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ABSTRACT

This thesis describes the automated testing and
fault isolation which is performed on a Circuit Card
Assembly (CCA) used in a complex naval weapons system.

The automated testing is performed using 3 Hewlett Packard
9826 computer and |EEE-488 bus compatibie equipment which
comprise the Test Set known as the TE304. A complete
circuit analysis of the CCA being tested is included in this
thesis as well as program descriptions of the Acceptance
Test Program and the Fault Isoliation Program. Also included
in this thesis is background information on the TE304
Automated Test Set, the equipment which make it up, and the
software which is used to control! it. This thesis was made
possible through a U. S. Navy contract between the
University of Louisville Electrical Engineering Department

and the Naval Ordnance Station in Louisville.
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I. INTRODUCTION

The purpose of this thesis is to develop software
and hardware needed for automated testing and rault
isolation of an analog circuit card assembly (CCA) which is
used in a complex naval weapons system. The automated
testing is accomplished using @ Hewlett Packard 9826 desktop
computer and various other electronic instrumentation which
is controlled via the [EEE-488 interface bus. The U. S.
Naval Ordnance Station in Louisville, Kentucky, (NOSL) has
been involved with maintenance and overtaul of many types of
weapons systems. The system from which this circuit card
came contains some 80 analog circuit cards which are tested
and repaired individually by the Production Engineering
department at NOSL. The work for this thesis project has
been made possible through a contract awarded to the
University of Louisville Speed Scientific School by the
NOSL .

Test Requirements (TR) for each CCA are set forth by
the Naval Sea Systems Command (NAVSEA) and are known as the
Acceptance Test for that CCA. The Acceptance Test TR for
the circuit card used in this thesis is contained in
APPENDIX A, These Acceptance Tests are performed on a
number of Test Equipment Sets (TE) depending on what type of

circuit card is being tested: low frequency analog, digital,

M




high power, or high fregquency analog. Before any testing of

the CCA’s can be perrtormed, a complete circuit anaiysis of

the CCA must be accomplished. Schematic diagrams of the CCA

to be tested are containmed in APPENDIX C.

A hardware interface which

is needed as a

communication 1ink between the CCA and the TE is designed

next and built into a patchbox which

is part of the TE.

This interface hardware consists primarily of patchcords

which are plugged into the patchbox

and provide the

necessary connections, by means of a switching matrix,

between the instrumentation and the

circuit card. Some

adapter circuitry is also used in the patchbox which aids in

performing certain types of tests that the instrumentation

cannot perform directly. The schematic layout of the

patchbox and adapter circuit can be
The writing of the software
Acceptance Test and if any failures

Isolation Test, is the last task to

found in APPENDIX D.
needed to perform the
occur, the Fault

be accompl ished. This

software uses subprograms, which have been developed as part

of the TE operating system, to controi the different

instrumentation on the [EEE-488 interface bus. The language

used for the HP 9826 computer is HP

Basic 3.0 which is a

high level operating system incorporating different aspects

of BASI[C, FORTRAN, and PASCAL. Becuause the TE used for this

project is highly automated, very little operator

intervention is needed during testing of the CCA. Faulit
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isolation procedures and tests must also be derived berore

developing the sortware for the Fault (solaticon Test (FIl;.

A complete Tisting of the Acceptance and Fault lsolation

Test Programs is contained in APPENDIX F and G, respectively.

The completion of this project and the other Circuit

Card Assemblies is a key part in the goals of the Production

Engineering department at the NOSL. Prior work performed by

University of Louisville students in this area follow

basically the same procedures that were mentioned above.

The TE’"s used in these projects were not totally automated

and required much operator intervention which increased both

productivity time and the possibility of mistakes. The

software needed for the Acceptance and Fault lsolation Test

of this project was developed on a new, aimost totally

automated TE, TE304, which was developed and built by NOSL

Production Engineering in 1985. All future testing of

analog CCA’s will be done on this new system which will both

speed up production and produce a8 higher-quality product.

Sttt e —————,
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11. INSTRUMENTATION AND HARDWARE

A. TE304 Automated Test Set

NOSL has been testing and repairing the analog
circuit card assemblies (CCA) since 1982. Early Fault
Isolation TE’s were comprised of limited stimulus and
measurement equipment and used a cumbersome patchcord jumper
box which had to be operated manually. These systems were
nicknamed the "Benchtops" because the operator actually sat
at a bench while performing the tests on the CCA’s. A
Hewlett Packard 9826 desktop computer was the controiling
device for these systems, but due to a primitive software
system, was limited in setting up the equipment and taking
readings. No switching matrix was available to interface
the CCA to the equipment. The equipment and interfacing
circuits had to be connected to the CCA through the
patchcord jumper box using numerous banana-jack patchcords.
The software written for the CCA acceptance and fault
isolation tests would instruct the operator when and where
to connect these patchcords. This type of system siowed
down production rates and also increased thé possibility of
operator errors.

The TEB009 is an automated test set built by a major
defense contractor which is also the main supplier of the

CCA’s. This test set is used for running the Acceptance
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Test on low frequency analog CCA’s a@s were the Benchtop
TE s. However, the contractor does not provide any software
for fault isolation tests on the CCA‘s; this was the main
reason for developing the Benchtop program. The TE8Q009 was
both extremely expensive and complicated due to a vast
amount of custom hardware that was used in the test set.
Very littlie of the equipment in the TE8009 was "off the
shelf" equipment which made repair or replacement difficult.

The engineers who made up the Benchtop program have
since designed and built a new almost totally automated test
set which is now calied the TE304 at a fraction of the cost
it took to build the TEB8009. This test set uses primarily
Hewlett Packard equipment and equipment which is |EEE-488
bus compatible, all of which are "off the shelf". The
controlling device is again the HP9826 desktop computer;
however, a ccmpletely new array of software has been
developed. It consists of an operating system, subprograms
which make it easy to set up the equipment and take
measurements, and various other programs and subprograms
used by the TE304. The equipment which makes up the TE304
and the performance specifications for each are listed in
TABLE 1.

The software which was developed for the TE304 was a
tremendous improvement over earlier systems. Subprograms
were written which made it possible to set up the equipment

and take measurements by using one subprogram call

-
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statement. By changing the parameter list in the call
statements, it is possible to configure the egquipment in any
number of operating modes. Because the programmer no longer
has to use the long and complicated instrument command
strings, writing and debugging CCA test software was made
much easier. Software was also developed for system use by
) the Test Set operator. This software created a standardized
method of running CCA tests, recording the data, and also

helped perform TE maintenance and calibration checks.

B. [Interface Adapter Hardware

} As mentioned in the previous section, the TE304 uses
a Patchbox and Switching Matrix to provide the proper
connections between the CCA connector pins and the test

equipment. However some circuitry is required to interface

the signals between the CCA and the TE. This hardware is
built onto a small wire-wrapped plug boara and mounted in
the Patchbox. Because the TE’s are very versatile, littie
interface circuitry is needed. Only four load resistors are
required for the CCA done in this thesis; the other required
puilup resistors are supplied by the Digital Read Cards in
the HP Multiprogrammer. The only other circuitry needed is
a single 7408 quad AND gate which is used to protect the
Digital Write Card from receiving any damaging voltages due
to a bad CCA. One gate on this AND chip is used to control

the triggering on one of the CCA’s 555 timers. A noise
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suppression capacitor is added across the [C power supply
leads for protection. A complete schematic of the interface
adapter circuit along with the physical layout of the
Patchbox is contained in APPENDIX D.

The remaining interface hardware consists of many
patchcords that are permanently plugged into the Patchbox.
These jumpers connect the TE and CCA signals to the matrix
points or directly to the CCA as in the case of the power
supplies. The connections are fairly arbitrary as long as
the equipment needed for a certain test can be connected to
the CCA through the Switching Matrix. For a board of this
size however, this requires careful planning of the wire
layout and efficient use of equipment. Two additional
resistors are added to the Patchbox between the Measurement
Matrix points 98, 99, and 100 for use as a software patchbox
identification check which is run at the beginning of each
test.

The Stimulus Matrix (20 x 60 matrix points) is most
useful for general connections of stimulus and measurement
equipment to the CCA. Most of the TE is connected to the 20
lines of one side of the matrix while the many CCA pins and
test points are connected to the 60 lines on the other side
of the matrix. Additional measurements are made by using
the Measurement Matrix (4 x 100). The four lines on one
side of this matrix (A, B, C, and D) are connected to the

Hi, Low, Sense Hi, and Sense Low inputs of the HP3497




Digital Multimeter. The Coaxial Matrix (lo x 20) is needed
ror CCA pins that are or coaxial output or input and for
stimuli that is of higher frequency. A complete list of the

patchbox jumpers is contained in APPENDIX D.



TABLE |

TE304 EQUIPMENT LIST AND DESCRIPTIONS

HP

4.
5.

STIMULUS EQUIPMENT

3325A Function Generator

sine wave : 0.00000! Hz to 20999999.9 Hz
square wave : 0.000001 Hz to 103999999.9 Hz
triangie wave : 0.000001 Hz to 10999.9 Hz
pos./neg. ramp : 0.000001 Hz to 10999.9 Hz
frequency resolution : | uHz for freq<lQ0kHz
1 mHz for freq>|{00kHZ
frequency accuracy : +/- 5x10~-6 of value
amplitude range : 4 mVpp to 40 Vpp @ +/~ 2%

8116A Pulse/Function Generator

frequency range : | mHz to 50 MHz
frequency accuracy : | mHz-99.9 kHz +/- 3%
100 kHz-50 MMz +/- 5%

duty cycle (sine, triangle, sguare)
range: (0% to 90% (1 mHz to 999 kHz)

20% to 807 (1 MHz to 9.99 MHz)
pulse width : 10 ns to 999 ms +/- 5%
amplitude range : 7.95 Vdc @ +/- 0.5%

HP 8112A Pulse Generator

1.

NoOoUhwhNn

fregquency range : | Hz to 50 MHz

pulse period : 20 ns to 950 ms @ +/- 5%
delay steps : 75 ns to 950 ms @ +/- 5%
double pulse : 20 ns to 950 ms @ +/~ 5%
width ¢ 10 ns to 950 ms @ +/- 5%

duty cycle : 1% to 99% @ +/- 10%
amplitude range : 0.2 to 32 vdc @ +/- 3%

Eigenco 602A Gaussian Noise Generator

l.

ranges : 20 kHz, 500 kHz, 5 MHz

@ { g8, 2.5 dB, and 2.5 dB
amplitude range : 0 to 5 Vrms
output impedance : 900 ohms +/- 10%

Data SR-460 Synchro/Resolver Simulator
angular range : 0 - 353.9 deg resol. .0l deg

accuracy : +/~.0]1 deg open, +/-.03 deg w/ load

signal output : 11.8, 26, Lor 90 Vac
reference : 26 or 115 vVac @ +/- 3%
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TABLE I (continued)

Tech 9811 Programmable Resistance Unit

resistance range : | ohm to 1.5 Megohm
accuracy : 0.1 %
resolution : | ohm

power rating : | Watt

69321B Digital to Analog Output Card

used with HP 6940B Multiprogrammer

amplitude range : -10.24 to 10.235% Vdc, +/-5 mv
step range : 5 mVdc

693318 Digital Output Card
used with HP 6940B Multiprogrammer
TTL low output : 0 to 0.4 Vdc
TTL high output : 4.75 to 5.25%5 Vdc
max. current sink : 40 mA
12 separate outputs

69332A Open Collector Output Card
used with HP 69408 Multiprogrammer
low output : 0 to .7 Vdc
high output : +30 Vdc max.
max. current sink : 40 mA
12 separate outputs

Measurement Equipment

19808 Oscilloscope

bandwiath : 100 MHz

sweep delay : 0 to 9.9 sec., resol. 5 digits
timebase : 5 ns/div to | sec/div, @ 3 digits

5335A Frequency Counter
range : DC to 100 MHz
additional functions : period, time AB, pulse
width, duty cyclie, sliew rate, phase AB, tot. A

3457A Digital Multimeter

DC voltage range : 30 mY to 300 V

AC voltage range : 30 mv to 300 V

resistance range : 3 ohm to 3 Gohm
DC current : 300 mA to 1.5 A

AC current : 30 mA to | A

69431A Digital Input Card

used with HP 6940AB Multiprogrammer
low input : 0 to .8 Vdc

high input : 2 to 5 Vdc

max. current sink : 6 mA

12 separate inputs
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TABLE | (continued)

E. HP 69422A Analog to Digital Input Cardg
1. wused with HP 6940B Multiprogrammer

2. input ranges : +/-10 Vdc, +/-1 Vdc, +/-100 mVdc
3. input resolution : 5 mv, 500 uVv, 50 uVv
4, output resolution : [2 bhits

Power Eaquipment

A. HP 6034A DC Power Supply (6)
1. voltage range : 0 to 60 vdc
2. current range : 0 to 10 A
3. resolution : voltage-15 mV, current-2.5 mA

B. Kepco PRM 28~7 28 Volt Power Supply
1. wvoltage : 28 Vdc
2. current : 7 A

Accessory Eguipment

A. Quantum Data CATZ2000 Automatic Screwdriver
1. backlash : none
2. torque : 0 to 15 ounces inches
3. step : 12,800 steps/revolution
4, velocity ¢ 2 to 1800 degrees/second

A.0. Data Inc. MC56-111583C Switching System

A. Switching Control uUnit
1. ANSI/IEEE standard 488-1978 compatibie
2. one |EEE-488 address
3. independent control of each sub matrix

B. Measurement Matrix
I. 4 x 100 configuration
2. signais < | MHz

C. Stimulus Matrix
1. 20 x 60 configuration
2. signals < | MHz

D. Coaxial Matrix
1. 20 x 16 configuration
2. signals < 50 MHz

£E. Relay Specifications
1. reed contacts

2. initial contact resistance : < .11 ohms
3. end life contact resistance : < .31 ohms
. |ife expectancy : > 10 million (rated load)

4
S. DC breakdown : 200 vdc
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TABLE | (continued)

6. maximum current : 0.5 A
7 max imum voltage 200 vVdc

Control Hardware

HP 9826 Computer

1. 2 additional HP 98256A 256K RAM cards

2. 1 additional! HP 98624A IEEE-488 Bus card

3. 7 inch CRT

4. 5.25% inch flexible disc drive

5. keyboard : ASCI!l character set, numeric keypad,
ten softkeys

6. 68000 16 bit processor

HP 9133L Winchester Disc Drive

l. memory range : 40 Megabyte

2. ANSI/IEEE-488 compatible

3. 3.5 inch double density micro floppy disc drive

HP 2934A/W Printer

1. dot matrix printer

2. ANSI/IEEE-488 compatible

3. 200 characters per second (bi-directional)



I[11. CIRCUIT ANALYSIS

A, Continuity Tests

There are 16 continuity tests performed on the CCA
during the Acceptance Test. Ail but two of these tests
simply check continuity between two CCA connector pins which
are tied together by wire lands on the circuit board. The
other two tests measure 12 kohm identification resistors
which are mounted between two connector pins on the CCA.

