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Warranty

The Modal 636 Multfuncion Power Analyrer is
warranted lar 12 months from date of delivery far
replacement of any part which fails during normal
operation of service. A deficient pant should bo
returned to the factory. shipping chargas prepaid, lor
replacerment fo b Boonton. N J

RFL Industries, Inc.

A Dowty Group Company
Boonton, Now Jersay, U.S.A.

L3
I
[1

.

]

FOR YOUR SAFETY

THE INSTALLATION, OPERATION AND
MAINTENANCE OF THIS EQUIPMENT
SHOULD BE PERFORMED BY
QUALIFIED PERSONS ONLY.

WARNING:

The Equipment Herein Described Contains High Voltage

Exercise due care during operation and servicing.
Read safety summary on reverse of this page.

i




SAFETY SUMMARY

The following safety precsutions must ba observ-
ed at all times during operation, service, and repair of
this product. Failure to comply with these precau-
tions, or with specific warnings elsewhere in this
manual violates safety standards of design,
manufacture, and intended use of the product. RFL
assumes no liability for failure to comply with these

requirements,

GROUND THE CHASSIS

To mirimize shock hazard and 1o allow the equip-
ment to perform optimally, the chassis and cabinet
must be connected 10 an electrical ground. All equip-
ment is provided with a ground terminal on the rear,
or with a three-connector a¢ power cable. The
ground terminal must be connected to an electrical
ground by suitable cabling. For its location refer to
the wiring diagram for the chassis or cabinet. The
power cable must be plugged into an approved
three-contact electrical outlet.

DO NOT OPERATE IN
AN EXPLOSIVE ATMOSPHERE

Do not operate the product in the presence of
flammable gases or fumes. Operation of any elec-
trical equipment in such an environment constitutes
a definite safety hazard

DO NOT OPERATE IN WET
OR DAMP AREAS
Do not cperate the product in wet or damp areas.

Operation of any electrical equipment in such an en-
vironment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove covers.
Replacement of components and internal ad-
justments must be made by qualified maintenance
persons. Disconnect power cable when replacing
compeonents. Under certain conditions, dangerous
voltages may exist even with the power cable
removed. To avaid injuries always disconnect power
and discharge circuits by grounding before touching
them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment
unless another person capable of rendering first aid
and resuscitation is present,

DO NOT SUBSTITUTE PARTS OR
MODIFY EQUIPMENT

Because of the danger of introducing additional
hazards, do notinstall substitute parts or perform an
unautherized modification to the equipment. The
product may be returned to RFL for service and
repair to ensure that safety features are maintained.

DANGEROUS-PROCEDURE WARNINGS

Throughout this manual, warnings identify poten-
tially dangerous procedures. Instructions contained
therein must be followed.
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OPERATING INSTRUCTIONS

DESCRIPTION

The Model 636 Multifunction Power Analyzer is &
highly accurate instrument which senses ac voltage,
current, phase angle, time interval, and period. From
these measurements, it can calculate and display
walls, amperes, volts, watthours, VARs, VAR-hours,
voltamperes, phase angle, power factor, and fre-
quency.

Voltage ranges are scaled in a 3, 6, 15 format with
five significant digits at full scale. This enables poten-
tial measurements to be made from one volt to 660
volts with high accuracy. The decimal point for the
VOLTS display is automatically switched as the range
is changed. Input resistance is 1000 ohms per volt for
each range.

Current measurements from 25 mA to 55 amperes
are made in nine full-scale ranges. Currents up to 25
amperes are carried through front-panel-mounted
binding posts, and currents up to 55 amperes are
carried through heavy, low-resistance plug-type
connectors on the rear panel. The five-digit
AMPERES display provides high resolution over com-
plete current range.

The power analyzer displays walls as true power,
that is, El cos@. Accuracy at unity power factor is
approximaltely 0.05% of full scale. A correction for
lower power factors leads to a derating of accuracy as
detailedin the Specifications. The display uses afive-
digit readout augmented with a two-digit exponent,
in order to cover the extensive dynamic range of the
instrument.

SPECIFICATIONS

Voltage Ranges: 15, 30, 60, 150, 300, and 600 volts

Current Ranges: 0.1, 0.25, 0.5, 1.0, 2.5, 5, 10, 25,
and 50 amperes

Power Ranges: Voltage x Amperes

Watthour/Varhour Ranges: From O to 999,99 x
1099 maximum

Accuracy: Al 50-80 Hz, with sinewave full-scale
inputs at 23° +5°C. See notes 1 through 6 for
exceptions.

Function t (% Reading ¢ % Range * Digit See Noln
VOLTS 003 002 1 1o
AMPERES | 003 0.02 1 b
WATTS 0025 00256 1 2.3
1Pasilive Pawar)
WATT HOURS| 1.025 0025 1 3
VAR 007 0.02 1 1b, 4
VAR HOURS | 007 002 1 b 4
P.F 007 0025 1 1b, 3
VA 007 002 1 1b
DEG

[—— +0.2° (for angles betwoan -170° and +1707)

FREQ +0.02 Hz(35 1o 450 Hz)

Notes 1(a) and 1(b): Todetermine accuracies at less
than full scale, divide percent of range. givenin the
foregoing table, by the following factors

(8l FaorFy, or

(bl FaxF,  where:

Fy = the fractional reading of the full-scale
voltage range, and

Fa = the fractional reading of the full-scale
current range

For example, if one reads 4.0 amperes on the 5-
ampererange, thenF3=4/5=0.8. Then, by divid-
ing the full-scale accuracy of the chosen range by
Fa. we obtain 0.02/0.08 = 0.025% of range at the
4-ampere point. Thus, the accuracy of the 4-
ampere reading, as read on the 5 ampererange IS
+(0.03% of reading + 0.025% of Range + 1 digit)

Note 2: Accuracy applies for all positive-sign power
readings. For reversed power reading (negative-
sign). accuracy is =(0.05% Reading + 0.05% Range
+0.05% Range +1 Digit).

Note 3: Add (0.01 tan @) percent 1o walts, watthour,
or power-factor accuracies when the power factor
is less than unity.

Note 4: Add (0.03ctn@)to var and varhour accuracy
when the power factor is greater than zero.

Note 5: Accuracies hold for 25 to 110% of full-scale
range for measurements of volls, amperes, de-
grees, voltamperes, and frequency. Accuracies
hold for 10 10 120% of full-scale range for mea-
surements of watts, waltthours, vars, varhours,
and power factor.

Note 6: Temperature Derating: TC + 20 ppm/°C
excepl for volts and watts i.e., on 15V range, add
+20 ppm/°C; on 30V range, add +10 ppm/°C.

Operating-Temperature Range: O to 40°C.
Humidity Range: 20 to 80% relative humidity.
Voltage Burden: 1000 ohms per volt.

Current Burden: At 60 Hz, current burdens are
somewhat less than the maximum voltages shown
in the following table:

RANGE BURDEM RANGE DURDEN RANGE BURDEN
AMP

Amp VLTS voLTS AMP VOLTS
010 0.025 0 025 10 015
025 0015 5 0.1% 5 0.075
050 0015 50 0.15 50 0.10

Size: 19" (4B.3cm)Wx 7”(17.8cm)H x 16" (40.6
cm)D

Woeight: 30 pounds (13.6 kg}
Power: 115/230 Vac (swilch seleciable); 50/60 Hz

Options: |IEEE-48B Bus Interface, DC Calibration
Module




INSTALLATION

Prior to connecting the instrument 1o a source of
power. one should check the line-voltage adjust-
ment. markedonthe rearpanel tobecertainthatitis
sot for the line voltage to be used On the rear panel.
oneof the tworectangles willbe markedto designate
the line-voltage setting when the instrument left the
factory Il the marking does not agree with the line
voltage to be used. check that the power cord is dis-
connected andthenremove the top cover The input-
voltage selector will be found on the main circuit
board. al the bottom of the cabinet. and it may be
moved 1o indicate the desired powerline voltage
After making any necessary changes, the 1op cover
shouldbereplaced and the rear-panel marking should
be changed to show the current status of the power-
inpul circuit

CAUTION

To avoid exposure 10 hazardous voltages. ob-
serve procedure given on Pages w1 and v

Ifthe power analyzer is to be used in a systemwith
other equipment, the proper connections to the
accessory jack. and to the IEEE-4B8B Bus connector, if
used. should be made at this time

OPERATION

The Model 636 Multifunction Power Analyzer is
provided with two input circuits, one for valtage and
one for current. They can be used independently for
measurement of rms-volts orrms-amperes, but most
of the functions for which the power analyzer is
especially useful require signals simultaneously at
both inputs

CAUTION ——
Input leads to the Model 636 Multifunction
Power Analyzer can have potentials as high as
1500 velts peak-to-peak

Because high voltages are hazardous, operators
are caulioned to make connections only when
the circunt under test1s de-energized, at which
ume connections should be made correctly,
firmly. and tightly to preclude any subsequent
need for louching them

Front and rear views of the power analyzer are
shown in Figure 1.
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CURRENT INPUTS

The current inputs will accept currents between 25
mA and 55 amperes, and the instrument will display
them 1o the specilied accuracies Currents between
10and 25 amperes should be connected through the
25-ampere terminal on the front panel Currents
between 25 and 55 amperes musi be connected
through the jacks provided on the rear panel. The
AMPERES range switch does nol switch the 25- and
50-ampere inputs, but it is essential that the range
corresponding tothe input terminals used be selected
on this switch. If a crest factor of 3 is exceeded, the
most-significant digit of the AMPERES display will
flash to indicate that a higher range should be
selected. Il the input current exceeds 110% of range,
the AMPERES display will extinguish until the ap-
propriate range is selecled.

VOLTAGE INPUTS

Voltage inputs are connected to the voltage-
common terminal and the 0-600 terminal. The in-
strument operates within specifications far volltage
inputs between 3.75 and 660 valts. If an input range
is overdriven, a protective circuit will open the
voliage-input circuit. This indicates that a higher
range should be selected. After about two seconds,
the protective relay will close and sample the input,
and if it is now within range, the relay will remain
closed. Il a crest factor of 2 is exceeded, the most
significant digit of the VOLTS display will flash ta
indicate that a higher range should be selected. If the
inputexceeds 110% of therange selected, thedisplay
will blank until the appropriately higher range is
chosen.

FUNCTION DISPLAY AND CONTROLS

The FUNCTION display has 14 pushbutions asso-
ciated with it. The lower right-handed red button is
the Power ON-OFF switch. At the upper lell is the
WATTS swilch. Selecting this function will display
power consumed by the load, on the FUNCTION dis-
play. in scientilic notation. Be certain that the WATT-
HOURSbutton isreleased. The operator is cautioned,
as follows, when interpreting the WATT, VOLT-
AMPERE, WATTHOUR, VAR, and VARHOUR display.
Ifafull-scalereading is greater than 1.0000 EXX, and
a down-range reading is made below 1.0000 EXX,
the five-digit readout will shift left by one digit, and
the exponent will be reduced by 1. The operator
should disregard lhcInnsl-sngnilicanld.g.[qnheﬁve.
digitdisplay since itis no longer significant If a nega-
tive mantissa is oblained, his indicates that either
the current or the voltage input 1s reversed; and it is
recommended that the phasing between inputs be
corrected looblainpositive power displays When the
VA button is depressed, the product of volis and
amperes will be displayed. When the DEG switch is
depressed, the display will indicate the phase differ-
ence between the current and voltage inputs, using
the voltage channel as the reference pha§e, A nega-

live display Indicates a lagging current A posihive
display shows a leading current The phase angle is
derived by using zero-crossing detectors, so that if
significant distertion exists on the input signals then
the possibility of an erratic or erroneous reading
should be cansidered when interpreting the display

Depressing the PF (power factor) button will dis-
play the power factor, which is derived bydividingthe
walls reading by the voltampere product

Pressing the FREQ button will display the fre-
quency of the signal connected to the VOLTS input A
current input is still required to display frequency

Pressing the VAR button will display reactive voll-
amperes on the FUNCTION display. bul one must be
certain that the VARHOURS butlon is released The
VAR indication is derived by taking 1he product of El
sin @. If the input signals are signilicantly distorted,
thenthe possibility of an erratic or erroneaus reading
should be considered when interpreting the display

Figure 2 shows the generally accepled arrange-
ment of connections when both current and voltage
Inputs areenergized Observe thatthe current drawn
by the voltage input, the so-called burden of the
voltage-input circuit, is drawn through the current-
input terminals. This means that when functions
such as walls, watthours, vars, varhours, and vol-
lamperes aredisplayedthe indications are in error by
an amount determined by the current burden of the
voltage-input circuit. Because one knows the input
sensitivity of the voltage channel 1s 100 ohms per
vaoll, the error can be calculated so that the displayed
information can be corrected In the Model 636,
however, a feedback circuil from the voltage 1o the
currentchannelis provided so that when the BURDEN
COMP button is depressed this correction 1s made
automatically. When this is done, the correct power
is indicated for all current ranges

MODEL 616 v
H o H
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Figure 2. Standard connections for measuring powar

Note that if the voltage channel is connected not as
in Figure 2, butlothe supply side of the power source,
the burden-compensaltion circuit is not only ineflfec-
tive but its use will give erroneous results.

