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— CERTIFICATION

Valhatla Scientific, Inc. certifies that this instrument was thoroughiy
tested and inspected and found to meet its published specifications
when it was shipped from the factory. Vathalla Scientific, Inc. further
certifies that its calibration measurements are traceable to the
Naticnal Bureau of Standards to the extent allowed by NBS's calibration
facility "

WARRANTY

Valhalla Scientific, Ing. warrants this instrument against defects in
material and workmanship for one year from date of shipment. We wiil
repair or repiace the instrument during the warranty period provided it
is returned to Valhalia Scientific, Inc. No other warranty is expressed or
implied. We are not liable for consequential damages. Permission must
be obtzined directly from the factory for warranty repair returns. No
liability will be accepted if returned without such permission.
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2093 SERIES SPECIFICATIONS

Model True RMS Single Phase Three Phase
Number Current Ranges Watts Ranges Watts Ranges
2093 100A (5A min. input) 60.00 Kw 120,00 KW
20A (1A min. input) 12.00 KW 24.00 KW
2053 50A (2.5A min. input) 30.060 Kw 60.00 Kw
10A-( .5A min. input) “ 6,000 KW 12,000 KW
2013 10A (.5A min. input) 6.000 KW 12,000 KW
2A (.1A min. input) = | .~ 1.200 KW 2.400 KW
2033 5A (.25A nin. input) 3000 W 6000 W
) 1A (.05A min. input) 600.0 W 1200.0 w
2023 « LA (50mA min. input) 6C0.0 W 1200.0 W
.2A (1O0mA min. input) 120.0 W 260,0 W

True RMS Voltage Range: 30 to 600 V RMS all models,

Maximum Input: 600 V RMS, 1500 V peak; three times rated current
shunt for 5 seconds with no damage,

Peak Response Capability: 2.5 times range.
Peak Detection: L.E.D. illuminates when peak response is exceeded,

Input Configuration: 4 terminal per channel. -
accepts 10, 20 or 39 3-wire loads,

V-A-W Accuracy: (180 days 25°C +5°C)

+0.25% of reading +15 digits (40Hz to 400Hz)
+1.5% of reading +25 digits (30Hz to 2KHz)

Power Factor Response Capability: Zero to Unity leading or lagging
with no degradation in accuracy,

Displays: three 4% digit 7 segment L.E.D.
Operating Temperature Range: 0°C to 50°C.

Temperature Coefficient: +0.025% of range from 0°C to 20°C and
30°C to 50°C,

Conversion Rate: approxXximately 300mS.

Power: 115/230 VAC +10% 50/60Hz 10 watts.

Size: 43cm W X 33¢m L X 8.9%cmH (17"x13"x3.5"),

Weight: 7.7KG Net 11XG Shipping (17 lbs. Net,'ZS lbs. Shipping)
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SECTION |—GENERAL INFORMATION

1-1 DESCRIPTION

1-2  This manuai covers Valhaila Scientific Models
2013, 2023, 2033, 2053 and 2083 Dual Channei,
Polyphase Digital Wattmeters. These are all similar
equipments except that their individual power ranges,
as listed in the Specifications tabie at the front of this
manual, are different. Therefore, wherever the Model
2013 is referenced within this manual, the data
applies to all other models as wel. The calibration
tests of the Maintenance Section refer to the
Specifications tabie for determination of the load
current to be used with a particular model.

1-3 Valhalla Scientific’'s Dual Channet, Polyphase,
Digital Wattmeters are accurate, moderate-cost
instruments for power analysis in engineering,
production test and quality assurance departments,
They provide indication of product power
consumption in the 10 Hz to 50 KHz range for devices
operating from AC power lines. Voltage, current and
power are shown simultaneously on separate digital
displays. Two separate voltage and current input
channels may be displayed separately or in combined
torm, permitting single phase, two phase-and three
phase measurements of alithree parameters. Voltage
and current readings are true RMS; power is true
watls (El cos 8).

1-4 These Wattmeters provide a fast and
convenient means of determining product efficiency,
power factor and true RMS current. Load phase angle
relationships may be accurately caiculated using the
displayed digital data.

1-5 The power computation section of the
Wattmeter uses unique four-quadrant compiex
waveform analog multipliers. Their outputs are DC

o1

signals proportional to the product of the
instantaneous values of voltage and current in each
of two channels. Two resultant wattage values are
integrated, summed and presented on a 4 1/2 digit
display. Ranges of 100% and 20% of the instrument’s
maximum current are switch-setectable. Additionai
switching permits separate dispiay of either input
chanmel.

i-6 The Wattmeters are designed to operate froma
115 or 230 volt, 50-60Hz AC supply. Power is supplied
through a piug-in cord equipped with a 115 volt, 15
amp connector. Other connector types are available
upon request.

1-7 OPTION RX3

1-8 Option RX3 permits mounting of the Wattmeters
in a standard 19-inch equipment rack.

1-9 OPTIONIDO

1-10 This option provides analog and digital
outputs for voltage, current and power, permitting
automatic logging of these paramsters during life
testing or line voltage cycling tests. There are two
outputs for each function; a real time waveform of 0 to
5 volts rms; and a DC output of 0 to +2 voits DC. Both
outputs are DC for the watts function. The AC
waveform outputs will drive a 10K ohm load. The DC
output will drive a 10M ohm load.

1-11 The digital outputs are BCD positive “1” state
CMOS. These outputs will drive one standard TTL
load.

