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Elgar Two Year Warranty

SL, B, SX, PIPs, AND MANUAL OSCILLATORS

Elgar Corporation (hereinafter referred to as Elgar) warrants its products to be free from defects in
material and workmanship. This product warranty is effective for two years from the date of shipment
to the original purchaser. Liability of Elgar under this warranty shall exist provided that:

the Buyer exposes the product to normal use and service and provides normal maintenance on
the product;

Elgar is promptly notified of defects by the Buyer and that notification occurs within the
warranty period;

the Buyer receives a Return Material Authorization (RMA) number from Elgar’s Customer
Service Department prior to the return of the product to Elgar for repair, phone 800-73-ELGAR
(800-733-5427), ext. 295;

the Buyer returns the defective product in the original, or equivalent, shipping container;

if, upon examination of such product by Elgar it is disclosed that, in fact, a defect in materials
and/or workmanship does exist, that the defect in the product was not caused by improper
conditions, misuse, or negligence; and,

that Elgar markings and nameplates have not been altered or removed and the equipment has
not been repaired or modified by anyone other than Elgar authorized personnel.

This warranty is exclusive and in lieu of all other warranties, expressed or implied, including, but not
limited to, implied warranties of merchantability and fitness of the product to a particular purpose.
Elgar, its agents, or representatives, shall in no circumstance be liable for any direct, indirect, special,
penal, or consequential loss or damage of any nature resulting from the malfunction of the product.
Remedies under this warranty are expressly limited to repair or replacement of the product.

CONDITIONS OF WARRANTY

To return a defective product, contact an Elgar representative or the Elgar factory for an RMA
number. Unauthorized returns will not be accepted and will be returned at the shipper’s
expense.

For Elgar products found to be defective within thirty days of receipt by the original purchaser,
Elgar will absorb all ground freight charges for the repair. Products found defective within the
warranty period, but beyond the initial thirty-day period, should be returned prepaid to Elgar
for repair.

Normal warranty service is performed by Elgar during the weekday hours of 7:30 am te 4:30
pm Pacific time. Warranty repair work requested to be accomplished outside of normal
working hours will be subject to Elgar non-warranty service rates.

Warranty field service is available on an emergency basis. Travel expenses {travel time, per
diem expense, and related air fare) are the responsibility of the Buyer. A Buyer purchase order
is required by Elgar prior to scheduling.

A product found, upon inspection by Elgar, to be in specification is subject to an inspection fee
and applicable freight charges.

Equipment purchased in the United States carries only a United States warranty for which
repair must be accomplished at the Elgar factory.

£LGAR

9250 Brown Deer Road

San Diego, California 92121

618/450-0085 = 800/733-5427

FAX: 619/458-0267 = TELEX: 211063 ELSD UR
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SECTION |
GENERAL DESCRIPTION

1.1 INTRODUCTION

This manual has been prepared for use by systems engineers and by
personnel responsible for the installation, operation and maintenance of the
Series 9020 Plug-In-Programmer.

1.2 GENERAL DESCRIPTION

The Elgar Series 9020 Plug-In-Programmer (PIP) is a solid state,
self-contained instrument intended for use in Automatic Test Equipment (ATE)
systems. In response to digitally coded command inputs from a system
controller, the PIP produces output signals which are, in turn, inputs to AC
Power Sources. The Series 9020 programs the frequency and independently
programs the amplitude and phase angles of three phase AC Power Systems.

1.3 PHYSICAL DESCRIPTION

The Series 9020 PIP is configured to fit the standard oscillator cavity
of all Elgar AC Power Sources. It is not intended to be operated in the Elgar
"C" Series Sources.

1.4 CONFIGURATION

1. All Series 9020 Plug-in-Programmers have the following features

as standard:

a. Three phase, independent amplitude programming.

b B and C phase angle programming from 8° to 399.5°.

c. Display of all programmed functions.

d. Local control and GPIB remote control.

e 130V/260V Dual range programming. (Associated power
source(s) must be modified for Dual Range operation.)

f. Automatic shutdown for those frequencies that would
damage associated power source.
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STANDARD

Input Power

Output Signal:

TABLE 1-1
PERFORMANCE SPECIFICATIONS

OPERATING TEMPERATURE RANGE:

PROGRAMMING:

Distortion (THD):

FREQUENCY PROGRAMMING

Frequency Ranges:
(Jumper Range Change)
Frequency Accuracy:
Frequency Temco:

Frequency Setting Time:

AMPLITUDE PROGRAMMING

Voltage Ranges:
(Range Programmable)

Amplitude Accuracy:

Amplitude Temco:

Amplitude Line Regulation:

Amplitude Load Regulation

Amplitude Settling Time:

PHASE ANGLE PROGRAMMING

Phase Angle Resolution:

Phase Angle Accuracy:

1-2

117VAC, +42VDC and -42VDC from
associated power source

0 to 2.5VAC into a 800 ohm load
(per phase)

0°C to 50°C
Local or GPIB per |EEE-488-1978
Less than 1% within power source

range

45Hz to 99.99Hz in 0.01Hz steps
45Hz to 999.9Hz in 0.1Hz steps
4S5Hz to 5000Hz in 1Hz steps
0.001% of set value

0.003% Per °C average 0° to 50°C
50 microseconds

0 to 130V in 0.1V steps

0 to 260V in 0.1V steps

+0.15% of Full Scale 45Hz to 2Hz
from 5% of Full Scale to Full Scale.
Increases 0.015% per KHz above

2KHz.

+0.01% Per degree C average 0°C
to 50°C.

+0.01% for a 10% line change
within operating line range.

+0.015% (Full Wave Average) at
point of sense.

