 for +15 35% VDC, and between
TP1 and TP2 for -15 #5% VDC.
7 Are all voltages correct? 12 8
8 Measure between Pin 8 of T2 and the negative end of C21 for a DC voltage greater than 10.3V and for a
peak to peak wave form between Pins 8 and 9 of T2 approximately twice the value of the DC voltage
measured at Pin 8.
9 Are both signals present and correct? 1 10
10 Check the inverter circuit that drives the transformer (T2). Repair as required then resume at Step 3.
1 Check the transformer secondaries and if any are bad, check the individual regulators and their associated
components. NOTE:  Analog circuitry may load down the 215V supplies. Repair as required then
resume at Step 3.
12 Check the +5V path the the Display PCB and the Display PCB Connector. Repair as required then resume at
Step 3.
13 Check the strobes (U4-3, 4, 5, 6, 19) and display seven segment control lines (U4-8,9, 10, 11,12, 13, 14).
Repair as required then resume at Step 3.
14 Remove the input short.
4-8
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Table 4-5. 2190A Troubleshooting (cont)

2190A

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
15 Does the display read ‘“0.C.""? 17 16
16 Check U14-1, U14-2, U14-13 outpudts and their associated components. Repair as required then resume
at Step 14.
17 Set the thermocouple selector switch to the setting of the type thermocouple to be connected in the
next step.
18 Connect a thermocouple to the thermometer and measure some known temperature.
19 Is the displayed temperature correctf 41 20
20 Does the display read a flashing ’O.C.”"? 21 22
21 Check the thermocouple components and the open thermocouple circuit (U14-1, U14-2, U14-13 and their
associated components). Repair as required then resume at Step 17.
22 Can the Calibration Adjustment Procedure be performed? 41 23
23 Are the control signals at U4 pins 26 through 32 toggling between high and low logic levels? 25 24
NOTE: The INT 3 signal at pin 28 of U4 will remain low (0V) unless the multipoint selector accessory
(Y2001) is connected. (Use TP2 as common.)
24 Replace the microcomputer U4 then resume at Step 17.
25 Are the outputs of U3 and TP14 toggling between high and low logic levels? NOTE: The output at pin 9 27 26
of U3 will remain low (0V) unless the multipoint selector accessory (Y2001) is connected.
26 Check U3, Q4 and their associated components. Repair as required then resume at Step 17.
27 Is the waveform at TP7 as shown in Figure 3-2 (Magnitude & Polarity varies with the input signal)? 34 28
28 Is there.6.2 Vdc at TP16. (Use TP1 as common.) 30 29
29 Check the Reference Circuit providing an input at U7-3 from the divider R18, R19, R17, R20,and VR1.
Repair as required and resume at Step 17.
30 Check from TP1 (analog ground) to U9-6 for 100 mV dc and for 200 mV dc at U9-9.
31 Are both voltages present? 33 32
32 Check Q11, Q12, Q13 and associated components. Repair as required then resume at Step 17.
33 Check the Thermocouple Input PCB plus U8-1, Q14, Q15, Q17, and their associated components. Repair
as required then resume at Step 17.
34 Is the waveform at U8-7 as shown in Figure 3-2 (Magnitude & Polarity varies with the input signal)? 38 35
35 Check the operation of Q7, Q8, Q9, Q10, U8 and their associated components. If any defective components
are found, repair as required and resume at Step 13. If none are found proceed to the next step.
36 Connect TP2 and TPS with a jumper to lock the instrument in the Auto Zero period.
37 Check U8, U2, U6 and their associated components. This circuit should now function as a closed loop
amplifier. Repair as required. Remove the jumper between TP2 and TP5 and resume at Step 17.
4-9

Download from Www.Somanuals.com. All Manuals Search And Download.



2190A

Table 4-5. 2190A Troubleshooting (cont)

Go to the step

number given
STEP ACTION for correct
NO. response
YES NO
38 Does TP10 toggle between the high and low logic levels? 40 39
39 Check U1 and its associated components then resume at Step 17.
40 Replace the microcomputer U4, then resume at Step 17.
41 Troubleshooting of the 2190A is complete. Remove all test equipment, reconnect any cables removed and
close the instrument.
4-10
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Section 5

List of Replaceable Parts
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5-1. INTRODUCTION

5-2. This section contains an illustrated parts
breakdown of the instrument. A similar parts listing for
each of the Options will be found in Section 6.
Components are listed alphanumerically by assembly.
Both electrical and mechanical components are listed by
reference designation. Each listed part is shown in an
accompanying illustration.

