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SERIAL NUMBER EFFECTIVITY

Instruction Manual TM-101378A provides maintenance and operating instructions for
- Phasemeter Models 305, 30568, 305C and 305D and Plug-In Models 305-PA-3001 and
305-FA-3002 units determined by the following Serial No. codes:

MODELS SERIAL NUMBERS

305, 3058, 305C and 305D

Py

. For all 9-digit serial numbers

2. For 10-digit serial numbers when the
significant digit {5th digit from right
side} is 7 or greater.

16-DIGIT EXAMPLE
DDDDD!?DBD'D

Significant Digit

Plug-In 305-PA-3001 1. For all 9 digit seriai numbers
2. For 10-digit serial numbers when the
significant digit is b or greater.

Plug-tn 305-PA-3002 For all 9-digit serial numbers
. For 10-digit serial numbers when the

significant digit is 1 or greater.

[

i/ii
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SECTION I
GENERAL INFORMATION

1-1. INTRODUCTION

i-2, This manual provides operating and service instructions
for the Phasemeters Series 305 (hereinafter referred to as

Model 305), manufactured by Dranetz Engineering Laboratories,
Incorporated. This section discusses the purpose, application,
and technical characteristics of Models 305, 3058, 305C and 305D.

1-3. PURPOSE
i-4. Model 305 Phasemeter (figure 1-1) represents a totally
new concept in the measurement of phase angle. A precision phase

angle measurement is obtained simply by connecting the signals
and reading the display. No adjustments are required during
normal use. Model 305 senses the signal frequency and adjusts
its output time constant for maximum speed commensurate with low
ripple. It remains operational in the presence of up to 10%
high frequency noise, Model 305 sensitivity to waveform dis-
tortion is reduced over that of other phasemeters which normally
require filters to remove distortion effects.

1-5. The use of the automatic dual mode switching allows for
continuous phase plotting between <-160° to > +340° with no
discontinuities. The front panel controls on Model 305 main
frame are used only for self checking of the main frame and
calibration of remotely counected accessories such as a recorder
or printer.

1-6 , Standard plug-in units covering a frequency range
of 1 Hz to 11 MHz are available with Model 305 Phasemeter.
Special plug-in units are available on reguest,

1-7. SPECIAL FEATURES

1~8. Model 305 provides special features when used with
Plug~in Model 305-PA-3001 or 305-PA-3002,

a. No operating controls,
b. Excellent stability -~ no operating adjustments,
c. 0.05° acecuracy independent of input voltage.
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Figure 1-1. Model 305 Phase Meter ( 305C Main Frame
With 305-PA-3001 Plug-in)

d. Versatile plug-in concept.

e, Basie frequency range: 2 Hz to 700 ki=z
(extendable to 1 Hz or 11 MHz with other plug-ins).

Digital readouts on Models 3058, 305C and 305D.

g. Digital outputs on Models 305B, 305C and 305D
for use with printers, etc.

h. 1 Megohm input impedance,

i, Levels extendable to 40 KV using
Tektronix probes.

j. Indicator lights on each input to indicate
either low or high input levels
(305-PA-3001 only).

k. High overvoltage capability.
1-9, EQUIPMENT CHARACTERISTICS AND SERIES 305 CONFIGURATIONS.

Table 1-1 provides the technical characteristics for
Model 305. Table 1-2 and 1-3 lists the configurations and options
which comprise the different models within the Series 305 ]
phasemeters. Table l-4 describes the additional plug-in units

available,
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: Table 1-1. TECHNICAL CHARACTERISTICS
1. MODEL 305 MAIN FRAME (PHASE TO DC CONVERTER) with
Model 305-PA-3001 Plupg-in)

Type

Specification

INPUT LEVELS{Independent)
{8ignal or Reference)

10 mV teo 300V rms up to 10 kHz decreasing to 50V rms
above 100 kHz (up to 700 kHz)

INPUT IMPEDANCE
(Both inputs)

1 Megohm +40 pf {(usable with standard oscilloscope prohes)

ANALOG OUTPUT:
Sensitivity:

Ouput Impedance;

-1.800 volts dc to +3.600 volts dc
10 millivolts/degree

100 ohms maximum

Ripple: >25 Hz: 0.5% full scale rms maximum; at 5 Hz:
2.5% full scale maximum
ACCURACY : £0.05% maximum at 50 Hz to 50 kHz from 50 mV Trms to

50V rms; typically 0.25° from 5 Hz to 500 kHz

TIME CONSTANTS :

G to 63%: Automatically selected,with override capability
available through a rear connector

Typical values of Time Constant (T

2 to 50 Hz
700 m8

30 to 500 Hz 0.5
350 mS

to 5 kiz
530 mS

5 to TOO kHz
10 mS

NOTE
Qutpat change is to within 90% after 2.3T;
99% after 4.67T; 99.9% after 6.97T

OPERATING MODES:

Zero to +360° and ~180° to +180°

a,. Automatically selected as follows:

Switch to 0 to +360° mode at < -160°
and > +160°,

Switch to -180° to +180° mode at
<4209 and > 43400,

b, Manually selected as follows: angles between
~180¢ to -20° and +200° to 43409 can bhe inter-
changed with the front panel mode select switeh.

¢. Auto Mode selection override is available

through rear connector and the front panel
momentary action switch (contact closure).

AVERAGE TEMPERATURE
COEFFICEENT
{0 to +30°0Q)

0.001%/0C typical

SELF-CHECK FEATURE:

~180%, 0%, +180°, and 360° are available in the CHECK
position. These points verify main frame operation.
Plug-in accuracy may be checked by simply connecting
REFERENCE and SIGNAL inputs to the same signal source,

OPTIONS:

Refer to Section VIII for details of options available
for use with the Series 305 Phasemeters.,
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Table I-1. TECHNICAL CHARACTERISTICS (cont)

1.cont) MODEL 305 MAIN FRAME (PHASE TO DC CONVERTER) with
Model 305-PA-3001 Pilug-in)

Type Specification
LEVEL INDICATORS: LOW and HIGH indicator lights on the plug~in along with
(302-PA-3001) TTL/DTL compatible outputs available through a rear

connector, indicate when the reference or signal levels
exceed specification.

OVERVOLTAGE CAPABILITY Phase meter will remain operational with reduced specifi~
(with Plug~in Model cation with input voltages to 300 volts rms from 5 Hzm to
305-PA-3001) : 10 KHz, decreasing to 50 volts rms above 100 kHz.

TV . py.  to 10 millivolts rms with typical 40,250 accuracy
UNDERVOLTAGE CAPABILITY:| 0 zo Jr-iIVoSis r ’

REFERENCE AND SIGNAL BNC types mounted on front panel of plug-in. {Rear

INPUT CONNECTORS : input connectors are optional.)

POWER REQUIREMENTS - %%5w22%28 rms £10% or 230 volts rms +10%, 50 to &0 Hz,
SIZE: 3-1/2"high,19"wide rack or portable package, 16 inch depth
WEIGHT: Net 20 1bs; shipping 30 1bs.

2. MODEL 305B PHASEMETER - Same as Model 305 except for the following additions:
DIGITAL READOUT: 4-digit (-180.0° to +360.09 0.1° resolution

presentation with polarity indiecation.

4 digit BCD coded (1248} with polarity bit 15 lines,
TTL/DTL compatible (<+0.8 volts to > +2.4 volts ded,
READ and HOLD on command features available on rear

DIGITAL OUTPUT:

connector.
ACCURACY (including 40.2° from 50 Hz to 50 kHz from 50 mV rms to 50V rms;
readout) typilecally #0.4° from 5 Hz to 500 kHz.
NOTE: Accuracy of analog DC output same as
e Model 3035.
3. MODEL 305C PHASEMETER ~ Same as Model 305 except for the following additions:
DIGITAL READOUT: 5-digit (~180.00° fo +360.00°) 0.01° resolution

presentation with polarity indication.

DIGITAL OUTPUT: > digit BCD coded (1248) with polarity bit, 21 lines,
TTL/DTL compatible (< +0.8 volts to > +2.4 volts dc).
READ and HOLD on command features available on rear
connector.

ACCURACY {including +0.05° from 50 Hz to 50 kiHz from 50 mV rms to 50V rms;
readout) typically #0.25% from 5 Hz to 500 kH=z.
NOTE
A leading "SIGNAL" phase shift is displayved as a "+"
or LEAD angle. If a lagging positive angle is

desired, interchange the REFERENCE and SIGNAL inputs.
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Table 1-1. TECHNICAL CHARACTERISTICS {cont)

4. MODEL 305D PHASEMETER - Same as Model 305C except for the folleowing additions:

" Analog Meter Front panel analog null meter, approximately
- 0.20/division near null for easy comparison of
measured phase angle to preset reference angle.

Offzet Controls Front panel coarse and fine adjustments allowing
Coarse and Fine setting offset angles from +360.00 to -180° with
hetter than 0.1° resolution.

Cffset Stability

Offset Accuracy

+0.1° with warm-up.

+0.1° after warm-up (30 minutes) for either panel
meter or analog output.

5. With PLUG-IN MODEL 305-PA-3002 - Same as-for Plug-in Model 305-PA-3001
except for the following changes.

Type Specification

INPUT LEVELS (Independent)] 10 mV rms to 3V rms from 2 Hz to 700 kH=z
{3ignal or Reference) ) i

ACCURACY +0.05° from 50 Hz to 50 kHz from 50 mV rus to
(DC Analog output) 500 mV rms; typiecally £0.25° from 5 Hz to 500 kHz.
NOTE

For specifications with other Plug-ins,
refer to the instruction manuazl of the
individual Plug-in. '

6. ACCESSORIES SUPPLIED:

®

Power Line Cord Belden No. 17258

o

For Model 305 Main Frame Only:

2 ewnch, Connector,Cannon DB23P
2 each, Hood, Cannon DB20962

C. For Models 305B, 3053C and 305B Main Frames:

3 each, Connector,Cannon DB25P
3 each, Hood, Cannon DB20962

d. Circuit board extender, Dranetz Assy No. 101219,
mounted in main frame

e. Extender cable, Dranetw Assy No. 101685,
mounted in main frame
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SERTES 305 CONFIGURATION

Table 1-2.

Series 305 Configurations

MOLEL 305
(NOTE 1) MODEL 3058 MODEL 305C MODEL 305D
CIRCUTT REMARKS
CARD SCHEMATIC| AS8Y SCHEMATIC |ASSY SCHEMATIC |ASSY SCHEMATIC
REF. DES1G, | ASBY NO. | NO. NG, NO. 50, w0, NO. NG
ALY 101668 10166% 101668 101669 101668 1016869 101668 | 101669
AZ 101314 101328 10131y 101326 101319 181326 101319 | 101326
A3 101668 101684 101663 103689 101668 101669 101668 | 101669
A4 101320 101327 101320 101327 101320 103327 101dze | 101327
A5 102516 1020618 102516 102518 102516 102518 104316 | 102518
A6 101322 101329 10130 101329 101322 101329 101322 | 101326
AT 104520 102523 102526 102522 162520 102522 102320 | 102522
A8 101324 101333 101324 101351 101324 101331 101324 | 101331
305D WAS OPTION 104 - NOW INCLUBED IN
Alo - = - - - - 102222 |162224 MODEL 305D,
POWER
SUPPLY 101213 101215 161213 101215 103213 101215 101213.] 101215
PANEL - - {NEWPCRT 408A5)® (NEWPORT 20008/SER)* {NEWPORT MODELS 305B, C AND D PROVIDE BCD OUTPUTS
METER Assy No. 101373 Assy No, 101749 2000B,/SER) FROM METE STOR.
(MoTE 2} ¥ Asse No. 101749 METER TG A REAR CONNECTOR.
FRONT ADDITION OF TWO
PANEL NO READOUT 4 DIGIT READOUT 5 DIGIT READOUT COFFSEY CONTROLS:
FiNE/COARSE AND
ANALOG NULLMETER
NOTE 1: MODEL 305 IS ANALOG OUTPUT ONLY.

2. PANEL METER {NEWPORT 400A} PROVIDES 0.1° RESOLUTION AND
PANEL METER (NEWPORT Z000B/SER) PROVIDES 0.01° RESOLUTION.

PLUG-IN MODEL PLUG-IN MODEL
305 -PA-3001 305~-PA-3002
PLUG~IN CARD SCHEMATIC SCHEMATIC
REFIDES 16, ASSY NO. NG . ASSY NO. NC,
Al & A2 lazels 102818 102841 102842
A3 & A4 141358 1013568 - -
A5 102620 102823 162620 102623

#Owners Manual for appropriate Digital Panel Meter supplied with eguipment.
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Table 1-3. Series 305 Options and Detail Information
TECHNICAL
MANUAL
OPTION | DESCRIPTION REFERENCE OPTION INSTALLATION REMARKS
101 REAR BNC PARAGRAPH 8-3 OPTION 101 MUST BE
CONNECTORS SPECIFIED ON PLUG~IN AS
FOR BOTH WELL AS MAIN FRAME.
SIGNALS OPTION 101 IS NOT COM-
AND PATIBLE WHEN PLUG-IN
REFERENCE MODELS 305-PA-3005 AND
INPUTS 305-PA-3008 ARE USED.
102 REMOTE PARAGRAPH 8-6 | ApD CARD AND REMOTE/LOCAL PARALLEL TTL COMPATIBLE
CONTROL SWITCH INPUTS.
CARD] ASSY NO. | SCHEMATIC NO
A9 101672 101673
163 HIGH SPEED | PARAGRAPH 8-21REMOVE EXISTING CARDS A5 AND | OPTION 103 CANNOT BE
RESPONSE A7 FROM MAIN FRAME AND RE- USED WHEN OPTION 107
PLACE WITH NEW CARDS: IS INCLUDED.
CARD § ASSY NO.{ SCHEMATIC NO.
A5 102201 102203
AT 101870 | 101671
105 REMOTE PARAGRAPH B8-2B|REQUIRES ADDITIONAL COM~
ZERO PONENTS ON MAIN FRAME T.B.3.
ADJUSTMENT
107 -AUTOMATIC PARAGRAPH 8-3L{ADDITION OF CARD All TO A OPTION 107 CANNOT BE USED
CALI- CONNECTOR ADDED UNDER PANEL | WiIT¥ OPTION 103. OPTION
BRATION OF METER: 107 18 AVAILABLE ON 305C
DIGITAL ONLY .
READOUT CARD | ASSY XO.| SCHEMATIC NO.
AND 4 10
OUTBUTS All 10252 2526
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Table 1-4. ADDITIONAL PLUG-IN UNITS AVAILABLE
- ACCURACY'™™ WITH INDEPENDENY LEVELS UNLESS OTHER-
WiSE INDICATED
Analog cutpui accuracy: As specified below,
MGDEL FREQUENCY INPUT LEVELS (independent) INPUT 2 Digital phase acouracy: For model 305G, same as analog
RANGE accuraty, For medel 3058, add —:0.15° digital readout error
1o anatog accuracy specified.
305-PA-3005 200 kHz to 1 mV tc 3 ¥ rms; manual level controls in 50 ghms Broadband with equal Inputs above 10 mV rms: =0.4° from
High Frequency 11 MHz 10 dB steps. Lamps indicate when inputs are 200 kHz fo 4 MHz; =1° from 4 MHz to 11 MHz.
Plug-in out of range or when level controls are With independent levels above 10 mV rms: =31 up to 4 MHz
improperly set. and 2% up to 11 MEz.
Single freguency — above 10 m¥Y rms: —=0.39 at any fre-
quency from 204 KHI ta 11 MHz at any fixed fevels.
305-PA-3007 2 Hzto 700 kHz Autg-ranging: similar to levels of a05-PA- 1 megohm Same as 305-PA-3001 for leveis above 10 mV rms; typicadly
Programmable 3001, Programmable: over-rides autorang- shunted +:0.35° from 50 Hz to 50 kHz for levels below 10 mV rms.
and Auto-Ranging ing: extends low levels 1o 1 mV rms; DTL, with 40 pF
Plug-in TTL fogic: program connecter in rear of
mainframe.
305-PA-3008 50-500 Hz 25V 10 250 ¥V rms; B.1 A to 5 A rms, 100 k ohm At any single frequency, with filter set: =0.1°, 25 V tg
Power Freg. without filters, Inputs are transformer isolated, voltage) 250 Y rms, or (L] Ato 5 A rms,
Plug-in 50 Hz, 60 Hz and 1 max,
400 Hz LR, filters {current}
z2vailable
305-PA-3009 5 Hz to 700 kHz 10 mV to 40 V rms. Fach channel has autc- 1 megohm Phase: =:0.1° from 40 mV {0 4G ¥ rms from 50 Hz to 50 kHz;
Network Analyzer | {Note: matic gain ranging. Direct reading of phase - | shunted typically =0.25° at a1 otner levels from 5 Hz to 500 kHz,
{Gain/Phase/ 305-PA-30094 angie, amplitude ratic and level of each with 44 pf Voltage Ampiitude; above 40 mV (channel A or B): x29%
Amplitude} operates to 1 Hz input. Compatible with Tektronix probes, reading +0.03% F8, 50 Hz to 50 kHz; 5% reading
with 205 mod. 14} +0.03% FS, 100 kHz to 500 kHz.1®
Ratio: 0.5 dB, 50 Hz to 50 kMz; o1 B, 50 kHz to 500 ¥Hz.i9,
" 305-PA-3010 For use at 125 500 mV to 5 V rms. Other ranges avaifabie 1 magohm +0.1°, 500 mY to SV rms; =0.25°, 100 mY to 500 mY rms.
Special Purpose- #1310 Hz; on reguest, shunfed
Piug-in matched filters with 40 pF
{with filter) i both channeis
-§ reject higher
frequencies
305-PA-3015 5 Hzio 500 kHr | Ranges of 50-500 mV rms, 0.5 to 5 V rms, 1 megohm With filters, ==0.1° at fixed frequencies over ail levels;
Selectable without filters; | and 5-50 ¥ rms seiectable by remote contact shunied without filers-:£0.1° from 50 Hz to 50 kHz at all levels
Fitter Plug-in uses 2 of type | closures, with 40 pf {typically £0.03%), typically =.25°, 5 Hz to 500 kHz.

 305-PA-3008-( )
tniiters 0); filter !
setection
programmable

1 Can be provided for other voitage levels.

2 For sinusoidat signal; can be used for sGuare wave in

degending upon model, tevel and frequency.
1 56 Hr fitter, P/N 305-PA-3008-58, 80 Hz fiiter, P/N 305-PA-3008-60; 400 Hz filler, P/N 305-PA-3008-400. (Other frequencies available on request.)
i Avaitable for use with 305-PA-3001, -3002, -3007 and .3010. Specify when srdering piug-in.
15 For higher aceuracy below 50 Hz, specify Mode? 305-PA-3009A.

puls over limited frequency range; can be used for amplitude modufated signals up to 97% modulation,
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SECTION IT
OPERATION

2-1. GENERAL
2-2, This section contains the operating procedures for
L Model 305 Phasemeter. Operating controls, connectors and indi-

cators are referred to by the nomenclature that appears on the
front and rear panels,

2-3. CONTROLS, CONNECTORS AND INDICATORS

24, Figures 2-1 through 2-3 show the front and rear panel
operating controls, connectors, and indicators for Model 305C & 305D
Phasemeter with a Model 305-PA-3001 Plug-in, respectively. The
jllustrations are supporied by tables 2-1 and 2~2 which 1list the
index number, nomenciature, and the function of thdse items

calied out in the figures.

2-3. UNPACKING

2--6, Unpack Model 305 and visually inspect both the main
frame and the Plug~in for possible shipping damage. IF DAMAGE
EXISTS NOTIFY DRANETZ ENGINEERING LABORATORIES AND CARRIER, AND
RETAIN SHIPPING CARTONS., DO NOT RETURN WITHOUT INSTRUCTIONS
FROM MANUFACTURER.

2~7. OPERATION
2-8. To prepare Model 305 for operation, proceed as follows:
a, Insert the Plug-in, if separately packed,

into the main frame.

b. Connect the power cord supplied between
the AC PWR receptacle (figure 2-3) and a
50 to 60 Hz power source having the
nominal voltage specified on rear panel.

c. If the main frame is a Model 305 Phase to
DC Converter, an external readout is re-
quired. Connect the readout to Pin 5
(CKT. GND). and pir 7 (Analog Output,
-1.8 to +3.6 VDC) of connector J3 MAIN FRAME.

d. For normal operation, the three terminals on
the ground terminal board on the rear,
should be connected together.
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Turn the PWR switch to the ON position,

f. Set the MEAS-CHECK switch to MEAS {measure)
position.

g2, Refer to the specifications for the level
and frequency ranges of the appropriate
Plug-in.

h. Connect the REFERENCE and SIGNAL
inputs to their respective BNC connectors
on the Plug-in.

i, Read the phase angle on the readout device.

3. For CHECK operation, refer to the functional
description in table 2-1.

CAUTION

Although the 305-PA-3001 Plug-in is usable
at up to 300 volts rms at frequencies to

10 kHz, sudden application of high frequency,
high voltage inputs may damage the input
stage before the auto range circuitry
switches in appropriate attenuation. Direct
application of large signaisto 300 volts rms
is not recommended above 1 kHz, If the
voltage is greater than 50 volts rms and the
product of (frequency in Hz) X (voltage in
volts rms) exceeds 700,000, the signals

must first be applied at levels not ex-
ceeding 50 volts rms, and then gradually
increased to operating levels,

2-9, Preparing Model 305 for operation requires a minimum
performance check to insure that damage to the equipment has not
occurred during shipment. (See Section III.) '

2-10, MAIN FRAME REAR CONNECTORS TERMINAL DESIGNATIONS
2-11, For connection to external meters or recorders, or Tfor

remote control of the unit, rear connector terminal designations
are provided in tables 2-3 through 2-6.
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305~PA-3001 Plug-In, Front Panel
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FRONT PANEL OPERATING CONTROLS, INDICATORS
AND CONNECTORS (See Figure 2-1.)

Table 2-1.

Index
No.

Controis, Indicator
or Connector

Function

10

11

PWR ON switch

Mode select switch

+/-1806° mode indicator

0/360° mode indicator

MEAS-CHECK select switch

HIGH~LOW CHECK select switch

Digital readout in degrees

Plug-in lock fasteners

REFERENCE INPUT

LOW reference indicator

HIGH reference indicator

Applies AC power in the on {up) position.