The only circuit analysis needed for this series of
tests consists of analyzing the CCA wire lands and/or the
two identification resistors for defects. During the Faulit
Isolation Program the TE operator is instructed to have the
resistors replaced if they fail. The tolerances set forth
by the TR aliowed for these measurements are: | ohm maximum
for the wire lands and plus or minus | kohm for the two

resistors.

B. Current Demanc

The CCA being tested here requires three DC power
supplies: a 28-volt source, a S5-voit source, and a -S5=~volt
source. The amount of current drawn from each of these
power supplies varies according to what state of the many
logic circuits on the CCA. Analysis needed to determine the

total amounts of current drawn from each supply would

13




require 3 complete chapter in itself but is nNot raquired ror
this project. For the purposes of this CCA and the
toierances set forth by the Naval Sea Systems Command
{NAVSEA) in the TR, the current drawn from each supply was
determined from nominal readings taken from several good
CCA’s. The maximum allowable currents are approximately [0%
nigher than these nominal readings and are 230 Mma +37 the 3
volt supply, 450 mA For the S volt supply, and 60 mA for the

-S volt supply.

C. Voltage Regulator Circuit (TIM)

Test number 200i0 is the first test measurement to
be made once the power has been applied to the CCA. This
measurement is taken from 3 5.1 voit zener diode, VRIG,
which is part of the voltage reguliator circuit shown in
FIGURE 18 of APPENDIX C. This circuit provides several
reference voltages for other circuits on the CCA such as the
comparator circuits.

A constant current of approximately 5 mA is
maintained by the transistor Q41 which determines the
reference voltages across the resistor branch of R150, RI151,
R153, and R154. The 5.1 volt zener diode VRI6 maintains the
voltage at CCA connector pin P2-27 which is where the
measurement for test number 20010 is taken. The tolerances
allowed for this reading by the TR are plus or minus 307%

which is too high for this circuit. The normal tolerances




rcr o a zener of this type,as shown in any stangard cacs bock,
are plus or minus 2uU7%. The actual voltage readings taken at
the varicus rererence points in the circuit are given on the

schematic and are accurate rtor a 5 mA current riowing

through the resistor branch mentioned above.

D. AC and DC gain Tests

l. Test Number 21016 : VBMT OC Gain

The circuit for this test is shown in FIGURE 13
located in APPENDIX C. U2l is a 747 operational am-lifier
[C which is used as a Lossy Integrator and/or a Low Pass
Filter. This test simply checks the DC gain of the amplifier
using an input voltage of 12.5 volts DC. The voltage at the
non—inverting input (pin 6) can be found using the formula
ror the voltage divider network consisting of RI[33, Ri34,

the 5.1 vdc source, and the 12.5 vdc input voltage.

V(+) [12.5(R134)+5.1(R133)]/[R133+R134]

[(12.5*15000)+(5.1*150000)]/[15000+150000]

5.77 vdc.

Because this test onily involves DC analysis, the
capacitors in the circuit can be ignored. The output
voltage of U2l (pin 10) can be obtained directly from the

standard op--amp equation used for a non-inverting amplifier.




e

vi+)[ 1+ (R131/R132)]

VO
= 5.77*[1+(15/150)}]

©.35 vdc.

If the output voitage at connector pin P2-26 is
referenced to connector pin PZ2-27 which is at a potential of
5.1 vdec, the ocutput voltage measured at connector pin P2-26
will be 6.35 - 5.10 = 1.25 vdc. This is true because there
is no voltage drop across R130 or RI60. The DC Gain of the
circuit can be obtained by simply dividing the output
voltage by the input voltage.

DC Gain Vo/Vin = 1.25/12.5

= 0.10.

2. Test Number 21020 : VBMT AC Ripple Gain_ (1 Hz)

This test uses the same circuit as in test number
21010. The schematic is shown in FIGURE 19 of APPENDIX C.
Here the circuit is tested for the AC ripple gain using an
input of | Hz at 4 volts peak to peak. The.input is applied
to connector pin P2-2 referenced to P2-3. The voltage at
the non-inverting input (pin 6) can be obtained using the

voltage divider rule as follows.



(5. 1*R133) /7 (RI33+R134,

Vit

(5. 1"150),/(150+15)

4 .04 vdc.

]

The DOC output voltage can be calculated using the

equation for a non-~inverting op-amp.

vo(DC) Vin (1+R131/R132)

4.64(1+15/150)

S.1 vdc.

The feedback impedance, 22, of the op-amp consists
of R13! in paraltel with Ct4. The equivalent impedance at a

frequency of | Hz is calculated next.

Z2 = (R131//Cl4) = [150600//(1/10E-65)]
= (15000/10E-63)/(15000+1/10E-69%)

= 15000/(0.15s+1), (1)

Let 5 = jw = j(2"TT*F)
= j(2"3.14*1)
= j6.28.
Then 22 = 15000/(0.15*j6.28+1)

]

15000/ (1+j0.942),
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[aV]
#

15000/ (1+30.942)

15000,1.374

10920 ohms.

The output of the op-amp is obtained next by using

the standard op-amp equation for an inverting amplifier.

Vo

-Vin(Zz2/21)

-Vin(10.92/150)

»

L

-Vvin(0.0726).

Vin is the input signal "A"

1 AC Gain = Vo/Vin
ﬂ = (-0.0726Vin)/Vin
= -0,0726.
f 3. Test Number 21030 : VBMT AC Ripple Gain (1Q Hz)

This test is identical to the previous test (number
21020) with the input frequency changed to 10 Hz instead of
I Hz. Using equation number 1, the new feedback impedance,

Z2, can be calculated at a frequency of |0 Hz.

Z2 = 15000/(0.15s+1)
= j62.83.
where s = jw = j(2*T7T*10),




Z2 = 15000/(0.15*j62.83+!)
= 15000/(1+j9.425),
1227 = 15000/ (1+j9.425)!
= 15000/9.478
= 1583 ohms.

The output voltage can now be recalculated using
this impedance. The DC voltages are the same as in test

number 21020.

Vo = =Vin(Z2/21)
= =Vin(1583/150000)
= -Vin(0.0106),
AC Gain = Vo/Vin = -0.0106.

4. Test Number 21040 : vBMT AC Ripple Cain (1 Hz)

Test number 21040 is a repeat of test number 21020
with the input signal reversed. The schematic is shown in
FIGURE 19, located in Appendix C. The magnitude of <the
signal is still 4 volts peak-to-peak. The analysis for this
test is somewhat different from that of the previous tests.
Because the input signal (SIG. A) is applied to comnector

pin P2-3 and referenced to connector pin P2~2, the op-amp




acts as a non~inverting amplifier.

non-inverting input of the op-amp (p
using the voltage divider rute. The
C on the schematic is assumed to be

analysis.

Let 23 = R134//C15
= RI31//Cl4 = 22 (F
= 15k//10uF = 10.92

The AC voltage at the
in ©) must be round
5.1 vdc source at node

a ground rfor AC

eedback impedance)

kohms @ | Hz.

{(calcuiated in test #21020 above)

V(+) Vin(Z3)/(R133+

1]

(Vin*105920) /(1

0.0679 Vin,

Z3)

50000+10520)

The AC output at pin 10 of the op-amp can now be

found using the standard op-amp equation for the

non—~-inverting mode. The AC gain can be obtained by then

dividing the output voltage by the i

nput voltage. Tne OC

voltages are the same as in test number 21020.

Vo

Vin(u.0679)

1]

u.0726 Vin,

V+) (1+22/21

(1+10.232/150)

AC Gain = Vo/Vin = 0.0726.,
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C. Test Number Zl2uu @ FRT Lo wain

The circuit ror this test is shown in FIGURE CJi
iocated in APPENDIA C. Ucu is a 747 opergational amplifier
which is used as a Lossy Integrator and/or a Low Pass
Filter. This test simply checks the DC gain of the amplifier
using an input vol'tage orf 1.5 volts DC. The voltaje at the
non~inverting input (pin o, can be found using the formula
for the voltage divider network consisting of RI122, R123,
the 5.1 vdc source, and the 1.5 vdc input voltage.

V(+) [1.5(R123)+5.1(R122)1/[R122+R123]

[(1.5*118000)+(5.1*59000)]/[59000+118000]

2.70 vdc,

Because this test only involves DC analysis, the
capacitors in the circuit can be ignored. The output
voltage of U20 (pin 10) can be obtained directly from the
standard op-amp equation used for a non-inverting amplifier.

Vo V(+) [ I+ (R120/RILZ21)]

n

2.70*[1+(118/59) ]

8.10 vdc.

If the output voltage at connector pin P2-4 is
referenced to connector pin P2-27 which is at a potential of

5.1 vdc, the output voltage measured at connector pin P2-4




will be 8.1y - 5.1u = 3.0U vac. This is true because tThere
13 rnw voltage drop across kil or RIGU. The DL Gain or the
circuit can be obtained by simply dividing the output

voltage by the input voltage.

DC Gain = vo/Vin = 3.00/1.50
= 2.0,
o. Test Number 21210 : [FKT AC Ripple Gain (!l Hz)

This test uses the same circuit as in test number
21200. The schematic is shown in FIGURE 21, located in
APPENDIX C. Here,the circuit is tested for the AC ripple
gain using an input of | Hz at 4 volts peak to peak. The
input is applied to connector pin P2-28 referenced to P2-29.
The voltage at the non-inverting input (pin 6) can be
obtained using the voltage divider rule as follows.

V{+) (5.1*R122)/(R122+R123)

(5.1%59)/(118+59)

1.70 vdc.

"

The DC output of the op-amp due to this voltage can

be obtained using the equation for a nmon-inverting op-amp.

Vo (DC) V{(+)[1+R120/R121])

L]

L.7¢1+118/59) = 5.1 vdc.
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ine reedback impedance, Zo, OF The op—amp CoNsists

or Rlod in paral’e!l with Cl2. The eguivalent impedance at a

rrequency of 1 Hz is calculated below.

(R120//C12)=[118000//(1/10E-6s)]

N
)8 ]
1]

(118000/10E-65)/(118000+1/10E-69)

H

118000/(1.18s+1), (2)

1}

Let s Jw = j(2*TT=*fF)

i

J(2%3.14%1)

j6.28.

Z2 = 118000/(1.18*j6.28+1)
= 118000/ (1+j7.410),
1Z2% = 118000/ ! (1+j7.410))!

118000/7.480

15770 ohms.

The output of the op-amp is obtained next by using

the standard op-amp equation for an inverting amplifier,

Vo -Vin(Z2/Z1)

f

-Vin(15.77/59)

fl

~Vin(0.267),

Vin is the input signal "A",




papa)

AC Gain = vo/vin
= (-0.207Vin)/Vin

-0.2067.

L]

7. Test Number 21220 : IFRT AC Ripple Gain (10 Hz)

This test is identical to the previous test (number
Z1210) with the input freguency changed to 10 Hz instead of
1 Hz. This changes the equivalent resistance of the

reedback circuit Z2.

From equation 2: Z2 = 118000/(1.18s+1)

where s = jw = j(2*Tr*10) = j62.83.

Z2 = 118000/(1.18*j62.83+1)

= 118000/(1+j74.14),

N
3V ]
1]

11800/ (1+j74.14)

118000/74.15

]

1590 ohms.

The output voltage can now be recalculated using this
impedance as follows. The DC voltages are the same as in

test number 21210.
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Vo = =Vin(Z2/21)
= =vVin(1590/59000)
= -Vin(0.0269)
AC Gain = Vo/Vin = -0.0269.
8. Test Number 21230 : IFKT AC Ripple Gain_ (1l Hz)

Test number 21230 is a repeat of test number 21210
with the input signal reversed. The schematic is shown iIn
FIGURE 21 located in APPENDIX C. The magnitude of the
signal is still 4 volts peak to peak. The analysis for this

test is somewhat different from that of the previous tests.
Because the input signal (5IG. A) is applied to connector
pin P2-29 and referenced to connector pin P2-28, the op-amp
acts as a non-inverting amplifier. The AC voltage at the
non-inverting input of the op-amp (pin 6) must be found
using the voltage divider rule. The 5.1 vdc source at node

C is assumed to be ground for AC analysis.

Let Z3

R123//C13

R120//C12 = 22 (feedback impedance)

118k//10uF = 15.77 kohms @ | Hz .