The watthour computation is made by pressing
both the WATTS and the WATTHOURS buttons. The
period over which watthours are computed starts
when the TIME RESET button is released, and it con-
tinues until the TIME STOP button is pressed. Watt-




hour periods can also be controlled with logic signals
connected through TIME GATE terminals provided on
the back panel lor this purpose. Logic levels are +2.7
volts (HI} and O volts, or ground. (LO). Th measuring
intervalis started with a logic LO, stopped with a logic
HI The display is cleared, at any ime, by pressing the
TIME RESET button. Note that the TIME RESET but-
ton must be pressed before each measurement when
using the external TIME GATE input in order to reset
the internal counters

The minimum time interval for measuring wat-
thours and varhours is two seconds This minimum
peniod is established so that the accuracy specifica-
tion of the power analyzer is met for these
measurements

Pressing LAMP TEST should cause all segmentsto
be displayedin all positions on all three displays. The
DISPLAY HOLD button is a push-push type switch
which freezes the display to enable an operator o
record data for a particular point in time During the
DISPLAY HOLD period, the decimal points will flash

Tomeasure varhours, the VARHOURS button must
be depressed along with the VAR button. Varhours
are measured similarly to wanthours; that is, using
either the front-panel buttans or an external gate (at
the back panel)

REAR PANEL

A power receptacle is provided for cenneacting an
aclinecordtothe instrument Two jacks are provided
for current inputs in the range between 25 and 55
amperes Ablack [LO)and red [HI) jack accommodate
external-gate inputs The shorting plug provided
should be used whenever the froni-panel time-
control buttons are used

Atwo-ampere circuil breaker, with reset button on
the rear panel, is provided 1o protect against circuit
failures that could cause internal damage 1o the
instrument

An EIA connector is located at the bottom of the
rear panel for connecting accessories. Two pins in

octor provide signals from the active trans.
formers, and an oscilloscope may be used 1c_rnomtor
a facsimilo of the waveshapes of incoming signals at
{hese points. The output-signal level is 4 Vrms for
{ull-scaleinput, and thesignals are provided through
10K isolation resistors. Qutput-signal level accuracy
is as follows
+ w)“'ﬂm 2+ 1D
Volts = 10 04% Reading + ( v s Rang igin)

thateenn

001,
Amps = £(0.04% Reading + tTl-l\o RAnge + 1 Digit)

where Fy = fractional reading of the full-scale voltage
range

and. Fy = fractional reading of the full-scale current
range.

When the optional IEEE-488 Bus Adapter is used,
the standard connector for this function is provided
on the rear panel.

The air filter should be cleaned periodically.

DISPLAY-INTENSITY CONTROLS

The display intensity can be adjusied as follows:
Removing two screws and sliding the top cover back
will provide access to four potentiometers located on
the switch board. The VOLTS and AMPERES display
intensities are each affected by one pot. The FUNC-
TION display intensity is alfected by two pots; one for
the five-digit display and one for the exponent. The
figure below shows the location of each potentiome-
ter used to adjust display inlensity.

APPLICATION DATA

RFL has published application data for power-
measuring equipment in a 29-page booklet titled
Power Measurement Handbook. This lext reviews
the classical approaches to the measurement of
power and discusses the application of instruments
such as the Model 636, and others, to measuring
both single-phase and polyphase power. Single
copies are available on request

AMPS DISPLAY FUNCTION [MANTISSA) DISPLAY FUNCTION (EXPONENT) DISP,
INTENSITY ADJ, POT, INTENSITY ADJ. POT. INTENSITY ADJ. POT, ’ |H¥!u':;l.'s|'3':;'i.ﬁ:07.
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Figure 3 Swileh Card. (located behind frant panel)
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CALIBRATION

CAUTION
To avolid exposure to hazardous voltages, ob-
sorve procedures given on Pages ili and v

INTRODUCTION

The Model 636 is constructed with a main frame
which carrios the power supply, front and back pan-
els, the main circuit board, and a card cage holding
several circuit cards which carry most of the circuits
of the power analyzor, Circuit-symbol numbers are
based upon the assignment of a different number
series for each card so that the card on which any
circuit component is located can be determined from
its number. The following table identifies eircuit
cards, their number series, and associaled mating
connector,

Circuit cards are mounted in their card-cage_in
numerical sequance with the lowest number series
at the back and the highest al the front. The options
card slot is intended to carry the optional |IEEE-488
Interface card when that card is used. In some
instruments this card slot may be vacant.

The Meodel 636 calibration procedure inits entirety
includes three main parts, namely:

{a) Functional Tests - lobe sure that the instr_umem
is operational and thatits calibration can be validated.

{b) Calibration Procedures - 1o set up voltage-levels
within specification.

{c)Validation Procedure - 1o validate accuracy of all
measured parameters.

These operations can be done by the user, or th.e
instrument may be returned to RFL for calibration, if
desired.

|Arsambly Numbaer | Connector
Numbu' Dsscrigtian Series | J-numbar
s Slot for options cord 100 n
95230 | Real-Timo cord 00 J2
95215 Procosscr coard 00 J3
95220 | Clock-Generator card 400 Ja
95005 | Phose card 600 J5
05090 Analopto-Diginal (A/D) card 600 J6
95075 | Watts Multiplior eard 700 J7
95030 Valts and Amps Mulliptier cord 800 Ja
85085 Transformar Eloctronics card 200 J9
95060 | Power Supply/Mather Doard 1000 o
95070 | Switch card 1100 J11
05065 | Displey cord 1200 J12
- IEEE-4B8 Interlnco card option 100 J1
HB- 95200 | DC Calibration card foplion 800 J9
raplacas V/A Elecironics cord)

Calibration of nearly all circuit cards requires two
voltage sources capable of delivering both positive
and negative 4 Vdc with an accuracy of at leas!
0.01%, 10 simulale the current- and voltage-inpul
signals. These sources may cither be a standard,
commarcial precision calibrator, or they may be pro-
vided by RFL Model HB-95260 DC Calibration Card.

This is a special tool designed for calibrating the
Mode| 636, and it may be purchased from AFL. This
card carries a stable voltage reference and stable
buffer amplifiers for the two outputs. It is calibrated
wilh the DC differential veltmeter used for most qah-
bration procedures, and it is used by plugging it into
the 900-Series card slot in the Model 636, Refer to
Appendix A of this manual.

FUNCTIONALTESTS

This group of tests is provided to ensure that all
functions of the unit under test are operating. Upon
completion of the functional tests the instrument
should be completely functional and is ready for
calibration.

Test Equipment Required
(1) RAFL Model HB-95260 DC Calibration modale.
(2) Simpson Model 260 Multimeter, ¢r equal.
(3) A 0.1uF, 50-volt capacitor.

(4) A nominal 150-0hm, 5-watt resistor, measured
to +0.5%.

(S) Fluke Model B8B83 AB, Differential AC/DC Volt-
meter, or equal, When using the Fluke Model
£83AB1tocalibratethe Series 700 Watts Multip-
lier Board and the Series 800 Vclts and Amps
Multiplier Board, a SK-ohm isolation resistor
should be used in series withth high lead of the
voltmeter.
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Figure 4. Schemalic of crest-factor lest card




(8) I itis desired to test lor crest factor of the vol-
tage and current channels, a test card may be
builtfollowing the schematic shown in Figure 4
This circuit should be assembled on a card
which will fit Socket J§, where it is installed in
lew of the Series 600 Analog-to-Digital (A/D)
Card when making these tests

7

The following signal-generation and -control
equipment

m_An ac supply for the voltage and current
inputs capable of supplying 600 valts, and 0
to 0.5 ampere, over a frequency range of 40
10 400 Hz. and with its phase variable from0
to 45 degrees, minimum_ Refer 1o Figure §

{b) Two RFL Model 828 AC/DC V-A Sources, or
two RFL Model 829G Calibration Standards,
orone of each, or equivalent signal sources.
The two sources are connected with their
external inputs controlled by the Model 809
(see below). and they are used to excite the

current and voltage circuits of the Model 636
under test

[c) An RFL Model BO9 Phass Generator/Meter
to control and indicate the relative output

phase of the voltage and current sources
listed as ltem (7b)

JUMPER voLTs
(H1)

AC 1500
SUPPLY

VOLTS
(LD) com

Y

0-10
AMPERES (H1)

AMPERES (LD) COM

Figure 5. AC-supply connectiens for functional 1ests

Procedure

(1) Remove the Series 900 Transformer Electron-
ics Card and install the Model HB-95260 DC
Calibration Module in the slot thereby vacated
Set both channels of the calibration module to
ONand 10 -4Vdc. See Figure 6 for location of all
adjusiments

2

Connectthedifferential voltmeter to the calibra-
tion module with the LO lead to TP1, Hl lead to
TP2. Adjust A1 for -4 000, =0.05 mVdc.

Select 4 volts for both signal inputs and adjust
R2 tor 4.000 =0 05 mVdc
Repeat Steps(2)and (3) until the required accu-

racy of =0 05 mV is obtained with positive and
negative inpuls

3

4

catibration module, apply 4 Vde 10 both

B e, select the WATTS function. Then, in
cequence select the current and voltage ranges

in the first two columns of Table 1, below, and
confirmthatthe respective current, voltage, and
power indications are obtained. Be certain that
WATTHOURS and BURDEN COMP are released.

Tasia 1
DsrAYs
WATTS
s | voLTS ANPLALS VOLTS aan 'E
o " 100 1 (OO0 | 1s000 ¢ 020 1 E200 ¢ Q 000 0o

e 1" TENT ¢ D004 15000 £ 023 37500 ¢ 0 0008 (&5

EbfEsas
¢
g
b
4
2

{6) Selectthe 600V andthe 5S0Aranges, andthe VA
function. The FUNCTION display should read
3.0000 =0 0004 EO4.

[7) Change the VOLTS inputs to -4 volts The
FUNCTION display should agan read 3.0000
+0.0004 ED4

[8) Continuing with the same input voltages, select
the WATTS function. The display should read
-3 0000 +0.0004 EO4.

[9) Press the WATTHOURS switch.

110 Press TIME RESET and start measuring lor one
minute starting at the moment of release. After
precisely one minute, press the TIME STOP
switch. The FUNCTION display should read
-5 0000 +0.0004 E02

(11] Press DISPLAY HOLD. Switch both inpuls on
the calibration module to ground. Release
WATTHOURS. The display should remain
unchanged, but all three decimal paints should
be flashing.

(12} Release DISPLAY HOLD. All displays should
read zero

(13]) Press LAMP TEST. Al display numerals should
read 8, and the negative and positive signs and
two decimal points should appear in the FUNC-
TION display. .

(14) Remove the calibrator module and reinstall the
Series 900 Transformer Electronics Card.

{15] Connect the ac supply shown in Figure 5 to the

voltage and current inputs of the device under
test.

(16] Select the 15-volt and the 0.1-ampere ranges.

[17) Adjust the ac supply so that 15 volts and 0.1
ampere are displayed.

{18) Select the WATTS fu nction. The display should
read approximately 1.5000 EQO
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[19) Select the FREQ function and vary the supply
Irequency. The FUNCTION display should track
the supply frequency

(20) Selectthe DEG function. The FUNCTION display
should read approximately 000.00.

(21) Select the P.F. function. The display should read
1.0000.

(22) Selectthe VAR funciion. The FUNCTION display
should read 000 00.

(23) Remove the jumper from across the 1.0uF
capacitor shown in Figure 5, and adjust the ac
source Lo about 60 Hz

(24) Selectthe DEG function. The FUNCTION display
should read approximately 60.00.

(25) Selectihe P.F. function. The display should read
about 0.5000.

{26) Using the two calibrators described in ltem (7b)
of the list of test equipment required, and an
RFL Model BO9 Phase Generator/Meter, setlhe
frequency of the assembly at 60 Hz and adjust
the currentinput to the device under test so that
itlags the voltage by 45 degrees, as indicated by
the Model B0O9.

{27) Note and record the reading of the FUNCTION
display.

(2B) Select the VAR function. The FUNCTION display
should read approximately the same as in the
foregoing.

(29) Observe the AMPERES display. Depress the
BURDEN COMP button. The indication of the
AMPERES display should decrease by approxi-
mately 68 counts with full-scale voltage in-
put applied

(30) Release BURDEN COMP.

{31) Select VARHOURS.

{32) Press and release TIME RESET.

{33} After precisely one minule, press TIME STOP.

{34) Note and record the reading of the FUNC-
ION display.

(35) Select WATTS and depress WATTHOURS.

(36) Press TIME RESET,

(37) After precisely one minule, press TIME STOP.

(38) The FUNCTION display should read approxi-
mately the value recorded in Step (34)

(39) If @ Crest-Factor card is available, install it in
place of the A/D Converter in Connector JB,
used for the Series 600 Card, and replace the
jumper across the Q.1uF capacitor shown in
Figure 5. If a Crest-Factor card (s not available,
continue to Step (43)

(40] Monitor the ac supply veltage to the inputs with
a multimeter.

(41) Increaso the supply veltage until the most-
signifiant digit on the VOLTS display starts to
flash. The reading on the multimeter should be
211421 volis

(42) Increase the ac supply valtage until the most-
significant digit of the AMPERES display starts
1o flash. The reading on the multimeter should
be the product of 0.2112 times the actual mea-
sured value of the 150-ohm resistor, +10%
This is approximately 31 68 volts

(43) Connect an oscilloscope between TP1 (LO) and
TP3 (HI) of the Series 900 Transformer Electron-
ics Card Reduce the signal fram the ac supply.
Figure 5, until asignal of approximately 20 Vp-p
i5 shown on the oscilloscope.

(44) Increase the input voltage until the signal just
disappears, although occassional spikes caused
by the overvoltage relay may be seen every one
1o three seconds. The multimeter should read
31.8 +6.4 volis.

(45) Remove alltest cards and replace with the orig-
inal cards.

146) Close up the equipment.

CALIBRATION PROCEDURE

The Model 636 Power Analyzer is designed to per-
form a wide range of precision measurements. To
accomplish this, calibration tests are required to set
upvariousinternal AC and DC output levels to within
the specifications contained herein

TEST EQUIPMENT REQUIRED

(1) Fluke Model 883 Differential Voltmeter or
equivalent.

