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MANUAL ADDENDUM

MODEL 815T-50-0. 1-1

The Model 815T-50-0, 1-1 provides a single phase 50 Hz £0. 1%

output to drive a California Instruments Solid State Invertron®

See the frequency determining parts list for component values

which cha.ﬁgc with operating frequency.
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SPECIFICATIONS

All specifications are tested in accordance with standard California Instruments
test procedures, All specifications apply over the frequency range from 45z
to 10KHz. Consult the manual addendum for the actual oscillator output frequency.

MODEL

NUMBER: 815T-Freq-.1-1 815T-Freqg-.1-3*% 8l5T-Freq-.1-2
No, of Phases: single phase three phase two phase
Nominal

Phase Shigt: Not applicable + 120 degrees + 90 degrees
Phase

Sequence; Not applicable ABC sequence CA sequence
Amplitude

Tracking: Not applicable 1.0 per cent of 1,0 per cent of
(with amplitude full scale full scale
potentiometer ad-

justed from 75% Y

cf full output to
full cutput)H=

Phase Accuracy :

at 25°C: Not applicable +].0 degree -%1,0 degree
(with amplitude - maximum, maximurm,
potentiometer ad-

justed from 75%

of full output to

full output)®=

SPECIFICATIONS COMMON TO
ALL MODELS
Frequency Single Fixed Frequency, 45Hz to 10KHz.
... Frequency Accuracy at 25°C: +0. 10 percent.
Frequency Temperature Coefficient: =, 02 percent/*C maximum
Qutput Amplitude: 5.0 volts rms minimum for single
phase versions; U to greater than 5

volts rms for multiphase versions.

Amplitude Stability: %0, 25 percent for 24 hours at 25°C
(after one hour warm-up) £0. 02 percent/°C maximum

Total Harmonic Distortion: Q. 2 percent maximum
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Input Power: %25 volts DO at approximately
18 milliamperes availalle irom
power sourcs for single phase
versions:

+25 volts DO at approximately
55 milliamperss availasle from
power source for three phzase

versions.
Operating Temperature Range: 0 to 55°C for all versicns,
Dimensions: 3-1/2" high x 8" wide x 7" deep

for mounting into a California
Instruments Solid State Invertron:-,

'Front Panel Finish: Grey 26440, Faderal Standard 395.

* Order Model 815T-Freq-. 1-3D for use in the three phase open
delta cornfiguration.

%% This is a new improved specification. Oscillators manufactured pricr to
October 1974 were specified at 2% amplitude tracking with the AMPLITUDE
control fully clockwise and 2° phase error with the AMPLITUDE control
fully clockwise, These early oscillators were not specified as to additional
phase and amplitude tracking errors when the AMPLITUDE control was turn-
ed counter clockwise from the fully clockwise position.

Step 5.6.4 was added to this manual at the "D" Revision to test for these

improved characteristics in oscillators manufactured after October, 1974.
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INTRODUCTION

This instruction manuzl contains information on the installation,
operation, calibration and maintenance of the California Instruments
815T Series Precision Oscillators., A detailed theory of operation

is provided as an aid to maintenance personnel. A complete

parts listing, schematics and component location drawings are

alsc supplied.

MODEL NUMBER DESCRIPTION

All oscillators in the 8157 Series have a four or five place
model number which describes the following features: the
oscillator series, the output irequency of the oscillator, the
frequency tolerance of the oscillator, and the number of phases
of the oscillator. In addition, a "D" is placed after the medel
number if the osciilator is to be used in the three phase, open
delta configuration. The following examples illustrate this
numbering system.

Example 1: 815T-400-0.1-39¢

This is a 400 Hz, three phase osciliator Y
with a specified frequency accuracy %0, 1%

Example 2: 8l15T-50-0.1-30D

- This is a 50 Hz, three phase oscillator for
use in the open delta configuration with a
specified frequency accuracy of 0. 1%

GENERAL DESCRIPTION

The California Instruments 815T Series Oscillators provide a pure
sine wave output for driving the California Instruments Solid State
Invertrons. ? This oscillater incorporates a unique F.E. T. amplitude
regulator circuit,

The multi~-phase versions of the 815T Series Oscillators are used
. - Ea) “
to drive two or more Solid State Invertrons’ connected so as to provide

‘either two phase or three phase power.

ACCESSORY EQUIPMENT

The following equiprment is available for use with the 815T
Series Oscillators,

4800-703 Extender Assembly, This assembly allows the
oscillator to be tested and adjusted outside of the associ-
ated Solid State Invertron®,
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HICGH VOLTAGE

Voltages up to 500 VAC are available
ia certain associated Invertrons®.
This equipment generates potentially
lethal voltages,

DEATE

on contact may result if personnel fail
to observe safety precautions. Do not
touch electronic circuits when power

is applied. Avoid contact with connector
pins C and D of the plug in oscillator,
the primary power circuits, and out-
put circuits of the associated [nvertronY
if oscillator is tested and adjusted with
Invertron®.
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INSTALLATION AND OPERATION

z.1

2.2

2,3

2.4

2.4.1

UNPACKING

Individual oscillators are shipped in a cardboard container with
protective inner packing. Do not destroy this packing container
until the unit has been inspected for possible damage in shiprment.

POWER REQUIREMENTS

Single phase versions of the California Instruments 8157 Oscillator
operate from plus {(+) and minus (-} 25 volts DC at 0, 018 amperes.
This power is normally obtained from the associated Invertron.”™
Three phase versions of the 815T Oscillator require

approximately 55 milliamperes at+ 23 volts D, C,

FUSE REQUIREMENTS

No separate fuse is required with the California Instruments 8157
Series Precision Oscillators.