Selects the operating range:
-180° 1o +180° or 09 to +360°,

When 1it, indicates the operating range
of -180° to +1809,

when 1it, indicates the operating range
of 09 fo 3600,

When placed in the CHECK position,
disables the plug-in and allows for
checking the main-frame performance in
conjunction with the HIGH~LOW switch.

When placed in the LOW CHECK position,
provides an output corresponding to
~180.0° when the Model 305 is in the
+/~-180° MODE and 0.0° in the 0/360° mode.

When placed in the HIGH CHECK position,
provides an output corresponding to
+180.0° in the +/-1B0° MODE and 360,0°
in the 0/360° MODE,

Model 305: None

Model 305B: 4 digit, -180.0° to
+360.0° readout.

Model 3035C: 5 digit, -180.00° to
+360.000 readout.

Model 305D: 5 digit, -180.00° to
+360.00° readout.

To unleck and remove plug-in turn CCW;
to secure plug-in, turn CW.

BNC Type Connector for input use to
establish the phase reference for the
signal channel.

Input impedance = 1 megohm shunted by
40 pf.

Lights when the reference level goes
below the low level specification 1limit
{(approximately 50 millivolts rms).

Lights when the reference level goes
above the high level specification limit
(approximately 50 volts rms).
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Table 2-1. FRONT PANEL CPERATING CONTROLS,
INDICATORS AND CONNECTORS (cont}

Index Controls, Indicator Function
Na. or Connector
12 ACC PWR {accesgory power) Provides regulated DC power to operate

external accessories:
+24 volts de at 50 ma, maximum

13 SIGNAL INPUT BNC Type Counnector for input whose phase
. shift is measured with respect toe the

- REFERENCE INPUT.

Input impedance = 1 megohm shunted by

40 pf.

NOTE

A leading SIGNAL INPUT phase shift is
displayed as a 2" or LEAD angle.

14 LOW signal indicator Lights when the signal level goes below
the low level specification limit
(approximately 50 mv rms).

15 HIGH signal indicator Lights when the signal level goes above
the high level specification 1imit
{approximately 50 volts rms).

16 REMOTE programming Lights when unit is set for Remote
indicator : operation (Option 102 only).

MODEL 305D CONTROLS {See Figure 2-2)

1 Analog Null Meter ) Provides accurate adjustments of test
angles
T 2 FING wffset adjustment Provide setting of offset angles from
+360.0° to -180.0° with better than 0.1%
3 COARSE offset adjustment resoclution
4 OPER/ADJ toggle switch In OPER position the unit operates as 2

standard Series 305C.

In ADJ, the ofifset angle is displayed
on the front panel meter.
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Table 2-2. REAR PANEL CONNECTORS AND FUSE
(See figure 2-3.)
Index Controls, Indicator
No. or Ceonnector Fanetion

1 AC PWR AC power input connector: 3 wire with
ground

2 FUSE MDL 3/4A for 115V, 50 to 60 Hz.

MDL 1/2A for 230V, 50 to 80 Hz.

3 GROUNDS, I.INE, CASE and CXT A terminal board whiech provides for
isolation of circuit ground from case
and/or power line, Kormally the three
terminals are connected together.

4 Biower Provides for cocling of internal
components.

5 MAIN FRAME connector, J3 Provides for connection to internal
clreuits. {(Refer to table 2-3.)

6 PLUG-IN connector, J2 Provides for connection to internal
circuits of plug-in. (Refer to
table 2-4.)

7 DIG OUT (digital output) On Model 305B, 305C and 305D only, provides

connector, J4 connection to the digital output for
operation with a digital printer, computer,
ete. Also allows for READ and HOLD on
command operation. Refer to tables 2-5
and 2~86.)

8 REF (refervence) input Allows the reference channel input to

connector connect to the rear panel.
{Option. 101 only)
9 8IG (signal) input connector Same as in REF input connector except
(optional) for the signal channel,
10 Power line nominal voltage After removal of cover, allows selection
switch of either 115 or 230 volt rms nominal
power line voltages.
11 NORMAL/3009 toggle switch Used when Model 305-PA-3009 Plug-in is
installed. 1In ""3009" positiorn allows
ranel meter display to be selected by a
switch on Model 305-PA-3009 Plug-in.
Must be placed in NORMAL position for
all other plug-ins.
12 LOCal/REMote switch Selects operation by local control via
{Option 102 only) front panel or remote control via DYoo~
gramming inputs. {Option 102 only.)
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No.
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Table 2-3. Main Frame Rear Connector J3,

MAIN FRAME, all Models

Connections

Over-ride of automatic time constant selection

is

provided by connecting +24V or -24V to the

1L
3 |

LG T ¢ SHRNEN B o S S | B

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25

pins as indicated below.

Pin Auztomatic

TC - 10 WS
{>5 kHz)

TC = 50 MS
(0.5 - 5 kHz)

TC = 350 M8
(50 - 500 Hz)

TC = 700 M8
( <50 Hz)

1 Open

+24V

+24Y

+24V

-24V

Open

+24V

+24V

~24V

~24V

Open

+24V

~24V

24V

~24V

NULL OUTPUT,

CKT. GND.

PANEL READOUT |
f

ANALOG OUTPUT}

MODIFIED ANALOG OUTPUT (OPTION 107 ONLY)

N.C.
CKT. GND.

MODE SELECT -180° to +180°l

MODE SELECT 09 to sseéd[

N.C.
N.C.
CKT. GND.
N.C.
N.C.
N.C.
N.C.
+24 vdc
N.C.
N.C.
N.C.

momentarily connect
-24 vde to Seleect Mode,
maintain conneciion if
override of automatic

circuits

REMOTE ZERO (OPTION 105 ONLY)

~24 vde

is desired

1V/DEGREE NOMINAL (OPTION 104 ONLY)

~1.800V to +3.600 vdc Internal Jumper



TM-101378A

Table 2-4. Main Frame Rear Connector J2,
PLUG-IN, all Models

J2
Pin Plug-in
No., Conn. No. Connections
1 J6- 7 ) Remote Plug-in connections
2 J6- 8 f Refer to Plug-in manual
3 J6- 9 7 Not used on Models 305-PA-3001
or 305-PA-3002
4 J6—10/)
5 CKT. GND
6 J6~27‘j Remote Plug-in connections
7 J6-28 ( Refer to Plug-in manual
8 J6-29 Not used on Model 305-PA-3001
or 305~PA-3002
9 J6-30
10 CKT. GND.
11 J6-11 REF. LOW Level Limit Indicators
12 J6~12 REF. HIGH { ~0.86V off
13 J6-25 SIG. HIGH +3.2V on
14 J6-26 SIG. LOW '
15 CKT. GND.
16 N.C.
17 N.C.
18 N.C.
19 N.C.
20 +24 vdce
21 N.C.
22 N.C.
23 N.C.
24 N.C.
25 ~24 vde



J4
Pin

No.,

11

&

13
14
15
16
17
18
19
20
¥21
22

23
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Table 2-5. Main Frame Rear Connector J4,
DIGITAL OUTPUT, for 305B
Digital Outputs
A -
1[ j
2
4‘{BCD TENTHS %
}
8 )
CKT., GND.
1-.
N

4
8 TTL/DTL COMPATIBLE

CKT. GND. /N =44+0.8V at -2 ma _
N = > 2,4V with 3.6X ohms source

j’BCB UNITS

!
2
4
8/

CKTw GND.

i BCD TENS

1
2\~BCD HUNDREDS
/

N.C.

N.C.

Positive Polarity

Hold, GND for Reading, Open or High for Hold

Data Ready, Low During Conversion, High when
BCD Data Ready

Read Rate, GND for 60 Hz Rate, Open for 4 Hz
Read Rate

*This pin is jumpered to pin 15 of J4 (GND) internally,
If external contreol is to be used, cut this jumper.
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J4

Pin No.

=S Ut B DN

Table 2-6. Main Frame Rear Connector J4,

DIGITAL QUTPUT, for 305C

Digital Outputs

s

°  BCD Hundredths

f N

7 BCD Tenths

/ \

7~ BCD Units

AW

Z  BCD Tens

Z L

>~ BCD Hundreds

00 i DY bed QO sp DO et OO s DI = QO R DO R4 QO W DO

\

Digital ground
Polarity bit, ""1" for positive

Sample rate adj; 4 per sec
open, gnd for 30 per second

READ/HOLD; open for read, gnd
for hold

Data Ready (0 during conversion)

TTL/DTL COMPATIBLE

N =< +0,8V at
10 ma

N =>2,4V with
6K ohm Ssource
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Figure 2-4, Model 305C With Option 107

2~12. OPERATION OF MODEL 305 WITH QPTION 107

213, In units having Option 107, the MEAS/CHECK and HIGH/LOW
switches are replaced by the Automatic Calibrator switch as shown
in figure 2-4. This switch is a 3-position toggle switch and ig
used to automatically calibrate the Model 305 panel meter for full
accuracy regardiess of warm-up or temperature changes. It oper-—
ates a circuit installed between the phase analog output voltage
and the digital panel meter ianput. This circuit corrects for

both panel meter drifts and for changes in the signal applied to
the panel meter by a digital sampling and error correction
technigque.

Z2-14. To operate a Model 305 having Option 107, turn the unit
on; switch to MEAS and then to CAL 0. The panel meter display
(except for decimal point and most significant digit) will blank
indicating a calibration in progress. After about'eight seconds,
the display will light and display the zero point. It should
indicate 000.00 20.02 degrees. Now switch to CAL F.S. The panel
meter will again blank indicating a calibration in progress.
After about eight seconds, the display will light and display the
full scale point. It should indicate 360.00 #0.02 degrees. Now
switch to MEAS and the unit is ready to operate at full accuracy.

NOTE

Always calibrate Zero first and full scale
second. Reversing this sequence may cause
incorrect calibration. NEVER OPERATE ANY
CONTROLS WHILE A CALIBRATION IS IN PROGRESS.
This will cause incorrect calibration. If
for any reason an incorrect calibration is
made, simply switch back to MEAS and repeat
the entire calibration procedure.
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2~15. ADDITIONAL QOPERATING FEATURES OF MCDEL 305D

216, Model 305D provides a continuously adjustable angle
offset which is then added to the phase angle being read. A non-
linear analog null meter presents the difference between the
angle being read and the preset oflIset angle. This feature pro-
vides a convenient means of precisely setting phase shiftl of

"Tfilters and other networks to a desired value. The phasemeter's

characteristics remain the same as those of the standard
Model 305C except for the following:

a, Front Panel Analog null meter, approximately
0.29%/division near null., Sensitivity decreases off null so that
a wide angle range is presented,

b. Front Panel coarse and fine offset adjustments
allow setting offset angles from +360.0° to -180.0°0 with better
than 0,10 resolution. '

c. Null Output on pin 4 of connector J3 (MAIN FRAME
connector) has nominal 1 volt/degree sensitivity for a minimum
of +8°% about null.

d. Offset stability: +0.,1° with warm-up.

e. Offset accuracy: *0.1° after warm-up (30 minutes)
for either panel meter or analog output.

f. Operate/Adjust switch added to front panel,

2-17. . Operation

2-18.  With the OPER/ADJ switch in the OPER position the unit
can be operated as a standard Series 305C Phasemeter. Details of
--operation are in Section II of this manual.

2.19 To use the angle offset feature proceed as follows:

a. Set the OPER/ADJ switch in the ADJ position. The
offset angle is now displayed on the front panel meter.

b. Using the COARSE and FINE controls bhelow the Null
Meter, set the offset to the desired value. Tor example, if a
network is to be adjusted to have a phase angle of -90 degrees
(SIG lags REF), an offset angle of -90 degrees must be set since
the null indicator zeros when the difference between coffset angle
and input angle is zero.

c. Set the OPER/ADJ switch in the OPER position,

d, Observing the null meter, trim the network under
test for a mid-scale reading.

e. When null is resched, the network under test will
have a phase angle equal in magnitude and polarity to the preset
angle offset.

f. The digital panel meter displays the phase angle
of the network under test and may be checked to determine the
actual value after the nulling operation is completed.

2-12
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SECTION 111
PERFORMANCE CHECK

3-1. GENERAL

3-2. The performance check procedures enable the operator

to determine 1f the Model 305 Phasemeter is operating properly.
This check can be performed either after setting up the eguipment
or when a maifunction has been remedied.

3-3. TEST EQUIPMENT REQUIRED

3-4, The following test equipment is required to perform the
minimum performance check:

a. Breadband AC Voltmeter, Ballantine
Model 303 or equivalent.

b.  Broadband (5 Hz to 500 kHz) Oscillator
with low distortion, General Radio
Model 1310A or equivalent.

Precision D.C. Voltmeter (-1.8 to +3.6 vdc
with error $0.3 mv.), Fluke Model 8300A or
equivalent.

o}

d. Two shielded =~ables terminated in BNC
connectors on each end and one BNC
T--connector. The shielded cables must
have lengths not in excess of 18 inches
and must match each other to within 1/2 inch.

3-5. MAIN FRAME CALIBRATION

a. Obtain a voltmeter which is capable of reading
between -2.0 and +4.0 volts dc with a resolution
of 0.1 miilivolt and an accuracy of 0.2 milli-~-
volt., Connect voltmeter to the DC Analog output
of the Phagemeter (pins 7 and 5, J3, MAIN FRAME).

NOTE

If desired, the panel readout of the

Model 305B, 305C or 305D can be used.

The analog output accuracy, however, may
suffer, since the accuracy capability of
the main frame is above that of either of
the panel readouts. Best over-all accuracy
is obtained by using the same readout from
which the data is obtained.
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b, Allow a warm-up period as recommended by
the manufacturer of the laboratory o
voltmeter and at least one-half hour for ;
the Dranetz Model 305,

C. Place the Model 305 in the CHECK position
and check range end points.

d. If range end points are in error by more
than #0.02°, perform the adjustment shown
in table 3-1. Remove the Plug-in for access
- to adjustments, which are located in the
plug-in opening on the left wall,

e, If the digital readout is in error, it may
now be adjusted by screws on the DPM. (Sece
the digital panel meter (DPM) instruction
manual for location of adjustments.)

Table 3~1. MAIN FRAME CALIBRATION FOR STANDARD 305 SERIES

Phase HIGH~LOW
Step Range Switch Instruction
a7 | 0/360° LOW | Set ZERO (R1) for 0.0000 +0.0001 Volts.
b 0/360° HIGH Set GAIN (R3) for 3.6000 #0.0001 Volts.
C +/~1800 LOW-HIGH Set OFFSET (R2) for equal LOW and HIGH
-magnitudes. Readings should be
*1.8000 +0.0002 Volts after adjustment.
d e ke Repeat Steps a, b and ¢ readjusting if
necessary.
e g e
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Table 3-1A. MAIN FRAME CALIBRATION FOR PHASEMETERS HAVING OPTION 107.
Phase AUTO CAL
Step Range Switch Instruction
a 0/360° CAL O Set ZERO (R1) for 0.0000 #0.0001 Volts.
b 0/360° CAL F.S. Set GAIN (R3) for 3.6000 #0.0001 Volts.
c +/-180° |CAL O-CAL F.S.|While holding the phase range switch in
the +/-180° position, set OFFSET (R2)
for egual CAL O and CAL F.S. magnitudes.
Readings should be #1.8000 +0.0002 Volts
after adjustment.
d - - Repeat steps a, b and ¢ readjusting if
necessary.
NOTE

No adjustment of Digital Panel meter Zero and F.S. controls

should be necessary on units with Option 107.

The auto-

matic calibration sequence in paragraph 2-14 should correct

panel meter errors.

If it does not, refer to Section VI

of this manual for further information.

Table 3-1B. MAIN FRAME CALIBRATION FOR PHASEMETERS
HAVING OPTION 103
Phase HIGH-LOW L

Step Range Switch Instruction

2 0,/360° LOW Set 0.0000 +0.0001 Volts using
OFFSET (R2) and, if required,

ZERO (R1). .
b 0/360O HIGH Set GAIN (R3) for 3.6000 +0.0001
_ Volts.

c +/m1800 LOW Set ZERO (R1) for -1.8000 +0.0001
Volts. :

d 0/3600 LOW Set OFFSET (R2) for 0.0000 +0.0001
Volts.

e -— - Repeat steps ¢ and d until both
numbers remain within values
specified.

£ - -- Check 0°, 360°, -180° and 360°
cal. points. If all are not with-
in F0.0002 Volts of correct value,
repeat steps a through f,

Note: 1If the entire range of potentiometer adjustment cannot
‘bring the output voltages within specification, wider
range coarse controls are available on card 5 of the
main frame. (See Section VIII for further information.)

3-3
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3-6. MINIMUM PERFORMANCE CHECK

3-7. Prior to performing ftne minimum performance check in
the following steps, perfornt the Main Frame Calibration
detailed in paragraph 3-5. Adjust in accordance with the

-~ instructions if end point error exceeds 30,02°., Make sure to set

panel meter calibration points after main frame calibration.

3-8, Connect equipment as shown in figure 3-1 and proceed
with the following tests.

3-9, Level Ranging Check for Model 305-PA-3001 »lug-in.

a, Set oscillator frequency to 1 kHz. Set input
levels to 25 millivolts rms. Both low level
indicators on the plug-in should bhe 1it.

b. Increase input signal levels to 60 millivolts
rms, Both low level indicators on the plug-in
should extinguish.

C. Increase input signal levels to 1 volt rms.
- Each high level indicator should blink on
and then extinguish, indicating up ranging.

d. Increase input signal levels to 10 volts rms.
Each high level indicator should light for a
short time, and then extinguish, indicating
a second level ranging.

1 3-10, Phase Error Check Over Full Frequency Range.

a. Set input levels to 200 millivolts rms.
(Note: If plug-in is not a standard
Model 305-PA-3001 or 305-PA-3002, refer to
modification specification sheet to determine
an acceptable test level.)

b. Set the various frequencies indicated in
table 3-2., Record both panel meter reading
and analog output voltage at each frequency.

c. If all data recorded is within the limits
specified in table 3-2, the phasemeter is
functioning normally, Specification limits
on the analog output allew for 0.03 degrees
(0.3 mv) error in the DC voltmeter used to
make the measurements.
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HO MV RMS TO
20 VRMS)

SIGNAL
GENERATOR
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Figure 3-~1.

PHASEMETER
MODELS

305, 3058

OR 305 ¢
WITH MODEL
305-PA- 300!
OR
305-PA-3002
PLUG-IN

REFIN

SIG IN

J3-7
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| ANALOG
OUTPUT =
DC VOLTMETER
(-1.800 TO
+3.6000
OUTPUT
GROUND voLTS)

Note: A and B are matched.

Minimum Performance Test Circuit Setup
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3-11. FIELD INSTALLATION OF 305 SERIES PLUG-INS

3=-12. When a different plug-in is installed in a 305 Series
main frame, an adjustment to the plug-in is required to match its
high frequency characteristic to that of the main frame. This
does not apply for plug-ins designed for low frequency use only
(below 5 kHz) or for plug-ins which have front panel zero
controls, such as the 305-PA-3005, 305-PA-3008 and the
305-PA-3010. After installation of the new plug-in, perform the
adjustments described in paragraph 6-15,

NOTE

A BNC "T" connector and two 12" BNC to
BNC coaxial cables may be substituted
Tfor the Dranetz No. 101,573 attenuator
and cables shown in the cirecuit of
Figure 6-2.
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SECTION IV
THEORY OF OPERATION

4-1. GENERAL

A-2 . This secltion provides a functional description of the
Model 305, The theory of operation will be discussed by reference
to the over-all block diagram {(figure 4-2) augmented by several
detailed block diagrams (figures 4-3 and 4-4) ., Before a
detailed examination of the block diagrams, the basic theory of
operation of the 360° type of zero crossing phase metering will

be discussed using the timing diagram (figure 4-1).

43, BASIC OPERATION OF 360° ZERO CROSSING PHASE METERS.
4-4, The two inputs to a typical phasemeier are illustrated

by lines a and b of figure 4-~1. Line b, the signal input, lags
line a, the reference input by approximately 90°©,

4-0, Lines ¢ and d show the waveforms obtained by amplifying
the input signals by a large factor and then limiting the output
level of the amplifier. Line ¢ is then a square wave with
transitions at the zero crossings on the REFERENCE sine wave while
line d is a sguare wave with transitions at the zero crossings

oi the SICGNAL sine wave,

4-6, Lines ¢ and ¥ are obtained by differentiation of lines
¢ and d. Line e has a narrow positive pulse at each positive
going zero crossing of the REFERENCE sine wave while line f has
a narrow positive pulse at each positive going zero crossing of
the SIGNAL sine wave.

4-7. Application of the differentiated signals to the inputs
of an R-5 type flip-flop generates the waveform illustrated on

line g. This signal has a duty cycle proportional to the phase
angle, Its transition points correspond to selected zero crossings
of the REFERENCE and SIGNAL sine waves., 1f the upper and lower
levels of this waveform are precisely constant, its average value
will be proportional to the phase angle between the input
sinusoids.

4-8. The analog output of the 360° type of zero crossing
phasemeter is obtained by averaging the waveform of line g after
precisely setting its upper and lower levels,
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Figure 4-1, Timing Diagram for 360° Zero
Crossing Phasemeters

4-9, BIL.OCK DIAGRAM DISCUSSION

4-10. The following sections, referenced to the block diagrams,
will discuss how the Model 305C with Model 305-PA-3001 Plug-in
implements the basic concepts illustrated in figure 4-2.

NOTE

Since the other main frames and plug-in units
included in this manual are similar, this

discussion applies equally to Mcdels 305, 305B,
305D and 305-PA-3002.

4-11. Sinusoidal Signal Processing

The REFERENCE and SIGNAL inputs are processed in the
following manner, The input attenuator atienuates the incoming
signal by 1:1, 10:1, or 100:1 as required to prevent overdrive
of the input amplifier which provides a signal output level
adequate to drive the squaring circuit. The level ranging circuits
sample the signal level at point A and make corrections in the
attenuator settings when necessary.
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4-12. Level Ranging Details.

The level ranging circuits arve expanded in the detailed
block diagram shown in figure 4-3. The amplifisr provides the
level necessary to drive the detector which produces a d-c output

.+~ Jlevel proporticonal to the a-c input level. The high and low 1imit
comparators sense when the detftector output leaves the prescribed
range, When a 1limit is passed, the appropriate driver lights
the corresponding out of limit indicator lamp. TIf the low limit
has been exceeded, the output of the low limit sense immediately
resets flip flop No, 1. If this does not produce an adequate

- level increase, flip flop No. 2 is also reset.