4100 milliseconds when
programming between 5% of F.S.
and F.S.

0° to 399.5° in 0.5° steps

+1° from 45Hz to 2KHz



SECTION 1l
INSTALLATION

2.1 CENERAL

This section of the manual contains instructions for pre-installation
inspection and electrical connections.

2.2 PREINSTALLATION INSPECTION
1. Inspect the PIP and associated power source for shipping damage
such as dents, scratches or distortion.
2.  Remove PIP from oscillator cavity and inspect for damage.
3. Check rear of associated power source for damage to connectors.
2.3 ELECTRICAL CONNECTIONS (See Table 2-1)
1. If a multi-unit system, connect output drives to other power
sources J1 PIN 4 with J1 PIN 1 as common.
2. Connect sense leads and sense common to load.
Note: Do not operate PIP with sense leads disconnected as

output of power source will be approximately 10% above
the programmed value. This may damage equipment
connected to the power source output.

2.4 IEEE-488 INTERFACE CONNECTIONS

Simply connect the GPIB cable to the 24 PIN |EEE-488 connector on

rear of associated power source.
TABLE 2-1
J1 CONNECTIONS ON REAR OF ASSOCIATED POWER SOURCE
PIN #1 Qutput Common

B 0 Output
C ¢ Output
A 8 Output
+5V Relay 50MA Max
Relay Drive

OO~ EWN

Sense Common

10 C ¢ Sense High
11 B # Sense High
12 A B Sense High
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TABLE 2-2. |EEE-488 INTERFACE INPUT CONNECTIONS

Contact Signal Line
1 D101
2 D102
3 ' D103
4 D104
5 EO!
6 DAV
7 NRFD
8 NDAC
9 IFC
10 SRQ
11 ATN
12 Shield
13 D105
14 D106
15 D107
16 D108
17 REN
18 Gnd (6)
19 Gnd (7)
20 Gnd (8)
21 Gnd (9)
22 Gnd (10)
23 Gnd (11)
24 Logic Com.

NOTE: Gnd (n) refers to the signal com.
return of the referenced contact.
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TABLE 2-3. JUMPER CONFIGURATIONS

A. MAINBOARD (5809011)
There are no jumpers on this board.

8. STORAGE BOARD (5809012)
There are three jumpers on this board. They are 10 ohm 5%
Resistors used as digital jumpers.

1. R15, located between U6 and U17 sets the frequency range.
The 100Hz range is closest to U17. (Note: R4 on the display
board must be changed to correspond.)

2. R13, normally located between U16 and U21 may be moved to its
alternate holes between U17 and U22 to permanently set the 260V
range.

3. R25, normally located between U22 and U28, may be moved to its
alternate holes between U21 and U27 if range change by sending
redundant 4 in major bit is desired.

C. GENERATOR BOARD (5809014)
There are no jumpers on this board. .

D. DISPLAY BOARD (5809013)

1. R4, 330 ohms 5%, is used to set the proper decimal drive when
displaying frequency. It is located on the rear of the display
board. The proper position for each range is etched on the
board.

E. GPIB BOARD (5809015)

1. CR6 is added if a clear/initialize is desired when going from
Local control to remote control.

2. CR7 is added if a clear/initialize is desired when IFC is

received. |If IFC is sent when unit is in local control, clear will
occur.
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SECTION il
OPERATION

3.1 INTRODUCTION

This section contains information regarding the preliminary functional
checkout of the Series 9020 Plug-in-Programmer (PIP) as well as a description
of the front panel controls and indicators, rear panel connections and remote
programming information.

3.2 CONTROLS AND INDICATORS

The front panel has a twelve key keyboard which controls local entry
of contro! data and also enables recall of stored data. The keys are numbered
@ through 9 plus READ (*) and LOAD (#).

To the right of the four digit display are six backlighted numbers.
These will indicate what is being displayed on the four digit display. When all
are off, the display will be showing the programming display.

To show the programming display, either press READ (*) 0 or press
any number key without pressing READ (*) or LOAD (#) first.

To load information into the Series 9020, key in four numbers. Then
press LOAD (#) and the number of the register you wish to load. The
numbers to the right of the display are prompters. Example: Key in 0800,
Press LOAD (#) and then the 6 key. This will load 800Hz into register 6 which
is the Frequency register. NOTE: The display will be blinking until a
frequency between 45Hz and 5KHz is loaded. When the 6 Key was depressed
the display jumped to the 6 register and the 6 (FREQ) backlight came ON.

Amplitude A,B or C can be loaded independently by loading four
numbers and then sending LOAD and pressing 1 or 2 or 3. Alternately the
amplitude of A,B and C may be simultaneously loaded by keying in four
numbers, (the decimal is not sent but is understood to be between the third an
fourth numbers) pressing LOAD (#) and then pressing 5. (No backlight will
come on when 5 is loaded.)

To load Phase Angle, simply key in four numbers (the decimal is
understood to be between the third and fourth digits) and then press LOAD
and either 4 or 7 as appropriate.

- To recall any previously loaded data, simply press READ (*) and the
number corresponding to the desired information.
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To program the 260V range, enter 4000, LOAD (#) and press 8. The
260V led indicator will come on. To return to the 130V range, enter 0000,
LOAD and press 8. NOTE: Although the Series 9020 will program range as a
standard function, the associated power source must be modified for dual range
operation.

When the PIP is in- REMOTE control, the green LED on the front
panel will illuminate. While in remote the keyboard is inhibited except for the

READ function.
3.3 REAR PANEL INPUT/OUTPUTS

All signal input and outputs of the PIP are available at J1 on the rear
of the associated power source. These are the A,B and C Phase drive outputs
and the servo feedback inputs. All remote control is via the 24 PIN CPIB
connector on the rear panel of the associated power source See Tables 2-1 and
2-2 in Section |l for pinout information.