(calculated in test #21210 above)

V(+) Vin{Z3)/(R133+Z3)

(Vin*15770)/(59000+15770)

0.2109 Vin.,




The AC output at pin U Oof the op-amp Ccan NoOw ODe

round using the standard op-amp equation ror the

non~-inverting mode. The AC gain can be obtained by then

dividing the output voltage by the input voltage. The DOC

voltages are the same as in test number 21210.

Vo V(+)(1+Z22/21)

Vin(0.2109) (1+15.77/59)

0.2670 Vin,

n

AC Gain = Vo / Vin = 0.2670.

9. Test Number 21400 : IFMT DC Gain

The circuit for this test is shown in FIGURE 25
located in APPENDIX C. U22 is a 747 operational ampltifier
which is used as a Lossy Integrator and/or a Low Pass
Filter. This test simply checks the DC gain of the amplifier
using an input voltage of 1.5 volts DC. The voltage at the
non-inverting input (pin 6) can be found using the formula
for the voltage divider network consisting of RiI07, R108,
the 5.1 vdc source, and the 1.5 vdec input voltage.

V{+) [(1.5(R108)+5.1(R107)]/[R108+R107]

{(1.5*105000)+(5.1"539000)1/[59000+105000]

2.80 vdc.




Because tnis test oniy involves DL analveis, the
Capacitors in the circuit can be ignored. The output
voltage or UZZ2 (pin lU) can be obtained directiy from the

standard op-amp equation used for a non-inverting amplifier.

Vo = V(+)[1+(RI105/R106) ]}
= 2.80*[1+(105/59)]
= 7.77 vdc.
If the output voltage at comnector pin P2-31 is

referenced to connector pin P2-27 which is at a potential of
5.1 vdc, the output voltage measured at connector pin P2-31

will be 7.77 - 5.10 = 2.67 vdc. This is true because there

is no voltage drop across R104 or R160. The DC Gain of the

circuit can be obtained by simply dividing the output

voltage by the input voltage.

DC Gain = Vo/Vin = 2.67/1.50

= 1.78.

10, Test Number 21418 : 1FMT AC Ripple Gain (1 Hz)

This test uses the same circuit as in test number
21400. The schematic is shown in FIGURE 25, iocated in
APPENDIX C. Here the circuit is tested for the AC ripple

gain using an input of 1| Hz at 4 volts peak-to-peak. The




ags}

Tnput 13 applied to connector pin PF-30 rererenced to F.L-%.
ihe voltage at the non-inverting input (pin v Ccan bDe

obtained using the voltage divider rule 3s follows.

V(+) (5.1*R107)/(RI07+R108)

(5.1*59)/(105+459)

1.84 vdc.

The DC output of the op-amp due to this voltage can

be obtained using the equation for a non-inverting op-amp.

Vo(DC)

V{(+)[1+R105/R106]

1.84(1+105/59)

= 5.] vdc.

The feedback impedance, Z2, of the op-amp consists
of RI10S5 in parallel with Cl10. The equivalent impedance at a

frequency of | Hz is calculated below.

Z2 = (R105//C10) = (105000//(1/10E-65)]

= (105000/10E-6s)/(105000+1/10E-65)

= 105000/(1.05s+.). (3)

Let s

Jw = J(2*TT*F)

J2*3.14* 1)

je.28.




[N
NS

2 luS00G/{1.05" jo.28+1)

i

105000/ (1+j6.597),

it

N
M
1

105000/ (1+J6.957)

105000/6.673

15.7 kohms,

The output of the op—amp is obtained next by using

the standard op-amp equation for an inverting amplifier.

Vo

]

-Vin(Z2/21)

[}

-Vin(15.70/59)

~Vin(0.266),

Vin is the input signal "A"

AC Gain Vo/Vin

i

(-0.266*Vin)/Vin

~0.266»

11. Test Number 21420 : [FMT AC Ripple Gain (10 Hz)
This test is identical to the previous test &number
21410) with the input frequency changed to 10 Hz instead of
1 Hz. This changes the equivalent resistance of the

feedback circuit Z2.




From equation 3: Z2 = 105000/¢1.05s+1,
where s = jw = j(2*Tr*10) = jol.853.
Z2 = 105000/(1.05*3j62.83+1)

105000/ (1+j65.97),

Y

V22| 105000/} (1+365.97)

105000/65.98

1590 ohms.,

The output voltage can now be recalculated using

this impedance as follows. The DC voltages are the same as

in test number 21410.

Vo = =Vin(Z2/21)

= -Vin(1590/59000)

= -Vin(0.0269),

AC Gain = Vo/Vin = -0.0269,

12. Test Number 21430 : 1FMT AC Ripple Gain (1 Hz)

Test number 21430 is a repeat of test number 21410
with the input signal reversed. The schematic is shown in
FIGURE 25, located in APPENDIX C. The magnitude of the
signal is still 4 volts peak-to-peak. The analysis for this

test is somewhat different from that of the previous tests.




Because the input signal (Sla. A) is applied to connector
pin P2-5 and referenced to ccnnector pin PZ2-30, the op-amp
acts as a non-inverting amplifier. The AC volitage at the
non—-inverting input of the op~-amp (pin 6) must be found
using the voltage divider rule. The 5.1 vdc source at node
C is assumed to be ground for AC analysis.

Let Z3 R108//C11

R105//C10 = Z2 (feedback impedance)

1)

105k//10ufF = 15.70 kohms @ 1 Hz.

(calculated in test #21410 above)

V(+) = Vin(Z3)/(R107+Z3)
= (Vin*15.7)/(59+15.7)

= 0.210 Vin,

The AC output at pin 10 of the op-amp can now be
found using the standard op-amp equation for the
non-inverting mode. The AC gain can be obtained by then
dividing the output voltage by the input voltage. The DC
voltages are the same as in test number 21410.

Vo V() (1+Z22/21)

]

Vin(0.210)(1+15.7/59)

H

0.266 Vin,

N

AC Gain = Vo/Vin = 0.266,




E. DC Threshold Tests

{. Test Number 21050 : VBMH Threshold [nput Voltage

The circuit for this test is shown in FIGURE 20,
located in APPENDIX C. The output of op-amp U2l (pin 10),
which was tested previously, is connected to the inverting
input of U21 (pin 1). This half of U2l acts as a
comparator. The input voltage is applied to connector pin
P2-2 referenced to P2-3 and is decremented in [0 mvdc steps
starting with -5.0 vdc until the output of the comparator
switches logic states. The output of the comparator is
connected to an opto-isolator Q39 which directly controls
the TTL output at connector pin P1-48. The output voltage
swing of the op—amp U2]1 can be calculated using the sum of

the inverting and non-inverting gain equations for op-amps.

Output voltage due to inverting input (pin 7):

Vo+ -Vin*(R131/R132) = -Vin*(15/150)

1}

-0.1 Vin where -9.0<Vin<~-5.0.

Output voltage due to non-inverting input (pin 6):

Vo~ V{+)*(1+R131/R132)

[(5.1*R133)/(R133+R134)]*[1+R133/R132]

[(5.1*150)/(150+15)]1*[1+15/150]

5.1 vdc.

W

N



Total

approximatey

vdc source at

V{+)

For Vo

5.871 vdc.

output voltage at pin

The comparator works
the voltage at the

voltage at the non-inverting

is approximately equal

voltage at the non-inverting

voltage divider

This difference
window for threshold voltages to fall
if the output voltage of the comparator
trigger voltage needed at pin
output voltage is 26 vdc,then the trigger

FIGURE 1

(O]
W

10:

Vo = (Vo+)+{(Vo-) = 5.1-0.1*Vin,

like a8 Schmitt trigger. When

inverting input is greater than the

input, then the cutput is

equal to —-Vcec (0 vdc). Otherwise the output

to +Vcc (26 vdc, see schematic). The

input is controltlted by the 5.78

node H and the output voltage at pin 12. The

rule can be used to obtain this voltage.
= [(5.78*R137)+(Vo*R136)1/[R136+R137]
= {(5.78%2200)+(Vo*10)]/[2200+10)
= 5.754+(Vo/221),
0 vdc : V(+) = 5.7%54 vdc V(=) > V(+).
26 vde : V(+) = 5.871 vdc V(=) < V(+),

in the V(+) voltage levels creates a

into. In other words,
is 0 vdc then the

l will be 5.754 vdc. When the

level will be

illustrates these results using arrows
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to indicate the direction in which the voltage vV(—-) is
either falling or rising.
when V(-) is 0 vdc the output of the comparator is

approximately 26 vdc. When V(-) increases, the output wili
swing to Q0 vdc at V(-) equal to 5.871 vdc. When V(-) starts
to decrease from this point, it must reach 5.754 vdc for the
output to swing high again.

The voltage at V(-) (pin 1) is equal to the output
voltage of the op-amp due to the fact that approximately no
current flows into the input of an op-amp so no voltage drop
occurs across R135. This voltage is obtained from the
equation derived above for the output of the op-amp (pin
10). The input voltage at connector pin P2-2 ranges from

-5.0 vde to ~-9.0 vdc.

V(-) = Vo = 5.1-0.1 Vin,

For Vimn = -5.0 ¢ Vo = 5.6 vdc
Vin = -9.0 : Vo = 6.0 vdc
Step size = 0.1*10 mv = 1 mvdc.

Therefore,V(-) increments from 5.6 vdc to 6.0 vdc in
1 mvde steps. Since the initial voltage of V(-) is less
than that of V(+), the output voltage at pin 12 will be
approximately 26 vdc and the trigger volitage will be 5.871

vdc. By working backwards with the above output equation
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fFor Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = 5.1-0.1 Vin
5.871 = 5.1-0.1 Vin
Vin = (5.1-5.871)/0.1

-7.7 vdc.

The output of the comparator directly controls the
TTL output at connector pin P1-48. The initial state of the
comparator is high which causes Q39 to be turned on. This
causes Pl1~-48 to be shorted to ground and a TTL logic 0 will
be measured. When the threshold voltage is reached and the
comparator switches to a low state,Q39 will turn off. The
pullup resistor R139 will then cause P1-48 to be at 5 vdc or
TTL logic 1.

2. Test Number 21240 : IFKL Threshold Input Voltage

The circuit for this test is shown in FIGURE 22,
located in APPENDIX C. The output of op-amp U200 (pin 10),
which was tested previously, is connected to the inverting
input of U20 (pin t). This half of U20 acts as a
comparagor. The input voltage is applied to connector pin
P2-29 referenced to P2-28 and is incremented in 0 mvdc
stepsystarting with 0.0 vdc until the output of the
comparator switches logic states. The output of the

comparator is connected to an opto-isolator Q38 which
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Jirectiy contrals the TTL output at connector pin Pi-47.
The output voltage swing or the op-amp UZ20 can be calculatea

Jdsing the non-inverting gain equation ror cp-amps.

Output voltage due to non~inverting input (pin 6):

Vo-

i

V(+)*(1+R120/R121)

i

{(5.1*R122)+(Vin*RI123)]1/[RI122+R122]
*(1+R120/R121)

= [(S5.1%59)+(Vin*118)])/[118+53]*(1+118/59)
= (0.667*Vin+1.7)*(3)

= 5.1+42*Vin.

The comparator works like a Schmitt trigger. When
the voltage at the inverting input is greater than the
voltage at the non-inverting input, then the output is
approximately equal to -vcc (0 vdc). Otherwise,the output
is approximately equal to +Vcc (26 vdc, see schematic). The
voltage at the non-inverting input is controlled by the 6.67
vdc sou~ce at node G and the output voltage at pin 12. The
voltage divider rule can be used to obtain this voltage.

V(+) [(6.67T*R127)+(VOo*RI126)]/{R126+R127]

[(6.67*%2200)+(Vo™*10)1/[2200+10]

6.64+(Vo/221),
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For vo = U va3dc : vi+) = o.6dU vdc Vi=/ + Vit.

vO = 26 vdc : V(+) = ©6.758 vdc V(=) < Vi+,,

This difference in the V(+) voltage levels creates a
window for threshold voltages to fall into. in other words,

if the output voltage of the comparator is U vdc,then the

trigger voltage needed at pin | will be 6.640 vdc. When the
output voltage is 26 vdc,then the trigger level will be
©.758 vdc. FIGURE 2 illustrates these results using arrows
to indicate the direction irn which the voitage v(-) is
either falling or rising.

When V(-) is 0 vdc,the output of the comparator is
approximately 26 vdc. When V(—-) increases, the output will
swing to 0 vdc at V{(-) eqgqual to 6.758 vdc. When V(-) starts
to decrease from this point, it must reach 6.640 vdc for the
output to swing high again.

The voltage at V(-) (pin 1) is equal to the output
voltage of the op-amp due to the fact that approximately no
current flows into the input of an op-amp so no voltage drop
occurs across R125. This voltage is obtained from the
equation derived above for the output of the op-amp (pin
10). The input voltage at connector pin P2-29 ranges from

0.0 vdc to 1.0 vdc.
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4u
B V-, = vo = S.1+2.0*vin,
For Vin = 0.0 Vo = 5.1 wvdc
Vin = 1.0 : Vo = 8.1 vdc
Step size = 2.0 * 10 mv = 20 mvdc.

1 Therefore,V(-) increments from S.1 vdc to 8.1 vdc in
20 mvdc steps. Since the initial voltage of V(-) is less
than that of V(+), the output voltage at pin 12 will be
approximately 26 vdc and the trigger voltage will be 6.758

vdc. By working backwards with the above output equation
for Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = S5.1+2.0"Vin
6.758 = 5.1+2.0*Vin.
Vin = (6.758-5.1)/72.0 = 0.829 vdc.