ACCEPTANCE TEST PROCEDURE

Inspect the unit for any possible shipping damage immediately
upon receipt. If damage is evident, notify the carrier. DO NOT
return an instrument to the factory without prior approval. I
the unit appears in good condition, perform the following:

Mount the oscillator in the appropriate rack housing or other-
wise apply £ 25 volt DC power to the unit.

MODEL 815T-Freq-Tol-1¢ FIXED FREQUENCY OSCILLATOR

Figure 5-1 shows a test circuit for the 8157 Series Oscillators,
The output of this single phase oscillator should be 5, 0 volts
rms minimum. Connect an oscilloscope to the output of the
oscillator and check that the oscillator has a clean sine wave
output with no clipping or other distortion. Check that the output
frequency is within 0.1 per cent of that indicated in the manual
addendum. Detailed test procedures are given in the TEST
PROCEDURE of this manual if futher evaluation of the

oscillator is required at this time,

MODEL B815T-Freq-Tol-3¢ FIXED FREQUENCY OSCILLATOR

The output of this three phase oscillator is controlled by the
front panel AMPLITUDE control. Rotate this control fully
clockwise. The cutput amplitude of each phase of the oscil-
iator should be at least 5 volts rms. See Figure 5-1 for a de-
tailed test circuit.

Connect an oscilloscope to the output of the oscillator and
check that each phase of the oscillator has a clean sine wave
output with no c¢lipping or other distortion. Check that the
output frequency is within 0.1 per cent of that indicated in
the manual addendum. Detailed test procedures are given

in the TEST PROCEDURE of this manual if further evaluation
of the oscillator is required at this time.

3
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MODEL 815T-Freq-Tol-2¢ FIXED FREQUENCY OSCILLATOR

The output of this two phase oscillator is controlled by the
ront panel AMPLITUDE control. Rotate this contrel fully
clockwise, The output amplitude of each phase of the oscil-
lator should be at least 5 volts rms. See Figure 5-1 for a
detailed test circuit.

Connect the oscilloscope to the output of the oscillator and
check that both phases of the oscillator have a clean sine
wave output with no clipping or other distortion., <Check that
the output frequency is within 0.1 per cent of that indicated
in the manual addendum. Detailed test procedures are given
in the TEST PROCEDURE of this manual if further evaluation
of the oscillator is required at this time.

MECHANICAL INSTALLATION AND WIRING

The 815T Series Precision Oscillators (it directly into the
California Instruments Solid State Invertron~ Series of power

amplifiers. All power for the oscillator, as well as signal output,

is coupled through the printed circuit connector at the rear of
the oscillator. The following table lists the voltage and appli-
cable connector pins,

Pin Function

Qutput signal low
Cutput signal high } Phase A

Power Ground

+25 volt input

~25 volt input

Qutput signal low

Qutput signal high Phase B
Qutput signal low

Qutput signal high Phase C
External sync input

115 volts AC line high

115 volts AC line low

—
OO0~ 0 ULk W N

The single phase version of the 815T Series QOscillator only
has an "A" phase output. The two phase version of the 815T
Series Oscillator has an "A' and '"C" phase output while the
three phase version of this oscillator has all three outputs.
The external sync input and 115 volt AC inputs are not used
for the standard versions of this oscillator.

OPERATING CONTROLS

Single phase versions of the 815T oscillator have no front
panel operating controls. Multiphase versions of this
oscillator have an AMPLITUDE control which is used to
vary the output voltage level of all phases of the oscillator
from O volts to greater than 5.0 volts rms.

4



In 2 multiphase power source, the GAIN control on each of -
the associated power amplifiers is used as a trim control to
adjust each of the output leg voltages so that they are pre-
cisely equal to each other.

C.AUTION

REMOVE POWER FROM
CALIFCRNIA INSTRUMENTS
SOLID STATE INVERTRON ™
BEFORE REMCVING OR
INSERTING PLUG-IN
OSCILLATOR
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THEQRY OF OPERATION

3.1

3.1.1

P A O

DESCRIPTION OF SINGLE PHASE OSCILLATOR

A block diagram for the basic single phase oscillator in the 815T
Series is given in Figure 3-1., A schematic diagram for the oscilla-
tor printed circuit board {designated as the Al Assembly} is given
in drawing D4815-071, An inner connecting wiring diagram

is given in drawing D4815-070 for single phase, two phase and

three phase versions of this oscillator.

The frequency determining elements are arranged ina Wien
bridge configuration which is connected as a positive feedback loop
around an operational amplifier as illustrated in Figure 3-1,

The frequency of oscillation fo is given by the equation,

£ 1
° = THERT

where R is the total resistance in the positive feedback path and C

is the total capacitance in the positive feedback path. At the fre-
quency of oscillation £, the positive feedback loop has a trans-
mission of 0. 333 and a zero phase shift. The negative feedback

loop must adjust the closed loop gain of the operatiornal amplifier
AlICI to exactly 3, 00 in order for the Wien bridge oscillator to ¥
produce a pure sine wave output with a minimum of distortion.

This is accomplished by means of a servo feedback loop consisting

of the level detector, a DC amplifier and the amplitude regulator,
Whenever there is a change in the amplitude cf the oscillator, a
correction signal appears at the output of the level detector

circuit. This correction signal is amplified by the DC amplifier

and applied to control the output impedance of the amplitude regulator.
The output impedance of the amplitude regulator controls the closed
loop gain of the operational amplifier A1ICl. Therefore, any variation
in the output of the oscillator is corrected by this servo feedback.

The detailed circuit description is given in Section 3. 1. 1.

DETAILED CIRCUIT OPERATION

A schematic diagram for the single phase oscillator is shown
in drawing D4815-071, All components of this oscillator are mounted
on circuit board 4815700, designated as the Al assembly.