3.4 IEEE-488-1978 PROGRAMMING

The Institute of Electrical and Electronic Engineers (IEEE) Standard
488-1978 specifies the method in which a central controller will control the PIP
and other devices in an automatic test system. The PIP General Purpose
Interface Bus (GPIB) implements the following subsets of the IEEE-488 interface
functions.

SH Function SH#
AH Function AH1
T Function To
L Function L2
RL Function RL2
PP Function PP®
DC Function DC1
DT Function DTo
C Function Co

This defines the interface as a listen only device with remote and
local control capability but without lockout capability. Local lockout is not a
requirement as REMOTE locks out local control.

3.4.1 LISTEN ADDRESS

The "LISTEN" address to which the PIP will respond, is determined
by the positions of the 5-gang, DIP switch mounted on the GPIB Interface
Board. The "ON" position of each switch corresponds to the TRUE state of the
address. The switch is located on the front center of the GPIB board and is
accessible by loosening the thumb screws holding the PIP in the oscillator
cavity and sliding the PIP about four inches out of the cavity. Simply set the
desired address and return the PIP to the.cavity. TABLE 3-1 contains the
switch settings for various addresses.



TABLE 3.1 I|EEE INTERFACE LISTEN ADDRESS

ASCII |EEE Interface Board Settings

CHARACTER SW5 Swi SW3 Sw2 SW1
Space - OFF OFF OFF OFF OFF
! OFF OFF OFF OFF ON
" OFF OFF OFF ON OFF
# OFF OFF OFF ON ON
$ OFF OFF ON OFF OFF
3 OFF OFF ON OFF ON
& OFF OFF ON ON OFF
' OFF ON ON ON
( OFF ON OFF OFF OFF
) OFF ON OFF OFF ON
* OFF ON OFF ON OFF
+ OFF ON OFF ON ON
‘ ON ON OFF OFF
- OFF ON ON OFF ON
. OFF ON ON ON OFF
/ OFF ON ON ON ON
0 ON OFF OFF OFF OFF
1 ON OFF OFF OFF ON
2 ON OFF OFF ON OFF
3 ON OFF OFF ON ON
4 ON OFF ON OFF OFF
5 ON OFF ON OFF ON
6 ON OFF ON ON OFF
7 ON OFF ON ON ON
8 ON ON ON OFF OFF
9 ON ON OFF OFF ON
: ON ON OFF ON OFF
: ON ON OFF ON ON
? ON ON ON OFF OFF
= ON ON ON OFF ON
L ON ON ON ON OFF
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3.4.2 DATA INPUT PROGRAMMING

A commarid message to the PIP consists of a string of ASCII
characters for four decimal/digits having values of # through 9 followed by one
of eight capital letter characters. The most significant number is sent first
followed by the next most significant, etc. The alphabetic character following
the numbers identifies the function being commanded and causes it to be stored
in the appropriate storage register.

The identifier letters are:

A = A Phase Amplitude E = Simultaneous Amplitude
B = B Phase Amplitude F = Frequency

C = C Phase Amplitude G = C Phase Angle

D = B Phase Angle H = 130/260 Range Change

All messages must contain four numbers and one letter. For example,
a command of 5.0V amplitude must be sent as 0050A (or E). It could also be
sent as 005.0A as the PIP will not respond to the decimal point. A typical
ENTRY sequence would be: 040OF1200A. This would set 400Hz at 120.0VAC.
This presumes that the 45Hz to SHz frequency range is set. This is a jumper
range change. Always program frequency first when powering up the system.

3.5 FUNCTIONAL CHECKOUT
The functional checkout verifies that the PIP is functioning properly
but does not verify specifications. The functional checkout should be

performed with the PIP plugged into the associated power source and properly
connected to the load.

3.5.1 Local Mode Check

Proceed as follows to verify proper operation of the Series 9020 PIP
in the local mode:

1. Connect associated power source to proper input power and turn
on power. Display should blink.

2. Key in 0800, LOAD, 6. Display should stop blinking and 6
backlight should come on.

3. Key in 1150, LOAD, 1. Number 1 backlight should come on and
display should show 115.0.

4. Press LOAD, 2. Number 2 backlight should come on and display
should show 115.0.

5. Key in 1100, LOAD, 3. Number 3 backlight should come on and
display should show 110.0.

6. Press READ, 4. Number 4 backlight should come on and
display should show 240.0.



10.

Press READ, 7. Number 7 backlight should come on and display
should show 120.0.

Key in 2395, LOAD, 4. Number 4 backlight shouid come on and
display should read 239.5.

Open load circuit. Key in 4000, LOAD, 8. Red LED (260V)
should come on.

Key in 0000, LOAD, 8. 1260V LED should go out.

3.5.2 REMOTE MODE CHECK

1.

Connect a GPIB Controller to the 24 Pin GPIB connector on rear
of associated power source.

Set address switch on PIP to proper address,

Turn on power and have GPIB controller send ATTN: ADDRESS
REN true and IFC false. Green REMOTE LED on PIP front panel
should come on.

Have controller send 0888F 1000A 1100B 1200C.

A phase power source should have 100.0V output.

B phase power source should have 110.0V output.

C phase power source should have 120.0V output.

Output frequency should be 888 Hz.

Have controller send SDC. Display should blink. Turn off
power.

3-5



SECTION 1V
THEORY OF OPERATION

4.1 INTRODUCTION

This section contains an overall description of the Series 9020 PIP as
well as the description of each major circuit. This section should be read prior
to attempting to troubleshoot or perform any maintenance of the equipment.