1-12 The output connactor is an Amphenol No. 57-
40500, or equivalent, and mates with an Amphenol
No. 57-30500, or equivalent, cable connector.
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SECTION II—INSTALLATION

2-1 INTRODUCTION

2.2 This section of the manual contains information
for receiving inspection and instaliation of the Models
2013, 2023, 2033, 2053 and 2093 Duat Channel
Polyphase Digital Wattmeters.

2-3 INITIALINSPECTION™

2-4 If the shipping container shows evidence of in-
transit damage, such damage should be immediately
brought to the attention of the carrier and the nature of
the visible damage noted on the bill of lading.

2-5 Unpack the instrufient and retain the shipping
container until the instrument has been inspected for
possible damage in shipment. If in-shipment damage
is observed, notify the carrier and obtain his
authorization for repairs before returning the
instrument to the factory. i the shipping container
shows evidence of damage in transit, but the
instrument appears undamaged, it may be advisable
to perform the calibration procedure of Section V to
determine that the instrument has not sustained
internal damage. o

2-6 POWERREQUIREMENTS

2-7 Theinstrument requires 115 ¢r 230 voits AC, 50-
60 Hz, at 10 watts and, unless ordered otherwise, is

connected for 115 voits AC when shipped. A
detachable line cord with appropriate connector is
provided.

2-8 INSTALLATION

2-9 If the Model 2013 is to be used in the bench top
configuration, installation requires only that the iline

- cord be connected to the wall receptacle and that the

power source and load be connected to the terminals
on the rear panel. In most applications it will be
convenient to fabricate cables with connectors to
match the power source and the load.

2-10 If the instrument is to be installed in a rack,
assemble the unit into the rack mount adaptor, install
it in the rack and connect the line cord and the power
and load terminals. The instrument should not be
operated at temperatures exceeding 50 degrees
Celsius (122 degrees Fahrenheit). If higher
temperatures are anticipated, forced air. cooling
should be provided to maintain the ambient
temperature at or below 50 degrees Celsius.

2-11  IDO OPTION CONNECTIONS

2-12  Ifthe IDO option is installed, the connector that
will mate with the rear panel conneactor must be wired
in accordance with Table 2-1.

Table 2-1. DO Option Connections.

PIN-NO. FUNCTION PIN NO. FUNCTION
1 1 iz 200
2 2 13 400
3 4 14 800
gy 8 15 fnalog Output f gzgc
5 Not Used 16 1000
5 16 17 2000
7 20 18 4000
8 40 19 8000
9 80 20 Analog Ground
10 Analog Wavefcorm (AC) 21 10000
11 100 45 Hold
50 Digital Ground
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SECTION I1i—OPERATION

3-1 INTRODUCTION

3-2 This section of the manual contains complete
operating instructions for the Models 2013, 2023,
2033, 2053 and 20983 Dual Channei Poiyphase Digital
Wattmeters.

3-3 FRONTPANELCONTROLS

-

3-4 There are seven pushbutton switches on the
front panel of the instrument, each marked with its
function. The single push-on, push-off button on the
right applies power to the instrument. The group of
three at the center are interlocked. The left
pushbutton selects for display the values of current,
voltage and power for Channelt, or Phase A, Theright
pushbutton selects for display those values for
Channel 2, or Phase C. The center pushbutton selects
the vectorially summed voltages, currents and powers
of both channels. A single push-on, push-off button on
the left side of the panel, labeled 1 KHz FILTER, con-
nects a separate 6db per octave, 1 KHz low-pass filter
to each of the instrument’s four inputs. This function
removes unwanted high frequency line noise which
might distort readings. A pair of push buttons located
between the filter and the display seiector, switches
seiect the high and low current ranges of the
instrument. The right button, selects the range where
the instrument’s maximum steady state current may
be applied and measured. The bution on the left
selects the low range where the maximum readable
current is 20% of the HIGH range.

3-5 FRONT PANELINDICATORS

3-6 There are three sets of seven-segment LED
digital readouts on the front panel. A four and cne-haif
digit load CURRENT display is on the left. A four
digit load VOLTAGE display is in the center and a four
and one-half KILOWATTS display is on the right.
Although the voltage display is capable of reading to
999.9 volts, the ful scale voltage input of ail the 2013
series instruments is 800 volts. The numerical
maximum of the four and one-half digit displays is
16999, In order to maintain maximum display
‘resolution, decimal points are placed between
different digits as the HIGH and LOW ranges are
selected. Also, the location of decimal points in both
ranges is different with different modeis of the 2013.
Full scale current and power readings for the HIGH
and LOW ranges of each instrument are shown in
Tabie 3-1.

3-1

Tabie 3-1. Wattmeter Current and Power Ranges.

CURRENT AMPS POWER KW
MODEL | HIGH LOW HIGH LOW
2093 100.1 19.999 | 120.00 | 24.00
2053 | 50.00 10.000 | 60.00 12.000
2013 10.000 | 1.9999 | 12.000 | 2.400
2033 | 5.000 1.0000 | 6.000 1.2000
2023 1.0000 | 0.1999 | 1.2000 | 0.2400

3.7 REARPANEL CONNECTIONS

CAUTION

The voltages applied to the rear pane!
terminals of the Model 2013 Series
Wattmeters are dangerous to life. Contact
with the terminals while voltages are applied
may result in serious injury or death.
Personnel should use extreme caution to
insure that source voltages are removed
before connecting or disconnecting the
voltage and current leads of the source and
load to the rear panel terminals.

