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CERTIFICATION

Valhalla Scientific, Inc. certifies that this instrument was thoroughly |k
tested and inspected and found to meet published specifications when
shipped from the factory, Valhalla Scientific, Inc. further certifies that its
calibration measurements are traceable to the National Institute of Standards
and Technology to the extent allowed by NIST’s calibration facility.

WARRANTY

The warranty period for this instrument is stated on your invoice

and packing list. Please refer to these to determine appropriate

warranty dates. We will repair or replace the instrument during the warranty
period provided it is returned to Valhalla Scientific, Inc. freight prepaid. No
other warranty is expressed or implied. We are not liable for consequential
damages. Permission and a return authorizatien number must be obtained
directly from the factory for warranty repairs. No liability will be accepted if
returned without such permission. Due to continuing product refinement and due
to possible parts manufacturer changes, Valhalla Scientific reserves the right to
change any or all specifications without notice.




This manunal covers the following Valhalla Scientific products:

Medels 2300, 2301, 23001 and 2301L



SECTION |

UNPACKING & INSTALLATION

1-1. Introduction

The WValhalla 2300 Series of Power
Analyzers provides true RMS (AC+DC)
measurements of voltage up to 600 volts,
current up to 100 amps and power up to
60 kilowatts per phase. The maximum
voltage and current input limits may be
extended through the use of current
and/or potential transformers. Nearly
every conceivable power measurement
application is discussed in later sections of
this manual.

In addition to the wversatility of
connections, the 2300 Series boasts an
optional computer interface, available
reduced voltage ranges for greater
resolution, high accuracy and excellent
frequency response. Recently added to
the list of options available for the Model
2301 is the Valhalla Model 1000A High
Current Measurement Systemn which
enables the user to directly measure up to
1000 amps of current with many times the
accuracy of a clamp-on type current
transformer. Please refer to Section 3-2.

Read this manual thoroughly before
attempting to use the power analyzer!
Dangerous voltages are routinely present
in and connected to this instrument. This
instrument may be damaged by improper
connections to the rear input terminals.
Double check connections before applying
power.

For convenience, in future descriptions the
2300 Series of Power Analyzers will be
referred to as a "2300" unless specific
differences between models exist. In this
case the reader will be informed of any
necessary changes.

1-2.  Inspection
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If the shipping carton is damaged, request
that the carrier’s agent be present when
the unit is unpacked. If the instrument
appears damaged, the carrier's agent
should authorize repairs before the unit is
returned to the factory. Even if the
instrument appears undamaged, it may
have suffered internal damage in transit
that may not be evident until the unit is
operated or tested to verify conformance
with its specifications. If the unit fails to
operate or fails the tests of Section 2-7,
notify the carrier’s agent and the nearest
Valhalla Sales Office. Retain the shipping
carton for the carrier’s inspection. DO

NOT return equipment to - Valhalla -

Scientific or any of its sales offices prior to
obtaining authorization to do so.

1-3. Initial Adjustments

The only adjustments required prior to
operation of the 2300 are to set the rear
panel selector switch to the local AC line
voltage and to verify that the correct fuse
for this voltage is fitted. The supply
voltages and their corresponding fuses are
listed below:

105 to 125 VAC, 50 to 400Hz 1 Amp Slo Blo

210 to 250 VAC, 50 to0 406Hz 0.5 Amp Slo Blo

ENSURE THAT THE CORRECT LINE
VOLTAGE SELECTION IS MADE
PRIOR TO APPLYING POWER TO
THE 2300!

1-4, Bench Tse

The 2300 is delivered for operation in
bench use and special instructions for use




in this manner other than the procedures
of Sections 4, 5 and 6 are not required.

1-5. Rack Mounting

Optional brackets are available for
mounting the 2300 in a standard 19"
equipment rack. These are listed in
Section 3 of this manual. The size and
weight of the 2300 require that the unit

should be supported on both sides along
its entire length by the use of "trays" or
"slides". If it is to be transported while
mounted in a rack then it must be
supported so as to prevent upward and
downward movement. '

The wuser should note that the
specifications for the 2300 become
degraded at high temperatures thus it is
required that sufficient room be allowed
for airflow around the 2300. This may be
achieved by placing a minimum 1.75"
blank panel above and below the 2300 in
the rack,

If a unit placed beneath the 2300 has an
unusually hot exterior top surface and it is
not possible to alter its location, it is
recommended that an aluminum
"reflector” plate be used between this unit
and the 2300.

Under no circumstances should the
ambient air temperature surrounding the
2300 be allowed to exceed 50°C while in
operation or 70°C while in storage.

1-6.  Safety Precautions

The power connector is a three-contact
device and should be mated only with a
three-contact connector where the third
contact provides a continuous ground
connection. A mating power cord has
been provided. If the power is provided
through an extension cable then the
ground connection must be continuous
throughout this cable.

Failure to provide a continuous ground
connection to the 2300 may render the
unit unsafe for use!

R




SECTION Il SPECIFICATIONS

2-1. Voltage Spgciﬁcations

The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C
for a period of one year from the date of calibration following a 1 hour warm-up period.

2-1-1. Voltage Ranges and Resolutions

Models 2300L and 2301L Ranges: 5V 15V 30V 60V
Resolution: 1mV 1mV 10mV 10mV
Models 2300 and 2301 Ranges: S50V 150V 300V 600V
Resolution: 10mV 10mV 100mV  100mV

2-1-2. Voltage Accuracy and Bandwidth

For all models @ 20°C to 30°C for 1 year. True RMS, DC coupled (AC+DC) |
DC and 20Hz to SKHz: % (.1% of reading = 6 digits
5 KHz to 15KHz: * 0.5% of reading * 6 digits
15KHz to 20KHz: + 0.75% of reading = 6 digits

Useable above 20KHz to S0KHz with typically an additional 1% error per 10 KHz,

2-1-3. Miscellaneous Voltage Specifications
Témgerature Coefficient: = 1/10 of accuracy specification per °C (0-19°C and 31-50°C)
Crest Factor: 50:1 at minimum input linearly decreasing to 2.5:1 at full scale

Minimum Input: 5% of range

. Maximum Input: *1500V peak

Peak Indicator: Illuminates at 2 times range

Input Impedance: 2300L and 2301L = 100K (All Ranges)
2300 and 2301 = 1Mn (All Ranges)



2-2. Current Specifications

The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C
for a period of one year from the date of calibration following a 1 hour warm-up period.

2-2-1. Current Ranges, Resolution and Bandwidth

Ranges:

Resolution:
.Impedance:
Bandwidth:
Max Input:

Peak Input:
(no damage)

Low Shunt

024, 0.5A, 1A
100uA

100m@

DC & 20Hz-10kHz
ZA continuous

100msec @SA
(fused)

2-2-2, Current Accuracy

Medium Shunt

2A, SA, 10A
1mA

10mn

DC & 20Hz-5kHz
20A continuous

100msec @S50A

High Shunt

20A, 50A, 100A
10mA

1mq

DC & 20Hz-1kHz
150A continuous

100msec @S00A

For all models @ 20°C to 30°C for 1 year. True RMS, DC coupled (AC+DC)

+0.5% of reading +0.5% of range at DC
+0.25% of reading +0.25% of range from 20Hz to bandwidth

2-2-3. Miscellaneous Current Specifications

Temperature Coefficient: % 1/10 of accuracy specification per °C (0-19°C and 31-50°C)

Crest Factor; 50:1 at minimum input linearly decreasing to 2.5:1 at full scale

Minimum Input: 5% of range

Peak Indicator: Illuminates at 2 times range

Shunt Compliance Voltage:

100mV at full scale on highest range for shunt (1A, 10A, 100A)

ke




2-3. Power Specifications

The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C
for a period of one year from the date of calibration following a 1 hour warm-up period.

2-3-1, 2300L/2301L Single-Phase Resolution (Watts)

Range 0.2A
5V 1.0GOO
15V 3.000
30V 6.000
60V 12.000

0.5A
2,500
7.500

15.000

30.00

1A
5.000
15.00
30,00
60.00

24
10.000
30.00
60.00
120.00

5A
25.00
75.00
150.00
300.0

2-3-2. 2300/2301 Single-Phase Resolution (Watts)

Range 024
50V 10.000
150V 30.00
300V 60.00
600V 120.00

0.5A
25.00
75.00

150.00
300.0

1A
50,00
150.00
300.0
600.0

24
100.00
300.0
600.0
1200.0

5A
250.0
750.0
1500.0
30600

10A
50.00
150.00
300.0
600.0

10A
500.0
1500.0
3000
6000

2-3-3. 2300L Three-phase Three-wire Resolution (Watts)

Range 0.2A
5V 2.000
15V 6.000
v 12.000
60V 24.00

0.5A
5.000

15.000

30.00
60.00

iA
10.000
30.60
60.00
120.00

2A
20,00
60.00
120.00
240.0

5A
50.00
150,00
300.0
600.0

10A
100.00
300.0
600.0
1200.0

2-3-4. 2300 Three-phase Three-wire Resolution (Watts)

Range 0.2A
50V 2000
156v  60.00
300V 12000
600V 2400

0.5
56.00

150.00

300.0
600.0

1A
100.0
300.0
600.0
1200.0

2A
200.0
600.0
1200.0
2400

5A
500.0
1500.0
3000
6000

10A
1000.0
3000
6000
12000

2-3-5. 2300L Three-phase Four-wire Resolution (Watts)

Range 0.2A
5V 3.000
15V 6.000
30V 18.000
60V 36.00

0:3A

7.500
2250
45.00
90.00

1A
15.000
45.00
90.00
180.00

2A
30.00
90.00
180.00
360.0

5A
7500
225.0
450.0
900.0

10A
150.00
450.0
900.0
1800.0

204
160.00
300.0
600.0
1200.0

204
1000.0
3000

12000

20A
200.0
600.0
1200.0
2400

204
2000

12000
24.00KW

20A
300.0
900.0
1800.0
3600

50A
250.0
750.0
1500.0

50A

7500
15000
30.00KW

S0A
5060.0
1500.0

6000

504
5000
1500
30.00KW
60.00KW

50A
750.0
2250
4500
9000

100A
500.0
1500.0

100A

15000
30.00KW
60.00KW.

100A
1000.0

12600

100A
10000
3000KW
60.00KW

1004
1500.0
4500
9000
18000




2-3-6. 2300 Three-phase Four-wire Resolution (Watts)

Range 02A 0.5A 14 24 A 10A 20A 504 160A
50V 30.00 75.00 150.00 300.0 7500 15000 3000 7500 15000
150V 50.00 2250 450.0 900.0 2250 4500 90 22.50KW  4500KW
300V 180.00 450.0 900.0 1800.0 4500 9000 18000 45.00KW  9000KW
600V 360.0 900.0 1800.0 3600 9000 18000 36.00KW  90.00KW  IH0KW

2-3-7. Power Accuracy and Bandwidth
For all models @ 20°C to 30°C for 1 year. True RMS, DC coupled (AC+DC)

=0.5% of watts reading +0.5% of (volts range x amps range) at DC
+0.25% of watts reading *=0.25% of (volts rng x amps rng) throughout "Shunt Bandwidth”

Shunt Bandwidths
Low Shunt: 20Hz to 10KHz
Medium Shunt: 20Hz to SKHz
High Shunt: 20Hz to 1KHz

Temperature Coefficient: +1/10 of range specification per °C (0-19°C and 31-50°C)

2-4, Physical Specifications

Height 7" (178mm) not including feet

Width 17" (432mm)

Depth  19.75" (490mm)

Weight 33lbs (15kg) net; 38lbs (17.5kg) shipping

2-5. Environmental Specifications

Temperature Range: Operating:  0°C to 50°C
Storage: -20°C to +75°C

Humidity: 70% RH max @ 40°C (non-condensing)
Altitude: -10,000 to +10,000 feet

Vibration: Per MIL-T-28800C, Type IIi, Class 5, Style E

2-6. Miscellaneous Specifications

Settling Time: (to within 0.1% of change)

No range change: 1.5 sec
Following range change: 35 sec @




Maximum Common Mode Voltage: 1500V peak from any terminal to chassis

Power Factor Response: Zero to unity power factor, leading or lagging

Warm-up Time: 1 hour to specifications

Power: 50 to 400Hz @ 105-125VAC. or 210-250VAC, 40VA max

Safety: Complies with UL1244 and IEC-348

Connections: Three sets of fully floating terminals, one for each channel

Input Configuration: Three-wire type wattmeter with three current inputs for each phase
Displays: Three simultaneous displays. One each for volts, amps, and watts.

Display Type: Red LED 4V digits per display

Peak Overload Indication: Six LED’s; one for voltage, one for current for each channel

- Range Selection; Manual push-button or via Option TL-4 IEEE-488 interface

IEEE Interface (Option "T1-4"): Compliance with IEEE-488 (1978) with subsets SH1, AH1,
T6, TEO, L4, LEO, SR1, RL1, PPO, DC1, DT1, CO

2-7.  Performance Verification

Verification of the performance of the Model 2300 may be performed at any time, and is
especially recommended following receipt of the unit or following transportation. Verification

may be achieved with two levels: verified as operational; verified as operational and within
specifications. The procedures for both are given below.

2-7-1. Yerification of Operation

If the 2300 fails any of the tests below, employ normal troubleshooting procedures or consult
the factory for advice.

1) Ensure that the POWER switch (lower left hand corner of the front panel) of the 2300 is
in the OFF position, i.e. no yellow dot showing.

2) Ensure that the rear panel switch is set to the correct local line voltage and apply AC power
to the 2300. Make no connections to the shunt input terminals under the flip lid.

3) Press the 2300 POWER switch to the ON position (vellow dot showing). The LED’s on the
front panel should illuminate in the 600V, 100A and ¢A positions, and the displays should
-indicate near zero. Wandering displays or continuous illumination of any overload indicator
signifies that a problem may exist.

4) Allow the 2300 to warm up for 5 minutes. @




5) Connect the 2300 as described in Section 6-4-1 to a known resistive load, e.g. a 100-watt
incandescent light bulb. Verify that the voltage display reads the present line voltage, the
current display reads approximately 1 amp, and the power display reads approximately 100
watts, This should be repeated for each of the 3 channels: A, ¢B and ¢C. Note that
Model 2301 has only one channel.

After successful completion of all of the steps above, the 2300 is fully operational with no faulty
parts apparent.

2-7-2. Verification of Specification

Attempting to prove that the 2300 is performing to specification requires that the user be aware
of the following points: '

1) The specifications in Section 2 are valid for reasonable use of the 2300 during the specified
period of time. If the 2300 has been transported it may have been subjected to extremes
of temperature. As with any precision equipment some change in calibration may occur due
to this. This effect has been carefully monitored by Valhalla Scientific and has been found
to be small, even in extreme cases.

2) A wattmeter calibration system is required to verify the specifications of the 2300. A source
of voltage and current in phase with each other is required to check the power accuracy.
Phase shifts between voltage and current will cause measurement errors. The calibration
procedure of Section 8 may be used as a guide for verifying specifications.

3) Prior to specification verification it is recommended that the user be familiar with the
manual operation of the 2300 and allow at least one hour for the unit to warm up.

If the 2300 is found to be fully operational but not performing to specifications it is
recommended that a full calibration be performed. If this does not bring all points within
specifications, contact your nearest Valhalla Scientific Service Center before returning the unit
for repair or attempting to repair the unit yourself.




SECTION Il  AVAILABLE OPTIONS

3-1. General

The following options are available for the
2300 Series Digital Power Analyzers.

3-2. Extended Current Range

The standard 100 amp current
measurement capability of the 2300 Series
of Power Analyzers may be extended
through the use of Options I-150, I-1000
and Valhalla Model 1000A.

3-2-1. Options [-150 and 1-1000

These options are 150 amp and 1000 amp
clamp-on type current transformers. Both
have 1000:1 ratios with 2% accuracies
from 50Hz to 400Hz. Option I-150
accommodates up to 05" diameter
conductors. Option I-1000 accommodates
up to 2" diameter conductors.

3.2-2. Vathalla Model 1000A

The newest addition to the list of options
for the Model 2301 Power Analyzer is the
Valhalla Model 1000A Precision High
Current Measurement System.  This
unique instrument has the ability to
directly measure up to 1000 amps (AC +
DC) at a basic accuracy of +0.02% for
DC. The modular design of the 1000A
allows expandable current capacity in
increments of 300 amps, 500 amps, 700
amps and 1000 amps. The 1000A may be
matched to a Model 2301 to provide watts
measurement capability. Please contact
your local Valhalla representative or the
factory for more details.

3.3, Options 10-1 and 10-3

Options 10-1 and I10-3 provide chassis
ground referenced analog outputs for

watts only (10-1) or for watts,

volts and amps (I0-3). The
outputs correspond to the data displayed
on the 2301 (or 2300) front panel. If
installed in a 2300, the outputs represent
the displayed measurements for gA, ¢B,
or ¢C.

3-3-1. Scaling
The scale factors of the analog outputs are
listed below:

Full Seale Voltage and Accuracy (1 year, 1 hr warmup)

I0-1

Watts: 2.5V +1.0% % 15mV

Option IO-3 (2301 or 2301L)

Watts: 50V + 0.5% of output + 10mV
Volts: 50V + 0.5% of output + H0mV
Amps: 50V + 0.5% of output + 10mV

Option 10-3 (2300 or 2300L)
Watts: 25V 4 1.0% of output + 10mV
Voits: 5.0V % 0.5% of output & 10mV
Amps: 50V + 0.5% of output + 10mV

3-3-2. Calibration

Refer to section 8-7 for the Option I0-3
calibration procedure. The analog output
of Option 10-1 has no adjustment.

3-3-3. 101 Connections

Watts analog data is available through a
female BNC type connector (Figure 3-1).
A mating cable, Option "CK", is available
from Valhalla Scientific, Inc.

3.3-4. 10-3 Connections

Watts, volts and amps analog data is
available through a female 6 pin DIN
connector. A mating plug is supplied with
Option 10-3.  Additional plugs are
available from Valhalla Scientific under



stock number 05-10514. Connector pin
assignments are shown in Figure 3-2.

3-3-5. Drive Capability

The output impedance of Option IO-3 is
561, A maximum of =100uA may be
drawn from each output without exceeding
specified accuracies.

3-4. Option 10X

Option IOX provides eleven simultaneous
chassis ground referenced analog outputs
corresponding to ¢A volts, amps, watts;
¢B volts, amps, watts; ¢C volts, amps,
watts; 3¢ 3-wire total watts and 3¢ 4-wire
total watts.

3-4-1. Scaling and Accuracy

The scale factors and accuracies of the
analog outputs are listed below:

Fuli Scale Voltage and Accuracy (1 year, 1 hour warm-up)

Watts 5V 20.5% of output + 15mV
Volts 5V 20.5% of output £ 15mV
Amps 5V z0.5% of output & 15mV

3.4.2, Calibration

Refer to Section 8-6 of this manual for the
Option 10X calibration procedure.

3.4.3. Connections

Connections to the analog outputs are
made via a rear panel mounted connector.
A mating connector is supplied with the
Option I0X. Additional connectors are
available from Valhalla Scientific under
part number 05-10248. Connector pin
assignments are shown in Figure 3-3.

3-4-4. Drive Capability

The output impedance of Option 10X is
566, A maximum of *5mA may be
drawn from each output without exceeding
the accuracy specifications.

3-5. Option LF

This option provides extended low
frequency performance (to 2Hz) at the
expense of extended settling time. Settling
time is increased by approximately 10 to 1.
Note: When Option LF is used in
conjunction with Option TL-4, the
kilowatt hour measurement should be
multiplied x2.

3-6.  Option RX7

Option RX7 is a set of rack ears that
allow mounting of the 2300 in a standard
19" equipment rack.

3-7.  Option TL-4

Option TL-4 provides the 2300 with a full
talk/listen TEEE-488 digital interface.
This interface may be used for remote
range programming and for remote data
acquisition. See Section 7 for details.

3-.8. Options GP-1 and GP-2

These options are IEEE-488 cables for 1
meter and 2 meter lengths respectively.
These cables may be used to connect to
the interface of Option TL-4.

3-9. Options HS-5 and HS-12

These options increase the speed at which
the 2300 communicates over the IEEE-488
bus (Section 7). A standard unit can be
read at the rate of 2.5 times per second.
Option HS-5 = 5 rdgs/sec and Option
HS-12 = 12.5 rdgs/sec.

3-10. Option L

This option provides greater resolution
when working with low voltages by
reducing all standard voltage ranges by a
factor of 10.  Current ranges are
unaffected. The voltage ranges
become: 5V, 15V, 30V, and 60V. ;
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FIGURE 3-3 OPTION 10-X CONNECTIONS
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SECTION IV FRONT PANEL CONTROLS

4.1. General

This section outlines the use of each of
the front panel controls and connectors.
The user is advised to read Section 6 to
- obtain full descriptions of the methods of
operation of the 2300.

The paragraph numbers used in this
section correspond to the reference
numbers of Figure 4-1.

4-1-1. "DISPLAY SELECTION" Section

This bank of push-buttons selects which
phase’s data is displayed in the volts,
amps, and watts display windows. These
buttons are used to switch between the V-
A-W data for each individual phase. The
total power in a three-phase load can be
displayed by pressing the 3¢ 3-wire or 3¢
4-wire push-buttons. These push-buttons
are not installed in the 2301/2301L single-
phase instruments.

4-1-2. "WATTS - TRUE POWER" Window

The true power is displayed in this window
as selected by the display selection push-
buttons. The units of measure are either
watts or kilowatts as indicated by the two
LED indicators.

© 4-1-3. "OVERLOAD" Display Window

A peak overioad on any of the three
voltage or three current channels is
indicated by the LED’s in this window. If
an overload is indicated, the next highest
voltage or current range should be
selected. These indicators may also alert
the user to the presence of large spikes on
the input signal if the RMS value is not
out of range, but an LED is still
illuminated.

=l

4-1-4, "AMPS-TRUE RMS"

Window

The true RMS current is displayed in this
window as selected by the current range
push-buttons.

4-1-5. "IEEE-488" Window

When option TiLA4 is fitted and remote
operation is selected the "REMOTE" LED
in this window will be illuminated.

4-1-6. "VOLTS - TRUE RMS" Window

The true RMS voltage is displayed in this
window as selected by the voltage range
push-buttons.

4-1-7. "VOLTAGE RANGE" Section

This bank of push-buttons selects the
voltage range of the 2300. Voltage inputs
greater than the selected range may yield
invalid readings. The voltage ranges of
the Model 2300L are 5, 1S, 30, and 60
volts, respectively.

4-1-8, "POWER" Switch

This switch controls the power to the
2300. When the "ON" position (depressed
with the yellow dot showing) is selected
and AC power supplied, the 2300 will be
operational. When in the "OFF" (not
depressed) position the 2300 will be
unpowered.

4-1-9. "CURRENT RANGE" Section

This bank of push-buttons selects the
current range of the 2300. Current inputs
higher than the selected range limit may
yield invalid readings.



4.1-10. RUN/HOLD Push-buttons

The RUN/HOLD feature on the Model
2300 may be used to simultaneously freeze
the Volts, Amps and Watts displays. This
is accomplished by pressing the button
labeled "RUN/HOLD". A red LED
indicates that the unit is in HOLD mode.
A green LED indicates that the unit is in
the RUN mode. While in the HOLD
mode, the button labeled SAMPLE
becomes active, This may be pressed
briefly to update the displays without
leaving the HOLD mode.

Note: Placing the instrument in the
HOLD mode does not affect the overload
indicators. It is possible to change ranges
while in the HOLD mode however the
displays will not be updated until either
the SAMPLE button or the RUN/HOLD
button is pressed. When using the IEEE-
488 option, readings will be held in the
buffer until updated by SAMPLE or
RUN.




ot

|sued uoxy 00e2 ‘i~ ainbiy

v
] QTOH 7/ NOY

NOW O QI0H FidmvS

NS NO1LDETAS AV 14 S 1O N,

O AT ) T vé

HIZAIYN A0 h) 5] e O
sz vines e (02 21NIOS Fae e

Y

FONVY 1NIYE0D I
frmis LRAHS  HOEH smssssfssssie | NAHS WAIE TN oo LNHS M Q] wmemerioem—]

2

& z

[+ 23

20t

HIAMOC

SRR i ONYVE 3DVLTOA N

l‘

[+1+3:] Qo€ 08t 08

SN 2 MO0d NI ~ LIV I

GYOTHIAOD

8 g
SHNY FINHL - SdNV 88p~3F 3N
- aiomad

RN S i 30H L - S 170A RN

(~)

5



SECTION V REAR PANEL CONTROLS

5.1. General

This section outlines the functions of the
rear panel controls and connectors. The
user is advised to also refer to Sections 4
and 6 for complete operating instructions.
The paragraph numbers used in this
section correspond 1o the reference
numbers of Figures 5-1 and 5-2.

5-1-1, "POWER" Connector

This is the instrument AC power
connector. Use the appropriate 3-prong
cord only.

5-1-2. "FUSEHOLDER"

This contains the main AC power fuse.
Fuse values are listed on the 2300 rear
panel.

3-1-3. "LINE VOLTAGE" Switch

This switch selects the instrument AC
power voltage between 115VAC or
230VAC.

5-1-4. "10-3" Connector

This is the Option IO-3 analog output
connector (if installed).

5-1-5. "IOX OR IEEE" Connector
This is the Option 10X analog output

connector or the Option TL-4 IEEE
interface connector (if installed).

5-1-6. "IEEE ADDRESS" g

Switch

This is the Option TL.-4 IEEE interface
address switch. This is blank if Option
10X is installed.

5-1-7. "¢A TERMINAL CLUSTER"

These are the input terminals for channel
A (2A).

5-1-8. "¢B TERMINAL CLUSTER"

These are the input terminals for channel
B (eB). These terminals are not installed
in Models 2301/2301L.

5.1-9, "¢C TERMINAL CLUSTER"

These are the input terminals for channel
C (eC). These terminals are not installed
in Models 2301/2301L.

Note: Instruments manufactured after
1/1/93 have a fuse installed in-line with
the Low Shunts (Ranges .2, .5, 1). This is
a 5 Amp Fast-blo fuse. If problems are
observed when using the Low Shunt,
ensure that these fuses are not blown.
Replace blown fuses with the exact
replacement part only!



S|eujwis | JUNYS Q0EE ‘2-§ 24nbBig

© ®

N e N - r ) \

[(wsivoa g Mw R oo wa p00m ﬂ A ew g a0
ne g AGORL e LU TN YT
© Eina .
N WY RS
AQO®: m e ADOBL
RONNOD 1 ; 1 HOMNAD) |
LNAD ) ANAMNND
HORNOD . HORNOD
$L704A 4104
R )
s vk . )
Ll ) LY £ f 1.3 N
SN YOuL smu vox T ¥OEL .
il ¥e : 3
e v8 . e
wor yor :
vos it vou vas : v
YOO

Yo




jsued 1eay 00E€e °IL-S °inblj

[ty

® ® ® ® 6 @

TYEQL-b¥ WUDOLS

| J J bzo
I [
) . :_:

'
®

YAQGY ZHOOP-0S YWO0S - AOEZ NOILJO 3331 = a®aN=
" AOS2Z- OLZ HO §74-G0L VI - ASLE 40 XO1 mmwmx%n.«

-H3IMOd - 35N4

VINHOIIYD 00310 NVS * "ONI DEHLINDIOS VITVHIVA A8 "Y'SN NEIAY N

"ON 1VIHES




SECTION VI MANUAL OPERATION

6-1, General

The following paragraphs describe the
manual operation of the 2300 series power
analyzers and should be used along with
Sections 4 and 5 for complete operating
instructions. The user is advised to fully
read these sections before attempting to
operate the 2300. Section 7 describes
operation via the IEEE-488 interface.

6-Z, Safety Precautions
CAUTION!

IN NORMAL USE THE TERMINALS
OF THE 2300 ARE CONNECTED TO
LETHAL VOLTAGES. DEATH MAY
OCCUR ON CONTACT!

Do not attach or remove wires without
first checking that all power sources have
been disabled. Do not open-circuit the
secondary windings of current
transformers when they are energized.
Lethal potentials may exist which can
damage the transformer, the 2300, and the
operator.

6-3. Operation

The 2300 contains three independent
wattmeter channels (phases). Single-phase
power may be measured using any of the
three channels. Three simultaneous,
independent, single-phase measurements
may also be made.

When measuring three-phase power, the
number of leads connected to the load
determines how the 2300 is connected. If
the load has three-wires, the two-
wattmeter method is used to measure the
total power. The total power is the sum
of the two wattmeter readings. Phase B is

—

used as the reference (neutral) E

for the other channels.
Wattmeter channel A measures the
current in phase A and the voltage
between phase A and phase B. Channel
C measures the current in phase C and
the voltage between phase C and phase B.
Phase B is not used other than as a
reference. The 2300 sums the phase A
and C power readings when the 3¢ 3-
WIRE mode is selected. The voltage and
current displays are blanked in this mode
as they are invalid. The individual line
currents, line to line voltages and phase
powers can be displayed by pressing the
oA or ¢C push-buttons. A complete proof
of the wvalidity of the two wattmeter
method is beyond the scope of this
manual, and may be found in a college
level electrical engineering textbook.

If the load has four-wires, all three
wattmeters must be used to measure the
total power. The total power is the sum
of the three wattmeter readings. Channel
A measures the current in phase A and
the voltage between phase A and neutral.
Channels B and C similarly measure
phases B and C. The 2300 sums the phase
A, B, and C readings when the 3¢ 4-
WIRE mode is selected. The voltage and
current displays are blanked in this mode
as they are invalid. The individual line
voltages, currents, and powers may be
displayed by pressing the ¢A, ¢B, or ¢C
display selection push-buttons.

6-4. Connections

The 2300 has a separate cluster of
terminals for each of the three phases.
Each channel has three current terminals,
with use determined by the amount of
current to be measured. The three
current terminals are internally connected



to the 1 ampere, 10 ampere, or 100
ampere shunts. The opposite ends of the
three shunts are connected together to the
CURRENT COMMON - VOLTS HIGH
terminal. The 2300 measures the voltage
between the CURRENT COMMON -
VOLTS HIGH terminal and the VOLTS
COMMON terminal on all voltage ranges.
Connections to the 2300 vary widely and
most conceivable configurations are
described in the following paragrapbhs.
The paragraph numbers correspond to the
Figure numbers at the end of this section.
The single-phase connections are shown
using channel C of the 2300. Any of the
channels, A, B, or C may be used for
single phase measurements.

6-4-1. Single-Phase Two-Wire Load Power
Connections

Connect the wattmeter as shown in Figure
6-1. Caution! Do not run the neutral
current through the wvolts common
terminal. Tap off the neutral wire to
connect the volts common terminal.

6-4-2. Single-Phase Two-Wire CT Load
Power Connections

Connect the wattmeter as shown in Figure
6-2. Observe the polarities of the current
transformer. The watts reading should be

-~ multiplied by the CT ratio. -Caution! Do -

not run the load current through the
VOLTS COMMON terminal. Tap off the
neutral wire to connect the VOLTS
COMMON terminal.

6-4-3. Single-Phase Two-Wire PT Load
Power Connections

Connect the wattmeter as shown in Figure
6-3. Observe the polarity of the potential
transformer. The watts reading should be
multiplied by the PT ratio. Caution! Do
not exceed the common-mode rating of
the Model 2300. '

6-4-4. Single-Phase Two-Wire CT-PT
Load Power Connections

Connect the wattmeter as shown as Figure
6-4. Observe the polarities of the current
and potential transformers. The watts
reading should be multiplied by the PT
and CT ratios. The current common
terminal should be grounded for best
performance.

6-4-3. Single-Phase Two-Wire Source
Power Connections

Some applications require measuring the
power from a source rather than the
power into the load. These connections
are shown in Figure 6-5. When the model
2300 is connected in this manner, the
watts reading should be mmltiplied by
minus one (-1). Caution! Do not run the
neutral current through the VOLTS
COMMON terminal. Tap off the neutral
wire to connect the VOLTS COMMON
terminal.