The output of the comparator directly controls the
TTL output at connector pin Pl1-47. The initial state of the
comparator is high which causes Q38 to be turned on. This
causes Pl1~-47 to be shorted to ground and a TTL logic 0 will
be measured. When the threshold voltage is reached and the
comparator switches to a low state Q38 will turn off. The
pullup resistor R128 will then cause P1-47 to be at 5 vdc or

TTL logic 1.




3. Test Number 2125y : [FKH Threshold iInput Voltage

The circuit schematic ror this test is shown in
FIGURE <23, located in APPENDIA C. The op-amp UZ0 used in the
) previous test is used here also as the first stage or this

test. The resuits from the above analysis are shown below.

Vo(pin 10) = 5.1+2*Vin.

The second stage of the circuit consistsof U222 which
is used as a comparator or a Schmitt trigger. when the
voltage at the inverting input is greater than the voltage
at the non-inverting input, then the ocutput is approximately
equal to -Vcc (0 vde). Otherwise,the output is

approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the inverting input (pin 1) is controlled by
zener diode VRI7 which holds the voltage at 18 volts. The
voltage at the non-inverting input is controlled by the
output of the first stage op-amp and the output voltage at
pin 12. The volitage divider rule can be used to obtain
this voltage.

Vi(+) [(VIin*"RI17)+(Vo*RII16)]/[R116+R117]

]

f(vin*1800)+(Vo*10)]/{1800+10]

0.994*Vin+Vo/181,

Note. V(+) = pin 2; Vo = pin 12; Vin = pin 10.




The switching voltage ror tne comparator 1s a3t v+,
equal to 18 vdc. By settinmg the above equation to this
value, and by setting Vo to either U or Zo vdc, the window

values for the input trigger voltages can be obtained.

vVo=0 : 18

"

0.994*Vin+0/18]1 vin

1}

18.1 wvdc.

Vo=26 : 18 0.994*Vin+26/181 vin 17.96 vdc.

This difference in the Vin voltage levels creates a
window for threshold voltages to fall into. In other words,

if the output voltage of the comparator is 0 vdc, then the

trigger voltage needed at pin 10 will be 18.10 vdc. When
the output voltage is 26 wvdcg, then the trigger level will be
17.896 vdc. FIGURE 3 illustrates these results using arrows

to indicate the direction in which the voltage V(-~) is
either falling or rising.

The initial voltage input is 3.0 volits which
corresponds to an output voltage of 1.1 voits at pin 10 of
U20 (see above equation). By looking at the equation
obtained for V(+) at pin 2 of the comparator, it can be seen
that initially V(-) will be greater than V(+) which causes
the output at pin 12 to be low or approximately 0 volts.
The trigger voltage needed at pin 10 or U20 is therefore
18.1 vdc (see above). By working backwards with the output
equation derived for U200, the threshold voltage needed at

P2-29 can be cailculated.
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[00]
i

2.0*Vin+5.1

<
3
it

(18.1-5.1)/2

6.5 vdc,

The output of the comparator directly controis the
TTL output at connector pin Pl-22. The initial state of the
comparator is low,which causes opto—-isoliator Q37 to be
turned off. This causes Pl1-22 to be pulled up by RI118 to +5
vdc or logic 1. When the threshold voltage at P2-29 reaches
6.5 vdc, the comparator switches states and Q37 turns on.
This causes P1-22 to be shorted to ground and a logic 0 will
be measured.

4. Test Number 21440 : [FML Threshold Input Voltage

The circuit for this test is shown in FIGURE 26,
located in APPENDIX C. The output of op-amp U222 (pin 10),
which was tested previously, is connected to the inverting
input of U23 (pin ). This half of U23 acts as a
comparator. The input voltage is applied to connector pin
P2-30 referenced to P2-5 and is decremented in 10 mvdc steps
starting with 0.0 vdc until the output of the comparator
switches logic states. The output of the comparator is
connected to an opto-isolator Q36 which directly controls
the TTL output at connector pin Pl-45. The output voltage
swing of the op—-amp U2Z2 can be calculated using the sum of

the non—-inverting and the inverting gain equations for




op—amps.

Voltage at non-inverting input (pin 6):

V(+) 5.1(R107)/(R107+R108)

"

i

5.1(59)/(59+105)

1.835 vdec.

Qutput voltage due to input voltage and V(+):

Vo

V(+) (1+R105/R106)-Vin(R105/R106)

1.835(1+105/59)-Vin(105/59)

5.1-1.78*Vin

where -1.3 < Vin <« 0.0 step size is {10 mv,

The comparator works l[ike a Schmitt trigger. When
the voltage at the inverting input is greater than the
voltage at the non-inverting input, then the output is
approximately equal to -Vcc (0 vdc). Otherwise the output
is approximately equal to +Vcc (26 vdc, see schematic). The
voltage at the non-inverting input is controlled by the 6.67
vdc source at node F and the output voltage at pin 12. The

voltage divider rule can be used to obtain this voltage.

V(+) [(6.67*R111)+(Vo*R110)]1/[R110+R111]

[(6.67%2200)+(Vo*10)]/[2200+10]

1]

6.64+(Vo/221).
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For Vo = 0 vdc : V(+) = 6.640 vdc V{=) > N(+).

Vo 26 vdc : V(+) = 6.758 vdc V(=) < V(+),

This difference in the V(+) volitage levels creates a
window for threshold voltages to fall into. {n other words,

if the output voltage of the comparator is 0 vdc, then the

trigger voltage needed at pin | will be 6.640 vdc. When the
output voltage is 26 vdc, then the trigger level will be
6.758 vdc. FIGURE 4 illustrates these results using arrows

to indicate the direction in which the voltage V(-) is
either falling or rising.

When V(-) is 0 vdcs the output of the comparator is
approximately 26 vdc. When V(-) increases, the output will
swing to 0 vdec at V(-) equal to 6.758 vdc. When V(-) starts
to decrease from this point, it must reach 6.640 vdc for the
output to swing high again.

The voltage at V(-) (pin 1) is equal to the output
voltage of the op-amp due to the fact that approximately no
current flows into the input of an op-amp so no voltage drop
occurs across RI09. This voltage is obtained from the
eguation derived above for the output of the op-amp (pin
10). The input voltage at connector pin P2-30 ranges from

0.0 vdc to -1.3 vdc.
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For Vin = 0.0 Vo = 5.1 vdc
Vin = -1.3 : Vo = 7.41 vdc.
Step size = 1.78*10 mv = 17.8 mvdc.
Therefore,V(-) increments from 5.1 vdec to 7.41 vdc
in 17.8 mvdc steps. Since the initial voltage of V(-) is
less than that of V(+), the output voltage at pin (2 will be
approximately 26 vdc and the trigger voltage will be 6.758

vdc. By working backwards with the above output equation
for Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = 5.1-1.78*Vin
6.758 = 5.1-1.78*Vin
Vin = -(6.758-5.1)/1.78

-0.933 vdc

The output of the comparator directliy controls the
TTL output at connector pin P1-45. The initial state of the
comparator is high which causes opto-isolator Q36 to be
turned on. This causes P1-45 to be shorted to ground and a
TTL logic 0 will be measured. When the threshold voltage is

reached and the comparator switches to a low state, Q36 will




turn off. The pullup resistor RII3 will then cause Pi-45 to
be at 5 vdc or TTL logic 1.

5. Test Number 21450 : [FMH Threshoid Input Voltage

The circuit schematic for this test is shown in
FIGURE 27, iocated in APPENDIX C. The op—-amp U22 used in the
previous test is used here also as the first stage of this

test. The results from the above analysis are shown below.
Vo(pin 10) = 5.1-1.78*Vin,

The second stage of the circuit consist of U23 which
is used as a comparator or a Schmitt trigger. When the
voltage at the inverting input is greater than the voltage
a3t the non-inverting input, then the output is approximately
equal to -Vcc (0 vdc). Otherwise the output is
approximately equal to +Vcc (26 vdc, see schematic). The
voltage at the inverting input is connected to 10.2 volts
through the voltage reguiator. The voitage at the
non-inverting input (pin 6) is controlled by the output of
the first stage op-amp and the output voltage at pin 10.

The voltage divider rule can be used to obtain this voltage.

V+) [(Vin*R101)+(Vo*R1102]/[R101+R102]

[(Vin®2000)+(Vo™*10)]1/[2000+10]

0.995*Vin+Vos/201.

Note: V(+) = pin 2; Vo = pin 123 Vin = pin 10,




The switching voitage for the comparator is at V(+)
equal to 10.2 vdec. By setting the above equation to this
value, and by setting Vo to either 0 or 26 vdc, the window

values for the input trigger voltages can ..e obtained.

<
0O
n

o
o
N
"

0.995*Vin+0/201 10.25 vdc.

<
3
1}

Vo=26 : 10.2 0.995*Vvin+26/201 Vin 10.12 vdc,

This difference in the Vin voltage levels creates a
window for threshold voltages to fall into. In other words,

if the output voltage of the comparator is 0 vdc, then the

trigger voltage needed at pin 10 will be 10.25 vdc. When
the output voltage is 26, vdc then the trigger level will be
10.12 vdc. FIGURE 5 illustrates these results using arrows

to indicate the direction in which the voltage V(-) is
either falling or rising.

The initial voltage input is -1.0 volts which
corresponds to an output voltage of 6.838 volts at pin 10 of
U22 (see above equation). By iooking at the equation
obtained for V(+) at pin 6 of the comparator, it can be seen
that initially V(-) will be greater than V(+) which causes
the output at pin 10 to be low or approximately 0 volts.

The trigger voltage needed at p'n 10 of U22 is therefore
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10.25% vdc (see above). By working backwards with the output
equation derived ror U222, the threshold voltage needed at

P2-30 can be calculated.

10.25 5.1-1.78*Vin

]

~(10.25-5.1)/1.78

<
3
[}

—2-89 VdC.

The output of the comparator directly controis the
TTL output at connector pin Pl-46. The initial state of the
comparator is low which causes opto-isolator Q35 to be
turned off. This causes P1-46 to be pulled Lp by R100 to +5
vdc or TTL logic I. When the threshcld voltage at P2-30
1 reaches -2.89 vdc, the comparator switches states and Q35
« turns on. This causes Pl-46 to be shorted to ground and a

TTL logic 0 will be measured.

F. [FKL TTL Qutput Tests

1. Test Number 21260 : IFKL TTL Output

This test uses the same circuil used in test number
21240 and is reproduced in FIGURE 24,'ocated in APPENDIX C.
The circuit analysis is exactly identical to that of test
number 21240 with the exception that the input voltage is
not incremented. Because this is simply a TTL output test,

the input voltage remains a constant which is 0 volts in
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this case. The output equation derived for op-amp UZ20 is

used below to obtain the output at pin 0.

Vo(pin 10)

5.1+2.0*Vin where Vin = 0 vdc

= 5.1 vdce.

The trigger voltages obtained for the comparator U20
where 6.64 and 6.76 volts which are both greater than 5.1
volts. This means that the voltage at the non-inverting
input of the comparator will be greater than the voltage at
the inverting input. The output of the comparator at pin 12
will then be approximately 26 volts causing the
opto-isolator Q38 to be turned on. The connector pin P2-47
will be shorted to ground and measure a TTL logic 0.

2. Test Number 21270 : 1FKL TTL Output

This test uses the same circuit used in test number
21240 and 21260 and is reproduced in Figure 21270, located in
APPENDIX C. The circuit analysis is exactly identical to
that of test number 21240,with the exception that the input
voltage is not incremented and connector pin P2-6 is
connected to a 28 vdc power source. In the previous tests,
P2-6 had been left open. Because this is simply a TTL
output test, the input voltage remains a constant which is 0
volts in this case. The output equation derived for op-amp

U20 is used below to obtain the output at pin 10.
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5.1+2.0*Vin where Vin = 0 vdc

I}

Vo(pin 10)

= 5.1 vdc.

The voltage seen at the non-inverting input (pin 1)
of the comparator is not however 5.1 volts. Due to PZ2-6
being at a potential of 28 volts, the voltage divider rule

must be used to obtain this voltage.

V{-) [2B8(R125)+5.1(R124)]/[R124+R125]

[28(33)+5.1(120)1/(120+33]

10.04 vdc,

The trigger voltages obtained for the comparator UZ20
where 6.64 and 6.76 volts which are both less than 5.1
voits. This means that the voltage at the non-inverting
input of the comparator will be less than the voitage at the
inverting input. The output of the comparator at pin 12
will then be approximately 0 volts causing the opto-isotator
Q38 to be turned off. The connector pin P2-47 will be

pulled up to +5 vdc by RI28 and measure a TTL logic 1.

G. Full Power CDC(-) and fFPD Logic Test (30010)

This series of tests has three parts as shown in the
Test Requirement Document. The schematic diagram for this
circuit is shown in FIGURE 28,contained in APPENDIX C. The

input at connector pin P2-39 is an open collector input and
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che outputs PZ-41 and F2-15 are TTL logic level outputs.
fach output has its own independent circuit. The output
Pz-4l is controlled by the 5-volt power supply and PZ-15 is
controlled by the 5-volt power supply and the open collector
input P2-39. A separate 5-volt power supply is used for the
pullup resistors which are needed for the PZ2-15 and PZ2-4|
output pins. The two opto-isolators Q26 and Q23 act only as
switches as do the 2NZ2222A transistors Q24 and Q25.

The analysis for the P2-41 output pin is as follows.
As long as the 5=-volt DC power supply is on, Q26 will be on
which turns Q25 on also. This causes PZ2-41 to be shorted to
ground and a TTL logic 0O to be measured. When the S5~volt DC
power supply is turned off for test 3, Q26 and Q2% turn off
and the l-kohm pulli-up resistor forces PZ2-41 to 5 volts DC
or TTL tlogic 1.