3-8 Connections are made to the voltage and
current inputs of the instrument through eight 1/4-20
binding posts on the rear panel. Posts 2 and 3 are the
voitage terminals, and 1 and 4 the current terminals
for Channel 2. Pins 6 and 7 are the voltage terminats,
and 5 and 8 the current terminals for Channel 1. To
obtain accurate power measurements, it is necessary

~ that the relative phases of the voltage and current

inputs be correct. Schematic representations of the
correct connections for single phase and three phase
measurements are printed on the rear panel for the
operator's convenience and are also shown in Figures
3-1, 3-2 and 3-3. Figure 3-4 shows the connections for

-four-wire sensing where the load may be located

some distance from the waltmeter. With these
connections, the wattmeter will measure the powsar
dissipated in the load, compensating for the power
ioss in the interconnecting wires.

NOTE

Three phase power measurements may be
performed only on three-wire systams. The
measuring technigue used will not work on
four-wire three phase systems. In four-wire
systems, the power in each phase must be
measured separately and the results added
to obtain the total power. :
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30 TO 600V AMS
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Figure 3-1. Single Phase Wattmeter Connections.

e T LOAD LoAD
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Figure 3-2. Two Phase Wattmeter Connections,

mg‘”"

CHANNEL 2
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i

Comon
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Vo e 74
CHANNEL $
PHASE A

/““\" : R INTERN AL CURRENT @
? sasm_*o 405 : , SHUNT
L

(&)~ — At - Live
[A) Llwg Sougce
DELTA CONNECTIONS DRAWN WITHSOLIDL

WYE CONNECTIONS DRAWN WITH DASHED L!NES

Figure 3-3. Three Phase Wattmeter Connections.

3-2
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LGAD

M —————————|
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CURRENT LEAD
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YOLTAGE INPUT
30 TO 600V AMS

INTERNAL
CUSRENT SHUNT

Figure 3-4. Four-Wire Power Sensing Connections.

3-9 VOLTMETER

3-10 When connected for single phase measure-
ments, the voltage input of the channel in use is con-
nected across the load.-Selecting that channel with
the front panel pushbutton will cause the true RMS
voltage to be displayed. When connected for three
phase measurements, each of the voltage inputs of
the instrument is connected across two of the three
phases. Either of the two voltages may be displayed
by selecting the desired channel with the front panel
pushbuttons. i the pushbutton marked BOTH is
depressed, the RMS value of the vector sums of the
two voltages will be dispiayed. in a 120° three phase
system, the vector sum of 208 volts rms /¢ + 208 volts
rms /4 equals 208 volts rms. Anindication of 360 voits
rms in the three phase mode means one of the input
channels is 180° out of phase. In a 90° two phase
system, the vector sum of 100 volts rms /¢+ 100 volts
rms /i equals 141 volts rms. In a 180° spiit phase
system, the vector sum of 115 volts rms /¢ and 115
volts rms /b is 230 volts.

3-11 AMMETER

3-12 When connected for single phase measure-
ments, the current sensing terminais of the channetin
use are connected in series with the load. Selecting
that channel with the front panel pushbutton will
cause the true RMS current to be disptayed. When
connected for three phase measurements, the
current inputs of the instrument are connected in
series with the loads on two of the three phases.
Either of the two currenis may be displayed by
selecting the desired channel with the front panel
pushbuttons. If the pushbutton marked BOTH is
depressed, the RMS value of the vectorially summed
currents will be displayed. Careful examination of the
three phase connection diagram on the rear panef will
show that this value is also the total currentin the third
phase, since in a three-wire circuit, all currentinto the
third pnase must flow out of the other two phases.

C O

o1 5

Figure 3-5. Two-Wattmeter, Three Phase
Power Measurement.

?écb

3-13 WATTMETER

3-14 When connected for single phase measure-
ments, the instantaneous values of the voltage and
current applied to the inputs of the instrument are
multiplied together. The integrated vaiue of the
product appears on the power display. When con-
nected for three phase measurements, each of the
instrument's input channels is measuring the

 instantaneous product of the current into one phase

o 3-3

and the voltage across two phases. Therefore, the
reading obtained by selecting a single channel is not
the power in any one phase, and negative readings
are possible at power factors below 0.5. If the front
panel pushbutton marked BOTH is depressed, the
total power in the three phase icad is displayed. A
discussion of this method of power measurement will
be found in the next paragraph.

3-15 TWO-WATTMETER METHOD OF THREE
PHASE POWERMEASUREMENT

3-16 This instrument uses two waltmeters (o
measure total three phase power. The two-watimeter
method yieids accurate measurements whether or
not the currents in the phases are balanced, and
regardless of the power factor of the load in any
phase. The method operates as follows. Refer to
Figure 3-5.

Wattmeter A indicates the average product of the |
instantaneous valuesofl,and E,,r

T
WA=0f S

Wattmeter C indicates the average product of the
instantaneous values of l;and Egp:

T
WC:O[ Ecb-;:!

The total power would be:

Wr = (of Eap 1y) 4—“(0_[ Eco 1o}
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3-17 POWERFACTORCALCULATION

3-18 The indicated power on the instrument power
display is the average of the instantaneous product of
current and voliage, which is El cos § where § is the
angie by which the current ieads or lags the voltage,
and cos # is the power factor. To calculate the

numericai value of the power factor, simply divide the
indicated power by the product of the indicated
voltage and current. Power factor is not defined for
non-sinusoidai waveforms or for unbalanced loads.
For balanced passive loads, power factor is caiculated
as shown above.
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SECTION IV—THEORY OF OPERATION

4.1 GENERAL

4-2 This section of the manual provides functional
and detailed descriptions of the circuits of the Model
2013 Dual Channel Digital Wattmeter. The functional
descriptions are referenced to the block diagram of
Figure 4-1 and are intended to assist the user in
gaining a general understanding of the instrument
prior to study of the detailed circuit descriptions. The
information contained in this section, together with
that of Section V will provide the background
necessary for maintenance of the instrument.