LEVEL DETECTOR

The level detector consists of AIR13, A1IR14, diodes AJCR3,
AlCR4, AICRI1, AICRZ, transistor AI1Q3? and capacitor AICY,
The series connected reference elements diodes AI1CR3, AICR4
and base-emitter diode of A1Q3 act so as to set the level of

the oscillator cutput. Diode A1CR3 and AICR4 conduct on the
positive peak of the sine wave output and inject a current

pulse into the emitter of A1Q3. The average value of this current
pulse is approximately 1.6 microamperes DC when the oscillator
has a 5.5 volt rms output at Al pin 15,

.
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FIGURE 3-1. Block diagram of basic Wien Bridge Oscillator
employed in 815T Series Oscillator.
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FIGURE 3-2. Block Diagram of Single to Multiphase Converter
empioyed in 815T Series Oscillator.



This current pulse appears in the collector circuit of A1Q3
where it is filtered by capacitor A1C9 to form a DC level

across the load circuit, A1IR13 in series with AICR1 and AICR2.
Any variation in the amplitude of the oscillator output will
produce a change in the voltage drop across A1C9.

The level detector circuit is temperature compensated by
selecting a zener diode AI1CR4 with a positive temperature
coefficient so as to cancel the negative temperature coefficients
of diode AICR3 and the emitter-base junction of transistor
AlQ3.

3.1.1.2 DC AMPLIFIER

Transistor A1Q2 and associated components are connected

so as to form a DC amplifier with a small signal gain of
approximately five. The signal across A1C9 is amplified and level-
shifted for application to the gate of AI1QI.

3.1.1.3 AMPLITUDE REGULATOR

Field effect transistor AIQ1 is connected so as to form an
amplitude regulator. The bias at the gate of A1Q1l controls

the output impedance (channel resistance) of the amplitude Y
regulator. This output impedance, in turn, controls the

closed loop gain of the operational amplifier, AIICI.

If the sine wave output of the Wien bridge oscillator increases

for any reason,- the voltage drop across A1C9 also increases,
which provides additional base drive to A1Q2. This causes the
collector current of A1Q2 to increase and to cause the gate of
AlQIl to be biased more negatively., When the gate of A1Q1 is
driven more negatively, the channel resistance of A1 Q1 increaseas.
This increase in channel reésistance causes the closed loop

gain of the operational amplifier A1IC! to decrease, which in

turn decreases the output amplitude of the Wien bridge oscillator
and returns it to its original value.

3.2.1 PCWER SUPPLY REGUILATORS

The power supply regulators allow the oscillator to operate

from the unregulated = 25 volt DC power supply in 2ll California
Instruments solid state Invertron” power sources. The oscillator
requires £18 to = 55 milliamperes with less than 2 volts of peak-
to-peak ripple at the input to the regulator. The output of the
regulators is 15 volts 10 per cent with less than 150 millivolts
peazk-to-peak ripple.

3.2 - GENERAL DESCRIPTION OF SINGLE PHASE TO
MULTI-PHASE CONVERTER

A block diagram for the single phase to multi-phase converter is

given in Figure 3-2. This circuit employs an analog computer tech-
nique of generating the second and third phases of the multi-phase

9
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output. This technique requires no additional tuned circuits and
provides the required phase shift independent of oscillator frequency.

The operation of this circuit is dependent on the signal E1 which

is available at the junction of the resistive and capacitive elements
in the positive feedback loop of the Wien bridge oscillator. A detail.
ed analy sis of the basic Wien bridge circuit configuration reveals
that the voltage E1 at the frequency of the oscillation f, is given by:

E1Z 0.745 E0L-26.57°

The above equation is valid regardless of the frequency of
oscillation. Therefore, it is not necessary to vary these circuit
parameters as the frequency oscillator is shifted.

The voltages, EO0 and E1, are then processed through a sequence
of operational amplifiers to provide the phase "A", phase "B'" and
phase "C'" outputs. The vector diagram below describes how this
is accomplished in graphical terms with the AMPLITUDE potentio-
meter RZ in the fully clockwise position.

i v—— — —— — ———r —

E3=5.0v. 120"
{(Phase Q)

\w
E0 5V ~0°

e
E5:25v £ e
(Phase A Output)

El 23,73V .26, 57

E2=5, 0VL-26, 57

Ed4z 5, 0Ve-120°
(Phase B)

FIGURE 3-3. Vector Diagram for Generation of three-
phase Qutput

10
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First E1 is amplified by a factor of 1.34 to generate EZ at the
output of A2ICl., Then EZ is inverted and amplified by a factor
of -1.94 by means of the inverting input 0 A2ICZ2. The cutput
of the Wien bridge is amplified by a factor of 1.23% with the non-
inverting input to A2IC2. The resultant output from A2ICZ2 pro-
vides an E3 (or phase "C'") output.

Then EQ is processed through a voltage follower to provide an
E5 (or phase ""A"') output at the output of AZIC4,

Finally, E3 and E5 are added algebraically and then inverted to
provide an E4 (or phase "B') output at the output of AZ2IC3.

For two phase operation, the gain of A2IC2, referenced to the
E2 and EO signals, is changed to -2.245 and 2.0l respectively.
This provides a 30 degree phase lead for the phase "C'" signal
when referenced to the phase "A' signal., The phase "B' signal
is not used in this application of the oscillator. For three phase
open delta operation, the gain of A2IC2, referenced to the EZ
and EO signals, is changed to -1.94 and 2.24 respectively., This
provides a 60 degree phase lead for the phase "C' signal when
referenced to the phase "A" signal. The phase "B" signal is not
used in this application of the oscillator.