6-4-6. Single-Phase Two-Wire CT Source
Power Connections

Some applications require measuring the
power from a source rather than the
power into the load. These connections
are shown in Figure 6-6. When the Model

2300 -is- connected in - this -manner,-the -

watts reading should be multiplied by
minus one (-1) and the CT ratio. Observe
the polarity of the current transformer.
Caution! Do not run the neutral current
through the VOLTS COMMON terminal.
Tap off the neutral wire to connect the
VOLTS COMMON terminal.

6-4-7. Single-Phase Two-Wire PT Source
Power Connections

Some applications require measuring the
power from the source rather than the
power into the load.  These
connections are shown in Figure 6- | ——
7. When the Model 2300 is| &5




connected in this manner, the watts
reading should be multiplied by minus one
(-1) and the PT ratio. Observe the
polarity of the potential transformer.
Caution! Do not exceed the common-
mode specification of the Model 2300.

6-4-8. Single-Phase Two-Wire CT-PT
Source Power Connections

Some applications require measuring the
power from a source rather than the
power into the load. These connections
are shown in Figure 6-8. When the Model
2300 is connected in this manner, the
watts reading should be multiplied by
minus one (-1} and the CT-PT ratios.
Observe the polarities of the current and
potential  transformers. For Dbest
performance the CURRENT COMMON
terminal should be grounded.

6-4-9. Three-Phase Three-Wire Load
Power Connections

Connect the wattmeter as shown in Figure
6-9. Caution! Do not run phase B
current through the VOLTS COMMON
terminals. Tap off the phase B wire to
connect the VOLTS COMMON terminals.

6-4-10, Three-Phase Three-Wire CT
Load Power Connections

Connect the wattmeter as shown in Figure
6-10. Observe the polarities of the current
transformers. The watts reading should be
multiplied by the CT ratio. Caution! Do
not run the line current through the
CURRENT or VOLTS COMMON
terminals.

6-4-11. . Three-Phase Three-Wire PT
Load Power Connections

Connect the wattmeter as shown in Figure
6-11.  Observe the polarities of the
potential transformers. The watts reading
should be multiplied by the PT ratio.

Caution! Do not exceed the common-
mode specifications of the Model 2300.

6-4-12.  Three-Phase Three-Wire CT-PT
Load Power Connections

Connect the wattmeter as shown in Figure
6-12. Observe the polarities of the current
and potential transformers. The watts
reading should be multiplied by the CT-
PT ratios. For best performance ground
the CURRENT COMMON terminals.

6-4-13.  Three-Phase Three-Wire Source
Power Connections

Some applications require measuring the
power from a source rather than the
power into the load. These connections
are shown in Figure 6-13. When the
Model 2300 is connected in this manner,
the watts reading should be multiplied by
minus one (-1). Caution! Do not run the
phase B current through the VOLTS
COMMON terminals. Tap off the phase

‘B wire to connect the VOLTS COMMON

terminalis.

6-4-14. Three-Phase Three-Wire CT
Source Power Connections

Some applications require measuring the
power from a source rather than the
power into the load. These connections

. are shown in Figure 6-14. When the

model 2300 is connected in this manner,
the watts reading should be multiplied by
minus one (-1) and the CT ratio. Observe
the polarity of the current transformer.
Caution! Do not run the line current
through the CURRENT or VOLTS
COMMON terminal. Tap off the line
wires to connect the CURRENT and
VOLTS COMMON terminals.

6-4-15. Three-Phase Three-Wire PT
Source Power Connections

Some applications require| —/——
measuring the power from a E‘




source rather than the power into a load.
These connections are shown in Figure 6-
15. When the Model 2300 is connected in
this manner, the watts reading should be
multiplied by minus one (-1} and the PT
ratio. Observe the polarities of the
potential transformers. Caution! Do not
exceed the common-mode specifications of
the Model 2300.

6-4-16.  Three-Phase Three-Wire CT-PT
Source Power Connections

Some applications require measuring the
power from a source rather than the
power into a load. These connections are
shown in Figure 6-16. When the Model
2300 is connected in this manner, the
watts reading should be multiplied by
minus one (-1) and the CT-PT ratios.
Observe the polarities of the current and
potential  transformers. For Dest
performance, the CURRENT COMMON
terminals should be grounded.

6-4-17. Three-Phase Four-Wire Load

Pewer Connections

Connect the wattmeter as shown in Figure
6-17. Caution! Do not run the neutral
current through the VOLTS COMMON
terminals. Tap off the neutral wire to

connect the VOLTS COMMON terminals.

6-4-18. Three-Phase Four-Wire CT
Load Power Connections

Connect the wattmeter as shown in Figure
6-18. Observe the polarities of the current
transformers. The watts reading should be
multiplied by the CT ratio. Caution! Do
not run the line or neutral currents
through the CURRENT or VOLTS
COMMON terminals.

6-4-19, Three-Phase Four-Wire PT
Load Power Connections

Connect the wattmeter as shown in Figure
6-19. Observe the polarities of the

potential transformers. The watts reading
should be muitiplied by PT ratio.
Caution! Do not exceed the common
mode specifications of the Model 2300.

6-4-20.  Three-phase Four-Wire CT-PT
Load Power Connections

Connect the wattmeter as shown in Figure
6-20. Observe the polarities of the current
and potential transformers. The watts
reading should be multiplied by CT-PT
ratios. For best performance, ground the
CURRENT COMMON terminals.

6-4-21.  Three-phase Four-Wire Source
Power Connections

Some applications require measuring the
power from a source rather than the
power into a load. These connections are
shown in Figure 6-21. When the Model
2300 is used in this manner, the watts
reading should be multiplied by minus one
(-1). Caution! Do not run the neutral
current through the VOLTS COMMON
terminals. Tap off the neutral wire to
connect to the VOLTS COMMON
terminals.

6-4-22, Three-phase Four-Wire CT
Source Power Connections

-Some applications require measuring the
- power from a source rather than the

power into a load. These connections are
shown in Figure 6-22. When the Model
2300 is used in this manner, the watts
reading should be multiplied by minus one
(-1) and the CT ratio. Observe the
polarities of the current transformers.
Caution! Do not run the line or neutral
currents through the VOLTS COMMON
terminals. Tap off the line and neutral
wires to connect the VOLTS COMMON
terminals.

R S————
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6-4-23,  Three-phase Four-Wire PT
Source Power Connections

Some applications require measuring the
power from a source rather than the
power into a load. These connections are
shown in Figure 6-23. When the Model
2300 is used in this manner, the watts
reading should be multiplied by minus one
(-1) and the PT ratio. Observe the
polarities of the potential transformers.
Caution! Do not exceed the common
mode specifications of the Model 2300.

6-4-24,  Three-phase, Four-Wire CT-PT
Source Power Connections

Some applications require measuring the

power from a source rather than the
power into a load. These connections are
shown in Figure 6-24. When the Model
2300 is used in this manner, the watts
reading should be multiplied by minus one
{-1) and the CT-PT ratios. Observe the
polarity of the current and potential
transformers. For best performance the
CURRENT COMMON terminals should
be grounded.

6-5. Single-Phase Measurements

The power consunied by a single-phase

load or the power supplied by a single-

phase source may be easily measured with
a Model 2300 or 2301 Three
independent single-phase measurements
can be made at the same time with the
2300. The following guidelines should be
used when making a single-phase power
measurement: :

1) Connect the 2300 as shown in Figures
6-1 to 6-8 as determined by your
application. Make connections to the
appropriate current shunt terminal for
the expected range of current levels.

2) Press the appropriate ¢A, ¢B, or ¢C
display selection push-button for the
channel connected.

3) Select the lowest current range that
provides the required display
resolution without the current peak
overload LED illominating.

4) Select the lowest voltage range that
provides the required display
resolution without the voltage peak
overload LED illuminating.

5) Read the voltage, current and power
on the three displays. When
measuring the power supplied by a
source, multiply the power
measurement by negative one (-1) to
obtain the correct watts polarity.

6) The displays may be frozen indefinitely
by pressing the HOLD push-button.

6-6. Three-Phase Three-Wire
Measurements

The power consumed by a three-phase
three-wire connected load or the power
supplied by a three-phase three-wire
connected source may easily be measured
with a Model 2300. The following
guidelines should be used when making
three-phase three-wire measurements:

1) Connect the 2300 as shown in Figures
6-9 to 6-16 as determined by your
application. Make connections to the
appropriate current shunt terminals for
the expected range of current levels.

. 2) Press the 3¢ 3-WIRE display selection

push-button.

3) Select the lowest current range without
illuminating any of the peak current
overload indicators.

4) Select the lowest voltage range without
illuminating any of the peak voltage
indicators.

5) The total true power may be | ——
read on the watts display. _@'




When measuring the power supplied
by a source, multiply the power
measurements by negative one (-1) to
obtain the correct watts polarity.

6) The individual phase  voltages,
currents, and power can be displayed
by pressing the ¢A and ¢C display

- selection push-buttons.

7) The displays may be frozen.indeﬁniteiy
by pressing the HOLD push-button.

6-7. Three-phase, Four-wire
Measurements

The power consumed by a three-phase
four-wire connected load or the power
supplied by a three-phase four-wire
connected source can easily be measured
with a 2300. Follow the guidelines below
for making three-phase four-wire
measurements with the Model 2300:

1) Comnnect the 2300 as shown in Figures
6-17 to 6-24 as determined by your
application. Make connections to the
appropriate current shunt terminals for
the expected range of current levels.

2) Press the 3¢ 4-WIRE display selection
push-button.

-3} Select-the -lowest -current-range -that—-

does not illuminate any of the peak
current indicators.

4) Select the lowest voltage range that
does not illuminate any of the peak
voltage indicators.

5) Read the total power on the watts
display. When measuring the power
supplied by a source, multiply the
power measurements by negative one
(-1) to obtain the correct watts

polarity.

- 6) The individual phase voltages,

currents, and powers may be displayed
by pressing the ¢A, ¢B and ¢C display
selection push-buttons.

7) The displays may be frozen indefinitely
by pressing the HOLD push-button.

6-8. Other Applications

If your measurement requirement or
application was not discussed in the
preceding paragraphs, also refer to the
Application Notes of Section 11.
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SECTION VII REMOTE OPERATION

7-1. General

This section describes the operation of the
2300 Series of Power Analyzers via the
optional IEEE-488 interface bus. It is
assumed throughout this section that the
user has read Sections 4 through 6 and is
familiar with the manual operation of the
2300.

7-2. Definitions

The following are definitions of the terms
used in describing the IEEE-488 interface
and its operation in the 2300.

Bus: A data link which is usually a set of
several parallel wires within a multi-wire
cable.

Bi-directional Bus: A "highway" used for
two-way communication between two
devices, with input and output data being
carried on the same wires.

Bit parallel: A data transmission method
in which all of the bits composing an item
of data are present simultaneously on a
group of wires in a bus.

Byte: A group of 8 data bits which are
treated as a single item of data.

Byte serial: A data transmission method
in which information, in bit parallel bytes,
is transferred sequentially between
devices.

Device: A unit or controller connected to
the bus.

Device dependent message: A message
containing information or commands
having meaning only to the recipient
device (usually refers to commands which

are not defined in IEEE

Standard 488 of 1978).

Handshake: An exchange of signals
between two devices which is usually used
to control the transfer of data between
them.

Interface message: A message intended
for interface or bus management.

Local operation: Operation of a device by
its front panel controls or other form of
manual operation.

Remote operation: Operation of a device
under the control of another via the bus.

7-3.  Basic Description of the Bus

This chapter gives a basic description of
the general principles of the IEEE-488
(1978) bus (also known as GPIB, HP-IB,
IEC DTC-66, ANSI MCI-1 etc.) The user
is recommended to read the full IEEE-488
standard for more details if required.

7-3-1. The Purpose of the IEEE-488
Standard

The purpose of the standard is to allow
for interconnection of programmable
instruments with a minimum of
engineering. The intent is to remove the
need for adapters and numerous types of
patching cables often encountered with
other forms of interfaces. The IEEE-488
standard defines a system configuration
for programmable instruments: calculators,
voltmeters and other types of peripheral
devices produced by various
manufacturers, providing a set of rules for
establishing a defined communications link
with a high degree of compatibility yet
maintaining flexibility between



independently manufactured products.
The IEEE-488 (1978) standard defines the
following:

Electrical characteristics - interface circuit
parameters, electrical signal levels, loading
requirements and grounding requirements.

Mechanical characteristics - connector
type, contact assignments and cable
assembly.

Functional characteristics - the complete
repertoire and precise definition of each
of the signal lines, the protocol and timing
relationships and the mandatory responses
for universal (device independent)
messages.

‘The TEEE-488 (1978) standard does not
define the following:

The way in which device dependent
messages will be interpreted by the
receiving device, leaving these up to the
manufacturer to define.  These are
defined for the 2300 in Section 7-7.

Maximom amount of time for a full
handshake of data to occur ensuring
compatibility with the slowest device on
the bus (it does define the minimums,
however).

7-3-2. IEEE-488 Defined Parameters

The IEEE-488 standard defines a bi-
directional bus carrying bit-parallel, byte-
serial data. The most basic of its
definitions are as follows:

All bus data is digital.

A maximum of 15 devices may be
interconnected on a single bus.

The total length of the bus cabling may
not exceed 20 meters, with a maximum
interconnection cable length of 4 meters.

The maximum data transmission rate is 1 -
megabyte per second.

Of all the devices on the bus only one may
be the controller at any time. The
controller exercises control over all other
devices on the bus. The other devices
may be listeners (only able to receive
data), talkers (only able to transmit data),
or both. The 2300 functions both as a
talker and as a listener. The controller is
the only device capable of addressing
other devices on the bus and commanding
them to talk or listen as required. Only
one device may talk at any one time.

The interconnecting cable shall consist of
16 signal wires and eight ground returns
linking devices into a complete system
(the user is cautioned to be careful of
generating ground loops when
interconnecting devices via the bus). Each
cable connector is a plug and socket
combination to permit the "daisy chaining"
of devices.

The 16 signal wires are as follows:

8 data wires (DIOO through DIO7
inclusive).

5 management wires (ATN, EOIL, SRQ,
IFC and REN).

3 handshake wires (DAV, NRFD and

NDAC).

It should be noted that all of these wires
use "inverse logic”, i.e. a low voltage level
indicates the "true" state (also called
"asserted”) while the high voltage level
indicates the "false” state.

DIO (0 to 7) - These wires are the bi-
directional data bus.

ATN - This wire may be asserted by the
controller to indicate that an

address or command is present on %

the bus.




EOI - This wire may be asserted by the
controller or the talker. If ATN is also
asserted this indicates that the controller
is polling devices. If ATN is false, EOl
may be asserted by a talker to indicate the
end of a message.

SRQ - This wire may be asserted by any
device to indicate that it requires attention
(e.g. a fault has occurred or data is ready).
Usually the controller will respond by
polling the devices to determine which
requires service.

IFC - This wire is asserted by the
controller to reset the bus (note that only
the bus is affected) to an idle state.

REN - This wire is asserted by the
controller to indicate to all devices that
they may enter the REMOTE state. The
user should note that for a device to enter
remote the REN wire must be asserted
and the device must subsequently receive
its listen address. If this wire is not
asserted then all devices will be in the
LOCAL state.

DAY - This wire is asserted by the talker
and indicates that a valid data byte has
been placed on the DIOO to DIO7 wires.

NRFD - This wire may be asserted by any
listener and indicates that it is not yet
ready to receive further data.

NDAC - This wire may be asserted by any
listener and indicates that it has not yet
completed reading the data byte present
on the DIO wires.

7-4. Universal Commands

This paragraph describes all of the IEEE-
488 defined commands and their affect
upon the operation of the 2300. In this
paragraph (as in all further paragraphs)
examples are given using HP Basic and it
is assumed that the 2300 has its listen
address set to 15. If you are using a

programming language other than HP
Basic, consult your programmer’s guide for
the correct command syntax.

7-4-1. Device Clear (DCL)

This command will cause all of the devices
to enter the reset state (both interface and
instrumental functions). The 2300 will
perform a power-on reset cycle when this
command is received. An example of this
command in HP Basic is CLEAR 7.

This command can sometimes cause the
interface to reset and then re-read the
device clear command if the responding
instrument is slow to release the
handshake. This will be visible as a
complete bus lockout with all of the
devices continuously performing a device
clear. Although every precaution has
been taken to eliminate this problem with
the IEEE-488 Standard, lockout may
sometimes occur. It is recommended the
Selective Device Clear (SDC) Command
be used where possible.

7-4-2. Selective Device Clear (SDC)

This command will cause only the
addressed device to enter the reset state.
This command will perform the same
function as the DCL command of 7-4-1
but on individual instruments only, thus
overcoming the problem inherent with the
DCL. command.

An example of this command in HP Basic
is CLEAR 715 which would reset only the
device at address 15.

7-4-3, Group Execute Trigger (GET)

The execution of this command is
dependent on the particular device
receiving it, the exact result not being
defined by the IEEE-488 (1978) standard.

-




When received by the 2300 it will respond
with a handshake and will not cause an
error but will be ignored.

The user should note that only the
addressed form of this command is
defined by the IEEE 488 (1978) standard;
however, certain manufacturers also
include an unaddressed form of this
command. The result of receiving this
"unofficial” command by the 2300 is not
defined and may cause bus errors if used.

This command is implemented in HP
Basic by the statement TRIGGER 715 for
the address form, and TRIGGER 7 for the
unaddressed, "unofficial" form.

7-4-4. Go to Local (GTL)

This addressed command will cause the
individual addressed device to enter the
LOCAL state (i.e. enables manual
operation of the device). This command
is fully implemented in the 2300 and is
commanded in HP Basic by the statement
LOCAL 715.

The user should note that many computers
also have a similar unaddressed version of
this command (LOCAL 7 for HP Basic).
This command is actually quite different
from the addressed command (it unasserts

devices, including the 2300, to enter the
LOCAL state.

7-4-5. Interface Clear (IFC)

This command will cause all of the
interfaces of the devices to enter an idle
state. This is fully implemented in the
2300 and may be commanded in HP Basic
by the statement RESET 7.

7-4-6. Identify (IDY)
This command is also called "parallel

poll".  This will cause all devices to
respond by simultaneously placing their

parallel poll response byte onto the DIO
bus wires. The 2300 does not implement
this command.

7-4-7. Local Lock Out (LLO)

This command will cause all of the devices
to enter either the local with lockout or
remote with lockout state (depending on
whether they were in LOCAL or
REMOTE states respectively).  The
function of this command is to disable the
manually operated LOCAL key or control
on the devices. This command is not
implemented in the 2300 and is ignored if
received.

7-4-8. Parallel Polli Configure (PPC),
Enable (PPE), Disable (PPD), and
Unconfigure (PPU)

These command are used to set the
Parallel Poll response byte and to disable
the parallel poll response. These
commands are not implemented in the
2300 and are ignored if received.

7-4-9. Remote Enable (REN)

This command (the assertion of the REN
wire)} enables all devices to enter the
REMOTE state when they next receive
their listen address. The 2300 fully

i.mplements. this function -which-may.-be...........

commanded in HP Basic by the statement
REMOTE 7.

Many computers also have a command
which includes the sending of the listen
address which will place only the
addressed device into the REMOTE state.
In HP Basic this is accomplished by the
statement REMOTE 715, which would
place only the device at address 1S into
remote.




7-4-10.  Serial Poll Enable (SPE) and
Disable (SPD)

These commands control the process of
performing a serial poll. The serial poll
sequence is as follows:

1) The controller commands SPE.

2) The controller addresses a single
device as a talker.

3) The addressed device returns its Serial
Poll response byte.

4) The controller reads the response byte.

5) The controller may now repeat the
sequence from step 2 or send SPD to
end the serial poll.

The 2300 fully implements this function
and may be commanded to send its serial
poll response byte in HP Basic by the
statement SPOLL(715). This statement
will implement the entire sequence once.
The 2300 returns a null (0) response byte
when polled if no errors are present, or if
SRQ’s are not enabled (see 7-7-7).

7-4-11.  Take Control (TCT)

This command from the controller to
another potential controller will request
the other to take over as controller. The
2300 does not have the capability of
becoming a controller thus this command
is not implemented and will be ignored.

7-5.  Setting the IEEE Address

The IEEE listen address tells the system
controller where to find a device when it
wishes to communicate with it. The
address of the 2300 is determined by the
configuration of a S-pole DIP switch on
the rear of the instrument. The address
may be any number from 1 to 30. This
nomber is calculated using a binary-
weighted code set by the switches shown

in Figure 7-1. For example, address "15"
would be set by placing the switches in the
following configuration:

1=on, 2=o0n, 4=o0n, §=on, and 16=off
because 1 + 2 + 4 + 8§ = 15.

The address you choose is entirely
dependent on your application and by the
type and quantity of devices on your IEEE
bus. Some guidelines to follow are:

1) Each device on the bus must have its
own unique address. Operating two
devices at the same address will
produce undefined results and is not
recommended.

2) Avoid setting the 2300 to address 0 (all
switches off) or to address 31 (all
switches on) as this may interfere with
the system controller.

3) Should the address be changed,
instrument power must be reset in
order to establish the new address.

7.6. Device Dependent Commands

The device dependent command set for
the 2300 is described in the following
paragraphs. Examples are given for each
command. As in the previous paragraphs
it is assumed that the 2300 has an address
of 15 and that HP Basic is the
programming language. If you are using a
language other than HP Basic, consult
your programmer’s manual for the correct
command syntax.

7-6-1. REMOTE and LOCAL States

Although not truly "device dependent”
commands, a full explanation of the
implementation of the LOCAL and
REMOTE states is explained here.
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LOCAL

When the 2300 is in the LOCAL state the
REMOTE indicator on the front panel is
extinguished and full manual control of
the 2300 as described in Sections 4
through 6 may be performed. The user
should note that it is not possible to enter
the REMOTE state other than via the
system controller. The user should also
note that the 2300 will accept commands
from the IEEE-488 bus while in the
LOCAL state but they will be discarded.

REMOTE

As mentioned previously, if the 2300
receives its listen address while the REN
line is asserted it will enter the REMOTE
state.  In this state the REMOTE
indicator on the front panel is illuminated
and all keys on the front panel are
disabled with the exception of the
RUN/HOLD and SAMPLE keys.

7-6-2. Post RESET delay

To ensure that all wires are settled
following a device clear it is recommended
that a minimum delay of 500ms is allowed
prior to performing any bus operation with
the 2300 following either of the above
actions.

7-7. Commands and Examples Using
HP Basic

‘This set of paragraphs lists all commands

recognized by the 2300 Series of Power
Analyzers. As in preceding examples it is
assumed that the programmer is using HP
Basic and that the 2300 has its listen
address set to 15. It is also assumed that
the user is familiar with the operating
principles discussed in Sections 4 through
6. If you are using a language other than
HP Basic, consult your programmer’s
manual for the correct command syntax.

Notes: The 2300 will look for an "input
data terminator” that signals the end of
the command line. The 2300 recognizes a
(carriage return, line-feed) as the end
of the command line. These items should
be automatically sent by the system
controller and are not shown in the
examples that follow. Note that all
commands must be sent in upper case.

7-7-1. REMOTE and LOCAL

These commands place the 2300 in the
REMOTE or LOCAL operating modes:

REMOTE 715 Enables remote operation
LOCAL 715 Selects local operation

~

7-7-2. Voltage Range Commands

These commands are used to select the
voltage range of the 2300 (2300L):

Examples:

OUTPUT 715;V0"  Selects 50 (5) volt range

OUTPUT 715;"V1" Selects 150 (15) volt range
OUTPUT 715;"V2"  Selects 300 (30) volt range
OUTPUT 715;"V3"  Selects 600 (60) volt range

7-7-3. Current Range Commands

These commands are used to select the
current range of the 2300:

Examples:

OUTPUT 715;"18"  Selects 0.2 amp range
QUTPUT 715"M1" Selects 0.5 amp range
QUTPUT 715;"12"  Selects 1 amp range
OUTPUT 715;"13"  Selects 2 amp range
OQUTPUT 715;"I4"  Seclects 5 amp range
OUTPUT 715;"I5"  Selects 10 amp range
OUTPUT 715;"16"  Selects 20 amp range
OUTPUT 715;"17"  Selects 50 amp range
OUTPUT 715;"I8"  Selects 100 amp range




7-7-4, Channel Selection Commands

These commands are used to select which
channel’s data (eA, B, or #C) is displayed
on the 2300 and available via the bus.

Examples:

QOUTPUT 715;"W0* Selects $A
OUTPUT 718;"W1* Selects ¢B
OUTPUT 715;"W2" Selects ¢C
OUTPUT 715;"W3" Selects 34, 3-wire mode
QUTPUT 715;"W4" Selects 34, 4-wire mode

7-7-5. Output Data Selection Queries

These queries select which measurement
data will be made available to the
controller on the next read. Once
selected, that data is returned on all
subsequent reads of the controller.

Examples:

OUTPUT 715,"T0" Selects Voltage Data
QUTPUT 715;"T1" Selects Current Data
QUTPUT 715;"T2" Selects Power Data
OUTPUT 715;"T3" Selects Average Power Data
QUTPUT 715;,"T4" Selects Watt-Hour Data

Notes: The output data is invalid for the
TO and T1 queries if the W3 or W4
command has been selected. Also, refer

to section 7-7-9 for more details on the T3

7-7-6. Output Data Terminators

These codes determine the "output data
terminator” that will be attached to the
end of the data returned by the 2300:

Examples:

OUTPUT 715;D0" ‘r and ‘¢ (default)
OUTPUT 715;D1* & and = with EOI
OUTPUT 71502 =

OUTPUT 715;"D3* & with EOI
OUTPUT 715;'D4" EOI

OUTPUT 715;'D5" =

7-7-7. SRQ and Serial Poll Commands

The 2300 may assert the SRQ wire if it
receives an undecipherable command.
This function is enabled or disabled by the
commands below.

Examples:

QUTPUT 715;7Q0" Disables the 2300 SRQ
OUTPUT 715"Q1" Enables the 2300 SRQ

When the system controller conducts a
serial poll, the 2300 responds with a non-
zero byte of data informing the controller
of the reason for the SRQ. If the 2300
did not generate the SRQ, a zero byte is
used as the response.

7-7-8. Programming Status Query

This query causes the 2300 to return its
"configuration status word" instead of the
selected measurement data the next time
it is read by the controller. This status
word contains data regarding the current
settings of certain parameters such as
range information and data terminators.

After receiving the query "E", the 2300
makes the status word available. No other
data is available until this word is read.

The configuration status word is in the

format:
QnvVnInWnDnTn

where the letters correspond to the
commands described previously, and "n"
refers to the current number relating to
that command.

For example,
QOV2I1TW2D0T0
would indicate that the 2300 is in

the 300V and 0.5A ranges, with
the volts data for ¢C available




over the bus; no SRQ’s and a ='F at the
end of the transmitted data.

7-7-9. Average Power and Watt-Hour
Commands

These commands are used to control the
compiling of average power and watt-
hours. The "S" command starts compiling
while the "F" command stops compilation
and calculates average power or watt-
hours accumulated since the receipt of "S".
The calculation of either average power or
watt-hours is determined by the "T"
command (7-7-5) current at the time "F"
was received. "F' commands received
before "S" commands are ignored.

Sample Program #1 (Average Watts):

10 OQUTPUT 715;'S"  start compiling data

20 QUTPUT 715;"T3" use the data for avg pwr
.30 OQUTPUT 715;'F"  stop compiling & calculate

40 WAIT .5 recommended delay 500ms

50 ENTER 715;A% display the result

{AS will contain the average power data)

Sample Program #2 (Watt-Hours):

16 OQUTPUT 715;"S"  start compiling data

286 OUTPUT 715;"T4" usethe data for watt-hours
30 QUTPUT 718"F"  stopcompiling & calculate
40 WAIT .5 recommended delay 500ms
50 ENTER 715;A% display the result

(AS$ wili contain the watt-hour data)

Voltage, current and instantaneous power
data may be read while compiling power
data. Reading average power or watt-
hour data before the receipt of "F" will
produce undefined results. Changing the
"W" command following the "S" command
will also produce undefined results.

Note: The following manipulations of the
output result are required when
using these options:

Option LF: Muitiply watt-hours by 2
Option HS-5: Divide watt-hours by 2
Option HS-12: Divide watt-hours by 5

7.7-10.  Reading the Displays

Upon receipt of one of the five "T"
queries (see 7-7-5), the 2300 places either
the volts, amps or watts displayed data in
its output buffer. This data may be now
be read by the system controller. The
data is of the following format:

+1.9999En,0 {D?}

Where:

£1.9999  are the significant digits of the
measurement.

En is the exponent (power of 10) to be
applied to the significant digits  ie.
+1.9999 x 107

0 indicates an overrange condition on
any channel.

{D?} is the output data terminator sent to

signify the end of the data. This is
usually ar'=, but may be changed using
the "D" command (see 7-7-6).

The data is returned in scientific notation
with the units of watts, volts or amps
depending on which "T" query was sent. If
no "T" query was sent, the 2300 returns its
default data which 1is the voltage
measurement.

The 2300 may be read at any time;
however, caution must be taken to avoid
erroneous data. A delay of 500ms should
be allowed following a "Tn" query before
reading data. A delay of 5 seconds should
be allowed for maximum accuracy
following a range change (In or Vn), or
channel change (Wn).

The following are sample programs (in
Hewlett Packard Basic) that may be used
to read the 2300’s output buffer. Assume
that the 2300 has inputs applied to
it such that VOLTS = "125.72",
AMPS = "79.52" and POWER =




"9997", and

that the instrument is Sample Program #4 (Status-Word Query):

displaying ¢B data.

Sample Program #3 {Current Query):

10 OUTPUT 715"E"  requests status word
20 ENTER 715:A% controller reads buffer

30 PRINT A$ display the data
16 OUTPUT 715;"W1" requests ¢B data . .
20 OUTPUT 715;"T1" requests current data The result is QOViISWlDOTl which was
30 ENTER 715;A% controller reads buffer explained in Section 7-7-8.

40 PRINT A$

display the data

The result is .7952E2, which is equal to
7952 x 107 or 79.52 amps.

7.8. 1EEE-488 Device-Dependent Command Set Summary for 2300/01

Listed below is a summary of the device-dependent command set for the 2300 Series of Power
Analyzers. Refer to the preceding paragraphs for greater details on use of the various
commands. The settings labeled "default” are the conditions that exist whenever the 2300 is
initially powered up. The default conditions are also restored upon returning the 2300 to Local
mode. The commands are listed in alphabetical order.

Command  Result
Dn Output data terminator command
DO Carriage return and line feed (default)
D1 Carriage return and line feed with EOI
D2 Carriage return only
D3 Carriage return with EOI
D4 EOI only
D5 Line feed only
E Programming status query

2300 responds with a configuration status word the next time it isread.
F Finish compiling command

Stops compilation of average watts or watt-hour data.

In Current range commands
I0 0.2 amp range (default)
11 0.5 amp range
I2 1 amp range
I3 2 amp range
14 5 amp range
15 10 amp range
16 20 amp range
17 50 amp range
I8 100 amp range




SRQ enable command
Disable SRQ (default)
Assert SRQ for invalid input data

Start compiling command
Starts compilation of average watts or watt-hour data.

QOutput data selection query (Selects data output to the controller on the next read)
Requests voltage data (default)

Requests current data

Requests power data

Requests average power data

Requests watt-hour data

Voltage range commands
50 volt range (SV 2300L) (default)

150 volt range (15V 2300L)
300 volt range (30V 2300L)
600 volt range (60V 2300L)

Display selection commands (Selects which channel’s data is displayed and output)
pA data (default)

¢B data

¢C data

3¢ 3-wire data

3¢ 4-wire data




SECTION ViiI CALIBRATION PROCEDURE

8-1. General

This section provides calibration
procedures for the 2300 Series Digital
Power Analyzers. Two calibration
procedures are included.  First, the
Routine Calibration of Section 8-4 should
be performed at regular intervals
(anmually is recommended) to ensure that
full instrument accuracy is maintained.
The other, referred to as Post-
Maintenance Calibration, need be
performed only after repair or component
replacement.