5-3. Parts lists include the following information:
1. Reference Designation.
2. Description of each part.
3. FLUKE Stock Number.

4. Federal Supply Code for Manufacturers. (See
Section 7 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
to 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 each
assembly in the instrument be stocked. In the case of
optional subassemblies, plug-ins, etc., that are not

always part of the instrument, or are deviations
from the basic instrument model, the REC QTY
column lists the recommended quantity of the item
in that particular assembly.

5-4. HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the
manufacturer by using the manufacturer’s part number,
or from the John Fluke Mfg. Co., Inc. factory or
authorized representative by using the FLUKE STOCK
NUMBER. In the event the part you order has been
replaced by a new or improved part, the replacement will
be accompanied by an explanatory note and installation
instructions if necessary.

5-6. To ensure prompt and efficient handling of your
order, include the following information.

1. Quantity.

2. FLUKE Stock Number.

3. Description.

4. Reference Designation.

5. Printed Circuit Board P_art Number.

6. Instrument Model and Serial Number.
CAUTION

* Indicates MOS devices which may be damaged by static
discharge.
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REFERENCE
DESIGNATOR
-A>-NUMERICS > 'S
A 1 *
A 2 *
A 3 *
F 1

F 2

F 3

H 1

H 2

H 3

H 4

H 5

H 6

MP 1

MP 2

MP 3

MpP 5

Mp 6

MP 7

MP 8

MP 9

MP 10

MP 11

MP 12

MP 13

MP 14

MP 15

MP 16

MP 17

MP 18

MP 19

MP 21

MP 22

MP 23

MP 24

MP 25 *
MP 27

™ 1

U 4

U 4 *
U 4 *
W 1

W 2

An *

NOTES:

1=

2 = For JDIN, TDIN,K,
3 =

Table 5-1. 2190A Final Assembly
(See Figure 5-1.)

MAIN PCB ASSEMBLY

DISPLAY PCB ASSEMBLY

THERMOCOUPLE INPUT PCB ASSY
FUSE,1/4 X 1-1/4,SLOW,0.75A,250V
FUSE,1/4 X 1-1/4,SLOW,0.125A, 250V
FUSE,1/4 X 1-1/4,SLOW,0.063A, 250V
SCREW,MACH, FH, P, STL, 6-32X0. 625
WASHER, LOCK, INTRNL, STEEL, 0.512 ID
SCREW, THD FORM, PHP, STL, 6-20X3/8
SCREW,MACH, PH, P, SS, 4-40X. 250
SCREW,MACH, PH, P, SS, 4-40X.375
SCREW,MACH, FHP, BR, 4-40X3/8
NAMEPLATE, SERIAL -REAR PANEL-
FACTORY MUTUAL DECAL

DECAL CSA

BASE-STANDARD

GUARD, BASE

"“C" SIZE COVER ASsSY

REAR PANEL

OUTPUT OPTION COVER

LIMITS COVER

DECAL, TYPE SELECT SWITCH SETTING
BAIL

FOOT, NONSKID

DECAL,REAR PANEL

CALIBRATION COVER

DECAL, BOTTOM

DECAL,BASE SIDES

DECAL FRONT PANEL

HLDR PART,FUSE,BODY 1/4X1-1/4,5X20MM

CARD GUIDE
HLDR PART,FUSE,CAP,1/4X1-1/4
CABLE TIE,4"L,0.100"W,0.75 DIA
LATCH

FRONT PANEL WITH HARDWARE
TERM, RING 3/32 & 1/8, SOLDR
2190A INSTRUCTION MANUAL

* IC,NMOS,8 BIT MICROCOMPUTR, 2190A-9406
IC,NMOsS,8 BIT MICROCOMPUTR, 2190A-9407
IC,NMOS,8 BIT MICROCOMPUTR, 2190A-9409

CORD, LINE, 5-15/IEC, 3-18AWG, SVT
CABLE ASSY

DESCRIPTION--————====—~

469395
464479
469403
109256
166488
163030
114876
641381
288266
256156
256164
493932
472795
524611
525527
454702
464404
516708
464149
464412
464156
523597
467555
467571
454645
471490
473629
473652
453233
375188
464164
460238
172080
467548
655522
151431
489229
525634
525642
534990
343723
475228

MFRS
SPLY

89536
89536
89536
71400
71400
71400
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
89536
61935
89536
61935
89536
89536
89536
79963
89536
89536
89536
89536
89536
89536

in ’S’ column indicates a static-sensitive part.