4-3 FUNCTIONAL DESCRIPTION

4-4 The circuit descriptions of this section, while
providing an overview of system operation, are
arranged by circuit function to simplify the
presentation.

4.5 VOLTMETER

4-8 The voltmeter converts the applied AC voltage
to a DC voltage which is proportional to the RMS
value of the AC input. This DC voitage is then
accurately measured to provide the input to the
voltmeter display. The voitage inputs of Channels 1
and 2 pass through attenuators into wideband input
transformers and input ampiifiers. The cutputs of the
input amplifiers are selected with the front panei
channel select pushbutton switches to provide the
input to a summing amplifier. The summing amplifier
drives an RMS-to-DC converter whose DC output is
proportional to the true RMS voltage applied to its
input. The RM8-t0-DC converter drives a dual-slope
analog-to-digital converter comprising the analog
processor and the digital processor. The digital
processor drives a four digit, seven segment digital
display with a resoiution of 0.1 volt.

4-7 The maximum input that ali models of the 2013
series will display accurately is 600 volts AC. If this
level is exceeded, the RMS-to-DC converter will be
driven outside its linear range, yielding unretiable
readings. An LED indicator is provided on the front
panel to alert the operator when the rated full scale
voltage is exceeded.

4-8 AMMETER

4-9 The ammeter converts the AC voltage
developed across its input shunt to a DC voltage

4-1

which is proportional to the RMS value of the AC
current input. This DC voltage is then accurately
measured to provide the input to the ammeter
display. The current inputs of Channeis 1 and 2 are
similar to the voitage inputs, with the addition of
shunts across the input terminails. The voitages
developed across the shunts pass through wideband
input transformers and input ampilifiers. The outputs
of the input amplifiers are selected with the front
panel channel seiect pushbutton switches to provide
the input to a summing amplifier. The summing
amplifier drives an RMS-to-DC converter, whose DC
cutput is proportional to the true RMS voltage applied
to its input. The RMS-16-DC converter drives a dual-
slope analog-to-digital converter comprising the
analog processor and the digital processor. The
digital processor drives a four and one-haif digit
display. The resolution of the current dispiay varies
according to the model number of the instrument and
the current range selected. Display resoiutions are
summarized in the Specifications.

4-10Q The various models of the 2013 series display
different full scale currents. The full scale current
values for the various models are summarized in the
Specifications, If the full scale current rating of the
instrument is exceeded, the RMS-10-DC converier
will be driven outside its linear range, yielding
unreliable readings. An LED indicator is provided on
the front panel to alert the operator when the rated full
scale currentis exceeded.

4-11 WATTMETER

4-12 The wattmeter processes the outputs of the
voltage and current input amplifiers to provide the
power display. In each channel, the outputs of the
voltage and current input amplifiers are fed to a
muitiplier, whose output is the instantaneous product
of the inputs. Each multiplier -drives a multiplier
output ampiifier. Their outputs are selected with the
front panel channe! select pushbutton switches to
drive a summing amplifier. The summing amplifier
drives an amplifier/filter whose outputis proportional
to the average value of its input over time. This
average of the instantaneous values of the product of
voltage and current is true power, Ei cos #. The output
of the amplifier/filter drives a dual-slope analog-to-
digital converter comprised of an analog processor
and a digital processor. The digital processordrives a
four and one-half digit display.
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4.13 The various models of the 2013 series disptay
different full scale power levels. The {uli scale power
values for each model are summarized in the
Specifications.

4-14 DETAILED CIRCUIT DESCRIPTION

4-15 This section provides a detailed description of
each circuit of the 2013 Series of Digital Wattmeters.
Since the preceding functional descriptions provided
an pverview of system operation, the following
descriptions individuaily cover only a small portion of
gach section of the instrument. Unless otherwise
specified, the reference designators appearing in this
section are those of the schematic diagram of Figure
5-5,

4-16 VOLTAGE INPUT CIRCUITS

4-17  The input circuits.provide prescaling of the
applied voltages and isolate the applied signals from
the integrated circuit inputs. The two voltage input
circuits are identicai, therefore, only the circuit of the
Channet 1 input is discussed. With its adjustment at
midrange, the input attenuator, R56, R58, RB8
reduces a 600 volt input by a factor of 6000, to 0.1 volt,
The turns ratio of the input transformer is 1:1. The
input amplifier, IC3, is an LF 357 JFET input, wide
band operational amplifier. lis gain is set by the
values of R42 and R43 to approximately 60, so that its
output is approximately 6 volts for an instrument input
of 600 volts. The outputs of the voltage input
amplifiers drive the multipliers and are alsc applied to
the voltage sections of the channel select pushbution
switches,

4.18 CURRENT INPUT CIRCUITS

4-19 The currentinput circuits provide prescaling of
the voltage across the shunt and isolate the input
signals from the integrated circuit inputs. The two
input circuits are identical, therefore, only the current
input circuit for Channel 1 is described. The voltage
applied to the current input transformer is that which
is developed across shunt R62. The value of the shunt
is chosen so that the high range full scale voltage
developed across itis 0.1 volt, and the low range full
scale voltage is 0.02 volt. The turns ratio of the input
transformer is 1:1. The input amplifier, IC7, is an LF
357 JFET input, wide band operational amplifier. Its
gain is set by R64 and R435 to approximately 50 in the
instrument’s high current range. lts output is
therefore approximately 5 volts at fuil scale in the high
current range. In the instrument’s low current ranges,
R45 is shunted by R66 and R84 in series, increasing

4-2

the gain of the input amplifer to approximately 200. its
output in the low current range is approximately 4
volts full scale. The outputs of the current input
amplifiers drive the multipliers and are connected to
the current sections of the channel setect pushbutton
switches.