4.2 OVERALL THEORY OF OPERATION

When power is applied, all internal storage registers are cleared to
zero with the exception of the phase angle storage registers. The phase angle
registers are set to 250.0 and 120.0 respectively for the B and the C phase
angles.

The storage board (A2) has shift registers which are controlled by
the keyboard when in local control and by the GPIB board when in remote.
The data from these shift registers is transferred to storage by the appropriate
strobes and in turn controls the various functions.

The stored frequency data is converted to a pulse train that is 720
times the output frequency by a set of four BCD rate multipliers. The pulse
train is counted down by a series of up/down binary counters which in turn
drive a PROM with a SINE look-up table. The PROM drives a Digital to Analog

Converter which produces a sine wave output. This is filtered and becomes the
output drive.

The amplitude data is converted to Binary and is stored in the
appropriate amplitude programming Digital to Analog converter. This output is
used to control the servo which sets the output amplitude.

The phase angle data is converted to angle and quadrant information
which is transferred at the time that A phase goes through zero crossing.

4.3 DETAILED CIRCUIT DESCRIPTION

In the following paragraphs, those circuits which make the PIP
possible are described in detail. In preparing this text it has been assumed
that the technician is familiar with analog and digital devices such as
operational amplifiers, logic gates, RAMS, PROMS, shift registers, digital
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to analog converters and other commonly used devices. Therefore, the internal
circuitry of the integrated circuits is not described in this manual. The
technician is referred to the manufacturer's publications for this information.

STORAGE BOARD LOGIC

The heart of the storage board logic is shift registers U7, U13, U16
and U17. All numerical information is entered through these devices.
When in local control, tri-state buffer U28 is enabled and information
from the keyboard is applied to the shift registers. When in remote,
a set of tri-state buffers on the GPIB board is enabled thus giving
control to remote. During initialization, U33 tri-state is enabled and
the shift registers are put into parallel load mode to clear all
registers except B and C phase angle.

The storage board is initialized when powering on by the RC of R5
and C1 which clears U32 to zero. When the clear goes away, U3z will
count from zero to eight. When the eight comes true, it will cause
initialization oscillator U31 pins 1 and 3 to stop by holding PIN 1
plus. During initialization U33 pins 3,5, and 7 have control of the
common BCD bus. As the shift registers are in parallel mode, the
only place the BCD bus is used, is as the input to strobe decoder
u20.

After initialization, when operating in local control, the numerical
information will come through U28. The storage strobe, or shift,
comes in on Pin 50 of J3 and is coupled to U24 pin 10 which causes
the data to be shifted into the shift registers. The same signal also
goes to U23 Pin 1. The output of U23, Pin 1 is Pin 3 which is
applied to a write delay circuit composed of R16 and C13. The
output of U25, Pin 4 is a write, W, pulse for the display storage
RAMs U11, U12, Ul4 and U15. As all display data is multiplexed out
of the display storage RAMs, this will cause the display to show the
data being entered into the program display or 0 display.

When the shift register has four digits entered, the LOAD button will
be pressed. This will set F/F U26 Pin 1 high which will enable uz2s,
Pin 3 output and disable U25 Pin 11 output. Now the next number
key pressed will not shift the shift registers but will enable the
strobe decoder U20 to put out a storage strobe. At this time, the
RAMs will see the address that corresponds to the number pressed
and a WRITE pulse to be generated via U23 Pin 2. Thus the display
information is stored and the operating information stored via the
strobe generator U20. The address control for the RAMs during
WRITE is U27 Pins 3,5,7 and 9.
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When recalling information by pressing READ, pin 55 of J3 goes high
which sets F/F U26 Pin 13 high. This enables U10 which now
controls the address to the RAMs and causes the RAMs to send the
appropriate information to the display.

Flip Flop U18 is the multiplex encoder which when driven by its
associated oscillator, controls multiplex driver U19. One half of U19
enables the proper RAM while the other half enables the proper
display.

When a simultaneous amplitude is loaded, U21 Pins 2,5 and 12 cause
all phases to be loaded, but the display information must be loaded
into three different addresses. Thus when a simultaneous amplitude
is loaded, U3l is started via U27 pin 13. U33 pins 11 and 13 are
driven by U34 causing RAM addresses 1,2, and 3 to receive the same
information. The output of U31 pin 10 disables U10 and also goes to
the GPIB board to delay the NRFD when operating in remote.

Octal storage latches U8 and U9 are controlled by storage strobe 6
(Frequency). The outputs of the latches are the BCD inputs to U1
through U4, U1l to U4 are BCD Rate Multipliers which are a rather
unique digital device. Starting with U1 (MSB), for every 10 clock
pulses in, it will put out a number of pulses corresponding to the
BCD number that is programmed into it. Thus if a 4 is programmed
in it will put out 4 pulses for every 10 pulses in. Due to the
cascading from U1, U2 will put out its programmed number of pulses
for every 100 clock pulses in. U3 and U4 will put out a number of
pulses for each 1,000 and 10,000 clock pulses respectively. All
outputs of Ul to U4 are NANDed by US and become the RATE
CLOCK. The rate clock is always 720 times the output frequency.

The outputs of the shift registers are also applied to Pins 1 to 14 of
J3. This couples the BCD information to the Generator Board and
the Main Board.

4.3.2 MAIN BOARD LOGIC

The RATE CLOCK generated on the storage board comes in on J1 Pin
20 and is applied to the up/down counter composed of U2, U3, u7,
Uilus, U18 and U19. This counter counts up to 179, holds 179 for an
extra count and then counts down to zero. It will hold zero for an
extra count and then count up. U3 counts the phase quadrants of
sero to 3 and U18 Pin 3 controls the up/down action.