For J,K,E,S,R type thermocouples.

R,B type thermocouples.

For J,K,T,C,R type thermocouples.
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MANUFACTURERS
PART NUMBER
-CODE- -OR GENERIC TYPE

469395
464479
469403
MDX3-4
MDL1-8A
MDL1-16A
114876
641381
288266
256156
256164
493932
472795
524611
525527
454702

'464404

516708
464149
464412
464156
523597
467555
467571
454645
471490
473629
473652
453233
031.1653
464164
031.1666
172080
467548
655522
329
489229
525634
525642
534990
343723
475228
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H1 (aPL)

(2190A-T + B)

CAUTION
SUBJECT TO DAMAGE BY
STATIC ELECTRICITY

Figure 5-1. Final Assembly
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Figure 5-1. Final Assembly (cont)
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2190A

Table 5-2. Al Main PCB Assembly
(See Figure 5-2.)

REFERENCE
DESIGNATOR
-A>-NUMERICS
c 1
c 2
c 3, 4,
c 9, 11,
c 15, 24,
c 29, 33
c 5
c 10
¢ 12, 13,
c 17
c 18
c 19, 20
c 21
c 23, 31,
c 34, 36
c 25
c 26, 27
c 30
c 35
CR 3
CR 4, 5,
CR 12, 15-
CR 20, 21
CR 6
CR 7, 8
H 1
H 2
H 3
H 4
H 5
H 6
H 7
H 8
J 1
J 2
J 3
J 4
J 6
K 1
MP 1
MP 2
MP 3
MP 4
MP 5
Ms 1, 3
Q 2, 3,
Q 16~ 18,
Q 25
Q 41 5!
Q 23
Q 6, 8,
Q 13, 15
Q 7
Q 10
Q 13, 14
Q 14
Q 19, 20
Q 22
R 5, 57
R 6
R 1
R 7, 44,
R 47, 60
R 8, 34
R 9
R 10
R 11, 12,
R 27
R 13

66—
14,
28,

16,

32,

9~
18,

46,

26,

An * in ‘s’

L A

* O % F A * A * * % X

CAP,MICA, 47PF,+-5%, 500V
CAP,POLYPR, 0.47UF, +-5%, 50V, HERMETIC
CAP,TA,10UF, +~20%, 20V

CAP,CER,0.0012UF, +~10%, 500V, Z5R
CAP, POLYCA, 2. 2UF, +~10%, 100V
CAP,MICA, 430PF, +=5%, 500V

CAP,TA,10UF, +-20%,35V
CAP,CER,0.01UF, +80-20%, 25V, YSU
CAP,AL, 4700UF,+75-20%, 25V

CAP, TA, 1UF, +-10%, 35V

CAP,TA,39UF, +-20%, 20V

CAP,TA, 22UF,+-20%,35V

CAP, POLYES, 0.047UF, +~10%, 250V
CAP,CER,0.22UF, +-20%, 50V, 25U

DIODE, SI,RECT,BRIDGE,BV=100V, IO=1.0A
DIODE, SI,BV=75V,I0=150MA, S00MW

DIODE,SI, 100 PIV,1.5 AMP
DIODE,SI,50 PIV,1.0 AMP

NUT, PRESS, BROACH, STL, 4-40

INSERT, STUD, BROACHING, PHOSPHOR BRONZE

CONN, D-SUB, PWB, RT ANGL, 25 SCKT,. 590
WASHER, LOCK, SPLIT, STEEL, #4

SCREW, MACH, PH, P, STL.4-40X1. 500
SCREW, MACH, SEMS, PH, P, STL, 4-40X. 500

SCREW, MACH, PH, P, 4~40X0.375
WASHER, FLAT, BRASS.#40.025

SOCKET,1 ROW,PWB,0. 100CTR,4 POS
CONN, PWB EDGE,REC, 90,0.156 CTR,12 POS
SOCKET,1 ROW,PWB,0. 100CTR,6 POS
SOCKET,1 ROW,PWB,0.100CTR,7 POS
SOCKET,1 ROW,PWB,0. 100CTR,18N POS
RELAY,REED,1 FORM A, 4. 5VDC
CABLE TIE,5-1/2"L,0. 100"W,1.
HEAT DIS,CLIP,TO-220
BUTTON,MODIFIED, GREEN
BUTTON, MODIFIED,LT. GRAY
SLEEV, POLYOL, SHRINK, . 250~-.125ID, BLACK
RES, SET,MF, TC, MATCHED