{2) DCCalibration Card, RFL Model HB-95260 See
Appendix A,

(3) Frequency counter capable of measuring
3 2MHz £100 Hz.

NOTE:
When performing calibration, all pc boards should
be plugged down in unit and not on extender cards

PROCEDURE

(1) Disconnect all external inputs to the Model 636
Turn off power and remove 10p cover. Remove
Series 900 X(mr, electronics card and replace
with DC calibration card. Turn on power and
allow minute warm-up. Set AMPERES range
switch 1o 5A and the VOLTS range switch to
150V. Calibrate the cards as follows:

DC Calibrator Module:

[a) See Figure 6 for component locations

[b) Set switchs §1 and S3 10 ON and switches
$2 and S4 10 -4V,

(2



{c) Connect the voltmeter 1o TP1 (LO) and TP2
(HI).

(d) Adjust RS for -4 Vde +£0.2 mV,

{e) Switch S2 to +4V.

{f) Adjust RG for +4 Vdc +0.2 mV. The calibra-
tion of the card is then complete.

(3) Wans Multiplier Card (Series 700):

{a) See Figure 7 for component loctions.

(b) Set swilches S1 (Amps input) and S3 (Volts
input) on DC card 1o ground. Connect the
voltmeter to TP1 (LO) and TP2 {HI) of the
Series 700 card. Adjusl R42 for 0 to £0.05
mV. Move the Hl lead of the voltmeter 10 TP3
and adjust R43 far 0 ta £0.05 mV.,

(c)Set VOLTS inpulto-4 Vdec. Adjust R41 for Ola
40.05 mV at TPJ.

(d) Set VOLTS input to -4 Vdc. Note the output
vaoltage and adjust R41 for Vathe difference of
the noted voltage. Switch the VOLTS input to
+4 Vdc and adjust R41 until the same read-
ing is abtained for either polarity input.

[e) Perform the following measurements and

AMPS Input VOLTS Input Norinal 2.500V

+4 Vdc +4 Vde +2.
+4 Vdc -4 Vde -2,
-4 Vdc +4 Vde +2.
-4 Vdc -4 Vde -2

Average Magnitude =

Measure the output vollage at TP3 for all the above
cambinations of inpul polarities, Adjust R41 toobtain
a magnitude balance among the four measurements
which should be within £0.5 mV. When computing
the average magnitude disregard the sign of the

vollage.

{4) Valts/Amps Multiplier card (Series 80O0):
(a) See Figure B lor component locations.
(b) Set S1 (Amps input) on DC card to ground.
Connect the voltmeter ta TP1 (LO) and TP2
(HI) on Series 800 card. Adjust R30 for OV
40.05 mV. Move the Hl ol the volimeter to
TP3 (Amps output). Adjust R37 for OV +0.05

complete the table: mV.
AMPS VOLTS
(] u ON +av Wy oN ” [e] “

W | 00
(4v aDJ)

@ @ P2 R6 TP
(+4V ADJ}

GND 4V 4Y GND
(s1) (s2) (s4) (s3)
Figure 6. DC calibrator module, location of
2] ” ” @] laf "
R41 TP1 TP2 R42 R43 TP3

]

Figure 7. Watts multiplier card, (Series 700), location of adjusiments

I [ &I @[ [ o & @ [ = [

RE TP R16

R30 TP2 RI?T TPI

RE1 RS0 Rl TP R78  TPS

Figura B. Volts/Amps multiplier card, {Series BOO), location of ndjustmenta
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{c) Set Amps input 1o 4 Vdc. Note the output
voltage which is nominally 2.5 Vdc.

(d) Set Amps input to -4 Vde. Note the output
voltage. Adjust R16 to % the difference
between the voltages obtained in Steps (c)
and (d).

(e) Repeat Steps (c) and {d) until the same vol-

tageis obtained for both positive and negative 4

valts. Note the final value of the output voltage.

On the Series B0O card, adjusl A5 (gain) to

match the computed output voltage of the Watls

Multiplier. Repeat Steps (c), {d}, and (e).

(I} Set VOLTS input {S3) on the DC Calibrator
Madule 1o GND. On the Series 800 card,
connect the voltmeter to TP1 (LD) and TP4
(HI). Adjust R71 for 0 to +0.05 mV.

(g) Set the VOLTS input from the DC Calibrator
Module to 4 Vdc. At TPS, note the output
voltage, which is nominally 2.5 Vdc.

{h) Set the VOLTS input to -4 Vdc. Note the
output voltage, and adjust R61 to % the dif-
ference between the voltage observed in
Steps (g) and (h).

(i) Repeat Steps (g) and (h) until the same voltage
is obtained for either polarity of input. Note
the final value of the output, and adjust R50
for the same output voltage as that obtained
for the Watts Multiplier at Step (e). Repeat
Steps (f), {g), and (h),

A/D Card (Series 600):

(a) See Figure 9 for component locations.

(b) Set both Amps input and Volis input on DC
Calibrator module to +4 Vdc,

=3 ,

(5

-

Figura 9. Anslog-to-digital (A/D) card, (Series 600), location
of adjustments

(c) Select the WATTS function on the Model
636. Then set AMPERES range lo 5A, and
VOLTS range to 150V.

(d) Adjust R2 on A/D card until a reading of
7.50000 EO2 +.0004 is obtained on the
FUNCTION display. The AMPERES display
should read 5.0000 +.0005 and the VOLTS
display should read 150,00+.02.

{e) Switch both Amps and Volts on the DC card
to -4 Vde.

(f} The FUNCTION display should read 7,5000
=.008. The AMPERES display should read
5.000 +.0005. The VOLTS display should

read 150,00+.02. The A/D calibration is then
complete.

(6) Clock Generalor card (Series 400):
(a) See Figure 10 for component locations.
[b) Connect a frequency counter to TP1 {LO) on
the Series 700 Watts Multiplier and to TP1
(Hl) on the Series 400 Clock Generator,
{c) Adjust C1 1o obtain a reading of 3.2000
+.001 MHaz.

{7) Remove DC calibration card from Series 900
slot and insert Series 900 Transformer Elec-
tronics Card in its place.

@ 1

[ (]

Figure 10. Clock-generator card, {Series 400). location ol
adjustments
(B} Transformer Electronics Card (Series 900):
(a) Figure 11 shows the locations of adjust
ments and connections.
{b) Connect the voltmeter ta the transformer
card between TP1 (LO) and TP2 (Hl) and
adjust R1 for 0 £0.1 mVdc after following 5
minules for warmup.
{c) Move the Hl lead of the voltmeter to TP3 and
adjust R9for 040.1 mVdec. This adjustmenl has
a slow response, and one may overshoot the
desired point if the control is turned too quickly.
When this stepis finished, the calibration of the
Model 636 is completed.
(9) Disconnecl all meters and replace top covers.
Check the performance of the Model 636 by
using the validation procedure.

TT1 lerer—
TP1 TP2 TP3 R3 R4I
Figure 11, Transi, cs card, | lon of ad;

VALIDATION PROCEDURE

The Model 636 Multifunction Power Analyzer
directly measures rms amperes, rms volls, true
power, phase angle, signal period, and time interval.
From these direct measurements it derives power
factor, voltamperes, vars, varhours, and frequency.
This validation procedure is performed ta validate the
accuracy of all directly and indirectly measured
parameters. The procedure assumes that the fune-
tional and calibration tests, described in the forego-
ing, have been properly execuled.

Prior to validation, the unit musl have been closed
and energized for at least one haur.

Test Equipment Required

Ingeneral, accurate sources or means for measur-
ing voltage, current, power, and frequency are re-
quired. The following list is only exemplary, and other
means for making the requisite measurements may
be used, providing the needed accuracy, generally
0.01%, is obtained:

(1) Two RFL Medel 828 AC/DC V-A Sources, cr
two RFL Model B29G Calibration Standards, or
one of each, or equivalent signal sources.

(2) RFL Model 809 Phase Generator/Meter,

{3) Fluke Model 887AB Differential AC/DC Volt-
meter.



(4) Scientific Columbus Type SC-60 Computing
Watt/Watthour Standard, Model 6253A. with
calibration traceable to the National Bureau of
Standards (NBS).

(5) A precision 100-ohm resistor with an accuracy
of at least 0.01%.

(6) A frequency counter such as the Hewlett-
Packard Model 5300, or equal.

Procedure

(1) Perform the measurements indicated in Table
2, using a 60-Hz input signal synchronized to
the powerline, if in a 60 Hz area. All readings
should fall within the limits shown.

(2) Disconnect all input signals and connect the
watthour standard to the inputs. This standard
should have been energized for at least one
hour prior to use.

(3) Install the 1000-ohm precision resistor on the
analog-output terminals of the watthour stand-
ard. The resistor should be installed and then
the shorting strip removed carefully so that at
no time is the circuit opened Connect the dif-
ferential voltmeter across the precision resistor.

{4) Adjust the unit under test to its 150-volt and
5-ampere ranges.

(5) Sc!ecttheWATTSfunctionandadjusttheinpul
voltage and current, nominally at 120 volts and
five amperes, 60 Hz, and O degrees, until the
FUNCTION display reads 6.0000 EO2 +6 counts.

(6) The dilferential voltmeter should read 1.200
+0.00054 Vdc after correction for the NBS cali-
bration of the watthour standard,

(7) Set up the test equipment 1o provide input sig-
nals of 120 volts, 5 amperes, and a current-
lagging power factor of 0.5,

(8) The differential voltmeter should read 0.600
4:0.00024 Vdc after correction for the NBS cali-
bration of the watthour standard. Press the DEG
function switch and check for a reading of 60
+0.15 degrees.

(3) Perform awatthour measurement at 120 Vac, 5
amperes, 60 Hz, 0° phase angle. The full-scale

ranges of the unit under test should be 5§
amperes and 150 volts,

Set up the watthour standard with Ng = 10,000,

! i jod will be
atthour standard is pushed, a timed perio
::ilialed. at the end of which the Model 636 should
indicate 6.0000 EO1 +0.0018 watthours. T‘he wat-
thour standard should be corrected for its NBS
calibration.

(10) Set the input signals for 120 volts, 5 amperes,
with current lagging 60 degrees, power factor at
0.5.

{11) On the Model 636, press TIME RESET. Select
WATTS and WATTHOUR functions, and then
press the internal-gate button (IG) on the watt-
hour standard. At the end of the period, the
Model 636 shouldread 6.0000 EQ1 +0.01 wall-
hours, after correction for the NBS calibration of
the watthour standard.

(12) I the watthour standard is calibrated at a lead-
ing phase angle, check also at that point.

{13) Repeat each walthour test twice by pressing
TIME RESET onthe Model 636 and the internal-
gate button on the watthour standard. At the
end of each period, the FUNCTION display of the
Model 636, in watthours, must be within the
limits stated in Step (11).

(14) Change the phase angle to the input signal to
-45 degrees, current lagging. power factor equal
to 0.7070 +£0.0005 counts.

{15) Select VAR and VARHOUR functions on the
Model 636, and press TIME RESET. Then press
the internal-gate button (IG) on the watthour
standard. At the end of the period, the FUNC-
TION display should read -6.0000 E0Q0 +0.02
counts,

(16) Release VARHOURS button. Select P.F. func-
tion. Check and, if necessary, adjust input sig-
nals for a power factor of 0.7070 +0.0005
counts.

{(17) Select the WATTS function. The FUNCTION dis-
play should read 4,2420 EQ2 +0.0200 counts.
Then select the VARS function. The reading
should be 4.2420 E02 +0.2000 counts.

(18) Disconnect the watthour standard,

(19) Setuptheinputsignals for 120 volts, 5amperes,
50 Hz, and monitor the frequency with the fre-
quency counter. Select FREQ on the Model 636.
The indications must agree within 0.01 Hz.