11
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ConNUTTIOR]

HIGH VOLTACE (115 AC)

Voltages up to 500VAC are available in
certain associated Invertrons®, This
equipment generates potentially lethal
voltages,

DIEATR]

on contact may result if personnel
fail to observe safety precautions.
Do not touch electronic circuits when
power is applied. Avoid contact with
connector pins C and D of the plug

in oscillator, the primary power
circuits, and output circuits of the
associated Inventron® if oscillator

is tested and adjusted with
Invertron®.

12



ADJUSTMENT PROCEDURE

4.1

GENERAL

The following adjustment procedure, or any part of it, may be
performed on a routine basis to insure that the oscillator re-
mains within the specified performance limits. This procedure
should always be followed after any service to the basic oscilla-
tor circuitry,

The adjustment procedure is divided into two sections.
These are:

1} Adjustment procedure for Wien bridge oscillator.
2) Phase adjustments for single phase to multiphase
converter.

TEST EQUIPMENT REQUIRED

The following test equipment is required to perform the
adjustment procedure.

a) Oscilloscope, Tektronix 531A with general purpose
plug-in or equivalent,

b) California Instruments Fower Source or two H.P. 721A
DC Power Supplies or equivalent.

c) Distortion Analyzer, H.P. H02-330B or equivalent.

d) Differential Voltmeter, Fluke 883A or equifalent.

e} Frequency Meter, H.P. 523CR or equivalent.

1} Differential phase mefer, DRANETZ 301 or equivalent.

ADJUSTMENT PROCEDURE FOR WIEN BRIDGE OSCILLATOR

Connect the precision oscillator as shown in Figure 5-1 using
either the £25 volt power supply in the California Instruments
Solid State Invertron® or a pair of external +25 volt and -25 volt
DC power supplies. Each power supply should draw from I8 to
55 milliamperes. Allow the unit to warm up for one half hour.

Starting with potentiometers AIRZ, AlR4 and AIR1D, in a fully
counter clock wise position, rotate A1R4 slowly in the
clockwise direction until the oscillator output iust builds

up to full cutput. Rotating AlR4 too far clockwise will cause
excessive distortion in the output wave form. '

13
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After determining the basic frequency and frequency
accuracy of the oscillator from the manual addendum,

set the basic Wien bridge oscillator frequency by rotating
AlR2 and A1R10 equal amounts in the clockwise direction.
The frequency may be monitored with the counter at

the integrated circuit A1ICL pin 6 or at the phase "A"
output. The potentiometers AIRZ and AlR10 have suff-
icient resolution to allow the frequency to be set within

0. 05 per cent. :

Measure the output amplitude and distortion of the Wien
bridge oscillator at the phase A" output with the dif-
ferential voltmeter and distortion analyzer. The output
amplitude should be between 5 volts and 6 volts rms.
The distortion should be less than C.2 percent. If the
phase A" distortion is excessive, or if the oscillator
will not start in a reliable fashion when DC power is
applied to the oscillator, perform step 4.3.4 below,

Rotate AIR4 counter clockwise until the output amplitude
drops by 1 to 5 percent. Then rotate ALIRZ and AlR1O
slightly in opposite directions until a peak in the output
amplitude is obtained while maintaining the correct cutput
frequency. Reset AIR4 so that the oscillator starts in

a reliable fashion when DC power is applied to the
oscillator and that the distortion is less than 0.2 per cent.

PHASE ADJUSTMENTS FOR MODEL 815T-Freg-Tol-29 TWO
PHASE OSCILLATOR

Connect the Model 815T-Freq-Tol-2¢ Oscillator as shown in

Figure 5-1 using either the # 25 volt DC supplies in the

California Instruments Invertron”or a pair of external £25volt DC
power supplies. Check that the procedure given in Section 4. 3.1
through 4. 3.4 of this instruction manual has been performed before
proceeding further. :

Rotate the front panel AMPLITUDE control fully clock-
wise. Connect a differential phase meter from the
junction of AIR11 and A1R14 to the junction of AZR17
and A2R3. The phase shift must be -26.57 degrees

0. 25 degrees. Parameter unbalance in the basic Wien
bridge feedback circuit can cause errors in this phase
shift.

Adjust potentiometer AZR2 so that the amplitude of
the AC voltage at the junction of A2R3 and AZR 17 is .
equal to the voltage measured at the junction of AIR1L]
and AIR 14,

Moniter the phase '"A" output of the oscillator with the
differential voltmeter and record the AC output voitage.

14
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Monitor the phase '""C!'' cutput of the oscillator with the
differential voltmeter and record the AC output voltage.
The amplitude of the phase ""A™" and phase ""C'" output volt-
ages should now correspond within 50 millivolts rms of

one another.

Connect the differential phase meter from the phase "A"
output to the phase '""C" output. Readjust potentiometer
AZRZ slightly so that the phase '"C'"' output leads the phase
"A'" output by 90 degrees =1 degree and that the amplitude
of the phase "A'" and phase ""C" outputs are within 10 milli-
volts rms of one another,

Capacitors A2C9 and AZC11 have been installed in the
factory for improved phase shift characteristics on certain
high~frequency versions of the 815T Series Oscillator,

PHASE ADJUSTMENTS FOR MODEL 815T-Freg-Tol-36D
THREE PHASE, OPEN DELTA OSCILLATOR

Connect the 815T-Freq-Tol-3¢D oscillator as shown in
Figure 5-1 and repeat step 4,4, 1 through 4.4, 7, except
check that the phase shift is 60 degrees =1 degree.

PHASE ADJUSTMENTS FOR MODEL 815T-Freqg-Tol-30
THRE E PHASE OSCILLATOR

Connect the 815T-Freg-Tol-3¢ oscillator as shown in
Figure 5-1 and repeat steps 4. 4. 1 through 4,4.7, except check
that the phase shift is 120 degrees =1 degree,

A djust AZR19 so that the phase '"B" output amplitude is equal
to the phase "A " output amplitude within 10 millivolts rms.