8.2, Procedure Notes

Calibration should be performed with the

top and bottom covers installed except
when making adjustments requiring their
removal. It is recommended that the unit
be allowed two hours for warm-up prior to
calibration to achieve temperature
stabilization. Maximum thermal stability
may be achieved through the use of a
calibration cover (Valhalla Stock #04-
10749). This item allows adjustments to
be made without having to repeatedly
raise and lower the top cover.

A shorthand notation is used in the two
procedures to identify the location of the
calibration adjustments. The adjustments
on the signal processing boards are
identified ¢A, ¢B, and ¢C. For example,
the calibration step using R3 on the phase
A signal processing board is noted as
¢»AR3. The main board is identified in a
similar manner e.g. MBR3.

The locations of the adjustments are
shown on drawings 2300-600 for the signal
processing board and 2300-601 for the
main board.

&=====

8-3. Required Test

Equipment

The following test equipment is required
for calibration of the 2300 Series of
Digital Power Analyzers:

1) AC Voltage Calibrator: 1V to 600V,
+0.03% Accuracy (Valhalia 2703 or
equivalent),

2) AC Voltage & Phase Calibrator: 0 to
2V, £0,03% Accuracy (Valhalla 2705
or equivalent).

3) ACTransconductance Amplifier: 0.1A
to 100A, +0.25% Accuracy (Valhalla
2555A or equivalent).

4) DC Voltmeter with DC Accuracy of
+0.3% or greater.

8-4. Routine Calibration

This procedure should be performed at
regular intervals to ensure specified
instrument accuracy. The procedure must
be performed in-its-entirety and-in the
order given. Skipping steps or performing
them out of order may cause the entire
instrument to be out of calibration.
Calibration adjustments are accessed by
removing the 5 screws in the rectangular
top cover of the instrument. This cover
should be kept in place except during
adjustment to achieve maximum thermal
stability.

When calibrating the 2300L or 2301L,
reduce all of the voltage inputs to one-
tenth the value given. In all steps, the
voltage and current calibrator frequencies
should be set to 100Hz.



8-4-1. Voltage Calibration

2 When calibrating Models 2301 and
2301L, only steps 1 through 12 need be
performed,

1) Connect the DVM low lead to a phase
A shield screw, high lead to ¢ AIC7 pin
6. Adjust ¢AR3 for 0 volts + 1mV
DC. Disconnect the DVM.

2) Connect the AC Voltage calibrator as
shown in Figure 8-1.

3) Select ¢A and the 600 (60) volt range.

4) Apply 600.0 volts and adjust MBR20
for a display of 600.0.

S) Apply 60.00 volts and adjust MBR119
for a display of 60.0.

6) Repeat steps 4 and 5 for minimum
interaction.

7) Select the 300 (30) volt range.
8) Apply 300.0 volts and adjust MBR24
for a display of 300.0.

9 Select the 150 (15) volt range.
10) Apply 150.00 volts and adjust
MBR18 for a display of 150.00.

11)  Select the 50 (5) volt range.
12)  Apply 50.00 volts and adjust
MBR22 for a display of 50.00.

“Disconnect the voltage calibrator,

13)  Connect the DVM low lead to the
phase B shield, high lead to ¢ BIC7
pin 6. Adjust ¢BR3 for Ov = 1ImV
DC. Disconnect the DVM.

14)  Connect the AC Voltage Calibrator
as shown in Figure 8-2.

15)  Select ¢B and the 600 (60) volt
Tange.

16) Apply 6000 volts and adjust
¢BR22 for a display of 600.0.

17)  Apply 60.00 wvolts and adjust
MBR219 for a display of 60.00.

18)

19)
20)

21)
22)

23)
24)

25)

26)

27)
28)
29)

30)

31y

32)

33)
34)

35)
36)

Repeat steps 16 and 17 for
minimum interaction.

Select the 300 (30) volt range.
Apply 3000 wvolts and adjust
¢BR25 for a display of 300.0.

Select the 150 (15) volt range.
Apply 150.00 volts and adjust
¢BR27 for a display of 150.00.

Select the 50 (5) volt range.

Apply 50.00 wvolts and adjust
¢BR29 for a display of 50.00.
Disconnect the voltage calibrator,

Connect the DVM low lead to the
phase C shield, high lead to ¢CIC7
pin 6. Adjust ¢CR3 for Ov = 1mV
DC. Disconnect the DVM.

Connect the AC voltage calibrator
as shown in Figure 8-3.

Select ¢C and the 600 (60) volt
range.

Apply 600.00 volts and adjust
¢CR22 for a display of 600.0.
Apply 60.00 volts and adjust
MBR3219 for a display of 60.00.
Repeat steps 28 and 29 for
minimum interaction.

Apply 300.0 volts and adjust
$CR25 for a display of 300.0.

Select the 150 (15) volt range.
Apply 150.00 volts and adjust
$CR27 for a display of 150.00.

Select the 50 (5) volt range.

Apply 50.00 volts and adjust
¢CR29 for a display of 50.00.
Disconnect the voltage calibrator.




8-4-2. Current Calibration

% When calibrating Models 2301 and
2301L, only steps 1 through 16 need be
performed.

1) Connect the DVM low lead to a phase
A shield screw, high lead to ¢ AICS pin
6. Adjust ¢AR9 for OV =10mV DC.
Disconnect the DVM.

2) Connect the 2300 as shown in Figure
8-4 using the 1 amp shunt.

3) Select ¢A and the 1 amp range.
4) Apply 1.0000 amp and adjust MBR11
for a display of 1.0000.
5) Apply 0.1000 amp and adjust MBR128
- for a display of 0.1000.
6) Repeat steps 4 and 5 for minimum
interaction.

7) Select the 0.5 amp range.
8) Apply 0.5000 amps and adjust MBR13
for a display of 0.5000.

9) Select the 0.2 amp range.
10) Apply 02000 amps and adjust
MBRI135 for a display of 0.2000.

11) Connect the 2300 as shown in
Figure 8-4 using the 10 amp shunt.

12)  Select the 5 amp range.
13) Apply 5.000 amps ¢ARS5 for a
display of 5.000.

14)  Connect the 2300 as shown in
Figure 8-4 using the 100 amp
shunt.

15)  Select the 50 amp range.

16)  Apply 50.00 amps and adjust AR7
for a display of 50.00. Disconnect
the current calibrator.

17)  Connect the DVM low lead to a

- ¢B shield screw, high lead to

¢BICS pin 6. Adjust ¢BR9 for 0V
+10mV DC. Remove the DVM.

18)
19)
20)
21)

22)

23)
24)

25)
26)

27)

28)
29)

30)

31)
32)

33)

34)

35)
36)

37)

Connect the 2300 as shown in
Figure 8-5 using the 1 amp shunt.

Select ¢B and the 1 amp range.
Apply 1.0000 amp and adjust
¢BR16 for a display of 1.0000.
Apply 0.1000 amp and adjust
MBR228 for a display of 0.1000.
Repeat steps 20 and 21 for
minimum interaction.

Select the 0.5 amp range.
Apply 0.5000 amps and adjust
¢BR15 for a display of 0.5000.

Select the 0.2 amp range.
Apply 02000 amps and adjust
¢BR12 for a display of 0.2000.

Connect the 2300 as shown in
Figure 8-5 using the 10 amp shunt.

Select the 5 amp range.
Apply 5.000 amps and adjust BR3S
for a display of 5.000.

Connect the 2300 as shown in
Figure 8-5 using the 100 amp
shunt.

Select 50 amp range.

Apply 50.00 amps and adjust ¢BR7
for a display of 50.00. Disconnect
the current calibrator.

Connect the DVM low lead to a
¢C shield screw, high lead to
¢CIC5 pin 6. Adjust ¢CR9 for OV
+10mV DC. Remove the DVM.

Connect the 2300 as shown in
Figure 8-6 using the 1 amp shunt.

Select ¢C and the 1 amp range.
Apply 1 amp and adjust ¢CR16 for
a display of 1.0000.

Apply 0.1000 amp and adjust
MBR328 for a display of
0.1000.




38) Repeat steps 37 and 38 for
minimum interaction.

39)  Select the 0.5 amp range.
40) Apply 05000 amps and adjust
¢CRI1S5 for a display of 0.5000.

41)  Select the 0.2 amp range.
42)  Apply 0.2000 amps and adjust
¢CR12 for a display of 0.2000.

43) Connect the 2300 as shown in
- Figure 8-6 using the 10 amp shunt.

44)  Select the 5 amp range.
45)  Apply 5.000 amps and adjust ¢CRS
for a display of 5.000.

46) Connect the 2300 as shown in
' Figure 8-6 using the 100 amp
shunt,

47)  Select the 50 amp range.

48)  Apply 50.00 amps and adjust CR7
for a display of 50.00. Disconnect
the current calibrator.

8-4-3. Power Calibration

& When calibrating Models 2301 and
23011, only steps 1 through 20 need be
performed.

1) Connect the 2300 as shown in Figure
8-7.

2) Select @A, the 1 amp and the 150 (15)
volt ranges.

3) Apply 150.00 volts and 1.0000 amps
and adjust MBR27 for a display of
150.00.

4) Apply 15.00 volts and 1.0000 amps and
adjust MBR110 for a display of 15.00.

5) Repeat steps 3 and 4 for minimum
interaction.

6) ‘Select the 50 (5) volt range. -
7} Apply 50.00 volts and 1.0000 amps and
adjust MBR37 for a display of 50.00.

8) Select the 300 (30) volt range.
9) Apply 300.0 volts and 1.0000 amps and
adjust MBR39 for a display of 300.0.

10)  Select the 600 (60) volt range.

11)  Apply 600.0 volts and 1.0000 amps
and adjust MBR3S5 for a display of
600.0.

12)  Select the 0.5 amp and 50 (5) volt
~ ranges.
13)  Apply 50.00 volts and 0.5000 amps
and adjust MBR41 for a display of
25.00.

14)  Select the 150 (15) volt range.

15)  Apply 150.00 volts and 0.5000 amps
and adjust MBR33 for a display of
75.00.

16)  Select the 0.2 amp and 50 (5) volt
ranges.

17)  Apply 0.2000 amps and 50.00 volts
and adjust MBR31 for a display of
10.000.

18)  Select the 600 (60) volt range.

19)  Apply 600.0 volts and 0.2000 amps
and adjust MBR29 for a display of
120.00.

20) Connect the 2300 as shown in
Figure 8-8.

21)  Select ¢B, the 1 amp and the 150

(15) volt ranges.

22)  Apply 150.00 volts and 1.0000 amps
and adjust ¢BR40 for a display of
150.00.

23)  Apply 15.00 volts and 1.0000 amps
and adjust MBR210 for a display of
15.00.

24) Repeat steps 22 and 23 for
minimum interaction.

25) Connect the 2300 as shown in
Figure 8-9.

26)  Select ¢C, the 1 amp andt ‘
the 150 (15) volt ranges. @ '




27)  Apply 150.00 volts and 1.0000 amps
and adjust ¢CR40 for a display of
150.00.

28)  Apply 15.00 volts and 1.0000 amps
and adjust MBR310 for a display of
150.00.

29) Repeat steps 27 and 29 for
minimum interaction.

8.5, Post-Maintenance Calibration

The Post-Maintenance Calibration is a
rough adjustment procedure that should
be performed following repair or
component replacement to bring the 2300
within range of the Routine Calibration
adjustments. This procedure need be
performed only following instrument
repair, and need not be performed on a
regular basis. This procedure should be
followed by full calibration using the
procedure of Section 8-4. In all steps the
voltage and current calibrators should be
set to 100Hz.

8-5-1. A-to-D Reference Calibration

Do not adjust DBRY, DBR34, or DBR48
on the display board at any time!#l These
are factory only calibrations and never
need adjustment. If any A-to-D converter
is repaired consult the factory for the
adjustment procedure.

-8-5-2. Voltage Calibration

1) Connect the DVM low lead to a phase
A shield screw, high lead to ¢ AIC7 pin
6.

2) Adjust ¢AR3 for 0V z1mVDC,

3) Connect the 2300 as shown in Figure
8-1. Move the DVM high lead to the
left side of R37.

4) Select A and the 600 (60) volt range.

5) Apply 600.0 volts and adjust ¢AR22
for 5.000 VDC on the DVM.

6) Select the 300 (30) volt range.
7y Apply 300.0 volts and adjust ¢AR25
for 5.000 VDC on the DVM.

8) Select the 150 (15) volt range.
9) Apply 150.00 volts and adjust ¢AR27
for 5.000 VDC on the DVM.

10)  Select the 50 (5) volt range.
11)  Apply 5000 wvolts and adjust
»AR29 for 5.000 VDC on DVM.

12) Disconnect the DVM and AC
voltage calibrator.

8-5.3, Current Calibration

1) Connect the DVM low lead to a phase
A shield screw and the high lead to
¢AICS pin 6.

2) Adjust pAR9 for OV £10mV DC.

3) Connect the 2300 as shown in Figure
8-4 using the 1 amp shunt. Move the
DVM high lead to the left side of R38.

4) Select ¢A and the 1 amp range.
5) Apply 1.0000 amps and adjust pAR16
for 5.000 VDC on the DVM.

6) Select the 0.5 amp range.
7) Apply 0.5000 amps and adjust $AR15
for 5.000 VDC on the DVM.

8) Select the 0.2 amp range.
9) Apply 0.2000 amps and adjust pAR12
for 5.000 VDC on the DVM.

10) Connect the 2300 as shown in
Figure 8-4 using the 10 amp shunt.

11)  Select the 10 amp range.
12)  Apply 10.000 amps and adjust

¢ARS for 5.000 VDC on ::|

the DVM.




13) Connect the 2300 as shown in
Figure 8-4 using the 100 amp
shunt.

14)  Select the 100 amp range.
15)  Apply 100,00 amps and adjust
¢AR7 for 5.000 VDC on the DVM.

16)  Disconnect the DVM and current
calibrator.

8-5.4, Power Calibration

1) Connect the 2300 as shown in Figure
8-7.

2) Select ¢A and the 150 (15) volt and 1
amp ranges.

3) Connect the DVM low lead to the
negative leg of MBCS and the high
lead to the front leg of MBR9.

4) Apply 150.00 volts and 1.0000 amps
and adjust pAR40 for 2.500 VDC.

5) Disconnect the DVM and calibrators.

8-6. Option 10X Calibration

Option I0OX should be calibrated following
successful completion of the Routine
Calibration procedure of Section 8-4. In
this procedure, all measurements are
made at the IOX connector using a DC

with DVM high lead. The DVM low lead
should be connected to the IOX connector
common at pin 12. '

Adjustments are accessed by removing the
bottom cover of the instrument. Caution!
AC line power is exposed at this point.
Take precautions to avoid contact with
AC power wiring.

Note: In simultaneous TL-4/10X
installations, adjustments are accessed
from the top of the instrument and
removal of the bottom cover is not
necessary.

8-6.1. Channel A 10X Calibration

1) Connect the 2300 as shown in Figure
8-7. Select @A, 150 (15) volts, 1 amp
ranges.

2) Apply 150.00 volts and adjust RV12
for an output of 5.000 volts at pin 1 of
the IOX connector.

3) Apply 15.00 volts and adjust RV1 for

~an output of .5000 volts at pin 1 of the
10X connector.

4} Repeat steps 2 and 3 for minimum
interaction.

S) Apply 1.0000 amps and adjust RV13
for an output of 5.000 volts at pin 2 of
the IOX connector.

6) Apply .1000 amps and adjust RV2 for
an output of .5000 volts at pin 2 of the
10X connector.

7) Repeat steps 5 and 6 for minimum
interaction.

8) Apply 150.00 volts and 1.0000 amps;
adjust RV14 for 5.000 volts at pin 3 of
the 10X connector.

9) Apply 15.00 volts and 1.0000 amps and
adjust RV7 for .5000 volts at pin 3 of
the 10X connector.

10)  Repeat steps 8 and 9 for minimum

interaction.

11)  Apply 150.00 volts and 1.0000

at pin 10 of the IOX connector.
12y  Apply 15.00 volts and 1.0000 amps
- and adjust RV10 for .2500 volts at
pin 10 of the IOX connector.
13) Repeat steps 11 and 12 for
minimum interaction.

14)  Apply 150.00 volts and 1.0000 amps
and adjust RV16 for 1.666 volts at
pin 11 of the IOX connector.

15)  Apply 15.00 volts and 1.6000 amps
and adjust RV11 for .1666 volts at
pin 11 of the IOX connector.

16) Repeat steps 14 and 15 for
minimum interaction. :




8-6-2. Channel B 10X Calibration

1) Connect the 2300 as shown in Figure
8-8. Select ¢B, 150 (15) volts, and 1
amp ranges.

2) Apply 150.00 volts and adjust RV17

- for 5.000 volts at pin 4 of the IOX
connector.

3) Apply 15.00 volts and adjust RV3 for
5000 wvolts at pin 4 of the IOX
connector.

4) Repeat steps 2 and 3 for minimal
interaction.

5) Apply 1.0000 amps and adjust RV18
for 5.000 volts at pin 5 of the IOX
connector. _

6) Apply .1000 amps and adjust RV4 for
5000 volts at pin 5 of the IOX
connector.

7) Repeat steps 5 and 6 for minimal
interaction.

8) Apply 150.00 volts and 1.0000 amps
and adjust RV19 for 5.000 volts at pin
6 of the IOX connector.

9) Apply 15.00 volts and 1.0000 amps and
adjust RV8 for .5000 volts at pin 6 of
the 10X connector.

10) Repeat steps 8 and 9 for minimal

interaction.

11) - Apply 150.00 volts and 1.0000 amps
and adjust RV20 for 1.666 volts at
pin 11 of the IOX connector.

8-6-3. Channel C IOX Calibration
1) Connect the 2300 as shown in Figure
8-9. Select ¢C, 150 (15) volt and 1

amp ranges. _

2) Apply 150.00 volts and adjust RV21

for 5.000 volts at pin 7 of the IOX

connector.

3) Apply 15.00 volts and adjust RV5 for
5000 volts at pin 7 of the IOX
connector.

4) Repeat steps 2 and 3 for minimal
interaction.

5) Apply 1.000 amps and adjust RV22 for
5.000 volts at pin 8 of the IOX
connector.

6) Apply .1000 amps and adjust RV6 for
5000 volts at pin 8§ of the 10X
connector.

7) Repeat steps 5 and 6 for minimal
interaction.

8) Apply 150.00 volts and 1.0000 amps;
adjust RV23 for 5.000 volts at pin 9 of
the IOX connector.

9) Apply 15.00 volts and 1.0000 amps and
adjust RV9 for .5000 volts at pin 9 of
the IOX connector.

10)  Repeat steps 8 and 9 for minimal

interaction.

11y  Apply 150.00 volts and 1.0000 amps
and adjust RV24 for 2.500 volts at
pin 10 of the IOX connector.

12)  Apply 150.00 volts and 1.0000 amps
and adjust RV25 for 1.666 volts at
pin 11 of the IOX connector.

8-7. Option 10-3 Calibration

Option I0-3 calibration should be
performed only after the 2301 has been
completely calibrated. The 10-3 may be
calibrated in any volts and any current
range desired, provided that the user
provides full scale voltage and current for
those ranges (i.e. 600V on the 600V
range). In the following procedure the
150V/1A ranges and inputs are used.

Connect the inputs as shown in Figure 8-7
and select the 150V and 1A ranges. A
DVM with at least .03% DC accuracy is
used to monitor the outputs of Option IO-
3. The pin functions for the IO-3
connector are shown in Figure 3-2
at the front of this manual essesl
adjustments are accessed by [EEEd




removing the bottom cover of the
instrument. Caution! AC line power is
exposed at this point. The I0-3
adjustment potentiometers are located on
a small PC board near the AC receptacle.

8-7-1. 10-3 Volts Calibration

Connect the DVM negative lead to pin 3
of the IO-3 connector on the rear panel.
Connect the DVM positive lead to pin 6.
Apply 15.00 volts (1/10 of full scale) to
the 2301. Adjust RV2 "Volis Zero" on the
I0-3 board for .5000 volts on the DVM.
Apply 150.00 volts (full scale) to the 2301
and adjust RV1 "Volts Scaling” for 5.000
volts on the DVM. Repeat as necessary
for minimom interaction.

8-7-2. 10-3 Amps Calibration

Connect the DVM negative lead to pin 2
of the IO-3 connector. Connect the DVM
positive lead to pin 1. Apply .1000 amps
(1/10 of full scale} to the 2301. Adjust
RV4 "Amps Zero" for .5000 volts on the
DVM. Apply 1.0000 amp (full scale) to
the 2301. Adjust RV3 "Amps Scaling" for
5.000 volts on the DVM. Repeat as
necessary for minimum interaction.

8-7-3. 10-3 Watts Calibration

Connect the DVM negative lead to pin 4
of the 10-3 connector. Connect the DVM
positive lead to pin 5. Apply 15.00 volts
and 1.0000 amp (1/10 of full scale watts)
to the 2301. Adjust RV6 "Watts Zero" for
5000 volts on the DVM. Apply 150.00
volts and 1.0000 amp (fullscale watts) to
the 2301. Adjust RV5 "Watts Scaling” for
5.000 volts on the DVM. Repeat as
necessary for minimum interaction.

& [f 10-3 is installed in a Model 2300 as
opposed to a 2301, RV6 should be
used to adjust the "Watts Zero" output
for .2500V, not .3000V. The
adjustment of RV6 is eliminated in the
2300,
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SECTION IX MAINTENANCE AND TROUBLESHOOTING

9.1. General

The following paragraphs provide the
information required to perform the
required periodic maintenance and basic
guidelines for troubleshooting the 2300.

9.2, Periodic Maintenance

The 2300 requires little periodic
maintenance other than regular
performance of the calibration procedure
of Section 8. Maintenance which may be
required is discussed in the following
paragraphs.

9-2-1. Cleaning

It is recommended that the 2300 be
operated in a clean environment.
However, if the environment is dusty
periodic cleaning of the unit will be
necessary.

Loose dirt or dust which has collected on
the exterior surfaces of the 2300 may be
removed with a soft cloth or brush. Any
remaining dirt may be removed with a soft
cloth dampened in a mild soap and water
solution. Do not use abrasive cleaners.

The front panel may be cleaned with a
soft cloth and a "Windex" type cleaner.
Do not use petrolenm based cleaners on
the front panel.

If required, the 2300 interior may be
cleaned by blowing with dry compressed
air,

If the 2300 has become heavily soiled with
dirt or by other contaminants it is
recommended that the unit be completely
overhauled. Contact your local Valhalla
Scientific Service Center for details.

9.2-2. Tightening

Tightness of comnections to the input
terminals is important for safety and
reliability of measurements. Loose
connections, especially when working with
high current levels, may cause excessive
temperatures to build up on the shunt
input terminals. This contact resistance
also requires the source to supply
additional power in order to overcome it.
It is recommended that power be
periodically removed and the integrity of
connections checked as they may have
become relaxed. '

9.3, Troubleshooting

The following paragraphs give basic
procedures for troubleshooting and
component replacement in the 2300.

9.3-1. Component Replacement

The 2300 accuracy and reliability can only
be maintained if the following precautions
are taken when changing a component:

a  Remove all power from the instrument
and input terminals before attempting
component replacement.

»  Use only the specified component or
its exact equivalent. Spare parts may
be ordered from your nearest Valhalla
Scientific Service Center by referring
to the Valhalla part number listed in
the Parts List section at the back of
this manual. Please provide the type
and serial number of the instrument
with your order.

s Use only 63/37 rosin core electronic
grade solder with a 50W (or lower)
maximum power soldering iron.



o Many of the semiconductor devices
used in the 2300 can be damaged by
static discharges. Thus the user should
follow strict static-free procedures to
ensure that damage does not occur.

a  When resoldering components the user
must ensure that the highest possible
quality soldering is used. A dry joint
may cause the 2300 to drift outside of
its specification limits.

s Minimize handling of components and
assemblies. Transport and store
components in the original containers.

s Discharge static build-up on the user
and instrument prior to handling
components or assemblies.

+ Handle the components such that all
(or as many as possible) of the leads
are in contact with the user.

a Never slide a component over a
surface.

»+ Use a grounded tip soldering iron and
ensure that the assembly being
(de)soldered is also grounded.

9.3.2. Finding the Faulty Component

HAZARDOUS VOLTAGES
MAY BE
PRESENT INSIDE THE 2300

It is not possible to anticipate all failure
modes of the components in the 2300.
Therefore, the servicing technician should
become familiar with Section 10 of this
manual.  Experience has shown that
apparent malfunctions are often the result
of misinterpretation of the specifications
or operating procedures of the unit.
Check to be sure that the cables and other
test equipment are in good order before
attempting to repair the 2300.

- .Shunt only,. ...

Knowledge of circuit operation is a
prerequisite for efficient fault finding in
the 2300. As a servicing aid, the
troubleshooting chart below lists a number
of fault symptoms and the possible causes.
If the exhibited fault symptom is not
shown or a check of the possible causes
does not locate the source of the problem,
then it will be necessary to employ normal
troubleshooting procedures.

SYMPTOM POSSIBLE CARUSES

Biown fuse; Earthy power supplies; A-D
converters; DBIC4 (clock)

No display

Disptay Overload  A-D converter reference; Earthy power
supplies; A-D converters; PCB connectors

Overiload LED
flluminated
with no inputs

Overload Detection; MBIC1i-13;
All phases - MBCR17-18, MBICS-10
Single phase - Signal Processing PCB
Power Supplies; PCB connectors

Single Phase Volts, Signal Processing Board or Receiver
amps or watts not  for phase; PCB connectors
functioning or out

of tolerance

All phases volts, Circuits after MBK1-MBK9
amps, or waits not MBICS for amps
functioning or out MBIC2 for volts
of tolerance MBIC7 for watts
Power Supplics; PCB connectors

Sudden change in  DBICIS; Display Board Reference
calibration affecting
all displays, all ranges

No current reading Check the in-line fuses for the

one or more phases Low Shunt. They are located behind
when using the Low and underneath the shunt assembliy.
-...Replace with.a SA fuse maximum..... ..

Note: The signal processing PCB’s may be interchanged to
aid in troubleshooting. Care should be taken to
ensure that all connector pins mate propesly with the
sockets on the signal processing PCB's before
applying power to the instrument. The signal
processing PCB's should be marked with their
original positions in the chassis (¢A,9B,8C) before
unplugging them. Be sure to reinstall them in their
original positions after troubleshooting.




SECTION X THEORY OF OPERATION

10-1. General

This section gives the theory of operation
of the circuitry used in the 2300, and is
divided into two parts. The first part is a
functional description referring to the
block diagram shown in Figure 10-1. The
second is a detailed description referring
to the schematic diagrams found at the
back of this manual. '

10-2. Functional Descriptions

This section describes the general
operation of each section of the 2300.
The paragraph titles refer to the block
diagram, Figure 10-1. ‘

10-2-1.  Current Amplifier

The current amplifier boosts the small
signals from the current shunts to
workable levels. This stage provides a DC
voltage proportional to the RMS value of
the current to the isolator stage along with
an amplified version of its input to the
power multiplier stage. The gain and
input of this stage is controlled by the
control isolator stage.

10-2-2.  Voltage Amplifier

'The voltage amplifier attenuates the input
at the voltage terminals down to workable
levels. This stage provides a DC voltage
proportional to the RMS value of the
voltage to the isolator stage along with
scaled versions of the input to the power
multiplier stage. The gain of this stage is
controlled by the control isolator stage.

10-2-3.  Power Multiplier

The power multiplier instantaneously
multiplies the current and voltage signals,

producing the watts output.

This stage provides a DC
voltage proportional to the true power to
the isolator stage.

10-2-4, Isolators

The circuitry described so far is floating
from chassis ground. The isolators pass
the current, voltage and power signals
from the floating section to the chassis-
grounded section of the 2300.

10-2-5.  Contro!l Isolators

This stage isolates the signals required to
control the voltage and current amplifiers
from chassis ground through the use of
opto-isolators.

10-2-6.  Receivers

This stage converts the outputs of the
isolators back into DC voltages for the
watts, amps and volts ranging sections.
This stage also selects which signal
processing PCB’s data will be displayed.
The receivers also sum the watts data for
three-phase displays.

10-2-7.  Watts, Amps, Volts Ranging

These three stages scale the power,
voltage, and current data to provide levels
usable by the A to D converters.

10-2-8.  Power Supplies

This section powers the circuitry of all
other sections of the 2300. The power
supply has four separate sections, one
chassis ground-referenced supply for the A
to D’s and three fully floating supplies for
the three signal processing PCB’s.
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10-2-9, A to D Converters and Displays

The three A to D converters convert the
analog voltage, current and power signals
into digital data for display. The A to D
converters are of the dual slope

integrating type.
10-2-10. Control Logic

This stage accepts inputs from the
keyboard and IEEE interface to control
the 2300 ranges. This stage also drives the
front panel LED’s.

10-2-11. Keyboard

The front panel push-buttons are scanned
by the keyboard circuitry. Key data is sent
to the control section for range and
display selection.

10-2-12, IEEE Interface

The IEEE interface contains the circuitry
necessary to control and read the 2300 via
the IEEE-488 bus.

10-3. Detailed Descriptions

The paragraphs that follow use the same
functional blocks as used in 10-2, but give
full detail on operation down to
component level. Throughout this section,
it is assumed that the reader has a
knowledge of electronics and is familiar
with the operation of the 2300 from the
front panel.

10-3-1.  Current Amplifier

The schematic for this section may be
found on drawing number 2300-070. IC1
is a differential four input analog
multiplexer. Pins 9 and 10 are binary
control lines selecting which pair of inputs
are connected to the outputs. The current
shunts are connected across the inputs to
IC1. Pins 1 and 12 are connected across
the 1 amp shunt, pins S and 14 across the

10 amp shunt, and pins 2 and 15 to the
100 amp shunt. Resistive networks R5-
R6, R7-R8 are used to compensate for the
resistance tolerance of the shunts. The
outputs of IC1 are applied to the amplifier
stage composed of IC’s 2 and 3 and their
associated components. ’

The gain of the stage is determined by the
ratio of R11 and the series combination of
R16 and R17. When different current
ranges are selected, relays K1 and K2 are
energized. Series combinations R12-R13
and R14-R15 modify the gain so that the
output of IC2 is always S volts RMS at full
scale of the range selected.

IC3 is connected as a unity gain follower
buffering the output of IC2 from the RMS
converter, current peak detector, and
power multiplier.

IC10 and its associated components form
an RMS-to-DC converter. Its output is a
DC voltage which is equal in value to the
RMS AC voltage input. If the RMS
converter or imultiplier are operated
outside of their range of input levels,
inaccurate readings may result. To
prevent this source of error, peak
comparator IC5 monitors the output of
IC3. If the peak exceeds the limits set by
R33 to R36, opto-isolator IC6 is activated,
which in turn drives the front panel
mounted peak overload LED.

10-3-2.  Voltage Amplifier

The schematic for this section may be
found on 2300-070. The voltage amplifier
is composed of IC4 and its associated
components. The measured voltage is
attenuated by resistors R21-R23 to levels
compatible with IC4. The amplifier’s gain
is set by the ratio of R24 to the series
resistor combinations selected by relays
K3-KS5. With all relays de-energized the
gain of the stage is unity. Series
combinations R29-R30, R27-R28,

R25-R26 modify the gain so that Al




the output of the stage is always 5 volts
RMS at full scale of the range selected.