(20) Select 400 Hz for the input-signal frequency
and make a measurement similar to that out-

=\

Kh=0.6, M =0.0006. Connect the gate terminals of
the standard to the TIME GATE terminals of the
Model 636. When the internal-gate button (IG) of the

lined in Step 19. Frequency must agree within

0.01 Hz. This completes the validation pro-
cedure.
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INPUT SIGNALS ACCEPTANCE LIMITS —UNIT UNDER TgST
AMPS voLTs — o AMPS vOLTS

RANGE | INPUT RANGE | inPUT INOMiINAL [ SHET RANGE | READING | RANGE | READING IR b DEG VAR P.F.
0.1 0.02500 15V 3750 9.3750€-02 0 0.1 g'ﬁgg 15 gg.zi!: 3 ;;:ggg; :;;ms,o; 010 | DooOOExx 1.0000
01 0.05000 15v 3.750 1.8750E.01 o 0.1 05004 15 01579 1.8780€.01 u:?gﬂ}‘ <io TBA1EDD m
01 0.02500 15V 7.500 18750E41 0 an ‘92508 15 07 506 Y 8780E01 ‘.-’m b 0I5
01 0.05000 15v 7.500 37 0. by L Sabeyy i &1 Toass
.7S00E-D1 [} 05004 15 07.506 3.7530E 01 1 7560¢ 01 0.10 1.0000
01 0.10000 15v 15.000 1.5000E 400 0 01 ﬁ 30 16013 T o0sEm 15019600 ':'F ﬁ.ﬁ
25 0.25000 30 30.000 7.5000E+00 0 025 Js00a 60 0010 ¥ S024e%0 L 'Eﬁ st

50 0.50000 &0 60.000 3.0000E+01 0 05 ',::Jgglls 150 :gmg 3 0012600 ]

10 1,0000 150 120.00 1.2000E 402 ] 10 E 150 m gggg; _ST:
10 1.0000 150 120.00 6.0000E +01 60 1.0 E;z:z:_g 150 E%?E:S 11::;5:2 i-:g 1.0418E 02 0.5005
25 25000 300 300.00 17500E402 | 60 25 ;"sg;r‘s 300 2:::; 0 é'.}:e%snz m ‘ 05005
50 5.0000 g0 300.00 7.5000E+02 | -60 s f,ggosl‘s 600 %o_'.;_s -715:%53: -ﬁ'?ﬁ -05005
10 10.000 600 600.00 1.5000E +03 -60 10 ilools 600 200:1; :1 ;3.3235 -3:3.3:; :_Eﬁ
2 25000 | 300 300.00 7.5000€ 403 ) 25 e 300 20 10 gt < "1 0000
50 26.000 150 150.00 1.8750E 403 60 50 150 Eégg st E 05008
50 25.000 800 666.00 8.2500€+03 0 50 3501 600 :ggz ﬁ:‘ ; sﬂ e
25 25000 150 150.00 3.7500E402 0 50 25011 300 150.12 b "0 10000
25 25000 150 150.00 1.8750€+02 | 0 50 2_23?_? 200 15012 pheid o ; sam?
25 25000 150 150.00 1.87506+02 | 60 50 25011 200 15012 4 -g,‘,:g - -ﬂ -05007
25 25000 150 150.00 26517E402 ™ 50 ;I;_g_?_? 200 15012 -;]%gg 'EE_ e
25 25000 150 150.00 2.6517€402 5 5.0 §;§?? 100 :;-2__;‘_2 _;:';;:g; -::?: ;5;;';5:” -g:;grjs:
25 2750 150 165V 4.5375E+02 -] 25 -?-ng 150 :2:33 -3:;;;53; 45410E402 _‘:,'lsl;) S ?;gte!?)
PRZET = b ] aEn| -0 i
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MAINTENANCE

Maintenance of the Model 636 Multifunction
Power Analyzer should require no more than periodic
recalibration to assure its continued accuracy. Three-
month intervals are suggested.

Failure to perform properly can be caused not only
by failure of the equipment but also because of some
defect in procedure. Before beginning repair of the
equipment, one should be certain there are no
defects in the procedure used.

CAUTION

To avoid exposure to hazardous voltages, ob-
serve procedures given on Pages iii and iv.

When the equipment is at fault, the nature of the
failure is a most valuable symptom. An understand-
ing of the organization of the circuits, as shown in the
functional block diagram, Figure 12 and discussedin
the first part of the chapter titled Circuit Description,
will help to suggest the general area of the fault.
Mareover, one should not overlock the obvious pos-
sibilities of no primary-power input, an open circuit
breaker in the instrument, as well as a routine check
of power-supply output voltages.

1

Circuit faults usually can be localized with the aid
of the circuit schematic and voltage measurements.
Signal tracing with an oscilloscope is alse a powerful
approach.' For access to the sides of certain boards
while they are connected in the instrument, a Model
95250 Card Extender is necessary.

Operating the power analyzer while judiciously
using the front-panel controls, with input signals
applied, will help identify the fault in either the vol-
tage or current channel if the analog section of the
instrumentis atfault. In this case, the analog signals,
which are 4 volts for full-scale input, at the outputs of
the voltage and current channels, may be examined.
Similarly, the 2.5-valt, full-scale output signals from
the voltage, power, and current multipliers, should be
checked.

An oscilloscope maybe used for checking presence
and frequency of all clock signals, and for signal trac-
ing in the digital section of the instrument.

Equipment may be returned to RFL for recalibration
and for repair, if needed. Spare circuit cards may be
inventoried, if desired, to assist in field repairs.
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CIRCUIT DESCRIPTION

INTRODUCTION

The Model 636 Multifunction Power Analyzer is
constructed as a main frame which consists of
necessary structural members, a power supply.
front-panel and rear-panel components, and a card
cage supporting the major elements of the circuil.
Following this pattern, the following discussion des-
cribes first the organization of the entire design, and
then describes each circuit card in detail.

ORGANIZATION OF THE CIRCUITS

Figure 12 is a block diagram showing the arrange-
ment of all major circuit elements in the power
analyzer.

Theinstrument has two inputs, a voltage input and
a current input. When measuring power, the voltage
input is normally the voltage which appears across
the load. The load-current input is connected in ser-
ies with the source that is providing power to the
load. This is the desired configuration because it will
allow the Model 636 to provide compensation for the
loading introduced by its voltage-input circuit.

The voltage input is immediately scaled with series
resistors and is routed to an active transformer, The
voltage-range switch also provides addressing
information to a volts-scale-factor PROM, which will
provide scale-factor information to the processorin a
later computation of the voltage. The active-trans-
former circuit has an output of 4 volts for full-scale
input, and this is routed to several circuits, First, it
feeds the phase and period circuits, next the volts
multiplier, third the watts multiplier, fourth the
burden-compensation circuit, and finally it is con-
nected to terminals in the rear-panel ACCESSORIES
connecter, J16.

The current-input signal is passed through arange
swilch and then to an active transformer, the output
of which is 4 volts for a full-scale current input. The
current-range switch provides addressing informa-
tion for the amperes-scale-factor PROM, which will
be used by the processor to determine the absolute
value af the current measured. The output of the
current transformer is routed to several places. First,
it feeds the phase and period circuits, next the watts
multiplier, the amperes multiplier, and finally it is
connected to terminals in the rear-panel ACCESSO-
RIES connector, J1G.

If the burden-compensation switch is closed, a cur-
rent proportional to the voltage input is fed into the
active current transformer in a direction which com-
pensates for the loading of the voltage-input circuit.
The burden-compensation will be correct only if the
power meter is connected as previously described.

The Model 636 is provided with three precision
analog multipliers. One receives the output of the
voltage circuit, and its output is proportinal to mean-
square volts. The watts multiplier has inputs from
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both voltage and current circuits, and it output is
proportional to watts. A third multiplier receives the
current signal as its input and its output is propor-
tional to mean-square amperes.

Outputs of the three multipliers are multiplexed
into an analog-to-digital {A/D) converter. This is a
4%;-digit precision dual-slope converter performing
five conversions per second.

The digital output data are temporarily stored in a
RAM. When the pracessor requires output informa-
tion from the A/D converter, it addresses the RAM.
Multiplexer and control logic are designed to provide
non-interfering use of the RAM by the converter and
processor. This is done by placing the processor ina
hold-mode whenever the converter is addressing the
RAM. Conversely, whenever the processor is ad-
dressing the RAM the converter’s output information
is ignored.

The phase-and-period section of the power ana-
lyzer measures both the period of the input signal and
the phase dilference between the input signals. The
outputs of this circuit are multiplexed onto the pro-
cessor bus and read during the appropriate modes.

The real-time section of the power analyzer deter-
mines precise time increments which are utilized by
the processor for computing watthours and varhours.
Todothis, the output of the crystal-controlled clock is
counted down to provide increments proportional to
hours. The real-time interval is controlled from the
front panel by means of the TIME RESET and TIME
STOP buttons or, if desired, an external gating signal
can be connected through the TIME GATE input ter-
minals on the rear panel. The output of the clock
generator is multiplexed onto the processor bus and
is used, when required, for computing watthours or
varhours.

The processor is a number-oriented device which
requires an external program counter and program
PROM s. It communicates with the other circuits
through two buses. One is the input bus, already
described, which communicates with the RAM asso-
ciated with the A/D converter, volts PROM, amps
PROM, the real-time card, and the phase card. The
second bus is an output bus, This communicates with
the display circuits and with an optional |EEE-488
Bus coupler, when used.

The program PROM for the pracessar is addressed
by a program counter [PC). At the completion of each
camputer cycle, the PC is initialized by the jump
PROM, which is addressed by a function PROM
which is essentially a decoder of the front-panel
function-selector switches.

Finally, a power-supply section provides 45 volts,
-15 volts and +15 volts as primary power far all
analog and digital sections.

Detailed discussion of individual sections follows.




SERIES 100 ACCESSORY CARD

This card slot (J1) is used as the receptacle for
either of two cards. First, it will acceptablank card on
which can be assembled a variety of circuits, accord-
ing 1o the needs of the user, and it is accessible
through an accessory connector mounted on the rear
panel. Secondly, the card slot will accept the optional
IEEE-488 Bus Interface card, used for external con-
trol of the power analyzer and for transmission of its
measurements elsewhere.

A 44-pin edge connector pravides power, internal
data-bus signals, and connections to J16, the acces-
sory connector on the rear panel.

SERIES 200 REAL-TIME CARD

A block diagram for 1he real-ime card is shown in
Figure 13 and its schematic appears in Figure 22.

The function of this card is to keep track of real-
time intervals with a 6.decade counter. The counter’s
clock is derived from a precise 2.777 kHz source
received fromthe clock generator; the counter can be
gated by either an external gate or the control logicon
the card.

The processor samples the counter during every
compuler cycle, and at the completion af a cycle the
6-decade counter will be reset to zero and counting
will start again. These time increments are accumu-
lated In the processor's memory, and the real-time
count is put on the processor’s data bus when it
recognizes the address 26 Hex.

The interval during which the 5-decade counter is
oporating is determined by the time-reset and time-
stopsignals. Thetime reset not only resets the coun-
ter butitalso startsthe counter. The signal is latched
until the processor acknowledges it by setting the
flag F1.

Allor depressing and releasing the TIME RESET
button, 8 two-second timer blanks the front-panel
disploy. This interval is required to permit the counter
to accumulate at least 5000 counts, the minimum
roquired to meet the varhour and watthour accuracy
specifications. This requirement also must be ob-
served by an operator using the external TIME GATE
Input. When using an external time gate, a logic low
{0 volts) will start the counting interval, and a logic
high (2.7 volts) will stop the counter.

SERIES 300 PROCESSOR CARD

The block diagram for the processor card appears
InFigure 14, and its schematic is shown in Figure 23.

This card contains three sections. First, is the pro-
cessor with its external program counter and asso-
clated PROMs. The second section is the data-input
port, which services and A/D converter, the phase
card, the period counters, the real-time card, and the

amps and volts scale-factor PROMSs. The third section
is the output port, which services the [ront-panel
displays and the optional IEEE-488 Bus interface
card.

Upon application of power to the instrument, the
pracessor is reset and starts through an initialization
routine, after which it will respond to the function
display switches on the front panel, through the jump
PROM.

The jump PROM is addressed by the function
switch encoder. Depending upon the function selec-
ted, the jump PROM will provide an appropriate
address and performthe instructions contained with-
in the program PROM. For example, il WATTS is
selected, logic signals are senttoanencoding circuit,
the four-bit output of which is wired directly ta the
address lines of the jJump PROM. The jump PROM is
now programmed to provide the correct jump address
for the processor’s PROM. When the processor com-
pletes its computation cycle, it will perform a jump
instruction. The jump address is obtained from the
jump PROM, which preselts the processor’s program
counter with the jump PROM's outputs.

The processor’s program counter will now se-
quence through the instructions, beginning with the
new address. The new sequence of instructions will
provide the proper computation to display WATTS, as
selected. Operation of the watts, and other, routines
are giveninthe description of firmware, at the end of
this section.

Input data are routed, through a four-bit bus and a
multiplexer, to the precessor, The multiplexer time-
shares the PROM data with the input |70 data. Time
sharing is under the control of the processor through
the ISEL line, To determine which input device is
providing data, the program PROMSs place the ap-
propriate address infermation on lines 11 through
16. For example, if the processor is in a watts subrou-
tine, a hex address of 20 will be put onthe | lines. Hex
address 20 is decoded by the RAM on the A/D con-
verter, and this will put the appropriate data on the
data lines. In the case of watts, five digits of data are
transferred from the RAM to the processor. To keep
track of which digit is on a data line at any particular
time, the digit-address lines, DA1 through DA4, are
decoded.

The output port of the processor contains lines
DO1through DO4, which are the display-output data
lines, the READ/WRITE (R/Wj) signal line, and I1, 12,
and I3 lines. When the processor is programmed to
send display information out, the proper display is
determined by the latter three lines, The correct dig-
ital data are senton DO1 through DO4 in BCO format.
Valid data are latched into the display latches when
the R/W signal is low. The correct display digit is
determined by the coding on digital-address lines
DA1 through DAA4.
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SERIES 400 CLOCK GENERATOR CARD

Ablock diagram of the clock generator is shown in
Figure 15, and its schematic is Figure 24.

The clock generator card provides the basic timing
circuits for all elements of the power analyzer, and it
also carries control circuits for the phase and period
functions carried out an the Series 500 Card. On the
block diagram, the basic timing circuits are above the
horizontal, dashed line. The phase-contraol and per-
ied-control functions appear below that line.

The clock chain begins with a 3.2 mHz crystal oscil-
lator. Thisis divided by 2, by 8, again by 8, and then by
9. Ultimately, this produces a 2.77 kHz clock signal
for the real-time card. From this chain, two other
signals are taken: (a) the 400 kHz clock for the pro-
cessor and, (b) the 200 kHz clock to the A/D conver-
ter. The 200kHz clock is also used for the phase- and
period-control circuits.

The input to the phase- and period-control section
consists of the voltage and current signals derived
from the active translormers, These are processed by
comparators and clocked into D-type flip-flops. The
output of these (lip-flops are ANDed tagether to pro-
vide a signal ‘which is related to their phase differ-
ence. The phase-difference signals are then ANDed
with a 200 kHz clock and sent to the phase counters.
A third D-type flip-flop determines whether the cur-
rent is leading or lagging the veltage, and its output
determines the direction of the phase counter,
whether it be up or down.