Check that the phase shift of phase "B" referenced to phase
"A"™ is -120 degrees *=] degree, Capacitor A2C10 {10 pf or
less) has been selected at the factory for the best compromise
phase shift and amplitude tracking on certain high-frequency
versions of this oscillator,

15



TEST PROCEDURE

b

GENERAL

The following test procedure may be performed on a routine basis
to insure that the 815T Series Oscillator remains within the
specified performance limits. . This test procedure is divided into
several sections. These are:

1) Output voltage and amplitude stability

2) Harmonic distortion

3) Cutput freqﬁency and frequency stability
4} Phase accuracy

TEST EQUIPMENT REQUIRED

The same test equipment is required for the test procedure as
was required for the adjustment procedure as given in Section
4. 2 of this manual.

CUTPUT VOLTAGE AND AMPLITUDE STABILITY

Connect the variable frequency oscillator as shown in

Figure 5«1 and allow the unit to warm up for one hour in )
a 25°C environment. In the case of a multiphase oscillator, rotate
the AMPLITUDE control fully clockwise.

The output of the oscillator should be measured with diffe-
rential voltmeter connected to the phase ""A" output (Pin 1
and Pin 2 of the printed circuit connector). The output
voltage should be between 5.0 volts rms and 6. 0 volts rmas.
Record the exact value of the output voltage.

Measure the phase "A'" output voltage in 15 minute incre-
ments for two hours. The change in output voltage must
not exceed % 12. 5 millivolts rms. This test may be contin-
ued for 24 hours if required. Maintain the ambient tempe-
rature at 25°C for this test,

Increase the ambient temperature to 50°C and allow the
unit to stabilize for one hour. The output should change
less than £25 millivelts rms.

HARMONIC DISTORTION

Connect the precision oscillator as shown in Figure 5-1 and
allow the unit to warm up for a few minutes. In the case of the
multiphase oscillators, turn the AMPLITUDE control so that the
output from each phase is approximately 5.0 volts rms.

Connect the distortion analyzer between the high output of
phase "A'" and the ground of phase "A'". The distortion should
be less than 0. 2 per cent if the oscillator frequency is between
45 Hz and 10KHz,
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If the oscillator is a multiphase oscillator, then repeat 5.4, 1
for the other phase or phases. The distortion should not
exceed that specified in Section 5.4, 1

QUTPUT FREQUENCY AND FREQUENCY STABILITY

Connect the unit as shown in Figure 5-1 and allow the unit to
warm-up for one hour in a 25°C environment. The output
voltage should be approximately 3 volts rms. Adjust the
AMPLITUDE control on the multi-phase oscillator, as
required.

Measure the phase "A' output frequency at 25°C with the
counter. The frequency of the oscillator should be within

=0, 1 percent of that indicated in the manual addendum. Record
the frequency for reference in Section 5.5.2 below.

Increase the ambient temperature to 50°C and allow the unit
to stabilize for one hour. The output frequency should change
less than 0.5 percent from that indicated at 25°C.

PHASE ACCURACY

This section of the manual is only applicable to multiphase
versions of the 815T Series Oscillator. Connect the oscillator

as shown in Figure 5-1 and allow the unit to warm-up for one ¥

hour in a 25°C environment.

Rotate the front panel AMPLITUDE control fully clockwise
so that the output of phase "A" (Pin 1 and Pin 2 of the printed
circuit connectar) is greater than 5 volts rms.

Connect a differential phase meter between the phase "A"

output and the phase "C" output sc that the phase meter reads

the phase "C'" output referenced to the phase "A' output. The
phase meter should indicate +60 =1 degree for the three phase
open delta oscillator; +90 %1 degree for the two phase oscillator;
and +120 *1 degree for the standard three phase oscillator.

For the standard three phase oscillator, measure the phase

shift of the phase "B " output referenced to the phase "A " output.

This phase shift must be ~-120 =1 degree. If problems are:
encountered, refer to Section 4.4 through 4. 6 of this instruction
rmanual.

Section 5. 6, 4 applies only to oscillators manufactured after
Octeber, 1974, See page ii for further information.

Vary the front panel AMPLITUDE potentiometer from 75 percent
of full output to full output and check that all phases track within
50 millivolts rms of each other and that the phase angles remain
within the £1 degree tolerance.
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FIGURE 5-2. Locations of Internal
Adjustment Potentiometers
on Multiphase version of 815T

Series Oscillator
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MAINTENANCE AND TROUBLESHOOTING

6.1 GENERAL

The California Instruments 8157 Series Precision Oscillators are
completely solid state and should provide years of trouble-

free service. Since the instrument contains no moving

parts, periodic rmaintenance is limited to cleaning in acc-
ordance with good commercial shop practices, and a

periodic check of frequency accuracy and distortion at

six month intervals. If the oscillator is operated in heavy

duty applications where severe temperature exiremes

or mechanical shock are encountered, it is recommended

that a more frequent calibration schedule be established.

6,2 TROUBLESHOOTING

6.2.1 Before attempting to repair the oscillator, check that
the controls are properly set, that the DC input power
is correct and that an excessive load is not connected to
the output of the oscillator. Any load impedance less than
5 K ohm per phase should be considered escessive,

6,2.2 Check that the £15 volt regulator circuits are operating
properly and that they have less than 150 millivolts peak-
to peak ripple.

6.2.3 Check that the basic Wien bridge oscillator is operating
satisfactorily. Detailed information on this circuit is given
in Section 3.1 and Section 4. 3 in this manual.

6.2.4 Check that the servo feedback loop is operating satisfact-
orily. Detailed information on this circuitry is given in
Section 3.1 of this manual. If the problem appears to be
in this area, disconnect transistor AI1QZ and apply -1
= } to -2 volt DC bias to the gate of AlQl. This opens the
3 - servo feedback loop and allows servicing of this circuitry
by conventional signal tracing methods.