IC8 and its associated components form
an RMS-to-DC converter. Its output is a
DC voltage which is equal in value to the
RMS AC voltage input. If the RMS
converter or multiplier are operated
outside of their range of input levels,
inaccurate readings may result. To
prevent this source of error, peak
comparator IC7 monitors the output of
IC4. If the peaks exceed the limits set by
R33 to R36, opto-isolator IC6 is activated,
which in turn drives the front panel peak
overload LED.

10-3-3,  Power Multiplier

The schematic for this section may be
found on 2300-070. IC9 and its associated
components form the power multiplier.
The output of the multiplier is one tenth
the product of its inputs. With the inputs
from the current and voltage amplifiers at
5 volts the multiplier output will be 2.5
volts. R39 and C18 smooth the multiplier
output.

10-3-4. Isolators

The schematic for this section may be
found on 2300-070. The DC analog levels

transmitted across the floating earthy
barrier by 'a voltage-to-time converter.
The isolators produce a constant
frequency, variable duty cycle wave to
drive the opto-isolators to bridge the
barrier.

The DC voltage to be isolated is
compared to a very linear triangle wave by
IC13. The output of IC13 is a variable
duty cycle pulse. The pulse width is equal
to the period of time that the triangle
wave is above the DC voltage. If the
voltage increases, the pulses become
narrower. If the voltage drops, the pulses

become wider. The duty cycle will be
50% for zero DC voltage.

ICs 11, 12 and their associated
components form a precision triangle
generator. The triangle’s frequency is
about SKHz. The actual frequency does
not matter. The triangle amplitude is set
by zener diodes CR4 and CRS. IC12 is
configured as an integrator and IC11 as a
comparator. Positive feedback around the
integrator-comparator combination
produces oscillations generating a precise
triangle at the output of 1Cé.

10-3-5, Control Isolators

The schematic for this section may be
found on 2300-070. The gains of the
current and voltage amplifiers along with
the current shunt selection are controlled
by the front panel keyboard. The control
signals are isolated by opto-isolators IC17
and 18 Transistors TR1-5 buffer the
opto-isolator outputs to drive the gain
selection relays K1-KS5.

16-3-6. Receivers

The schematic of this section may be
found on sheets 1 and 2 of 2300-071. The
receivers convert the variable duty cycle
isolator outputs into DC voltages. The

comparator IC103. The outputs of IC103
are clamped to precision levels by diode
pairs CR116-CR115, CR114-CR113,
CR112-CR111. The clamp levels are
established by zener diodes CR17 and
CR18 and their associated components.
The outputs of the clamps are applied to
second order low pass filters IC104-IC106
and their associated components. The
outputs of the filters are DC voltages
proportional to watts, volts, and amps.
Relays K1-K9 select which isolator output
is applied to the summing amplifier 1C4

and the ranging circuits. %




IC4 sums the three watts outputs to
provide total watts displays for 3-phase 3-
wire and 3-phase 4-wire measurements.
Relay K10 selects the gain of IC4 for
optimum display resolution.

The outputs of the voltage and current
comparators are also applied to overload
detection circuits. These detectors
monitor the presence of the variable duty
cycle pulses. If the isolators are being
over-driven (inputs voltage or current
limits are exceeded), the pulses will be
interrupted.

The pulses from IC103 continually trigger
the two- sections of IC11. External timing
components R356-C13, R57-C14 set the
period of the one-shots slightly longer than
the period of the input pulses. As long as
the pulses continue, the one-shot outputs
will remain high. If the pulses stop, the
one shot output goes low which
illuminates the front panel peak overload
LED's.

10-3-7.  V-A-W Ranging

‘The schematic for this section is shown on
2300-071 sheet 1. The ranging circuits are
composed of IC’s 5-8 and their associated
components. The voltage, current, and
power signals from the receivers are
applied to resistor strings R10-R16, R17-
R25, and R26-R42. Taps from the resistor
strings are selected by analog multiplexers
IC5-7. The multiplexer outputs are
applied to the A to D converter inputs for
display. The voltage and current outputs
of the receivers are approximately 5 volts
full scale for all ranges. The power output
may be 0.75 volts, 2.5 volts, or § volts full
scale depending on the voltage and
current range selected and whether a
single or three-phase display is selected.

The A to D converters require 1VDC
input for a display of 10000. The taps on
the resistor strings attenuate receiver

output voltages to the values required for
a full scale display.

10-3-8.  Power Supplies

The schematic for this section may be
found on sheet 2 of 2300-071. The chassis
referenced circuits in the 2300 (main
board, display board, and IEEE-488
board) are powered by the earthy supplies
composed of transformers T1 and T2 and
their associated components. Each
transformer has two primary windings that
are connected in series for 240 wvolt
operation or parallel for 120 wvolt
operation.

The secondary of T1 is rectified by diodes
CR1-CR4 and smoothed by capacitors C1
and C2. IC’s 1 and 2 regulate the raw DC
voltage providing regulated =15VDC,
The +7.5VDC rails are provided by
resistive dividers R1 to R4. The
secondary of T2 is rectified by diodes CRS
and CR6 and smoothed by C5. IC3
regulates the raw DC providing the
+5VDC rail.

Each signal processing PCB is powered by
its own separate floating supply. All three
supplies are identical therefore only the
phase A supply will be described. The
secondary of T101 is rectified by diodes
CR101-CR104 and smoothed by C101 and
C102. ICs 101 and 103 regulate the raw
DC voltages providing the floating
+15VDC rails.

10-3-9. A to D Converters and Displays

The schematic for this section may be
found on 2300-072, sheets 1-3. The
operation of the voltage, current, and
watts A to D converters are the same.
Only the voltage A to D converter will be
described. The A to D converter is
comprised of IC’s 1, 2, and 3, and their
associated components. The A to

D clock is provided by IC4 which %
\




is common to all A to D’s and has an
output of 100KHz at pin 8.

The operating cycle of the dual-slope
integrating A to D converter is divided
into three stages whose duration is set by
the clock. During the first, or auto-zero
stage, the analog input is internally
shorted to analog ground and C3 is
charged to the integrator’s output offset
voltage.  This is connected to the
integrator’s non-inverting input which
subtracts from the analog input, cancelling
the offset.

During the second, or inmput-integrate
stage, the input voltage is connected to the
integrator and IC2 integrates the input for
a precise time (10,000 counts of the clock)
by charging C2 linearly toward the input
voltage. The waveform on C2 is a linear
ramp with a slope proportional to the
input voltage. Thus, the charge on C2 at
the end of this phase is also proportional
to the input voltage.

During the third, or reference-integrate
stage, a precise reference voltage of
polarity opposite to the input voltage is
applied to the integrator. IC2 begins
discharging C2 toward the reference
voltage. Because the reference voltage is
fixed, the discharge slope is always the

same. - Therefore, -the time required to -

discharge C2 back to zero is proportional
to the original input voltage.

The time is measured in IC3 by counting
the oscillator pulses. The IC2-IC3 set is
designed to give a count of 10,000 for a
1.0000VDC input. The count, which is
numerically equal to the value of the input
to IC3, is displayed as the measured
voltage. The reference integration counts,

‘which are accumulated in an internal

counter of IC3, are latched into a
multiplexer also inside 1C3, at the end of
the count period.

During the next series of auto-zero and
integration periods, each digit of the
counts previously latched into the
multiplexer are sequentially placed on the
BCD outputs of IC3 and on the inputs of
IC1, a binary-to-seven segment
decoder/driver. While the most
significant digit data is applied to ICl,
transistor TR1 is turned on by the digit
output of IC3 to provide the anode
voltage for DS1. When the next digit data
is applied to IC1, TR1 is turned off and
TR2 is turned on to provide the anode
voltage for DS2. The sequence is
continued for TR3/DS3, TR4/DS4 and
TR5/DS5 and then repeated. The
repitition rate is sufficiently high that all
digits appear to be continuously
illuminated.

When 3¢ 3-wire or 3¢ 4-wire displays are
selected, the voltage and current displays
are blanked by the control logic. The
logic places a low on pin 4 of ICl,
disabling its outputs. The "9" bars of the
displays are illuminated by CR22.

10-3-10. Conirol Logic

The schematics for this section may be
found on 2300-072 sheets 1, 2 and 3. The
outputs from either the keyboard or the
IEEE interface are selected by IC’s 7, 15,

-and 23. The remote/local line from the

IEEE interface determines which signals
drive the control logic.

The outputs of IC7 are decoded by IC8 to
drive the voltage range LED’s, voltage
display decimal points, and signal
processing board voltage ranges. The
outputs of IC7 also drive IC20 and IC8 on
the main board.

The outputs of IC15 are decoded by IC16
to drive the current range LED’s. The
outputs also drive IC13 and IC20. The
outputs of IC13 drive the current %%

display decimal points and the
signal processing board current ranges.




The outputs of 1C23 are decoded by IC24
to drive the display selection LED’s,
Diode logic is used to control the phase
selection relays. The outputs are also used
to blank the voltage and current displays
for 3-phase displays. The output of IC23
also drives IC20 which controls the power
display decimal points and KW-W LED’s.

10-3-11. Keyboard

The schematics for this section may be
found on 2300-072 sheets 1, 2 and 3. The
front panel push-buttons are scanned by
ICs 6, 14, and 22. These IC’s scan the
voltage, current and display selection
push-buttons, respectively. Their outputs
are BCD coded signals corresponding to
the last push-button pressed. A power-up
reset circuit composed of TR20, C34, R53,
and R54 momentarily energizes relays K1-
K3. The contacts of these relays are
connected across the 600 volt, 100 amp
and A push-buttons to select these ranges
Ol power-up.

16-3-12. 1EEE Interface

The schematic for this section may be
found on 1000-070. The IEEE interface is
composed of microprocessor IC5 and its
support chips. IC’s 2-4 interface the
microprocessor bus to the IEEE bus. The
microprocessor program is contained in
EPROM IC6. The microprocessor bus is
interfaced to the 2300 display board by
peripheral interface adapters IC’s 8-11.
The microprocessor accepts commands
from the IEEE bus and converts them to
data that the 2300 can understand.
Description of the internal workings of the
IC’s on this board is beyond the scope of
this manual. The manufacturer’s data
sheets should be consulted for further
information.

10-3-13. Option 10X

The schematic for this section may be
found on 2300-073. The outputs of the

current and voltage receivers are applied
to unity gain inverting amplifiers IC1-3
and their associated components. The
gain and offset of each amplifier are
adjustable to allow calibration. The
outputs of the watts receivers are applied
to inverting amplifier IC’s 4-5 and their
associated components. The watts
receivers are also applied to summing
amplifier IC6 and associated components
to provide total-watts analog output.

10-4. Models 2301, 2300L and 2301L

The circuit descriptions above referred to
the drawings of Model 2300. The Models
2301, 2300L and 2301L wuse identical
circuitry and the descriptions apply to
these models as well. The following
differences should be noted:

1) The signal processing board schematic
" is the same.

2) The main PCB schematic for Models
2301 and 2301L is drawing number
2301-071.

3) The display PCB schematic for Models
2301 and 2301L is drawing number
2301-072.

4) The main PCB and display PCB
assembly drawings for Models 2301
and 2301L are drawing numbers 2301-
601 and 2301-602.

5) Refer to the Parts List section of this
manual for the corrected parts lists for
these models.




SECTION XI SPECIAL APPLICATION NOTES

The following pages contain notes specific to certain applications. Review of

these notes is recommended in order to obtain maximum utility and safety from
the 2300 Series of Power Analyzers. The topics are listed below.

AN101 Protecting the 2300 from Inductive Loads

Figure 1. Single-phase Inductive Load Protection (Method 1)

Figure 2. Three-phase Three-wire Inductive Load Protection (Method 1)
Figure 3. Three-phase Four-wire Inductive Load Protection (Method 1)
Figure 4. Single-phase Inductive Load Protection (Method 2)

Figure 5. Three-phase Three-wire Inductive Load Protection (Method 2)
Figure 6. Three-phase Four-wire Inductive Load Protection (Method 2)

AN102 Using Current and Potential Transformers

Figure 1. Current Transformer Connections

Figure 2. Potential Transformer Connections

Figure 3. Current Transformer/Potential Transformer Connections
AN103 Source Power Measurements

Figure 1. Load Power Connections

Figure 2. Source Power Connections

Figure 3. Lead Resistance Error Sources

Figure 4, Minimizing Error Sources

AN164 Measnring Phase Currents in 3-Wire Systems

Figure 1. Three-phase Three-wire Standard Connections
Figure 2. Alternate Three-phase Three-wire Connections

AN105 Measuring Transformer Loss with the 2300
Figure 1. Transformer Loss Connections
AN106 Measuring Power Factor and Reactive Volt Amperes

Figure 1. Watts, VA’s, VAR’s and PF



AN107 Minimizing Error Sources Using Three-Wire Connections

Figure 1. Three-wire Digital Power Analyzer

Figure 2. Digital Power Analyzer Error Sources
Figure 3. Error Source Reduction

Figure 4. Measuring Power Loss in Connecting Leads

AN108 Measuring Single-Phase Three-wire Power
Figure 1. Single-phase Three-wire Power

Figure 2. Single-phase Three-wire Connections
Figure 3. Alternate Single-Phase Three-wire Connections




APPLICATION NOTE AN101
PROTECTING THE 2300 DIGITAL POWER ANALYZER
‘ FROM INDUCTIVE LOADS

101-1. General

The 2300 Series of Digital Power
Analyzers is ideally suited for measuring
the power drawn or supplied by large
electric motors, generators, transformers,
or other types of inductive devices. The
testing of highly inductive loads such as
these requires that precautions be taken to
protect the 2300 from damage due to
inductive kickbacks. Very high voltage
spikes may be produced when the motor
or transformer is disconnected from the
source. Spikes may also be produced
when a resistive load is disconnected from
an inductive source, e.g. a transformer or
generator. These spikes can easily exceed
the common mode and series mode
specifications of the 2300.

101.2. Protection Methods

There are two methods of protecting the
2300 from inductive kickbacks. These
methods are described in the following
paragraphs.

101-2-1. Switch Protection

In this method a switch is placed between
the 2300 and the inductive load. When
disconnecting, the load switch SW1 should
be opened first. Switch SW2 can now be
opened, disconnecting the 2300 from the
source. Figures 1, 2 and 3 detail this type
of protection for single and three-phase
loads.

101-2-2, Spark Gap Protection

In many cases the switch protection
method is not practical. Spark gap

protection is the preferred method of
protecting the 2300 from inductive
kickbacks because the protection is not
dependent on the operator. The spark
gap(s) dissipate the energy from the
inductive kickback. Figures 4, 5 and 6
detail this type of protection for single and
three-phase connected loads. When the
source is also inductive, e.g. a generator,
additional spark gaps should be used. In
all cases the spark gaps should be
connected close to the load (source) and
as far from the 2300 as practical.

All connections should be made using
heavy gauge wire. The spark gap voltage
rating should be selected at two to four
times the working voltage, 1500 volts
maximum. The energy rating in joules
depends on the load. For motors, a good
rule of thumb is 10 joules per horsepower.
For transformers, the energy rating can be
calculated from the equation:

MRGY:% (LI?)

Where:

Energy = the stored energy in the inductor in
Joules

L= the inductance in Henries

I= the current used to charge the inductor

{supply current) in amps

If the inductance of the transformer is
estimated, use a spark gap of higher
energy rating than calculated for a margin
of safety. Spark gaps are available from
C.P. Clare, among others.
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APPLICATION NOTE AN102
USING CURRENT AND POTENTIAL TRANSFORMERS WITH
VALHALLA SCIENTIFIC DIGITAL POWER ANALYZERS

102-1. General

Current and potential transformers (CT’s
and PT’s) may be used with any Valhalla
Digital Power Analyzer to increase its
measurement range. Clamp-on CT's may
also be used to simplify power analyzer
connections.

102-2. Current Transformers

Current transformers (CT’s) are used to
extend the current measurement
capabilities of Valhalla digital power
analyzers. CT's are available in many
ratios, maximum current ratings and
isolation voltages.

There are two styles of CT’s available,
fixed and clamp-on. Fixed CT’s are
generally used for permanent test set-ups.
‘The conductor being measured must be
disconnected, passed through the center of
the CT, and reconnected. Clamp-on CT’s
are easier to use because they are just
clamped arcund the conductor.  The
conductor need not be disconnected when
using a clamp-on CT.

CT'’s are also used for isolating the power
analyzer from high voltage systems. Many
high voltage systems operate at current
levels directly measurable by the power
analyzer, but with voltages beyond the
power analyzer limits. The isolation
voltage rating should be at least 1% times
the peak input voltage.

When selecting a CT, try to use decade
ratios e.g. 10:1, 100:1, etc. Decade ratios
make for easier power analyzer
measurements. The user just mentally

moves the current and power display
decimal points to the right the appropriate
number of places. Of course, non-decade
ratios may also be used. If the power
analyzer is remotely controlled via the
IEEE interface, the controlier can apply
the CT ratio to the measurements
automatically. The maximum current
rating of the CT should be selected 1%
times the expected current to allow for
high crest-factor waveforms,

The ratio accuracy of CT’s is usually about
2%. This is quite a bit wider than the
accuracy of a digital power analyzer. The
easiest way to improve this accuracy is to
measure the actual ratio and use this
value when correcting measurements.
CT’s are low frequency devices, typically
50-400Hz. At high frequencies their phase
shift will cause the power measurement to
be in error.

CAUTION!

When using CT’s, never open-
circuit their secondaries while
power is applieds

The CT will act like a step-up transformer
and may produce lethal voltages which can
damage the operator and/or the power
analyzer.

Figure 1 illustrates the basic method of
connecting a CT to a digital power
analyzer. Other methods are shown in
Section 6.




102-3. Potential Transformers

Potential transformers (PT’s) are used to
extend the voltage measurement
capabilities of Valhalla digital power
analyzers. PT’s are available in many
ratios, maximum voltage ratings and
isolation voltages.

PTs can be used to isolate the digital
power analyzer from high voltage systems.
Some high voltage systems operate at
voltage levels directly measurable by the
power analyzer but at common mode
voltages beyond the power analyzer's
limits. The isolation voltage rating should
be at least 1% times the common mode
voltage or peak input voltage.

When selecting a PT, try to use decade
ratios, e.g. 10:1, 100:1, etc. Decade ratios
make for easier power analyzer
measurements. The user just mentally
moves the voltage and power display
decimal points to the right the appropriate
number of places. Of course, non-decade
ratios may also be used. If the power
analyzer is remotely controlled via the
IEEE interface, the controller can apply
the PT ratio to the measurements
automatically. The maximum voltage
rating of the PT should be selected 1¥2
times the expected voltage level to allow
for high crest factor waveforms, - :

The ratio accuracy of PTs is usually about
2%. This is quite a bit wider than the
accuracy of a digital power analyzer. The
easiest way to improve the accuracy is to
measure the actual ratio and use this
value when correcting measurements.
PT’s are low frequency devices, typically
50-400Hz. At high frequencies, their
phase shift will cause the power
measurement to be in error. Figure 2
illustrates the method of connecting a PT
to a digital power analyzer. Other
methods are shown in Section 6.

102-4. Using Both CT’s and PT’s

Most applications using PT’s will also use
CTs as well. In this case, the power
measurement must be multiplied by both
the CT and PT ratios. Figure 3 illustrates
a method of connecting a CT and PT to a
digital power analyzer. Section 6 contains
other variations on this method.

102-5. Poly-Phase Systems

When measuring poly-phase systems,
multiple CT’s and/or PT’s are required.
When calculating total power, the
individual phase powers should be scaled
by the CT/PT ratios and then summed as
shown below:

Total Power =

(W,xPT,xCT,) + (W, x PT, x CT) +
(W, x PT.x CT)) +..+ (W, x PT, x CT,)

Where:
W, = Phase n watts
PT, = Phase n PT ratio
CT, = Phase n CT ratio

o
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APPLICATION NOTE AN103
SOURCE POWER MEASUREMENTS WITH THE 2360

103-1. General

The 2300 is ideally suited for measuring
the power supplied by a source, e.g. a
battery, generator or altermator. The
standard method of connecting the 2300 is
for measuring the power drawn by a load
rather than the power supplied by a
source. The difference in these
measurements can be quite significant. A
look at how the 2300 measures power will
aid the user in measuring source power.

103-2. Power Measorement

The 2300 determines power by measuring
the voltage across the load, the current
through the load and the phase difference
between them, The 2300 multiplies these
measurements to obtain power.

Figure 1 details the standard load power
connections.  Note that the power
measured is not the power supplied by the
source. Several watts may be dissipated
by the current shunt which is not
measured by the 2300.

Figure 2 details the connections for
measuring source power. The 2300
measures the total of the power dissipated
by the load and current shunt. The only
other source of inaccuracy is the power
dissipated in the connecting leads. Figure
3 details these error sources. The effect
of lead resistance can be reduced by
connecting the 2300 as shown in Figure 4
and by using heavy gauge wires and
ensuring tight connections.

103-3. Summary

The preceding paragraph described the
techniques for measuring the power
supplied by a source. The examples
shown used single-phase connections for
clarity. The same techniques can be used
for poly-phase systems as well. Three-
phase variations on this drawing may be
found in Section 6. When making source
power measurements, the power
measurement should be multiplied by
minus one (-1) to obtain the correct watts
polarity. The following checklist will aid
the user in obtaining accurate source
power measurements:

1. Connect the 2300 to the source and
load as shown in Figure 4.

2. Use short, heavy gauge wire between
the source and the current common
terminal.

3. Tighten all connections.

4. Multiply the power reading by minus
one (-1).
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APPLICATION NOTE AN104
MEASURING PHASE CURRENTS IN 3-WIRE SYSTEMS
WITH THE 2300

104-1. General

The 2300 is ideally suited for measuring
the power in a 3-phase 3-wire connected
load. Some test procedures require that
the individual phase currents be measured
and recorded. The standard 3-phase 3-
wire connections allow for displaying the
phase A and phase C currents directly.
The phase B current is usually measured
with an external ammeter. The 2300 can
easily be reconnected to measure the
phase B current as well.

104-2, Connections

The standard 3-phase 3-wire connections
are shown in Figure 1. In it, the 2300 uses
the two wattmeter method of measuring 3-
phase 3-wire power. The channel B
wattmeter is not used. The channel B
wattmeter can easily be connected to
measure the phase B current as shown in
Figure 2. The phase currents can be
displayed by pressing the A, B and oC
display selection push-buttons. The total
power is displayed by pressing the 32 3-
wire display selection push-button.
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APPLICATION NOTE AN105
MEASURING TRANSFORMER LOSS
WITH THE 2300

105-1. General

The 2300 is ideally suited for measuring
the loss of single phase transformers. The
following paragraph describes the
connections required to display
transformer loss on the 2300.

105-2. Connections

Figure 1 details the connections to the
2300. Channel A of the 2300 is connected
to measure the input power drawn by the
transformer. Channel C measures the
power sourced by the transformer
secondary. When the 2300 is connected
for source power measurement, the power
display has a negative polarity. The 3¢ 3-
Wire display sums the power
measurements of channels A and C. The
result is the difference between the power
drawn by the transformer and the power
sourced by the transformer. This
difference is the "loss" or the amount of
power dissipated by the transformer.
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APPLICATION NOTE AN106
MEASURING POWER FACTOR AND REACTIVE VOLT-AMPERES WITH
VALHALLA SCIENTIFIC DIGITAL POWER ANALYZERS

106-1. General

Valhalla Scientific digital power analyzers
directly measure the voltage, current and
power drawn by single and poly-phase
loads. Volt-Amperes (VA), Reactive
Volt-Amperes (VAR) and power factor
(PF) are not displayed but can easily be
calculated from the voltage, current and
power measuremenis. The displays of the
2300 may be frozen using the recently
added RUN/HOLD feature to make
calculations easier. The following
paragraphs describe the methods for
calculating VA’s, VAR’s and PF.

106-2. VA’s, Watts, VAR’s and PF

The relationships between VA’s, Watts,
VAR’s and PF can best be described in a
graphical manner. Figure 1 illustrates
these relationships. VA’s are calculated
by multiplying the true RMS voltage and
true RMS current measurements of the
digital power analyzer. Power factor is
the cosine of the angle between VA’s and
Watts and can be calculated using basic
trigonometry. Reactive power, VAR’s, is
calculated from VA’s and Watts using
Pythagorean’s theorem.

106-3. PF, Leading or Lagging?

The terms leading and lagging power
factor refer to the relative phase shift
between the current and voltage
waveforms. The current leads the voltage
in a capacitive load while the current lags
the voltage in an inductive load. When
calculating power factor using present
Valhalla Scientific digital power analyzers

other than the models 2110A/2111A
which display it directly, there is no way of
determining whether the power factor is
leading or lagging. An oscilloscope must
be used to determine leading or lagging.
Fortunately, most every load has a lagging
power factor. If the load has a
transformer, fan, or motor, it is safe to
assume lagging power factors and an
oscilloscope is not required.

106-4. Single-Phase Systems

Determining VA’s, VAR’s and PF in
single-phase systems is straightforward.
Connect the digital power analyzer to the
load and record the voltage, current and
power. Calculate VA’s, VAR’s and PF as
shown in Figure 1.

106-5. Poly-Phase Systems

Determining VA’s, VAR’s and PF in poly-
phase systems is a little more involved
than for single-phase systems.  The
discussion below is for three-phase
systems, however the same ideas can be
expanded for any poly-phase system.

To determine three-phase VA’s and PF,
the individual phase VAR’s must first be
calculated. Referring to Figure 1, it can
be seen that VA’s do not add up unless
the individual power factors are identical.
VAR’s and Watts can be algebraically
summed to obtain three-phase Watts and
VAR’s. Three-phase VA’s and PF are
then calculated from three-phase Watts

and VAR’s.




106-5-1, 3-Phase 4-Wire VA’s, VAR’s
and PF

To determine VA’s, VAR’s and PF for 3-
phase 4-wire connected loads, the
following procedure is recommended.
Refer to Figure 1:

1) Connect the 2300 to the load as
described in Section 6.

2) Measure and record the woltage,
current, and power for each phase.

3) Caliculate pA VA’s and VAR’s,

4) Calculate ¢B VA’s and VAR’s.

5) Calculate ¢C VA’s and VAR’s,

6) Add ¢A, ¢B and ¢C VAR’s to obtain
3-phase VAR’s.

7) Add ¢A, ¢B and ¢C watts to obtain 3-
phase watts.

8) Calculate 3-phase VA’s from 3-phase
VAR’s and watts.

9) Calculate 3-phase PF from 3-phase
VA’s and watts.

When calculating 3-phase VAR’s, it is safe
to assume that the individual phase power
factors are all lagging if the load has a
transformer or motor. An oscilloscope or
Valhalla Model 2110A/2111A may be
used if there is any doubt.

106-5-2. 3-Phase 3-Wire VA’s, VAR’s
and PF

To determine VA’s, VAR’s and PF in 3-

phase 3-wire connected loads the following
procedure is recommended. Refer to
Figure 1.

1) Connect the 2300 to the load as
described in Section 6.

2) Measure and record the voltage,
current and power for ¢A and ¢C.

3) Calculate pA VA’s and VAR’s.

4) Calculate ¢C VA’s and VAR’s.

5) Add ¢A and ¢C VAR’s to obtain 3-
phase VARs.

6) Add ¢A and ¢C watts to obtain 3-
phase watts.

7) Calculate 3-phase VA’s from 3-phase
VAR’s and watts.

8) Calculate 3-phase PF from 3-phase
VA’s and watts.

When calculating 3-phase VAR’s it is safe
to assume that the individual phase power
factors are all lagging if the load has a
transformer or motor. An oscilloscope or
Valhalla Model 2110A/2111A may be
used if there is any doubt.

106-6. PF and VAR Accuracies

The accuracies of the PF and VAR
calculations are the sums of the accuracies
of the voltage, current and power
measurements. For the 2300, the
accuracies are as shown below:

SINGLE PHASE
+ (0.1% V rdg + 0.1% V rng)

+ (0.25% A rdg + 0.25% A mg)
* (0.25% W rdg + 0.25% W g)

3-PHASE 3-WIRE

* (01% V,rdg + 0.1% V_rdg + 02% V mg)
* (0.25% A, rdg + 0.25% A, rdg + 0.5% A rng)
t (0.25% W, rdg + 0.25% W_rdg + 0.5% W mg)

3-PHASE 4-WIRE

. (0.1% V, rdg + 01% Vi rdg + 01% V,rdg + -

03% V rng)

t (0.25% A, rdg + 0.25% A, rdg + 0.25% A,
rdg + 0.75% A rng)

+ (025% W, rdg + 0.25% W, rdg + 0.25% W, rdg
+ 0.75% W rg)
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APPLICATION NOTE AN1067
MINIMIZING ERROR SOURCES IN THREE-WIRE CONNECTED
DIGITAL POWER ANALYZERS

107-1. General

This application note describes the sources
of measurement error in three-wire type
digital power analyzers. Methods for
reducing these error sources are also
discussed.

107-2. 3-Wire Digital Power Analyzers

The term "3-wire digital power analyzer"
refers to the number of terminals the
analyzer uses to connect to the load under
test. Referring to Figure 1, the power
analyzer measures the current flowing
through the current shunt and the voltage
between the current shunt and voltage
common terminal. The voltage
measurement and current measurement
sections of the analyzer share a common
terminal.

107-3. Error Sources

Measurement errors arise in three-wire
type digital power analyzers due to
connecting lead resistances. A power
analyzer hook-up showing error sources is
shown in Figure 2. The contact and lead
resistances are combined and shown as "R
LEAD x", with the x denoting the
individual lead. Lead resistances 1 and 2
do not contribute any error other than
lowering the effective source voltage.
Lead resistances 3 and 4 are sources of
error. The power analyzer measures the
voltage drop across the load plus the lead
resistances. The power measurement will
be in error by the sum of the lead (I°R)
powers.

197-4. Error Reduction

The errors caused by the lead resistances
can be reduced by a factor of 2 by simply
reconnecting the voltage common terminal
of the power analyzer as shown in Figure
3. The effect of "R LEAD 3" is
eliminated. The effect of "R LEAD 4"
can be reduced by using a short heavy
gauge wire and ensuring tight connections.
In applications where it is impractical to
shorten lead 4, an alternate technique is
discussed below.

A measurement is first made using the
connections of Figure 3. The connections
are then changed to those of Figure 4.
This connection measures the power in
lead 4. This power is then subtracted
from the first measurement yielding an
accurate representation of the power in
the load only.
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APPLICATION NOTE AN108
MEASURING SINGLE-PHASE THREE-WIRE POWER
WITH THE 2300

108-1. General

This application note describes the
connections required to measure a single-
phase three-wire connected load with the
2300.

108-2. Single-Phase Three-Wire Systems

This system consists of two 120Vrms
(nominal) lines and a common grounded
neutral conductor. The two 120Vrms lines
are phase shifted 180 degrees. This
systemm is sometimes called "splitphase
120/240V". 120Vrms is measured
between either line and neutral, and
240Vrms line to line. Figure 1 details the
line voltage relationships.

Single-phase three-wire power is available
in most every residential structure in the
United States. Lighting fixtures and wall
outlets are powered from one line and
neutral. Major appliances e.g. electric
clothes dryers, electric ovens and air-
conditioners are commonly powered from
240VAC using single-phase three-wire
pOWer.

108-3. 2300 Connections

Single-phase three-wire systems may be
looked upon as two single-phase power
measurements, The total single-phase
three-wire power is the sum of the
individual phase powers. Figure 2 details
the connections to the 2300. Channels A
and C are used to measure the individual
phase powers. The individual phase

powers are displayed by pressing the oA .

and oC display selection push-buttons.

The total single-phase three-wire power is
displayed by pressing the 32 3-wire display
selection push-button. The voltage and
current displays will be blanked in this
mode.