The P2-15 output pin operates in much the same
manner as the P2-41 output pin. This circuit is almost
identical to the previous one,except that pin 7 of Q23 is
.onnected to P2-39 instead of straight to ground. As long
as the 5 volt DC power supply is on and P2-39 is grounded,
Q23 will turn on turning Q24 on also. This causes the

output P2-15 to be shorted to ground and a TTL logic 0O to be

measured. If the 5 volt DC power supp'y is removed or the
input P2-39 opened up, Q23 and Q24 will turn off. the
output P2-15 will be forced to 5 voits by the l~kohm pull-up

resistor and a TTL logic | will be measured.
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H. 5 Minute and 250 MSEC Timer Tests (31010-31020)
The next few tests deal with timer circuits which
incorporate a military equivalent to the popular NESSS
timer. Two timers, Ul and U2 are tested here simuitaneously

because the output of timer Ul triggers the timer U2. The
schematics for these tests are shown in FIGURES 29 and 30,
located in APPENDIX C. To begin, the timers must be
initializedyor in other wordsythe timing capacitors
completely discharged. This is accomplished by turning off
the 28-volt power supply and grounding P2-36 for
approximately one minute. This allows the timing capacitors
C3 and C5 to discharge any voltage potential that may be
present. Several inputs have various voltages applied to
them in order to set up the correct state of certain logic
circuits.

1. Ul Timer Circuit

The timer Ul is controlled by the open collector
input P2-36 and operates as a one-shot. AS long as this
input is grounded, the timing capacitor C3 is held
discharged through the series RS, CRIl, R3, and CRZ to ground
and the series R4 and CR2 to ground. Opto-iscolator number
QS is on as long as the 2B-volt power supply is present.
Because the trigger and threshold voltages of the timer are
approximately 0 volts which are less than NES555 requirement

of 1/3 Vecc, the output at pin 3 is set high at approximately




-

15 votts DC. The normal configuration for a 555 one-shot
would allow the timing capacitor to start charging at this
time,but in this case it is still held discharged until
P2-36 is opened up. wWhen this happens, the voltage across
the capacitor C3 starts to increase exponentially for a
period of |.1RC where R is the sum of R3 and R4 and C is
equal to C3. This equation can be found in any linear data
book which covers the 555 timer. At the end of this time
period at which the voitage is equal to 2/3 Vecc, the
internal comparator resets the flip~-flop and drives the
output low. The time it takes the output to go low is

calculated below.

Tl = 1.1*(R3+R4)*C3 = |.1*(10E3+6.8E6)*40E~6
= 300 seconds for R3=10 kohms
= 321 seconds for R3=560 kohms.
To sum up the above analysis, the voltage at label |
on FIGURE 29 will initially be at approximately 15 volts

minus the drop across the diode CR8. When the input PZ2-36
is opened up, the timer starts and drives the output at pin
3 low 300 to 324 seconds later (referred to as the nominal
315 seconds from here on). Label | is continued on FIGURE
30 where it is connected to the emitter of Q7. The voltage
on the base of this transistor is set by the voltage divider

network of R25 and R26. The straight voltage divider rule




vields a voltage of 10 volts DT which means that the voltage
at the emitter must be greater than 10 plus 0.7 (the voltage
drop across the base—-emitter junction) for the tramsistor to
turn on. During the 315 seconds that the Ul timer output is
high, this transistor will be turned on since the output
voltage of the timer is approximately 15 volits. This
affects two circuits, the U2 Timer Circuit and the Q7/Q8
Transistor Circuit.

2. P2-11/35 Input Circuit

When the connector pin P2-11 has a TTL logic 0
applied to it, the opto-isoliator Q6 is turned on. This
grounds the anode side of diode CR9 forcing this input to
node | (see schematic) to have no affect. If the P2-11
inpit pin is at a TTL logic | level, the opto-isolator Q6 is
turned off which forces the anode side of CR9 to
approximately 20 volts, ignoring the load at node 1.
Connector pin PZ2-35 also has a TTL logic 0 applied to it in
these two tests which forces the anode side of diode CRI0 to
approximately 0 volts. The voltage at label | is controlled
only by the output of timer Ul for these two tests.

3. Q7/Q8 Transistor Circuit

The Q7/Q8 Transistor Circuit is controlled by the 3
wire—-ORed sources discussed above: the U! timer output, the
P2-11 pin, and the P2-35 pin. The wire-0Red node is labeled
node | on the schematic. The transistor Q7 is turned on

whenever the voltage at node | exceeds approximate -/ the
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base voltage, which is determined by the voltage divider

network of R25 and R26 or approximately 10 voits, plus the

junction voltage of 0.7 volts. When the transistor G7 is

n
O

on, tranmsistor Q8 turns on also and grounds the cathode side

zener diode VR4, This causes the transistor Q3 to turn off

and the output connector P2-10 will be forced to a TTL logic

1 by the | kohm pull-up resistor connected to 5 volts DC.

Arter the nominal 315 seconds have elapsed and the voltage

at node | drops below the above threshold, Q7 and Q8 turn

off. The zener diode VR4 is rated at 4.7 volts so it

becomes reversed biased due to the 28=-volt power supply and

the 2-kohm resistor R28. This reverse current through the

zener turns Q3 on which shorts the output P2-10 to ground.

A TTL logic 0 will then be measured.

4. U2 Timer Circuit

This output pin P2-9 is controlled by the second

timer U2 which also acts as a one-shot but is configured

slightly different than normal.

seconds when the transistor Q7 is on,

During the initial 315

be on also due to current supplied from the Q7 collector.

This causes the timing capacitor
threshold voltage at pin 6 to be
above, when Q7 is on, Q8 will be
the trigger level at pin 2 to be

timer is in the initial state at

set high to Vcc which is 15 volts DC

to be shorted out and the
grounded. As mentioned
on also and this resuits
shorted to ground. The

this time and the output

the transistor Q4 will

in

(see Ul timer analysis
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for typical 555 timer operation). One important change in
this configuration is the fact that a 10~kohm resistor, RI4,
is connected from the control voltage at pin 5 to ground.

As seen in FIGURE 6 and the derivation below, this changes
the control voltage level of the 555 to 1/2 Vcec instead of

the normal 2/3 Vcc voltage level.

Control Voltage CV = [Vee(l0//10)3/15+(10//10)]

Vec(5)/(5+5) = 1/2 Vcca

One can see that if the 10 kohm resistor were not
present, the control voitage would be 2/3 Vcc. The timing
equation for the 555 with a control! voltage set at 1/2 Vvcc
must be derived. The standard equation used for finding the

voltage-time relationship in an RC network is used below.

Vout

]

vin[i-e®(-t/RC)]

or t = —(RC)LNA(1-Vout/Vin)
= —{(RI1(CSILN(1-1/2)
= =(240E3) (1E-6)LNn(.5)

= |66 msec,

To sum up the operation of timer U2, the output is
initialtly high (about 15 vdc) and transistors Q4 and Q8 on.
This high output is enough to turn on the transistor Q2 and

ground the cathode side of zener diode VR3. Transistor Ql




et g Sea

—

61

S COMPAR 5K ' :——————o DISCHARGE
- Lo ATOR —— {
3l ‘3 -l_ ‘
; FLIP 5K !, CONTROL
| FLOP ' VOLTAGE
: 1 l
L_'_-“ !
|
‘ ouTPUT 35K COMPAR 1 & THRESHOLD
- ATOR
OUTPUT . | STAGE | l
. | ‘
L g
L

FIGURE 6 ~ 555 Timer Block Diagram




N,166 msec

U2 QOutput
L —>
o >
U2 Threshold ;/<§;1;74
$&——315 sec——>1 Ul Output
| . >
| . ~
\ 7
f 110 V Ul Threshold
>
P2-36 Input

FIGURE 7 - Test Series

31000 Timing Oiagram



remains off and the output at connector pin P2-9 is forced
to a TTL logic 1 by the l-kohm pull-up resistor tied to 5
volts. After the 315-second-Ul-timer has expired and Q7
turns off, Q4 and Q8 turn off, triggering U2 and allowing C5
to begin charging. After the nominal 166 milliseconds has
elapsed, the output of U2 at pin 3 is driven low,turning the
transistor Q2 off. The reverse current flowing through the
4.7 volt zener diode VR3, which is supplied by the 28-volt
power supply, then turns Q! on, shorting the output P2-9 to
ground. A TTL Jlogic 0 will then be measured. A timing
diagram of the input P2-36 and several other nodes including

the outputs P2-9 and P2-10 is shown in FIGURE 7.

[. 20 SECOND TIMER (32010)

This test uses the same input signals as the
previous timer test in order to discharge the timing
capacitors and set up the proper logic. The schematic
diagram for this test is shown in FIGURE 31, located in
APPENDIX C. The output at CCA pin P2-12 is used to monitor
the timer U3 and the open collector input P2-36 is used
again to trigger the timer. The timer U3 is the military
equivalent to the NESSS timer and once again used as a
one-shot.

l. U3 Timer Circuit

There are two RC timing networks used in the U3

timer configuration, one for the thresholid voltage and one
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for the trigger voltage. The control volitage at pin 5 is
set to 1/2 Vcec due to the 10 kohm resistor R45 tied to
ground (see the analysis for the control! voltage on the UZ
Timer Circuit). The timing eguation is therefore in the
same form as that derived for the timer U2 above.

Tl -(RCHYLN(1-1/2) = (0.693)RC

1]

1]

0.693* (R46+R47)*C9 = 0.693*2300*10E-6

i

15.25 seconds,

The second RC network is used to bring the trigger
voltage up smoothly above the required 1/3 Vcec. The trigger
voltage is Ilimited by the voltage divider network of R43 and
R44. Using the voltage divider rule this limiting voltage
is found to be 11.35 volts which is well above 1/3 Vcc. The
initial state of the timer is set by grounding P2~-36 and
turning the power off. This allows the two timing
capacitors C7 and C9 to fully discharge. When the voltage
is reapplied and the input P2-36 opened up, the capacitor C7
holds the trigger voltage down for a short time, T2, which
causes the timer to be triggered. The trigger voltage must
however rise above the 555 requirement of /3 Vcc before the
15.25 seconds have elapsed or the internal fiip-flop will
not switch states. It can be seen by using the time-voltage
equation for an RC network that 1/3 Vcc or 5 volts will be

reached in about 0.4 seconds which is very adequate.
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T2 = -(RC)Ln(I-Vout/Vin)
= -(l150E3)(4.7E-6)Ln(1-5/11.35)
= 0.4]1 seconds,
P = R44, C = C7, Vin = 11.35 volts, Vout = Svolits,

Once the trigger voltage exceeds 1/3 Vcc, the
internal comparator waits for the threshold voltage to reach
2/3 Vcc at which time the output will fiip states. The
output at pin 3 is initially high or approximately 1S volts.
After the timer is triggered by opening up P2-36, the
capacitor C3 begins to charge up until 2/3 Vcc is reached.
At this time, Tit, which was calculated to be 15.2% seconds,
the output at pin 3 drops to approximateiy 0 volts.

2. P2-12 Output Circuit

The P2~12 Qutput Circuit is directly controlled by
the output of the U3 timer. The schematic is inciuded in
FIGURE 31 of APPENDIX C. When the output of the timer U3 is
high, the transistor QI9 turns on shorting the cathode side
of zener VR9 to ground. Transistor Q20 then turns off and
the reverse current flowing through the 4.7 volt zener VRS
turns the transistor Q9 on. The output P2-12 is shorted to
grand through Q9 and a TTL logic 0 will be measured.

After the 15.25 second timer has expired and the

output at pin 3 drops low, Q19 will turn off. The reverse
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current flowing through the 4.7 volt zenmer VRS9 will turn
transistor Q20 on causing the cathode side of zener VRS to
be grounded. Transisteor Q9 then turns off and the output

P2-12 is forced to a TTL logic | by the I-kohm pull-up

resistor. A summary of these states is shown below.
Us-pin3 | Q19 | Q20 | Q9 | P2-12 state
HIGH ON OFF ON LOGIC O
LOW OFF ON OFF LOGIC 1
J. 1.5 Second Timer (33010-~-33020)

Test number 33010 and 33020 test the performance of
the 555 timer U25. The schematics for these tests include
FIGURES 29, 30, and 32 which are located in APPENDIX C.
Several inputs have an effect on the output at connector pin
P2-44. The timer Ul which was tested in test series 31000
is used again along with input connector pins P2-11 and
P2-35. These three sources control the node labeled "1" in
FIGURE 29. This node is continued on FIGURE 30 and controls
the Q7/Q8 Transistor Circuit with output at node 2. FIGURE
32 shows the continuation of node 2 which feeds into an
opto-isolator Q44. The output from this device feeds into a
NAND gate, U24, along with the input from connector pin
P1-34. The output from the NAND gate is what triggers the

timer U25 and controls the state of the output at P2-44.




67

To begin, the input P2-36 is still left open from
the previous tests soO that the output at pin 3 of timer Ul
is low or approximately 0 volts, A TTL logic 0 is also
still present on the inputs P2-11 and P2-35. The
combination of these three inputs cause the voltage at ncde
I to be at approximately 0 volts. From FIGURE 30 and the
Q7/Q8 Transistor Circuit analysis it is determined that a
voitage level of this magnitude is not enough to turn on the
transistor Q7. Because of this, the transistor Q8 cannot be
turned on either and the voltage at node 2 will be
approximately equal to 25.5 volrs. This voltage level is
obtained by isolating the components shown in FIGURE 8 and

calculating the voitage at node 2.