6.2.5 If the problem is in the single phase to multiphase converter,
the circuit may be checked by conventional signal tracing
methods,
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CIRCUIT DIAGRAM
7.1 GENERAL

This section coantains schematics and mechanical diagrams
necessary for operation and maintenance of the 8157 Series
Precision Multiphase Oscillators. The schematic diagrams
illustrate the circuit whiethe mechanical assemblies indi-
cate the part placement.

7.2 REFERENCE DESIGNATIONS

Partial reference disignators are shown on schematics and
mechanical drawings. Prefix these reference designators
with assembly and/or sub-assembly designation for the com-
plete reference disignator. For example:

Assembly/Sub-Assembly Component Complete Designation
Al _ C30 AL1C390
None T1 T1
A2 R1 AzR1]
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"L ACEABLE PARTS

GENERAL

This section contains ordering information and complete

list of replaceable parts. Parts are listed by major
assembly in alphanumerical order of their reference

designators. Descrintion, manufacturers'! part number
o , :

manufacturers' code ident number (see Appendix A for
list of manufacturers), and California Instruments'
stock number are indicated.

ORDERINGC INFORMATION

In order to provide our customers with prompt scrvice
on replucement parts, please provide the following
information, when applicable, for each part ordered:

~

h) California Instruments part number of The sub-
assembly where component is Jocatcd

cj VCompanent reference designator.

d) Component description.

e) Component sganufacturer’s number and code ident.
£3 California Instruments stock number.

All replécement parts orders should be placed with

Celifornia Instruments, Division of Amstar Technical

Products Co., Inc., San Diego, California, 92111-1266.

3
i~

a) Model number and serial number of the instrument.



7.3.2

7.3.4

COMPUTER GENERATED PARTS LISTS

The following information 1is included as an explana-
tion of the computer formatted parts list column.

"Seq. No." - Sequence number; the reference designa-
tor or the component, or (if there 1s no reference
designator) the balloon number (bubble ox "find"
number) on the face of the assembly drawing or the
top assembly drawing. They are listed in alpha-
numerical order,

“Component Item No." - This is California Instruments
art number. Please use this number when orderin

P g
spares.

"Description, Truncated" - A brief description of
the item. Abbreviations are per MIL-STD-12 or
industry accepted standards.

"Engineering Drawing No." - This is used for one of
the following:

a) The document/specification number generated
by California Instruments to control the part¢.

b) The generic part number (military specification
or industry accepted standatd).

c) The primary vendor's catalog part number. An
asterisk at the end of the number indicates
number is longer than that shown (contact
California Instruments if the full number is
required).

"Vendor" - This is the FSCM code identification
(see Appendix A).

"Quan' and "U/M" - The requirements per unit of
measure such as: "2 each™; "1 1b.™; "4 0z."; or

"s SI'" (square inches).

22a
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PARENT ITEM NOS DESCRIPTION PC ASSY.OSCILLATIR,1&H PAGE
4815-700-1 ENGR DRAW 4B1S5—700—1
SEQ COMPONENT DESCRIPTION ENGINEERING VENDOR
NOe« ITEM NO. TRUNCATED DRAWING NUMBER QTY
CR1 310118 DICDEsSHWNGsT5V,.5W,D035 IN9L4 07253 1.0
CRZ 310118 DIODEsSHNGs TSV ,+5W,0035 1NTL4 07263 i.0
CR3 310118 DI0UDE,SWNG+T5V,.5W+D035 LN9L4 07263 1.0
CR4 313196 DIODEsINR 1648V 445Ws5% 1N52358 047173 L0
CR5 310067 OIODEyZINRy15VyaSWyel 0% IN5245 04713 1.0
CR& 310067 CICDE+ZNR 215V saSHW.10% 1N5245 04713 1.0
C5 610731 CAP3AL,LSUF,25V TEL205 56289 1.0
Cé6 610731 CAP4ALs1SUE, 25V TE1205 56289 1.0
C7 610725 CAPYCERL,500PF,10Q0V DD501 71590 1.0
C9 610013 CAPsMICA,39PF,500V CMOSE390J403 81349 1.0
IC! 330006 1C,0P-AMP CIC200-2 16067 1.0
Q1 330197 TRANSISTOR, FET 4Ny JFET 2N3819 27014 1.0
Q2 330008 TRANSISTOR.SSHNPN,TOLS CIc33o 16067 1.0
Q3 330041 TRANSISTOR.SS+PNP,TOLS8 cIc718 16067 1.0
R3 560423 RESsFILMy1/4Wyla1Ky1% RN6GCLIOLF 81349 1.0
R4 570012 POT+1T+PC 4250 OHM U-201R2518 71450 140
R& 510057 RES+CARB+1/4Wy 1 5K OHM  RCOTGFLS2J 81349 1.0
RT 510100 RES+CARBs1/4¥%W, 100K OHM RCOTGF104J 313649 1.0
R8 S1G100 RES+CARB,1/4Ws LOGK OHM RCOTGE 104 £1349 1.0
R9 560233 RESIFILM,y1/4We3eD1K,1% RNG6OC3IOLLF 31349 Y 1.0
R11 510036 RESsCARB 1/ 4W 4200 OHM RCOTGFZO1J 81349 ° [ .0
R12 560079 RESyFI{My1/4We 10K, 1% RN6CDLI00O2E 81349 1.0
R13 510104 RES+CARB,1/4Wy 150K OHM RCOTGF1544 81349 1.0
Rl4 510033 RES,CAR241/4Wy51K QHM RCO7TGFS5134 81349 1.0
R15A 520031 RESsCARB1/2W4 750 QOHM RCZ20GFT7S1J 81349 1.0
R16A 520031 RESyCARB+1/2H+750 QHM RC20GF 7514 81349 1.0
3 160109 PWB+OSCILLATOR 4815-700~7 L6067 1.0
61 240297 SOCKET¢XSTR 4, TO-18 RCTG18110-14 19080 2.0
63 FSS5120 WIRESBUSsMIL~W—3841 v5* aAun 20 81349 10
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FREQUENCY DETERMINING
PARTS LIST