108-4, Measuring Neutral Current

Some applications require the
measurement of neutral current as well as
total power and line currents. This is
easily accomplished with the 2300. These
connections are shown in Figure 3. The
neutral current is passed through the B
current shunt. The neutral current is
displayed by pressing the B display
selection push-button.

s If this method is used with a Model
2301, only one line may be measured
at a time.
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SECTION XlI MANUAL CHANGES AND ADDENDUMS

If no addendums follow this page your manual is complete as printed.




SECTION Xill PARTS LISTS

The following parts lists have been included in this manual:

2300 Chassis Assembly .. ... .o iiii i e
2300/01 Signal Processing PCB . ....... ... ... ... ... .....
2300 Main PCB ... ivi ittt e
2300 Display PCB . ... ... it
2300L ... et

2301 Chassis Assembly .. ... .o
200 Main PCB ... .. i e
2301 Display PCB ... .. e
1

Option 103 .. ... .. e
Option IOX . . ... e
Option TL-4 . ... . e
Option LF ... .. i ittt e it e




PARTS LIST : 2300-400 REV ¥ 2300 Final Assembly 6/13/1995 Page : 1

REF.DES. STOCK # QUANTITY  wwwmmms DESCRIPTION ---cvvvcmomenann «-~- MANUFACTURING/PURCHASIRG DATA -----
A T N

3 2300-4600 3 2300/01 Signal Processing Board Assembly Assembly 2300-600

4 2306-4601 1 2300 Main Board Assembly Assembly 2300-601

5 2300-502 1 2300 Display Board Assembly Assembly 2300-602

8 2300-410 1 2300 shunt Plate Assy. (3 Phase) Assembly 2300-410

10 04~ 10456 2 7.00" side rail (upper right, lower left) DWG 2300-223

12 04- 10457 2 7.00" side rail (upper left, lower right) DWG 2300-224

13 04-10883 1 Aluminum Bottom Plate DWG 2300-238

14 04- 10884 1 Aluminum Top Cover DWG 2300-239

15 04-10370 & 2793 thassis Support Bar (corner block) DWG 2703-212

16 04-10333 3 Standard Bezel DWG 2724-205

17 04- 10346 1 2300/2575A74100 Main bd. support bar DWG 2300-214

19 04-10882 1 Aluminum Flip Lid DHG 2300-237

20 04-10503 1 2300 front panel (screened) pwG 2300-100 using 04-10340

21 04-10342 1 2300/2301 Rear panel PWG 2300-201

22 04- 10345 2 2300 Windtunnet DWG 2300-202

24 G4~ 10332 2 $tandard Corner Block DMWE 2724-204

25 G4- 10305 1 43008 Butch Plate DWG 4300-213

e7 g5-10350 27 Grommet, caterpillar, .18" thick Smith 2694

28 05-10166 1 Receptical, AC, filter Corcom 6EF1

29 04-10900 1 Flip Lid Label DWG 2300-104

34 05-190213 3 Card guide,snap-in,4.125 lg.,0.47 wide Unitrack RAD&125

25 05-03017 1 s$iide Switch,115/230V,2Pole Switeheraft, 4625LFR

36 05-10018 1 Fuseholder, panel mount Littiefuse 345061

37 0503061 1 $witch,Power Black,Yellow,2PDT Schadow, ZFNE152UEE 110101068

39 05-10317 2 Washer, nylon, shoulder, # Keystone 3053

40 05- 10425 3 Grommet,1.D. 5/16%, ¢.D. 5/8% Smith 2174

41 05- 10361 2 Foot, hard, rubber, grey ACC.Rubber 2095W-017-GREY

44 05- 10570 1 Hote Plug,Black,.687 bia. Keyco,2673(Black),DP-£687

45 92- 06004 7 6-32 x 1/4% Phil Truss Head S§.S.

46 04~ 10469 1 2300 Main bd. support bar (front end) DWG 2300-225

48 906-06009 2 #6-32 x 9/16" Phil Pan $.S.

49 91-06006 5 #6-32 x 3/8% Phil Flat 82 Peg. 8.5,

50 90-06006 13 #6-32 x 3/8" Phil Pan S.S.

51 90- 046006 5 #6-32 x 3/8" Phil Pan §.S.

52 93-04008 2 #-40 x 172" Phil Pan $.5.

53 91-06009 20 #6-32 x 9/16" Phil Flat 82 Deg. §.S.

54 9G- 06004 2 #6-32 x 174" Phil Pan S.S.

55 98- 04001 4 #4 Split Lock HWasher §.S.

56 98-06002 23 #6 Internal Star Washer, $.S.

57 90- 06005 8 #6-32 x 5716" Phil Pan §.S.

58 C5- 10086 1 Solder lug, #6, internal star Smith 1412-6

59 05- 10431 2 standoff, 1/4 hex, 3/8 lg, 6-32, M-F RAF 4532-632-55-0

60 Q706001 5 #6-32 Hex Nut, Small Pattern, Stainless-Steel

6% g5-10M1% 12 Cable tie, &4Mx 1/8% Panduit WRN-4

62 05- 10261 3 Tie-wrap block, large Panduit ABMZ2S-A

63 80-01316 18 16awg Wire, Green PVC M16878/1-BJE-5

&4 80-01218 48 18awg Wire, Red PVC M16878/1-BHE-2

65 80-01018 48 18awg Wire, Black PVC M16878/1-BHE-D

66 80-01918 48 18awg Wire, White PVC M16878/1-BEE- @

&7 80-01518 48 18awg Wire, Green PVC M16878/1-BHE-5

68 70-00008 36 1/2% Black Shrink Tubing ANX 364-011-05CC-02



PARTS LIST : 2300-400 REV Y 2300 Final Assembly

REF.DES. STOLK #

73 906-06007
73 97-04001
77 05-04002
79 05- 10808
80 91-06010

A

[SS I VIR S B

#6-32 x 7/16" Phil Pan 8.5.
#4-40 Radio Hex Nut S.S.

1A,%1c Blo Fuse

bual Tilting Feet (Plastic,Gray)

#6-32 x 5/8% Phil Flat 82 Deg. §.85.

471371995 Page : 2

Littlefuse,313-001
Eima Electronics 6&3-018%



PARTS LIST : 2300-600 REV ¥ 2300/01 Signal Processing Board Assembly 4/14/1995 Page : 1

REF.DES, STOCK £ QUANTITY  ~mmm--- DESCRTPTION ¥ANUFACTURTHG,/PURCEASTNG DATA ==m=m-~ ALTERNATE
A ¢t X

76 05-10311 5 Standoff, 3/1¢6 hew, 1/7 lg, 4-4¢ Reystone 1656

n 05-10312 5 Spacer, 3/16 hex, 1/8 1g, #4 Snith 9115 or 9015

78 90-04006 10 #4~40 ¥ 3/8" Phil Pan 8.8,

bL 58-04001 19 #4 Splif Lock Washer S.S.

8L 04-10357 1 2300 Signal processing bd. shield (fromt)  DWG 2300-217

Y] (4-10358 1 2300 Signal processing bd. shield (back) D#G 2300-221

83 04~10706 i 2300 Shield Overlay DWG 2300-102

84 8-00022 3 J2K45 Bus Wire ‘ 1BB~2261 ANIXTER
A 04=30073 1 2300 Slgnal Processing Board DG 2300~700

2 02-10998 1 Factory Select Capacitor

it 02-10998 1 Pactory Select Capacitor

4 02-10998 1 Factory Select Capacitor

5 02-30004 1 1uP 25V Tantalun Bead Femet T350A105K025AS
C6 02-60015 1 0.022uF, 100V, ¥ylar, 5% WTHA MRC2-3.000uF
8 4210998 1 Pactory Select Capaciter

9 f2-10998 1 Factory Select Capacifor

CL 02-10998 1 Pactory Select Capacitor

¢l 02-3008 1 1oF 25V Tantaium Bead Kemet T350A105K025A5
iy 02-60015 1 0.0220F, 100V, Wylar, &% WIMA MRC2-0.0220F
{13 02-10014 1 0.1aF 50V Ceramic Disc AVE SR20SEIDAMAAGC
Cl4 §2-30011 1 4,7 35V Tantalun Bead TDC475K0I5HLE

el 02-10014 1 9.1aF 50V Ceramic Disc AVX SR20SE104MAAGS
€18 §2=30001 1 10uF 25V Tantalan Bead AVY TAP106K028SP
£ 02-10006 1 0.01aF 50V Ceramic disc Iilinois 163GRO5G~Z
C18 02-92005 1 0.1uF 5% 56V Pelycarbonate IMB RATAL043

(18 02-10014 1 9.1aF 507 Ceramic Disc AVE SR20SE104EARD0
wli g-10014 1 0.1uF 50V Ceramic Disc AVY SRIOSE104MARA0
(Wil 02-30011 % 4,70 35V Tantalon Bead TDC475R035WLE

il 02-33001 1 10uF 25V Tantalun Besd AVY TAP1G6RO258P
€23 02-10006 1 B.014F 50V Ceramic disc Tilinois 1036RO50~3
£ 02-9000¢4 1 0.01F 5% 50V Pelycarbonate IB¥ RATANN

£ 02-50015 1 0.022aF, 100V, Mylar, 5% WIKA NKC2-0,022u%
(26 02-10006 1 0.01uF 50V Ceragic disc T1linois 1036R050-3
¢7 02-60015 1 f.0220F, 100V, Mylar, 5% ’ WIRA HRC2-0.022uF
Cl3 02-60015 1 0.0220F, 100V, Hylar, 5% WIMA MRC2-9,022uF
€28 02-10606 % ¢.01uP 50V Ceramic disc Tilinois 1036R050-F
€30 666015 1 0.022¢F, 100V, Wylar, 5% WIRA BRC2-0.02F
€3l 02-60015 1 0.022uF, 100V, Mylar, 5% WIKA MEC2-0,0220F
{3z 02-60013 1 0.0220F, 100V, ¥ylar, 5% WIKA ¥RC2-0.022uF
33 02-10006 1 0,01uF 50V Ceramic disc T1linois 103GR050-3
il 02-10006 1 0.01uF 50V Ceramic disc T1lirois 1936R050-3
€35 02-10006 1 C.01uP 50V Ceramic disc Iilinois 103GR050-7
{36 02-10068 1 0.03uF 50V Ceramic disc T1linois 1036RE50-3
37 02-10006 1 {.C10F 50V Ceramic disc T1linois 103GROSG-%
CRL (3-20000 1 Diode, general purpose 1K4148 or 18914
(R 03-20006 1 Diode, general purpose 184143 or W94
B3 03-20000 1 Dicde, general parpose 1K4148 or 13914

(34 03-20007 1 fener, reference, 6.3V, 10ppn/c, 5% 13827

(R g3-20007 1 Zener, reference, 6.3V, llpm/c, 5% 18827

(RS 03-20000 1 Diode, general purpcse 1N4148 or IN914
(R7 {3-20000 1 Diode, general purpose 1N4148 or 13914



PARTS LIST » 2300-5G0 REV N 230001 3ignal Processing Board Assembly 4/14/1995 Fage 1 2

REF.DES. STOCE § QUARTITY i DESCRIPTION YANUPACTURING /PURCEASING DATA ==w---- ALTERNATE
A T X

(R 03-20000 Diode, general purpose 1K4148 or 1N914

CRY 03-2000C Diode, gemeral purpose 104148 or 1N914

CRI0  03-20000
b1 0330200
162 (3-30184
e 03-30060
I 330090

1F4143 or 1K914

4057288

FEHE er N

L3568 or E (ALT 03-30074)
LRI56N or B (ALT 03-30074)

Diode, general purpose

Dual 4 to 1 analoy switch {CMOS)

General purpose wncompensated JPET Op-amp
General Purpose JFET Op-Amp

Gengral Purpose JFET Op-hnp

It5 03=301%3 {ued general purpose comparator 14338

it (3-30201 Dual general purpose cpto-isolator TILT6 or MCT6

i) 0330133 Quad general purpose ¢omparator TH335%

I8 (3-30045 BNS to DC Converter Analog Devices AD536ADI or B
129 03-36202 Analog ¥ultiplier Analog Devices ADS34FH

ICW 03-30045
1 03-300%6
IR (3-30090

FHE to DC Converter
General Purpose JFET Op-Amp
General Purpose JFET Op-Aup

Anslog Devices ADS36ADT or B
LF356K or H (ALT 03-30074)
LF356N or B [ALT 03-30074)

I 03-3013 {uad general purpose comparator LH319K

ICi4  03-30L45 High qain high speed Opto-isclator 6136

s 03-30145 High gain hiqh speed Opto-isolator 68136

1016 (03-30145 High qain high speed Opto-isclator 68136

€7 03-30185 Quad general pirpose Opto-isolator Litroniy I1Q-744
Ic18 03-30185 (uad general purpose Opto-isolator Litronix IQ-74A
J2 05-10300 Wafer, 10 pir, .156 spacing ¥olex 09-67-1103
1 05-03070 Relay,Reed,l Form 3,100 Claire PRUAIAL2
K2 05-03078 Relay,heed,] Form &,127 (laire, PR¥AIAL2
] {50361 Relay,Reed,! Form A,12V Claire,PRNAIALZ
K4 15-0307¢ Relay Reed, 1 Form A,12V Claire, PREAIAL2
K5 05=03670 Relay Reed,l Form 3,1V Claire, PRMAIALZ
Pl 05-10310 Socket, right angle, 16 way, gold ¥olex 22-16-2101

PL 05-16318
P 9510210

e Y S SN N U G S AP PR

Socket, right angle, 10 way, gold
Socket, right angle, 10 way, gold

Moley 22-16-2101
¥oley 22-16-2101

R oL-01081 100K 5% 1/4W Carbon Fila ROOTEFLO4

R 0101081 100K 5% 1/4% Carboa Filn RCDTGRLOAT

R 01-50035 50F Bnd Adjust Becknan 89PRSOR
RS 01-50025 100 Ehd Adjust  Becknan 89PRI20kE
R 0L-1005¢ 909 13 S0ppa/C 1/4W Metal Filn RN0CI090
R 01-50025 100 Tnd Adjust Beckaan 39PR1000km
RS 01-10058 %09 13 50ppa/C 1/4W Netal Film RN60C3090F
RO 0150035 508 Zad Adjust Becknan 89PRS0K
RIC 01111 10% 5% 1/4 Carbon Filx ROO7GRL06T

RIL 01-30007 10813 S0ppm/C /4N Metal Fila RESSCI0047
Rz OL-50022 1K Bnd Adjust Recknan §9PRIR
R} 01-10325 6.08 15 50ppe/C 1/4W Metal Filn RN60C60417
R4 0I-101%6 18.F 15 S0ppn/C 1/4W Yetal Filn RN60C18227
RIS 01-50042 5K End Adjust Becksan BIPRSK
R 01-50042 5K End Adjust Becknan 89PR5K
R7 G1-1013% 18X 13 S0ppn/C 1740 Yetal Filn RNG0C1822F
RE 01-01081 100K 5% 1/4% Carbon Filn ROOTGFLO4T

R 01-00083 15K 5% 1/4 Carbon Filg RCDICR152

R 0L-01085 200% 53 1/4W Carbon Filn ROVTGF2047

R 01-10048 1% S0pps/C /2 ¥etal Filn RRSC1004F
R 0150041 o Ead Adjust Becknan 39PRIK



PARTS LIST & 2300-600 REV N 2306/61 Signal Processing Board Assembly

REF.DES, STOCK §
RS 01-10108
R4 (1-16008
RS 01-50022
R26 01~10126
R 0150043
R G117
B9 01-50020
R G1-10105
R 01-01083
R32  (1-DL085
B Q-8
R 0101061
RIS 01-01061
R 01-01047
RY7 0i-01061
RIS (1-03061
RY9 g1-81081
R0 0150035
RL 01-18000
R4 01-10008
R4l 01-10008
Réd 0101041
R4S (1-10008
R6  01-01061
R7 01-01061
R4 01-D1061
R 01-01061
RS 01-0106]
RS 01-01045
R 010106l
RS3 0101085
RE 01-BI0S
R55  (01~01061
RS 01-01085
RS7T  01-01045
B8 (1-0106)
RS 0101085
B 01-46001
™ 03-10013
W™ 53-10013
w 03-10013
TR 03-10013
RS 03-10013

A

Jd b et Fed fed Bt e Bed ek et fed Bt e bt hed b s et

btk Jed fee pmad bt et et fed bt s b feed Feed fed foed et fed ed = ped pb b B fud

QUANTITY
T

wwssnns [ESCRIPTION

471471595 Page ¢ 3

75K 1% SCppe/C 1/4W Metal Filn
108 1% SOppa/C 1/4% Netal Filn
IF End Adjust

9,53 1% 50ppa/C 1/4W Metal Filn
200 End Adjust

34K 1% S0ppm/C 1/4H Metal Filn
50 nd Adjust

887 1% S0ppe/C 1/4¥ Metal Filn
1.5K 5% 1/4¥ Carbon Filu

200R 5% 1/4K Carbon Filz

2.4K 5% 1/4F Carbon Film

19% 5% 1/4W Carbon Fila

10K 5% 1/4 Carbon Filn

2.4 5% 1/4W Carbon Fila

108 5% 1/4¥ Carbon Filn

108 5% 1/4K Carbon Filz

100 5% 1/4W Carbon Filn

50% Bnd Adjust

1 FACTORY SELECT VALWE (13)

108 1% S0ppm/C 1/4W ¥etal Pilm
10K 1% 50ppn/C 1/4§ Metal Filx
1K 5% 1/4K Carbon Filn

108 1% 50ppm/C 1/4K Metal Film
10K 5% 1/4% Carbon Film

10R 5% 1/4K Carbon Filn

10K 5% 1/4W Carbon Filn

108 5% 1/4# Carbon Filn

10K 5% 1/4% Carbon Film

2 5% 1/4W Carbon Film

10K 5% 1/4W Carbon Piln

200K 5% 1/4K Carbon Filx

2K 5% 1/4¥ Carbon Filz

10K 5% 1/4W Carbon Fila

2008 5% 1/4% Carbon ?ilm

K 5% 1/4F Carbon Film

10F 5% 1/44 Carbon Filn

200 5% 1/4% Carbon Filz

B % 470 Network

NPY Transistor (T092)

NPk Transistor {T092)

¥P¥ Transistor (7092)

2K Transistor (T092)

¥PY Transistor (T092)

MANUFACTURING/PURCHASTHG DATA ~------ ALTERNATE

RNGOCTERLE
RE60C1002F
Beckman 89PRIK
RB60C9331F
Beckman 85PR2000hn
REG0CI2417
Becksan BYPREGohy
RNGOCRRTOF
REGTGRI52T
RCO76F2040
L )
RCO7GF103J
ROOTGELON
ROOTGR42T
RCOTEFLON
RCO7GF103J
RECTGRLO4
Beckwan 89FRS0X
REGOCHXX
RH50C1002F
REGOCI002F
RCO76RI020
REBOCLO02F
RCOTGF1030
RCO7GFLO3T
RCOTGRIN3S
RCOTGFL03T
REATEFLDY]
RCQTCF20N
RCOTER103T
RCO7GF2040
RCOTGRGET
BCO7GFIN
RCOTGR040
RCOTGRA0
REOTERIOIT
RCOTGF2840
A-B 316B-471
24401
24401
Ll
W01
24401



PARTS LIST 1 2300-601 REV P 2300 Main Board Assembly

REF.DES, STOCK £
5 05-10642
7 05-10313
hi3 50-06006
7 88-06002
7 97056041
75 80-0323¢
7 05-12582
4 {4-30674
i 02-40013
(2 02-4G013
€3 02-30004
4 02-30004
5 02-40012
{6 230601
o7 02-10014
s §2-10014
8 02-10014
(10 2-10014
{i (2-10014
Y 02-19014
13 G2+10004
i 02-10004
Ci5 02-10004
Cle 02-10004
.y ¢2-10004
(ig 02-18004
{1 £2-30003
{a 02-30003
(Rt 3-20082
R {3~-20002
(Rl £3-20002
CRé {3-20002
(RS §3-20049
CR¢ - (3-2004% -
CR7 03-26560
CRe ¢3-20000
(R9 03-25004
Clol  £2-40013
Cioz  02-48013
C13  02-30004
Cl0d  02-30004
(105 02-60C00
{i6  02-60000
(17 D2-60000
Cl08  02-60000
Ci0s 0260000
{1l 02-60000
(11 0215006
a1 02-40013
a2 92-46013
Ca3  02-30004

A

[
Loy P

4/14/1995 Page 1 1

QUANTITY - DESCRIPTION
E

HANGFACTURING/PIRCEASING DATA mm=--ww ALTERNATE

Socket, dii, 24 pin

Wafer, 10 vay, gold, 0.56 1y

§6=32 x 3/8% Phil Pan 8.8,

#6 Internal Star Washer, 3.5.

§6-32 Bex Yut, Small Pattern, Stainless-Steel

1 852401
Molex 22-10-2101

L T T I o S T T T S Yo T UL U VO S Y

30awg Kire, Red Rynar

Cable Tie 8.0%1g ¥ .10%ide

2300 Main Board

4700F 50V Aluninae

47007 50V Aluminum

1uF 25V Tantalum Bead
10 25V Tantalum Bead
158000uF 16V Aluminum

10uF 25V Tantalum Bead

8. 1uF 56V Ceramic Disc
0.1uF 50Y Ceramic Disc
0.1uF 56V Ceramic Disc

0. 1uF 50V Ceramic Disc
0,1uF 50V Ceramic Dise
G.1uF 50V Ceramic Disc
0.020F 500V Ceramic dise
{.02uF 500V Ceramic disc
0,02uF 500V Ceramic disc
§.02uF 560V Ceramic disc
0.02uF 500V Ceramic disc
§.020F 560V Cerapic dise
47uF 10V Tantalum Bead
47qF 16V Tantaluz Bead
Diode, rectifier, 13, 50V
Diode, rectifier, 12, 50V
Diode, rectifier, 1A, 50V
Dicde, rectifier, 14, 50V
Diode, Rectifier, 3, 50v

Diode, Rectifier, 3, 56v -~ -

Diode, general purpose
Diode, general purpose
Diode, general purpose
$709F 507 Aluminm
476uF 50V Aluminum

1uF 25V Tantalm Bead
1uF 25V Tanteium Bead
0047uF 100V Bylar
004TuF 100V Mylar
-0047uF 100V Mylar
LG047aF 160V ¥ylar
L047F 100V Mylar
L047uF 160V Nylar
0.01uF 50V Ceramic disc
470aF 50V Aluzimum
A700F 50V Alumimum
1uF 28V Tantalun Bead

Pandult PLTZM

IRG 2300~70%

Illinols 4777TA0R(
T)linols 477772050
Fenet TIBIALL5R0254S
Femet T350A105K025A8
IT1linois 1597TTADLA

AVY TAP10EROZRSP

AV SR20SE104MAAGO

AVE SR205E104MAAGD

AVY SR205B104NARDD

AVX SR205E104MAADD

AVY SR20SE104MAALD

AVE SR205E104KAADD
SPRAGUE 140CD50079-203%
SPRAGHE 140CDBO0ZS-2037
SPRAGTE 140CD50029-2032
SPRAGUE 148CD50029-2032
SPRAGUE 140CD50025~203%
SPRAGTE 140CD50019-2037
AV TAP4T6MO205E

EVE TRP476X0205P
184001-184007
184001~154007
1K4C01~1H4007
184001-104007

Hotorola MRS00

- Hotorola MRS00 -

1§4148 or 15314

104148 or 18914

154148 or 1x814
I1linois 477TTAO50
Tilinois 477TTAOS(
Renet TI50A2058025A5
Remet TI50A105K025A5
T1linois 4725R100KASCE
T1iinols 472SKRIGORSSCE
I1linols 4725HR100K5SCE
Tllincis 472SHRIOOKRICE
T11inois 472SHRI00RSICK
I1linols 472SHRI00RRCT
I1linois 103GROS0-%
Iliincls 4777TAGKS
Iilinels 47777A050
Femet T350A105K02548



PARTS LIST @ 2300-601 REV P 2300 ¥ain Board Assembly

REF.DES, STOCK §

£o4 92-30004
Cas  02-60000
Ca6  92-60000
7 02-60000
€88 G2-60000
09 02-60000
Ca0  92-60000
¢a1  02-10096
C3L 2-40013
{2 02-40013
G 62-30004
o4 02-30004
€3 G2-60000
€35 02-60000
C¥7  52-60000
€8 02-60008
i 62-60000
€30 02-63000
gl G2-10006

RID 03-20000
CRI7 0320007
R 0320007

CRISL  03-20002
(Ri82  03-200
CRIO3 03-20002
CRibE 0320002
CRILL  03-20000
CRI12  03-20000
CRII3  03~20000
(Ril4  83-20000
CRILS  03-20000
(Rile  03-20000
(R0 0320002
CR202 - 03-20062
(R03 03-20002
(R4 03-200C2
CRILL  03-20000
(R21z  93-20000
CRL3  03-20000
CR2i4  03~20000
(25 03-26000
CR26  03-20000
(R 03-20002
CR302  93-20002
(Rl 0320062
CR304  03-20002
CRIL 0320000
CR312  03-20000
CRILY 03-20000
CR314  03-20000
CR315 03-20000

f
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------- DESCRTPTION

1uP 25V Tantalum Bead
L0047uF 106V Myler
JD0ATE 100V Mylar
J0047uF 100V Myiar
J0347uF 100V Mylar
L0047uF 100V Mylar
JO047uF 100V Mylar
0.01uF SOV Ceranic disc
4704F 50V Aluminup
4700F 50V Alumimm

1uF 25V Tantalur Bead
1oF 25V Tantalum Bead
JO04TEF 100V Mylar
004747 100V Mylar
L0047uF 100V Mylar
L0047uF 100V Myiar
JL0TEE 100V Mylar
LO0470F 100V Mylar
0.01uf 50V Ceramic disc
Diode, general purpose

Tener, reference, 6.3V, l0pmu/e, 5%
fener, reference, 6.3V, 10pm/c, 5%

Diode, rectifier, 1%, 50V
Dicde, rectifier, 14, 500
Diode, rectifier, 14, 50V
Dicde, rectifier, 14, 50V
Diode, genaral purpose
Dicde, general parpose
Diode, general purpose
Dicde, general parpose
Diode, general purpose
Diode, general parpose
Diode, rectifier, 14, 50V
Diode, rectifier, 14, 50V
Diode, rectifier, 1a, 50V
Diode, rectifier, 1a, 50V
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, rectifier, 1&, 50V
Diode, rectifier, 14, 50V
Diode, rectifier, 14, 50V
Diods, rectifier, 14, 50V
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
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MANUACTURING/PURCHASTNG DATA - ALTERNATE

Kemet T350A105K02528
I1linois 472SRRIGOTSICE
Iilinois 4725TR100F59CE
I11inois 472SER1G0K53CE
Iilincis 4725ARI00K59CE
T1linois 472SHR100%59CR
T1linois 4725HRI00K54CE
Iilinols 103GROS0-Z
T1linois 477TTA00
I1linois 477974050
Fezet T350A105K025A8
Femet TI50A105K02543
T1linois 4728HRI00K54CE
I11inois 472SHR100Z59CE
T1lincis 4728ARI00K59CH
I1linols 472SHR100RS9CE
T1lincis 4728FRI00K59CE
Tllinois 4728HR1GOR5ICE
T1linois 103GRO50-F
184148 or 18914

N8y

1827

IN4G81-1N4007
1§4001-31K4007
IN4001-1K4007
1N4003=1K4007

1N4148 or 1NS14

104348 or 13934

1N4148 or 1NG14

1N4148 or 1H914

iN4148 or ING14

1N4148 or 1X934

14001 ~184007
154001184007
14061184007
1R4001-1%4007

14148 or 1HG14

1N4148 or 13914

154148 or 1N914

154148 or 1N914

154148 or IN914

IN4143 or 1IN914
IK4001-1K4007
1N4001-154007
14001184007
IRA001-1NEDOT

1K4148 or 1N9l4

1H4148 or 1N514

IN4148 or 1N914

IN4148 or 1R814

184148 or 1N914



FARTS LIST : 2300-601 BEV P 2300 Main Board Assembly 471471995 Page ¢ 3

R

REFDES, STOCK 4 QUARTITY  =------ DESCRIPTION MARUFACTURING/PURCHASING DATA =mm=--- ALTERNATE
I

CR36  (3-20000 1 Diode, general purpose 1N4148 cor 1hsl4

It 03-30036 1 Requlator +15V,5,58, 70202 or 10220 TEHLSCP or LM34(T-15

0 03-30037 1 Requiator,~15V,0.54, 70202 or 70220 T8MI5CP or LXI207-15

143 03-30355 1 Requlator, +5V, 34,70-2 Steel 143238

i) 03-30170 1 Tow Hoise, low drift Cp-amp OpG7DR

Ic5 0330203 1 & to 1 multiplexor 405188

1C6 030203 1 8 to I muitiplexor 4G51BE

7 0330203 1 8 to 1 multiplexor 405188

I8 03-50008 2300 Family 1C8 Made from 03-30154

1c8 03-30364 1 Bex buffer cpen collector {30V) 7407

Iel0 03-30164 1 Hex buffer open collector {30V} 7447

L 03-30208 1 Dual ¥orostable (CHOS) 45288

IC: f3-30205 1 Dual Monostable {CHGS) 452888

IC13 (3-30205 1 Dual ¥onostabie (CHOS) 452888

ICl4  03-3032¢ 1 [ual Genersl Purpose Op Amp IH358K

i 0330036 1 Requlator +15V,0,54,70202 or 20220 7EHI5CP or LM3407-35

L0z 03-30037 1 Requlator,~15V,0,53, %6202 or 70220 79415CP or IM320T-15

0103 0330133 1 Quad general purpose comparafor IM339%

ICIC4  03-360%8 1 General Purpose JFET Op-Azp EF356K or B (ALT 93-30074)

0105 G3-30690 1 General Purpose JFET Cp-Amp LFI56N or 1 (ALT 03-30074)

IClee  03-300%0 1 General Purpose JFET Op-Aup LF356K or H (ALT 93-30074)

001 03-300%6 1 Requiator,+15V,0.58,70202 or T0220 TBMISCE or LM340%-15

G0z 0330037 1 Requlator,~15V,0.54, 70202 or T0220 T9M15CP or IM3267-15

0203 6330133 1 Quad general purpose comparator 1%3398

IC04  03-36036 1 General Purpose JFET Op-Aup LP356N or ¥ (ALT 93-30074)

05 G3-30090 1 General Purpose JFET (p-Amp LF3568 or 3 {ALT 03-30074)

006 03-30080 1 General Purpose JFET Op-Amp LF3I56K or B {ALT £3-30074)

01 0330036 1 Requiator,+15V,0.58, 10202 or T0Z20 TEMESCE or [MI407-15

Iz 03-30037 1 Requlator,~15V,0.52,70202 cr 16220 TOM15CP or IN320T-15

0303 03-30133 1 Quad general purpese comparaior [¥339N

(04 03-3008¢ 1 General Purpose J¥ET Op-Asp LF356X or B ({ALT 03-30074)

0305 03-30090 1 General Purpose JPET Cp-Amp 1356 or B {ALF 03-30074)

€306 03-30090 1 General Purpose JFET (p-Amp LF356N or B (ALT 43-30074)
ToUPE03s12 1 ‘Relay, Reed, 5V Coil, DL, Botm A © (P {larer PREAIA DS 0