Thevinize the right hand part:

Vth = [(28"*R169)+(27.3*R28)]/[R169+R28]
= [(28%1.5)+(27.3*2)]1/(1.5+2]
= 27.6 volts,

Zth = R169//R28 = (2*1.5)/(2+1.5)

857 ohms,
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28 yDC /T\

A’\ i

FIGURE 8 - The Voltage at Node 2
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Now take the sum of currents:

((27.6-V2)/857] [(V2-4.7-.7)/(8200)]

8200(27.6-V2) 857(Vv2-5.4)

]

]

V2(8200+857) 226320+4627.8

v2 230947.8/9057

= 25.5 volts,

By looking at the U25 Timer Circuit, it can be seen
that 25.5 volts at node 2 does not provide enough current
through the opto—-isolator Q44 to turn it on. Therefore the
TTL logic level at pin 5 of UZ24 NAND gate is a | and remains
this way throughout the test. Pin 4 of the NAND gate is
connected to the input pin P1-34 which is initially a TTL
logic 1 and then dropped to a TTL logic 0 five seconds
later. During this test the ocutput of the NAND gate is
simply the TTL inversion of Pl1-34.

1. UZ25 Timer Circuit

Timer U25 is used here as a one-shot as the others
were but the configuration is somewhat more complicated. A
PNP switching transistor, Q47, is used to ground the
threshold input at pin 6 while the trigger input at pin 2 is
connected directly to the output of the NAND gate. The
initial state of the NAND gate output is TTL logic 0 which
turns transistor Q47 on and forces the trigger input to a

low volitage potential. The specifications for a 555 timer




reveal that the output at pin 3 will then remain in the high

state. The timing equation for the U25 configuration is
obtained using the time-voltage relationship for an RC
network. In this case however, the emitter-collector
voltage present in Q47 does not allow the timing capacitor
to discharge fully. This voltage potential must be included
in the equation as the initial voltage of the capacitor.

The control voltage at pin 5 is again set to /2 Vcc by
means of the 10~-kohm resistor (R17%) placed in parallel with

C29 (see control voltage analysis for the U2 Timer Circuit).

T1

-(RCYLN[1-(Vout~Vce)/Vin]

-(R173)(C28)Ln[1-(Vin/2-Vce)/Vin]

~(1.5)(l)Ln(.5+Vce/5) where Vce = 0.3 vdc

0.87 seconds.

To sum up the operation of the circuit for test
number 33010, the timer output at pin 3 is initially high
while the input P1-34 is held high. When P1-34 is grounded
(TTL logic 0), the output of the timer is forced low
approximately 0.87 seconds later. While the output of the
timer is high, the transistor Q48 will be turned on
providing a ground for the opto-isolator Q45. It then turns
on along with the transistor Q46. The output P2-44 is then
grounded and a TTL logic @ is measured. After the 0.87

seconds have elapsed and the output of the timer drops low,
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Q48, Q4%, and Q4db turn off simultaneously and the output
P2-44 is rorced to a TTL logic | by the l-kohm pull-up
resistor.

The second part of this test, test number 33020, is
identical to test number 33010 except for the input at
P1-34,. In this test the input used is a gated pulse train
which is supposed to simulate the actual signal that would

be present on the weapons system. This signal consists of a

square TTL waveform with a pulse width of 18.5 milliseconds
and a period of 684.5 milliseconds. A burst of pulses is
super imposed on top of the 18.5 millisecond pulses and these

burst pulses have a pulse width of 800 nanoseconds and a
period of 20 microseconds. The test requirements call for
this pulse to be applied to the input Pl1-34 for 5 seconds
and then ground Pl1-34 measuring the time it takes the ocutput
at P2-44 to switch states.

From the above analysis it was seen that a TTL logic
high at P1-34 would lock the timer U2% in the ready or high
state and upon grounding of Pl1-34, the timer would switch
states approximately | second later. The gated pulse train
applied has a 800 nanosecond high time which is sufficient
to keep the timer reset or in other words the time that the
input at Pl-34 is low is not enough to allow the threshold
voltage across the timing capacitor to charge to /2 Vcc'
before being reset by the high pulse. As long as the

circuit is working properly, this gated pulse input can be




considered a high input and the test works exactiy a&as

gnalyzed in the above test.

K. POWER ON SEQUENCE LOGIC TEST (34000)

The Power On Sequence Logic Test involves ten
separate tests each of which includes a set of five inputs
and 14 separate outputs. The test description is laid out
in a logic table on page 14 of the TR document in APPENDIX
C. This series of tests involves several of the CCA
circuits discussed earlier plus four additional circuits
which will be analyzed in this section.

1. P2-1 Input Circuit

The CCA input pin P2-1 is an open colilector iogic
type which controls a transistor/opto-isoiator switching
circuit. The state of this circuit has an affect on severail
other circuits. The schematic for this circuit can be seen
in FIGURE 33, located in APPENDIX C. The one output of this
circuit is taken at the collector of Q34,. It is assumed
that all of the comparator circuits are off for this
analysis. If any of these circuits were on, the transistor
Q34 wouid remain on constantly.

The analysis of this circuit is straight forward
using simply the logical states of the transistors. When
P2-1 is grounded, the base of Q43 is essentially zero and
the transistor is off. Current then fiows from the 27 volt

source through R143, CR24, and CRZ3 turning the transistor
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Q34 on. The optical isolator Q40 is also on but its output
does not affect this circuit. Wwhen Q34 is themn turned on,
the collector is essentially grounded and the circuit is
considered to be in the low state.

When P2-1 is released from ground, the opposite
states occur. The 27 volt source is enough to reverse bias
the 4.7 volt zener diode VRIS5 and turn the transistor Q43
on. The voltage on the coliector then falls too low to keep
Q34 on so it turns off. The collector of Q34 is then pulled
up by the resistor R98 which is tied to the 28-volt power
supply. The circuit is then considered to be in the nigh
state.

2. Flip Flop Circuit

The circuit which the author calls the Flip Flop
Circuit is shown in FIGURE 33 of APPENDIX C. This circuit
has two inputs labeled one and two and one output labeled
node 4. Input number | turns on the transistor Q22 and
input number 2 will turn on transistor Q21 but onity one
transistor at a time can be on.

The analysis starts by looking at the portion shown

in FIGURE 9 and determining the voltages and currents

assuming that the transistor Q21 is off.
I = (28-0.7)/(2400+18000+8200) = U.495%% mA
Vx = 28-1%2400 = 28-0.95%*.40u

25.7 voits,

1]




74

The voltage Vx is the voitage at node 4 and with G2!
off and Q22 on, this voltage is approximately 25.7 volts.

When Q2] is on and Q22 is off as shown in FIGURE 10, the

P analysis changes.
28-0.1 = 11(330+2400)+12(2400)

! 27.9 = 11(2730)+12(2400)

[l = 0.0102~0.8791*12. (4)

28-0.7 = 11(2400)+12(2400+18000+8200)
27.3 = 11(2400)+12(28600), (5)

}

Plug EQ. 4 into EQ. 5:
i 27.3 = 2400(0.102-0.8791*12)+12(28600)
1 = [12(26490)+24.48

0.1065 mA.

et
N
]

From EQ. 4:

[1 = 0.102-0.8791(0.1065E-3) = 10.11 mA,

Vx = 2B-(11+12)2400 = 28-(10.2165)2.4
= 3.5 volts,
The voltage at node 4 when Q21 is on and Q. s off

15 theretore agpproximately 4.5 volts and the crircur't v s

considered to bhe v the (ow state. A *raugtt, table tor the
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2400 éR%
$
Node 4

FIGURE 9 - A Portion of the Flip Flop Circuit

.

” 28 VDC
2400 R36
v CR17
Q21 R58
\LII I2 18K
R53 R57
330 8.2K

FIGURE 10 - A Portion of the Flip Flop (Circuit
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operation of the Flip Flop Circuit is shown in TABLE 2. A
truth table showing the operation orf the Flip Flop Circuit
along with the conditions which control it and the P2-13
Output Circuit is shown in TABLE 3.

3. P2-13 Output Circuit

As seen on the schematic diagram shown in FIGURE 34
of APPENDIX C, the CCA output pin P2-13 is controlled by
three sources: the P2-35 input pin, the P2~! Input Circuit
just discussed, and the output from the U3 Timer Circuit.
These three sources are wire—-ORed together by the diodes
CR12, CR11l, and CRl14. When any of the three sources are in
the high state, the transistors Q17 and Ql6 turn on.

The transistor Q17 turns on whenever the voltage at the
emitter exceeds the base voltage, determined by R38 and R39
to be 10 volts, plus the base-emmitter voiltage of about 0.7
volts. The cathode side of the 4.7 voit zener diode VR6 is
then grounded and Q15 turns off. The output at pin P2-13 is
then pulled high by the l-kohm puliup resistor and a TTL
logic | would then be measured.

Al)l three sources must be in the low state in order for
Ql6 and Q17 to pbe off. When this state occurs, the current
supplied by the 2B volt power supply through R63 and the
zener VR6, which is now reversed biased, is enough to turn
on transistor Qi5. The output pin P2-13 is then shorted to

ground resulting in a TTL logic O.




P2-1,P2-36:P2 35/U3 OUTPUT{ INPUT |

TABLE 11

TRUTH TABLE FOR THE FLIP FLOP CIRCUIT

INPUT | | INPUT 2 | QUTPUT NODE 4
0 ' 0 1+ NO CHANGE
0 ! 1 W LOW
! : o M HI[GH
1 ' 1 t+ DOES NOT EXIST
TABLE 111

TRUTH TABLE FOR FLIP FLOP CIRCUIT, P2-13 QUTPUT
CIRCUIT, AND CONTROLLING INPUTS

INPUT 2i!NOCE 4:P2-13

—_—— - OO0 OO

' o 0 HIGH | 0 ! { CLOW l
Vo0 1 ' HIGH | 0 H 1 P LOW ! 1
i ] i 0 LOW** | 1 \ 0 ' HIGH | l
i 1 | 1 i LOW** | 1 ! 0 ' HIGH | 1
i o o | HIGH | 0 1 1 i LOW l
v 0 b HIGH | 0 : 1 VLOW
| 1 ' g LOW** 0 H 0 VOLOW® | 0
] ] | 1 | LOW** 6] ' 0 P LOWe 1

There is no change in this state. The output of the

Flip Flop Circuit remains in the LOW state.

The output of the U3 Tiner, pin 3, will o lcw 15

seconds after PZ2-36 goes from low to high.




78

4. P2-37/38 Qutput Circuit

The two CCA output pins P2-37 and P2-38 are
connected in series through two optical isolators Qll1 and
Q12. The schematic for this circuit is shown in FIGURE 35
of APPENDIX C. The state of the two opto-isolators are
always the same and are controlled by the three sources: Ul
Timer output, U3 Timer output, and the P2-! Circuit output.
The three sources are also wire-ORed together by the diodes
CR6, CRZ5, and CR13 which feed into and control the emitter
of the transistor Ql14. When the output of the Ul or U3
Timer Circuits is high, this point will aiso be high forcing
transistors QI3 and Q!4 to be turned on. This also occurs
whenever the output from the P2-1 circuit is low which
causes transistor Ql!8 to be off. The pullup resistor R4}
tied to the 28 volt supply then allows current to flow
through CRI13 and turn Ql4 on. A truth table showing the
state of the three inputs versus the level at the node
labeled 4 is shown in TABLE 4.

Whenever the node labeled 4 is in the high state,
transistors Q13 and Ql4 are on which shorts out the
opto-isolators Qi1 and Ql12. The two lekohm pullup resistors
connected to the P2-37 and P2-38 output pins then force
these outputs to a TTL logic | level. Transistors Ql!3 and
Ql4 turn off when node 4 is at the low state and the
opto-isolators then both turn on. The output P2-37 is

shorted to ground resulting in a TTL logic 0 and the output
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TABLE 1v

P2-37/38 OUTPUT CIRCUIT TRUTH TABLE

P2-1 | P2-36 } Ul OUT | U3 GUT ! P2-1 OQUT | P2-37 | P2~38
a 1 0 i 1 D : 0 oo
I Do : 1 A
S L : 0 .
O b0 ; ! I A

*

»

»

The Ul output goes

opened up.

P2~36 is opened.

P2-36 is low
remains high.

if P2-14

low 315 seconds
The U3 output goes low

is grounded,

arter P2-36

15 seconds after

otherwise

it

is

=3
N
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P2-38 also becomes grounded if the control pin PZ2-14 is tied

to ground. [f this is the case (normal! operation), then
P2-38 and P2-37 will always be in the same sta e. Otherwise
the output P2-38 will remain in the TTL logic | condition.
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IV. ACCEPTANCE TEST PROGRAM DESCRIPTION

A. Program Header and Initial Conditions

All programs written for use with the TE304 follow
standardized testing procedures and format such as the
header seen on the Acceptance Test program listing in
APPENDIX F. These program format development procedures are
reguired by the Navy and do not pertain to this thesis
project and therefore will not be discussed. However
descriptions of how each of the individual circuit tests are
performed will be discussed. [t is also assumed that the
reader has a basic understanding of the HP Basic 3.0
programming language.

The header used on all the TE304 software is
identical to that in the program listing which runs from the
beginning to line number 470. This header contains the
common variables used by the system software and also loads
all of the subprograms from the hard disk drive. Program
line 220 disables the keyboard, including the RESET key,
which prevents the operator from interrupting the testing
process except for the few times he or she is prompted by
the computer. Program lines 240 through 340 contain the
global or common variables found in the main program and in
the subprograms and !ine number 350 dimensions the variables

used only in the main program. The Subprograms, which are

81
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stored in three directories, are locaded into the computer by
tines 360 through 410. The remaining part or the header
simply enables the interface interrupt lines and sets up the
softkeys and keyboard handling routine.