HIGH LiMIT

LAMP

FLIP
FLOP
HIGH NO. 1
LIMIT
SENSOR
Y . GATING OUTPUT
- -SINE WAVE CIRCUITS 3 LINES
FROM O—ad AMPL w DET AND el K?TEN
INPUT AMPL DRIVER
NPU E RELAYS
b
LowT
LIMi
=} FLIP
SENSO L
NO.2
DRIVER
LOW LIMIT
Figure 4-3. Level Ranging Circuits F
Detailed Block Diagram )
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If the high limit has been exceeded, the output of the high limit
sense sets flip flop No. 2. 1If this does not produce an adequate
level decrease, flip flop No. 1 is also set. The outputs of the
two flip flops are fed to a combined gating circuit and relay
driver which activates the input attenuator as follows:

ATTENUATOR
Flip Flop No. 1 Flip Flop No. 2 =1 =10 =100
Set Set Out Out In
Re-set Set Out In Out
Re-set Re-set In Out Out
Set Re~set Out In Out

4-13. Reference Squaring Circuit.

The reference sguaring circuit (figure 4-2) is an over-
driven 1.C., amplifier having high speed switching action which is
required to precisely define the locations of the zero crossings
of its sinusoidal input signal. The obtaining of this square
wave completes the plug-~in's function. The signal is fed to the
main frame for further processing.

4-14, Differentiation.

Both positive and negative going transitions of the
REFERENCE square wave are used in the operation of the Model 305
main frames, An inverting differentiator outputs a positive
pulse at each negative going zero crossing of this square wave
while a non-inverting differentiator outputs a positive pulse at
each positive going zero crossing of this square wave. The noise
inhibitor circuits act on the differentiators to limit their out-
puts to one and only one pulse per cycle of the reference square
wave, This is necessary since a multiplicity of output pulses
could cause the outputs of flip flops to assume erroneous states.

4-15. Differentiators in the SIGNAL channel function in a
fashion identical to the differentiators which process the
REFERENCE square wave, Inhibitors restrict the outputs of these
differentiators to 1 pulse per cycle of the input frequency as
is done in the REFERENCE channel.
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4-16. Pulses from the differentiators are applied to the
Set-Reset (R-S) flip flops. Each flip flop is set by a nulse
derived from the REFERENCE sdquare wave and is reset by a pulse
derived from the SIGNAL square wave, 1In this way, the duily
cycle of the output waveform of the flip flop becomes a direct
“Ffunction of the phase angle difference between the REFERENCE and
SIGNAL inputs.

4-17. The outputs of the flip flops are amplified and level
shifted by the switch drivers, which actuate high speed single-
pole, double-throw switches. When a switch drive is high

= (+0.7 volt dc) the switch output is connected to a ground. When
a switch drive is low (-15 volts dc¢) the switch output is con-
nected to a -14 volt dc precision reference source. The duty
cycle of each switch output waveform is proportional to the phase
angle, as was each switch drive waveform. In addition, since its
levels are precisely controlled, the average value of each switch
output waveform is also proportional to the phase angle between
the SIGNAL and REFERENCE inputs.

4-18, The outputs of both of the switches have an average
value proportional to the phase angle. One switch derives its
output from the negative going zero crossings of the input signals
while the other switch derives its output from the positive going
zero crossings of the input signals. The average value of each
output is obtained and these are averaged by R1 and R2 together
with the variable capacitor and dec amplifier.

4-19, The output of the dc amplifier is the analog output of
..Lhe phasemeter and is available at a rear connector. Its sensi-
tivity is 10 mv per degree so that the output voltage is
numerically identical t6 the measured phase angle between
REFERENCE and SIGNAL inputs. For example, an output voltage of
+1.000 volts dc indicates that the SIGNAL leads the REFERENCE

by an angle of 100,090,

4-20, This analog output is also fed to a digital voltmeter
(in Models 305B, 305C and 305D) which presents a readout in
degrees. Additionally, the BCD coded digital outputs of the
digital voltimeter are wired to a rear connector to provide a
digital phase angle output.




TM-101378A

4-21, Mode Ranging Circuits

422, The last phasemeter subsystem to be discussed is the
angle range mode switching section. The function of these circuits
is to keep the phasemeter from operating near the edge of a phase
range., Two phase ranges, 0 +180° and 0 to +360° are made
available., An angle at the end of one of these ranges will
always be in the middle of the other since the ranges are offset
from each other by 18G°, 1If the phasemeter is allowed to operate
at the edge of a range, such as the 00 to 360° range, its output
may be ambiguous since 09 and 360° are phase identities. Since
these angles correspond to range extremes of the output, the out-
put may randomly assume any level beiween the range extremes, To
avoid this major error source and several lesser €rror sources,
phase range switching in Model 305 is fully automated.

4-23. The circuits which determine the correct phase range
are illustrated by the detailed block diagram shown in figure 4-4,
which is an expansion of the mode ranging circuit on the over-
all block diagram. Both REFERENCE and SIGNAL square waves from
the plug-in are applied to the inputs of a NOR gate. A truth
table for this gate is as follows:

INPUT A INPUT B OUTPUT
High High Low
High Low Low
Low High Low
Low Low : High

Whenr the inputs at A and B are in phase, the NOR gate output will
be a square wave with 50% duty cycle since the inputs are
simultaneously low for 50% of the time, If the angle changes to
90°, the duty cycle of the output waveform becomes 25% since
both inputs are low for only one fourth of a cyele. Note that
there is no difference between the results obtained with either
input leading or lagging. The output duty cycle is a function
only of the magnitude of the phase difference between the two
inputs. If the two inputs are 180° apart, they are never low
simultanecously and the duty cycle of the NOR gate output becomes
zZero.

4-24, The filter averages the output of the NOR gate and the
de output of the filter is zero for a 1800 difference between
input signals and is at its highest level when the input signals
are in phase.

4-25, High and low limit detectors are connected to the out-
put of the filter. The low limit detector produces an output
when its input signal drops below a preselected limit indicating
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phase angles near 180°. The high limit detector produces an
output when 1its input goes above a preselected limit indicating
phase angles near zero degrees. An outpui ifrom the high limit
detector (near 09 sets tho flip flop providing a negative output
at point C. This signal actuates the phase range switches to
.select the 0 #180° mode and, through the driver actuates the
0 1809 indicator lamp. An output from the low ilimit detector
(near 180°) resets the flip flop providing a negative output at
point D. This signal actuates the phase range switches to select
the 0/360° mode and, through the driver actuates the 0°9/360°
indicator lamp.

4-26, Output signals from the mode ranging circuits are fed
to solid state switches, shown on the over-all block diagram.
The double-pole double-throw diode switch acts upon the pulse
outputs of the differentiators which process the SIGNAL square
wave. Since these pulses are normally 180° out of phase, the
switch substitutes one for the other in the 0 £180° mode and
causes the subsequent circuits to act as if the phase angle at
the SIGNAL input were shifted by 180°. 1In order to eliminate
the need for an operator to manually subtract this 180° offset
from all measureéments made in the 0 *180° mode, a single pole
double throw transistor switch is used to subtract through R3 a
de signal equivalent to the 180° offset previously introduced.
.This corrects the dec output so that it always reads directly in
‘degrees regardless of the operating mode in use,

0/360°
ittt ]o
ijolo
oli}o ]
rlj oo 0°
REF. $Q.
WAVE FHGHT DRIVER
INPUT o LIMI
A SENSOR OUTPUT
NEG FOR
o]
I eires s 0 o 2/350
NOR QUTPUT FLIP —
GATE R IFLOP[ Q ¢ o
° CUTPUT
. 180 : NEG FOR
| LOW 0%180°
LIMIT
SI1G, SQ. DC QUTPUT ~ SENSOR RIVER
WAVE LOW FOR 180° mmw«p
?PUT HIGH FOR 0°

0%180°

Figure 4-4. Model 305 Block Diagram Detail
Mode Ranging Circuits
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SECTION V
MATNTENANCE
S5-1. GENERAL
b-2. This section describes the periodic testing recommended

for Model 305 Phasemeter and provides the information necessary
to locate and correct any malfunctions. Section VI provides
detailed calibration procedures if operation is out of tolerance
due to component replacements or component aging.

5-3. Three levels of periodic testing are recommended.
a, In-place Main Frame self-check
and Calibration (per para. 3-5)
b, Performance Check. (Perform

all steps listed in Section III.)

c. Full Calibration (per Section VI)
as redquired.

A simple self check and calibration of Model 305 main frames in
operating location is recommended once each month, This test is
accomplishaed using front panel controls only. If adjustment is
required, tne necessary trim potentiometers are available by re—
moval of the plug-in section (para. 3-5).

S5-4, A more extensive test should be performed at intervals,
Details of this test are provided in Section III of this manual

‘entitled Performance Check. This test should be performed on

new equipment upon arrival to assure that no damage occurred
during shipment.

5~5. If a malfunction is observed during the Performance
Check or during normal use, the malfunction mayv be located and
the defective component repaired by using the information
provided in the following paragraphs. This information is
basically a circuit function discussion referenced to the
gchematic diagrams of the Model 305C main frame and
Model 305-PA-3001 plug-in.

NOTE

Since the other main frames and plug-in units
inecluded in this manual are similar, this
discussion applies equally to Models 305, 305B,
305D and 305-PA-3002.

If a malfunction is traced to the digital panel meter on either
the 3058, 305C or 305D, refer to the instruction manual of the
panel meter used. These manuals are supplied with all Model 305's

which use digital panel meters.
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5-6. MECIHANICAL DISASSEMBLY PROCEDURE
5-7. The Model 305 may be removed from its case by removing
two screws A (figure 5-1) at the lower rear of *ne unit. The

unit then slides out of the front of the case.

IMPORTANT: FOR PERFORMING FULL CALIBRATION
(SECTION VI), DO NOT DISASSEMBLE THE UNIT
FURTHER., THE FOLLOWING DISASSEMBLY
INSTRUCTIONS ARE ONLY FOR THE PURPOSE OF
TROUBLESHOOTING AND REPAIR. AFTER REPAIR,
THE UNIT SHOULD BE ASSEMBLED TO THIS POINT
FOR CALIBRATION.

a, Main Frame Monitoring

Voltages and waveforms on the plug-in cards (in
the main frame) may be observed by removal of screws B
(figure 5-1) which fasten the card retainer and reinsertion of
the card using the right angle extender C supplied with each main
frame. Make certain that the card faces in the proper d1rect1on
before reinsertion into the main frame.

CAUTION

POWER SHOULD BE OFF WHEN CARDS ARE -
BEING REMOVED OR INSERTED,

b. Plug-in Monitoring

For troubleshooting, the plug-in may be withdrawn:
" from the main frame after first turning the front panel captive
screws counterclockwise. An extender cable is provided for
electrical connection of the plug-in to the main frame after
removal, as shown in figure 5-2. (It is intended only for use
during troubleshooting, and not during performance check or
calibration).

c. Plug~in Disassembly

Access may be obtained to the cards on the
plug-in as follows: (See figure 5-~1.)

(1) Remove shields D by removing screws E.

(2) Remove screws F in order to raise
cards 1 and 2 on hinges at G. This
gives access to card,

(3) Do not attempt any adjustment of
variable capacitors except as detailed
in Section VI.

(4) Access to plug-in card 5 may be obtained
by removal of shield J with associated
5.9 hardware.
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Disassembly Illustration

Figure 5-1.
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Figure 5-2. Main Frame Showing Extender Cable
and Access to Circuit Boards

et
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5-8, CIRCUIT DESCRIPTION

5-9. The following paragraphs provide circuit operation
description at the component level. All discussion is referenced
to the schematic diagrams in this manual. The schematic diagrams
also contain significant signal and bhias level information to aid
in establishing the source of a malfunction. These discussions
will not attempt to relate the functions of various components

to the instrument as a whole; rather, each circuit board will be
considered as an entity. The actual interconnections between
boards is shown in the interconnection diagram (figure 5-3),
while the function of each circuit with regard to the operation
of the phasemeter as a whole is derived from the block diagrams
contained in Section IV Theory of Operation. Each block in the
diagrams of Section IV has a card number which aids to correlate
the basic information with the detailed discussions of this
section., A thorough understanding of the theory of operation
explained in Section IV is necessary before the following detail
information may be used effectively.

5-1G. MODEL 305-PA-3001 WIDE RANGE PLUG-IN

5-11. Card Al and Card A2 (See figures 5~23 and 5-24.) - The
circuit diagram of Cards Al and A2 is shown in figure 5-23. A
sinusoidal input signal is applied to pin 1. If the level is
below 500 mv rms, it is applied through relays Kl and K2 to the
input of the amplifier without any attenuation. If the level at
pin 1 is bhetween 0.5 and 5.0 volts, relays E3 and K4 are closed
and the sigrnal is divided by 10 before it is applied to the
amplifier. If the level at pin 1 is greater than 5 volts rms,
relays K5 and K6 are closed and the signal is divided by 100 be-
fore it is applied to the amplifier.

5-12. Diodes CR1 and CR2 are clamps which protect Q1 from an
application of excess voltage. The input level is limited to
approximately 22 volts p-p.

5--13. Transistors Ql, Q2 and Q3 are used in a feedback
amplifier circuit to provide gain while maintaining a 100-megohm
input impedance and a low output impedance, This amplifier is
designed to be run in an overdriven mode without excessive phase
error.

NOTE

Model 305-PA-3002 uses Cards Al and A2 (figures
5-29 and 5-30 in lieu of figures 5-23 and 5-24;,

5-14. Card 5 Comparator (See figure 5-~27 and 5~28.) ~ The out-
puts of Cards 1 and 2 are connected to Card 5 on which are two
squaring circuits. U2 and U4 are differential comparators and

are essentially high gain amplifiers with carefully

controlled characteristics. The outputs of these devices are
square waves with transitions at the zero crossings of the input
sine waves, These outputs are the Reference and Signal square
waves applied to the main frame.
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NOTE

Cards A3 and A4 are used with
Plug-in 305-PA-3001 only.

5h-15. Cards 3 and 4 (See figures 5-25 and 5~26.) - These cards
are the level detecting and switching <¢ircuits which coperate the
attenuators on Cards 1 and Z. The output of Card 1 (Reference)
~is connected to pin 7 of Card 3 while the output of Card 2 is

" applied to pin 7 of Card 4. The signal from pin 7 is applied
through a frequency compensating network (C4, R36 and R37) to
transistor Q8 which together with transistors Q9 and Ql0 form a
voltage-to~current converter section. The output of this stage
is fed into a diode detector (CR8 and CRI10) and filter (C8, R47,
and C10). 1In this way a dc level proportional to the ac input
level is obtained.

5~16. The dc level is fed to operational amplifiers Al and

A2 which serve as limit sensors. Since the amplifiers have
differential inputs, a reference signal may be applied to the
second input for comparison to the de signal. If the input level
is too high, the de¢ level into pin 5 of Al becomes greater than

the reference level set at pin 4. The output of Al then becomes
negative and causes Qli to conduct. Q11 then produces the high
limit output signal at pin 3 of the card and also lights the
high limit lamp connected from pin 4 of the card to -24 volt
power. If the input signal level becomes too low, the dc level
into pin 4 of A2 becomes less than the reference level set at
pin 3. The output of A2 becomes negative and causes Q12 to
conduct. Q12 then produces the low limit output signal at pin 5
of the card and alsoc lights the low limit lamp connected from
pin 6 of the card to -24 volt power.

b-17. The high and low limit lines, A and B, drive two flip
flops. The states of the flip flop outputs through the resistor-
diocde gating circuits determine which of the relay drivers

(Q1, Q2, Q3) will conduct as follows:

Point Point Relay Drivers

C D Ql Q2 Q3
High High On Off Off
High Low Off On Off
Low Low Off Off On

The relay drivers then actuate the desired relays on Cards 1
and 2,

5-18. MODEL 305 MAIN FRAME SIGNAL CIRCUITS

5-19. Card A8, Dual Differentiator -(See figures 5-17 and 5-18.)

The reference square wave from pin 8 of Card 5 (figure 5-27 is I
applied to pin L of Card 8. This waveform is fed through isolating Yy
resistors R3 and R6 to pins M and N for use by other circuits in o

the main frame.

5~6
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520, In the Inverting Differentiator, emitter Zfollower Q1
prevents loading of the input signal., Q3 is a switching stage,
while Q5 functions only as an inverter. @7V is the output driver.
The collector of Q7 (point A) switches between the negative
supply (-24 vde) and its emitter voltage of -5 vdc. The
positive-going transition at point A is differentiatéed by
capacitor C1l and fed through diode CR4 to its load on card 7.

5-21. In the Non-Inverting Differentiator emitter follower
Q2 prevents loading of the input signal. Q4 is a switching gain
stage adjustable by a 200-~ohm potentiometer in series with RI1Z.
This potentiometer provides high frequency phase adjustment,

5-22. Transistor Q6 is the output driver. Point B switches
between +19 vdec and ground. The positive transition is differ-
entiated by capacitor C2 and is fed through diode CRS to its
load on card 7.

5-23. Card A6 Dual Differentiators with DPDT Diode Switch.

(See figures 5-13 and 5~14.)- The signal square wave
from pin 5 of card 5 (figure 5-27) is applied to pin L of Card 6.
This waveform is fed through isolating resistors R3 and R6 to
pins M and N for use by other circuits in the main frame.

5-24, The inverting and non-inverting differentiators function
exactly as those on Card 8 described above,

5-25. The differentiator outputs are connected to the card
output terminals through a diode switching circuit. When the
switch drive at pin B is negative, it turns on transistors Q8
and Qii which raises points 3 and 4 to a nominal -7 wvdc bias
level. Diodes CR4 and CR7 can now conduct and transfer the peaks
of their positive going pulses to the flip flops on Card 7.
Diodes CRH and CR6 do not conduct because they are reverse biased
by holding points 5 and 6 at a -24 vdc bias level. This is the
case for the 0/+360° mode of operation. For 0/£180° operation,

a 180° phase shift is accomplished By exchanging the signals at
pins C and S of the card. Drive point R is held negative and B
is positive. This turns transistors Q9 and Ql0 on while Q8 and
Q11 are off. Points 3 and 4 drop to -24 vde biasing CR4 and CR7
off while points 5 and 6 are raised to -7 vdc allowing the
positive pulses to transfer through CR5 and CR6.

5-26. Card A7, Flip Flops and Switches. (See figures 5-15

and 5-16,) - Card 7 has two identical circuit groups.
Each consists of a flip flop, a switch driver and a switch
module. Only one circuit group will be discussed.

5=-27. Inputs to flip flop #1 are positive pulses applied to
pins C and F. Pins D and E provide means for dc inputs which
hold +the flip flop in either state regardless of pulse inputs.

5-7
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These are used for calibration purposes only. Q1 and Q2 ;E
constitute the flip fiop. '

H-28. Q5 is driven by the collector of Ql and emitter coupled
to Q7. The output of Q7 is clamped at +0.7 vdc and -15 vdc.

5-29. Integrated circuit Ul is a dual single pole, double
throw solid state switch., When the input at pin 7 is low

{(~15 vde), pins 2 and 4 are connected to pin 8 (-14 vdc). When
pin 7 is high (+0.7 vde), pins 2 and 4 are connected to pin 1
{(ground) .

5-30. The outputs from the card are the average currents
through resistors R35 and R36 connected to pins K and S
respectively.

5-31. Card A5 DC Amplifier Circuits. (See figures 5-11

and 5-12.,) - This card contains a number of circuits
related to obtaining the average value of the input waveforms
at pins K and L; and also, with presenting this as a dc¢ output
level of =~1.800 vdc to +3.600 vde at pin S.

5=-32. - Integrated circuit US is a dc amplifier connected in
a summing configuration. Its output is proporiional to the sunm
0f the current inputs at pins K and L of this card and is -1.8
to +3.6 volts dc corresponding to ~180° to +360 degree phase
angle.

5-33. Averaging of the input is accomplished by capacitor C3
and C4 connected in series between the summing junction and
ground. Transistor Q3 connects an additional capacitor C2 at
frequencies below 3 kHz. Below 500 Hz, Q2 econnects capacitor Cb
and. below 50 Hz, Ql connects capacitor C6.

5~34. Integrated circuits Ul and U2 apply an input to the
dc amplifier which provides a 1.800 vdc (180°) shift in its
cutput voltage.

5-35. The =14 vdc reference is established by temperature
compensated diodes CR4 and U4. A +14 volt de¢ reference is
established equal in amplitude but opposite in polarity to the
-14 volt dc reference established by U3. This +14 volt dc
reference is fed to UZ.
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5-36 . MODEL 305 MAIN FRAME CONTROL CIRCUITS

5-37. Paragraph 5-18 described the main frame circuits which
directly process incoming signals to derive phase information.
This paragraph will be concerned with control and auxiliary
circuits which in some way aid or modify the operation of the
signal processing circuits,

5-38. Mode Selection Circuits Card Ad.- (See figures 5-9

and 5-10. Tris circuit detects when the phase angle
being measured nears the end of a range. Detection points are
set at approximately +15° and +345° on the 0/360° range and at
+165° on the 0 +180° vrange,

539, The reference square wave from pin J drives switch Q4
through emitter follower Q3. The signal square wave from pin H
drives switch Q2 through emitter follower Ql. The collectors of
Q2 and Q4 are both connected to point 1 where they drive a
commonn load resistor R11l. The maximum voltage at point 1 is
limited to approximately +8 vdc by CR3 clamping to zener diode
CRZ.

5-40 , When the input angle is zero degrees, a square wave is
present at point 1. If the inputs are 180° apart, point 1 re-
mains in its low state since either Q2 or Q4 is always conducting.
Therefore, the average value of the voltage at point 1 changes
from an approximate +4 vde at zero degrees to an approximately

0 vdc for 180° phase difference between the signals at pins H

and J.

5-41. The dc level obtained is sent to the front panel CAL
switch through pin N. In the MEAS (measure) position, the CAL
switch returns this signal to pin P. In the CAL position, the
CAL switch substitutes a de level from pin K. This allows either
mode to be selected for calibration.
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5-42, The signal from pin P is applied to differential ampli-
fiers Al and AZ. When the signal is lower than the voliage at

AT pin 4, the oufput of Al becomes negative and sets a flip flop
(@5 and Q6) through CR6. When the signral is higher than fhe
voltage at A2 pin 5, the output of AZ becomes negative and resets
the flip flop through CRY.