4.20 MULTIPLIER AND MULTIPLIER OUTPUT
AMPLIFIER

4-21 There are two identical mulliplier circuits,
therefore, only the circuit of Channel 1 is described.
The muitiplier, IC1, is an RC 4200 monolithic iC
multiplier, connected in a highly accurate four-
quadrant configuration. The magnitude of its output
current is proportional to the product of the
instantaneous values of its inputs. The inputs to the
muitiplier are the outputs of the voltage and current
input amplifiers, The muitiplier output drives the
multiplier output ampiifier, IC5, an LF 356 operational
amplifier. The gain control for the multiplier output
amplifier, R75, serves as a full scale calibration
control for power and is used for balancing the two
channels., The outpuis of the multiplier output
amplifiers are connected to the power sections of the

_ channel select pushbutton switches.

4-22 POWERDISPLAY SUMMING AMPLIFIER

4-23 The summing amplifier, IC8, is an LF 356 JFET
input, wide band operational amplifier. The values of
summing resistors R78 and R79, and of feedback
resistor R8O, set the gain of the amplifier at 0.5, its
inputs come from either or both multipliers, 1C1 and
HC2, via the channel select pushbuttons. The output of
the amplifier drives the amplifier/filter described in
the following paragraph.

4.24 AMPLIFIER/FILTER

4-25 The amplifier/filter, 112, is an LF 356
operational ampilifier. 1ts gain is set by R82 and R83 at
approximately 0.49. When the instrument's iow
current range is selected, the series combination of
R77 and R81 is piaced in paraliel with R82, incraasing
the gain. In this configuration, the gain at midrange of
the adjustment is about 1.2. C12 is connected be-
tween the output of the amplifier and itsinput, limiting

. the amplifier's high frequency response. As a result,

the output voltage of the amplifier/filter is
proportional to the average value of its input, with the
ripple of the measured AC filtered out. The cutput of
the amplifier/fiiter drives the analog processor
portion of an A 1o D converter, through an attenuator
comprising B90, R148 and R149.
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4-26 POWER ANALOG AND DIGITAL
PROCESSORS

4-27 The analog processor, 1C17, is a TL500C dual
slope integrator with built-in comparator and analog
switching elements. It is designed for use with the
digital processor, 1C20, a TL502C control, counter
and dispiay driver. Together they aci as a precision
analog-to-digital converter. Inputs to the converter
are clock pulses from the clock generator, a
reference voltage from the voltage reference, and the
voltage to be converted from the output of the
amplifier/filter. The conversion process functions as
follows.

4-28 The voitage to be converted is fed through an
analog switch 1o the input of an operational integrator
whose integrating capacitor is C17. The capacitor is
permitted to charge for a fixed period of time,
determined in the digital processor by counting clock
puises. At the end of that period, the input of the
integrator Is switched to the reference voltage, whose
polarity is selected to discharge C17. While C17 is
discharging, a counter in the digital processor is
counting clock pulses. The output of the integrator is
fed to a comparator. When C17 is fully discharged,
the comparator trips, and the state of the counter is
iatched onto the digital processor's display driver
outputs. The integrator charges and discharges C17
linearly. The slope of the integrator output is therefore
proportional only to the capacitance of C17 and the
applied voltage. Since the capacitance and the siope
of the discharge are constants, the time to discharge
C17 back to zero is directly proportional to the input
voltage. With suitable scaling of the input, the counter
output of the digital processor may be made equal to
the value of the input voltage to the analog processor.

4-29¢ POWERDISPLAY

4-30 The power display has four and one-half digits
consisting of four 7730 seven segment LED devices,
DS11 through DS14, and one 7756 leading “1”
display, BS10. The display is multiplexed; that is,
each of the digits is driven in turn. The digit drivers,
Q10 through Q14, are 2N4402 transistors. Provision is
made through the range switch and R125 for
changing the location of the decimal point depending
on whether the high or low current range is selected.

4-31 CURRENT DISPLAY SUMMING AMPLIFIER
4-32 The summing amplifier, 1C10, is an LF 356
JFET input, wide band operationai amplifier

- operating at unity gain. The output of the amplifier

drives the RMS-t0-DC converter, IC13.

4-4

4-33 CURRENTRMS-TO-DC CONVERTER

4-34 The RMS-to-DC Converter, IC13, is a type AD
536. It accurately computes irue RMS over a wide
range of frequencies, ang¢ outputs a DC voltage
proportional to the RMS value of the input. The output
of 1C13 is fed through a dual attenuator comprising
R86, R91, R137, R138 and R143 to the current analog-
to-digital converter, consisting of analog processor
IC15 and digital processor iC18.

4.35 CURRENT ANALOG AND DIGITAL
PROCESSORS

4-36 The current analog processor, IC15, is a
TL500C, and the current digital processor, IC18, is a
TL802C. For details of their functions, see paragraph
4-26 above. The output of the digital processor drives
the current display.