TRANSISTOR, SI,N-JFET, T0O-92

25 DIA

TRANSISTOR, SI,NPN, SMALL SIGNAL
TRANSISTOR, SI,N-JFET, TO-92

TRANSISTOR, SI,N-JFET,DUAL, TO-71
TRANSISTOR, SI,N-JFET, REMOTE CUTOFF
DIODE, SI,N-JFET, CURRENT REG,IF=1.0 MA
DUAL FET,SELECTED OFFSET

TRANSISTOR, SI,BV= 80V, 10W,T0O-202
TRANSISTOR, SI,BV= 40V, 2W,TO-220
RES, VAR, CERM, 200, +-10%, 0. 5W

RES, CF, 1K, +-5%, 0. 25W

RES,CF, 10K, +-5%,0.25W
RES, CF, 3.3K, +-5%, 0. 25W
RES, CF, 43K, +-5%, 0. 25W
RES, CF, 27K, +=5%, 0. 25W
RES,MF,10.02K,+-0.1%,0.125W, 50PPM

RES,MF, 1K, +-1%,0.125W, 100PPM

DESCRIPTION=-—=—=—==—==—=

FLUKE
STOCK

148536
364042
330662
330662
330662
330662
106732
306522
177980
177980
417683
335786
614115
161919
161919
358234
394775
162008
309849
392910
203323
203323
203323
116111
379412
380196
493833
461996
110395
156380
353060
837690
110773
461756
474007
448209
484030
435024
357582
530360
428805
644435
540724
113837
479030
343830
343830
343830
218396
218396
376475
376475
419283
429977
348482
476911
495697
473207
275743
343426
377283
348839
348839
348813
442418
441501
352245
352245
168229

MFRS
SPLY

MANUFACTURERS
PART NUMBER

~CODE- -OR GENERIC TYPE

72136
84411
56289

71590
73445
14655

56289
72982
89536
56289

56289
56289
73445
71590
09423
07910

05277
04713
24347
89536
00779
89536
73734
89536
89536
89536
00779
05574
00779
00779
00779
71707
89536
13103
89536
89536
89536
89536
12040

04713

15818

89536
89536
89536
78425
04713
01295
89536
80031

80031
80031
80031
80031
89536

91637

column indicates a static-sensitive part.

CM15E470J
JF788
196D106X0020KAl

CF122
C2B0MCH/A2M2
CD15FD431J0

196D106X0035KA1
5835-000Y5-0U1032
614115
196D010X0035G

196D396X0020PE4
196D226X0035TE4
C280MAE/A47K
CW3COC224K
FB200

1N4448

1N4817
1N4933
KF2-440
493833
206584-1
110395
19032
353060
837690
110775
583773-1
2VH6/1AKC15

-1-583773-3

1-583773-4
583773-8
UF40070
530360
6046P8
644435
540724
113837
479030
NSSF50024

2N3904

U2810J

419283
429977
348482
476911
MPS-U06
TIP30

275743
CR251-4-5P1K

CR251-4-5P10K
CR251-4~5P3K3
CR251-4-5P43K
CR251-4-5P27K
352245

CMF551001F

Download from Www.Somanuals.com. All Manuals Search And Download.
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REFERENCE
DESIGNATOR
~A>-NUMERICS==—==> S—==——————m——en DESCRIPTION-—=—==m=mm=mmm
R 15 RES,MF, 49.9,+-1%,0.125W, 100PPM