5-43, The state of the flip flop (Q5 and Q6) determines the
operating mode (0 #180° or 0/360°) . Outputs taken from the
collectors are applied to pins C and D. The collectors also
drive transistors Q7 and Q8 which light front panel lamps to
indicate which mode the unit is in, Pins R and S are used to
introduce external set and reset signals to the flip flop. A
-24 vde signal at either pin R or S will override signals from
Al and AZ,

5-44, Frequency Detection Circuits Card A2 (See figure 5~7

znd 5-8.) -~ The Reference Sguare wave is applied
through pin E to emitter follower Ql, which drives switch Q2
without heavily loading the input. For calibration, +24 vdc
applied at pin P overrides the signal at pin E and holds Q2 "on"
continuously. This causes all cutputs to indicate frequency
above switch points for calibration using the fastest output
time constant.

5-45, When Q2 is "on" its ceollector is very nearly at ground
and when it is "off" its collector is clamped by diode CR1 to
zener CRZ. 1In this way, a square wave is then applied to the

" four frequency detecting circuits which form the balance of
Card 2.
5-46, Since all four freguency detectors operate in a similar

fashion, only one will be discussed in detail. Frequency switch
points are at 50 Hz, 500 Hz, 5 kHz, and 50 kHz. Switching should
be within $10% of these values,

5-47, The square wave at the collector of Q2 is applied to
the 5 kHz detector through R28. While the positive (+8 de)
polarity remains, C3 is charged at a rate determined by C3 and
RZ8., When the square wave returns to the ground portion of its
cycle, capacitor C3 is discharged through CR5 and R26. The peak
voltage on C3 is transferred through emitter follower Q3 and
dicde CR3 to storage capacitor Cl. The voltage on Cl is applied

to the inverting input of operational amplifier Al., If it
exceeds the voltage at pin 5 of Al, the output of Al becomes
negative,

D~48, The other three fregquency detectors operate similarly.
The input shunt capacitors are different to provide different
charging times and thereby are active at different frequencies.
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5-49, MODEL 305D OFFSET AND NULL CIRCUITS
{Figures 5-19 and 5-20)

5-50, The circuits on Card AlQ, along with additional front
panel components, provide the user a means of setting an angular

5 offset and reading the difference between that offset and a
measured phase angle on an analog meter.

5-51. A stable reference voltage of either -6 volts or
-14 volts is applied to pin C. Resistors R1, R2Z, R3 and R4
together with front panel controls R10 and R11l scale the

L reference voltage and apply it to both inputs of amplifier Ul
which provides buffer and level shift functions so that the
output at Ul pin 10 may be adjusted to any value between -3.6000
and +1.8000 volis DC.

5-52. Resistor R12, R13 and R14 are a summing network which
adds this offset voltage to the analog output from Card AD
{(~1.8000 to +3.6000 volts). The difference between the two
signals is applied to null amplifier U2 pin 4. Diode Network
CR1, CR2, CR3, CR4 and VR1 reduce the gain of the amplifier at
large output levels.

5-53. The output of amplifier U2 (pin 10) is applied to the
input of amplifier U3 (pin 4) for further amplification. The
gain of U3 is made progressively lower with increasing output
level by diode networks CR5, CR6, CR7, CR8 and VR4 as well as
CR9, CR10, CR11, CR12 and VRS5. The voltage developed across
the feedback network of U3 is applied through R23 via pins R
and 14 to the fromt panel analog null meter M2 which indicates
e null when the measured phase angle is equal to the offset angle
selected using front panel potentiometer R1I0 and R1l.

5-54. SERIES 305 DUAL POWER SUPPLY (Figures 5-21 and 5-22)

5-55, The dual power supply circuits provide + and -24 volt DC
regulated power to all the phasemeter main frame and plug-in
circuitry.

5-38. The AC power line veoltage is stepped down by trans-
former T1 and rectified by diodes CR1l and CR2 fto produce
approximately +40 volts DC across capacitor Cl.

5~57. Amplifier Ul senses a portion of the positive output
voltage (+E) and compares it to reference Zener diode CR1ll.

The output of Ul (pin 10) is amplified by transistor Q2 and
applied to the base of pass transistor Q1 causing it to conduct
to maintain the positive output voltage (+E) at a +24 volt DC
level. Potentiometer R16 is used to set this output voltage

to +24 0.3 volts.
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5-58. Amplifier U2 senses the sum of the plus (+E) and
minus (-E) ocutput voliages and compares this sum to ground
(0 volts). The output of U2 {pin 1C) is amplified by Q3 and
applied to pass transistor 04 causing it to conduct as re-
__guired to maintain the minus (-E) output voltage magnitude
“equal to the plus (+E) output voltage magnitude.

5-59. Current limiting in pass transistor Ol is provided
by transistor Q5 which begins to conduct when the voltage

across current sensing resistor R5 exceeds approximately 1 volt.

 Transistor Q5 then reduces the base current available to Ql
“and limits its output current.

5-60. Current limiting in pass transistor Q4 is provided
by Q6 which begins to conduct when the voltage across current
sensing resistor R7 exceeds approximately 1 volt. Transistor
Q6 then reduces base current available to Q4 and limits its
output current.

£n

-12
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5-61. SELECTED COMPONENTS

5-82, General

3~-63. This section covers the procedure for selecting several
specific components on cards 3 and 4 of the plug-ing and

cards 2 and 4 of the Main Frames., These selected components may

require replacement due to component failure, but will not require
change during routine calibration., To avoid accidental changes
in these values, fixed selected components have been installed at
o the factory. For convenience in repair, all selected resistors
- may be replaced by equivalent variable resistors (see parts list).

5-63. Cards A3 and A4 of Plug-In 305-PA-3001 (Figure 5-25)

5-64 . Selection of R49 may be necessary afiter replacement of
any of the following parts on the same card: R36, R37, R38, R43,
R44 or R46., Set up the equipment as shown in figure 3~1, and

proceed as follows:

a. Set oscillator output to zero. Increase
oscillator output level slowly and note
point at which the High Limit lamp blinks.
This indicates upranging from < 1 range to
2 10 range.

b. Select R49 (nominal 470K) so that up
ranging takes place between 480 and 500 mv
rms. Down ranging must occur between 450
and 360 mv rms. (This is the point at which
the LOW LIMIT light blinks with decreasing

amplitude.

5-13
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5651 Card A2 of Main Frame (Figure 5-7)

Selection of R28, RZ9, R30 or R31 may be required after
respective replacement of C3, C4, C5 or €C6. Set up equipment as
shown in figure 3-1 with the addition of an oscillescope, and
proceed as follows:

a.

b.

{

5-14

Set the oscillator output to 1V rms.
Put Card 2 on an extender,

Connect an oscilloscope (dc, 10V per
Division) to Pin A and sweep the
frequency through 50 kH=z=. The voltage

at Pin A should change from approximately
=13V de to +13V dc as the frequency is
increased.

Select R30 (30K ohms nominal) so that
switching occurs between 45 and 48 kHz,

Connect scope to Pin B and sweep frequency
through 5 kHz., The voltage should switch
from -13V de to +13V dc as the freguency is
increased.

Select R28 so that switching occurs between
4.8 and 5.2 kH=z.

Connect oscilloscope to Pin S and repeat at
500 Hz setting R31 for switching between
480 and 520 Hz.

Connect oscilloscope to Pin M and repeat at
50 Hz selecting R29 to set switching be-
tween 46 and 49 Hz,.
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Figure 5-8.
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Plug-In Model 305-PA-3002 Cards Al and A2 Input

Amplifier, Parts Location (Drawing No.
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SECTION VI
s FULL CALIBRATION PROCEDURE

6-1. GENERAL

6~2, This section describes the calibration adjustments
which may be made by the Calibration Laboratory. Note that the
sequence of adjustments must be maintained in order that proper
alignment bhe attained. The plug-in should be in place through-
~ out the calibration procedure unless otherwise noted.

6-3. A1l or part of the calibration procedure may be necessi-
tated by repairs or component replacement in the main frame or
plug~in circuits which directly process the phasemeter’'s two in-
put signals. These circuits are located on Cards 6 (figure 5-14),
Card 7 (figure 5-16) and Card 8 (figure 5-18) of the main frame
and on Cards 1 and 2 (figure 5-24) and Card 5 (figure 5-28) of the
plug~in section.

6-4. EQUIPMENT REQUIRED

a. Broadhand Oscillator with low distortion
(5 Hz to 500 kHz), General Radio Model 1310A
or edquivalent.

b. Broadband AC Voltmeter, Ballantine Model 303
or equivalent.

e c. Precision dc voltmeter (-1.8 to +3.6 vdc
with error = 0.3 mv.) Fluke Model 8300A
or equivalent.

d. High Frequency attenuator (100 ohms 7 out,
600 ohms Z in; 0, 14, 20, and 40 dB). (See
figure 6-2.)

e. 2 Matched Cables (0.04"D pins to BNC,
15 to 20 pf capacity).

f. 1 K ohm *1% resistor with 0.04"D pin on
one end and 40-mil socket on other end.

g. Two~inch calibration adapter wired so
both main frame inputs are driven from
the Reference Channel.

NOTE

Items d,e,f and g may be purchased
as Dranetz Assembly #101,573.

6-1
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G-5. EQUIPMENT SETUP
2, Connect the equipment as shown in figure 6-1.
Is. 11 the complete procedure is to be performed,

it should be done in the order listed below.
6—6, TEST PROCEDURE

6-7. Perform the Main Frame Calibration in accordance with
paragraph 3-5.

6-8. Perform the tests in accordance with table 6-1 of

this section. 1If all readings are within specification limits,
further calibration is not necessary, and the unit can be placed
into operation. If the readings are not within specification
limits, remove Main Frame (with Plug-in) from its case to expose
top of plug-in and proceed with the steps detailed in the
following paragraphs.

i D.C
AC. DIGITAL VOLT M

AMATCHED CABLES
PO DRANETZ # /01573

ATTENUATER PLUG-IN
DPRANETZ oo/

JOI573 o
(FJ(,,;,,;) JFool

305
T AMEIN ERAME
SIGAIAL
G NERATOR
Figure 6-1, Test Circuit 1)



T™M-1013784

Table 6-~1. MAIN FRAME CALIBRATION

Main Frame Plug-in Data Required

Type Type Figure 6-5 6-6 6~7 6~8

- 305 305-PA-3001 /

305 305-PA-3002 v

3056B 305~PA~3001 v v

3058 305-PA-3002 ' v v
"""" 305C 305-PA-3001 / Y

305C 305-PA-3002 J/ /

305D 305~PA~3001 v v

305D 305-PA-3002 / Y.

Figure 6-2. High Frequency Attenuator
Dranetz Assembly #101,573
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&-9, ADJUSTMENT PROCEDURE FOR OPTION 107 (Card Al1l)

6—-10. If a phasemeter is found to need adjustment according
-==1to paragraph 6-8, adjust the auto calibrate circuits of Card All
as follows before proceding to paragraph 6-11.

a. Install jumper wire or clip lead between
two terminals on Card All near capacitor €5.
See figure 6-3 for terminal locations.
Note that main frame calibration must be
performed prior to the following adjustments.

b. Install jumper wire or c¢lip lead between two
terminals on Card All near resistor R67.

C. Set the Automatic Calibration switch to the
CAL O position and adjust potentiometer R49
for +0.0020 *0.0001 Vdc on pin 11 of the
Card 11 connector. Measure this voltage
with the Fluke DVM. Refer to figure 6-3 for
potentiometer locations.

d. Set the digital panel meter zero (0)
potentiometer for an indication of
+000.20 30.01 degrees.

e. Set the Automatic Calibrator switch to the
CAL F.S. position and adjust potentiometer
R47 for 3.6040 +0.0001 Vdc at pin 11 of the
Card 11 connector.

f. Set the digital panel meter full scale (F.S.)
potentiometer for an indication of
360.40 10.01 degrees.

e, Remove jumpers installed in steps a and b,
and perform the automatic calibration
sequence described in paragraph 2-14,
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6-11. ADJUSTMENT PROCEDURE FOR 305D OFFSET CIRCUITS.

H-12. A calibration of the angle offset circuits is recom—-
mended whenever excess error is noted. Perform the calibration
as follows:

a. Perform the Main Frame calilration procedure of
paragraph 3-5.

b. Set zero and gain on the digital panel meter at
zero and +360° calibration points.

¢. Place the phasemeter in the Zero Degree check
position.

d. With the OPER/ADJ switch in the ADJ position, set

COARSE and FINE offset controls for a panel meter
reading of 0.00 #0.02 degrees.

e. Switch to the OPER position. Set null zero

potentiometer R15 for a null reading {(center scale)
on the analog null meter.

NOTE

Remove plug-in for access, potentiometer
R15 is on inside surface of opening.

f. Switch to the ADJ position. Set COARSE and FINE
offset controls for a panel meter reading of
~360.000 10.02 degrees.

g. Switch to the OPER position and set the phasemeter
in the +360 degree check position.

h. Set null balance potentiometer R13 (located next
to R13) for a null reading (center scale) on the
analog null meter. This completes the calibration
of the Option 104 circuits. Other potentiometers
are factory set and should not require resetting.

6-13. ADJUSTMENT PROCEDURE (Model 305-PA-3001 In Main Frame).

Adjust input amplifier bias levels as follows:

a. Connect SIGNAL INPUT to one 0O dB output.

b. Connect REFERENCE INPUT to other G 4B output.

¢. Set oscillator to 1 kllz and signal level to zero.
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Assembly No. 102524
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Figure 6-4, Plug-in Adjustment Identification
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Note

See figure 6-4 for Plug-in adjustment
identification.

d. Disconnect pin 8 on cards 1 and 2. The low limit
lamps should light. Increase input level until
clipping on the outputs (pin 8) is observed.

e. Adjust bias potentiometers R17 on cards 1 and 2
for symmetrical clipping.

f. Reduce input level to the point just below
clipping (maximum undistorted output). The level
read on the VTVM should be greater than 550 mv.

g. Replace wires to pin 8 on cards 1 and 2.

614, Adiust Auto Level Switching Point as follows:
a. Connect SIGNAL INPUT to one 0 dB output.
b. Connect REFERENCE INPUT to other 0 dB output.
¢, Set oscillator to 1 kHz and signal level to zero.

d. Inecrease oscillator output level slowly and note
points at which the high limit lamps blink. This
indicates upranging from the +1 attenuator range

T to the %10 range. Adjust R67 potentiometer on
plug~in card A3 so that up ranging takes place
between 470 and 490 mv RMS on the REFERENCE
channel. Adjust R67 potentiometer on card A4
so that up ranging takes place between 470 and
490 mv RMS on the SIGNAL channel.

6-15. Adjust plug-in input capacitance as follows:
a. Connect SIGNAL INPUT to one 0 dB output.

b. Connect REFERENCE INPUT to other 0 dB

output.

c. Set oscillator output to 100 mv rms at
500 kHz.

d. Note phase reading (dc meter reading).

e. Add 1K ohm resistor in series with the
signal input {(between cable and assembly
no. 101573).
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Adjust signal channel (U7 on card 2) input
capacitor for a phase difference of

12.0 £06.1 degrees {120 mv *1 mv) from the
valus noted in stewn da.

NOTE

If it is not possible to set

12.0 degrees in any step, change the

oscillator frequency until it is

possible and repeat all steps starting

with step . Units having option 101

are set to 20.0 (200 mv) degrees due to the in-—
creased input capacitance inherent with

this option.

Change the 1K ohm resistor to the
REFERENCE INPUT.

Adjust reference channel input capacitor
(C7 on card 1) for a phase difference of
12.0 #0.1 degrees from the value noted

in step d. Remove 1K ohm series resistor.

Connect SIGNAL INPUT to one 0O dB output
and REFERENCE INPUT to other 0 dB output.

Set oscillator output to 1.0 volt rms at
500 kHz.

Note phase reading.

Add 1K ohm resistor in series with the
signal input.

Adjust signal channel 20 dB attenuator
input capacitor (€1 on card 2) for a phase
difference of 12.0 0.1 degrees from the
value noted in step k.

Change the 1K ohm resistor to the
reference input.

Adjust reference channel 20 dB attenuator
input capacitor (Cl on card 1) for a phase
difference of 12.0 #0.1 degrees from the
value noted in step k. Remove 1K ohm
series resistor.

Set oscillator output to 10 volts rnms
at 500 kHz.

Note phase reading.

Add 1K ohm resistor in series with the
signal input,
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= s . Adiust signal channel 40 dB attenuator in-

: put capacitor (C5 on card 2) for a phase
difference of 12.0 #0.1 degrees from the
value noted in step 4.

t. Change the 1K ohm resistor to the
reference input.

u, Adjust reference channel 40 dB attenuator
input capacitor (C5 on card 1) for a phase
difference of 12.0 #0.1 degrees from the
value noted in step g. Remove 1K ohm

L series resistor.

6-16, Set main frame high frequency response as follows:

a. Connect calibration adapter between main
frame and plug-in.

b. Connect both inputs to the O dB
attenuator outputs.

C. Set oscillator output to 250 mv rms
at 100 kHz.

G Set both R36 on card 6 and R28 on card 8

of the main frame fully counterclockwise.

e, Adjust either R36 on card 6 or RZ8 on
card & for a zero degree phase reading.
Remove calibration adapter.

G~17. Set plug~in frequency response to match main frame
as follows:

NOTE

This adjustment should be performed
when a new plug-in is installed in
the main frame.

a, Connect both inputs to the 0 dB
attenuator outputs.

b. Set oscillator output to 100 mv rms at
50 kHz.

C. Adjust either R1 or R20 on card 5 for a

zero degree phase reading.

\\f

6-9
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6-19.

6-10

Adjust for level sensitivity as follows:

a.,

b.

Phase

Set oscillator output to 250 mv rms.

Connect one 0 dB output of the attenuator
to the SIGNAL INPUT.

Connect ~14 dB output to the REFERENCE
INPUT,

Adjust R19 on card 5 of plug-in for
minimum phase error in the 10 kHz to
50 kHz frequency range.

Adjust R8 on card 5 of plug-in for minimum
phase error in the 50 Hz to 250 Hz
frequency range.

Connect the REFERENCE INPUT to the 0 dB
output and the SIGNAL INPUT to the -14 4B
ocutput.

Adjust R38 on card 5 of plug-in for
minimum phase error in the 10 kHz to
50 kHz frequency range.

Adjust R27 on card 5 of plug-in for
minimum phase error in the 50 Hz to
250 Hz freguency range.

match plug-in input attenuators as follows:

Run line #1 on data sheets of figures 6-5

and 6-6, This data will be used as a standard
for attenuator phase adjustments which follow.
When setting the attenuator phase shifis,

they should be matched to the numbers on

line #1 rather than set to the ideal value

of zero degrees. This method assures that

the attenuators will match each other as

well as matching the direct input run of

line #1.

Set oscillator and connect attenuator in
accordance with line #2 of data sheets.

Set phase shift of reference channel 20 dB
attenuator by adjusting Cl7 on card 1 for
minimum deviation from line #1 at 5 kH=z.

Run line #2 on data sheets of figure 6-5
and 6-6 (de¢ output and digital panel
meter reading).
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OSCILLATOR © ERROR IN DEGREERS AT
OUTPUT ATTENUATOR TEST FREQUENCIES OF
Ling | LEVEL CONNECTORS (DC METER READING)
# V RMS REFERENCE | SIGNAL | 5 Hz 50 Hz 500 Hz | 5 kHz 50 kHz | 500 kHz
s 1 0.1 0 dB oan| LY L I 3, ~ e, %
2 1.0 G dB =20 dB | ~b. 9 = s =ad RT3 £ ~1) 2
3 1.0 -20 dB ¢ dB ~ef
4 1.0 O dB 0 dB
5 10.0 0 dB -40 4B
- 6 10.0 -40 dB 0 gn
7 19.0 0 dB O 4B
" ; Q : [ ] 4] o <
8 TOLERANCE LIMITS* —————da | #1.03 +0. 08 +0.08 +0.08 +0.08 +1.03
*TOLERANCE LIMITS INCLUDE 20.03° (20.3 MV) FOR D.C. DIGITAL VOLTMETER. IF ACCURACY OF
VOLTMETER IS STIGNIFICANTLY BETTER THAN 2.3 MY. THIS EXTRA $0.03Y SHOULD BE SUBTRACTED
FROM EACH TOLERANCE LISTED. .

Figure 6-5. Test Data Sheet With DC Meter Readings

e. Set up for data sheets lines #3.

P i, Set phase shift of signal channel 20 dB
~attenuator by adjusting C1l7 on card 2 for
minimum deviation from line #1 at 5 kHz.

Z. Run line #3 on data sheets of figure -5
and 6-86,

h. Run line #4 on data sheets, If any points
are out of tolerance, slightly change the
setting of C17 on either card 1 or 2. If
any adjustment is required in this step,
tests of lines 2 and 3 must be repeated.

i. Set up for line #5 of data sheets.

3. Set phase shift of reference channel 40 dB
attenuator by adjusting C18 on card 1 to
match line #1 at 5 kiHz.

k. Run line #5 on data sheets.

‘\.h,,/:

1. Set up for data sheets lines #6.

6-11
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OSCILLATOR ¢ FRROR IN DEGREES AT
OuTPUT ATTENUATOR TEST FREQUENCIES CF
LINT LEVEL CONNECTOR (DIGITAL PANE]L MJ:TLH\,\L |
# v RMS REFERENCE | SIGNAL | 5 Hz 50 Hz 500 Mz | 5 kiz 50 kilz | 500 kHz
1 0.1 0 dB O aB
2 1.0 ¢ dap -20 dB
3 1.0 ~20 dB 0 dB
4 1.0 0 dB 0 gB
5 10.0 0 dB ~40 dB
6 10.0 ~40 dB 0 dB
7 1.0 0 d8 0 dB
8 TOLERANCE LIMITS
3058 41,29 46, 2° +g, 20 +0,2° +0,2° +1.2°
305C AND 305D #1.,00° | +0.05° | 40.05° | 20.05° | +0.5° 41, 00°

/
Figure 6-6. Test Data Shéet With Digital Panel Meter Readings

m, Set phase shift of signal channel 40 dB
attenuator by adjusting C18 on card 2 to
match line #1 at 5 kHz.

n. Run line #6 on data sheets.

o. Run data sheets lines #7. If any points
are out of tolerance, slightly change the
setting of C18 on either card 1 or 2. If

any adjustment is required in this step,
tests of lines 5 and 6 must be repeated.