The output of the Up/Down counter is applied to U13 which is a
PROM with a sine look-up table. U13 in turn drives the digital
inputs to DAC (digital to Analog Converter) U6. The DAC wiill put
out a current proportional to the analog voltage applied to R3 and the
instantaneous digital signal applied. The current output of the DAC
is converted to a voltage by Us Pins 1,2 and 3. The voltage at US
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Pin 1 is a series of half wave signals of which half will be inverted
by U1l pins 5, 6 and 7. U11 pins 5,6, and 7 is an invert/non-invert
circuit which is non-inverting until Q6 is turned on at which time it
becomes an inverting amplifier. U3, which counted the quadrants of
the sine wave, controls Q6 so that in quadrants 2 on 3 (180° to 360°)
the circuit is inverting.

The output of the invert/non-invert circuit is fed to an active filter
which has an output at U1l pin 1. The output of the filter is fed to
variable gain circuit U10 pins 1,2 and 3. The variable gain circuit is
controlled by the amplitude servo.

The amplitude servo starts with the BCD inputs on J1 Pins 1 to 14.
These inputs are converted to 12 Bit Binary information by Binary
adders U24, 25, 29, 30, 34 and 35. The Binary data is applied to 12
Bit amplitude programing DACs U17, 23 and 28. The programming
DACs have internal storage latches which are controlled by PIN 17
(W). Thus Pin 17 of J1 (A) will control the storage of U17, the A
phase amplitude programming DAC. The current output of U17 is
converted to voltage by U16 pins 1, 2 and 3.

The programming voltage is applied to the A phase error integrator,
U10 Pins 5, 6 and 7, through R35 and U9 pins 2 to 15. This causes
Pin 7 of U10 to go to the negative stop which in turn drives U4 photo
diode on maximum. When the Ul diode is on hard, the Ul resistor is
at minimum resistance. This causes U10 pins 1, 2 and 3 to have
maximum gain. This is the "open servo" condition.

When the servo feedback is closed, an AC voltage is applied to R67
and R68. The AC signal is rectified by CR9 and CR10 and applied as
a negative to the summing junction of the error integrator U10 Pin 6.
This causes U10 Pin 7 to move in a less negative direction reducing
the gain of the variable gain amplifier U10 Pins 1, 2 and 3.

The B and C phase servo systems operate in the same manner as the
A phase servo.

The reference for the amplitude programming DACs is generated by
CR1, U27 Pins 5, 6 and 7 and associated components. The reference
output at U27, Pin 7 is adjusted to negative 10VDC by R69. When
the display is flashing Q4 is turned on which turns off Q5 and the
reference diode no longer has an input so there will be no output.
When Q4 turns off, Q5 will turn on at an exponential rate controlled
by Ci4, R23. This takes about 200 milliseconds and during this time
the oscillator output will have a low distortion sine wave increasing at
an exponential rate. There is no clipping of the sine wave during
this "soft" start.
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4.3.4

4.3.

5

The operation of Q4, which controls the reference, is controlled by
the operation of U37. This is a dual retriggerable monostable
multivibrator. U2 pin 8 puts out a narrow pulse each half cycle of
the output frequency. So long as the frequency stays above 45 Hz.,
the monostable will be retriggered and will not time out. When the
frequency drops below 45 Hz, the monostable will time out and set Pin
5 low. This will set U38, Pin 5 High, which through U36, Pin 9 to
10 will turn on Q4 turning off the reference. The other half of U37
is triggered by the same pulse but this half must time out before the
next pulse or the frequency is above 5 KHz. R25 and C16 force a
shutdown condition at turn on and this will continue until a proper
frequency is programmed.

DISPLAY BOARD LOGIC

The keyboard encoder U9 takes the Row and Column information from
the keyboard and converts it to BCD information with a shift pulse
that occurs 80 clock periods after the key is depressed. As the K
CLK is about 2Hz, the delay for switch bounce is about 40
milliseconds. When the * key or the # key is pressed, there is no
shift generated by the keyboard encoder.

Integrated circuit U3 is an octal source driver. |If pin 5,6,7 or 8
goes high, then Pin 14,13, 12 or 11 respectively, will go high
enabling the appropriate digit of the display. At the same time that
the digit is enabled the proper BCD information for that digit is
presented on J5 Pins E11, E12, E13 and E14 which in turn is applied
to U2. U2 is a BCD to 7 segment decoder driver which has a low
true output. The low true is applied through U1 to the proper
segment of all four displays but only the display which is enabled by
U3 will light. As this is repeated at a high rate the display appears
as a steady light. Ul is a BCD to 10 line decoder and U5 is a 7
section sink driver. DS 5 to DS 10 are the six backlight LED's.

GENERATOR BOARD LOGIC

As most of the Generator Board Logic is the same as that of the A
phase, it will not be repeated. The difference is that the B and C
phase angles are programmed.

The BCD phase angle information is received on J6 Pins 1 to 14.

This is buffered by U17 and U18 and applied to Us, U9 and U10.
These integrated circuits are Power Switched PROM's. This means
that they draw reduced power when not enabled. The PROMs use the
BCD input as on address and the A PROM puts out quadrant
information while the B and C PROMs put out binary angle
information. When the D or G strobe is activated, U16 enables the
PROM output and the clock to the storage registers is brought low.
When the D or G returns high, the data is stored on the rising edge.
The stored information is retransferred into the running up/down
counters each time the T# signal at J6 Pin 24 comes true. TO® comes
true when A phase goes through zero.



4.3.