R 16 RES,MF, 169K, +-1%, 0.125W, 100PPM

R 17 RES, VAR, CERM, 500, +-10%, 0. 5W

R 20 RES,MF, 61.9K, +-1%,0.125W, 100PPM

R 21 RES,MF, 215K, +-1%, 0.125W, 100PPM

R 22 RES, CF, 12K, +~5%,0.25W

R 23 RES,MF, 22.1K, +-1%,0.125W, 100PPM

R 24 RES,MF, 221, +~1%,0.125W, 100PPM

R 25 RES,MF, 100, +~0.1%,0.125W, 25PPM

R 28 RES,MF, 200, +~0.1%,0.125W, 25PPM

R 29, 30 RES, VAR, CERM, 1K»+-20%,0.5W

R 31 RES, VAR, CERM, 20K, +-20%, 0. 5W

R 32 RES,MF, 10, +-1%,0.125W, 100PPM

R 33 RES,CC, 5.1M, +-5%, 0. 25W

R 35, 70 RES,CF, 330, +~5%,0.25W

R 37 RES,CF, 100, +~5%,0.25W

R 38 RES,MF, 9.09K, +-1%,0.125W, 100PPM

R 39 RES,MF,1.02K, +-1%,0.125W, 100PPM

R 40 RES,MF, 4.32K, +-1%,0.125W, 100PPM

R 41 RES,MF, 10K, +-1%,0.125W, 100PPM

R 43 RES, CF, 16K, +~5%,0.25W

R 45, 53, 54 RES, CF, 100K, +-5%,0. 25W

R 48 RES,MF, 150K, +-1%, 0. 125W, 100PPM

R 49 RES,MF, 681K, +-1%, 0.125W, 100PPM

R 50 RES,CF, 47K, +-5%,0.25W

R 51 RES,MF, 38.3K, +-1%,0.125W, 100PPM

R 52 RES,MF, 133K, +-1%, 0.125W, 100PPM

R 55 RES,CF, 5.1K, +-5%, 0. 25W

R 56 RES,MF, 10.2K, +-1%,0.125W, 100PPM

R 58 RES, CF, 51K, +-5%,0.25W

R 59, 66 RES,CF, 39K, +-5%,0.25W

R 61, 63 RES, CF, 470K, +-5%, 0. 25W

R 62, 64 RES,CF, 4.7K, +-5%, 0. 25W

R 65 RES,MF, 309K, +-1%, 0.125W, 100PPM

R 67 RES,MF, 100K, +-1%, 0.125W, 100PPM

R 68 RES,MF, 64.9K, +-1%,0.125W, 100PPM

R 69 RES,MF, 226K, +-1%, 0.125W, 100PPM

s 1, 2 SWITCH PUSHBUTTON ASSY

s 3, 5 SWITCH, SLIDE, DPDT, POWER

> 4 SWITCH, SLIDE, DPDT

T 1 POWER TRANSFORMER

T 2 TRANSF, INV, MULTIPLE OUTPUT, TOROID

T 1, 2 TERM STRIP,PWB,RT ANG,0.200CTR,2 POS
T 2- 6, 9, TERM, UNINSUL, FEEDTHRU, HOLE, TURRET

TP 16

U 1 * IC,COMPARATOR,8 PIN DIP

U 2 * IC,OP AMP,JFET INPUT,TO-5 CASE

U 3 * IC,CMOS,HEX OPEN DRAIN BUFFER

U 5 * RES,NET,SIP,8 PIN,7 RES,47K,+-2%

u 6 * IC,0P AMP,JFET INPUT,8 PIN DIP

U 7 * IC,OP AMP,GENERAL PURPOSE,8 PIN DIP
U 8 * IC,O0P AMP,SOURCE CNTRLD,DUAL, LO-NOISE
U 9 * RES NET ASSY TESTED (2180/2190DIV)

U 9 * REF DIV RES NET ASSY TESTED 2180/2190
U 10 * IC,OP AMP,SELECTED GBW 600KHZ

U 11 * IC,VOLT REG,FIXED,-15 VOLTS,1.5 AMPS
U 12 * IC,VOLT REG,FIXED,+15 VOLTS,1.5 AMPS
U 14 * IC,COMPARATOR,QUAD,14 PIN DIP

VR 2, 3 * ZENER,UNCOMP, 36.0V, 5%,3.4MA,0.4W

VR 4 * ZENER,UNCOMP, 22.0V, 5%,5.6MA, 0. 4W

VR 19 * 2ENER,COMP, 6.4V, 2%, 2 PPM TC, 0.S5MA
XU 1 * SOCKET, IC,40 PIN

Y 1 * CRYSTAL, 4MHZ, +-0.02%, HC~18/U

z 13 RES,NET,DIP,16 PIN,8 RES, 680, +-5%

Table 5-2. Al Main PCB Assembly

(cont.)

* in ’s’

FLUKE
STOCK

305896
289454
325613
237230
289470
348847
235234
340794
357400
474262
267856
267898
268789
296467
368720
348771
221663
223545
294819
168260
442376
348920
241083
381517
348896
241372
289074
368712
293605
376434
442400
342634
348821
235283
248807
288530
320879
483891
2342<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>