The voltage signal goes through a divide-by-31 cir-
cuit which, in effect, produces a 31-periocdcount asa
phasedifference. This 31-periodinterval is combined
with a 100 kHz clock and sent to the period counter.
This control circuit operates the laich and reset lines
of the period and phase counters on the phase card,
and it insures that only 31 periods are counted, or
that only 31 phase comparisons are made corres-
ponding Lo these periods,

SERIES 500 PHASE CARD

The Series 500 phase card cansists basically of two
counters, a phase counter and a period counter, The
functional block diagram is Figure 16 and the sche-
matic is Figure 25,

The phase counter, controlled from circuits on the
clock-generator card, is a 5-decade, up/down coun-
ter. The direction of the count is determined by the
phase difference between the voltage and current
signals atthe input of the power analyzer, The coun-
ter is operating at its 200 kHz rate, and it is gated by
the phase difference. At the end of 31 periods of
counting, the data are shifted into latches, The data
and latches are updated every 32 periods of the
incoming signal.

When the processor is operating in a routine that
requires phase data, the processor will call up address

Hex 24. This will activate the tri-state buffers that will
put the output of the data latches on the data bus.
Each of the five digits will be put on the bus as
requested by the processor through digit-address
lines DA1-DA4.

The period counter is @ 5-decade unidirectional
counter, At the end of 31 periods, the data are trans-
ferred into latches. When the processor performs a
routine that requires period, it will call up address
Hex 25 and the tri-state buffers will pass the data
fromthe latches to the data bus. The particular digital
data on the data bus will be determined by the con-
figuration of the digit-address lines, DA1-DA4.

The sign of the phase counter is routed to the
real-time card where it is multiplexed with data from
other devices requiring sign information, such as
watts data, to be sent to the processor.

SERIES 600 ANALOG-TO-DIGITAL
CONVERTER CARD

The block diagram for the A/D converter is shown
in Figure 17 andits schematicisshown as Figure 26.

The A/D converter accepts any one of three inputs:
mean-square amperes, mean-square volts, or watts,
and it converts its input signal into a 4% digit, BCD
format. Each conversion is then stored in a RAM.
When the processor is operating in a routing that
requires any one of the three foregoing quantities, it
will set up the address necessary to read the contents
of the RAM.

The converter operates at arate of five conversions
per second. The rate is quasi-randomized because
the multiplexer is driven by a seven-state counter
which is occassionally interrupted by the processor.
This procedure prevents a sampling rate that is
asynchronous with the input signals.,

To avoid conflict as to what controls the RAM,
protection circuits allow the RAM to be used on a
first-come, first-serve basis. If A/D converter has
control of the RAM, the processor is put in the halt
mode. Conversely, if the processor has contrel of the
RAM, the information available at that time is lost,
and the next conversion is used to update the RAM.

During the watts conversion, sign information will
be required. This is ANDed with the watls-select sig-
nal and sent to the real-time card where it is multi-
plexed with the phase sign.

If, during a conversion, the A/D converter is over-
ranged, the overrange signal is used to blank the
corresponding display. Underrange signals are ob-
tained from any one of the three multipliers, and
these signals logically zero the data stored in the
RAM. Ultimately, they produce a zero on the corres-
ponding display.



SERIES 700 WATTS MULTIPLIER,
AND SERIES 800 VOLTS/AMPS
MULTIPLIER CARDS

The block diagram for these two circuil cards is
shown in Figure 1B. The schematic for the waus
multiplier is Figure 27, and that for the volts/amps
multiplier is in Figure 28.

These two cards are trealed simul_tane:_msly be-
cause their functional circuits are lldemncal. The
watts multiplier card has one mulllphel:,' lhf.- volis/_.
amps multiplier card carries two such circuits. Their
only difference is the mannerinynhuch they are con-
nected. Input and output connections for each multip-
lier are shown in the table included on the block
diagram.

The output pulse-width of the multiplier card is
controlled by an integrator and a :ompara_lor. For a
given polarily of the relerence'mpul the integrator
will ramp to a veltage level which causes the com-
parator to change state. The comparator drives a
switch which reverses the polarity of the reference
input to the integrator. Hence the output of the inte-
grator is a triangle wave, and the output of the com-
parator is a square wave. I a signal is summed with
the reference voltage, the slope of the integratar out-
put Is increased or decreased depending on whether
the input signal adds or subtracts from the reference
voltage. With a given input voltage, the integrator
integrates at two different rates which causes the
comparator output 1o be asymmetrical i.e., pulse-
width modulated.

The pulse heightisdirectly proportionalto a second
signal and is switched into a filter. The polarity of the
second signal is determined by the polarity of the
pulse-width modulated signal. The filtered output
signal is directly proportional to the product of the
two input signals.

Low-level detector circuits are associated with the
output of each multiplier. Whenever a level is de-
tected below a predetermined threshold, a logic sig-
nal sent to the A/D converter, zeros the correspond-

Iing data stored in the RAM during the conversion
period.

SERIES 900 TRANSFORMER
ELECTRONICS CARD

The block diagram for the transformer electronics

card is shown In Figure 19, and the schematic
appears in Figure 29.

On the block diagram, the circuits for the card are
outlined to the right of the vertical dashed line. Cir-
cuits to the left are shown for reference only.

The voltage input to the power analyzer passes
through range-scaling resistors, a valtage-protection
circuit, and the input side of an active transformer.
This device closely approaches the ideal current
transformer, This is done by monitoring the fluxinthe
core with a sense of winding which zeros the flux in
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the core. A second amplifier is used to convert the
resetcurrentto avoltage outputdirectly proportional
1o the input signal. The voltage-output signal is
standardized at 4 volts [or full-scale input 1o the
primary of the input transformer. A lowpass filter is
required 1o provide dc feedback to the active-trans-
former loop.

A crest-factor detector is provided 1o flash the
musl-siqmticanldigilnItheVOL‘l’Sdisplay whenever
the crest factor of the input signal exceeds two. To
prevent damage from over .

opens the voltage input
tion is sensed.

The output of the voltage active transformeris also
routed to a burden-compensation circuit in the cur-
rent chz_mnel, This circuit provides an oulput current
proportional 1o the voltage sensed. The outpul cur-
rent is phased to buck the current drawn by the vol-
tage channel through the current transformer when

measuring power in the standard, power-measure-
ment connection.

The current channel is similar tothe voltage chan-
nel but, rather than switching scaling resistors, the
current input uses taps on the primary of the input
transformer. The current active transformer operates
atamuch higher current level, so that currentbuffers
are required in the outputs of the signal amplifiers.
These are shown as triangles containing the letter |.
A crest-factor detector for the current channel will
flash the most significant digit of the AMPERES dis-
play whenever a crest factor of three is exceeded,

The active current transformer operales at magnet-
ization levels of either 5 or 50 ampere-turns., depend-
ing on the input range selected. The 5-ampere-turn
level is used for the 100 mA, 250 mA, and 500 mA
ranges. All higher current ranges use the 50 ampere
turn level. The change from one level of magnetiza-
tion to another is made by changing the value of the
feedback resistor inthe current-lo-valtage converter,

In all cases, the output is standardized at 4 volts for
full-scale input.

SERIES 1100 SWITCH CARD,
AND SERIES 1200 DISPLAY CARD

Ablack diagram for the switch card and the display
cardis shown in Figure 20, and schematics for these
boards appear as Figure 30.

The display card is mounted on the switch card,
and the assembly is conviently treated as a single
unit. The separation between the two boards is indi-
cated by the horizontal, dashed line on the block
diagram. Operating circuits of the assembly are con-
vienlly divided into AMPERES, FUNCTION, and
VOLTS displays, and the vertical, dashed lines onthe
block diagram show these divisions.

The purpose of each display is 1o accept its data
from the processor and store them in its latched de-
coders. The decoders, in turn, provide the seven-
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Quired to drive the seven-segment
displays. The cat w

hodes of each LED display are alltied
logether ang feturned through a current sink.
Each di

splay is identified with an unique address.
The AMPERES display is identified by the 12 line,
FUNCTION display by its 11 lina, and VOLTS by the 13
line. Data enter the latches when the appropriate
address is true and the R/W signal is low. Approp-
riate blanking circuits are provided, and a lamp-test
circuitis associated with each display. Although not
shown, the decimal-point lamps for the AMPERES
and VOLTS display are each driven through their
range switches,

Positions of the front-panel FUNCTION switches
are encodedinto a BCD format which ultimately goes
lROEtShP:I‘lumD PROM on the processor board. TIME

E

i and TIME STOP signals are sent to the real-
time card,

Brightness of the AMPERES display, the VOLTS
display, and the two FUNCTION displays can be indi-

dually adjusted with potentiometers associated
with their current sinks.
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FIRMWARE

The firmware for the power analyzer is contained
inone 32xB.bit PROM and in four 256x4-bit PROMS.

The 32x8-bit PROM is addressed by the front-panel
FUNCTION switches through an encoder. The out-
puts of the PROM are the jump addressesrequired by
the program PROM. Each jump address is u nique and
is dependent on the function selected.

A 256x4-bit PROM is addressed by the AMPERES
range switch through an encoder. The autput of the

PROM contains the scale factor dgxermme:ﬂ :: ::g
range selected. The output data will be pu e
data bus whenever the processor fe‘l“"l‘sa'culal_
scaling information as, for example, when ¢

ing amperes or walls.

A second 256x4-bit PROM operates si:n'!'l';a'gr‘.
except that it contains voltage-scale-facto
mation.

&
The third and fourth 256x4-bit PROMs ?re,gfea"
ated together as an B-bit program me';r'\aoo:ns oo
subroutines of the functions. Thus, two Ao
tain all the functional programs of which the p
analyzer is capable.

The routines are:

i atts
(a) no selection (3) w
(b) time reset :m volt-amperes
(c) frequency (j) vars

(d) phase angle
(e) power factor
{f) watthours

(k) varhours
(1) rms volts
(m) rms amperes

The particular routine processed at any time is
determined by the jump PROM.

Toexecute these routines, the following inputs are
required: watts, mean-square volls, meaq-squarf
current, phase angle, signal period, andl_:rl?e_ mllerva .
A time-reset signal is also required to initialize the
varhour and watthour routines. The outputs are
those listed in the foregoing. The no-selection rou-
tine will cause the FUNCTION display to show all
zeros. RMS voltage and current are compuled on
every computation cycle.
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TABLE OF REPLACEABLE PARTS

CIRCUIT PART
SYMBOL DESCRIPTION NUMBER
Front Panel, Assembly HB-95201
R1 Resistor, metal-film, 1K, 1%, 0.25W, Type RN', RFL Spec HA-38328 ........ccc.vte H-0410-1288
R2 Resistor, metal-film, 30K, 0.01%, 0.3W, Vishay S102C30K, 0req. .....cooreevnnnns H-1510-2100
R3 Resistor, metal-film, 80K, 0.01%, 0.5W, Vishay S104D150K, or €q. - .....ccvenvrnvees H-1510-2102
R4,5, 6 Resistor, metal-film, 150K, 0.1%, 0.75W, Vishay S105D150K, or €q. .....ccoveveeeee H-1510-2103
— SChemMatic (FIGUrE 21) . .o u ettt tee e eeeeearanrasanannessssassessanssesonses H-95064
Rear Panel, Assembly HB-95240
CB1 Circuit breaker, 2-amp, FTA Products 45-700-P2, 0r Q. c v e v vvveenamrennanannerers HB-11665
CR1-5 NOtUSEA ... .o iiiiiiiiiinaaenerosnsnsnsorosissassnasssesasasassnrsenssnns _—
CR6, 7 Rectifier, 12A, 600V, Motorola MR1126, 0T €Q. « e v vcvassssnanensansarearassanrers HA-27699
IC1 Linear, voltage regulator, 5V, Lambda LAS3905, 0r8q. ....cceeerrrrrcrensnmmroses H-6020-189
IC2 Overvoltage protector, 6A, 5V, Lambda L-6-0V-5,0r €0, ...« cvvvervrevnranrenneeres H-46567
T1,2 INOL USEU « v v v s vesnoeesanensnnnnnassssnsssessssnsssssnsasstssssssussnceres
T3 TranSfOrMEer, POWET . ..cestsrsnrnsnnsnaasssssansnsstsasnssssssssssnsnnsesey HA-44577
—_— Schematic (FIQUre 21). e e ieiiernnrrserrnsnanssessannnrreaennuusrrrsnnnnnsses H-95064
Real-Time Board, Assembly HB-95230
C201, 202 Capacitor, tantalum, 33uF, 20%, 10V, Kemet T322D336MOQO10AS, oreq. .........cone H-1007-653
CR201 Diode, zener, 4.7V, 5%, TW, Type TN4732A. .. ..vorurerrarrrrrrrrnresnneeees HA-37939
1C201-204 TTL Tri-state Hex Buffer, National DMBOS7N, OF €4, ... --vevvvnrrunrrnnasrnroeees H-0610-55
IC205 TTL Decode Counter, Texas Instruments SN7490AN, Or €q. .....vvervrnreerenrenens H-0620-28
1C206, 213 TTL Dual flip-flop, Texas Instruments SN7474N, OF €q. ... .vvvererrrrrrrmreeen e s H-0610-36
IZ(;I2907-21 1 TTL Synchronous, four-bit, decade counter, Texas Instruments SN74160N,oreq. ..... H-0610-88
1c212 TTL Synchronous, four-bit, Up-dOWN COUNLET ..o vuvereerurrarerrennrsrsrrrersees H-0610-59
IC214, 216 TTL Quad, 2-input OR gate, Texas Instruments SN7432N, 00 Q. .o vvvvrerasrasnnanns H-0610-64
IC215, 224 TTL Hex Inverter, National DM7404N, OF Q. <o vvvvsrnensssasssreassranasissssosns H-0610-9
Ic217 TTL Quad, 2-input, NOR GaTE . . reruuunerronrs s srrssnr st H-0610-44
IC218, 225 TTL Quad, 2-input, AND gate National DM7408N, OF €Q. . .cvavvrenennnnnnnannnanas H-0610-24
1C220, 221 TTL Quad, 2-input, NAND gate, National DM7400N, Or €Q.. .. vvveeiennnnanaanannns H-0610-8
1c222 TTL, Triple, 3-input. NAND gate, Texas Instruments SN7410,0req. .......ovenennann H-0610-27
Ic223 TTL, BCD-to-decimal decoder, Texas Instruments SN7442N, oreq....... eih ace v'e o 'aie 0:e'E H-0610-54
p201-204  Resisor, fxed. compasiton S, OF70 7 et H-1009.(XXX)
—_— Schematic (Figure 22)....oeveesensrerssessrsrnrrsnst teaasessaanensatassenes H-95234
Processor Board, Assembly HB-95225