6-20. ADJUSTMENT PROCEDURE (305~PA-3002 In Main Frame).
Adjust input amplifier bias levels as follows:
a. Connect SIGNAL INPUT to one 0 dB output.
b. Connect REFERENCE INPUT to other 0 dB output.
c. BSet oscillator to 1 kHz and signal level to zero.

d. Increase input level until clipping on the outputs
(pin 8) is observed.

e. Adjust bias potentiometers R17 on cards 1 and 2
for symmetrical clipping.

f. Reduce input level to the point just below -
clipping (maximum undistroted output). The level ;
read on the VIVM should be greater than 550 nmv.

6-12
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Adjust plug-in input capacitance as follows:

& .

b.

Set

Connect SIGNAL INPUT to one 0 dB output.
Connect REFERENCE INPUT to other 0 dB-output.
Set oscillator output to 100 mv rms at 500 kHz.
Note phase reading (dc meter reading).

Add 1K ohm resistor in series with the signal
input (between cable and assembly no. 101573).

Adjust signal channel (C7 on card 2) input
capacitor for a phase difference of 12.0 0.1
degrees (120 mv %1 mv ) from the value noted in
step d.

NOTE

If it is not possible to set 12.0 degrees

in any step, change the oscillator frequency
until it is possible and repeat all steps
starting with step f. Units having option
101 are set to 20.0 (200 mv) degrees due

to the increased input capacitance inherent
with this option.

Change the 1K ohm resistor to the REFERENCE INPUT.

Adjust reference channel input capat¢itor (C7 on
card 1) for a phase difference of 12.0 +0.1 degrees
from the value noted in step d. Remove 1K ohm
series resistor. '

main frame high frequency response as follows:

Connect calibration adapter between main frame
and plug~in.

Connect both inputs to the 0 dB attenuator outputs.
Set oscillator output to 250 mv rms at 100 kHz.

Set both R36 on card 6 and R28 on card 8 of the
main frame fully counterclockwise.

Adjust either R36 on card 6 or R28 on card 8 for
a zero degree phase reading. Remove calibration
adapter.
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G-23. Set
as follows:

plug-in freguency yvespense to match main frame

NOTE

This adjustment should be performed
when a new plug-in is installed in
the main frame.

a. Connect both inputs to the 0 dB attenuator outputs.
b. Set oscillator output to 100 mv rms at 50 kHz.
c. Adjust either R1 or R20 on card 5 for a zero degree
phase reading.
6-24. Adjust for level sensitivity as follows:
a. Set oscillator output to 250 mv rms.
bh. Connect one 0 dB output of the attenuator to the
SIGNAL INPUT.
¢. Connect -14 dB output to the REFERENCE INPUT.
d. Adjust R19 on card 5 of plug-in for minimum phase
error in the 10 kHz to 50 kHz frequency range.
e. Adjust R8 on card 5 of plug-in for minimum phase
error in the 50 Hz to 250 Hz frequency range.
" . Connect the REFERENCE INPUT to the 0 dB output and
the SIGNAL INPUT to the -14 dB output.
g. Adjust R38 on card 5 of plug-in for minimum phase
error in the 10 kHz to 50 kHz frequency range.
h. Adjust R27 on card & of plug-in for minimum phase
error in the 50 Hz to 250 Hz frequency range.
6-25. If unit under calibration is in a Model 305 Main Frame,

run data sheet of figure 6-7. If unit under calibration is in a
Model 305B, C or D Main Frame, run data sheets of figures 6-7
and £-8. All data should be within limits specified.
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OSCIL.LATOR # ERROR YN DEGREES AT
OUTPUT ATTENUATOR TEST FREQUENCIES OF
Ling  |LEVEL CONNECTORS _ (DC METER READING)
# vV RMS REFERENCE | SIGNAL | 5 Hz 50 Hz 500 Hz | 5 kHz 50 kHz | 500 kiz
_ 1 0.1 0 an 0 aB
2 0.5 0 dB 0 4B
3 0.25 -14 4B 0 dB
4 0.25 0 dB ~14 4B
5
6
- 7
8 TOLERANCE LIMITS* #1.03°%] +0.08° | +0.08° | +0.08° | #0.08% ] +1.03°
*TOLERANCE LIMITS INCLUDE #0.03° (#0.3 MV) FOR D.C. DIGITAL VOLTMETER. IF ACCURACY OF
VOLTMETER IS SIGNIFICANTLY BETTER THAN +0.3 MV. THIS EXTRA +0.03° SHOULD BE SUBTRACTED
FROM EACH TOLERANCE LISTED.

Figure 6-7. Test Data Sheet with DC Meter Reading

. . 0SCILLATOR @ ERROR IN DEGREES AT
OUTPUT ATTENUATOR TEST FREQUENCIES OF
. Ling | EEVEL CONNECTOR (DIGITAL PANEL METER)
1 # v RMS REFERENCE | SIGNAL | 5 Hz 50 Hz 500 Hz | 5 kHz 50 kHz | 500 kMz
1 0.1 0 dB 0 dB
2 0.5 0 4B 0 aB
3 0.25 -14 g8 0 dB
4 0.25 0 _dB -14 dB
5
6
7
8 TOLERANCE LIMITS
3058 +1,2° +0.2° 40,29 +0, 20 +0., 2° #1.2°
305C AND 305D +1.00° | +0.05° | 0.05° | #0.05° | #0.05° | #1.00°

Figure 6-8. Test Data Sheet with Digital Panel Meter Reading

6-15
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SECTION VII
REPLACEABLE PARTS LIST

7-1. GENERAL

7-2. This section contains the maintenance parts list for Phasemeter
Model 305, 3058, 305C, and 305D with Plug-In Models 305-PA-3001 and 305-~PA-3002.
The 1ist provides the part number, description, reference designator, and
- manufacturer. The foliuwing table identifies the manufacturer by the manufacturer's

code 1ist
CODE MANUFACTURER'S NAME AND ADDRESS
00779 AMP, Incorporated
P.0. Box 3608

Harrisburg, Penna. 17105

01002 General Electric Company
Industrial and Power Capacitor Dept.
Hudson Falls, New York

01295 Texas Instrument, Inc.
Semicoductor Components Division
13500 North Central Expressway
Dallas, Texas 72531

02660 "~ Amphenol Connector Division
Chicago, I1linois

03508 General Electric Semiconductor
Syracuse, N.Y. 13201

04713 Motorola Semiconductor Products
5805 tast McDowell Road
Phoenix, Arizona 85008

07263 Fairchild Semiconductor
464 E11is Street
Mountain Yiew, Calif. 94040

09023 Cornell Dubilier Electronics
Div. Federal Pacific Electric Company
2562 Dalrymple
Sanford, N.C. 27330

09353 C & K Components, Inc.
163 Morse Street
Westrum, Mass. 02172

Ty
./;

7-1
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7-2

18736

23207

23936

32539

44655

54453

70903

71400

71468

71590

73138

78290

80183

National Semiconductor Corp.
P.0O. Box 443 '
Danbury, Connecticut 06810

Voltronics Corp.
Hanover, New Jersey 07936

Dranetz Engineering Laboratories, Inc.

2385 South Clinton Avenue
South Plainfield, N.J. 07080

Pamotor Inc.
Burtigame, Calif.

Mura Corporation
355 Great Neck Road
Great Neck, N.Y. 11021

Ohmite Mfg. Company
3601 West Howard Street
Skokie, I11. 60076

Sullins
San Marcos, Calif.

Belden Manufacturing Co.
Chicage, I11. 60644

Busmann Mfg.

Division of McGraw Edison Company
2536 West University Street

St. Louis, Missouri 63017

ITT Cannon Electric Company
655 East Dyer Road
Santa Ana, Calif. 92702

Centralab Electronics
Division of Globe-Union Inc.
5757 North Greenbay Avenue
Milwaukee, Wisconsin 53201

Beckman Instruments Inc.
Heiipot Division
2500 Harbor Blvd.
Fuilerton, Calif. 92634

Struthers-Dunn Inc.
Pitman, N.J. 08071

Sprague Products Company
North Adams, Mass.



TM-101378A

CODE MANUFACTURER'S NAME AND ADDRESS

20294 _ Bourns, Inc.
1200 Columbia Avenue
Riverside, Calif. 92507

81312 Winchester Electronics
R Division of Litton Industries
" Oakville, Conn.

81349 On MIL Spec List. Manufactured to meet
Mititary Specifications. Available from
a variety of suppliers.

814713 Elmenco-Arco Flectronics
Community Drive
Great Neck, N.Y. 11022

82389 Switcheraft, Inc.
5555 North Elston Avenue
Chicago, I171. 60630

o
At
3
[
L]

Herman H. Smith, Inc,
812 Snediker Avenue
Brooklyn, N.Y. 11207

86694 . RCA Electronic Components
415 South 5th Street
Harrison, N.J. 07029

87930 Tower Manufacturing Corporation
158 Pine Street
Providence, R.I. 92903

84145 : Raytheon Co.
Quincy, Mass.
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REPLACEABLE PARTS LIS

PHASEMETER MODELS 305, 3058B, AND 3040

MATN FRAME
REFERENCE MFG. CODE
NUMBER PART NUMBER TDENT DESCRIPTION
BLY SU2A5 23936 FAN
c5 192P22292 80183 CAPACITOR, 0.0022 uF *10%,
200V
F1 (230V) 103282-G4 23207 FUSE, 1/2 AMP
F1 (115V) 103282-65 23207 FUSE, 3/4 AMP
XAT-XA8 67054-4 00779 CONNECTOR, PC DUAL 15 PIN
XF1 HKP 71400 FUSE HOLDER
11, 12 L-28/40 RLCH 32539 LAMP WITH ROUND WHITE LENS CAP
J1 H1061 87930 RECEPTACLE, AC
32,33 DB25S 71468 CONNECTOR
J6 57-10-360 00779 CONNECTOR
37,38 31-102-1050 06779 CONNECTOR, BNC
R1 78SR500KBH 73138 POTENTIOMETER, 500K
R2 78SR2KBW 73138 POTENTIOMETER, 2K
R3 785R5005 B 73138 POTENTIOMETER, 500 OHMS
R6 RCRO7G1104 81349 RESISTOR, 11 OHMS 5%, 1/4M
R7- - RCRO7G910J 81349 RESISTOR, 91 OHMS 5%, 1/4W
$1,54,57 7201 09353 SWITCH, DPDT -
52 7401 09353 SWITCH, 4PDT
53 7105 09353 SWITCH, SPDT
$5 46206LFR 82389 SWITCH, SLIDE
17258 70903 LINE CORD, POWER
CB1 PC BOARD (ASSY NO. 101317)
C1,C4 CS13F226K 81349 CAPACITOR, FIXED, TANTALUM,
22 uF +10%, 35V
c2,C3 T6S-50 80183 CAPACITOR, DISC, CERAMIC,

.05 uF, 100V

7-4
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MAIN FRAME PHASEMETER MODELS 305, 305B, AND 305C
REFERENCEq MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
MODEL 3058 ONLY
J4 DB25S 71468 CONNECTOR
J5A,J58 [SM15DREH 54453 CONNECTOR, PC, DUAL 15 PIN
M1 101373 23207 DIGITAL PANEL METER
MODEL 305C ONLY
Ja DRZ5S 71468 CONNECTOR
J5A ISMT0DREH 54453 CONNECTOR, PC, DUAL 15 PIN
J5B [SMI15DREH 54453 CONNECTOR, PC
M1 101749 23207 DIGITAL PANEL METER
R100 RCRO7G271J 81349 RESISTOR, CARBON, 270 OHMS,

1/4W

7-5
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REPLACEABLE PARTS LIST

MAIN FRAME PHASEMETER MODEL 305D
REFERENCE MFG. CODE
“NUMBER PART NUMBER IDENT DESCRIPTION
NOTE
THE REPLACEABLE PARTS INCLUDE MODEL 305C
i} PLUS THE FOLLOWING:
A0 102222 23207 PC BOARD, OFFSET NULL
M2 103246 23207 METER, 100-0-100 MICROAMP
(DIAL FROM MMI-NULL-A)
P10 BDJ1550 81312 CONNECTOR, PC
R10 7276R10K-L.5 73138 POTENTIOMETER, 10K
R11 RV4SAYSD101A 73138 POTENTIOMETER, 100 OHMS
R12 RN60C3742F 81349 RESISTOR, PRECISION, 37.4K
R13 78SR500 73138 POTENTIOMETER, 500 OHMS
R14 RN60C3742F 81349 RESISTOR, PRECISION, 37.4K
k15, 785R20K 73138 POTENTIOMETER, 20K
S5 7201 09353 SWITCH, TOGGLE
70-2-26 94145 KNOB

7-6
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AT AND A3 INHIBIT CIRCUITS
MAIN FRAME (ASSY NO. 101668)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
AT, A2 101660 23207 MODULE, DELAY SELECTOR
¢l DM15-4703 81413 CAPACITOR, 47 pF 5%, 500V
c2 DM15-3600 81413 CAPACITOR, 36 pF 5%, 500V
CR1,CR? IN751A 81349 DIODE
Q1,04 103285 23207 TRANSISTOR
02,03,05,06 2N3855A 03508 TRANSISTOR
NOTE: UNLESS OTHERWISE
NOTED, ALL RESISTORS ARE
5%, 1/8W
R1,R2 RCRO76972J 81349 RESISTOR, 9.7K
R3 RCRO7G513J 81349 RESISTOR, 51K
RA RCRO7G683J 81349 RESISTOR, 68K
RS RCRO7G623J 81349 RESISTOR, 62K
R6 RCRO76753J 81349 RESISTOR, 75K
R7,RY RCRO7G242J 81349 RESISTOR, 2.4K
R8,R10 RCRO7G103J 81349 RESISTOR, 10K
R1T RCRO7G2044 81349 RESISTOR, 200K
R12 RCRO7G6244 81349 RESISTOR, 620K
R13,R14 RCRO76303J 81349 RESISTOR, 30K
MOD 14, ASSY NO. 102572
SAME AS ASSY 101668, EXCEPT FOR THE FOLLOWING:
€3,C4 CS13F394K 81349 CAPACITOR, .39 uF %10%, 35V
Q7,08 103285 23207 TRANSISTOR
R15,R16 RCRO7G103J 81349 RESISTOR, 10K, 5%, 1/4W
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REPLACEABLE PARTS LIST

A2 FREQUENCY RANGING CIRCUITS
MAIN FRAME (ASSY NO. 101319-G1)
. REFERENCE MFG. CODE
NUMBER PART NUMBER LDENT DESCRIPTION

U1-U4 SN727410 01295 INTEGRATED CKT

01,07 0S13F105K 81349 CAPACITOR, 1 uF +10%, 35V

©2 CS13F565K 81349 CAPACITOR, 5.6 uF #10%, 35V

c3 192P68292 80183 CAPACITOR, 0.0068 uF #10%,
200V

¢4 CS13F684K 81349 CAPACITOR, 0.68 uF 10%,
35V

cs D1 5-687 81413 CAPACITOR, 680 pF, 100V

c6 192P68392 80183 CAPACITOR, .0680 uF *10%,
200V

c8 CST3E225K 81349 CAPACITOR, 2.2 uF £10%, 20V

€9,C10 T6S-50 80183 CAPACITOR, 0.05 uF *20%,
100V

CR1,CR3-CR10 1N4009 81349 DIODE

CR? IN755A 81349 ZENER DIODE, 7.5V

CR1T,CR12 19658 81349 ZENER DIODE, 15V

R1,R5,R7 RCRO76303J 81349 RESISTOR, 30K

R2,R4,R6 RCRO76103J 81349 RESISTOR, 10K

R3 RCRO76181J 81349 RESISTOR, 180 OHMS

RS RCRO76223J 81349 RESISTOR, 22K

R RCRO76272J 81349 RESISTOR, 2.7K

R10 RCRO765614 81349 RESISTOR, 560 OHMS

RT1 RCRO76472J 81349 RESISTOR, 4.7K

R12,R14,R16,R17,|  RCR076243 81349 RESISTOR, 24K

R42-R44 ,R47
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AZ FREQUENCY RANGING CIRCUITS

MAIN FRAME (ASSY NO. 101319-G1)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
R13 RCRO7G302J 81349 RESISTOR, 3K
R15 RCRO7GE25J 81349 RESISTOR, 6.2 MEGOHMS
R18,R19,R40,R41 RCRO76G3354 81349 RESISTOR, 3.3 MEGOHMS
R20,R23,R38,R39 RCRO7G3914 81349 RESISTOR, 390 OHMS
RgéiRZZ,R36,R37, RCRG7G203J 81349 RESISTOR, 20K
R24 ,R25,R34,R35 RCRO7G9114 81349 RESISTOR, 910 OHMS
R26,R27,R32,R33 RCRO7G102 81349 RESISTOR, 1K
R28 THRU R3] RCRO7G333J 81349 RESISTOR, 33K (SELECTED

COMPONENT)

R28 THRU R31 652PR50K 73138 POTENTIOMETER

[ALTERNATE)
R45,R46 RCRO7G4714J 81349 RESISTOR, 470 OHMS
R4E-RE0 RCRO7G7553 81349 RESISTOR, 7.5 MEGOHMS
Qi 2N3855A 81349 TRANSISTOR
Q2 103286 23207 TRANSISTOR
(3-06 103285 23207 TRANSISTOR

MOD 14, ASSY NO, 101319-62

€1,07,C8 CST3F565K 81349 CAPACITOR, 5.6 uF f?O%, 35V
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TM-101378A

REPLACEABLE PARTS LIST

Ad MODE SELECTOR CIRCUITS
MAIN FRAME (ASSY NO. 101320-G1)
_REFERENCE MFG. CODE
" NUMBER PART NUMBER IDENT DESCRIPTION

U1-u2 SN72741J 01295 INTEGRATED CIRCULT

Cl1 CS13E106K 81349 CAPACITOR, 10 uF *10%, 20V

2 CS13F565K 81349 CAPACITOR, 5.6 uF t10%, 35V

€3,C4 TGS-50 80183 CAPACITOR, 0.05 uF #10%,
100v

C5,C6 CS13E225K 81349 CAPACITOR, 2.2 uF *10%, 20V

CR1,CR3,CR6-CRY 1N4009 81349 DIODE

CR2 TN755A 81349 DIODE, ZENER

CR4,CR5 TN965B 81349 DIODE, ZENER

Q1,03,05,06 2N3855A 03508 TRANSISTOR

Q2,04 103286 23207 TRANSISTOR

37,08 2N3638 07263 TRANSISTOR

RT RCRO7G753J 81349 RESISTOR, 75K 5%, 1/4W

R2,R7,R10 RCRO761534 81349 RESISTOR, 15K 5%, 1/4W

R3,R12 RCR0O7G103J 81349 RESISTOR, 10K *5%, 1/4u

R4 ,R6 RCRO7G181J 81349 RESISTOR, 180 OHMS 15%, 1/4u

R5,R9 RCRO7G1324 81349 RESISTOR, 1.3K ¥5%, 1/44

R8 RCRO7G512J 81349 RESISTOR, 5.1K #5%, 1/4u

R11 RCRO76272J 81349 RESISTOR, 2.7K *5%, 1/4M

R13 RN60C5623F 81349 RESISTOR, 562K %1%, 1/84

R14 RN60C3832F 81349 RESISTOR, 38.3K *1%, 1/8W

R15 RN50C61792D 81349 RESISTOR, FILM 61.9K *1/2%,
1/8UW

R16 RN60C5622D 81349 RESISTOR, FILM 56.2K ¥1/2%,

1/8W
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REPLACEABLE PARTS LIST

TM-101378A

Ad MODE SELECTOR CIRCUITS

MAIN FRAME (ASSY NO. 101320-61)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
R17,R18 RCRO7G6214 81349 RESISTOR, 620 OHMS %5%, 1/44
R19,R20 RCRO7G3324 81349 RESISTOR, 3.3K *5%, 1/4u
R21,R24 RCRO7G303d 81349 RESISTOR, 30K 5%, 1/4W
R22,R25 RCRO7GZ2034 81349 RESISTOR, 20K 5%, 1/4W
R23,R26 RCRO7G183d 81349 RESISTOR, 18K 15%, 1/4u
R27,R29 RCRO7GS124 81349 RESISTOR, 9.1K 5%, 1/4W
R28 RCRO7G3624J 81349 RESISTOR, 3.6K *5%, 1/4u
R30,R31 RCRG7G1824 81349 RESISTOR, 1.8K t5%, 1/4W
R32,R33 RCRO7GATQY 81349 RESISTOR, 47 OHMS *5%, 1/4u

MOD 14, ASSY NO. 101320-G2

€1 CST3E6BOK 81349 CAPACITOR, 68 uF *10%, 20V
c2 €S13D226K 81349 CAPACITOR, 22 uF t10%, 15V
€5,C6 CST3ET06K 81349 CAPACITOR, 10 uF *10%, 20V
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T™M-101378A

REPLACEABLE PARTS LIST

A5 DC AMPLIFIER CIRCUTT
MAIN FRAME (ASSY NO. 102516)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
€1,c8 CST3F565K 80183 CAPACITOR, 5.6 uF, 35V
c2,C5 103206-61 23207 CAPACITOR, 290 uF, 6V
13,04 CS13E106K 81349 CAPACITOR, 10 uF, 20V
€6,C7 £S13C336K 81349 CAPACITOR, 33 uF, 10V
€9,C10 103209-62 23207 CAPACITOR, 0.22 uF, 50V
CR1-CR3 1N4009 81349 DIODE
CR4 103295 23207 DICDE
CR5-CR8 IN752A 81349 DIODE
Q1-0Q3 2N4126 04713 TRANSISTOR
R1 RN60OC1912F 81349 RES PREC 19.1K %1%, 1/84W
R2 RN60C2002F 81349 RES PREC 20K *1%, 1/8W
R3 RN60C4992F 81349 RES PREC 49.9K 1%, 1/84
R4,R5 103218-6G6 23207 RES 10K +1/2%, 1/8u
R6 ,R7 RCRO7G153J 81349 RES CARB 15K £5%, 7/4M
R8 RCRO7G154J 81349 RES CARB 150K 5%, 1/4u
R9 RCRG7G393J 81349 RES CARB 39K £5%, 1/4W
R10 103260-61 23207 RES 124K £1/2%, 1/24
R11,R12,R14 RN60C3011F 81349 RES PREC 3.01K #1%, 1/8W
R13 RN60C2001F 81349 RES PREC 2K *1%, 1/8W
R15 103219-64 23207 RES PREC 17.4K +1%, 1/8W
R16,R18 RCRO761020 81349 RES CARB 1K *5%, 1/4W
R17 RCRO7G563J 81349 RES CARB 56K 5%, 1/4W
R19 RCRO7G156J 81349 RES CARB 15M 15%, 1/4W
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REPLACEABLE PARTS LIST