5

GPIB BOARD

The GPIB Handshake starts when DAV goes low at U7 Pin 2. There
is a 250 nanosecond delay caused by the R8/C6 RC which will screen
out transients on the BUS. After the delay, U1l PIN 6 will go high
causing U5 PIN 5 to go high. US PIN 6 is high and will remain so
until the RC of R10/C7 runs out. Thus a high going DAV pulse will
be developed at U5 PIN 4. Meanwhile, when Ul Pin 8 went low it
caused U1l Pin 10 to go high. A high on U4 PIN 5 will cause U4 PIN
6 to go high generating a NDAC signal. At the same time U2 PIN 8
going low will cause U4 PIN 3 to go low inhibiting the NRFD at U4
PIN 2. When the controller removes the DAV all of the above will
return to the static state in minimum time due to Diodes CR3 and CR2
shorting out the delays.

BCD to Octal decoder U9 decodes the 1SO-7 Bit code column
information, and U13 decodes the b4, b3 and b2 portions of the row
information. Decoders U9 and U13 have negative true input codes
and put out positive true eight line information.

Digital comparator U8 in conjunction with U20 PINS 1, 2, 3, 4, 5 and
6 compare the listen address switches S1 to S5 with the incoming data
word and issues MLA when they match.

The MLA is applied to U1l PIN 13 while ATTN & DAV is applied to
PIN 12. PIN 11 of U20 will go high when column selector U9 causes
either Pin 6 or PIN 15 to go high. When U11 PIN 10 goes low,
nothing happens. But when PIN 10 goes high at the end of the
DAV, it will clock both sections of F/F U6. If REN is set and IFC is
not, both F/F of U6 will clock to the Q low condition.

The Address F/F can be cleared by PON, IFC or UNL while the
REMOTE F/F can be cleared by REN, PON or GTL. When REMOTE
F/F is enabled, PIN 13 will be low enabling U16 which gives the GPIB
Board control of the data entry process.
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SECTION V
MAINTENANCE

5.1 GENERAL

This section of the manual contains procedures for verification of
performance, disassembly, troubleshooting and calibration of the Plug-in
Programmer Series 9020. The PIP is delivered with all adjustments and
calibrations completed. Further adjustment should not be required unless a
malfunction occurs or certain critical parts are replaced.

If the procedures of this section and the circuit description of Section
IV do not provide sufficient information to locate and correct a malfunction, the
assistance of the Elgar Service Department should be requested. Equipment
should not be returned to the Elgar factory without the express authorization of
Elgar Corporation or its appointed representative. Elgar cannot assume
responsibility for equipment returned without authorization.

5.2 REQUIRED TEST EQUIPMENT

The equipment required to conduct the performance verification
procedures and for troubleshooting is listed in Table 5-1. Substitute equipment
may be employed provided that such equipment meets the accuracy specifications
of the listed equipment.

5.3 DISASSEMBLY

All digital integrated circuit devices and most analog integrated
circuit devices are instalied in sockets for ease of removal for troubleshooting.
If a spare device is not available, many times there are similar devices
elsewhere in the PIP. Simply exchange similar devices to see if the trouble
moves.

5.3.1 TROUBLESHOOTING ACCESS

If an extender card is not available, the boards may be accessed for
troubleshooting by the following methods.

1. Remove power source top cover.
2. If trouble is on GPIB board, troubleshoot from top of CPiB

board. |f trouble is not on GPIB board, remove GPIB board and
operate in local control while troubieshooting.
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3. If trouble is on storage board, troubleshoot from top of storage
board.

4. If trouble is on main board or generator board, loosen the two
screws at rear of storage board. They are accessible through
holes in rear corners of GPIB board. When screws are loose,
hinge up storage board and generator board to access main

board.
5.4 PERIODIC INSPECTION

Whenever the Plug-In-Programmer is removed for maintenance, or at
six months intervals, it should be thoroughly inspected to insure that it is not
returned to service in a marginal condition. The PIP should be checked for
loose screws, components not properly seated in sockets or components that
show evidence of overheating.

After inspection, remove any accumulation of dust or other foreign
material with a soft brush and low-pressure air.

5.5 ADJUSTMENTS

There are only a comparatively few adjustments to be made in the
Series 9020 PLUG-IN-PROGRAMMER. These are made at the factory and should
not require readjustment unless critical components are replaced. The function
of these adjustments and the manner in which they are made is covered in the
following procedures:

1. Connect a frequency meter to the power source A phase output
and apply power to Power Source

2. Program 400 Hz, and all phase amplitudes to 100.0V.

3. Frequency meter should read 399.996Hz to 400.004Hz. If not
adjust A2-C5 until it does.

4, Remove frequency meter and connect a distortion analyzer to A
phase output.

5. Adjust A1-R20 (THD-HI) for minimum distortion on distortion
analyzer.

6. Adjust A1-R8, (THD-LO) for minimum distortion on distortion
analyzer.

7. Repeat steps 6 and 7 to compensate for interaction.
8. Move distortion analyzer to B phase output.

9. Adjust Au-R18 (THD-HI B) for minimum distortion.
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10.

1.

12.

13.

14.

15.

16,

17.

18.

19.

20.

21.

217.

23.

24,

25.

16.

27.

28.

29.

Adjust AL-R13 (THD-LO B) for minimum distortion.

Repeat steps 9 and 10 to compensate for interaction.

Move distortion analyzer to C phase output.

Adjust Au-R17 (THD-HI C) for minimum distortion.

Adjust Au4-R10 (THD-LO C) for minimum distortion.

Repeat steps 13 and 14 to compensate for interaction.

With a DC DMM, measure U27 PIN 7 with common to A1-TP1.
Voltage should read ~9.95 to -10.05 VDC. If not adjust A1-R69
until it does.

Monitor A phase output with AC DMM.