c301 Capacitor, dipped mica, 1.5pF, 2%, 500V, Electro Motive DM-19, 0oreq. ........ ... H-16603
C302,304,305 Capacitor, tantalum, 33uF, 10%, 10V, Kemet T322D336MO1T0AS, oreq. «..ovevvunnnn H-1009-653
c303 Capacitor, tantalum, 1uF, 10%, 35V, Kemet TIT0AT05K035AS, oreq....cvevnnnnnnns H-1007-1156
CR301-303 Diode, silicon, Type 1N91 AB/INAAB . o eiienee e aiataaasaasss s aseaias HA-26482
CR304 Diode, zener, 4.3V, 5%, 1W, Type 1N4731A..... LTI T S N/ AU HA-29750
1C301 Custom bipolar PROM . .uueraeeseesnnnatesssnrnnnnnanessssrsrrrsnsnseses H-0630-10
1c302 TTL, Quad, 2-input, NOR gate, Texas Instruments SN'MOZQ‘ OFBQ. voneeccansannnans H-0610-44

19



LS DESCRIPTION HUNDER
1€303, 307, Custom bipoler PROM .. .cciiiateinorassnnassnsssatsssssassssssscssaes veeaes H-0630-11
310-315
1C304, 305 TTL Tri-stable Hex Bufler, Nationn! DMBOOTN, OF €. v\ vernnrrnennness teeiesass H-0610-55
1C306 B-input, NAND gate, Texas Instruments SN7430N, oreq......... Veesanmse crereness H-0610-30
1C308 CMOS Hex Inverter-Buffer, RCA CD40498E, oreq ..... TErelsettesnsananan treases H-0615-7
1C209-314 TTL Synchronous. four-bit, binary counter, Texas Instruments SN74161N, or eq. ...... H-0610-89
Ican CMOS NUMBER ORIEN PRCS, National MMS7109N, oreq. .......... teesenea veews H-DB15-97
1C312, 313 CMQOS Hex Bulfer-converter, RCA CDA05S0BE. 0r €Q. .. ..ouvusinnnnnnn.. “evemsnus H-0615-11
IC316 TTL Quad two-line to one-line multiplexer, Texas Instruments SN741 5N, oreg. ....... H-0610-60
Ic317 TTL Hex Inverter, National DM7404N, 0F 80, 4 evueennsnsnnnsennnnn ceseeasre «ve. H-0610-9
IC301, 302 Transistor, silicon, PNP, Type 2N2905A ................ Vebiemiaan e veny Veke s HA-39567
Qaoa Transistor, silicon, NPN, Type 2N2222A . ......oo0uunnn.... tescranenssbane vevve. HA-37445
Qz301 Transistor array, four, Type 2N2905 per package, Texas Instruments 0272905,

L o Iesesstesetacaarenann HA-49479
R301.312, Resistor, fixed, composition. 5%, 0.25W, value on schematic,
Na Alten Bradley CB. 0F €. .. euuuuieunnsieineneninienneeenrrennnnss teseneaa «os H-1009-(XXX)
R313 Resistor, metal-film, 1K, 1%, 0.25W, Type ANY per RFL Spec HA-38323.,............ H-0410-1288
RZ301-303 Resistor network, 22K, 2%, 1.5W, Helipot 899-3-R22K, or L A A HA-3B8959
_ Schematic (Figure 23)........ testesssetatEsstvena Cetrsrtetsttaresncans viseaa. H-95229
Clock-Generator Board, Assembly-95220
Cc401 Capacitor, ceramic variable. 2.5-11pF, 200V, Erie 538.006 B25-11.0req ... .. ... HA-13149
c402 Capacitor, dipped mica, 410pF, 2%, 500V, Electro Motive OM-18.0req. 4y ouweuns. HA-16629
c403 Capacitor, dipped mica, 30pF, 5%, 100V, Electro Motive DM-10,0req. « . 4 ouuu.. . H-1080-391
C404 Capacitor, dipped mica. 100pF, 10%, 100V. . . e tessiiasaieterasaaaaa.. H-1080-328
2:25. 411, Capacitor, ceramic 0.1uF, GMV, 50V, Kemet C320C104P5USEA, 0r €Q. + v o v v v v e . H-1007-1366
::‘426. 410, Capacitor, dipped mica, 0.0014F, 5%, 100V, Electro Motive DM-19, oreq ........ H-1080-395
C407,413 Capacitor, tantalum, 33uF, 20%, 10V, Kemet T322D336M0D10AS, or L P H-1007-653
C408, 409 Capacitor, metallized polycarbonate, 0.027uF, 2%, 200V, Wesco 32MPC.ereq ....... H-1007-1186
C414 415 Capacitor, tantalum, 154F, 20%, 20V, Kemet T322D156MO20AS, oreq. ............ . H-1007-716
CR401 Diode, silicon, Type IN9T14E/1N4448 HA-264B2
CR402-405 Diode, zener, 8.2V, 400mW, Type 2N756A HA-37441
1IC401, 417 TTL Dual J-K, flip-flop, National DM74107N,oreq.....,. B H-0610-31
ldC|4902. 412, TTL Quad 2-input AND gate. National DM7408N, or Qi sieatoessnsnnarenransoncnns H-0610-24
Lﬁ%bi,l‘tsos, TTL Synchronous, four-bit, decade counter, Texas Instruments SN74160N, or eq. . ... H-0610-88
1C404 TTL Synchronous. four-bit, binary counter, Texas Instrumenis SN71461N, oreq. ...... H-0610-89
1C405, 415 TTL Retriggerable monostable multivibrator, Texas Instruments SN74123N. .. ... .. .. . H-0610-47
IC406.407.411 TTL Dual. D-type, flip-fiop, Texas Instruments SN7474N.oreq........... sseicandnns H-0610-36
Ic408 TTL Hex Inverter, National DM7404N, or L R ..+ H.0610-9
1IC413, 414 Linear comparator, Precision Monolithics CMP-D2EP, Or€q. ovuvvuun..... “ -. H-0620-190
Icars TTL Quad 2-input NAND gate, National DM-7400N, or L B H-0610-8
o Transistor, silicon, NPN, TYPe 2N2222A .. et tessveas. HA-37445
R401-407 R . fixed, comp . 5%. 0.25W, value on schematic,
Allen Bradiey CB.Of €q. «.vvvvnnneeneannsnn. ..., R T T T T P H-1009-[XxX}

ART
g;ﬁg&{ DESCRIPTION NGMBER
R408, 409 Resistor, motal-film, 1K, 1%, 0.256W, Typa AN'%, RFL Spec HA-3B32B .......iveveess H-0410-1288

.. HA-37440-50
Yao1 Crystal, Pieza electric, 3.2mHz. ........ s
—— Schomatic (Figure 24), ... v vuereuvriersssisansnsssiniennes Pesressenaeaaans .
Phase Board, Assembly HB-95095

501, 502 Capacitor, tantalum, 10,F, 10%, 10V, Corning CCM -010-106-10, 0r 8. ... ...vvso.. H-1007-1245
IC501, 528 TTL Quad 2-input AND gate, National DM7408N, O €4, ... eeevenenss ceveceresee... H-0610-24

vedupant pasi H-0610-28
1C502-506 TTL Decade counter, Texas Instruments SN7480AN, or eq. . ..ovevvrese
IC507-510, TTL Synchronous, faur-bit, up-down counter, Texas Instruments SN74192N, or eq. .... H-0610-69
523
1C511-516 TTL B-bit bistable latch, Texas Instruments SNTAT00M, 0F €0+« v vuvrrnnrennrenanens H-0610-86
IC516.522 TTL Tri-state hex buffer, National DMBOITN, O €. «eveernnnnnnces cessnsseee.. H0610-55
IC524, 527 TTL Quad, 2-input OR gate, Texas Instruments SN7432N, 0req. ..ocovveenenes e rm e H-0610-64
IC525 TTL Quad, 2-input NAND gate, Natianal DM7400N, of 8q. .. ...ovvvnrennnanns vivss. H-0610-8
IC528 TTL Quad, 2-input NOR gate, Texas Instruments SN7402N, oreq. ...... wessisssse.. H-0610-44
IC629 TTL Hax Inverter, National DM7404N, oreq. .......ccuueee asesecssresrsssananans H-0610-9
IC530 TTL BCD-10-decimal decoder, Texas Instruments SN7442N, oreq. ...... teesesccenss H-0610-54
— Schematic (Figure 25)...ccveuisnrenneonsnnnnnsmsranasss ssssaarssrrsertenre ... H-95099

Analog-to-Digital Board, Assembly HB-95090

c601 Capacitor, tantalum, 10uF, 10%, 10V, Corning CCM-010-106-10,07€Q. +.vvvrvrnnens H-1007-1245
CE802 Capacitor, polystyrene, 0.0C62uF, 2%, 100V, Wesco J2P, 0r Q.. vuvevrnsvacnsacnass H-5115-25
C603 Capacitor, tantalum, 100uF, 20%, 10V, Corning CCZ-010-107-20,0f €q. ... cvvuvunan. H-1007-887
€604, 606 Capacitor, metallized palycarbonate, 1u4F, 2%, 100V, Wesco 32ZMPC.oreq. ........... H-1007-966
C605 Capacitor, palypropylene, 0.13uF, 2%, 100V, F-Dyne, PPA-11-13-100-2, 0req......... H-0105-24
C607 Capacitor, dipped mica, 0.0014F, 2%, 500V, Electro Motive DM-18,0req. ............ H-10B0-286
Cce0B Capacitor, 1antalum, 15uF, 20%, 20V, Kemet T322D156M020AS, or eq. ........ vees. H-1007-716
C609, 610 Capacitor, tantalum, 22uF, 10%, 35V, Kemet T110C226K035AS, oreq ..... iadeanas H-1007-666
CRE01-603 Diode, silicon, Type INO14B/1N4448 ............... P e S . HA-26482
CRGO4 Diode, silicon, Type IN914B/1N4448FD333 ... .............. tessvessoenccsnras HA-31049
IC601, 605, TTL Quad, 2-input NOR gate, Texas Instruments SN7402N, oreq ............ +eesss H-0610-44
615
1C602-604 TTL Dual D-Type, flip-flop, Texas Instruments SN7474N, 0F €q. .. ..ooveuuennnnennnn. H-0610-36
IC606, 607 TTL Quad, 2-input NAND gate, Texas Instruments SN7400N, oreq ............ ..... H-0610-8
1C608, 609 TTL Hex inverter, Texas Instruments SN7404N, or eq. . .ovvnennnnnn.. sesssssesens H-0610-9
IC610 TTL Retriggerable, monostable multivibrator, Texas Instruments SN74123N, or eq. .... H-D610-47
IC611 Analog signal conditioner, Intersil ICLBOS2ACPD, oreq............. e H-0625-2
IC612 4% digit A/D converter, Intersil ICL 71CO3APCl, oreq....... L «.. H-0625-5
1C613. 622, TTL Quad. 2-input AND gate, Texas Instruments SN7408N, or eq. .................. H.0610-24
€23
ICE614, 621 TTL Tri-state hex buffer, National DMBO97N, 0F €0 - ..vvvueunnrnnennnnnnn, - H-0610-55
IC616 TTL Presettable decade counter, Texas Instruments SN74197N, or eq .. .. H-0610-22
1C617 Synchronous, four-bit binary counter, Texas Instruments SN74161N, or e ...... «... H-0610-89
IC618, 619 CMOS Dual analog switch, Siliconix DG200BA, or eq . H-0605-3
1C620 CMODS 256-bit, tri-state RAM, National MM74C910N, or eq H-0615.96
RE01 Resistor, metal-film, 50K, 0.01%. 0.3W, Vishay S102C50K, or eq .. H-1510-2101
R602 Resistor, variable, metal-film, 1K, 10%, 0.5W, Vishay 1202P-1K, or eq. ...