TM-101378A

A5 DC AMPLIFIER CIRCUIT

MAIN FRAME (ASSY NO. 102516)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
RZ20 RNEOC3013F 81348 RES PREC 301K *1%, 1/8W
R21 RN6OC499TF 81349 RES PREC 4.99 %1%, 1/8W
R22 RN6OCT10TF 81349 RES PREC 1.70K %1%, 1/8M
R23 RN60CBOGTF 81349 RES PREC 8.06K 1%, 1/8W
RZ4 RN60OC2747F 81349 RES PREC 2.74K £1%, 1/84
R25 RN60C3741F 81349 RES PREC 3.74K %1%, 1/8U
R26 RN6GCT501K 81349 RES PREC 7.5K *1%, 1/8W
R27 RCRO7G362J 81349 RES CARB 3.6K 5%, 1/4U
R28 RN6CGCT151F 81349 RES PREC 7.15K #i%, 1/84
R29 RN6OC10Q3F 81349 RES PREC 100K £1%, 1/8W
R30 RN60CZ2003F 81349 RES PREC 200K 1%, 1/84
R31 RCRO7G39%4d 81349 RES CARB 390K %5%, 1/4W
R3Z,R33 RCRO7G821d 81349 RES CARB 820 OHMS *5%, 1/4u
R34 RN6OCT1212F 81349 RES PREC 12.1K 1%, 1/8W
R35 RCRO7G165d 81349 RES CARB 1.6M 5%, 1/4W
R37 RN6OCT871F 81349 RES PREC 1.87K *1%, 1/8W
Ul SN72747N 01295 DUAL OP. AMP.
uz 102574 23207 SWITCH MODULE
U3-uUs 103288 23207 OP. AMP.
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TM-101378A

REPLACEABLE PARTS LIST

Ag

MAIN FRAME

DIFFERENTIATOR AND SWITCH CIRCUITS
(ASSY NO. 101322)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
c1,c2 bM15-380J 81413 CAPACITOR, 39 pF
£3,C4 DM15-471J 81413 CAPACITOR, 470 pF
C§% IN758A 81349 DIODE, ZENER
CRZ2,CR3 IN751A 81349 DIODE, ZENER
CR4-CR7 1N4009 81349 DIODE
Q1,04 2N3855A 03508 TRANSISTOR
Qz2,03,Q6-Q11 103285 23207 TRANSISTOR
Q5 103286 23207 TRANSISTOR
R1,R2,R7,R8 RCRO7GT112J 81349 RESISTOR, 1.1K 5%, 1/4u
R3 RCR0O7G1824 81349 RESISTOR, 1.8K #5%, 1/4W
R4 RCRO7G1634 81349 RESISTOR, 16K *5%, 1/4W
R5,RI0 RCRO7G1334 81349 RESISTOR, 13K 5%, 1/4W
R6 RCRO7G272J 81349 RESISTOR, 2.7K 5%, 1/4W
R3,R15 RN6OC7501F 81349 RESISTOR, 7.5K %1%, 1/8W
R11,R31,R32 RCR07G432J 81349 RESISTOR, 4.3K 5%, 1/4W
R12 RN60C4020F 81349 RESISTOR, 402 OHMS %1%, 1/8W
R13 RN6OC5110F 81349 RESISTOR, 511 OHMS %1%, 1/84
R14 RCRO7G153d 81349 RESISTOR, 15K ¥5%, 1/4u
R16 RCRO7G183J 81349 RESISTOR, 18K 5%, 1/4W
R17 RCRO765624 81345 RESISTOR, 5.6K *5%, 1/4K
R18 RCRO7G242J 81349 RESISTOR, 2.4K *5%, 1/44
R19 RCRO7G223J 81349 RESISTOR, 22K 5%, 1/4W
R20 RCRO7G9124d 81349 RESISTOR, §.1K *5%, 1/4W
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TM-101378A

REPLACEABLE PARTS LIST

A | DIFFERENTIATOR AND SWITCH CIRCUITS

MAIN FRAME (ASSY NO. 101322)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
RZ1 RCRO7G113J 81349 RESISTOR, 11K 5%, 1/4U
RZ22-R26 ,R29,R30, RCRO7G123d 81349 RESISTOR, 12K 5%, 1/4W

5 R33

R27,R28,R31,R32 RCRO7G432J 81349 RESISTOR, 4.3K 5%, 1/4W
R34 ,R35 RCRO7G332J 81349 RESISTOR, 3.3K %5%, 1/4W
R36 62PARZCO 73138 RESISTOR, VAR, 200 OHMS

:\,/"‘.
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TM-101378A

REPLACEABLE PARTS LIST

A7 FLIP-FLOPS AND SWITCHES
MAIM FRAME (ASSY NO. 102520)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
Cl C$13F335K 81349 CAP 3.3 uF, 35V
CR1-CR4,CR15-CRI8 | 1N4GO9 81349 DICDE
CR5,CR6 TN758A 81349 DIODE
CR13,CR14 IN757A 81349 DIODE
CR19,CR20 1N759A 81349 DIODE
Q1-Q4 2N3855A 03508 TRANSISTOR
05-Q8 2N4126 04713 TRANSISTOR
R1,R2,R5,R6, RCRO76G822J 81349 RES CARB 8.2K 15%, 1/4u
R9-R11,R14,R25,
R26
R3,R4,R7,R8, RCRO76103J 81349 RES CARB 10K *5%, 1/4u
R19,R20
R12,R13,R15-R18. RCRO7G162J 81349 RES CARB 1.6K *5%, 1/4M
R27-R29,R32 RCRO7G112J 81349 RES CARB 1.1K #5%, 1/4W
R30,R31 RCRO7G242J 81349 RES CARB 2.4K *5%, 1744
R33,R34 RCRO7G392J 81349 RES CARB 3.9K 5%, 1/44
R35,R36 103260-61 23207 RES 124K *1/2%, 1/2W
U1 102574 23207 INTEGRATED CIRCUIT
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REPLACEABLE PARTS LIST

TM-101378A

A8 DIFFERENTIATCR CIRCUITS
MAIN FRAME (ASSY NO. 101324)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
C1,C2 DM15-390d 81413 CAPACITOR, 3§ pf
CR1 TN758A 81349 DIOBE, ZENER
CR2,CR3 IN7STA 81349 DIOBE, ZENER
CR4,CR5 1N4009 81349 DIODE
01,04 ZN3855A 03508 TRANSISTOR
Q2,Q3,06,Q7 103285 23207 TRANSISTOR
Q5 . 103286 23207 TRANSIS?OR.
NOTE: UNLESS OTHERWISE
NOTED, ALL RESISTORS ARE
5%, 1/44W
R1,R2,R7,R8 RCRO7G1123 81349 RESISTOR, 1.1K
R3 RCRO7G182J 81349 RESISTOR, 1.8K
R4 RCRO7G163J 81349 RESISTOR,l16K
R5,R10 RCRO7G133J 81349 RESISTOR, 13K
R6 RCRO7G272J 81349 RESISTOR, 2.7K
R9,R15 RN6OC750TF 81349 RESISTOR, 7.5K i?%? 1/8W
R11,R23,R24 RCRO7G4324d 81349 RESISTOR, 4.3K
R12 RN60C4020F 81349 RESISTOR, 402 OHMS +1%, 1/8W
R13 RN60C5110F 81349 RESISTOR, 5171 OHMS 1%, E/Sw
R14 RCRO7G153J 81349 RESISTOR, 15K
R16 RCRO7G183J 81349 RESISTOR, 18K
R17 RCRO7G562J 81349 RESISTOR, 5.6K
R18 RCRO7GZ2424 81349 RESISTOR, 2.4K
R19 RCR0O7G2234d 81349 RESISTOR, 22K
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™-101378A

REPLACEABLE PARTS LIST

A8 DIFFERENTIATOR CIRCUITS
MAIN FRAME (ASSY NO. 101324
-REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTIGN
R20 RCRO76912J 81349 RESISTOR, 9.1K
R21 RCRO7G113d 81349 RESISTOR, 11K
Rgé,RZS RCRO7G123J 81349 RESISTOR, 12K
R26,R27 RCRO7G332J 81349 RESISTOR, 3.3K
R28 62PAR200 73138 RESISTOR, VARIABLE 200 OHMS
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REPLACEABLE PARTS LIST

TM-101378A

A0 QFFSET AND NULL CIRCUITS (MODEL 305B)
MAIN FRAME (ASSY NC. 102222)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
C1-C5 192P10492 80183 CAPACITOR, FILM, 0.} uf,
200V
CR1-CR12 1N914 81349 DIODE
R1 RN6OC6651F 81349 RESISTOR, PRECISION,
, 6650 OHMS 114
R2 RCRO7G300J 81349 RESISTOR, 30 OHMS 5%, 1/4W
R3 RN6OC3321F 81349 RESISTOR, PRECISION,
3320 OHMS $1%
R4 RN6OCT002F 81348 RESISTOR, PRECISION, 10K
1%, 1/8W
RS RCRO7G473J 81349 RESISTOR, 47K 5%, 1/4W
R6,R7 RN60C1053F 81349 RESISTOR, PRECISION,
105K 1%
R8 RCRO7G1234 81349 RESISTOR, 12K %5%, 1/4W
R9 RCRO7G335d 81349 RESISTOR, 3.3 MEG 15%, 1/44
R10 RCRO7G8224 81349 RESISTOR, 8.2K *5%, 1/4uW
R11,R12 RCRO7G2444 81349 RESISTOR, 240K *5%, 1/4W
R13,R14 RCRO7G1014J 81349 RESISTOR, 100 COHMS %5%,
1/4U
R15,R24 RCRO7G102J 81349 RESISTOR, 1K 5%, 1/4u
R16 62PARSK 73138 POTENTIOMETER, 5K
R17, R18 RCRO7GE214 81349 RESISTOR, 620 OHMS 5%,
1/4W
R19,R20,R21 RCRO7G472J 81349 RESISTOR, 4.7K *5%, 1744
R22 62PARSOK 73138 POTENTICMETER, 50K
R23 RCRO7G124J 81349 RESISTOR, 120K ¥5%, 1/4M
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TM-101378A

REPLACEABLE PARTS LIST

A0 OFFSET AND NULL CIRCUITS (MODEL 305D)
MAIN FRAME (ASSY NO. 102222}
 REFERENCE MFG. CODE
NUMBER PART NUMBER LDENT DESCRIPTION
R25 62PARTOK 73138 POTENTIOMETER, 10K
UT,U2,U3 SN72741N 01295 INTEGRATED CKT: OP-AMP.
CRT IN757A 81349 DIODE, ZENER
CR2,CR3 1N9658 81349 DIODE, ZENER
CRA IN746A 81349 DIODE, ZENER
CRS IN751A 81349 DIODE, ZENER
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™-101378A

REPLACEABLE PARTS LIST

MAIN FRAME DUAL POWER SUPPLY
(ASSY NO. 101213)
e REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION

ul,uz SN72741J 01295 INTEGRATED CKT
€1.C2 1032063-G3 23207 CAPACITOR, 1300 ur, 50V

- C3,C4 MTVI00DESD 90201 CAPACITOR, 10 uF, 50V
CR1-CR4,CR7-CRY 1N4004 81349 DIODE
CR5,CR& 1N965B 81349 DIODE, ZENER
CR11 IN75TA 81349 DIODE, ZENER
Q1 2N3740 04713 TRANSISTOR
Q2,06 2N5189 86694 TRANSISTGR
q3 ZNAg 37 86694 TRANSISTOR
G4 2N3054 86634 TRANSISTOR
Q5 ZN3638 07263 TRANSISTOR

- R1.RZ RCRO76203J 81349 RESISTOR, 20K *5%, 1/4u
K3 RCRZ0G182d 81349 RESISTOR, 1.8K #5%, 1/2W
R4 RCRZ20G2024 81349 RESISTOR, 2K %5%, 1/2W
R5,R7 4334 44655 RESISTOR, 1.5 OHM 5%, 3W
R6,R8,R10,R12 RCRO7G2214 81349 RESISTOR, 220 OHMS 5%, 1/4W
R9,R13 RCRO7G222J 81349 RESISTOR, 2.2K t5%, 1/4u
R11 RCRO7G9124 81349 RESISTOR, 9.1K 5%, 1/4W
R14 RCRO7G162J 81349 RESISTOR, 1.6K 5%, 1/4W
R15 RN60C1002F 81349 RESISTOR, 10.0K, 1%, 1/8W
R16 62PR1K 73138 RESISTOR, VARIABLE: 1K
R17 RN60C2001F 81349 RESISTOR, 2K %1%, 1/8W
R18 RCRO7G6234 81349 RESISTOR, 62K t5%, 1/4W
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™-101378A

REPLACEABLE PARTS LIST

MAIN FRAME

DUAL POWER SUPPLY
(ASSY NO. 101213)

. REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION

R19,R20 RN60CT212F 81349 RESISTOR, 12.1K 1%, 1/84

R21,R22 RCR20G2724 81349 RESISTOR, 2.7K $5%, 1/2W

R23,R26 RCRO7G471J 81349 RESISTOR, 470 OHMS *+5%, 1/4M

R24,R27 RCRO7G3314 81349 RESISTOR, 330 OHMS *5%, 1/

R25,R28 RCRO76103J 81349 RESISTOR, 10K £5%, 1/4u

T 100337 23207 TRANSFORMER
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REPLACEABLE PARTS LIST

™-101378A

MAIN FRAME REAR INPUTS (OPTION 1071)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
41071 8BDJesS 81312 PC CONNECTOR
J7,d8 31-102-1050 02660 BNC CONNECTOR
MAIN FRAME REMOTE CONTROL (OPTION 102)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
S5 PAZ2041 71580 SWITCH, 18 POLE, 2 POS.
Po 8BDJ15S 81312 CONNECTOR, PC
L28/40RLCW 32539 LAMP AND LENS ASSY
70-4-2G 94145 KNOB
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™M-101378A

REPLACEABLE PARTS LIST

29 REMOTE CONTROL {OPTION 102)
MAIN FRAME (ASSY NO. 101672)
. REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
CR1 thru CR12 1NAGO9 03508 DIODE
CR13 TN759A 04713 DIODE
G1,03,05,07,09, 2N3855A 03508 TRANSISTOR
011,013,015,Q17,
Q19,022
02,04,06,08,Q10, | 2N4126 04713 TRANS ISTOR
012,Q14,016,Q18
020,021,Q23,024 24121 07263 TRANSISTOR
NOTE: UNLESS OTHERWISE
SPECIFIED, ALL RESISTORS
ARE *5%, 1/4u
R1,R6,R11,R16, RCRO7G244J 81349 RESISTOR, 240K
R20,R24,R29,R34,
R39,R44,R50
R2 ,R7,R12,R17, RCRO7G362J 81349 RESISTOR, 3.6K
R21,R25,R30,R35, . -
R40,R45,R51,R56,
R57
R3,R8,R13 RCRO76203J 81349 RESISTOR, 20K
R4,R9,RT14,R18, RCR0O7G913J 81349 RESISTOR, 91K
R22,RA46 ,R48,R52,
R54
R5,R10,R15,R19, RCRO7G2234 81349 RESISTOR, 22K
R23,R28,R33,R38,
R43,R47,R49,R53,
R55
R26 RCRO76133J 81349 RESISTOR, 13K
R27,R32,R37,R42 RCRO7G473J 81349 RESISTOR, 47K
R31,R36,R4T RCRO7G363J 81349 RESISTOR, 36K
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REPLACEABLE PARTS LIST

TM-101378A

A5 DC AMPLIFIER CIRCUIT {OPTION 103)
MAIN FRAME (ASSY NO. 102201-G1)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
Cl CKOBBX392K 81349. CAPACITOR, 0.0039 uF £10%,
200V
cz2 CKOBBX332K 81349 CAPACITOR, 0.0033 uF *10%,
200V
€3 CKO6BX333K 81349 CAPACITOR, 0.033 uF 110%,
100V
c4 CKO6BX334K 81349 CAPACITOR, 0.33 uF £10%, 50V
€5,C6 103204-G2 23207 CAPACITOR, 6.8 uF *10%, 20V
€7,C19,C20 CKO6BX473K 81349 CAPACITOR, 0.047 uF 110%,
100V
C8 CKO6BX474K 81349 CAPACITOR, 0.47 uF t10%, 50V
Cg 103204-G3 23207 CAPACITOR, 8.2 uF %10%, 15Y
€10 103204-G4 23207 CAPACITOR, 10 uF *10%, 10V
i 103204-G9 23207 CAPACITCR, 82 uF 10%, 10V
Ci2 103204-G8 23207 CAPACITOR, 100 uF %10%, 10V
€13 CKOB6BX223K 81349 CAPACITOR, 0.023 uF 110%,
100V
C14 CKO6BX224K 81349 CAPACITOR, 0.22 uF 110%, s50v
C15 103204-61 23207 CAPACITOR, 5.6 uF *10%, 20V
€16 103204~G10 23207 CAPACITOR, 3.9 uF *10%, 25V
€17 103204-G6 23207 CAPACITOR, 56 uF *10%, 10V
€18 103204-G5 23207 CAPACITOR, 3% ufF %10%, 10V
CR1-CR3,CR5,CR8 1N4009 81349 DIODE
CR4,CRY IN751A 81349 DIODE, ZENER
CR6 TN825A 81349 DIODE, ZENER
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T™M-101378A

REPLACEABLE PARTS LIST

A5 DC AMPLIFIER CIRCUIT (OPTION 103)
MAIN FRAME (ASSY NO. 102201-67)
- ~REFERENCE MFG. CODE
NUMBER PART NUMBER TDENT DESCRIPTION
CR9,CRIO 1N965R 81349 DIODE, ZENER
K1-K3 MRRN3A-24Y 78290 RELAY
01-03,06,08 2N4126 04713 TRANSISTOR
Q4 2N3638 07263 TRANSISTOR
05 2N3404 03508 TRANSISTOR
Q7 2N3397A 03508 TRANSISTOR
NOTE: UNLESS OTHERWISE
SPECIFIED, ALL RESISTORS
ARE 5%, 1/4W
R1 RCRO761534 81349 RESISTOR 15K
R2,R17 RCR07G564J 81349 RESISTOR 560K
R3 103219-G5 23207 RESISTOR 49.9K *1%, 1/8W
R4.,R5 RN6OCT211F 81349 RESISTOR 1.21K 1%, 1/8W
R6 RCRO762434 81349 RESISTOR 24K
R7,R13,R15 103219-63 23207 RESISTOR 15.8K 1%, 1/8W
RS RCRO7G5134 81349 RESISTOR 51K
R9 RCRO7G4334 81349 RESISTOR 43K
R10 RCR0O76G123J 81349 RESISTOR 12K
R11 RCR076333J 81349 RESISTOR 33K
R12 RN60C1001F 81349 RESISTOR 1K #1%, 1/8W
R14 RN60OCT69TF 81349 RESISTOR 1.69K 1%, 1/8MW
R16,R26 RN60CB251F 81349 RESISTOR 8.25K *1%, 1/8W
R18,R24 62PARIK 73138 RESISTOR VARIABLE 1K
R19 RNGOCTT51F 81349 RESISTOR 7.15K *1%, 1/8M
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REPLACEABLE PARTS LIST

TM-101378A

A5 DC AMPLIFIER CIRCUIT (OPTION 103)

MAIN FRAME (ASSY NO. 102201-G1)

REFERENCE MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTION
R20 103219-G1 23207 RESISTOR 2.49K *1%, 1/84
RZ1-R23 RCRO7G1224 81349 RESISTOR 1.2K

- R25 RN6OC7681F 81349 RESISTOR 7.68K *1%, 1/8W
U1 SN72747J 07263 DUAL OP. AMP.
DC AMPLIFIER, ASSY NO. 102201-G2
{USED FOR OPTION 103/105)
SAME AS ASSY NO. 102201-G! EXCEPT R2 = 1.1K
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REPLACEABLE PARTS LIST

A7 FLIP-FLOP SWITCHES (GPTION 103)
MAIN FRAME (ASSY NO. 101670)
. _REFERENCE MFG. CODE
“NUMBER PART NUMBER IDENT DESCRIPTION
AT,A2 101664 23207 ANALOG GATE MODULE
C1 CS13F335K 81349 CAPACITOR, 3.3 uF, 35V
"CR1-CR4,CR7-CR10, | 1N400D9 81349 DIODE
CR15-CR18
CR5, CR6 TN758A 81349 DIODE, ZENER
CR11,CR12 IN750A 81349 DIODE, ZENER
‘CR13,CR14 1N755A 81349 DIODE, ZENER
CR19,CR20 TN965B 81349 DIODE, ZENER
Q1-Q4 2N3855A 03508 TRANSISTOR
05-08 103285 23207 TRANSISTOR
R1,R2,R5,R6, RCRO76G822J 81349 RESISTOR, 8.2K ¥5%, 1/4u
R9-R11,R14,R25,
R26
R3,R4,R7,R8,R19, | RCRO7G103J 81349 RESISTOR, 10K ¥5%, 1/4u
R20
R12,R13,R15-R18 RCRO7G162J 81349 RESISTOR, 1.6K 5%, 1/4u
R21,R22 RCRO766234 81349 RESISTOR, 62K *5%, 1/4W
R23,R24 RCRO76G123J 81349 RESISTOR, 12K #5%, 1/4W
R27,R28,R29,R32 RCRO7G112J 81349 RESISTOR, 1.1K 5%, 1/4u
R30,R31 RCRO7G2423 81349 RESISTOR, 2.4K 5%, 1/4U
R33,R34 RCRO7G392J 81349 RESISTOR, 3.9K *5%, 1/4W
| R35,R36 103219-G5 23207 RESISTOR, 49.9K %1%, 1/84
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REPLACEABLE PARTS LIST

TM-101378A

MAIN FRAME REMOTE ZERO
(OPTION 105)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
Ri0 RCRO7G1034 81348 RESISTOR, 10K 5%, 1/4U
MAIN FRAME AUTOMATIC CALIBRATION CKTS.
(OPTION 107)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
P11 ISM15DREH 54453 PC CONNECTOR
52 7403 09353 TOGGLE SW, 4PDT, ON-OFF-Ot
TB4 3008 83330 TERMINAL STRIP
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REPLACEABLE PARTS LIST

AT AUTOMATIC CALIBRATION CIRCUITS
MAIN FRAME (OPTICN 107) (ASSY NO. 102524)
REFERENCE MFG. CODE
NUMBER PART NUMBER TDENT DESCRIPTION