The following addendum parts list defines value and
manufacturer's part number of components not listed

in the preceeding parts list.
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PARENT ITEM NO DESCRIPTION FREQ DET ASSY.50HZ PAGE 1.
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4815~700-8 ENGR DRAW 4B|5-700-8

SEQ  COMPONENT DESCRIPTION ENGINEERING VENDQOR

NC. [TEM NQO. TRUNCATED DRAWING NUMBER Qry
Cl 610552 CAP 3PS5 +04TUF,+0—-1% POLA4TRX +0~-1% 12406 1.0
C2 610545 CAPMYLAR . O0Q6ZUF 6900V 6MPO—-1-6221 72136 1.0
C3 610545 CAP+MYLAR Yy « DD62UF 600V EMPD—1-6224 72136 1.0
Ce 610552 CAP+PSy «04TUF,+0—1% POLA4T3X +0—-1% 12406 1.0
Ce &10335 CAP,AL+10UF .16V TELLSS 56289 1.0
RL 560119 RESeFILMy L/4W,S9K, 1% RN6CCS5902F 81349 1.0
RZ 570023 POT4 LT +PLr2e5Ke1/4W U201R252B 11450 1.0
RS 560119 RESHWFILMy1/44W 59K, 1% RN6OCS5902F 81349 1.0
R1O 570023 POT21lTePL+25Kel/4W UZ01R2528 71450 1.0
24 160115 PHB+SHIELD,OSCILLATOR 4810-TOL-7 16067 1.0
25 2Ll008&7 INSULATOR S FLAT sFBR 2161 83330 Ba0
26 FS1004 SCREWSFLM¢S/S+4-40X3/8 MS524693~C4 81349 6.0
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giectrinord

Jacisun Bros,

CFLDA

Miltan Ross Co

Timeo

fTAC

Flossew

La Franca

Jan Crvstal

fData fomocnants, Imc.
Fraus N Najmer

Ritz Instrument Transforser Oo.
Switanws Incarperated

FMutal-Cal Giv., Swery Frac. Coro.
AMF Ine,

Sangama Eleciric Co.

Goe £ng. Co., Inc.

3-8, Co,. ind. & Pwr. Can, Dept.

Ailen-Bracgley {o.

G.E. Co., Silicone Products Dept.
Texas Instrumencs

Spmctrol Electronics

Fairghild Controls Sora.
Amertcar [msulating Macnisery Co.
Texas Electronics Co.

Amphenpl {orporation

Use Code #7212

General Elecriric Gompany

Guneral Ziectric Company

Eldema Corporation

Pyrofila Reaiator Co,. Ing.
Cladrex Cwrporation

Arrowsrart and Hegeman Siez. Lo,
Motorala Semiconductor Prod., Ing.
M

Corcom Ing.

Pomona Elegtronics Co., Ina.
¥emet, Union Carbice Zorp.
Wakefield Engineering, Inc.
Pancgut t Corp.

Stantron, Wyco Metal Produtts
Anathom £leci. Hardwars
Precision Monolithics iac.
Robineon Nugent., Inc.

Richea Plastisx. Co.

Kalvin Electric Company
Fairzhild Camera ang Instr. Corp.
Birtcher Corooration

Uns track Calabro Flastics

Epoxy Prod. Ca., 4llied Proc. Corp.
IRC lncorporated

Accurate Rubber and Plastics To.
Spectra Strip

Biinn~Deitert Co.. Inc.

gristol Lo,

Deutzch Fastaener Corp.

Vamaline Progucts Go.

Sigral Transfogrmer Co.

C ang K Components

Lhicagn Switon Inc.

Craerry Rivet Div,. Towngand Co.
£lpae, Incorporated

Clarostat Mf3. Co.. Incorporated
Thermallevy Dompany

Semtecth Corporation

Elmwood Sensors Inc.
Cornell~0ubilier Elect. Corp.
Hellingsworth Co.

Elwctre Cube, Incorporited

ITT Semicanductors

Elmc-trol

Fenwail Elsctronics

Amelco Taledyne, Incorporated

T Ansley

Californta instruments Company
Delcs Radio Div., General motors
Uenny son
Umerey
Vactec, Ing,
Signeties
vishay [nutruments Ine.

Scambe Mig. Co.

RCA

Voltromics Torp.

The Rabinscn Comoany

Buckeye Stamping Comopany

Elastic Stop Nut Corporation

Proguct GComponents Corp.

Pamarar, (ncoroorated

ECC

Fereral Semicorfuctor ingustries Inc.
Parelog Ing.

Meter Maglar

Bmerican lettler, Ina.

satiaral Semi-Sanoustoe Iorp.
CurlervHammar, nC,

Hale..