4-37 CURRENT DISPLAY

4-38 The current display has four and one-haif
digits consisting of four 7750 seven segment devices,
D82 through DS5, and one 7758 leading “1” dispiay,

~ DS1. The display is multiplexed; that is, each of the

digits is driven in turn. The digit drivers, Q1 through
Q5, are 2N4402 ftransistors. Provision is made
through the range switch and R116 for changing the
location of the decimal point depending on whether
the high or low current range is selected.

4.39 VOLTAGEDISPLAY SUMMING AMPLIFIER

4-40 The voltage display summing amplifier, IC11,
is an LF356J FET input, wide band operational
amplifier. The circuit has unity gain. lts inpuis come
from the voltage input amplifiers via the volitage
section of the channe! select pushbuttons. its cutput
drives the voltage RMS-t0-DC converter.

4-41 VOLTAGE RMS-TO-DC CONVERTER

4.42 The RMS8-to-DC converter, IC14, is an AD536
converter IC. it accurately computes true RMS over a
wide range of frequencies, and outputs a DC voltage
proportional to the RMS value of the input. The output
of 1C14 is fed through an attenuator, comprised of
R87, R136 and R147, to the voltage analog-to-digital
converter, consisting of Analog Processor IC16 and
Digital Processor iC19.

4-43 VOLTAGE ANALOG AND DIGITAL
PROCESSORS

4-44 The Analog Procéssor, 1C186, is a TLS00C, and
the Digital Processor, IC19, Is a TL502C, For details of
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their functions, see paiagraph 4-26 above. The cutput
of the Digital Processor drives the voltage display.

4-45 VYOLTAGEDI!SPLAY

4-46 The voltage display is comprised of four type
7750 seven segment devices, DS6 through DS9. The
display is muitiplexed; that is, each of the digits is
driven in turn. The digit drivers, Q6 through Q8, are
type 2N4402 transistors. The decimal point is fixed,
providiing one digitto its right.

4-47 CLOCK GENERATOR

4-48 The Clock Generator, 1C23, is a type 555 timer,

 oscillating at 200 KHz. It$ output is fed to the clock

inputs of the digital processors.
4-49 VOLTAGE REFERENCE

4-50 The Voltage Reference, IC22, is an MC1403,
2.5 volt reference. its output is reduced by the series
combination of R34, R47 and R163. During
calibration, R34 is adjusted to produce 1.000 volt atits
wiper connecton. This reference voltage is fed to the
anaiog processors.

4-5

4-51 OVERSCALEINDICATOR

4-52 The Overscale Indicator, 1C24, is a quad
operational amplifier, type TLO84. Two of its inputs
are connected to the voltage and current outputs of
the voltage and current summing amplifiers. When
the applied voitage exceeds a predetermined value,
DS15 is illuminated. When the applied current
exceeds a predetermined level, DS16 is illuminated.
Either indicates a “peak exceeded” condition and
alerts the operator that the readings displayed may
not be accurate.

4.53 POWER SUPPLY

4-54 The power supply provides +12 volts, —12
volts, both at 100 milliamperes, and +5 volits at one
ampere. A single fullwave brige rectifier, CR3 through
CR&, produces +18 volts and —18 volts from a center
tapped’ winding on the transformer. These two
voltages are regulated by IC21 and I1C22 to +12 volts
and —12 volts, respectively. The +5 volts source is
obtained through a separate transformer winding and
a fult wave rectifier, CR1 and CR2, which is filtered by
Cas.
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SECTIONV—MAINTENANCE

5-1 INTRODUCTION

5-2 This section contains maintenance information
for the Modet 2013 Series Dual Channel Digitai
Wattmeters. Included are a recommended test equip-
ment list and calibration procedures,

5-3 RECOMMENDED TEST EQUIPMENT

5-4 A very accurate (0.1%-or better) AC-DC voit-
ammeter is the minimum requirement. A frequency
counter with an accuracy of +1.0%is required, asisa
purely resistive 5 KW Joad, a Variac and an audio-
guality osciiloscope. It is helpful but not essential to
have a precision current source, such as the Valhalla
2555A Current Calibrator, which in turn requires a
precision voltage standard for its operation.

5.5 CALIBRATIONPROCEDURE

5-6 The following procedure should be performed
at routine intervals to insure that the accuracy of the
instrument remains within specified limits. In
addition, calibration should ke performed whenever
repairs have bean completed which involve accuracy
determining components.

CAUTION

The voltages applied to the rear panel
connectors of the Model 2013 Series
Wattmeters are dangerous to life. Contact
with the connectors while voltages are
appiied may result in serious injury or death.
Personnel should use extreme caution to
insure that source voltages are removed
before connecting or disconnecting the
voitage and current leads of the source and
load to the rear panel connectors.

NOTE

The locations of calibration adjustments are
identified in the Assembly Diagram, Figure
5-4.

5-7 INITIAL ADJUSTMENTS

5-8 Adijust R28 for a clock output frequency of
200KHz, measured at 1C23-3.

5-8 Adjust R34 for 1.000 volt DC at its wiper.

NOTE

Do not attempt this adjustment without a
measuring instrument of at least 0.1%
accuracy.

5-10 VOLTAGE SECTION CALIBRATION

5-11 A combination block and simplified schematic
diagram of the voitage section, Figure 5-1, shows
where the adjustments are located in the circuit. The
Channel 2 adjustments are shown in parentheses.

5-12 Apply 600 voits AC RMS to both CHANNEL 1
and CHANNEL 2 voltage inputs (terminais 1, 2 and 5,
6.)

5-13 Press the Phase A selector button on the front
panei and observe the voitage indication; press the
Phase C selector button and compare the indication
with that obtained with Phase A.