HA-37423
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ART
Ly DESCRIPTION NUMBER
RE03 Resistor, metal-film, 14.7K, 1%, 0.125W, Type RNGOE, RFL Spec HA-38305.......... H-1510-1895
RG04.606 Resistor, metal-film, 10K, 1%, 0.125W, Type RNS5D, RFL Spec HA-38301 ........... H-1510-7756
RE07, 609-614  Resistor, fixed, composition, 5%, 0.25W, value on schematic,
Allen Bradley CB, oreq. ......oevvvunnn sedEi e a s e rattesetssestasnnnsns «« H-1009-(XXX)
RG08 Resistor, metal-film, 40.2K, 1%, 0.125W. Type AN55D, RFL Spec HA-38301.......... H-1510-720
Schematic (Figure 26). .......veveennnrneennnranen treresstibessanan vesiseaaa. H-95095
Watts-Multiplier Board, Assembly HB-95075
C701, 702 Capacitor, tantalum, 10uF, 10%, 20V, Kemet T322C1 0GD020AS, oreq....vvuun...... H-1007-955
C703. 704 Capacitor, dipped mica, 0.0014uF, 2%, 500V Eleciro Motive DM-19,0req. . ... ..., HA-16215
C705. 706 Capacitor, dipped. mica, 71.5pF, 5%, 500V, Electro Motive DM-15, or eQ. ¢ s e v e H-1080-301
;.'727, 708, Capacitor, ceramic, 1.0uF, +B0 -20%, 50V, lilinois Tool S030ES50RD 105M.oreq. ... H-1007-1153
13. M4
C708. 710 Capacitor, metallized polycarbonate, 0.75yF, 2%, 100V, Wesco 32MPC.oreq. . ..... H-1007-1018
C711,. 2 Capacitor, metallized polycarbanate 1.5uF, 2%, 100V, Wesco 3ZMPC, oreq « . ... .. H-1007-1318
CNs. 716 Capacitor, tantalum, 22u4F, 10%, 35V, Kemet T1 10C222K035AS. 0req. « o v v v vvu.. H-1007-6G6
C717.718 Capacitor, ceramic, 0.1uF, GMV, 50V, Kemet C320C104PUSEA.0r€q. v ovuvvv s, H-1007-13G6
C719. 720 Capacitor, tantalum, 22uF, 20%, 15V, Kemet T322D226MO15AS, 0req. vovvvva.a H-1007-656
C721, 722 Capacitor, dipped mica, 0.0014F, 2%, 500V, Electro Motive DM-18,0req. « .4 v v . H-1080-286
CR701, 702 Diode, silicon, Type TN914B/1N4448 ............00uuu.. HA-26482
CR703. 704 Diode, zener, 8.2V, 400mW., Type 1N756A ................ HA-37441
1IC701, 702 Linear voltage reference, National LM398H, oreq. .............. SRR ChaNaan by . H-0620-172
I7Co7803. 706. CMOS Quad, bilateral switch, Fairchild FA066PC only . ........... iR b s H-0615-65
IC704 Linear opamp. National LFIS5N, 0F €. 4 uueeennnrnnennnneesnnsrernnnnnnnn.. . H-0620-139
IC705 Linear opamp, National LF375H, 0F €. v euuuensonnrnnrensenensnnnn. e SaE kg arm H-0620-147
IC707 CMOS Hex inverter, RCA CDG049AE, 0T €G. v.vvvunrnnn.. H-0615-7
IC702. 710 Linear opamp, Prec. Monolithics OP-05CV, or eq. «............ H-0620-114
1Ic711 Linear, dual comparator, National LM393AN, oreq. ..... Prasiteetecennnnteternaas H-0620-144
R701-7086, Resistor. metal-film, 1%. 0.125W, value on schematic, Type RN55D,
708, 712, RFLSpec HA-3B301 ... ...cviiinnnrnnnnrannnss ssissssusesas Ceversssbanea ceee H-1510-{XXX)
713, 716-723.
726, 728, 733,
737.7238
R707, 709, NOLUSBE .o ccncnnninainsunssninsninsoinssoe R T T T LT T T ¥ S _—
711, 4
R710 Resistor, wirewound, 200K, 0.1%, 0.3W, Gamble 160BAL. or eq. ......... T T H-1780.232
R715 Resistor. wirewound, 5%, 0.25W, value on schematic, Allen Bradley CB,oreq......... H-1009-(XXX)
R724, 725, Resistor. metal-film. 412K, 1%, 0.125W, Type RNBOE, RFL Spec HA-38305 .......... H-1510-206
727.729
R741 Resistor, variable, metal-film, 20K, 10%, 0. 75W. Helipot 78PR20K. oreq. ............ H-43047
R742, 743 Resistor, variable, metal-film, 100K, 20%, 0.75W, Helipot 78PR 100K, oreq. ......... HA-3179)
RZ701 Resistor network, 20K, 0.01% matched ............ an e HA-44266
DA tIE [ ure 2 7] N N - H-85079
7]

PART
g:'RN(I:BU(rJTI'_ DESCRIPTION NUMBER
Volts and Amps Multiplier Board, Assembly HB-95080 Aosb e
€801, g02, Capaciter, dipped mica, 71.6pF, 5%, 500V, Elactro Mative DM-16, 07 €Q. <. cvvvvenanns o -
818,819
CBO3, 804,810 Capacitor, ceramic, 1. 0pF, 480 -20%, 50V Hlinois Tool 5030ES50RD105M, or eq. ..... H-1007-1153
811,820,821
8. B0t .1007-1319
C80S5, BOG, Capacitor, matallized, polycarbonate, 1.54F, 2%, 100V, Wesco 32 MPC, or eq. ........ H-1007-13
822,823
ces H- 7-1018
C807, 808, Capacitor, metallized polycarbonate, 0.754F, 2%, 100V, Wesco 32 MPC, oreq. ..... H-100
B24, 825
€809, 826 Capacitor, dipped mica, 0.0014F, 2%, 500V, Electro Motive DM-19, oreq....... desean H"OB‘:';::
cerz Capacitor, tantalum, 22,F, 10%, 35V, Kamet T110C226K035AS, or €q . ..vvvvvvvse.. H-1007- :
c814, B15, Capacitor, ceramic, 0.1pF, GMV, 50V, Kemet C320C104P5USEA, oreq. .....oooevuas H-1007-136
831, 832,
B33, 34
c816, 817, Capacitor, tantalum, 22uF, 20%, 15V, Kemet T322D226M0O15AS, oreq. ....vvvvz0... H-1007-656
829, 830
827,828 Capacitor, tantalum, 10xF, 10%, 20V, Kemet T322C106K020AS, 0oreq. .......v...... H-1007-955
CRBO1 Notused .......coovevvnevnnnnnnns sececessesssasas D
CRBO2, 803, Diade, zener, 8.2V, 400mW, Type IN756A .. .....cuvvennen T .soneinne HA-37441
806, BO7
CRB04, 805 Diode, silicon, Type TN914B/1N4448 ............ siassesistsasssisssnsnas seee.. HA-26482
Ic801, 802, Linear, opamp, Precision Monolithics OP-05C), 0T €Q. +..vvvuvervrnnnannn vevaeens. H-0620-114
810,811
1ICBO3, BOB CMOS Hex Inverter, RCA CDADAGAE, OF BO. . .ovvuienrenncnnnannnennas Gewtebeine H-0615-7
ICB04, BOS, Quad bilateral switch, Fairchild FA0BBPC only. ... .ovvunvvennnass sesssvaae vesese. H-0615-65
B07, 808,
BOS
1C812. 814 Linear opamp, National LF357H, 0r eq... .. covvunnunnnuannaas TP e R TR e H-0620-147
1c813 CMOS, Quad, switched analog gate, Internal IH5052-CJE, oreq .......... tivesesn. H-0615.98
ICB15, 817 Linear opamp., National LF-355N,0req. .......c0uuu.. B P ceiesess H-0620-139
IC816, 818 Linear voltage refarence, National LM399H, oreq. ....... T N H-0620-172
1C819 Linear, dual comparator, National LM393AN, 0f Q. «.vvuvevneenecnncnnnnnnnns ceees H-0620-144
RB0O1804, Resistor, metal-film, 1%, 0.125W, value on schematic, Type RN55D,
BOG, 811- RFLSpec HA-38301.....cvvenennnnnnnn. tesssssesnen ctesespacsansny trrsses .. H-1510-(XXX)
813, 818,
819, 824-
823, 831-
836, B38,
846-849,
851, B56-
B58B, 863-
B70, 872-
877,879,
881, 886,
8a7
RBOS, 850 Resistor, variable, metal-film, 2K, 20%, 0.75%, Helipot 78PR2K, or eq. .. ...... veein.. HA-31B54
R807-810, Resistor, metal-film, 1%, 0.125W, factory selected value, Type RNSSD,
§52-8B55 RFL Spec HA-38301.............. teseancannns sebsteesaine tererresttassaas «o H-1510(XXX)
RB14, 815, R , fixed, comp . 5%, 0.25W. value on schematic,
817. 839, Allen Bradley, CB,oreq.......co0uunn. R svsesestasdssasbes H-1009-(XXX)
841-844,
B59, 860,
B62, 880,
B882-885
23




CIRCuUIT
SYMBOL DESCRIPTION NUMBER
RB16, 830, Resistor, variable, metal-fil 0
Lty etal-film, 100K, 10%, 0.6W ..........c0vvnnnnnnn, seassesaas. HA-49936
871, 878
RB20-823, Notused ......covuiuuunn cress ——
2 beatasesaetnnna terersrsttesens
RZ801, 802 Resistor network pair, 20K, 0.01% matched........... .
—_— Schematic (Figure 28)........... :'\9':;255
tevseecacanas Crtisisiisessesiia... H-95084
Volts and Amperes Electronic Board, Assembly HB-95085
€901, 810 Capacitor, dipped mica, 0.001.F, 2%, 500V, Electro Motive DM-19, or eq. .. H-1080-286
€3902-905, Capacitor, ceramic, uF, GMV, 80V, Kemet C320C104P5USEA, -
11,917, OFBG.s v ea e aasmmnannnnnsssannns .
919.023 set et ser st acnanseas H-1007-1366
€306 Capacitor, metallized polycarbonate, 0.49uF, 2%, 200V, Wesco 32MPC, oreq H-1007-1224
gIBgV 908, Capacitor, tantalum, 22uF, 10%, 35V, Kemet T110C226K035AS, - .
Of@Q.eseensssvessasasnassesnsae '
, Peeressenaceenrnarsnnnasas MH-1007-666
€909, 915 Capacitor, tantalum, 104F, 10%, 20V, Kemet T322C106K020AS, or [ R, H-1007-955
ca13 Capacitor, metallized polycarbonate, 2uF, 2%, 50V, Wesco 32MPC, or €q.. .. H-1007-1361
€914, 918 Capacitor, ceramic, 1.0uF, +B0 -20%, 50V, lilinois Tool S030ES50AD105M, oreq. ... H-1007-1152
€916, 923 Capacitor, dipped mica, 0.001¢F, 2%, 500V, Electro Motive DM-19, or eq. HA-16215
CRS01, 912, Diade, silicon, T 1N iy :
G35 Ak icon, Type IN9T4B/INA4B . ... v evverearssanssaceseses HA-26482
922,923
825
CR913, 914 Diade, zener, B.2V, 400mW, Type IN756A ........ cersssesarnanas HA-37441
CR916:919 Notused ...ovvvnnnnnnnnnnnnns innnsns ey :
IC901, 902 Linear opamp, National LF355N,oreq.............................::.: ...... N H-;B;O-HQ
1IC303 Linear opamp, National LM741CN, or eq H-0620-52
IC904, 905 Linearopamp ......co0vunnn O TN A S ILe R SR iyt - H-0620-114
1C306, 907 Dual monostable multivibrator, RCA CD4098BE, 0F 8Q. .. .cvveveenevannernnneens H-0615-95
1C909-910 Dual, linear comparator, National LM393AN, 0 €0, +vvvevurnrrrrannnrans . H-D620-144
K901 Relay, mercury-wetted Form A, Fifth Dimension 5K-VD-22-0-1,0r€Q. .. ..vvvvueun... HA-44547
0901, 905 Transistor, silicon, PNP, Type 2N2907A .... vesbisusmane ‘e HA-37439
Q902, 906, i '
e Transistor, silicon, NPN, Type ZN2219A .. ... .iiiiiuiennrennnneasnannnn veeses... HA-39569
Q903, 907 Transistor, silicon, NPN, Type 2N2222A .. . ... vviinnrannnnacncnnnas raresrtssen HA-37445
Q%04, 908 Transistor, silican, PNP, Type 2N2905A ... ccvivirnncnnnnans tibsemnnnnnnannnas .. HA-39567
R901, 903, Resistor, iti i
pighey esistor, fixed, composition, 5%, 0.25W, value on schematic......covvvunvann, ceees H-1009-XXX)
914, 920,
921, 924,
925, 928-
938, 945
946, 952-
968, 971,
972,973
R902 Resistor, metal-film, 106 ohms, 0 01%, 0.3W, Vishay S104D160,0req. ............. H-1510-2096
snfgss?slo Resistor, metal-film, 1%, 0.25W, value on schemalic .....ceverrreriiennnnnnnnn «vo H-0410-(XXX)
919, 922,
923-944

24

— ey

rﬁ
= g

GEwE

-
1

CIRCUIT PART
SYmMBOL DESCRIPTION NUMBER
R307, 908, Notwsed ....vovveerrninscaneranannns R setennas rrreey ————
939, 940,
947,948,
969
A909, 941 Resistor, variable, metal-film, 20K, 10%, 0.75W, Helipot TBPR20K, OFr €Q. v vvvvenrnsss HA-43047
R926, 927, Rasistor, metal-film, 1%, 0.125W, value on schematic, Type RN55D,
928, 942, RFLSpec HA-38301 couueinriearnnsnannasssssasnsnsirurerecess veeseenneass H-1510(XXX)
949, 950,
951,974
R943 Resistor. metal-film, 4K, 0.01%, 0.3W, Vishay S102C4K, or eq . H-1510-2098
R970 Resistor, metal-film, 1.44K, 0.01%, 0.3W, Vishay S102C1440, 0F 8Q. « o cvearerenesnes H-1510-2097
eencsasrasensane H-95089