9] 05-03012 1 Relay, Reed, 5V Coil, DIL, Form & CP Clare: PRMA 1 05

K3 B-03912 1 Relay, Reed, 5V Coil, DIL, Form & CP Ciare; PRMA 1A 05

K4 0503012 1 Relay, Reed, 5V Coil, DIL, Form A P Clare: PRMA 1A 05

] 5-03512 1 Relay, Reed, 5V Coil, DIL, Form A CP Clare: PREA 1A 05

K6 05-03012 1 Reiay, Reed, 5V Coil, DIL, Form A CE Clare: DRMA 1A 05

K 0503812 1 Relay, Reed, 5V Coil, DIL, Form & (P Clare; FRMA 14 85

K8 05-03012 1 Relay, Reed, &V Coil, DIL, Form A CP Clare: PRMA 12 05

¢! 503012 1 Relay, Reed, 5V Coil, DIL, Form & CP Clare; PRMR 12 65

Ki0 05-03012 1 Relay, Reed, 5V Coil, DIL, Form & CP Clare: PRMZ 1k 05

Rl 01-01077 1 68K 5% 1/4R Carbon Film RCBTGROBIS

Rl pL-u077 3 68% 5% 1/4¥ Carbon Film RCO7GPS8Y

B 011077 1 68K 5% 1/4W Carbon Fila RCOTGRE83J

R 0-01077 1 68K 5% 1/4W Carbon Filz REO7GPAT

RS -7 1 10% 0.1%  25ppm/C 1/8W Metal Filn FRP 1/8H - 10K - 0.1% - 25PPY

o 01-10178 1 108 0.1%  25pmm/C 1/8W ¥etal Filp PRE 1/8W - 10K - 0.1% - 25PPH

'Y 0118178 1 10K 0.1 25ppm/C 1/8W Ketal Film PRP 1/BW - 10K - 0.1% - 25PP4

R8 fl-10168 1 L.IE 0.1%  25ppn/C 1/8% Metal Filu PRP 1/8% -1.11% -0.1% -25P%H



PARTS LIST : 2360601 REV P 2300 Maia Board Assembly

REF.DES. STOCK §
R 01-14178
R (1-10617
Ril 1-53084
R1Z 01-10110
Rl 0150033

Rl4 (1-1G014
Ri5 01-50033

R15 (1-10157
RL7 {1~10017
Rig 61-56037
Rig 01-10053
R20 0150624
Ril 0:-10167

Ra2 0150014
Rel 01-10172
R24 01-56033
R25 01-10133
R26 f1-10112
R27 01-50037
R28 01-10070
R2¢ 0:-50037
R30 {1-10173
R 01-50037
Ri2 91-19921

R 01-50014
R34 01-10175
R35 01-50014

R36 91-10138
R37 0i-50014
R3g 81-10172
Rig 01-50033
R4D 01-13051
Ril (1-50021
kil {1-15014
Rd4 01-01061
R45 01-01061
Rdé 0101061
R47 §1-01061
R4g 01-0z061
Re9 {1-01081
13 (101045
R54 01-01045
RBS fL-0L0et
R56 0101083
RE7 01-01083
R58 01-01081
k5§ 0101081
R60 01-01083
kel G1-01083
Re2 01-01081
kel ¢1-010el

A

Fob 3 e fod et ped B ged et pod bt fd bbb B ped Bt ded bA 3 o hed b fed Bt e Fed et o b3 b 3 b pd B i et b bl e fmb e ek ek Bl ed Fed fea b e bt

QUANTITY

T

¥

------ DESCRIPTION

10% 0.1%  25ppm/C 1/8¥ ¥etal Filn
9,09 1% S0ppn/C 1/4W Metal Pilz
100 Top Adjust

1.13F 1% 50ppa/C 1/4W Metal File
50 Top Adjust

698 1% S0ppm/C 1/4W Metal Pilm
50 Top Adjust

475 1% S0ppm/C 1/40 ¥etal Filn
9.098 1% S0ppm/C 1/4% Metal Film
200 Top Adjust

243K 1% S0ppn/C 1/4W Metal Filz
100 Top Adjust

200 1% 50ppm/C 1/4¥ Metal Filn
100 Top Adjust

51113 5ppm/C 1/4 Wetal Film
50 Top Adjust

845 15 SCpmm/C 1/4K Metal Filn
2.805 13 50ppe/C 1/44 ¥etal Filn
200 Top Adjust

649 13 S0ppm/C 1/4W Metal Piln
200 Top Adjust

365 1% S0ppm/C 1/4% Metal Filn
200 Top Adjust

604 15 S0ppm/C 1/4¥ Yetal Filp
100 Top Adjust

32413 S0ppR/C 1/4F Yetal Filn
100 Top Adjust

182 1% S0pom/C 1/4W Metal Film
100 Top Adjust

511 1% S0ppe/C 1/4W ¥etal Pile
50 Top Adjust

100 15 SOppR/C 1/4 Metal File
50 Top Adjust

898 1% S0ppm/C 1/4% ¥etal Film
10% 5% 1/4W Carbon Film

108 5% 1/4W Carbon Filn

10K 5% 1/4% Carbon Film

10K 5% 1/4% Carbon Pilm

10K 5% 1/44 Carbon Filn

10K 5% 1/4W Carbon Filn

2K 5% 1/4F Carbon Film

2K 5% 1/4% Cazbon Filn

100K 5% 1/4# Carbon Filn

150K 5% 1/4W Carbon Filn

150K 5% 1/4% Carbon Filn

100K 5% 1/4W Carbon Filu

100K 5% 1/4% Carbon Film

150K 5% 1/4W Carbon Fils

150 5% 1/4W Carbon 7ilm

100K 5% 1/4K Carbon Filn

100K 5% 1/4W Carbon Filn

471471995 Page 1 4

MARUFACTURTNG/PURCHASING DATA —----- ALTERNATE

PRP 1/8W - 10K - 0,1% - 25PPY

RN6OCI6E1F
Becknan 68WR100okm
RI60C1131F

Becknman 68WRS0chn
RN80CHI80F

Beckman 68WR50chs
RR60C4T50F
RN60Co0917

Beckman 68#RZ000hn
RH60C2431F

Beckman 68HR1600km
RE6GCZ00CF

Backman 68WR100chm
RHGOCELI0F

Beckman 63WR50chn
RN&GCRASCF
RN60C2801F

Becknan 68WR2000bm
RN60CE490F

Beckman 68HR2000km
RHBOC3650F

Beckman 68HR2000hm
RN6GC60407

BeCkman 68¥R1000bn
RNGOC32408

Backman 68KK1000hn
RN60CIB207

Backman 64WE1000Mm
BN60CSII07

Beckman S%WR5Cohn
RH6GC30007

Beckman $8HRS00hn
RE60C69B0F
RCOTGF103
RCO7GRI03T
RCOTGF1037
ROO7GF1033
RCO7GF103
RCBTGRI03J
RCA7GF2020
RCB7GF202]
RCOTGF1040
RCBTGR1547
RCO7GF1547
RCBTGF104T
RCOTGFL04T
RCOTGF1547
RCOTGKI54
RCETGF104T
RCOTGFL04d



PARTS LIST 1 230-601 REV P 2300 Main Board Assembly

REF.DES, STOCE £
Re4 (1-01083
R6S 01-02083
Ré6 01-01881
RI0Z  01-01074
R 6101083
RIG4  03-01061
Ri0h  (1-10111
Rl Di-1p111
R97 0101081
R188  0:~01081
Rigs  Q1-0L041
R C1-50028
Rl 91-01081
R12  01-01081
Riid  0i-0i06l
R4 {1-10131
ARL I ERH A
Rlis 8101081
RILT  0i-0i08l
R 01-01041
R11G  01-50028
R0 01-01081
Kl 01018t
Ry  01-1911
Rl24  ol-10111
Ri25  01-01081
Rlie 0101061
R127  01-01041
R128  01-50028
Ril0  01-02061
B3 61-010al
R202  01-010T4
RIO3  01-01083
~R204 - 02-01061
RS el-1011f
Rebe  01-10011
Ra7  01-01081
R208  01-01081
R29 01-01041
R210  Di-50B28
RII 410108
ka2 01-Digel
R} 01-01261
R4 011011
Rl G-l
R§  0i-01p81
17 0101081
R 01-01041
R219  01-50028
R0 0101081
R 01-01061

4

b bt fed gt Bred pd Bt peed bed 3 feeb et 3 feed 3 fed B3 fld et feed b3 e B3 jed bmd ded bbb B3 et beb ded b e bt b b fd R e fed ped ed ek fed fed Bt et fd o e

QUANTITY

T

K

------- DESCRIPTION

150K 5% 1/4# Carbon Film

150K 5% 1/4W Carbon Fila

100K 5% 1/4¥ Carbon Film

51X 5% 1/4W Carbon Fila

150K 5% 1/44 Carbon Filp

10% 5% 1/4¥ Carbon Film

L.24% 1% 50ppn/C 1/40 Metal Filn
1.24M 1% S0pom/C 174N Metal ?iln
100K 5% 1/4W Carbon Film

100K 5% 1/4% Carbon Film

1K 5% 1/4W Carbon Filn

50F Top Adjust

100K 5% 1/4% Carbon Filz

100F 5% 1/4% Carbon Filn

10K 5% 1/4W Carbon Filz

124K 1% S0ppm/C 1/4F Metal Filn
124 1% S0ppm/C 1/4% Metal Filn
100K 5% 1/4W Carbon Film

1008 5% 1/4W Carbon Filn

1% 5% 1/4K Carbon Film

50K Top Adjust

100K 5% 1/4W Carben Film

10 5% 1/40 Carbon Filn

1.24% 1% S0ppm/C 1/4% ¥etal Filn
L.24M 1% SOppm/C 1/4W Metal Filn
100K 5% 1/4¥ Carbon Filn

100K 5% 1/4# Carbon Filn

1R 5% 1/4K Carbon Filn

50F Top Adjust

10K 5% 1/4W Carbon Film

10R 5% 1/4§ Carbon Film

51K 5% 1/4W Carbon File

150K 5% 1/44 Carbon Filn

1R 5% 1/ Carbon Pl -
Lo 15 50ppm/C 1/4 Metal Piln

124015 50ppn/C 1/¢H Netal Filn
100K 5% 1/4# Carbon Filn

100% 5% 1/4H Carbon Fila

IK 5% 1/4% Carbon Film

50K Top Adiust

100K 5% 1/4W Carbon File

100% 5% 1/4W Carbor Film

10K 5% 1/4% Carbon Fila

1,244 1% S0ppm/C 1/4W Metal Filp
1244 1% 50ppn/C 1/44 ¥etal Filn
100K 5% 1/4W Carbon ¥iln

100K 5% 1/4W Carbon Film

1R 5% 1/4% Carbon Filz

50K Top Adjust

100R 5% 1/4W Carbon Filr

10F 5% 1/4K Carbon Filn
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¥ANUPACTURTAG/PURCHASING DATA -----— ALTERNATE

ROO07GF1540
RCO7GF1547
RCO7GRI04Z
RCO7GF513d
RCO7GFIS4T
RCO7GF1037
REGOC1244F
FH60CT 244F
RCOTOFLG4T
RCO7GRI04T
RCOTGRLIG2T
Beckman 68WRS(E
RCATGF1040
ROG7EFI04T
RCO7GE1033
RN6EC1 2447
RNA0C1244F
RCOTGF104d
RCO7GF104T
RCOTGRL02]
Beckman 48WRS0T
RCOTGR1G4]
RCO7GE103T
RHGACT 244F
RHA0CI2447
RCOTGF1047
RCO7GFLO4T
RO07GF1027
Becknan 68HRS0E
RCO7GF103S
RCOTGFIO3]

" RCO76FS13

RCO7GF1543
RCOTGF103F
RE60C1244F
RN60C1244F
RCO7GF1043
RCO7GF104d
ROOTGRLOT
Beckman 48WRS0X
RCOTGRL04T
RCOTGF1040
RCO7GR103T
RN6DCI244F
RY66C1 2447
RCO7GF1047
RCOTGRL04d
RCO7GFI02J
Backman HSWRSOK
RCOTGF104d
RCO7GR103T



PARTS LIST : 2350-601 REV P 2300 Hain Board Assembly

REF.DES. STOCK #
RiZ3  OI-101d
Riz¢  01-30111
k225 (1-01681
Riz6  01-0l0sL
R2T 010104
Rizg  01-50028
k230 01-9l06l
R3L D1-Dlo6]
Rig2  01-010T4
Ri3  01-p1023
R4 01-0106]
Ris  01-30111
R¥s  01-101i1
Ri7 D1-D108]
Rig  01-0LC8L
R30S D1-0104L
R3O 0l-50028
Rl 01-D208L
RIZ 0101081
K13 01-Di06L
Rilg  01-10111
Rt3 01-10111
Rilg  01-GL08L
R7 O 01-0:081
RI  01-01641
R31%  01-50028
RIZ0  01-01081
R32z  01-01061
R -1l
Riz4  D1-10ii
RIS 0e-D1081
R3z6  01-0081
RIZ7  (1-DL1041
Rize  01-50028
R0 01-0L0el
R3L G1-0l06%
il 04-20835
T G4~20040
701 04-2003%
Ta1 G4-20039
T 04-20039
3 05-10025

A

Fd PR ek Bd ek Beed fed Pod fend Bd ek Bk fed Bt fed B3 ek b fed =3 ed b3 et b3 ek b pd P fed bR ek b ped b ded fod ek Fed ek b ped fed

------- DESCRIPTION

4/14/1995 Page : 6

124M 1% 50pp/C 1/4% Metal Filw
1,244 1% Sppm/C 1/4% ¥etal Filn
100K 5% L/4# Carbon Fiin

150K 5% 1/4W Carbon Filn

1K 5% 1/4W Carbon Filz

50F Top Adjust

108 5% 1/49 Carbon Fila

16K 5% 1/4¥ Carbon Filn

51K 5% 1/4¥ Carbon Filn

150 5% 14 Carbor Filp

10K 5% 1/40 Carbon Filn

1.260 1% 50ppm/C 1/4¥ ¥etal Film
124K 1% S0ppm/C 1/4W Metal Filn
1008 5% 1/4 Carbor Filn

100K 5% 1/4% Carbon Filn

1K 5% 1/4% Carbon File

50K Top Adjust

100K 5% 1/4W Carbon Filz

100K 5% 1/ Carbon Filn

10K 5% 1/4R Carbon Filn

1200 1% Sppm/C 1/4 Metal Filn
126415 S0ppm/C 1/4% ¥etal Filn
100K 5% 1/4% Carbon Filn

100K 5% 1/4W Carbon File

1 5% 1/4 Carbon Film

50F Top Adjust

100K 5% 1/ Carbon Film

10K 5% 1/4K Carbon Fila

L24M 1% Slpm/C 1/4W Metal Filn
1.24% 1% S0ppa/C 1/4% ¥etal Filn
100K 5% 1/4¥ Carbon Filn

100K 5% 1/4¥ Carbon Pile

1K 5% 1/4% {arbon Film

50K Top Addust

10F 5% 1/4% Carbon Filn

10K 5% 1/4W Carbon Filn

Bower YR

Power XFR

Power ¥FIR

Power KPR

Bower PR

Heatsink, 103, 1" high

MANUFACTURING/PURCEASING DATA =---=-e ALTERNATE

RE60C1244F
RN60CI 2447
RCO7GR104J
RCOTGFL04T
ROC7GRLO
Beckman 68WRSIK
RCO7GFL03T
RCOTGFI03
ROGTGASLIT
RCO7GRI547
RCOTGELNIT
RNGOCI244F
REEOCL244F
RCOTGFL040
RCOTGF104S
RO07GF102J
Becknan 48WR50K
RCOTGPL04]
RCOTGF1940
RCOTGRI03T
RR60CI244F
RR60CI244F
ROGTGR1A4T
RCOTGRI04J
RCGTGRI02T
Beckman 68HRSOR
RCGTGP104T
RCO7GRI03T
Ru6gC1244F
RE6OCI244F
RCCTGRLO4T
RCO7GR1I04T
RCO7GE102
Becksan 68WRE0X
RCCTERL03
RCOTGRLDAT
Sigral,DsT-4-36
Signal,DPC~12-2008
Signal DST-4~36
Signal DST-£-36
Signal,DsT-4-36
Thermalloy 600382



PARTS LIST : 2300~602 REV N 2300 Display Board Assembly

REF.DZS, STOCK §
1 05-10213
2 05-10314
3 §5~10488
4 80-03530
A 04~30075
ul 02-60002
2 02-50000
0 02-30000
C4 82-30001
5 02-30601
€9 92-10006
19 02-16014
el 02-60002
L2 02-50690
C13 02-30000
(4 02-30001
018 02-30001
Cls 02-10006
¢17 02-10014
€18 02-50000
19 92-10006
] 02-10007
2 42-30000
€2 02-30001
¢ 62-30000
cat 02-10006
i) 0210014
€26 02-60002
3 02-38001
35 02-10004
C36 02-10004
37 02-10004
it 0210004
O3 02e10004
C40 02~18004
Ctl 02~-30006
c43 §2-10014
(L 03-20000
Y 03-20000
m 03-20060
CRé 03-20060
% 03-20000
(Ré 03-20080
i 13-20000
(B8 03~20000
R 03-20000
CRI0 03-20000
R 0320000
2 03-20000
(R13  03-20800
(RIE  03-20000

A

Pk e Bt fd b3 jed b ed b b B3 fud 33 fed bed ped b3 fed b et Bed o3 bt fed Bl B Bt b Beb 3 Bl bt b fed bbbt femb 33 bl bed Bed e Bed fed Bed bt ek £ Bed OB LD

CRANTI
7

T
K

= DESCRIPTICN

Card quide,snap-in, 4,125 lq.,0.47 vide
Standeff, snap-in, 3/8 lg 6 Thread
Shorting plug, .1 spacing, gold
Y0awy Wire, Green Rymar
2300 Display Board

0.1gF 250V Wylar

0.22uF 10% 50V Polystyrene
§,74F 16V Tantalun Bead
H0uF 25V Tantalum Bead
10aF 25V Tantalum Bead
0,01uF 50 Ceramic dise
5.14F 50V Cerapic Disc
0.1uF 250V Kylar

§.224F 10% 50V Polystyrene
4,7uF 18V Tantalun Bead
10aF 25V Tantelum Bead
10uP 25V Tantalum Bead
.014F 50V Ceramic disc
0.1uF 50V Ceramic Disc

0. 220F 10% 50V Polystyrene
0.01uF 50V feramic disc
330p 1000V Ceranic disc
&,7uF 16V Tentalum Bead
10uF 25V Tantalun Bead
10uF 25V Tantalum Bead
0.010F 50V Ceramic disc
0.1uF 50V Ceramic Disc

0. 10F 250 ¥ylar

10uF 25V Tantalum Bead
0.020F 300V Ceramic disc
9,02uF 500V Ceramic disc
6,02uF 590V Ceramic disc
0.020F 500V Ceramic disc

" 0.BIuF 500V Ceramic disc

0.020F 500V Ceramic disc
0.47uF 357 Tantaluw Bead
0.1uP 50V Ceramic Disc
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general parpose
Dicde, general purpose
Diode, general purpose
Diode, general purgose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpose
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MANUFACTURTNG,/PURCHASING DATA ~------ ALTERNATE

tnitrack RAD41Z5
Smith 3929
Moley 15-29-1024

THG 2300-702

I1linois 104MSRI50K
INB PA2R224K
TAPLTSRD16SE

AVE TAP106KG25SP

EVE TAP106R0253F
11linois 1036R050-7
AVY SR20FE104MEADD
T1linois 104KSRI50R

THB PAZAL4X
TAPATERO16SP

AVY TAP106R0253P

AVX TAPLOGKOZBSP
T1iinods 1036R050~7
AV SRIDBELO4KAA00

THE PAZAZ24X

T1linois 1036RO50-7
SPRAGUR 56AT33
TAP475R0165P

AVY TAP1(6%025SF

AVY TAP106E0255P
inois 1036ROAD-2
AVE SR20SETO4MARQD
Tilinois 104¥SRI50K
AVY TAP1O6R02552
SPRAGUE 140CDEO0IS-203E
SPRAGUE 140CD50079-2032
SPRAGUE 140CH50078~2032
SPRAGUE 140CD50079-2032

" SPRAGUE 140CDE0RZI-2032

SPRAGTE 140CD500%9~2032
TAP4TAR0358P

AVE SRZG5E104MEAGO
1R4148 or 15914
1N4148 or 1NO14
154148 or 1§914
1N4148 or IN914
1§4148 or 1¥314
iN4148 or 1N91L
154148 or 10914
IN4148 or 1N914
154148 or K914
1N4148 or 1¥914
1N4148 or iB9L4
IN&14E or 1KS14
1N4148 or iN9i4
IN4148 or 1N9L4



PARTS LIST & 2300-602 REV § 2306 Display Board Assembly

4/14/1995 Page 1 2

REF.DES. STOCE § QUANTITY  mwemems DESCRIPTION
A& Tt ¥

CRI5  03-20000 Diode, general purpose
(Rls  03-20000 Diode, general purpose
17 03-20000 Dode, general purpose
(RIS (3-20000 Diode, general purpose
CRI¢  03-20000 Diode, general purpose
CR0 03~26000 Diode, general purpose

CRaL  03-20000
(R&2  (3-20000
CRa3  03-20000
R4 03-20000
o8l 5-01020
DS2 05-01010
D83 8501610
D54 05-01012
D85 @5-01010
DS6 05-01020
gt 05-01010
D58 05-02010
088 05-01610
D510 05-01018
D8I 05-B1G20
DSl 05-0010
D513 05-01010
DSH 050010
DS15  C5-0LE10

Diode, general purpose
Diode, general parpose
Diode, general purpose
Dicde, general parpose
Display,LED, Red, +/-1
Display,LED,Red,0-9
Display,LED, Red,0-8
Display,LED,Red,0-9
Display,LED,Red, 0-9
Display,LED Red,+/-1
Display, LED, Red, 0-9
Display,LED Red,d-9
Display,LED,Red,0~9
Display,1ED,Red,0~9
Dispiay,LED Red,#/-1
Display,LiD,Red 09
Display,LED,Red,0-9
Display,LED,Red,0-9
Display,LED Red,0-5

D16 05-02005 Single LED,Red,Small
D17 05-01005 Single LED,Red,Small
DS18 0503005 Single TED,Red, Swall

DSy (05-0106%
DS 05-D1005
0821 0501065

Single LED,Red,Small
Single LED,Red,Small
Single LED,Red,Snall

bt ot et oo fed  fod fod e fe®  fmd Fed femd bt o b2 i fed 3 bk 3 et et Bk feed A ded Bod hd Fed deed fed s Bl o et

DS22  05-01005 Single LED,Red,Small

DS33  05~01005 Single LED,Red,Srall

s {5-01005 Single LED,Red,Suall

I (3-30106 (T to 7-Segment decoder/driver

j{wi 03-30113 1 A to D Convertor {analey portien)

103 0330114 1 A to D convertor (digital portion)

i 9502007 1 Prograzmable 0sC.,8.3Fz-1HHz

iC5 03-30164 1 Hex huffer open collecor {3OV)

1c6 03-3028 1 16 Rey Bncoder (CHOS)

17 03-30082 1 (uad 2-to-1 Multiplexcr {CH0S)

1C8 03-30210 1 1 of 19 Decoder

09 03-30164 1 Hey buffer open collector (30V)

ICI 63-30106 1 B(D to 7-Seqment decoder/driver

I 03-30113 1 A to D Convertor {anaiog portion)
CIC2 03301 1 A to D convertor (digital portion)

e 03~50034 1 2300 Family IC13

04 03-30208 1 16 Tey Encoder (CHOS)

1C15 03-39052 1 (uad 2-te-1 Multiplewor {CHOS)

iCis p3-30210 1 1 of 10 Decoder

I¢7 83-30106 1 BCD to 7-3eqment decoder/driver

iN4148 or 1N914
1N4148 or 18914
1H4148 or IN9L4
IN4148 or 1KS14
iN&148 or 1R9i4
1K£148 or 1NG1£
iN4148 or 1N914
14148 or 1914
1N4148 or 1R914
1K6148 or 1NG14
P 5082-7658, Bin C, Dor B
HP 5082-7650 Bin C, Dor E
HP 5082-7650 Bin C, Dor E
HP 5082-7650 Bin ¢, Dor E
HP 5082-7650 Bin C, Dor B
EP 5082-7656, Bin C, D or E
HP 5082-7650 Bin C, Dor E
HP 5082-7650 Bin €, Der B
HP 5082-7450 Bin C, Dor E
P 5082-7650 Bin C, Dor E
HP 5082~7656, Bin C, Dor ¥
P 5082-7650 Bin C, Dor E
HP 5082-7650 Bin C, D or %
P 5082-7650 Bin C, Dor E
HP 5882-7650 Bin C, Dor E
HRewlett Packard,HIMP10O0
Hewlett Packard, HLNP100O
Hewlett Packard HIMPLODD
Hewlett Packard HI¥P1000
Hewlett Packard HIMPiO0O
Hewlett Packard KIMP1000
Hewlett Packard,HLMPIO00
Hewlett Packerd HINP100O
Rewlett Packard,HINPiG0D
TALSATH
Intersil ICL8068ACED or equiv.
Intersil ICL71CO3ACPT or equiv.
Statek FXO1000KHA
7407
74C922
TACISTN or 40257BE

© T4145K
7407
T4LS4TH
Intersil ICLA06BACED or equiv.
Intersil ICL71CO3ACPI or equiv.
Nade from 03+30082
740822
T4CI57N or 402578E
741458
T4LS4TH

¥ANUFACTURING/PURCHASING DATA ~------ ALTERKATE



PARTS LIST : 2300~602 REV N 2300 Display Board Assembly

REF.DES. STOCK {
s 03-30113
s 03-301
K 03-50024
e 0330173
I 03-30204
I3 03-30082
ICe  03-30210
L8 03-30383
a1 (5-10294
42 05-10284
J3 (5-10294
J4 051024
I5 (5-10310
46 05-10310
Jr 05-10529
Kl 05-03012
k2 {5-03012
B3 05-03012
R ¢1-02021
R2 03-01021
Rl (1-01073
R 0301061
RS 01-01081
Ré 01-0107
R7 01-01086
R3 01-10078
R? §1-58025
R1% §1-01930
Ri7 01-01030
R1% 01-01630
Rig ¢1-01030
R2) 03-01030
Ril 01-01030
R2Z T 01-01036
R2 (1-01062
R4 03-01021
k23 01-01021
R% 01-01921
R27 01-03061
R 0101013
R 01-01061
R 03-0108
Rii £1-01070
R32 01-01086
R3 01-10078
RH 01-50025
R33 01-01930
R36 181621
R37 {1-01021
R3f 01-91021
R3¢ 01-01021

A

bt peed b ek 3 3 Feed pe3 et b3 Bt b3 bt b beed ek el ped b e Bt b b fead B e Rd bed bod ed b hed Boeb ek B fed Bet B3 BD fed Bed e R fea P bd fed ded
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QUANTITY oo DESCRIPTION
T X
1 A to D Convertor (analoy portion)
1 4 1o D convertor (digital portion)
i 2300 1C20 (Watts range decoder!

Hex inverter open collector (36V)
16 Xey Encoder (CHOS)

fuad 2-to-1 ¥ultiplexor (CHOS)

1 of 10 Decoder

Dual D-Type £1ip flop (HCNOS)
Socket, dil, 20 pin

Socket, dil, 20 pin

Socket, dil, 20 pin

Sccket, dil, 20 pin

Socket, right angle, 10 way, gold
Socke, right angle, 10 way, gold
Beader, 3 pin, .56 lg, qold, .10 sp.
Relay, Reed, 5V Coil, DIL, Form A
Relay, Reed, 5V Coil, DIL, Form &
Relay, Reed, 5V Coil, DIL, Form A
100 5% 1/4W Carbon Filn

100 5% 1/4¥ Carbon Film

478 5% 1/4K Carbon Fil

10K 5% 1/4W Carbon Film

10% 5% 1/4W Carbon Film

33K 5% 1/4F Carbon Filn

220K 5% 1/4H Carbon Film

K13 S0ppm/C 174K ¥etal Filn
160 Bad Adjust

330 5% 1/4H Carbon Filn

330 5% 1/4% Carbon Film

330 5% 1/40 Carbon Filn

330 5% 1/4 Carbon Filn

330 5% 1/4% Carbon Fila

330 5% 1/4¥ Carbon File

330 5% 140 Carbon Filg

10F 5% 1/4% Carbon Film

100 5% 3/40 Carbon Fila

100 5% 1/4% Carbon Film

100 5% 1/4W Carben Filn

108 5% 1/4% Carbon Fiip

478 5% 1/4W Carbon Filn

10F 5% 1/4% Carbon Filn

100K 5% 1/40 Carbon File

33K 5% 1/4W Carbon Filn

220K 5% 1/4W Carbon Film

K 1% SOppr/C 1/4W Metal Filn
100 End Ad3ust

130 5% 1/4% Carbon Filn

100 5% 1/4W Carbon Filn

100 5% 1/4¥ Carbon Filn

160 5% 1/4% Carbon Filn

100 5% 1/4W Carben Filn

MANUFACTURING,PURCHASING DATA -~------ ALTERNATE

Intersil ICLAGABACTD or equiv.
Intersil ICL71C03ACPT or equiv.
Nade from 03-30154
7406

740822

T4CIETH or 40257RE
741458

T4HCT4Y

Burndy DILB20P-108
Burndy DILB20P-108
Burndy DITB20P-108
Burndy DIIR209-108
Molex 22-16-2101
Molex 22-16-2101
Nolex 22-10-206311
P Clare: PRMA 12 05
CP Clare; PRMA 14 05
P Clare: PRMA 1A 05
RCATEFLOLT
RCO7GRI03d
RCO7GR47I
RCD7GFL034
RCOTERL04T
RCO76F3333
BCOTGF2240
RN60C2001F
Beckman 8SPR10Comm
RCO7GFIII
RCC7GFIILT
RCO7GE331S
RCGTGRI3NT
RCO7GFI3LS
RCO7GFIILT
RCO7GEI3LT
RCO7GFL03T
RCOTGF101d
RCOTGFLOLT
RCO7GF1010
RCO7GFL03
RCO7GF473J
ROOTGFL03T
RCOTGF1040
RCO7GFI3%
RCO7GF224d
RN60C2001F
Beckman 89PR100chm
RCO7GF331d
RCOTGRIBIS
RCO7GFLOLT
RCO7GR101d
RCO7GFI0LT