The initial conditions for testing the CCA are
described in the TR but will be repeated here briefity. The
CCA requires three power supplies. The first power supply
has an amplitude of +28 volts DC and is connected to pins
PI-18, 19, and 43. The second power supply is set at +5
volts DC and is connected to pins P2-24 and 48. Power
supply number three is set for -5 volts DC and is connected
to pin P2-47. Pins P1-17, P1-27, P1-42, P2-14, P2-17,
P2-25, and P2-49 are grounded. In addition to the power
requirements, there are simulated resistive loads which must
be connected to various CCA pins. These loads are listed on
page 7 of the TR in APPENDIX A. The HP Digital Read Card in
the Multiprogrammer provides the 1| kohm pullup resistors so
only four resistors are needed in the patchbox adapter

circuit.

B. Patchbox ldentification Check

Before any CCA test can be performed on the TE304, a
patchbox identification check must He performed to insure
that the right patchbox is inserted for the test being run.
This prevents mishaps such as damaging the patchbox

circuitry or the CCA itself. A rather simple and
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standardized method is used to accomplish this.

Each patchbox contains two resistors which are
connected between Measurement Matrix points 98, 99, and 100
with no two patchboxes having the same values. The actua!l
identification test, which is performed in program lines 520
through 650, simply checks the resistance of these two
resistors by closing the above matrix points to the Digital
Multimeter, which is set up for four wire onm measurement.
The measured values are then compared to assigned values
written in the software. If the values do not match then
the program will abort giving a patchbox identification
error. The FIT subprogram is used for this purpose because
these two tests are only a check and do not have any test

numbers assigned to them.

C. Continuity Tests (10010-10160)

This series of 16 tests simply checks the wire lands
between the CCA connector pins and the CCA test point
connector. Two CCA resistors are also checked as a
verification of the correct board. This is for the same
reasons that the patchbox identification test described
above was performed. Program iines 670 through 930 contain
the software for this series of tests which is quite
straight forward.

All the data including the matrix points and the

test numbers are containea in DATA statements at the
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beginning of the test series. Matrix points of the right
coordinates are closed successively while the Digital
Multimeter reads the resistance between the two points.
This is accomplished in a FOR-NEXT loop which takes care of
closing the correct matrix relays, taking the readings, and
comparing the reading to the TR specifications. [f any of
these tests fail, the program will automatically abort to
protect against damage that would occur if the wrong board
was plugged into the Test Set. Because these are actual CCA
tests, the FNTEST function is used to compare the results,
print the results on the screen, and store the results in a

large array for later use.

0. Current Jemand Tests (11010-11030)

In the Current Demand test sequence, program lines
950 through 1250, the power ta the CCA is turned on and the
current drawn from each of the three power supplies is read
back from the supply (the HP 6034A Power Supplies have this
feature). If any of the power supplies exceed a current
limit of | amp, the program will abort. Otherwise the
readings are compared with the TR tolerances and the results
printed on the screen and stored using the FNTEST function.
Also as a double check the supply voltages are measured

using the Digital Multimeter and the FIT subprogram.
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E. Patchbox Circuit Test

Any circuitry used in the Patchbox Adapter Interrface
must De tested for proper operation. In this ce.e only one
integrated circuit is used and the testing made very simple.
The schematic for the circuit is shown in Figure | of
APPENDIX D.

The 5 volt supply is first connected to the circuit
through one of the Multiprogrammer relays and then five
tests are performed on the circuit. These tests are
described on page 2 of the Fault Isolation TR which is
contained in APPENDIX B and duplicated in Table 5. Again,
because these are not CCA tests, the FIT subprogram is used

and the program is aborted if any of the five tests fail.

F. TIM Reference Voltage (20010)

The TIM reference voltage test is a DC voltage
measurement which roughly checks the reguiator circuit on
the CCA. The measurement is taken at the P2-27 connector
pin with an expected value of 5.1 volts. The software for
this test is contained in program lines [550 through 1650
and uses the FNTEST function to perform this single test.
Matrix points are closed and opened using the STiM
subprogram and the measurement taken using *he [hi1g'*s

Muitimeter and the FNDVMR function.




MD

7 ap-a177 @74 g%gﬂg}‘g 53“ gm%’gmg"m&ﬁ)“ o 23

UNIV KY F/G Ll4/2 N

UNCLASSIFIED




C mun
H

e

dlL © umf f
Ni2s flis g .




.

TABLE v

PATCHBOX ADAPTER CIRCUIT TEST DESCRIPTIONS

10
CODE TEST DESCRIPTION
Apply Logic | to adapter pin A33
(DW#2). Apply pulse train to
adapter B34 with a |0 msec period
and a | msec pulse width.
TESTX! Measure pulse width at B32.

pulse width at B32.

TESTX3! Measure TTL level of A33.

TESTX4! Apply Logic 0 to A22 (DW#0).
Measure pin A20.

TESTXS! Apply Logic | to A22 and measure

L]
+
)
|
L
t
|
L]
:
1
]
]
Hl
E
TESTX2! Apply Logic 0O to A33 and measure
1
:
|
:
1
E
]
‘
1
]
]
1

pin AZ0.

|
[}
[}
1
1
1
[}
]
[}
1
[}
'
t
'
i
1
1
]
'
1
]
1
]
'
]
[}
]
'
]
1
|
i
]
1
1
'
[}
]
[}
1

NOMINAL
AND UNITS

LOGIC O

LOGIC 0

LOGIC

1

36

LIMITS
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G. AC/DC Gain Tests (21010-21430)

As seen in the Acceptance Test TR contained in
APPENDIX A, there are 9 AC gain tests and 3 DBC gain test;.
These are ali performed on 74] operational amplifiers on the
CCA and are all very similar in circuit configuration. It
is for this reason that the testing is condensed into one
software loop which includes program lines 1710 through
1960. The threshold and TTL output tests which do fall into
this testing series are performed after the gain tests are
completed. An individual gain test involves connecting a
stimulus, either AC or DC, to the indicated connector pins,
which are op—-amp inputs, and then measuring the outputs at
the specified pins. The input signal is also measured and
the gain of the circuit calculated and compared to the
tolerances in the TR.

All of the AC gain tests involve frequencies of |
and 10 Hz which are too low for the HP1980A Oscilloscope to
measure accurately. The Digital Multimeter is used to
digitize the waveforms and then calculate the equivalent rms
value in volts DC. This method is very accurate and
provides excellient results. The program lines used to
accomplish this are 1860 and 1870 for the input signal and
1890 and 1900 for the output signal. Program lines 1980
through 2090 contain the DATA statements for the test series

and include the test numbers limits, input frequencies and

X
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amplitudes, and the matrix point coordinates.

[f the frequency read from the DATA statements is
zero then a DC gain measurement will be performed. In this
case the Multimeter reads the input and output voltages
directly in DC volts. The gain is then calculated and the

result compared to the tolerances using the FNTEST function.

H. DC Threshold Tests (21050-21450)

The five threshold tests are performed on the CCA
comparators and are an extension of the op-amp tests
described above. An initial DC voltage is applied to the
specified CCA connector pin using the Digital Voltage Source
and then incremented or decremented in 10 mV steps until a
specified output pin, which is being continuously monitored
by the Multimeter, switches from one state to another.

Again the software accomplishes these tests in a
FOR-NEXT loop running from lines 2140 through 2390. This
loop takes care of applying the initial voltage,
incrementing or decrementing it, and monitoring the output
voltage until it switches to the specified logic level.

When this occurs, the input voitage at that time is compared
to the limits in the TR using the FNTEST function. The DATA
statements in lines 2400 through 2440 contain the test
numbers, limits, initial voltage, matrix point coordinates,
and the logic switch level to be monitored for each of the

five threshold tests.
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1. TTL Output Tests (21260 and 21270)

Program 1lines 2460 through 2630 contain the software
for the two TTL output tests. Two additional outputs of the
comparator circuits used in the threshold tests are tested
for proper ltevel, which make these tests simply an extension
of the threshold circuit tests described above. A DC
voltage is applied to the P2-29 and P2-28 CCA input pins and
the TTL logic level of the P1-47 connector pin is measured.
The only difference between the two tests is the voitage
level aspplied to an additional input pin (P2-6). In the
first test this pin is left open and in the second test 28
volts is applied to it.

Both tests are performed in the same FOR-NEXT loop
in the software while only changing the test number, 1imits,
and input voltages accordingly. The test number and Iimits
are read from the DATA statement on line 2630 and the FNTEST

function used to compare and store the results.

J. Full Power CDC/FPD Logic Test (30010)

There are six individual readings which are taken
during this test series. Etach of the readings represent a
TTL logic output which corresponds to a specified set of
inputs shown on page 12 of the Acceptance Test TR contained
in APPENDIX A. The CCA connector pin P2-39 which is of open

collector logic is one of the inputs and the +5 volt power




30

supply is the other input. The circuits tested here include
two almost identical optically isolated switching networks
with one of the ocutputs on pin PZ-41 and the other on pin
P2-15. The third part of the test is performed with the +5
volt power supply turned off.

The software which performs this test series
inciudes program iines 2650 through 2810. Again a loop is
used to simplify and shorten the measurement routines. The
two TTL output pins P2-41 and P2-15 are monitored by the
Digital Read Cards in the Multiprogrammer and the subprogram
FNDR$ used in line 2750. The comparison of the readings and
the TR limits is done in lines 2760 through 2780 by the

FNTEST function which actually stores and displays the data.

K. Power On_Segquence Logic Test Part 1 (34010-34040)

This series of test performs the first four tests of
a ten test TTL logic table seen on page 14 of the TR
document contained in APPENDIX A. Each of the ten tests
includes a specified set of five input conditions, some of
which are TTL logic, and a set of 14 TTL logic outputs which
must match those listed in the TR. Almost all of the
outputs are measured using the Digital Read Cards in the
Multiprogrammer and the FNDR$ software function. The
additional outputs are measured with the Digital Multimeter
and converted to logic levels using the FIT subprogram.

Program lines 2830 through 3420 contain the software
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needed to perform these four tests. Again a large loop is
used to accomplish this easily. Initial CCA conditions are
required for this series of test and these inputs or states
are set up by the statements in lines 2860 through 2950.
These statements comnect the matrix points and turn on the
power supplies required by the TR as initial conditions and
also configure the Pulse Generator and the Pulse/Function
Generator for the required pulse train needed as one of the
five inputs.

It was necessary to add an additiomal test prior to
beginning this series. The gated pulse train mentioned
above is applied to a NAND gate which has been a common
failure on this CCA. In order not to load down this pulse
train, it was necessary to check the accuracy of this input
with the stimulus applied. Because this is an actual test
of the CCA it was given a3 test number of 90010 and will be
added to the TR in future documents.

The four tests are performed inside of the FOR-NEXT
loop which applies the specified inputs, takes all 14 of the
readings, and compares them to the TR. The string of 14
logic levels is converted to an octal number in lines 3310
and 3320 and this number compared to the octal equivailent
listed in the nominal column in the TR. The DATA statements
in lines 3390 through 3420 contain the test number, input
logic levels, and the octal equivalent of the expected

output levels.
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L. 5 Minute and 250 Msec Timers (31010 and 31020)

Two 555 timers which are connected in series (one
timer triggers the other timer) are tested here for accuracy
of time delay. The first timer, Ul, has a3 nominal time
delay of 315 seconds and the second timer, U2, has a time
delay of 250 milliseconds. Again initial conditions are
required to perform these tests and these are identical to
those discussed in the Power On Sequence test discussed
above. Additionally, the timing capacitors used by the two
555 timers have to be completely discharged. This is
accomp!lished by grounding the trigger input pin P2-36 and
turning off the power supply for 60 seconds. The power is
then turned back on, the trigger pin opened up, and the
delay times measured. The 250 millisecond timer delay is
measured by the Frequency Counter while the S minute delay
measured by the Computer.

Program lines 3450 through 3930 contain the software
for these two test and is fairly straight forward. The
initial conditions which were set up in the previous Power
On Seguence test are left on so it is not necessary to
repeat them in this section. As with all the tests
performed on the TE304, provisions for a test repeat are
available. However in this case, if the test is repeated,
the timing capacitors must be completely discharged before

taking a second reading. An IF-Then-Else format is used to

PP R . ry P I3 2 e




93

accomplish this and is seen in lines 3530 through 3650. 1f
it is the first time through with the test then the
capacitors are discharged as mentioned earlier for 60
seconds. Any repeat of the test forces the capacitors to be
discharged for a full 330 seconds because the power supplies
cannot be turned off as they were for the first test.

Once the capacitors have been discharged the trigger
pin P2-36 is opened by the OC (open collector) subprogram
and the Open Collector Card in the Multiprogrammer and the
time measured for the outputs at pins PZ2-10 and P2-9 to
switch states. The 315 second delay is measured using the
clock in the computer and the REPEAT-UNTIL loop shown in
lines 3750 through 3790. The 250 millisecond delay is
measured by the Frequency Counter and the FNCNTR function
shown in line 3810. These measurements are then compared to
the limits in the TR and the resuits stored and displayed by

the FNTEST function.

M. 1.5 Second Timer Test (33010 and 33020)

The 555 timer (U25) circuit is tested in this pair
of tests. The same initial conditions for the CCA apply
here and are still active'From the 5 Minute Timer test. The
trigger input for this timer is CCA connector pin P1-34,
which is the same pin that the gated pulse train was applied
to in the Power On Sequence Logic test. The first of the

two test calls for a TTL logic | to be applied to this pin




and to wait 5 seconds causing the timing capacitor to be
discharged. A TTL logic 0 is then applied to the P1-34
input and the time delay at the output pin P2-44 measured.
The second test is identical to the first however the gated
pulse train specified in the TR is applied in place of the 5
second TTL logic 1.