5.14 Adjust R88 and RS89 to produce identical
indications on Phase and Phase C. These indications
need not be accurate butthey must be identical.

- CAL ROSOR REY |
ICI0RICY
INPUT AMPL.
> " }
. | E ; i
VOLTAGE 50001 i : Lo
ho—mel  TRANSFORMER : FILTER A coRrD
NPUT ATTENUATGR i SFO et % ]
| ;'V\."\,
! SUMMING AMPL VOLTS ‘
— ,O AN FULL SCALE {
¢ ” CALIBRATION \ .

/ ’ AMS TO DC anaios Tl g o

. S CONVERTER PROCESSOR »——!--1 ARGCESSOA VOLTAGE E

i H 116 fw iCt8 a2 DISPLAY
D = OmAAN } ,
/ i l LINES
AN g___ ; A
I
R REFERENCE e
LOWVOLTAGE
CALIBRATION

Figure 5-1, Voitage Section Adjustments.

5-1
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Figure 5-2. Current Section Adjustments.

5-15 Adjust R87 to produce a indication of 600.0
volts on the voltage display.

5.16 Reduce the input voltage to 30 volts AC RMS;
adjust R24 for aindication of 30.0 volts.

5-17 Repeat steps 5-14 and 5-15 if necessary to
obtain the required indication accuracy.

5-18 CURRENT SECTION CALIBRATION

5-18 A combination biock and simplified schematic
diagram of the current section, Figure 5-2, shows
where the adjustments are located in the circuit.

5-20 The full scale currents of the five models of the
2013 Series Wattmeters are different. In the tollowing
steps, reference to fuil scale current is that listed for
the model under test in the Specifications table in the
front of this manual.

5-21 Select the instrument's high current range;
apply the rated full scale current to the CHANNEL 1
and CHANNEL 2 current inputs, connected in series
{terminals 3,4and 7, 8.)

5-22  Adjust R91 for a full scale currentindication on
the current display.

5.2

5.23 Reduce the current to 10% of full scale and
adjust R23 to obtain an accurate indication.

5-.24 Adjust the input current to the full scale value
of the instrument’s lower current range; select the
lower current range using the front panel pushbutton.

5-25 Adjust R86 for an accurate full scale current
indication.

5-26 Press the CHANNEL 1 selector button and
observe the current indication; press the CHANNEL 2
selector buttor and compare the indication with that

onChannelt. /Ll (70 5, PLO
N2

5.27 Adjust R84 and R85 to obtain Identical
indications on Charnel 1 and Channel 2. These
indications need not be accurate but they must be
identical. ,

5-28 Hepeatstep 5-23.
5-29 POWERSECTION CALIBRATION
5-30 A combination block and simplified schematic

diagram of the power section, Figure 5-3, shows
where the adjustments are located in the circuit,
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Figure 5-3. Power Section Adjustments.

5-31 The full scaie power ranges of the five models
of the 2013 Series Wattmeters are different. in the
following steps, reference to full scale power is that
listed for the model under test in the Specifications
table in the front of this manual.

5-32 Connect a 600 volt AC RMS source to both
CHANNEL 1 and CHANNEL 2 voltage inputs; apply a
full scale current into a resistive load through the
current terminais of CHANNEL 1 and CHANNEL 2.
The voltage terminals may be connected in parallel,
the current terminals in series. Separate supply
sources may be used for voltage and current
provided they are in phase.

5-33 Place the CHANNEL 1 voltage OPERATE-
TEST switch in the TEST position. The switch is
iocated on the PC board near the voltage input trans-
former.

5-34 Adjust R16 for minimum output at IC5-8,
viewed on an oscilloscope,

5-35 Place the CHANNEL 1 voltage OPERATE-
TEST switch in the OPERATE position. Place the
CHANNEL 1 current OPERATE-TEST switch in the
TEST position.

- 5-3

5-36 Adjust R17 for minimum output at 1C5-86.

5-37 Place the CHANNEL 1 current OPERATE-
TEST switch in the OPERATE position. Place the
CHANNEL 2 voltage OPERATE-TEST switch in the
TEST position,

5-38 Adjust R21 for minimum output atiC6-6.

5-3¢ Place the CHANNEL 2 voltage OPERATE-
TEST switch in the OPERATE position. Place the
CHANNEL 2 current OPERATE-TEST switch in the
TEST position. '

5.40 Adjust R20 for minimum cutput at C6-8.

5.41 Place the CHANNEL 2 current OPERATE-
TEST switch in the OPERATE position.

5-42 Press the CHANNEL 1 selector button on the
front panel and observe the power indications. Press
the CHANNEL 2 selector button and compare the
indication with thaton Channel 1.

5-43 Adjust R75 and R76 to produce identical
indications on Channel 1 and Channel 2. These
indications need not be accurate but they must be
identical.
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5-44  Adjust R80 to produce an accurate full scale
- reading on the power display.

5-45 Reduce the current to the full scale value of the
instrument’s low current range. Select the low current
range using the front panel pushbutton.

5-46  Adjust R77 for an accurate power reading.

5-47 Reduce the voltage and current to zero on both
Channel 1 and Channel 2.

R

5-48 Press the CHANNEL 1 selector buiton and
observe the power reading. Press the CHANNEL 2
selector button and compare the power reading with
that on Channel 1.

5-49 Adjust R18 and R19 i1c produce identical
readings on Channel 1 and Channel 2. These
readings need not be accurate but they must be
identical.