PARTS LIST & 2300-602 REV N 2300 Display Board Assembly 4/14/1995 Page : 4

RE?,DES. STOCK § QUANTITY e DESCRIFTICH YARUPACTURTING /PURCEASTHG DATA ==wwwsv ALTERNATE
A ¥

240 (1-01053 1 4,78 5% 1/4% Carbon Filz RCO7GF472T
R4l 01-01073 1 47K 5% 1/4F Carbon Filn RCDTGF473]
k42 01-pi061 1 10F 5% 1/4¥ Carhon Filn RCO7GFLO3T
RA3 01-02081 1 109K 5% 1/4¥ Carbon Film RCOTEFL04T
R&4 01-p107¢ % 33K 5% 1/4K Carben Filn RCOTER3IN
P43 01-pi086 1 220K 5% 1/ Carbon Filz RCO7GR224T
46 01-18026 1 374 1% S0ppn/C 1/4W Metal Film RN6ECI740F
BT 01~10000 1 FACTORY SELECT VALUE (1%) REG0CXX
Réd 0i-50025 1 100 Bnd Adjust Beckzan 83PRI00chn
R43 0-10078 1 K 1% 30ppn/C 1/4 Metal Filu RREOC2001F
)] 0102030 330 5% 1/4W Carbon Film RCOTGRIILT
ka2 01-01030 1 330 5% 1/4W Carbon Film RCO76F331T
)] 01-0i061 1 10% 5% 1/4¥ Carbon Filn RCOTGRLO3T
R34 01-01081 1 100K 5% 1/4¥ Carbon Filn RCDTGFL04T
RSE f1-01030 1 330 5% 1/4¥ Carbon Film RCO7GE331T
i 03-01068 1 27K 5% 1/4W Carbon Filn RCBTGR273]
R59 01-01061 1 10 5% 1/4¥ Carhon Filz RCOTGF1030
R0 01-01026 1 220 5% 1/4W Carbon Filn RCOTCRZ2:T
Rél H-01026 1 220 5% 1/4W Carbon Film RCOTER213
R 01-01061 1 10K 5% 1/4W Carbon Filn RCO7GF1030
RE3 01-01061 1 10K 5% 1/4W Carbon Film REGTERLO3
Réé 001043 1 1.5% 5% 1/4W Carbon Piln RCOTGF158]
Ré3 H-01843 1 1.5K 5% 1/4W Carbon Fila RCO7GF1527
Ril 01-40002 1 8 % 100 Hefwork A-B 3188-101
R 01-40003 1 15 ¥ 10K Ketwork 4-B 3164-103
B3 p1-40002 1 8 ¥ 100 Hetwork -5 3168-101
R4 gi-40002 8 % 100 Network A-8 1168-101
st ge=03p5z 1 Switch, SPOT, Nosentary, Black w/Red LD Schadow, SEAUOR00105R
82 05-03052 1 Switch, SPDT, Momentary, Black w/Red LD Schadow , SEATOADDLOSR
L 0E-03052 1 Switch, SPDT, ¥omentary, Black w/Red LED Schadow, SEADDADC1O5R
54 05-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAUCAGOL05R
55 ge-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAU0AC0105R
86 05-03052 1 Switch, SPDT, Momentary, Black w/Red LD Schadow, SEAUGA00105R
st 0503052 1 Switch, SPDT, Momentary, Black w/Red LD Schadow, SEAU0AG0105R
58 05-03052 1 Switch, SPDT, Momentary, Black w/Red LD Schadow, SEAUDAOCLO5R
% 05-03082 1 Switch, SPDT, Momemtary, Black w/Red LED Schadow, SEAU0AD0105R
81t 05-03052 1 Switch, SPDT, Momentary, Black w/Red 1D Schadow, SFAGOA00105R
81 05-03052 1 Switch, SPDT, ¥omentary, Black w/Red LD Sthadow, SEAUDR00105R
§12 05-03052 1 Switch, SPDT, ¥omentary, Black w/Red LI Schadow, SEAUOAOG105R
813 05-03052 1 Switch, SPDT, Momentary, Biack w/Red LD Schadow, SEATCAGOL05R
S 05-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAT0A00105R
515 05-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEABOACO105R
516 05-03052 1 Switch, S8DT, Nomentary, Black w/hed LED  Schadow,SEAUGAOUI05R
§17 05=03052 1 Switck, SPDT, ¥omentary, Black w/Red LED Schadow  SEAUOACGL05R
518 95-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEATOADOI0SR
519 0503052 1 Switch, SPDT, ¥omentary, Black w/Red LED Schadow, SEAT0A0D105R
Lp 05-03077 1 Switch Push,Black,w/Red & Green LED's Schadow , SEAUCAI06RG
1 0-100131 1 ¥PN Transistor {7092) 4401
TR 0310013 1 NB¥ Transistor (7092) 2Neag1
TR3 03-10013 1 ¥PN Transistor (T092) 4401

03-10013 1 NPH Transistor (7092) 2N4401

TRY



PARTS LIST ; 2300-602 REV ¥ 2300 Display Board Assezbly

REF.DES, STOCK {
1R5 03-10613
RS 03-10013
&7 43-18013
RS 01-10013
TR 03-10013
TR0 03-16613
BRI 0310033
TR2  03-10813
I3 03-10010
W4 (3-19013
TRIB 03-10013
TRi6  03-10013
W7 0310013
TR18 03-10013
TR 03-10013
IR 03-10013
TRIL - (3-10013
TRz 0310013
000 010041
I3 05-10295
Il 0510041
T2 0510295
XIC13  05-10008
118 05-10041
fIC1%  05-10295
AIC0 0510042

A

5 B e e s Bt ged B ped $ee? g bed juh Bed b Fd ped bt fd f=b ped ) pd bk fea e

QUERTITY

T

K

s [EQCRIPTION

NE¥ Transistor {
¥PH Transistor (
NN Transistor (
¥PK Transistor {
NN Transistor {700

{

(

{

(

T092)
7092}
T082)
7092)
T092)
¥P¥ Fransistor (7092)
WPH Transistor {7062)
¥PY Transistor (7092)
PP Transistor (T082)
WPY Transistor (T092)
WPK Transistor (T092)
PN Transistor (T092)
¥PN Transistor (T092)
WPK Transistor (7092)
PN Pransistor {7092)
PN Transistor (T092)
NPY Transistor (7092)
¥PN Transistor {‘1‘092}
Socket, dii, 14 pin
Socket, dil, 28 pin
Socket, dil, 14 pin
Socket, dil, 28 pin
Socket, dil, 16 pin
Socket, dil, 14 pin
Secket, dil, 28 pin
Socket, dil, 24 pin

4/14/1995 Page : 5

MENUFACTURING/PURCHASING DATA ~=-~---- ALTERNATE

254401

4401

4401

2N4401

2N4461

2401

24401

2§a4li

2N4402

2H4401

4401

24401

24401

2N4401

Na401

204401

Wa401

2441

Burndy 8514-01
Burndy DIIB282-168
Burndy 8514-¢1
Burndy DIER23P-108
Barndy C8516-01
Burndy 8534-01
Burndy DILB28P-108
1 852402



PARTS LIST : 2300-404 REV A 2300L Final Assy. Page : 1

REF.DES. STOCK # QUANTITY  --vwrcmcmcccaae. DESCRIPTION vwvwwvmuncnonan commnn. MANUFACTURING/PURCHASING DATA -------
A T N

1 2300-400 1 2300 Final Assy. Assembly 2300-400

20 04-10687 1 2300L Front Panel (screened) DWG 2300-101 using 04-10340

1820 03-50015 1 2300L IC20 (Watts range decoder) Made from 03-30154

R21 01-10006 1 100K 1% S0ppm/C 1/4W Metel Film RNGOCTOO3F

R500 01-0102% 1 100 5% 1744 Carbon Film RCO7GF101J

DELETE THE FOLLOWING FROM PARTS LIST: 2300-600 Signal Processing Bd. Assy
R21% 01-10007 1 1.0 1% SOppm/C 1/2W Metal Film RNG5C1004F
DELETE THE FOLLOWING FROM PARTS LIST: 2300-602 2300 Display Board Assy

Ds22 05-01005 1 Single LED, Red, Small ) . Hewlett Packard, HLMP1000
ic20 $3-50014 1 2300 1C20 (Watts Range Decoder) made from 03-30G154

BELETE THE FOLLOWING FROM PARTS LIST: 1000-600 488 IEEE Bd. Assy

1cé 03-50017 3 230071 TL-4 ROM made from 03-30154
WITH OPTION TL-4 INSTALL THE FOLLOWING:

1cé 03-50016 1 2300/1L TL-4 ROM made from 03-30154
WITH OPTION Ti-5 INSTALL THE FOLLOWING:

1cé 03-50024 i 2300/1L TL-5 ROM ) made from 03-30154
DELETE THE FOLLOWING FROM PARTS LIST: 2300-400 2300 Final Assy

20 04- 10503 1 2300 front Panel (screened) DWG 2300-100 using G4- 10340



PARTS LIST : 2301-40¢ REV Q 2301 Final Assembly

REF.DES, STOK §
3 230G-500
4 2301-601
5 2301-502
8 2301-402
9 (14-30098
10 04~10456
12 - 0410457
13 04-10883
i (4-1083¢
15 04-10370
16 0410332
17 04-10348
19 (4-19882
pit 04-10502
2% 04-30342
22 04-10345
P G4-19332
25 04-10305
a7 (5-19350
28 05-101¢6
i 05-19213
3B 0503017
kL {5-10018
3 05-93061
3 g5-10317
40 0510625
4 5-10361
44 (5-16570
4 §2-06064
46 04-10469
48 50-06009
49 91~06006
50 90-060¢6
) 86-06006
52 90-04068
53 8106009
54 90-06084
55 98-04001
56 98-06002
57 §4~06005
58 0510086
59 05-10431
80 97-06001
6l 05~10019
82 05-10261
63 80-01516
&4 80-01218
65 80-01018
86 80-01918
&7 §0~01518
88 T0-00008

Ll o S S L i i o i e R e e I il = % T o Cad

+—
L3 o B

B
C=—T08 . ]

fx A7 B Pt O Rad e

1

18
4
4
48
48
3t

QUANIITY  -~-——- DESCRIPTION

2300/01 Signal Processing Board Assembly
2301 Main Board Assy.
2301 Display Board Assembly
2301 Shunt Plate Assy. (Simgle Phase)
Filler PCB (2301) '
7.00" Side rail {upper right,lower left)
7.00" Side rail (upper left,lower right)
Aluminan Bottom Plate
Aluminem Top Cover
2703 Chassis Support Bar (cormer block)
Standard Bezel
2300/25754/4100 ¥ain bd, support bar
Aluminug Flip Lid
2301 front panel (screened)
2300/2301 Rear panel
2300 Windtunnel
Standard Corner Block
43008 Buich Plate
Gromeet, caterpillar, .18 thick
Receptical, AC, filter
Card guide,snap-in,4.125 lg.,0.47 wide
Slide Switch,115/230V,2Pole
Fuseholder, panel mount
Switch,Power Biack, Tellow, 2207
Washer, nylon, shoulder, #4
Gromet,I.D. 5/16%, 0.D, 5/8°
Foot, hard, rubber, grey
Hole Plug,Black,.687 Bia,

7 6-32 ¥ 1/4" Phil Truss Head §.5.
2300 Main bd. support bar (front end)
§6-32 ¥ 9/16" Phil Pan 8.5,
§6-32 x 3/8* Phil Flat 82 Deg. S.5.
#6~32 x 3/4" Phil Pen 5.5,
#6-32 % 3/8% Phil Pan 8.5,
#4-40 x 1/2° Phil Pan 5.8,
$6-32 % 9/16" Phil Flat B2 Deg. S.5.

2 $6-32 x 1/4" Phil Pan 8.5.
#4 Split Lock Washer S.3.
#6 Internal Star Washer, 8.5,
¥6-32 x 5/16® Phil Pan 8.5,
Solder lug, #6, internal star
Standoff, 1/4 hex, 3/8 lg, 6-32, ¥-F

632 Hey Kut, Small Pattern, Stainlsss-Steel

Cabie tie, 4%x 1/8%
Tie-wrap block, large
16awg Wire, Green PVC
18awg Wire, Red PVC
18aug Wire, Black PVC
18awq Wire, White PVC
18awg Wire, Green PVC
1/2" Black Shrimk Tubing

4/14/1995 Page 1 1

MANUFACTURING/PURCHASING DATA =------ ALTERNATE

hssenbly 2309600
Assexbly 2361-601
Assembly 2301-602
Assembly 2361-402
Keystone, 1974

DEG 2300-223

DHG Z2360~224

DRG 2306-238

DKG 2300-239

OiG 2703-212

DG 2724-205

DG 2300-214

OHG 2300-237

DWG 2301-100 asing 04-103%6
G 2300-201

DEG 2300-202

WG 2724-204

DG 4309213

Smith 2694

Corcom 6EF)

Unitrack RAD41Z5
Switcheraft, 46251FR
Littlefuse 345061
Schadow, JTNE15 208116102068
Reystone 3053

Spith 214

ACC.Rubber 2095§-017-GREY
Heyco, 2673 (Biack) DP-687

DHG 2300-225

Smith 14126
RAF 4532-632~55~(

Panduit WRN-4
Panduit ARMIS-A
¥16878/1-BIE-5
¥16878/1~BHE-2
¥16878/1-BEE-{
¥16878/1-BHE-9
H16878/1-BEB-5

ANY 164-011-0500-02



PARTS LIST » 2301-4G0 REV Q 2301 Final Assembly

REF.DES, ST0CE §
N 86-06007
B §7-04001
7 BE-04002
74 05106310

A

[SET R S

8/14/1995 Page 1 2

GUANTITY  wwwwmew DESCRIPTION MANUPACTURING/PURCHASING DATR —=--m-— ALTERVATE
T ¥
#6-32 1 7/16% Phil 2an §,8.
$4-40 Radio Hey ¥ut S.S.
13,810 Blo Puse Littlefuse, 313001

Socket, right angle, 10 way, qold

Nolex 22-16-2191



PARTS LIST : 2301-501 REV P 2301 Main Board Assy.

| REF.DES. STOCK # QUANTITY  =esremrme-o-eoe-- DESCRIPTION

A T N

3 04-30074 2300 Main Board
3 0510042 Socket, dil, 24 pin
7 05-10313 wafer, 10 way, gold, 0.56 lg
71 90-06006 #6-32 % 3/8% Phil Pan 5.S.
72 98-06002 #5 Internal Star Washer, §.S.
73 97-06001 #6-32 Hex Mut, SMALL PATTERN,
77 05-10582 Cable Tie B.0%ig x .10%wide
oy 02-40013 470u 50V Aluminum
¢z 02-40013 4T0u 50V ALuminum
c3 02-30004 - 1u 25V Tantalum Bead
c4 02-30004 1u 25V Tantalum Bead
t5 02-40012 15000u 16V Aluminum
cé: 02-30001 1Gu 25V Tantalum Bead
c7 02-10014 0.7u 50V Ceramic disc
€19 02-10014 0.1u 50V Ceramic disc
13 02- 10004 0.02u 500V Ceramic disc
4 02- 10004 0.02u 300V Ceramic disc
c19 02-30003 47u 10V Tantalum Bead
c2o 02-30003 47u 10V Tantalum Bead
CR1 03-20002 Diode, rectifier, 1A, 50V
CcR2 03- 20002 Diode, rectifier, 1A, 50V
CR3 03-20002 Diode, rectifier, 1A, 50V

" CRé& 03-20002 Diode, rectifier, 1A, S0V

~ CRS 03-20049 Diode, Rectifier, 3A, 50v
CRS 03-2004% Diode, Rectifier, 3A, 50v

470u 50V Aluminum
470u 50v Aluminum

1u 25V Tantalum Bead
1u 25V Tantalum Bead
0.0047u 100V Mylar
0.0047u 100V Mylar
0.0047u 100V Myler
0.0047u 100V Mylar
0.0047u 100V Mylar
0.0047u 100V Mylar
0.010 30V Ceramic disc
Diode, general purpose
Dicde, general purpose
Dicde, general purpose
Diode, general purpose
Diode, general purpose
Diode, general purpese

£101 02-40013
cio2 02-40013
c103 02-30004
c104 02-30004
£105 02- 60000
c106 02-60000
c107 02-60000
c108 02-60000
c109 02~ 40000
c110 02-60000
£111 02-10006
CR11 03-20000
CR12 03-20000
CR13 03-20000
CR14 03-20000
CR15 03- 20000
CR16 03-20000
LRA7 03-20007
cR18 03-20007
CR101  03-20002
CR10Z2  03-20002
CR103  03-20002
CR104  03-20002
CCR111 03-20000
{CR112 03-20000

Diode, rectifier, 1A, 50V
pbiode, rectifier, 1A, 50V
Diode, rectifier, 1A, 50V
Diode, rectifier, A, 50V
Dicde, general purpose
Diode, general purpose
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PWG 2300-701
T! 8524-01
Molex 22-10-2101

S.5.

Panduit PLT2M
Hiinois 477TTADS0
tllinois 477TTADS0
Kemet TIS50A105K025AS
Yemet T350A105K025AS
Hlinois 1591TADIG
AVX TAP106KOZ55P

AVX SR205E104MAADC
AVX SR205E104MAADO

SPRAGUE
SPRAGUE

140CD50029- 2032
140CD50029- 2032

AV TAPLTEMOZOSP

AVX TAPLTOMO20SP
INGDOT-1N4DOT
1N&001-1N4007
TNL001-IN4O0T
INADOT - INGOOT
Motorola MRS00
Motorola ¥R500
Itlinois 477TTACS0
1tlinois 477TTAOS0
Kemmet T350A105K025A5
Kemet T350A105K025AS

Illinois 103GR0506-2
1H4148 or 1NF14
IN4148 or NP4
4148 or TNZ14
4148 or IND14
14148 or TNF14
184148 or IND14

Zener, reference, 6.3V, 10ppm/c, 5%
Zener, reference, 6.3V, 10ppm/c, 5%

1N4001-1N40O7
1N4001 - 1HG007
IN4DO1-1N4DQT7
1H4001- 1N4007
184148 or IN914
INLT48 or TN914



PARTS LIST : 2301-601 REV P 2301 Main Board Assy.

REF.DES.

CR113
CR114
CR115
CR116
it
12
IC3
14
Hw
ics
17
1c8
1ce
1¢10
e
1C14
1C101
1c102
18103
10104
1£105
1C106
R1

R2

R3

Ré

RS

R
R10
R
R12
R13
Ri4
R15

- Ri6
R17
R18
R19
R20
R21
k22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32

STOCK #

03-20000
0320000
03-20000
03-20000
03-30036
03-30037
03-30042
03-30170
0330203
03-30203
0330203
0350008
03-30164
03-30164
03-30205
03-30326
03-30036
03-30037
03-30133
0330090
03-30090
03-30090
01-01077
01-01077
01-01077
01-01077
01-10178
01-10178
01-10017
01-50014
01-10110
01-50033
01-10014
01-50033

T01-10157

01-10017
01-50037
01-10053
01-50014
01-10167
01-50014
01-10172
01-50033
01-10133
01-10%112
01-50037
01-100670
01-50037
01-10173
01-50037
o1-10021

GUANTETY
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Diode, general purpose

Diode, general purpose

Diode, general purpose

Diode, general purpose
Regulator,+15V,0.5A,70202 or TOZ220
Regulator, - 15v,0.54, 70202 or TOZ20
Regulator, +5V,1.54, 103

Low Noise, low drift Op-amp

8 to 1 multiplexor

8 to 1 multipiexor

8 to 1 multiplexor

2300 Family I1C8

Hex buffer open collector (30V)
Hex buffer open collector (30V)
Dual Monostable (CMOS)

Duatl General Purpose Op Amp
Regulator +15V,0.54,T0202 or TOZ220
Regulator,-15v,0.5A,T0202 or T0220
Guad general purpose comparator
General Purpose JFET Op-Amp
General Purpose JFET Op-Amp
General Purpose JFET Op-Amp

68K 5% 1/44 Carbon Fitm

68K 5% 1/4W Carbon Film

48K 5% 1/4W Carbon Film

68K 5% 1/4W Carbon Film

10K 0.1%  25ppm/C 1/8W Metsl Film
10K 6.1%  25ppm/C 1/8W Metal Film
9.09K 1% SOppm/C 1/4W Metal Film
100 Top Adjust

1.13K 1% S0ppm/C 1744 Metal Film
20 Top Adjust

698 1% SO0ppm/C 1/44 Metal Film
50 Top Adjust

475 1% SOppm/C 1/464 Metal Film
9.09K 1% SOppm/C 1/4W Metal Film
200 Top Adjust

2.43K 1% S0ppm/C 1/4W Metal Film
100 Top Adjust

200 1% S0ppm/C 1/4W Metal Film
100 Top Adjust

511 1% 50ppm/C 1/4W Metal Film
50 Top Adjust

845 1% SO0ppm/C 1/4W Metal Film
2.80K 1% 50ppmfC 1/4W Metal Film
200 Top Adjust

649 1% S50ppm/C 1/4W Metal Film
200 Top Adjust

365 1% SO0ppm/C 1/44 Metal Film
200 Top Adjust

604 1% SOppm/C 1744 Metal Film

1H4148 or NP4
NS 148 or INGIL
ING148 or TRIYA
1N4148 or NS4
78M15CP or LM3407-15
7OMISCP or EM3207-15
7805CK or LM340K-5.0

RCOVGFS83)
RCO7GF&834
RCO7GF&834
RCOVGF6834

PRP 1/8W - 10K - 0.1% - 25PPM
PRP 1/BW - 10K - 0.1% - 25PPM

RNGOCRO91F

Beckman 68WR100ckm
RN&OCHI31F

Beckman 68WRS0chm
RNEOCSTEOF

Beckmarn: 68WRS0chm

RNGGC4L7SOF

RRE0CFOFIF

Beckman 68WR200ohm
RNA6OC2431F

Beckman 68wWR100chm
RN&0C2000F

Beckman 68WR1C0chm
RN&OC5110F

Beckman &8WR50ohm
RNGOCBLSOF
RNGOC2BO1F

Beckman 68WRZ200chm
RNG0CHA0F

Seckman S58WR200chm
RNSOCIE50F

Beckman 68WR2000hm
RN&0CA040F

MANUFACTURING/PURCHASING DATA ---f



PARTS LIST = 2301-401 REV P 2301 Main Board Assy. Page : 3

" REF.DES. STOCK # QUANTITY  =--vmecmmmeccaes DESCRIPTION «-rrmevorrarrvunn aocenns MANUFACTURING/PURCHASING DATA -=-v»---
A 7 N
R33 01-50014 1 100 Top Adjust Beckman 68WR10Gohm
R34 01-1017% 1 324 1% SOppm/C 1/46W Metal Film RNS0C3240F
R35 01-50014 1 100 Top Adjust Beckman 68WR1000hm
R36 01-10138 1 182 1%  SOppm/C 1/4W Metal Film RNGOC1820F
R37 01-50014 1 100 Top Adjust Beckman 68WR10C0chm
R38 01-10172 1 511 1% S0ppm/C 1/4W Metal Film RN60C5110F
R39 01-50033 1 50 Top Adjust Beckman 68WR50chm
R4O 01-10051 1 100 1% S0ppm/C 1/4W Metal Film RN&0C1000F
R&41 01-50033 1 50 Top Adjust Beckman 68WR50chm
R4Z 01- 10014 1 698 1% SO0ppm/C 1/4% Metal Film RNEQCEPB0F
Rb4 01-01089 1 10K 5% 1/4W Carbon Film RCOVGF1034
R4S 01-01061 1 10K 5% 1/4W Carbon Film RCO7GF1034
RS3 01-01045 1 2K 5% 1/4W Carbon Film RCO7GF202J
RS54 61-01045 1 2K 5% 1744 Carbon Film RCO7GF202J
R5S 01-01081 1 100K 5% 1/4W carbon Film RCO7GF 104
R36 01-01083 1 150K 5% 1/4W Carbon Film RCO7GF1544
R57 01-01083 | 150K 5% 1/4W Carbon Film RCOTGF 1544
R58 01-01081 1 100K 5% 174U Carbon Film RCOTGF1044
R102 01-01074 1 51K 5% 1/4W Carbon Film RCO7GF513)
R103 01-01083 1 150K 5% 1/4W Carbon film RCO7GF1544
R104 01-01061 1 10K 5% 1/4W Carbon Fitm RCO7GF1034
R105 01-10111 1 1.24M 1% 50ppm/C 1/44 Metsl Film RNSDC1244F
R106 01-10111 9 1.244 1% SOppm/C 1/4W Metal Film RNGOCT244F
. R107 01-01081 1 100K 5% 1/4W Carbon Film RCOVGF1044
" R108 01-01081 1 100K 5% 1744 Carbon Film RCO7GF104
R109 01-01041 1 1K 5% 1/4W Cerbon Fitm RCO7GF1024
rR110 01-50028 1 50K Top Adjust Beckman 68WRS0K
R1YM1 . 01-01084 1 00K 5% 1/4W Carbon Film RCOTGF1044
R112 1-01081 1 100K 5% 1744 Carbon Film RCO7GF1044
R113 01-01061 1 10K 5% 1744 Carbon Film RCO7GF1034
R114 61-10111 1 1.24M 1% SOppm/C 1/4W Metal Fitm RNGOCT244F
R115 81-10111 1 1.24M 1% 5SCppm/C 1/4W Metal Film RNAOC1244F
R116 01-01081 1 100K 5% 1/4W Carbon Film RCO7GF1044
R117 01-01081 1 100K 5% 1/4W Carbon Film RCO7GF104d
R118 01-01041 1 1K 5% 1/76W Carbon Fiim RCO7GF1024
R119 01-50028 1 50K Top Adjust Beckman 68WRS0K
Ri120 01-01081 1 100K 5% 1/4¥ Carbon Film RCO7GF 1044
r122 01-01061 1 10K 5% 1/4M Carbon Film RCO7GF1034
R123 01-10111 1 1.24M 1% S0ppm/C 1/4W Metal Film RREQC1244F
Ri124 0110111 1 1.24M 1% SOppm/C 1744 Metal Fitm RN6OCT1244F
R12S 01-01081 1 100K 5% 1/4W Carbon Film RCOTGF1044
R126 01-01081 1 100K 5% 1/4W Carbon Film RCO7GF1044
R127 01-01041 1 1K 5% 1/4W Carbon Film RCOTGF1024
R128 01-50028 1 50K Top Adjust Beckman 68WRS0K
R130 01-01061 1 10K 5% 1/4W Carbon Fiim RCO7GF1034
R131 01-01061 1 10K 5% 1/4W Carbon Film RCO7GF1034
1 04-2003% 1 Power XFMR Signal,DST-4-36
T2 04- 20040 1 Power XFMR Signal ,DPC-12-2000
Ti01 04- 20039 1 Power XFMR Signal ,DST-4-36
XIC3 05-10025 1 Heatsink, T03, 1¢ high Thermalloy 40038-2



PARTS LIST ¢ 2301-602 REV ¥ 2301 Display Board Assembly 4/14/1995 Page @ 1

REP.DES. STOCK § JUANTITY o == DESCRIPTION HANTFACTURING/PURCHASING DATA =~w=~-- ALTERNATE
A T ¥

1 05-10213 3 Card quide,snap-in,4.125 1g.,0.47 wide Unitrack RAD4L2S

2 05-10314 6 Standoff, smap-in, 3/8 g #6 Thread Snith 3929

4 8-0383¢ 10 30awg Wire, Green Fynar

Al M-30075 1 2300 Display Beard [#G 2300-702

{l f-p00c2 1 0,1uF 250 Hylar Tilincis 194NSR250K

€ 92-50000 1 9,229F 10% 50V Polystyrene B PAIMZUE

(] ga-30060 1 4,7uF 16V Tantalue Bead TAP4TERO165P

4 g2-30001 1 100F 25V Tantalum Bead AVX TAP106R025SE

5 02-30601 1 10uF 25V Tantalum Bead AVE TaP106R0255P

s fa-30008 1 §.B10F 50V Ceranic disc Tlinois 1036GR050-2

{10 02-10014 1 0.3uF 50V Ceramic Disc AVX SR295E104HAAGE

1l 02-60002 1 §.1uF 250V Mylar Illinois 104¥SR250K

) 02-50000 1 0,220F 10% 50V Polystyrens THB PAIADMR

k| G2-30000 1 4.75F 16V Tantalm Bead TAP47OR0165P

Ci4 02-30001 % 10uF 25V Tantalun Bead AVY TAP106K0255P

15 02-30001 1 10uP 25V Tantalum Bead AVX TAPL06K0255P

Cls 02-10006 I 0.020F 50V Ceramic disc I1lineis 103GRO50-Z

€17 f2-10014 1 0.1uP 50V Ceramic Disc AVX SR205K104%AAN0

18 g2-50000 1 0.22F 10% 56V Poiystyrene IHB PAZAI2ER

€19 02-10006 1 0.01uF 50V Ceramic disc Tllinois 103GRO50-2

il gz-10007 1 330p 1000V Ceramic disc SPRAGUE 56AT33

€2t 6236000 1 4.7uF 16V Tantalar Bead TAP475R0163P

£ §2-30001 1 10uF 25V Tantalun Bead AVE TAP106R0255P

EWA] p-30001 1 10uF 25V Tantalum Bead AVX TAR106R6255P

€26 f-60902 1 0.1uF 250V ¥ylar T1linois 104MSRA50F

L1 pa-30061 1 10uf 25V Tantalum Bead AVX TAP106K0255P

¢35 02-10004 1 8.9%F 500V Ceranic disc SPRAGUE 140CD50079-2032

36 010004 1 0.020F 500V Ceramic disc SPRAGUE 140CD500%9-2032

€37 02-16004 1 0.020F 590V Ceramic disc SPRAGUE 140CD500E8-2032

] 0230004 3 0.020% 500V Ceramic disc SPRAGYE 140CD50029-2032

C3¢ 02-10004 1 £.020F 500V Ceramic disc SPRAGUE 140CD50029~2030

£40 (z-10004 1 0.,020F 5007 Ceramic disc SPRAGEE 140CD5002%-2032

i) f3-20008 1. Diode, general purpose 154148 or 1914

(R2 03-20000 1 Diode, general purpose IN4148 or 1914

CR3 03=20000 1 Diode, general purpose 1§4148 or 14914

CRE 0320000 1 Dicde, general purpose 1§4148 or 1N934

il (3-2000c 1 Diode, general purpose 154148 or 1K%14

CRé 03-20000 1 Dicde, general purpose 1§4148 or IN914

CR7 03-20000 1 Diode, general purpose 1§4148 or 1N9L4

(re 9320000 1 Diode, general purpose 144148 or 1¥914

CR9 03-20000 1 Diode, general marpose 1N4148 or 1N914

CR1D  03-20000 1 Diode, gereral purpose 1§4148 or 18914

CRIL 0320000 I Diode, general purpose 1H4148 or 1N914

CRl2 03-20000 1 Diode, general purpose 1§4148 or 18934

CRI3  03-20000 1 Diode, general purpose 154148 or 1N914

CRid 0320000 1 Diode, general purpose 1§£148 or 15914

DSI 05-01020 1 Display,LED,Red, +/-1 BP 5082-765, Bin €, Dor E

D82 §-01918 1 Display, L&D Red, 0-9 HP 5082-7650 Bin C, D or &

D83 g3-010t0 I Dispiay,LED,Red,0~9 HP 5082-7650 Bin C, Dor E

it g-01010 1 Display,L8D,Red, 0~9 HP 5082-7650 Bin C, D or B



PARTS LIST : 2301-602 REV N 2301 Display Board Assembly

RER.DES, STOCK {
bS5 05-01010
256 05-01020
D7 05-01010
Ds8  05-01010
Dss 05-01010
DSib  05-01910
D31 05-01020
D812 05-01610
DSy 05-01010
DS14  D5-B1610
D815 05-01010
D816 05-D1005
DS1S 0501005
0§22 05-01008
0§23 0501005
DS24  05-01005
1 0330106
12 3-30113
165 0330114
1c4 05~02007
15 3-30154
106 03-30209
17 03-30052
1c8 03-30210
jiu] 13-30164
IC1 03~30106
01 03-30113
012 03-30114
13 03-50034
01 0330209
Ic15  03~30052
1016 0330210
117 03-30106
010 03-30113
018 03-30114
020 0350014
ICL 0330173
) 0510294
32 05-10294
73 0510294
4 0510294
3 05-1031¢
6 0514319
¥ 05-03p12
K3 95-33012
Rl 61-01021
R f1~01621
R3 61-01073
B4 01-01061
RS 01-01081
26 81-01070
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wmsmene DESCRTPTION
]

Display,LED,Red 0-9
Display,LED,Red,+/-1
Display,LED, Red,0~%
Display,LED,Red,0-9
Display,LED,Red, 0-9
Dispiay,LED,Red,0-9
Display,LED,Red /-1
Dispiay,LED,Red,0~3
Display,LED,Red,0-%
Dispiay,LED,Red,0~9
Display,LED,Red, (=9

Single LED,Red,Srall

Single LED,Red,Small

Single LED,Red,Small

Single LED,Red, Smail

Single LED,Red,Small

BCD to 7-Seqment decoder /driver
A to D Convertor {amalog portion)
A to D convertor {digital portien)
Frogramabie 0sc. 8. 3Fz~1MHz

Hex Duffer open collector {30V}
16 Xey Encoder {CMOS)

{Quad 2-to-1 Multipiexor (CMOS)

1 of 10 Decoder

Hex huffer open collector [30V)
BCD to 7-Segment decoder/driver
A to D Convertor [analog portion)
A to D convertor (digitel portion)
2300 Fanily IC13

16 Key Encoder {CHOS)

Quad 2-to-1 Multiplexor (CM0S)

1 of 10 Decoder

0D to 7-Segment decoder/driver

- At D Convertor {analog portion) -

A to D convertor (digital portion)
2300 120 (Watts range decoder)
Hex inverter open collector (30V)
Socket, dil, 20 pin

Socket, dil, 20 pin

Socket, dil, 20 pin

Socket, dil, 20 pin

Socket, right angle, 10 way, gold
Socket, right angle, 10 way, gold
Relay, Reed, 5V Coil, DIL, Form A
Relay, Reed, 5V Coll, DIL, Form A
100 5% 1/4W Carbon Filn

100 5% 1/4W Carbon Film

TR, 5% 1/4K Carbon Filn

108 5% 1/4W Carbon Filz

106K 5% 1/4W Carbon Filn

33 5% 1/4W Carbon Filz

MANTFACTURING/PURCHASTNG DATA

HP 5082-7650 Bin C, D or E
TP 5082-7656, Bin C, D or §
HP 5082-7650 Bin C, Dor §
HP 5082-7650 Bin €, D or Z
HP 5082-7650 Bin ¢, D or B
P 5082-765%0 BinC, Dor ¥
AP 5082-7656, Bin C, Dor E
HP 5082-7650 Bin C, Dor B
P 5082-7650 Bin C, Dor B
P 5082-7650 Bin C, D or E
HP 5082-7650 Bin C, D or B
Hewlett Packard, HEEP1000
Hewlett Packard,HLMPLOGO
Hewlett Packard,HLKP1000
Hewlett Packerd, HLMP1O0O
Hewlett Packerd,HLMP1000
T4LSATN

Intersil ICLD6SACED or equiv.