1,09 103209-G2 23207 CAPACITOR, 0.22 uF, 50V

€2,C3 CS13D335K 81349 CAPACITOR, 3.3 uF, 15V

C4- CST3E106K 81349 CAPACITOR, 10 uF, 20V

£5,C8 DM15-102J 81413 CAPACITOR, 1000 PF *5%

6,07 103209-63 23207 CAPACITOR, 0.47 uF, 50V

CR1-CR10,CR12, 1N4009 81349 DIODE

CR14 _

CR1T,CR13 TN759A 81349 DIODE

01,02.,Q7 2N3855A 03508 TRANSISTOR

03,04,05 2N5086 04713 TRANSISTOR

Q6 2N5550 04713 TRANSISTOR

R1,R3,R5,R7,R9, | RCRO7G103J 81349 RESISTOR, CARBON, 10K 59,

R11,R15-R17,R31, 1784

R54,R62 ,R63

R2,R4,R6,R8,R10, | RCRO7G134J 81349 RESISTOR, CARBON, 130K *5%,

R12,R19,R27 1/4W

R13 RCRO7G1614 81349 RESISTOR, CARBON, 100 OHMS
5%, 1744

R14 RCR07G303J 81349 RESISTOR, CARBON, 30K #5%,
1/4W

R18,R25 RCRO7G563J 81349 RESISTOR, CARBON, 56K #5%,
1744

R20,R26,R36 RCRO7G105J 81349 RESISTOR, CARBON, 1M +59%,
1744

R21,R23,R7] RCRO7G512J 81349 RESISTOR, CARBON, 5.1K 5%,
1744

R22 ,R24 RCRO76203J 81349 RESISTOR, CARBON, 20K 5%,

1/44
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REPLACEABLE PARTS LIST

TM-101378A

AT AUTOMATIC CALIBRATIGN CIRCUITS
MAIN FRAME (OPTION 107) (ASSY NO. 102524)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
R28 RCRO7G202J 81349 RESISTOR, CARBON, 2K 5%,
174U
R30 RCRO7G7524 81349 RESISTOR, CARBON, 7.5K *5%,
1/4U
R32,R73 RCRO7G243J 81349 RESISTOR, CARBON, 24K 5%,
1/4W
R33 RCRO7G1834 81349 RESISTOR, CARBON, 18K 59,
1/4u
R34 RCRO76G333J 81349 RESISTOR, CARBON, 33K ¥5%,
1744
R35 RCRO76G273J 81349 RESISTOR, CARBON, 27K 5%,
1744
R37 RCRO7G5144 81349 RESISTOR, CARBON, 510K *5%,
1764
R38 RCRO7G2444 81349 RESISTOR, CARBON, 240K 5%,
1744
R30 RNGOC1243F 81349 RESISTOR PREC., 124K 1%,
1/84
R40 RN60C1003F 81349 RESISTOR PREC., 100K *1%,
1/80
R41,RA2 RN60CA4992F 81349 RESISTOR PREC., 49.9K +1%,
1/84
R43,R44 RCRO7G223J 81349 RESISTOR, CARBON, 22K 5%,
1/4UW
R45 RCRO7G153) 81349 RESISTOR, CARBON, 15K 5%,
1/4W
R46 RN6OCE651F 81349 RESISTOR, PREC., 6.65K *1¢%,
1/84
R47 3386P-1-201 80294 RESISTOR VARIABLE 200 OHMS
R4S RN60CE651F 81349 RESISTOR, 6.65K 1%, 1/8W
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REPLACEABLE PARTS LIST

ATl AUTOMATIC CALIBRATION CIRCUITS
MAIN FRAME (OPTION 107) (ASSY NO. 102524}
REFERENCE MFG. CODE
‘NUMBER PART NUMBER IDENT DESCRIPTION
R4S 3386P-1-104 80294 RESISTOR VARIABLE 100K
R50 RCRO7G3354 81349 RESISTOR CARBON, 3.3M #5%,
1/4W
R51 RCRO7G332J 81349 RESISTOR CARBON, 3.3K 15%,
1/4W
R52 RNBOCEE50F 81349 RESISTOR PREC. 665 OHMS 1%,
1/8W
R53 RN60CT333F 81349 RESISTOR PREC. 133K %1%, 1/8W
R55 RN6OC2001F 81349 RESISTOR PREC. 2K *1%, 1/8W
R56 3386P-1-503 80294 RESISTOR VARIABLE 50K
R57 RN60C2000F 81349 RESISTOR PREC., 200 OHMS %1%,
1/8U
R58 RN60C1821F 81349 RESISTOR PREC., 1.82K *1%,
1/8W
R5G™ RCRO7G102J 81349 RESISTOR CARBON, 1K 5%,
1/4W
R60,R61 RCRO7G565J 81349 RESISTOR CARBON, 5.6M t5%,
1/4W
R64 RCRO7G6814 81349 RESISTOR CARBON, 680 OHMS
TRe . 174U
R65 RCRO7G7544 81349 RESISTOR CARBON, 750K 5%,
1744
RE6 RCRO7G364J 81349 RESISTOR CARBON, 360K t5%,
1/4W
R67 RCRO7G1844 81349 RESISTOR CARBON, 180K *5%,
1/4W
R68 RN60CS092F 81349 RESISTOR, PREC., 90.9K 1%,
1/8W
RES RNE0C7152F 81349 RESISTOR, PREC., 71.5K 11g,

1/8W
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REPLACEABLE PARTS LIST

All AUTOMATIC CALIBRATION CIRCUITS
MAIN FRAME (OPTION 107) (ASSY NO. 102524)
. REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
R70 RN60C3572F 81349 RESISTOR PREC., 35.7K *1%,
1/8W
- R72 RCRG7G221J 81349 RESISTOR CARBON, 220 OHMS
5%, 1/44
R74 RCRO7G2744 81349 RESISTOR CARBON, 270K *5%,
1/4W
u1r,uz LM390GCN 12040 INTEGRATED CKT: QUAD AMPL.
U3 MM74C174P 12040 INTEGRATED CKT: HEX D
FLIP-FLGP
- U4-u6,U8 CD4001TAE 86694 INTEGRATED CKT: QUAD
2-INPUT NOR GATES
u7,u9 CD4047AE 86694 INTEGRATED CKT:
MULTIVIBRATOR
u1o SN72747N 01295 INTEGRATED CKT: DUAL OP-AMP
Jri MM74C174P 12040 HEX D FLIP-FLOP
u12,u13 CDA016AF 86694 INTEGRATED CKT: QUAD

BILATERAL SWITCH
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REPLACEABLE PARTS LIST

MAIN ASSY PLUG-IN MODEL 305-PA-3001
REFERENCE MFG. CODE
... NUMBER PART NUMBER 1DENT DESCRIPTION
11-14 L-28/40RLCW 32539 LAMP AND LENS ASSY
J1,d2 31-102-1050 02660 CONNECTOR, BNC
- J3 SM2SN-T34 81312 CONNECTOR
Pb 5720360 02660 CONNECTOR
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REPLACEABLE PARTS LIST

AT AND A2 INPUT AMPLIFIER
PLUG-IN MODEL 305-PA-3001 {ASSY NO. 102616)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
C1,Ch 103213-G2 23207 CAPACITOR, VARIABLE:
2.5 T0 11 PF
' €2,C19 CY0eC200J 16299 CAPACITOR, 20 PF *5%
) c7 103213-G4 23207 CAPACITOR, VARIABLE:
7 10 25 PF
C9 CY06C2413 81349 CAPACITOR, 240 PF 15%
1 £yosca4zy 81349 CAPACITOR, 2400 PF 15%
Ci2 - 192P10392 80183 . CAPACITOR, 0.01 uF *10%
€13,C14,C16 CS13F476K 81349 CAPACITOR, 47 uF, 35V
€15 €513D226K 81349 CAPACITOR, 22 uF, 15V
17,018 AF10 | 18736 CAPACITOR, VARIABLE:
: 1-10 PF
CRY,CR2 101345 23207 RIODE
CR3 IN758A 81349 DIODE, ZENER
CR4 IN75GA 81349 DIODE, ZENER
CR5,CRe 1N4009 81349 DIODE
K1 thru K6 MRRNIA-24V 78290 RELAY, SPST, 24V
Q1 101396 23207 TRANSISTOR
Q2 101397 23207 TRANSISTOR
Q3 101398 23207 TRANSISTOR
R1 RN65C1004F 81349 RESISTOR, PRECISION: 1 MEG,
%, 1/4W
R2 103221-G7 23207 RE;ISTOR, PRECISION, 909K,
= Y R3 RCRG7G5664 81349 RESISTOR CARBON, 56 MEG,
L 1/44W, 5%
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REPLACEABLE PARTS LIST

AT AND AZ

PLUG-IN MODEL 205-PA-3001

INPUT AMPLIFIER
[ASSY NO. 102616}

~REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
R4 RNEOCT003F 81349 RESISTOR PRECISION 100K,
1/8W, 1%
RS 103221-G8 23207 RESISTOR PRECISION 1 MEG,
1%
R7 RN6GC1002F 81349 RESISTOR PRECISION 10K,
1/84%, 1%
R8 RCRO7G4714 81349 RESISTOR CARBON, 470 OHMS,
1/4W, 5%
R9,R10 RCRO7G562J 81349 RESISTOR CARBON, 5.86K,
1/4W, 5%
R11,R12,R19 RCRO76221d 81349 . RESISTOR CARBON, 220 OHMS,
1/4W, 5%
R13 RCRO7G1034J 81349 RESISTOR CARBON, TOK, 1/4W,
5%
R14 RCRO7G133J 81349 RESISTOR CARBON, 13K, 1/4W,
e 5%
R15 RCRO7G1074 81349 RESISTOR CARBON, 100 MEG,
1/44, 5%
R16 RCRO7G5114J 81349 RESISTOR CARBON, 510 OHMS,
1/4W, 5%
R17 3386P-502 80294 RESISTOR VARIABLE 5K
R18 RCRO7G753J 81349 RESISTOR CARBON, 75K, 1/4HW,
5%
R20 RCR0O763024J 81349 RESISTOR CARBON, 3K, 1/4M,
5%
R21 RCRO7GZ22J 81349 RESISTOR CARBON, Z2.2K,
1/44, 5%
R22 RCRO7G201d 81349 RESISTOR CARBON, 200 OHMS,
1744, 5%
RZ23 RCRO7G113d 81349 RESISTOR CARBON, 11K, 1/4W,

5%
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REPLACEABLE PARTS LIST

TM-101378A

Al AND A2 INPUT AMPLIFIER
PLUG-IN MODEL 305-PA-3001 (ASSY NO. 102616)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
RZ24 RCRO7G5124 81349 RESISTOR CARBON, 5.1K,
1/4W, 5%
R25 RCRO7G826J 81349 RESISTOR CARBON, 82 MEG,
1/44, 5%
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REPLACEABLE PARTS LIST

A3 AND A4 AUTO LEVEL BOARD
PLUG-IN MODEL 305-PA-300) (ASSY NO. 101359)
REFERENCE MFG. CODE
“NUMBER PART NUMBER IDENT DESCRIPTION
C1,02 TE1209 05023 CAPACITOR, 50 uF, 25V
£3,05,C10 TE-1155 80183 CAPACITOR, 10 uF, 15V
4 DM10-3304 81413 CAPACITOR, 33 PF, 500V
C6 TE-1160 80183 CAPACITOR, 50 uF, 15V
€7,C9 T6S-50 80183 CAPACITOR, 0.05 uF, 100V
8 TE-1162 80183 CAPACITOR, 100 uF, 15V
CR1-CRS,CR10, TNAQ09.. - 81349 DIODE
CR12-CR15 “
CRY 1N967B 81349 DIODE, ZENER
CR11 1N965R 81349 DIODE, ZENER
NOTE: UNLESS OTHERWISE
SPECIFIED, ALL RESISTORS
ARE 15%, 1/4W
8T, R2,R4 RCRO7G181J 81349 RESISTOR, 180 OHMS
R3,R5,R14,R55, RCRO7G393J 81349 RESISTOR, 39K
R56
R6,R13 RCRO76G243J 81349 RESISTOR, 24K
R7 RCRO76392J 81349 RESISTOR, 3.9K
R8,R10,R17, RCRO76G512J 81349 RESISTOR, 5.1K
R31-R34
RQ,R37 RCRO7G133J 81349 RESISTOR, 13K
R12,R54 RCRO76333J 81349 RESISTOR, 33K
R15-R18,R36,R38,]  RCRO7G912J 81349 RESISTOR, 9.1K
R58,R59
R19-R22 RCRO7G123d 81349 RESISTOR, 12K
R23-R26,R47 RCRO7G303J 81349 RESISTOR, 30K
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REPLACEABLE PARTS LIST

A3 AND A4 AUTO LEVEL BOARD

PLUG-IN MODEL 305-PA-3001 (ASSY NO. 101359)

REFERENCE _ MFG. CODE

NUMBER PART NUMBER IDENT DESCRIPTICGN
R28,R29 RCRO7G4324 81349 RESISTOR, 4.3K
R35 RCRO7G433J 81349 RESISTOR, 43K
R39,R53 RCRO7G223J 81349 RESISTOR, 22K
P40 RCRO7G151d 81349 RESISTOR, 150 OHMS
R41,R49 RCRO7G513J 81349 RESISTOR, 51K
R4z RCRO7G1044 81349 RESISTOR, 100K
R43,R44 RCRO7G1024 81349 RESISTOR, 1K
R45,R48 RCRO7G621J 81349 RESISTOR, 620 OHMS
R46 RCRO7G3023 81349 RESISTOR, 3K
R51 RCRO7G103J 81349 RESISTOR, 10K
R52 RCRO7G9114J 81349 RESISTOR, 910 OHMS
RE57 RCRO7G4754 81349 RESISTOR, 4.7 MEG
R60 RCRO7G106J 81349 RESISTGR, 10 MEG
R61,R62 RCRO7G4704 81349 RESISTOR, 47 OHMS
R63,R64 RCRO7G1134 81349 RESISTOR, 11K
R65,R66 RCRO7G272J 01121 RESISTOR, 2.7K
R&7 3386W-1~104 80294 RESISTOR, VARIABLE, 100K
Q1,02,03 ZN4126 04713 TRANSISTOR
Q4-Q9 2N3855A 03508 TRANSISTCR
Q10 2N4126 04713 TRANSISTOR
Q11,412 ZN3638 07263 TRANSISTOR
ut,uz SN727414 01295 INTEGRATED CKT. OP. AMP.
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REPLACEABLE PARTS LIST

A5 COMPARATOR (ASSY NO. 102620)
PLUG-IN MODELS 305-PA-3001 AND 305 PA-3002
REFERENCE MEG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
€1,C2,C17,C18 £S138277K 81349 CAPACITOR, 270 uF, 6V
€3,C4,C5,C19-C21 | 103209-G2 23207 CAPACITOR, 0.22 uF
C6,C7 DM15----J 81413 SELECT AT TEST
€8 DM15-331F 81413 CAPACITOR, 330 PF, 1%
9,C25 192P5629R8 80183 CAPACITOR, 0.0056 uF
C11,612,627,C28 DM15-010D 81413 CAPACITOR, 1 PF
13 DM15----J 81413 SELECT AT TEST
€14,C30 DM15-360J 81413 CAPACITOR, 36 PF
15,31 DM15-470J 81413 CAPACITOR, 47 PF
€22,023 SELECT AT TEST
C24 DM15-3014J 81413 CAPACITOR, 300PF
c297" DM15----J 81413 SELECT AT TEST
32 DM15----J 81413 SELECT AT TEST
CR1,CR4 IN751A 81349 DIODE, ZENER
CR2,CR3,CR5,CR6 TN759A 81349 DIODE, ZENER
R 3386W-1-101 80924 RESISTOR, VARIABLE, 100 OHMS
R2,R3,R6,R21, RCR0O7G&21J 81349 RESISTOR, CARBON, 820 OHMS
R22,R25 Isg, 1/4u
R4,R5 RCRO7G--~~J 81349 SELECT AT TEST
R8,R27 3386W-1-504 80924 RESISTOR, VARIABLE, 500K
R9 RCRO7G~=-J SELECT AT TEST
R10,R29 RCRO7G274J 81349 RESISTOR, 270K *5%, 1/4W
R11,R30 RCRO7G514d 81349 RESISTOR, 510K ¥5%, 1/4W
R12,R31 RCR0O7G274J 81349 RESISTOR, 270K ¥5%, 1/4W
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REPLACEABLE PARYS LIST

TM-101378A

A5

COMPARATOR (ASSY NO. 102620)

PLUG-leMUdéLS 305-PA~3001 AND 305-PA-3002

REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION

R13 SELECT AT TEST

R14,R33 RCRO7G204J 81349 RESISTOR, CARBON, 200K £5%,
174

R15,R16,R34,R35 RCRO7G104J 81349 RESISTOR, CARBON, 100K,
/40, 5%

R17,R18 RCRO7G-~-J 81349 SELECT AT TEST

R19,R38 3386W-1-204 80924 RESISTOR, VARIABLE, 200K

R20 3386W-1-101 80924 RESISTOR, VARIABLE, 100 OHMS

R23,R24,R28 RCRO7G--~J 81349 SELECT AT TEST

R32,R36,R37

R26 . RCRO7G---J 81349 SELECT AT TEST

R39,R40 RCR0O7G2054 81349 RESISTOR, 2 MEG, 1/4W, 5%

R4T RCR0O7G8244 81349 RESISTOR, 820K, 1/4W, 5%

R42 RCRO76155J 81349 RESISTOR, 1.5 MEG, 1/4W, 5%

ut,uUs 102624 23207 INTEGRATED CKT.

U2,u4 102625 23207 INTEGRATED CKT.
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REPLACEABLE PARTS LIST

MAIN ASSY PLUG-IN MODEL 305-PA-3002

.. REFERENCE MFG. CODE
" NUMBER PART NUMBER TDENT DESCRIPTION
31,92 31-102-1050 02660 CONNECTOR, BNC
J3 SM2SN-734 81312 CONNECTOR

1-p6 57-20360 02660 CONNECTOR

[rr—
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Al & A2 INPUT AMPLIFIER
PLUG-IN MODEL 305-PA-3002 (ASSY NO. 102841)
REFERENCE MFG. CODE
NUMBER PART NUMBER IDENT DESCRIPTION
¢/ 103213-G4 23207 CAPACITOR, VARIABLE, 7-25PF
ciz 192P10392 80183 CAPACITOR, 0.01 uF
C14,016 CS13F476XK 81349 CAPACITOR, 47 uF, 35V
Cl5 £S13D226K 81349 CAPACITOR, 22 uF, 15V
CR1,CR2 1071345 23207 DIODE
CR3 IN758A 81349 DIODE, ZENER
CR4 TN753A 81349 DIODE, ZENER
CR5,CRo 1H4009 81349 DIOBE
Qi 101396 23207 TRANSISTOR
Q2 101397 23207 TRANSISTOR
Q3 101398 23207 TRANSISTOR
R1 RN65CT004F 81349 RESISTOR PRECISION, T MEG,
1/74W, 1%
R8 RCRO7G4714 81349 RESISTOR, CARBON, 470 OHMS,
1/44, 5%
R9,R10 RCRO7G5624 81349 RESISTOR, CARBON, 5.6K,
1/4W, 5%
R12,R19 RCRO7G221J 81349 RESISTOR, CARBON, 220 OHMS,
/40, 5%
R13 RCRO7G103J 81349 RESISTOR, CARBON, 10K, 1/44,
5%
R14 RCRO7G1334 81349 RESISTOR, CARBON, 13K, 1/4W,
5%
R15 RCRO7G1G74 81349 RESISTOR, CARBON, 100 MEG,
1/4W, 5%
R16 RCRO7G511J 81349 RESISTOR, CARBON, 510 OHMS,
1/44, 5%

7-43




T™-101378A

REPLACEABLE PARTS LIST

AT & A2 INPUT AMPLIFIER
PLUG-IN MODEL 305-PA-~3002 (ASSY NO. 102841)
. REFERENCE MFG. CODE
NUMBER PART NUMBER TDENT DESCRIPTION
R17 3386P-1-502 80924 RESISTOR, VARIABLE, 5K
R18 RCRO7G7530 81349 RESISTOR, CARBON, 75K,
2 1/44, 5%
R20 RCRO76302J 81349 RESISTOR, CARBON, 3K,
1/84, 54
R21 RCRO762220 81349 RESISTOR, CARBON, 2.2K,
| 1740, 5%
R22 RCRO7G20TJ 81349 'RESISTOR, CARBON, 200 OHMS,
178U, 54
R23 RCRO761734 81349 RESISTOR, CARBON, 11K,
1744, 5%
R24 RCRO7G512J 81349 RESISTOR, CARBON, 5.1K,
/44, 5%
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SECTION VIII

AVAILABLE OPTIONS

3-1. GENERAL

8-2, This section covers the various optional configurations
available with the Phasemeter Series 305. The following infor-
mation defines each option and, together with the information in
the preceeding sSections, explains their operation.

5-3. OPTION 101

B4, Option 101 provides rear BNC connectors for both SIGNAL
and REFERENCE inputs. These rear inputs are wirved in parallel
with existing front panel inputs. This option may only be used
with plug-in units which also contain Option 101, It cannot hbe
used with Plug-in Models 305-PA-3005 or 305--PA-3008.

85, The installation of Option 101 adds approximately

100 pf to the 40 pf input capacity typical of unmodified units.

Note that this may causge difficulty if standard oscilloscope
e probes are used with a phasemeter/plug-in combination having

Option 101,




TAM-101378A

8-6. OPTION 102

8-7. The foilowing paragraphs describe the differences
between the Series 305 units with Option 102 and the standard
Series 305 units. Information in these paragraphs supersedes

ce+that contained in the previous sections of this manual.

8-8. Option 102 units have provision for full remote control
of ail main frame operating controls. This control includes
all front panel switches except the power switch. Control is
also provided over the following functions which the Series 305
-~ units normally perform automatically: frequency range selection
and output time constant selection. Control over the normally
automated functions is provided to allow a reduction in the time
reguired to perform a measurement.

8-9, A switch is provided on the unit rear panel for
selection of either REMOTE or LOCAL operation. When the switch
is in the LOCAL position, the unit functions as.an unmodified
Series 305, Front panel controls are operative and other re-
gquired functions are automated. When the switech is in the
REMOTE position, front panel controls and internal automation

are disabled, while the control inputs on connector J3 are
enabled. The unit will not function in REMOTE unless control
signals are provided for all necessary functions, as detailed in
table 8-2. When the unit is switched to REMOTE operation, an
indicator lamp labeled R is illuminated on the front panel.