I8F Tlectranie Froduects
Waro, fncqrodrated
Mugres firnradt

City
Uestiield
Wagdeon, Surrey
Edison
Goutmamooon
LOE Angeies
fanta Clara
WesTiave Viilage
Friladelpnla
Ft. Myars
Santa Montca
Fanta Monica
Recdonae Beach
Ht. Widw
Ingi ewons
Har ) $a0rg
Piglens
City of Industery

Janp Sh. Sudsan Falls

Hilwaukes
Waterforg

Dallas

City af lnduxtry
Hickaville, i1
Priladeinhia
Gallas

Broadview

Syraguse
Syracuse
fampron
Cecar Knolls
Mew York
Hurtf o g
Phownix

St. Paul
Chicago
Pumonae
Clevelang
Wakefimld
Tiniwy Park
M. HOLlywood
e Rochellae
Santa Tlara
New AlDany
Chicaga

Yan Nuys

Mt View

Los Angelee
Ugoer Darby
Negss Hawen
Burrington
San Diwgo
Garasen Growve
Fomorss
Toronta

Los Ahgeles
Franklin Lakes
Brooklyn
Newt on
Chicagao
Santa Ana
Fullerton
Dover

Tallas
Newoury Pack
Cranston
Netwark
Phoeninvillie
San Ganriel
Lodwr #11C 8

Mo thridge
Framirgnem
ML, Visw

Los Angelsy
San Diegs
vokama
Framingham
City of Industry
Maryland Meights
Sunnyvalw
rlalvern
Monterey Park
Mountatnton
Hangver
Hamthor ne
Columius

Van Nuv®

Hastings—onwrkicdion

San Franclsga
Burlington

Tempa

Far amoiant

Las Angales
fasta Mesa

Sarsta Clara

St waukes
Cawnars Groie
Santa Fe Sorings

Mawpert  Reach

Ccde

13480
2530

Namae

Hewl et ~Fackard To.

Hayman még. Campany THevoo?
Intermnational Caomgarents Corn.
Eluwgtrasmalang ‘Meoco/Electral
Ravid Emginessing Iac.

Dorann Comgany

Tririgge inc,

Interstt

fvar, inc,

Jewrll Elwctrical I[rstruments [ng,
sargsnacher Murray o
Oumammun  Ina.

Fiiicon Derneral

int=l forporat:on

Onmi e Mangfacturing Cosgany
Parvaer-calon

Penn. Enyg. ana M¥g. Cord.

Honsants, Silectromiz Specidl Progucts

Ariws Dlecteoonicw Inc,

ICO/Ral by

Circult Assendiy Sarn.
Paver=0ne Co.

Sprague Slectrlc Company
Superior Slectric Company
Thomas and Hetts Compary

Ward Lacnard Eleciric Co.
alimetal Screw Prod. Lo,

Felden Manufacturing To.

Bug Incdustriss. Ino.

Cambridge YThermisnic Corg,
Busaman Mfyg. Div. mMeBraw-Zdison Co.
TTd Corporation

17T Cannon £leciric Inc.
Centralas Div. Globe-Union, Inc,
Cate-Coil

Chicage Minmiature Lampworks

TRW (Clnch

Dow Cormning Corp.

flmence (Electre Motivel
Dialignt Corporation

General Instruments

Erie Technological Progucts Inc.
Beckman [nstruments, n€.
Faderal Screw Progucts, Inc.
Heinemann #lectrie Comoany
Harvey Hupbell, Inc.

I1linals Condenser Co.

Z.F, Johnson Jampany

TRW Elwctronic Components

Kulka Slectric Corporaion
Laittlefuse Incorporatad
United-Carr Inc.. Fatwin Diviszion
Potter and Brumfield Div., AMF
Shakeprocf Oiv., [l12inois Tool Works
Tinnerman Products, Inc.
Janns-Hanviile Products Cora.
Waldes Xohingar inc.

ITrerick Mfg, Tarporation
Mepco/Electra

Uryted Transformer Co.

Bourns, Incorporated

Triad Transformec Coro.
Wincrester Electromics

Military Spegaficstion or
Commarcial Geaeric Numtier

Raco Producis Co.

Standard Grigaiy

Switocneraft, Ingorporated
Rotron Hanufacturing Co., Ing.
Vector Electronics Inc.

Herman H, Smith, Ine.

tige Tool and Scres Dorp,

RCA

rarcao~Jak lndustries

Useco Div,, Litton Industries
Hallory Capagitsr Company

Dale Flectronics. Inc.

£len Corporation

Kevatone Electranics Corp.
Algna Wire Caorporation

Soutnce, Incorooratad

RCA

Weckauser Comuanv, Inc.
Eleceronte Engineering o
Rubber Yeck., Incorparated
Swalmeto Gorp.
ters Mig. Co.
TERD

Iz
Deievan Clectramcs Corporation

(West}

City

Palo Altao
kwns wortn
Aapury Park
San Ciego
Laconia

Sy tmar
Fittspurgh
Cupertino
Santa Ang
Hanchester
L.as Angalaw
Los Angeles
Westminster
Santa Clara
Skokyw
Giifton
Doviestawn
Cuperting
Frangntowt
Falo Alta
Costa Mesa
Camariilo
North Adams
Bristol
Eiizanetn
Mt Varnoo
Garden Gity
Chicaga
Wiligughty
Cambricgm
St. Laouls
Elkhart

Lax Angelaes
Hilvaykes
Providence
Chicags
Lhicaga
Hidglang
Witiimantiq
Broaklyn
Napwar i

Ecie
Fullerton
Chicago
Trunton
Bridgeport
Chicago ‘
Wazeca
Prnilagelpnia
s, Yernan
Dus Plaines
Waterbury
£. Princeton
Chicage
Cleveland
Thicago
tang Island City
New Sochelle
Morr i stown
New York
Riverside
Venice
Qakvilie

Chicagao
Aurora
Chizagh
wNoodstock
Sylmar
Broaxlya
Rockford
Hars L s0n
Ananeim
Van Muys
indianapaiis
Catumbtus
Willaw Grove
Now Yark
Elizabeth
Laster
Cinzinnatt
thicage
Santa Ana
Garcana
Bamar anedk
Burbank
Burbank
Maywaod
Aurora

State

ca
nN
MY
o2
NH
cAa
Pa
CA
[af:]
NH
CA
ChA
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