5-50 Adjust R25 for a reading of zero on the power
dispiay.
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FEDERAL SUPPLY CODE
far
MANUFACTURERS CATALOGING HANDBQOK H4-1

00001 Monsanto, Electronic Special Products, Cuperting, Calif.
00658 Aerovox Corporation, New Bedford, Mass
00883 Sangamo Electric Company, Pickens, S.C,
0112 Alien-Bradiey Company, Milwaukee, Wisc.
01285 Litton Industries, Inc,, Beverly Hills, Calif.
01281 T B W Semiconductors, Inc., Lawndale, Calif,
012856 Texas Instruments, Inc., Dallas, Texas
02336 Fairchild Controls Corp,, Hicksville, LI, N.Y.
02660 Amphenct Corporation, Broadview, N.Y.
03507 General Electric Company, Syracuse, N.Y,
04713 Mororola Semiconductor Prod., I1ne., Phoenix, Ariz,
04963 = 3-M, 81, Paul, Minn. -
05276_ .. Pomona Electronies Co., inc., Pomona, Calif.
05397 Kemet, Union Carbide Carp., Cieveland, Ohio
05820 Wakefield Engineering, Inc., Wakefield, Mass.
07088 Kelvin Etectric Company, Van Nuys, Calif.
07256 Siticon Transistor Corp., Garden City, N.Y.
07263 Fairchiid Camera and Instr, Corp., Mt. View, Calif.
07716 t R C, Incorporated, Burlington, lowa
07910 Continental Devices, Hawthorne, Calif.
08065 Accurate Hubber and Piastics Co., San Diego, Calif.
08026 Babcock Electronics Corp., Costa Mesa, Catif,
12405 Hysol Corporation, El Monte, Calif.
12406 . Elpac, Incorporated, Fuilertan, Calif.
12687 Clarostat Mfg. Co., Incorporated, Dover, N.H.
13454 Texas Crystals, River Grove, lif,
14655 Cornell-Dubitier Eiect. Corp., Newark, N.J.
14752 Eiectro Cube, Incorporated, San Gabriel, Calif,
16758 Deico Radio Div., General Motors, Kokomag, Ind.
17838 Mektron, Catifornia General, In¢., Chula Vista, Calif.
18324 Signetics, Sunnyvale, Calif,
18722 R C A, Mountaintop, Pa.
21604 Buckeye Stamping Company, Columbus, Ohio
25684 Victoreen instrument Co., Inc., Qak Lawn, 11,
27014 National Semi-Conductor Corp., Santa Clara, Calif.
- 27556 IMB Electronic Products, Santa Fe Springs, Calif.
28480 Hewlett-Packard Co., Paio Alto, Calif.
30982 Electra/Midland, San Diego, Calif.
44655 Ohmite Manufacturing Company, Skokie, 11,
71279 Cambridge Thermionic Corp., Cambridge, Mass.
71400 Bussmann Mfg. Div,, McGraw-Edison Co., St. Louis, Mo.
71450 CTS Corporation, Elkhart, Ind.
71468 ITT Cannon Electric, Inc., Los Angeles, Calif,
71590 Centralab Div.,, Giobe-Union, Ing., Milwaukee, Wisc.
71785 Cinch Manufacturing Company, Chicago, .
73895 J F D Electronics Company, Brookiyn, N.Y,
75815 Littlefuse, Incorporated, Des Plaines, 111,
. 780585 Mallory Controls, Frankfort, Ind.

~~~~~ . 76493 J.W. Milier Company, L.os Angeles, Calif,
78488 Stackpole Carbon Company, St. Marys, Pa,
80294 Bourns, incorporated, Riverside, Calif.
81095 Triad Transformer Corp., Venice, Calif.
81312 Winchester Eiectronics, Gakville, Ct. .
81348 Military Spec., Standardization Divisicn, Chicago, .
82389 Switchcrafy, Incorporated, Chicago, (1.
83330 Herman H. Smith, Inc., Brookiyn, N.Y,
34171 Arco Electronics, Inc., Great Neck, N.Y,
86684 R C A, Harrison, N.J.
88245 Useco Div,, Litton Industries, Van Nuys, Calif,
90201 Mallory Capacitor Company, Indianapatis, Ind.
91637 Dale Electronics, inc., Columbus, Neb.
91929 Micro Switch Div., Honeywell, Inc., Freeport, t1.
92194 Alpha Wire Corporation, Elizabeth, N .J,
93332 Sylvania Electric Products, Inc., Woburn, Mass
98978 IERC, Burbank, Calif.
00002 Jordan Electronics, Van Nuys, Calif,

53504 Valhalla Scientific, ', - San Diego, Calif,
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MODELS 2013, 2023, 2033, 2053 AND 2083
DUAL CHANNEL POLYPHASE DIGITAL WATTMETERS

ORDERING INFORMATION

MODEL 2023
MODEL 2033
MODEL 2013
MODEL 2053
MODEL 2093
OPTION RX3
OPTIONIDO

1.2KWDUAL CHANNEL POLYPHASE WATTMETER
6 KWDUAL CHANNEL POLYPHASE WATTMETER
12KWDUAL CHANNEL POLYPHASE WATTMETER
60 KWDUAL CHANNEL POLYPHASE WATTMETER
126 KW DUAL CHANNEL POLYPHASE WATTMETER
RACK MOUNTING KIT

ANALOG AND DIGITAL OUTPUT MODULE

FOB:San Diego, California

Terms: Net 30 Days

v Valhalla
QAOScienl‘t_'fic Inc.

7576 Trade St., San Diego, CA 9212]
(714) 578-8280

DELIVERY
Stock to 30 Days

=1 o~ £
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