Connect a jumper from A1-TP1 to low side of A phase output.
Note DMM readout.

Move jumper from low side of A phase out to high side of A
phase out. If reading not the same as noted in Step 18 £
0.01VAC, adjust A1-Ru46 (CMR-A) until it is with 0.01VAC.

Move voltmeter to B phase and move jumper to B phase low and
note reading.

Move jumper to B phase Hi output and adjust A1-RU45 (CMR-B) if
reading is not within +0.01V of reading noted in step 20.

Move voltmeter to C phase output and connect jumper to C phase
low. Note reading.

Move jumper to C phase Hl and adjust A1-R&d4 (CMR-C) if
reading is not within +0.01V of reading noted in Step 22.

With program still at 400Hz at 100V open all three sense high
servo leads.

Monitor A phase with DMM and adjust A1-R54 (A-open) for
110.0V * 0.5V output.

Monitor B phase with DMM and adjust A1-R52 (B-Open) for
110.0V * 0.5V output.

Monitor C phase with DMM and adjust A1-R50 (C-open) for
110.0V * 0.5V output.

Close all three sense high servo leads opened in Step 24.

Monitor A phase output with DMM and adjust A1-R35 (A-FS) for
100.0V + 0.05 VAC.
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30. Monitor B phase output with DMM and adjust A1-R33 (B-FS) for
100.0V + 0.05VAC.

31. Monitor C phase output with DMM and adjust A1-R31 (C-FS) for
100.0V + 0.05 VAC.

32. Program 10.0V on all Phases.

33. Monitor A phase with DMM and adjust A1-R30 (A-Zero) for 10.0V
+ 0.05 VAC.

34, Monitor B phase with DMM and adjust A1-R29 (B-zero) for 10.0V
+ 0.05VAC.

35. Monitor C phase with DMM and adjust A1-R28 (C-Zero) for 10.0V
+ 0.05 VAC.

36. Program 100.0V on all phases and repeat steps 29 through 35 as
required to compensate for interaction of adjustments.

37. Program 45 Hz at zero amplitude and adjust A1-R10 (45 Hz)
counter-clockwise until display blinks and then slowly clockwise
until display just stops blinking.

38. Program 5 KHz and adjust A1-R15 clockwise until display blinks
and then slowly counterclockwise until display stops blinking.

39. Program 1000Hz and all amplitudes to 100V and B and C phase
angles to 180.0°.

40. Monitor A to B phase angle with phase meter and adjust A4-C15
for 180.0° on phase angle meter.

41. Monitor A to C phase angle with phase meter and adjust A4-C13
for 180.0° on phase angle meter.

5.6 PERFORMANCE VERIFICATION

The PIP Plug-In Programmer should have its performance verified at
six month intervals. The performance verification can be accomplished with the
PIP connected in the system and with the necessary precision test equipment
listed in Table 5-1 connected as directed in the following paragraphs.

5.6.1 Preliminary Set-Up
1.  AC Power Source Power switch OFF
2. No load connected to power source output.
3. Remote programmer disabled or disconnected.
4., AC differential voltmeter connected across A phase output.
5. Distortion Analyzer connected across A phase output.
6. Frequency meter connected across A phase output.
7. Phase Angle Meter connected from A phase to B phase.



5.6.2 performance Checks

1. Turn on power and program frequency to 400 Hz, A phase
amplitude to 110.0V, B phase amplitude to 120.0V and C phase amplitude to
130.0V. Ensure output frequency is between 399.996Hz and 400.004Hz and that
phase amplitudes are within +0.195V of programmed values. Ensure that A to B
phase angle is +240° + 1° and A to C phase angle is +120° £ 1°.

2. Program 2Hz and program simultaneous amplitude to 99.9V.
Program B phase angle to 90.5° and C phase angle to 399,.5°, Check all
amplitudes for 99.9V + 0.195V. Check B phase angle for +90.5° * 1° and C
phase angle for +39.5° + 1°. THD of all phases should be less than 1%.

3. Connect a GPIB programmer to 24 pin GPIB connector on rear of
power source.

4. Program 888Hz at 77.7V on all phases and program 000.0 on B
and C phase angles. Use READ button to recall all data and verify that
displayed data is same as programmed.

5. Send SDC and verify that display blinks.
END of Performance Verification Tests.
5.7 TROUBLESHOOTING

A thorough study of the theory of operation is a pre-requisite to
servicing or repair of the Series 9020 Plug-in-Programmer. When the operation
of the circuits is understood, the observed symptoms will suggest the procedure
to use in determining which circuit is malfunctioning. The test equipment
required is listed Table 5-1. It is not possible to predict all failure modes of
the many devices used in the PIP and the described symptoms may be generated
by failure modes that are unanticipated. Therefore, if the suggested remedy
does not solve the problem, or if the problem does not have a remedy, the
technician is on his own and must use good diagnostic troubleshooting to solve
the problem. Table 5-2 suggests many, but not all of the problems which may
be encountered.

TABLE 5.1 REQUIRED TEST EQUIPMENT

Differential AC Voltmeter Fluke Model 931B or equal

Frequency Counter H.P. Model 5315A or equal
Digital Muitimeter Fluke Model 8050A or equal
Oscilloscope Tektronix Model 455 or equal
Distortion Analyzer Krohn-Hite Model 6800 or equal
Phase Angle Meter Dranetz Mode! 331 or equal
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TABLE 5-2.