Intersil ICL71CO3ACPT or equiv,

Statek,PE030008HzA

1407

740922

T4CI57N or 40257BE

741458

1407

T4LS4TR

Intersil ICL806BACED or equiv.

Intersil ICL71CO3ACPT or equiv.

¥ade from 61-30082
740922
T4C157X or 402578F
T414ER
TALSATH
- Intersil ICLBOGRACED or equivi

Intersil ICLTICO3ACPT or equiv.

Made from 03-30154
7408

Burndy DILBZ0P-108
Burndy DILB20P-108
Burndy DILB2GP-108
Burndy DILB2OP-108
¥olex 22-16-2101
¥olex 23-16-2101

(P Clare: PREA 1 05
(P Clare: PRYA 14 05
RCOTGR101T
RCO7EF10LT
RCO7GR4733
RCO7GFLG3T
RCB7CF043
RCO7GFI33

ALTERNATE



PARTS LIST : 231-602 REV N 2301 Display Board Assembly

REF.DES. STOCK 4
R 01-01086
RS 01-18078
RY 01~50025
R 01-81830
Rl 01-01030
R0 0101030
m 91-01061
R4 01-01021
RS 01-01021
R26 03-01021
R27 §1-01061
R% 0101673
R 61-01261
R0 01-01081
Ri 61-01970
K32 01-01086
ik 01-16078
R34 01-50025
R3S 01-51030
B3 01-01021
R37 01-01021
R 01-01021
39 01-G1021
R4 01~01053
RL 0101673
R4 91-01061
R43 01-01081
R4t 21~01070
R45 01-01086
RE 01-10026
RY7 01-10000
R48 01-50025
R4 01-10078
RSL O D1-01030
B3 01~01061
RS54 01-01081
R55 01-01030
RN 01-40002
B2 01-40003
Lk 01-40902
RNt 01~40002
81 (5-03052
52 15-03052
§ 05-03052
54 05-03052
8 05-03052
56 1503052
37 05-03052
58 05~03052
% 05~03052
810 05-03052
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QUANTITY e DESCRIPTION MANUFACTURTNG,/PURCHASTHG DATA —~rr=m—n ALTERNATE
T
220K 5% 1/4W Carbon Fila RCQTCF2240
K 1% S0ppm/C 1/4% Metal Filn RH60C2001F
100 End Adjust Becknan 89PRLOCONT
330 5% 1/4% Carbon Film RCGTGE33LE
330 5% 1/4W Carbon Fila RCOTCE3ILT
330 5% 1/46% Carbon Filn RCOTGF331S
16K 5% 1/4W Carbon Filn RCO7GF103
100 5% 1/4¥ Carbon Film ROOTGRIOLS
100 5% 1/4W Carbon Film RCOTEFLOL
100 5% 1/4% Carbon Film RCO7GF101d
10K 5% 1/4K Carbon Filz RCOTCFL03S
47F 5% 1/4% Carbon File RCO7GR4733
10K 5% 1/4K Carbon Film RCOTCRLO3]
100K 5% 1/4% Carbon Film RCOTGEL04S
33K 5% 1/4K Carbon Fils RCOTEF3330
220K 5% 1/4W Carbon Filg RCOTGR2240
K 1% Spmm/C 1/4W ¥etal Fils RN60C2001F
100 End Adjust Beckman §9FR1000h
330 5% 1/4% Carbon Filn RCHTGRISL
100 5% 1/4W Carbon Film RCO7GF101J
100 5% 1/4W Carbon Filn RCOTGRI01T
100 5% 1/4% Carbon Film RCO7GFIC1T
100 5% 1/4% Carbon Fila RCGTGFI01E
4,7 5% 1/4W Carbon Film RCOTGRATZT
47K 5% 1/4% Carben Filn RCGTER4TIT
10K 5% 1/4W Carbon Filu RCO7GFL03
100K 5% 1/4¥ Carbor Film RCGTEF104]
33K 5% 1/4W Carbon Filz RC076F313J
220K 5% 1/4W Carbon Film RCOTGF2240
374 1% Soppay/C 1/4K Netal Fils RN60C3740F
1 FACTORY SELECT VALUE (1%) REGOCKNX
105 End Adiust Becksan 84PR10GOR
R 1% SCope/C 1/4W Netal Fily RH60C2001F
330 5% 1/4% Carbon Filz RO07GEIALT
108 5% 1/4% Carbon Filn RCOTGF1035
10K 5% 1/4W Carbon Filn RCOTGRI04
330 5% 1/4% Carbon Film RCO7GFIILS
8 ¥ 100 Fetwork A-3 316B~101
15 ¥ 10F Hetwork A-B 316A-103
% % 10¢ Network A-B 316B-101
8 % 100 Network A-B 316B-101
switch, SPDT, Momentary, Black w/Red LED Schadow, SERU0AGO105R
Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAUOA00106R
Switch, SPDT, Momentary, Biack w/Red LED Schadow, STAUDADOIOR
Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAU0AQ0L05R
Switch, SEOT, Momentary, Black w/Red LED Schadow, SERUCAGG105R
Syitch, SPDT, Momentary, Black w/Zed LED Schadow, SEAUOANQ105R
Switch, SPOT, Momentary, Black w/Red LED Schadow, SEATOADDLOBR
Switch, SPDF, Momentary, Black w/ked LED Schadow, SEAGGACO105R
Switch, SPDT, Momentary, Black w/Red LE  Schadow,SEAUDADOI0SR
Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAUOA0105R



PARTS LIST @ 2301-602 REV N 2301 Display Board Assembly §/14/1995 Page & 4

REF.DES. STOK QUARTITY  ~--——- DESCRIPTION MANUFACTURING/PURCHASING DATA -~-~w- ALTERNATE
& 7T X

41 05-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEATOAC01O5R

512 65-03052 1 Switch, SPDT, Momentary, Black w/Red LED Schadow, SEAEJABO105R

813 05-03052 1 Switch, SPOT, Momentary, Black w/Red LED Schadow, SEAT0AO0LOSR

TRL g-10013 1 PN Transistor {T092} Zh4E0]

vl 0310013 1 ¥P¥ Tramsistor (7092) 24401

TR3 f3-10013 1 ¥PY Transistor (T092) 2N4401

TR4 03-10013 1 ¥P¥ Transistor {7092) 2N4401

RS 0310013 1 YBN Transistor {7092} bt 2l

TRé 03~10013 1 NPY Transistor [£092) piET

w G- 1 NPN Transistor (T092) 2§4401

TRa 0316013 1 PN Transistor (7992) JR4401

R 0310013 1 NPN Tramsistor (T092) 2¥4401

TG 03-10013 1 NPN Transistor (T092) 2R4401

TR 83-10013 1 PN Transistor (T092) 2401

TRi2 03-10013 1 ¥R Transistor [%092) 284401

TR13 0310010 1 PNP Transistor {T092} ZR4402

TR14 03-10013 1 P¥ Transistor {7092) Naa01

TR15 03-10013 1 PN Transistor {7092) ZRa401

RS 0310013 1 NPN Transistor (7092) 24401

TRL7 0-10013 1 PN Transistor {T092) JRe401

RIS 0310023 1 ¥PY Transistor (7097) a0l

TRS 03-10003 1 PN Transistor (T092) 54401

TR20 03-10013 1 NPH Transistor (7092) 254401

07 0510041 1 Socket, dil, 14 pin Burndy 851401

X103 05-10205 1 Socket, dil, 28 pin Burpdy DIER28P-108

e 0516041 1 Socket, dil, 14 pin Burndy 851401

¥Icl2  05-10285 1 Socket, ¢il, 28 pin Burady DIER28P-:08

101 05-10008 1 Socket, i1, 16 pin Burndy C8516-01

Yl 05-10041 1 Socket, &il, 14 pin Burndy 8514-01

Y010 0510295 1 Socket, dil, 28 pin Burndy DILB28P-108

fIc0 0518042 1 Socket, dil, 24 pin 0 8524-01



PARTS LIST : 2300-401 REV A 2301L Final Assy. Page : 1

. REF.DES. STOCK # QUANTITY  =--e--mrmrcacnes DESCRIPTION ------c--vmmmomn mmmcenn MANUFACTURING/PURCHASING DATA ---vn--
A T N
1 2301-400 1 2301 Final Assy. Assembly 2300-400
20 04-10647 1 2301L Front Panmei (screened) DWG 2300-101 using 04-10340
120 03-50015 1 2300L 1C20 (Watts range decoder) Made from 03-30154
r21 01- 10006 1 100K 1% S50ppm/C 1/4W Metal Film RNGGC1O03F
R50C 01-01021 1 100 5% 1744 Carbon Film RCOTGFIOG

DELETE THE FOLLOWING FROM PARTS LIST: 2300-600 Signal Processing Bd. Assy
rR21 0110007 H 1.0M 1% 50ppm/C 1/2W Metal Film RNSBCICO4F
DELETE THE FOLLOWING FROM PARTS LIST: 2300-602 2300 Display Board Assy

ps22 05-01003 1 Single LED, Red, Small Hewlett Packard, HEMP1800
1C20 03-50014 1 2300 1C20 {Watts Range Decoder) made from 03-30154

DELETE THE FOLLOWING FROM PARTS LIST: 1000-600 488 IEEE Bd. Assy

1cé 03-50017 i 2300/1 TL-4 ROM made from 03-30154
WITH CPTION TL-4 INSTALL THE FOLLOWING:

1e6 03-50016 1 2300/1L Ti-4 ROM made from 03-30154
: WITH OPTION YL-5 INSTALL THE FOLLOWING:

186 03-50024 1 2300/1L TL-5 ROM made from 03-30154
DELETE THE FOLLOWING FROM PARTS LIST: 2300-400 2300 Final Assy

20 04-10502 1 2301 Front Panel {screened) DWG 2301-100 using 04-10398



PARTS LIST : 2300-605 REV D Option 10-3 Assembly Page : 1

---------------- DESCRIPTION =<+ «ssevsscseure covevns MANUFACTURING/PURCHASING DATA ----

REF.DES. STOCK # QUANTITY
A T ]
2 80-02126 36 26awg Hire, Brown TFE M16878/4-8DE-1
3 80-02226 36 26awg Wire, Red TFE M16878/4-BDE-2
& 80-02326 45 26awWg bire, Orange TFE M16878/4-BDE-3
5 80-02426 2% 26awg Wire, Yellow TFE M1687B/4-BDE-4
6 80-02526 21 2éawg Wire, Green TFE M16878/4-BDE-5
7 80-02726 12 2baug Wire, Violet TFE M16878/4-BDE-7
8 B0-02826 12 26awg Wire, Gray TFE M16878/4-BDE-§
9 80-02926 12 26awg Wire, white TFE M16878/4-BDE-9
10 80-02026 92 26awg Wire, Black TFE M16878/4-BDE-0
1 05-10730 4 Standoff, swage, 1/4 dia., 1/46 lg., 4-40 Useco A15337-B-1/4-18
12 05-10533 1 & pin, din receptical Hirschmann DIN4S322
13 05- 10514 1 &-pin din plug Switchcraft 12GM&M
14 01-01021 3 100 5% 1/4W Carbon Film RCO7GF101d
15 70-00004 3 1/4% Black Shrink Tubing FP301 3M 30002508K
16 90-04010 4 #4-40 x 5/8" Phil Pan 8.S.
17 98-04002 & #& Internal Star Hasher $.S.
18 05-10261 2 Tie-wrap block, large Parduit ABMZ2S-A
19 05-10019 16 Cable tie, 4"x 1/8" Panduit WRN-4
At 04-30229 1 103-2ZW1 Board DWG 2300-705
c1 02-60017 1 0. 1uF, 63V, Mylar,5% WIMA MKC2-0.1uf
c2 02-60017 1 0.1uf, 63V, Mylar, 5% WIMA MKCZ2-0,1uF
ic1 03-30166 1 General Purpose JFET Op-amp LF4TICN
1c2 03-30166 1 General Purpose JFET Op-amp LF&1ICN
123 03-30166 1 General Purpose JFET Op-amp LF411CN
R1 G1-10001 1 1.06 1% S0ppm/C 1/4W Metal Film RNGOC1O01TF
R2 01-10001 1 1.0 1% SO0ppm/C 1/4W Metal Film RNGOCICOIF
R3 01-10001 1 1.0K 1% S50ppm/C 1/4W Metal Film RNSOCIOOMF
R& 01-16001 1 1.0K 1% S0ppm/C /44 Metal Film RNA0CI001F
R5 01-10001 1 1.0 1% 50ppm/C 1/4W Metal Film RNGOCTCOTF
RS 01-10001 1 1.0k 1% 50ppm/C 1/4W Metal Film RNG0CI001F
RV1 01-50037 1 200 Top Adjust Beckman S8WR2000hm
RVZ 01-50012 1 10K Top Adjust Beckman &8WR10K
RV3 61-50037 1 200 Top Adjust Beckman A8WR200chm
RV4 01-50012 1 10K Top Adjust Beckman S8HR10K
RVS 01-50037 1 200 Top Adjust Beckman 68WR2000hm
RVS 01-50012 1 10K Top Adjust Beckman &8WR10K



PARTS LIST : 2300-603 REV K Option "IOX" Board Assembly 4/14/1995 Paga 1 ]

RER.DES. ST0(K 4 QUARFITY  ===-=-- DESCRIPTION VANUFACTURING/PURCHASING DATA ==-mm-s ALTERNATE
AT 3

7 05-10244 1 TEEE connector hardware kit A¥P 552633~3

il 05-10018 2 Cable tie, 4™y 1/87 Panduit WRN-4

18 b4-10296 2 TEEE/I0X support bracket DWG 2306-216

19 90-06006 4 §6-32 x 3/8" Phil Pan 8.5,

20 97-06006 4 #6-32 Standard Hex Mut, 8.5

2 98-06001 4 f6 Split Lock Washer,5T,5.5,

22 90-04i04 2 #4 % 1/4" Self-Tap Phil Pan Cad

3 80-01122 36 22AWG Wire, Brown PVC M16878/1~BFE-1

u 80-01322 30 204%G Wire, Orange VC ¥16878/1-BFE-3

5 8-31422 40 220G Wire, Yellow BVC 16878 /1-BFE-4

Vi3 g0-01222 18 27306 Wire, Red PVC H16878,/1-BFE-2

27 80-81022 18 22AWG Wire, Black PVC M15378/1-BFE~0

8 §0-01922 43 208G Wire, Waite PVC H16878/1-BFE-9

29 80-01522 18 22KWG Wire, Green FIC K15878/1~BFE-5

Al 04-30095 1 2360 PI0X® Analog Cufput Board DG 2300-703

1 a=30601 1 10gF 25V Tantaium Bead AVY TAP10680258F

) 02-33001 1 10uF 25V Tantalun Bead AVY TAP106R0Z55P

1c1 03-30322 1 Dual Genaral Purpose JFEF Cp Mp LFI53N

2 03-30320 1 Dual General Purpose JFET Op Aup LR35

I3 03-30322 1 bual General Porpose JVET Op Amp LF353N

ics §3-30322 1 Dua} General Purpose JFET {p Amp IFI53

It5 §3-30322 1 Dual Genersl Purpose JFET Cp Amp Lr3s3N

1C6 03-30322 1 Dual General Purpose JFET Op Amp LF353N

By, 0510243 1 Comnector, 24 way, right angle P 5527911

R 0110065 1 953 15 S0ppm/C 1/4 Metal Fils RN60CH530F

i (1-16065 1 953 1% S0pps/C 1/4 Metal Filn RNECI53CF

R 0i-10001 1 1.0% 1% S0ppm/C 174 Netal Fils RN60CLO0IF

R4 01-10014 1 698 3% 50ppm/C 1/4W Metal Film RN6OCS3aGE

RS 01-01016 1 5 5% 1/4 Carbon Fils RCOTGF3607

R6 01-01016 1 56 5% 1/4W Carbon Film RCOTGF5600

7 gl-01016 1 56 5% 1/4W Carbon Film RCG7GF568]

RE 0i-01016 1 56 5% 1/4W Carbor Film RCO7GRE600

RS 1-01016 1 5 5% 1/44 Carbon Filn REOTGFSE00

RIO- - 01=01016 - 1 5 5% 1/4% Carbon Filn RCOTEHSE0T - -

Rl 01-010i6 1 56 5% 1/4W Carbon Filp RCCTCFS60]

R12 01-01816 1 5 5% 1/4¥ Carbon Filn RCOTGR5604

R 01-01016 1 56 5% 1/4W Carbon Film RCO7GT5600

R4 01-01016 1 56 5% 1/4% Carbon Piln RCOTGERE0S

Ri5 (1-0i016 1 56 5% 1/4W Carbon Filn RCOTGF5600

Ll 0i-40006 1 3 % 100K Network 3B 316B-194

R¥Z 01-40087 1 15 % 100 Network 4B 316A-101

R3 J1-40006 1 § ¥ 100K Ketwork A-B 316B~104

Rid 01-40808 1 8 x IF Network A-B 3168-102

K5 a1-40008 1 8 ¥ I¥ Ketwork A-B 316B~102

RN6 0140068 1 8 x 1K Network A-B 316B-102

m f1-50035 1 50K Bnd Adjust Becknan 89PRS(R

RV pi-50035 1 5% End Adjust Becknan 89PR5IK

4K 01-50035 1 50K End Adiust Beckman BOPRS(K

§Vé 01-5003% 1 50K End Adjust Beckman 89PR5IK

R 61-50035 1 50F £nd Adjust Beckman 89FR50R

Rie 01-50035 1 5% End Adjust Beckman 83PR5OK

RV 0150035 1 50 End Adjust Beckman 897R50R



PARTS LIST : 2300-603 REV H Option "I0X® Board Assembly

REF.DES. STOCK 4
V8 01-50035
RV 0150035
B8 01-50035
RVl 01-30035
B2 01-50043
RV13  01-50043
B4 01-50628
Wls 0150025
RVl6  Gl-50028
RVI7  01-50043
RV 01-50043
RV 0:-50025
R0 6159025
RVa1 01-50643
RV £1-50043
RV23  (1-50625
RV2¢  41-50025
RV 01-50025

A

3 3 ek 3 d bt L b ek fed fd feek fed et et et ped ek

QUANTY
T

i
¥

mmnm=n DESCRIPTION

50% Bnd Adsust
50K End Adjust
50F End Adiust
50K End Adjust
200 End Adjust
200 End Adjust
100 End Adjust
100 Bnd Adjust
100 End Adjust
200 End Adjust
200 End Adjust
100 End Adust
100 End Adjust
200 End Adjust
200 End Adjust
100 End Adjust
100 End Adjust
100 End Adust

4/14/1995 Page 1 2

MANUFACTURING/PURCEASING DATA ===~~~ ALTERNATE

Bscknan 89PREOK

Beckman 29PRA0K

Backman B9PRAOK

Beckman 83PRS0K

Beckman B9FR2900hm
Becknan B9PRZ000hn
Becksan $9PR100ckm
Beckuan S9PR100chm
Beckman 89PR100chm
Beckman 89PR2C0ohm
Backman E9PR200ckm
Becknan 39PR1G0ckm
Beckmarn 89PRI00chn
Beckman 89PR200chR
Beckman 89PR200ckm
Beckman 39PR109chn
Beckian 89PR100chm
Beckmen 89FR100chm



PARTS LIST : 1000-600 REV M [EEE~488 Board Assembly (Gption TL-4)

REP.DES., ST0CK {

1
16
18
19
28
29
3
3
3
40
€1

n
"

]
¢4
8
Cé
7
Ca
e
D1
I
Ia
14
Tce
IC5
W)
Ics
ICY
1
Icil
-IC12
e
:4}
R2
R
R4
RS
Ré
R?
RS
RY
Ri)
Ril
81
5K
K2
5K3
Sk4

{5~15086
70~06003
05-10085
80-01222
§0~01022
05~10244
§0-02520
04-30084
G4-10296
86-06006
98-06001
47-66601
90-04504
(230014
g2-20018
02-20018
02-10006
02-10096
g2-10006
02-10006
02-30002
02-30002
03-2000C
03-30136
03-30157
03-30157
03-30158
13-30180
03-30155
93-30159
(3306159
{3-30159
{3-3015%
03-30184
{3-30634
9101081
{10161
01-03061
(1-016€1
01-01061
{1-01861
01-01061
{1-C1oel
01-01061
01-01061
§1-01061
(5-03081
95-10345
(5~10345
05-10345
05-16345

3

fmd e Bed b e B bl R Bed e et Bed fes B e L3 b BT b a2 B € Of B pes b

bt ot 3 ek bt fend et feed bt fd fet ot b et

GUANTI
7

Pt ek Gt e

[ PP I

T - DESCRIPIICH

N

Solder lug, #6, internal star
3/16" Black Shrink Tubing
Solder lug, #6, interral star
208G Wire, Red PVC

2040 Wire, Black BYC

TEEE connector Rardware kit
20awg Wire, Green TP%

IEEE 488 Board

TERE/T0 support bracket
§6-32 ¥ 3/87 Phil Pan 5.5.

f6 Split Lock Washer,5T0,8.5,

#6-32 Hex Nut, Small Patfern, Stainless-Steel
440 % 1/4,Self-Tap,Fhil,Pan hd,S.5., Type A8

100u 10V Tentaiug Bead

33p 500V Mica

33p 500V Mica

§.,010F 50V Ceramic disc

0.01uF 50V Ceramic disc

0,014F 50V Ceremic disc

0.0%0F 50V Ceramic disc

33F 16V Tantalum Bead

13uP 10V Tantaluy Bead

Dicde, general purpose

Octal 3-State Buffer

Octal GPIB Transceiver {Thin Package)
Octal GPIB Transceiver {Thin Package)
GPIB to MEU Interface

Hicroprovessor with RA¥ (1MH:)

Binary to 1 of B decoder

Peripheral Interface Adapter {1.5¥Hz)
Peripheral Interface Adapter (1.5MEz)
Peripheral Interface Adapter {1.5MHz)
Peripheral Interface Adapter (1.5MEz)

Bex invertor : :
Requlator +5V,0.54,70202 or 0220

10K 5% 1/4% Carbon Film

10% 5% 1/4W Carbon Filn

10F 5% 1/4W Carbon Filz

10F 5% 1/4W Carbor Film

108 5% 1/4W Carbon Fils

10K 5% 1/4¥ Carbor Film

1% 5% 1/4W Carbon Filp

10K 5% 1/4W Carbon Filn

10K 5% 1/4% Carbon Film

108 5% 1/4W Carbon Filn

10K 5% 1/4% Carbon Filp

Switch,Dip,Rt. Angle,5 Position

Cable 20pin Dil to 20pin Dil, 16,00 inches
Cable 20pin Dil to 20pin Dil, 16.00 inches
Cable 20pin Dil to 20pin Dil, 16,00 inches
Cable 20pin Bil to 20pin Dil, 16.06 Inches

4/14/19%5 Page : 1

MANUFACTURING/PURCHASIRG DATA =------ ALTERNATE

Spith 1412+6
3000187 BIX 3K
Snith 14125
H16878/1-BFE-2
M16878/1-BFE-0
AP 5526333
N16878/4-BGR-5
DHG 1000-700
DG 2300-216

AVX TAP106RD255P
CHOSFD330J03
(H05FD330002

T1linois 103GRE50-1
I1linols 1036R050~%
Tllincis 183GR050-2
11linoig 1036R050-%
IDC336E0L04LF
1DC336ED10MLF

1§4148 or 1¥914
TAALSB41N or 741S54IN
¥otorola MCI447P3
Hotorola MCI447P3
NCeBagEPR

¥C68028

T4ALSLIBN or TALSI38N
¥Ch8A21P

NCeRAZIP

¥Co8a2lR

MCaaAZ1P
TAALS04N or TLSO4E - -
7BH05CP or IM3407-5.0
RCOTGF1033
RCOTGF163d
RCOTGR103J
RCOTGR1G3T
RCO7GFI03J
RCGTGFI0Y
RCOTGRLI03S
RCA7GF163
RCOTGF1I03
RCOTGF1035
RCOTGF103d
Grayaill,76PSa05

WG 2703-053

WG 2703053

D¥G 2703-053

DHG 2743-053

03-30401



PARTS LIST : 1300-60C REV ¥ [IREE-483 Board Assembly {Option Ti-4)

REF.DES. STOLK #
SK5 05-16241
IR 03-10013
TR? 03-16083
R3 03-100613
Thd (3-16003
Xicd  05-10246
ICs 05-10246
1% 05-10042
Xce o 05-10Ms
II09  05-10246
JIC1Y  05-10246
XL 05-10246
15K 05-10294
¥Rz 05-10094
ISF3 05-10294
X584 05-102%4
i} (5-02004

A

et ed = ed Pt bed Bt heh P e Y et Et b e et

QUANTITY

T

X

wmmanas DESCRIPTION

Connector, 24 way, right angle

NP¥ Transistor {7092)
VEW Transistor [T092)
HPH Transistor (7092)
¥PN Transistor (1092}
Socket, dil, 40 pin
Socket, dil, 40 pin
Socket, dil, 24 pin
Socket, dil, 40 pin
Socket, dil, 40 pin
Socket, dil, 40 pin
Socket, dil, 46 pin
Socket, dil, 20 pin
Socket, dil, 20 pin
Secket, dil, 20 pin
Socket, dil, 20 pin
Crystal MEU, 4MH2

§/14/1995 Page ¢ 2

YARUEACTIRTNG/PURCHASING DATA

AP 552791-1
2N4401

2401

2544038

2K4401

Burady DILB402-11
Burndy DILB4GR-11
T 8524-01

Burndy DILB4OP-11
Burndy DILA407-11
Burndy DILB40P-11
Burndy DILR40P-11
Burndy DILB20P-108
Burndy DILB20P-108
Burndy DILBZ0P-1¢8
Burndy DILB20P-108
HC18~4MHz

ALTERNATE



PARTS LIST : 2300-405 REV A MLF" Assy. Page : i

REF.DES. STOCK # QUANTITY

A T N

DELETE THE FOLLOWING FROM PARTS LIST : 2300-601 Main PCB Assembly

---------------- DESCRIPTION ----v-s-vs=r==se ---uo- MANUFACTURING/PURCHASING DATA

c105
€106
c107
cios
c109 .
ci10
ca0s
c206
c207
€208
£209
c210
€305
C306
c3g07
c308
cige
310

02-60000
02-60000
02-&0000
02- 60000
02- 60000
02-60000
02-£0000
02-60000
02-60000
02-60000
02-60000
G2- 60000
G2-60000
02- 60000
02-60000
02-60000
02-66000
02- 60000

ADD THE FOLLOWING

c105
€106
107
c108
c109
c110
£205
c206
c207
€208
c209
c210
C305
C306
c307
c308
c309
310

02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-90002
02-906002
G2-90002
02-90002
{2-90602
02-90002
02-90002

Lo L L T N (. RNV T U T AT A T T (I A G Sy

TO PARTS LIST : 2300-601

e I e T T T YU i N O T S Y

0.0047uF 100V Mylar
0.0047uf 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
G.0047uF 100V Mylar
G.0047uF 100V Mylar
0.0047uF 100V Mylar
0,0047uF 100V Mylar
0.0047uk 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar
0.0047uF 100V Mylar

0.5u 5% Sov
0.5u 5% 50v
0.3u 5% 50v
0.5u 5% 50v
0.5u 5% 50v
0.5u 3% 50v
0.5u 5% 50v
0.5u 5% 50v
0.5u 5% 50v
0.5u 5% 30V
0.5u 5% 50v
0.5u 5% 50V
0.5u 5% 50v
0.5u 5% 50V
0.5u 5% Sov
0.5u 5% S0v
0.5u 5% 50v
0.5u 5% 50v

Main PCB Assembly

Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate
Polycarbonate

IHB
M8
IMB
Mg
IMB
IMB
iMg
1¥8
I¥B
!
IMB

IMB

IMB
IMB
iMB
IMB
1MB
iMB

DELETE THE FOLLOWING FROM PARTS LIST : 2300-600 2300 Signal Processing Bd. Assy.

€18

ADD TEE FOLLOWING TO PARTS LIST : 2300-600 2300 Signal Processing Bd. Assy.

ci8

02-90005

02-90006

1

1

0.1u 5% S0v

Polycarbonate

tu 5% 50V Polycarbonate

iMB

IMB

RATAS04J
RATA504J
RATA504J
RA7AS504d
RATA504
RATAS04
RATAS04
RATAS04.J
RA7AS04J
RATAS04.
RATAS04J
RATAS04.
RA7A5G4.
RA7A504.)
RATAS04J
RATAS5044
RA7ABD4J
RA7AS504 J

RATA1044

RA201054



PARTS LIST r 2300-405 REV A MLF" Assy.

REF.DES. STOCK # QUAKTETY  srrecerrvvcmonns DESCRIPTION --vrmmmmmvmecnen cannnns MANUFACTURING/PURCHASING DATA ----

A ¥ N

DELETE THE FOLLOWING FROM PARTS LIST : 2300-602 Display PCB Assembly

cz2 02-50000 1 - 0.22u 10% 50V Polystyrene
c1e 02-50000 1 0.22u 10% 50V Polystyrene
cid 02-50000 1 0.22u 10% 50V Polystyrene

ADD THE FOLLOWING TO PARTS LIST : 2300-602 Display PCB Assembly

cz 02-90002 1 0.5u 5% 50v polycarbonate
ciz 02-90002 1 0.5u 3% 530V Polycarbonate
c18 02-90002 1 0.5u 5% 50V Polycarbonate

F-Dyne FSA 0.22uF or Equiv.
F-byne FSA 0.22uF or Equiv.
F-Dyne FSA 0.22uf or Equiv,

IMB RA7AS04J
IMB RATASO4J
IMB RA7ASO4J



SECTION XIV DRAWINGS AND SCHEMATICS

The following drawings have been included in this manual:

2300/01 Chassis Assembly ... ..ot iiiiinniirennennnns
2300/01 Signal Processing Board Schematic ................
2300/01 Signal Processing Board Assembly ................
2300 Main PCB Schematic . ......co i,
2300 Main PCB Assembly .......cviiiniiiiinean.
2300 Display PCB Schematic ....... .o,
2300 Display PCB Assembly . . . ... .o iiiii it

Option IOX Assermbly ... vviiiii i i i
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