C€1001, 1002
C1003

C1004-1006
c1007
1008

CR1001, 1008,
1009, 1010

CR1002-1005,
1011, 1012

CR1006,1001
1IC1001, 1002
1Ic1003
Ic1004
K1001

R1001, 1002,
1015

R1003
R1004-1009
R1010

R1011
R1012
R1013
R1014
T1001
T1002

1C1101-1103,
1110, 1111,
1117
1C1104, 1109,
1112

Schematic (Figure 29). ..., PP R e

Main Board and Power Supply, Assembly HB-95060

710 +50%, 40V, Stettner-Trush EG2T/40, 0req. ...... H-1007-1172

Capacitor, electrolytic, 2200uF,

i i - 15V,
:!:p::‘«;lg;&:::ggg:'sbére%?orlgqﬁ?‘f e e ven A H-1007-1384
Capacitor, tantalum, 47uF, 20%, 35V, Kemet T110D476MO35AS, 0f €Q. v vevssrnrene H-1007-660
Capacitor, tantalum, 3.94F, 20%, 35V, Kemet T110B395MO35AS, 0r g« vceneesees H-1007-878
Capacitor, tantalum, 22uF, 20%, 15V, Kemet T322D226MO15AS, oreq. «......- vev.. H-1007-656
Diode, silicon, Type INGIAB/INSSEB . ocvveanmnanrnnnsssasarensasanrnrnsss ... HA-26482
Dioda, Type IN4ODT ..ooovvnnnnnn TP cesseeess cesrrsssans seomsseseess . HA-38876
Nat USET +ovevnvnnonsmaass tesesesassssrus tesessesesanenaranes reegasebaveus e
TTL Encoder, 10-line decimal to 4-line BCD, Texas Instruments SN74174N,oreq. ..... H-0610-87
Linear voltage regulator, 15V, Motorola MC7B15CP, 0r€q. +euvuvenvennnnnnnsss ..., H-0620-B2
Linear voltage regulator, -15V, National LM320T, OF €Q. e vveaeecaseecnssnnnnsnnes .. H-0620-177

Relay, mercury-wetted, SPST, normally open, 12-Vde coil,
Fifth Dimension SK-YC-22-0-1, 07 €Q. «.vuvnerncssrsanns HA-44548

1, 5%, 0.25W, selected value,

F , lixed, comp
Allen Bradley CB, 07 €g. «ovocvreerrniraannenns esdniimnnsrernes amaes cesassnns H-1009-(XXX)
Resistor, metal-film, 16K, 0.01%, 0.3W, Vishay S102015K. oreq. -..eunune cossnsnes H-1510-2089
Notused ..cevauns PN Joleole ole o4 csesesesesenaane aesdaEabsransTae e —

F . fixed, composition, 2K, §%, 0.25W, Allen Bradley CB,OFBO. cuvvirnannrnsnen H-1009-760
Resistor, metal-film, 4.02K, 1%, 0.125W, Type RN55D. RFL Spec HA-38301.......... H-1510-1211
Same as R1011, 6.04K..... e O tragese e cesesssserservasrsnsnnn H-1510-1279
Same as R1011, 10K ...... seamsedbeanstasnanastssstsananns sasasseseasbest .. H-1510-775
Same as R1010, 20K ........ . . H-1008-773
Input transformer, voltage .....ceeues . HB.95214
Input transfofmer, CUTFENT « .. veaervnenanes HB-91579
Schematic (Figure 30)..... cassansanne R S et wisereseas H-95064

Switch Board, Assembly HB-95070
TTL Quad, 2-input OA gata, Texas Instruments SN7432N, OF @G o1 evoevemenerecsersa. H-0610-64
. H-0610-44

TTL Quad, 2-input NOR GATE, Texas Instruments SN7402N, O €. cosvennnnaarsens
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1C1105, 1107, TTL Quad, 2-input NAND gate, Texas Instruments SN7400N, or BQ cviviierniiaias.. H-0610-8
1116, 1118,

1119

IC1106 TTL BCD-to-decimal decoder, Texas Instruments SN7442N, oreq. .... teseseeaness.. H-0610-54
Ic1108 TTL 10-line decimal 1o 4-line BCD decoder, Texas Instruments SN74147N, oreq....... H-0610-87
Ic1113 Notused ...ovvnnvnnininnnnn. tetsscsisascane seeretsirssaane tamsreianaggie S——
IC1114 TTL Quad, 2-input AND gale, Texas Instruments SN7408N, or B4, ticeens tressaanas. H-0610-24
IC1115 TTL Quad, D-type, flip-flop, Texas Instruments SN7474N,oreq. ......... sessssaea.. H-0610.36
Q1101, 1102, Transistor, silicon, NPN, Type 2N2219N . ......... trresrsesseeiiiiiieiieaarana.. HA-39569
1104-1107,

1109, 1110

Q1103, 1108 Transistor, silicon, PNP, Type 2N290SA . . teseeenncsaeans creeettatanane tesssnn.. HA.39567

R1101, 1103,
1108, 1130

R1102, 1104,
1109, 1131

R1115,1118

R1106, 1107,
1110-1117,
1118-1129,
1132

DS1201, 1204,

1207

D§1202, 1203,
1205, 1206,
1210, 1211

DS1208, 1209

IC1201, 1202,
12041218

IC1203
R1201-1204

Resistor, metal-film, 1K, 1%, 025w, Type RN RFL Spec HA-38328

TrrrEliearaeanns

H-0410-1288

Resistor, variable, metal-film, 1K, 10%. 0.5W, Helipot 78PR1 K.oreq ...ooovuennnn. . HA-453412
Notused ...... cressiiaa. LN ceenian ettt iaaaaa, e ———
Resistor, fixed, composition, 5%, 0 25W, value on schematic,
Allen Bradley CB, oreq. ...... T T S eeceiietstsaanaras emman reesaneas H-1009-1XXX)
Schematic (Figure 30)........... trtassann R «.. H-95074
Display Board, Assembly HB-95065
Optical display device, Gen, Inst. MANE6SOF, oreq. ....... P eeersaariaeaeaaaa., HA-91958
Optical display device, Gen. Inst. MANGE4OF, oreq. ..... . tessacaraan HA-91957
Optical display device, Gen. Inst. MANGEBOF, oreq. ....,...... tretriiiienia... HA-44568
CMOS 7-segment latch, counter, and driver, Motorola MC14511CP, or BQ. -vviiienn.. H-D615.45
Transistor array, PNP, four per package, Texas Instruments, Q272905, oreq. ...... vo. HA-49479
Resistor, fixed, ¢ ition, 39 ochms, 5%, 0.25W, Allen Bradley CB, oreqg........ +ev. HA-1009-831
Schematic (Figure 30)........ N sersacns vevnes.. H-95069
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APPENDIX A
DC Calibration Module
Model HB-95260




DC CALIBRATION MODULE
HB-95260

R6

R5

L]

TP3 P2

DESCRIPTION

The Model HB-95260 DC Calibration Module,
shown in Figure 1-1, is available as an aid for the
calibration of the Model 636 Multifunction Power
Analyzer. Itdoes not certify the accuracy of the Model
636. It is a de-to-dc converter type of power supply,
using a switching circuit for £4 Vdc. It will provide all
voltages necessary to test and calibrate the power
analyzer.

The calibration module derives its operating power
from the Model 636, into which it is installed for
operation. Outputs from the module are two chan-
nels of regulated, positive or negative 4 Vdc, one for
input to the VOLTS channel of the Model 636, ane for
input to the AMPERES channel. Polarity of either
input may be selected independently, and the input of
either channel may be grounded independently.

TECHNICAL DATA

Output Voltage '
Two adjustable, positive or negative, 4-volt out-

puts, one for each input channel of the Model 636

Output Current
5mA, maximum
Operating-Temperature Range
0 to 40°C
Input Voltage
Both plus and minus 14.0to 15.8 Vdc, taken from
the Model 636
Size o
The calibrator module is built on a circuit card_5.5
inches high, 9inches long, and 0.625 inches wide,

(140 x 230 x 16 mm).

TP1

Figure 1-1. Model HB-95260 DC Calibration Module.
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INSTALLATION and MAINTENANCE

When used to calibrate the Model 636, the Model
HB-95260 DC Calibration Module replaces the Ser-
ies 900 Transformer Electronics Card, and it is
plugged in to Connector J9, from which the Trans-
former Electronics Card is removed. After installa-
tion, the module should be calibrated according to the
procedure given in the following section.

For maintenance, Figure 1-2 will be helpful iniden-
tifying socket terminals. A suitable mating connector
is TRW-Cinch Part 251-22-30-260. A schematic of
the circuit is shown as Figure 1-3.

CALIBRATION PROCEDURE
Test Equipment Required

(1) Fluke Model 887A Differential Voltmeter, or
equal,

(2) RFL Model 636 Multifunction Power Analyzer.

Procedure

The Model HB-95260 DC Calibration Medule
should be calibrated each time it is to be used,
because neither its accuracy nor its stability are spec-
ified on a long-term basis. Use the following pro-
cedure:

(1) Remove the Series 900 Transformer Electron-
ics Card from the Model 636 and install the
calibration module in the card slot thereby
vacated.

(2) On the calibration module, select -4 Vdc for the
AMPERES channel, using S2.

(3) Measure the voltage between TP2 (HI) and TP1
(LO) with the differential voltmeter.




(4) Adjust R5 to obtain -4000 +0.05 mV.

(5) Select 4 Vdc on the AMPERES channel,
using S2.

{6) Adjust R6 to obtain 4000 +0.05 mV.

(7} Onthe Model 636, select the 1-AMPERE range,

the 15-VOLT range, and the WATTS function.

Onthe calibration module select 4 VOLTS input,

using S4.

Connectthe differential voltmeter between TP1

(LO)and TP3 (HI). lt should read 4000 +0.1 mV.

On the calibration module, select -4 VOLTS

input, using S4.

(10) The dilferential voltmeter should real -4000
+0.1mv.

{11) Repeat Steps {4) through (10} as necessary to
obtain the required readings.
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CIRCUIT DETAILS

The components of the Model HB-95260 DC Cali-
bration Module are mountedon a plug-in circuit card,

The schematic, of its circuit is shown as Figure 1.3

IC1 is basically a temperature-compensated zener
diode which provides a stable, dcreference voltage of
6.9 £0.69 Vdc to the inverting input of opamp IC2.
This opamp, operating as a buffer amplifier, estab-
lishes a precise -4 Vdc source for both AMPS and
VOLTS channels, Resistor, R3, in parallel with R2
which is factory-selected, sets the gain of IC2, nomi-
nally at 0.5, so that-4.0 Vdc is Present atIC2-6. Fine
adjustmentof this voltage is effected by adjusting R5
which also compensates for the inherent de offset o;
the opamp.

OpampIC3, with a gain of unity, accepts the -4 Vde
output from IC2 and inverts it lo provide a precise,
adjustable, positive 4-Vdc source for the two input
channels. The dec-offset adjustment potentiometer,
RE, is used for fine adjustment of the 4-Vde output,

) Panel-mounted toggle switches, S2 and S4, pro-
vide for switching the output polarity of the AMPS
and VOLTS channels respectively. Similarly, toggle
swilches S1 and S3 provide ON-OFF control of their
respective channels.

COWPONINT O I

-15Vde
+15Vdc

GND
+4Vde, AMPS Channel

+4Vdc, VOLTS Channel

|

Figure 1-2. Connection Diagram, DC Calbration Module
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TABLE OF REPLACEABLE PARTS

PART
cmN?BUéTL DESCRIPTION NUMBER
SY

........... H-0620-172
IC1 Linear voltage reference, 0+70°C, National LMAROM, or#q, »rs73Vss ke usias et  e20180
IC2,3 Linear opamp, 0+70°C, Precision Menolithics OP-05CP, or eq. ..« ./ ........
R1 Resistor, metal-film, precision, 2.49K ohms, 1%, Y4 watt, type RN - ........... ... H.0410-1326
per spec HA-38323, 0r€q. .. vvvvrnnnens crnesassuasense s
R2 Resistor, metal-film, precisian, 73.2K ohms, 1%, '4 watt, lwe. AN, H.0410-1467
per spec HA-33828, oreq. .... terssaresanans jasgtafsspagna et . hbE10.50055
R3 Reslistor, metal-film, precision value selected by factory ..... RN :A csas
R4 Resistor, metal-film, precision, 39.2K ohms, 1%, %4 watt. lvpe ....... o L 40401847
spec HA-3B32B,0r€q. «.vvvvnesansss sisaesecsasanns ey
RS, 6 Resistor, variable, metal-film, 25K ohms, 10%, 0.75 watt, Be:kf‘nla-rt.ﬁ .............. HAASa20
' [ g g LPCTWL Td EA ha Eiant iy b
RZ1 Resistor. metal-lilm, precision value selected at factory ...ooeeeraces oazss
51-4 Switch. togglo, SPOT. € & K Component 7101-D-AV2, 0 £ ..+ oeserrsreettts oy
_— Schematic (Figure 1-3) .o vveananannenns fesesstseeasesirinanssanans
1-3
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—s ‘ FOR
‘_.6"\13_ o VOLTTS», K Model 636 Multifunction Power Analyzer
- % 5 ™ Serial Number
bl J——_@ — ‘
Ci) | revsovace | .e:.;, - ]I This instrument was calibrated at RFL Industries, Inc., Boonton, N.J.
on —_________ atanambientroom perature of °C.
¥ o .‘ :{"ﬁ:’?;"ﬂ,‘ii"%‘:’f*"“ r= Calibration included all ranges provided by the instrument. Calibration instru-
. : - .
A ei"z:”#.‘c’:ﬁ"::’ PSR l ments used have accuracy traceable to the National Bureau of Standards either
' directly or indirectly in an unbroken chain.
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