TROUBLESHOOTING CHART
PROBLEM REMEDY
Display Not Lit 1. Check +5V and +5RAW supplies
2. Check A3-U3
Decimal Only Lit 1. Check A3-U2 Pin 14 high
2. Check A3-U2, A3-U1
3. Check A3-U2 input for BCD 15 input
b, Check A2-U18,A2-U19 multiplex drive
One Display Out 1. Check affected display
2. Check Multiplex drive through A3-U3
3. Check A2-U19 mux driver
Decimals will not Lite 1. Check A3-U4 and A3-US5
Keyboard will not Shift in Data 1. Check A3-U9 keyboard encoder
2. Check that A2-U28 is enabled
3. Check shift registers A2-U7, U13,
U16 and U17 for data on outputs. If
data present, check A2-U11,12,14 and
15 for data entry and write pulse.
Keyboard will shift in data but 1. Check A3-U8,U9
will not LOAD 2. Check A2-U18, U26 and U25
Keyboard will not READ 1. Check A2-U10, U22 and U27
2. Check A2-U11, U12, U144 and U15
3. Check A2-U19
Does Not Initialize Properly 1. Check A2-U32, U30,U31 and U33

Does not Load A,B & C phase when

LOAD, 5 is pressed 2.

Display LOADs data but outputs
do not respond to programming

Output Frequency is not what 1.

is programmed

-—
.

N -
. .

Check that Pin 7 of A2-U7, U13, U16
and U17 goes high during initialize
(Short A2-U30 pin 6 to common to
create initialization).

Check A2-U34, U33, U31 and U27
Check A2-U20.

Check A2-U20,21
Check A2-U24, U31,

Check BCD inputs to A2-U1,U2,U3
and U4 for proper data from latches
A2-U8 and U9

Check frequency at A2-U8 Pin 8 for
7.2 MHz + 0.001%.



TABLE 5-2. TROUBLESHOOTING CHART (Continued)

PROBLEM

REMEDY

A Phase Output Amplitude is not
what is programmed

B or C phase output ampiitude is
not what is programmed

Display Blinks when frequency
is between 45Hz and S5KHz

Display does not blink for
frequencies below 42 Hz or
above 5300 Hz

pa—y
.

= w

= W N —
« o & e
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Check to see that A phase up/down
counter A1-U3, U7, Uls, U18 and U19
is counting properly. (input
frequency should be 720 times output
frequency.)

Is A1-U27 Pin 7 negative 10.00V * 20
MV?

With 100V programmed, is A1-U16 Pin
1 approximately 2.44 volts?

If A1-U10 Pin is at negative 11 to
13V, then check for open servo or
bad Amp A1-U8.

1f A1-U10 Pin 7 is at plus .5 to .7V
then check for open loop condition in
A1-U8 or U10.

Shift in a number and then check
binary output at A1-U24 and u2s to
see if BCD to Binary Converter is
working properly. (Example: Program
100.0 and A1-U24 pins 10,12, and 13
should be high and A1-U25 Pins
10,11, 12 should be high. All others
should be low.)

Follow B & C phases through the
same steps used to troubleshoot A
phase but check B & C phase
components.

Check adjustments of frequency stops
Check that A1-U2 Pin 8 goes plus for
about 150 nanoseconds each time
A1-U2 Pin 11 clocks plus.

Check A3-CR1 for high on cathode
Check A1-U38, U37

Check A1-U37, U38 and U36

Check A3-U6 Pin 9 to 8 OSC
Check that A3-CR1 cathode is high
Check A3-U2 and A3-Qi



TABLE 5-2. TROUBLESHOOTING CHART (Continued)

PROBLEM

REMEDY

Phase Programming Wrong 1.

High Distortion on any Phase 1.

GPIB Does Not Operate Properly

5-8

A1-U8 Pin 8 does not have a negative
output for 1 clock period before A
phase goes through zero at A1-U11
Pin 7

Check inputs and output of A4-U17
and U18 for correct BCD data.
Program 24° and short A4-U16 Pin 6
to common. Au4-U19 Pin 13 should be
high and Pin 14 low. A4-U9 should
have pins 12, 13 and 14 high and Pin
11 low. Au4-U8 should have Pin 11
high and Pins 12, 13 and 14 low.
not, replace appropriate PROM.
On B phase, check that those pins
shown with U5 SIP Resistor to common
are low in U3, Ut and U13 and other
Pins 3 to 6 of those IC are high.

If problem in C phase Program 12 °©
and run same test with Ul4, U21 and
U22 and U23 SIP resistor.

If

Swap 8u49-SIN-1V between phases to
see if distortion moves.

Swap NE5008B DAC between phases to
see if distortion moves.

Replace SD213E FET in distorted
phase. (Use extra care as the SD213E
FETS are very sensitive to static
voltages.

Check that active filter for distorted
phase is operating properly.

Is A5-U6 Pin 1 low when addressed?
Is A5-U6 Pin 13 low when in remote?
Is A5-U16 Pin 4 low when in remote?’
Does A5-U15 Pin 10 go high when
DAV is sent to shift in a number?
(High is for 2 us)

Does A5-U14 Pin 11 go high when
DAV is sent to strobe a letter (High
is for 2 us.)

The above are the important
functions. If one of these is wrong,
backtrack to find problem,



SECTION Vi
PARTS LIST

6-1. GENERAL

6-2. This section contains a listing of all parts necessary for factory-
authorized repair of the Elgar Plug-In Programmer. Location of parts and
assemblies are given on an assembly drawing accompanying each board
schematic. Parts are located on the assembly drawing and correlated on the
parts lists by reference designators.

6-3. When ordering spare parts, specify part name, part number, manufac-
turer, component value and rating. Where no specific manufacturer or part
number is given, the replacement part should conform to value, rating, and
tolerance as listed. |f complete assemblies are desired, order assemblies from
Elgar Corporation, 9250 Brown Deer Rd., San Diego, CA 92121. Specify
assembly number, instrument series number and instrument name.
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