8-10, REMOTE Operation.

8-11. Connect control leads to pins 12 through 22 on con-
nector J3. Pin J3-10 provides ground return for the control in-
puts, Details of connector J3 pin functions are provided in
table 8-1.

8-12, Control input information may take either of two Fforms:
switch closures to ground or TTL/DTL logic outputs. The currents
drawn are in the order of 1 milliampere for either condition.
When switch closures to ground are to be used, a closed switch
represents a logical-0 while an open switch represents a
logical-1. For drive from TTL or DTL logic circuits, the
following input levels are required:

a., Logical-0: 0 to +0.8 volts dc.
b. Logical-1l: +2.5 to +5 volts de.

8-13. Table 8-2 provides the logic inputs required to control
all aspects of the phasemeter operation.
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Table 8-1. CONNECTOR J3 PIN FUNCTIONS TOR
UNITS WITH OPTION 102

v Pin Designation Function
J3~-1 N.C.
Ja-2 N.C.
J3-3 N.C.
- J3-4 Null Output (s05D only)
J3~5 Analog Ckt. Gnd
J3-6 Panel Readout Input
J3~7 Analog Output, §3;222a1
-1.80 to +3.60 VDC
J3-8 Corrected Analog Output (Option 107 only)
J3~9 Gnd (Zero) for Meas (Option 107 only)
J3-~10 Digital Ckt. Gnd.
J3-11 N.C.
J3-12 Cal. High} Calibration
J3-13 Cal, Low
J3~14 0 +180° @ Range
J3-15 0 2360° }’ Selection
J3-16 Inhibit ™
J3-17 g Time Frequency
J3-18 Selection L Range
J3-19 | Selection
J3-20 7 Output
J3-21 > Time Constant
J3-22 Selection b
J3-23 Gnd (Zero) for F.S. (Option 107 only)
J3-24 Remote Zero (Option 105 only)
J3-25 N.C.
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OPERATION OF CONTROL CIRCUITS
(CONNECTOR J3, PINS 12 7O 22)

Table 8-2,

1. CALIBRATION CHECK

Connector Cal Cal
J3 Measure High Low
Pin 12 0 1 0
Pin 13 0 O i
2. PHASE RANGE SELECTION
Connector 0 +180° 0 +360°
J3 Range Range Automatic
Pin 14 1 0 1
Pin 15 0 1 1
3. FREQUENCY RANGE SELECTION
Connector 5 to 50 to 0.5 to 3 to 50 to
J3 50 Hz 500 Hz 5 kHz 50 kH=z 500 kHz
Pins 16
and 20 0 1 i 1 1
APins 17 '
land 21 0 ] 1 1 1
Pins 18
and 22 0 0 0 1 1
Pin 19 ‘ 0 0
4. TIME CONSTANT CONTROL
NOTE

If output time constant selection is
desired independent of inhibit time
setting requirements, drive pins 16,17,
18 and 19 as in Step 3 above and set

time constant using pins 20, 21, and 22
as follows:

Connector |

J3 700 ms 350 ms 50 ms 10 ms

Pin 20 O 1 1 1

Pin 21 0 0 1 1 :
Pin 22 0 8] O 1 L

o
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8-14, Calibration Check. A calibration check is obtained by
using pins 12 and 13 on connector J3. When pin 12 is "1" and
pin 13 is "0, the phasemeter will indicate the highest point on
the phase range in use (+180¢ or +360°), For pin 12 0" and

pin 13 "1", the phasemeter will indicate the lowest point on the
phase range in use (-180° or 0°) . When pins 12 and 13 are both
returned to the 0" state, normal measurement resumes,

8-15. Phase Range Selection, The desired phase range is
selected by using pins 14 and 15 on connector J3. A logical "1"
at pin 14 with a "0" at 15 will select the 0 £180° range while

a logical "O0" at pin 14 with a 1" at pin 15 will select the
0/+360° range. Note that erroneous results will be obtained if
the angle to be measured is near either end of the phase range
selected for the measurement. If sufficient information is not
available to select the correct range, logical "1" may be applied
to both pins 14 and 15. This will allow the Series 305 Phase-
meter to automatically select an appropriate range.

8~-16. Frequency Range Selection. The Series 305 Phasemeters
require frequency range switching 1n decade ranges. When
operated in the REMOTE mode, internal frequency sensors are dis-
abled, and this information must be provided in accordance with
the code given by step 3 in table 8-2, This frequency range in-
formation controls inhibit times required for operation and '
adjusts the time constant of the analog output for a speed
commensurate with low ripple.

8-17. Time Constant Control. If time constant control is
desired independent of the frequency range setting required,
selection is accomplished according to the code given by step 4
of table 8-2., Note that use of a time constant shorter than
rormal for any frequency will cause an increase in the ripple on
the analog output. This ripple is a function of phase angle with
maximums at +90° and minimums at 0° and 180°. When using a
shortened time constant, it is advisable to apply a 90° angle to
the Series 305 Phasemeter at the lowest intended frequency of use.
The ripple on the analog output may then be measured at its
maximum value, and a determination of its effects on the readout
device may be made,
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8~18. ADDITIONAL OPERATING CONTROL IHFORMATION FOR
REMOTE OPERATION OF AUTCMATIC CALIBRATOR WHEN
OPTION 107 IS USED.

8~19. Table 8~3 provides the programming information
.. hecessary to remotely initiate automatic zero and full scale
calibration sequences.

Table 8-3. AUTOMATIC CALIBRATION

Connector AUTO AUTO
J3 Measure CAL O CAL F.S.

Pin 9 0 1 1

Pin 23 1 1 0

For all normal measurements, the "Measure'" setting should be
maintained. When it is desired to perform an automatic cali-
bration (not simply a calibration check which is described in
Section 1 of Table B-2, the following sequence of commands must
be given:

a. Command "0/360° Range"

b. Command '""Cal Low"

¢. Command "10 ms time constant"
d. Command '"Auto CAL Q"

e. Wait 10 or more seconds

f. Command "Cal High"

g. Command "Auto CAL F.S."

h. Wait 10 or more seconds

i. Return to normal use

Refer to paragraph 8-31 for additional information on the use
of Option 107,

8-20. Diagrams. Figures 8-2 and 8-3 are schematic and
assembly drawings showing the remote control circuits used in
Option 102. They are included in this manual to assist in
maintenance of the remote control circuits if required. Note
that maintenance of these circuits is normally not required.

Note

Figure 8~1 shows the interconnections of
Option 102.
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B-27 OPTION 103

.t

Bw29, Opticen 103 added to any of the Dranetw Series 305
Phasemeter main frames provides for a faster output response,
This feature allows faster tracking of phase angle changes.

=~ 8-33, Characteristics

8-24. The following is a comparison of typical output re-
sponse times between a standard Series 305 Phasemeter and a
Series 305 with Option 103:

RESPONSE TIME FOR 99%
OF STEP CHANGE OF INPUT ANGLE
Standard Series 305 with
Frequency Range Series 305 Option 103
5 to 50 Hz 3.2 seconds 1 second
50 to 500 H=z 1.6 seconds : 100 ms
8.5 to 5,0 kHz 230 ms 10 ms
53 to 500 kH=z 46 ms 1 ms
8-25. Output ripple is not increased by this modification. '

The increased speed is achieved by using a 3-pole underdamped
output filter rather than the standard single pole type. The
addition of two extra poles to the filter design may slightly

~ decrease time and temperature stablllty Typical values for
these characteristics are, #0.1° per month and #*.01° per °C,
for units having Option 103.

8-286, Circuit Differences - Option 103 is added to a standard
Series 305 Phasemeter by removal of Card 5, Assembly No. 162 516
and installation in its place Card 5 Assembly No, 102,201, and
removal of Card 7, Assembly No. 102520 and 1nsta11at10n in its
place Card 7, Assembly No. 101670. (See figures 8-4 through 8-7
for schematlcs and assembly drawings, respectively.)

8-27. Maintenance - Paragraph 3-5 of this instruction manual
refers to coarse zero and coarse gain adjustments on card 5
(paragraph 5~31). Potentiometer RI18 is the coarse zero adjust—-
ment and R24 is the coarse gain adjustment. These potentiometers
may be located by reference to figure 8-5. A schematic diagram
(figure 8-4) is also supplied for repair purposes.
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8-28. OPTION 105

8~29. Option 105 provides for remote zero adjustment by
application of a voltage input to pin 24 of the MAIN FRAME con-
nector J3. This feature may be used to remotely correct a ZERO
CAL reading; or, preferably to make a zero correction with

in~phase inputs applied as nearly as possible simulating
conditions of use.

8--30. Application of +1 volt dc will provide an offset of
-1 #0.2 degrees while application of -1 volt dc will provide an
offset of +1 30.2 degrees. Note that the phase offset polarity
is opposite to that of the applied voltage.

8--31. OPTION 107

8-32. Option 107 provides automatic calibration of the
digital readout and outputs of 300 Series phasemeters using

5 digit displays (0.01° resolution). When measuring phase to
accuracies greater than #0.1°, small time and temperature drifts
in a digital panel meter become very significant. Option 107,

by going through a calibration sequence, removes the errors due
to various drifts as often as desired. The complete Zero and
Full Scale calibration sequence requires approximately 16 seconds.

8-33. Characteristics - Through the use of a 3-position front
panel toggle switch, Option 107 calibrates Zero and Full Scale
points with a worst case accuracy of Z0.02 degrees.

8-34. Operation - Except for simplified calibration,

Option 107 does not change the operating characteristics of the
305 series phasemeters. The user, however, must perform the
automatic calibration sequence detailed in paragraph 2-12 at
least once after turning on the instrument. To obtain maximum
benefit from this feature, the automatic calibration should

be performed immediately prior to each set of measurements taken.

8-15
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835, Circuit Differences - Option 107 consists of circuitry
(Card 11) added between the phasemeter's analog output and the
input to the digital panel meter (DPM). The two calibration
switches formerly used on the front panel are replaced by a

. 8ingle Automatic Calibrator switch. Since this circuit intro-
duces corrections into the DPM input by reading the BCD outputs,
calibration is performed only on the front panel meter readout
and on the BCD outputs. The analog output is not affected by
this calibration.

8-36. Maintenance ~ No routine maintenance on Option 107
(Card 11) is required. If the unit does not function to speci-
fied (+0.02°) accuracy, it should be adjusted in accordance with
the procedure on paragraph 6~9. If it remains out of spec.
after adjustment, repair is required. A schematic diagram
(figure 8-9) and an assembly drawing (figure 8-10) are included
to aid in repair. Figure 8~8 shows the interconnection diagram
for Option 107.
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ENGINEERING LABORATORIES, INC.

WORLDWIDE LEADERSHIP IN PRECISION
IMPEDANCEIPHASEIPOWER INSTRUMENTS

ERIES 305 RIMANGE PHASE AND PHASE/GAIN

Designed for the calibration laboratory, the design engineer's
bench, the production line, and automatic test systems, the
306 is the most widely sccepted pF .semeter in industrial and
governmental organizations,

AVAILABLE 305-PA-(  } PLUG-INS

» HIGHEST ACCURACY - 10 0.03° ~3001 - LEVEL AUTORANGING
* NOISE iMMUNITY —3002 - SINGLE RANGE
- * NON-AMBIGUOUS ANGLE READINGS —3005 -- HIGH FREQUENCY {to 11 MHaz}
* INSENSITIVE TG LEVEL CHANGES ~3007 - PROGRAMMABLE & AUTCRANGING
* AUTOCALIBRATE ON COMMAND = 3008 - SINGLE FREQUENCY (50, 60, 400 Ha}
* 2Hz 10 11 MHz FREQUENCY RANGE -3009 -- GAIN/PHASE/AMPLITUDE
* DIGITAL READOUT 3010 - SPECIAL PURPOSE
* AUTOMATIC /PROGRAMMABLE ) —3015 - PROGRAMMABLE FILTERS

FOR FULL INFORMATION AND DETAILED SPECIFICATIONS WRITE FOR CATALOG H
ALSO ASK FOR BULLETIN 331 WHICH DESCRIBES OUR
SERIES 331 HI ACCURACY ECONOMY PHASEMETERS

SERiE 31 POWER SYSTEM PHASEMETER

Digita! Readout — 0,1° Resolution
Accuracy *08°
Portabyle
Complete input fsolation
Harmonic Immunity
tndependent of Input Levels
Operates at Low Substation
Start-up Levels
Universal Current-Voltage
Inputs, V-V, 1., V-1

LN BE BN O AN

Accurate, precise, and rapid phase measurement is an essential
technique in the setup, operation, and maintenance of modern
power systems. With the Model 314, virtually ali of the

- limitations and error sources of electromechanical phase
APPLICATIONS meters have been removed, and the overall accuracy of this
¢ Testing and Adjustment of Protective Relays class of phase measurements has been increased by more
* Measuring, Power Factor than a full order of magnitude, The direct-reading digital
» Testing Polyphase Balance presentation of phase, to 0.1° resolution, requires no inter-
¢ Determining Power Fiow in interconnected Systems
-
»

Minimizing Circulating Reactive Gurrents pretlation or interpolation, and is not subject 1o reading
Synchronizing Muttiple Sources errors or parallax.

FOR FULL INFORMATION AND DETAILED SPECIFICATIONS WRITE FOR BULLETIN 314,

EERIES 325 POWER SYSTEM POLYMETER

FEATURES
*  Field Portable *  Simultaneous measurement and dis-
*  Laboratory Accuracy play of two selectable paramezers

Displays continuous, triggered, or max-
imum readings

*  Large Digitsl Display

The Series 325 is specifically designed for measuring key parameters in electric
power systems. Simultaneous measurement combinations of voliage, current,
time, and frequency are easily made. Readings may be token on a continuous
basis, or the meter may be triggered to “freeze’ readings at a specific time. Time
may be measured either in seconds of cycles of the power line frequency. Timing
and trigger imputs may be actuated from type A or B dry contacts, ar by AC or
OC voltages. Special circuits assure positive triggering on first contact {thereby
eliminating problem of contact “bounce”) and prevent simuitaneous start/stop
conditions. Options and adapters are available for DC current, DC voltage, fast
frequency measurement, fow pass filters, and BCD outputs.

FOR FULL INFORMATION AND DETAILED SPECIFICATIONS WRITE FOR BULLETIN 325,

ENGINEERING LABORATORIES INCORPORATED TEL: (201} 755-7080
DRAN eETZ ) 2385 5. CLINTON AVENUE, SOUTH PLAINFIELD, NEW JERSEY 07080 TWX: 710-997-9553
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Worldwide Leadership in
. High Speed Precision AC Instrumentation

SERIES 606 .-

DISTURBANCES MEASURED

FEATURES
$  Transient Impulse (0.5 - 800usec.) ® Precise Time Correlation
®  SagfSurge linstantaneous cycle-to-cycle & Audible Alarm
RMS variations) ® Battery Carry-over
®  Slow-Averaged Steacly-State RMS Varigtions € Prints only upon disturbance
e Under/Over Frequency {optionall ®  Automatic Daily Summary
2 Power interruptions *  Aishanumeric Printout
® No interpretation required
® Partable (16 ibs.}

The 606 is designed specifically for monitoring power lines (singie or three phase}
connected to fine-sensitive electronic equipment. Using & microprocessor and an
alphanumeric printer, the 606 ciassifies each disturbance into IMPULSE, SAG/
SURGE, or SLOW AVG change. When preset thresholds are exceeded, the instru-
ment prints out time, classification, channel, magnitude, and duration. Data is
also accumulated for end-of-day printout. Since the insttument prints only when
a threshold is exceeded, no paper is wasted. The printed record is an easy-to-read
list of disturbance events that can total more than 36,000 within each 24 hour

time period,

FOR FULL INFORMATION AND DETAILED SPECIFICATIONS WRITE FOR BULLETIN 606.

SERIES 616 DC-AC VOLTAGE DISTURBANCE ANALYZER

eisolated inputs for simultaneously monitoring
AC and DC voltages

o Ultra-high sensitivity for detecting disturbances
in DC voltage

ePerfect for pinpointing the effects of AC input
line disturbances on the DC outputs of power
supplies in computers, digital communications
equipment, and medical instrumentation.

The Series 616 is a highly portable easy-to-connect anatyzer for re-
cording voltage disturbances on three channels: one AC channel
{40-350 VRMS, 45-65 Hz) and two DC chanrels {4.50 VDC,
independent of polarity). As in the Series 606 {described abovel,
{MPULSES, SAGS and SURGES, and SLOW AVERAGE wriations
are convenijently recorded, when they occur, in an easy-to-interpret
alphanumeric printout. The Series 616, with considerably higher
disturbance sensitivity orn the DC channels than the 606, is
speciatly adapted for a wide range of DC monitoring appiications.
Two models, the Model 618A and the Modet 6168, are availabie
for voltage ranges of 4 to 25 VDC or 8 to 50 VDC.

FOR FULL INFORMATION AND DETAILED SPECIFICATIONS WRITE FOR BULLETIN 616

FREE TECHNICAL ARTICLES

Prepared by the Engineering Depariment of Dranetz Engineering Laboratories

TM-102,081
TP102,980
T#102,981

TP-102,982

TP-102,983
TP-102,984
TP-102.985
TP-102,586
TP.102,987
TP.102,988
TP-102,988
TP-102,991
TP-102,992

Measurement of Power Factor in Single-Phase and Three-Phase
Systerns Using Phasemeter Technigues (17 page techmical paper).
Phaserneter Specs Can Fool You (6 page reprint from Electronic
Pasign, November 22, 1976),

Appli;:arion Notes for Sampling Log Voltmeter (10 page technical
paper).

Analysis of Electroacoustic Transducers by Differential Admittance
Technigues {5 page reprint from Journal of Acoustical Society of
America, August, 1966},

Hecording Impedance & Admittance of Transducers wnder High
Power (6 page reprint from Electronic Products, May, 1965).
Application Handbook of Precision Phase Measurement (28 page
publication).

Advantages of Phase-Angle Measuremmert by Digital Techniques {7
page technical paper}.

Power Line Monitoring & Transient Analysis (19 page technical paperi.
Power Monitoring - it Can Help Cure Your Repair/Replacement
Problems {2 page reprint from Maintenance Engineering, January,
19786},

Tracking Down and Identifying Power iine Aberrations {4 page
reprint trom Mini-Micro Systems, July, 1976).

Incoming inspection for AC Power {6 page reprint from Design News,
Degermnber 20, 1976),

When & How to Aulomate Phase Instrumentation {13 page tech-
nical paper}.

Trip-point Testing of Overcurrent, Qvervoliage and Impedance Relays
{4 page technical paper).

FOR INFORMATION AND A
DEMONSTRATION
CONTACT THE MAIN OFFICE

OR YOUR LOCAL DRANETZ REPRESENTATIVE

DRANETZ }

ENGINEERING LABORATORIES INCORPORATED
2385 S. CLINTON AVENUE, SOUTH PLAINFIELD, NEW JERSEY 07080 TWX: 710-897.9553

TEL: {201) 765-7080
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..

NOTE: THIS COMPLETED FORM MUST ACCOMPANY RETURNED EQUIPMENT -
CUSTOMER SHIPPING & BILLING INFORMATION |

CUSTOMER PG # P.O.DATE

SHIPTO: INVOICE TO:

"~ In Cuntinental 1. S., material will be returned by Dranetz to you by UPS, UPS Blue or other carrier
chosen by Dranetz unless otherwise designated.

EQUIPMENT BEING RETURNED

Date of Original Purchase: Original P. O. #
Model No. S/N
Model No. S/N
_ Aricillary equipment also being returned (If you neclect this, these items may not be returned to you}.
ﬂ Power & Other Cables — | ] Instr.Book
L] Plug-ins (incl. S$/N) [ ] Connectors
[_lotner

RETURN AUTHORIZATION

_Have you discussed the problem with Dranetz Dranetz Return Authorization #
Sales or Service personnel? By -
. ) Y
' so, with whom Date:

Whom should the Dranetz Customer Service Dept. contact for technical questions?

{ )
NAME (Print) DEPARTMENT TELEPHONE

DESCRIPTION OF PROBLEM

(SNOLE.UQ&!.LS!"\H d04 QIS HaHLO 338 INVIHOdNI

Piease be detailed, explicit and complete. Include test data, if this helps to describe the problem.
IMPORTANT : Repairs cannot be made unless this section is completely filled oui.
(Attach added sheets if necessary)

CHECK WHERE APPLICABLE: IS MALFUNCTION RELATED TO:  Warmup[_| Temperature | |
Intermittency D Mechanical Handling D Visual Defects D Grounding D Test Data Attached D

HNITIATOR OF THES ORDER

NAME/TITLE SIGNATURE TELEPHONE
(SEE OTHER SIDE FOR INSTRUCTIONS) ‘\

IMPORTANT (ENCLOSE THIS ENTIRE FORM WITH EQUIPMENT)
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INSTRUCTIONS FOR REPAIR ORDER — DRANETZ ENGINEERING LABS.

IMPORTANT: FOLLOW INSTRUCTIONS & USE THIS FORM. IT ISDESIGNED TO HELP US HELP YOU.

1. BRefore returning equipment to our factary, call our Customer Service Department, Tel: (201) 755-7080.
Gaive the maodel No., serial number, and information on the problem.

A, Qur specialists may be able to solve yeur problem rapidly without equipment return.

B. If equipment return is needed, you will be supplied with appropriate instructions and authorization
nformation to expidite the service.

2. f return is to be made,
A.  Fili out the other side of this form COMPLETELY.

B. Enclose original of form INSIDE the shipping carton, preferably attached by masking tape o the
gquipment.

C. VShig prépa_ﬁd (including insurance); we will return prepaid unless otherwise advised by you.
' D "lril\/E&POR[ﬁM -PACK PROPERLY! SHIPPING DAMAGE WILL BE CHARGED TO YOU!
NOTE: |
Statement of \N_arr-anty‘&-‘ Ail"prstCts of Dranetz Eng. Labs., Inc. are warranted to the original purchaser against
defective ‘material: and woikmanship for a period of one year from the date of delivery. Dranetz will repair or

repia‘ce!- at its option, all defective equipment returned to it, freight prepaid, during the warrantee period, without
charge, provided there is no evidence that the equipment has been mishandled or abused.

FILL OUT OPPOSITE SIDE OF THIS FORM AND RETURN WITH EQUIPMENT.

INSTRUCTIONS FOR REPAIR ORDER — DRANETZ ENGINEERING LABS,