The Acceptance Test program 1ines number 3950
through 4240 perform these two tests and are fairly straight
forward. The Frequency Counter is used to measure the time
delay and is connected by the Stimulus Matrix and configured
in lines 3970 and 4010. The Digital Voitage Source and the
DVS subprogram are used to apply the TTL logic levels in
lines 3990 and 4020. In the first test the measurement is
taken in line 4040 using the FNCNTR (function Counter read)
function and the results stored and displayed by the FNTEST
function.

[In the second test, test number 33020, the gated
pulse train is applied using the Pulse Generator and the
Pulse/Function Generator. These instruments are configured
using their respective subprograms in lines 4110 and 4120.
The Digital Write Card in the Multiprogrammer is used in
conjuction with the Patchbox Adapter Circuit to turn this
pulse train on and off while triggering the Counter to take
a reading at the same time. This is accomplished in |ines
4130 through 4160 and the reading entered into the computer

using the FNCNTR function as before.
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N. Power On Sequence Logic Test Part 2 (34050-34100)

This series of test includes six test numbers and is
the second half of the previously discussed Power On
Sequence Logic test. The initial conditions are all the
same and the format of testing is identical having the same
five inputs and 14 outputs. The logic table is listed on
page 14 of the TR document contained in APPENDIX A and this
series of test refers to tests 5 through 10 on that table.

The software for this series of test is similar to
that of the first half of the Power 0On Sequence test with
the readings being taken by the Digital Read Cards in the
Multiprogrammer and the Digital Multimeter. This section
includes program lines 4260 through 4900 and contains a
large FOR-NEXT loop which applies the input logic levels,
takes the readings, converts them to an equivalent octal
number as before, and compares the results to those of the
TR. The subprograms and functions are the same as those
used and discussed above. The initial conditions described
in part | of this series are removed upon completion of the

last test in lines 4790 through 4840.

0. 20 Second Timer Test (32010)

The 20 Second Timer test is the last single test of
the CCA Acceptance Test Program and measures the time delay

of the 555 timer U3. The CCA connector pin P2-36 is the
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trigger for this timer and this pin is grounded and the
power supply turmed off for ten seconds in order to
discharge the timing capacitors. When the power is
reapplied and the trigger released using the Open Collector
Qutput Cards in the Multiprogrammer, the time delay is
measured at the P2-12 cutput pin using the clock in the
computer.

Program lines 4920 through 5180 contain the software
for this last test and runs straight through with no loops.
Two REPEAT-UNTIL loops, which run from lines 4970 through
5000 and lines 5060 through 5100, are used however to create
the ten second delay and make the actual time delay
measurement of the timer. The measurement is then compared
to the tolerances given in the TR, stored, and displayed by’
the FNTEST function in line 5170. Upon completion of this
last test, the END_TEST program is loaded and run by the

statement in line 5250.




V. FAULT ISOLATION TEST PROGRAM DESCRIPTION

AL overview

The Fault Isolation Program for the CCA is listed in
APPENDIX G and follows the same standardized testing format
as that of the Acceptance Test Program. However a few major
changes in the way the program is run have been made. The
Acceptance Test Program is run straight through with little
or no operator intervention. In the case of the Fault
Isolation Program, the operator runs different fault
isolation tests for different circuits on the board from a
menu on the screen. The operator is also required to
connect various probes and integrated circuit clips to the
components on the CCA so that additional measurements
otherwise not available can be obtained. The Test Set
operator is only required to run fault isolation on those
circuits which fail the acceptance testing.

The header of the Fault Isolation Program, which
ends at line number 640, is very similar to that of the
Acceptance Program. It contains the same common or global
variable declarations, a section which loads all the
subprograms and functions from the hard disk drive, and an
additional section which enters data from files used to
display the CCA components layout on the screen. This

graphical display of the CCA aids the operator in finding
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parts that require a probe or chip clip to be connected.
The softkeys and keyboard handling routines are also enabled
in this header.

Before any power is applied to the CCA, the software
must check that the correct Patchbox and CCA are inserted

into the TE304 Test Set. This is accomplished in the same

manner as that in the Acceptance Test Program. The program
lines which perform these checks are 660 through 970. I[f
any of these two checks fail, the program will abort giving

an error message accordingly.

Once the correct Patchbox and CCA have been
verified, power is applied to the CCA and the current demand
tested. [f one or more or the power supplies exceed the
specified 1imit, the computer will prompt the operator if he
or she wishes to continue. It is possible in this case to
feel the components on the CCA for one that is too hot and
probably defective. Program lines 980 through 1240 perform
these steps and continue on if the currents are acceptable.

After power is applied to the CCA, a mandatory
series of tests is performed on the voltage regulator
circuilt., This circuit provides reference voltages
throughout the board and has been known to cause
catastrophic failures. The subroutine which performs this
test series will be discussed later. However, following
completion of the voltage regulator test, a menu is

displayed on the screen which allows the operator to run any
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series of fault isolation tests on the various circuits that
make up the CCA. Program iines 1290 through 1520 contain
the menu and associated logic and upon completion of any of
the fault isolation test series, the program will return to
this menu. [tem number 18 in the menu is provided for

terminating the program.

B. Voltage Regulator Circuit (200110-200170)

As described in the Fault Isolation TR contained in
APPENDIX B8, there are 7 individual tests which make up this
series. The subroutine T20010 which performs this series
begins on line number 1740 and ends at line number 2360.
This subroutine, as do all the fault isoclation subroutines
and subprograms, contains one section which performs the
tests and a second section which determines which components
on the CCA, if any, are bad. The FIND_IT subprograms used
in lines 1800 through 1850 instruct the operator to connect
the measurement probes to the various CCA components. The
test numbers, limits, and matrix point coordinates are
contained in the DATA statements on lines 1870 through 1890.

The seven tests are performed im a FOR-NEXT loop
which runs from line 1910 to 2120. This loop sets up the
testing conditions as specified in the TR, takes the reading
using the Digital Multimeter, and compares the results to

the limits using the FNTEST function.




These seven measurements are used in the fault
isolation flow chart to determine any rfaulty components.
The flow chart for this test series is shown in Figure | of
APPENDIX E. The software equivalent of this flowchart
begins at line 2140 and ends at line 2340 and uses the
FOUND_BAD subprogram to display, print, and store the

resulting bad parts.

C. VBMT, IFKT, and IFMT Op Amp Circuits (210010-214060)

There are three operational amplifier circuits on
the CCA which are tested for proper gain at different
frequencies. Each of the three independent fault isolation
routines for these circuits are exactly identical except for
the test numbers, part numbers, and a few voltage readings.
These three series have six individual! tests, plus one check
called Test8, that fault isolate the VBMT, I[FKT, and I[fMT
operational amplifier circuits respectively. The first five
tests involve DC voltages and the sixth test an AC voltage.
The additional calculation called Test8 is needed for one of
the fault isolation flowchart branches. Descriptions of
each individual test can be found in the Fault Isolation TR
located %n APPENDIX B under test numbers 210010 through
210060 for the VBMT circuit, 212010 through 212060 for the
IFKT circuit, and 214010 through 214060 for the IFMT
circuit.

The subroutine used for the VBMT op amp circuit




iy

1

101

begins on line number 2400 with the subroutine name T21010
and ends on line number 3120. Because the AC signal and
readings used in the fifth test are at 10 Hz, the Digital
Multimeter must be used to digitize the waveforms and
calculate the rms values. These digitized waveforms are
stored in arrays which are allocated in line 2430. The 741
operational amplifier must have a chip clip attached to it
and this is accomplished using the FIND_IT subprogram in
line 2450. Test numbers, limits, and matrix point
coordinates are contained in the DATA statements on 1|ines
2470 and 2480.

Once again a FOR-NEXT loop is used to set up the
individual testing conditions, close the appropriate matrix
points, take the measurements, and compare the resuits to
the limits. This loop begins on line 2530 and ends on line
2820. Inside this loop there is an [F-THEN-ELSE format
which separates the DC tests from the AC test. The FNDOVMR
function is used to take the DC readings in line 2660 and
the DVM_TIME and FNDVMRMS subprogram and function used to
digitize the AC waveforms and convert them to an rms value
in lines 2740, 2750, 2780, and 2790. After all six
measurements have been compieted, the Function Generator
used for the DC and AC stimulus is turned off by the TOGGLE
subprogram in iine 2840 and the waveform storage arrays are
deal located or erased from memory in line 2860.

The second major section of the routine performs the

ittt ittt .




102

actual fault isolation in accordance with the fault
isolation flowchart for this circuit which is shown in
Figure 2 of APPENDIX E. Program lines 2870 through 3100
implement this flowchart using [F-THEN-ELSE statements and
the FOUND_BAD subprogram to indicate the bad parts. Line
number 3120 forces program flow back to the menu after
completion of this test series.

The IFKT and IFMT operational amplifier routines are
identical to the VBMT routine described above. The I[FKT
subroutine is labeled T21200 and begins on line 3730 and the
IFMT subroutine is labeled T21400 and begins on line 5900.
The fault isolation flowcharts are shown in Figures 4 and 7

of APPENDIX E.

D. Comparator Circuits (210510-214570)

There are a total of five comparator circuits on the
CCA. The test numbers 210510 through 210570 pertain to the
VBMH comparator which is an extension of the VBMT op amp
circuit described above. The second and third comparator
circuits are labeled IFKL and [FKH and irclude test numbers
212410 through 212570. These two circuits are extensions of
the IFKT op amp circuit. The last two comparator circuits
are extensions of the [FMT op amp circuit and are labeled
IFML and IFMH using test numbers 214410 through 214570. All
five fault isolation routines are very similar with

differences only in test numbers, test values, and part
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numbers. However, there are a few additional variations in
circuit configuration and the appropriate software. Test
descriptions can be found on pages 3 through 5 of the Fault
Isolation TR document included in APPENDIX B.

The Subroutine for the VBMH comparator circuit is
labeled 721050 and begins on line number 3130. The FIND_IT
subprogram is used in lines 3190 and 3200 1ike before to
instruct the operator to connect the chip clip and the red
probe to the specified CCA components. The DATA statements
in lines 3230 and 3240 contain the test numbers, 1imits, and
matrix point coordinates for the various measurements.
There are seven tests in this series and a FOR-NEXT loop
running from line 3320 through 3510 handles the setup
conditions, closing the proper matrix points, taking the
readings, and comparing the resuits to the limits. All the
readings are DC voltages and are obtained using the Digital
Multimeter and the FNDVMR function in line number 3410. As
in all the CCA tests, the FNTEST function is used in line
3480 to compare the results with the limits, store the
results in the data array, and displiay the results on the
screen.

The section of software beginning on line 3520 and
ending on line 3600 performs the actual fault isolation of
bad parts in accordance with the fault isolation flowchart
shown in Figure 3 of APPENDIX V. This section of software

uses the IF-THEN-ELSE format and the FOUND_BAD subprogram to

ettty sedetntesmnnt bttt e &




104

determine and display, if any, the bad parts.

The fault isolation routines for the I[FKL and [FKH
comparator circuits are run consecutively before returning
to the menu. The subroutine which performs these two fault
isolation routines is labeled 721240 and begins on line
number 4490 and ends on line 5890. The IFKL routine is
performed first followed by the IFKH routine which begins on
line 5250, These two fault isolation routines are almost
identical to that of the VBMH comparator routine described
above. The fault isolation flowcharts for these circuits
are shown in Figures 5 and 6 of APPENDIX E.

The fault isolation routines for the IFML and IFMH
comparator circuits are also run consecutively before
returning to the menu. This subroutine is labeled T21440
and includes program Jines 6660 through 7840. The IFML
fault isolation routine is performed first and the I[fMH
routine, which begins on iine 7290 is performed second. The
software and individual tests for these two circuits are
also almost identical to that of the VBMH comparator
circuit. The fault isolation flowcharts for these circuits

can be seen in Figures 8 and 9 of APPENDIX E,.

E. Full Power CDC/FPD Logic Circuits (300110-300180)

The CDC and FPD logic circuits are simple optically
isolated switching networks and are almost identical. There

are four individual tests performed on the two circuits
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making a total of eight tests tor this series. The two
series of four tests are identical except for the fourth
test in which the 5 volt power supply is turned off in the
first series and the CCA connector pin P2-39 is opened for
the second. The complete test descriptions are found on
page 6 of the Fault lsolation TR located in APPENDIX B.

The subroutine which performs these eight tests is
called T30010 and begins on line 7850 of the Fault [solation
Program. Again the FIND_IT subprograms are used to instruct
the operator where to connect the measurement probes on the
CCA. The DATA statements in lines 7970 through 8000 contain
the part numbers for each network, test numbers, limits, and
the coordinates for the matrix points to be closed. The
oc("o1B8") statement in 1ine 8020 grounds the P2-39 pin
through the Open Collector Output Card in the
Multiprogrammer prior to testing.

The actual measurements are taken within a nested
FOR-NEXT loop beginning on line number 8060 and ending on
line number 8200. The steps in the loop are repeated for
all of the eight tests and include reading the data for a
test, setting up the testing conditions, taking the
measurement, and comparing the results to the limits. The
first two measurements of each series are DC and are
obtained using the Digital Multimeter and the the FNDVMR
function in tine 8120. The last two readings are TTL logic

levels which are obtained through the Digital Read Card in




the Multiprogrammer and the FNDR$ function in 1ine 8150.
The fault isolation flowcharts for these two
circuits are shown in Figures 10 and |1 of APPENDIX E.
Except for the part numbers they are also identical and the
software equivalent is performed in lines 8210 through 839C
following the loop described above. A larger FOR-NEXT loop
which is run twice, once for each circuit, begins on line
number 8040 and ends on line number 8400 includes the
measurement taking loop and flowchart section described
above. After the fault isolation routines for the CDC and
FPD circuits have been complieted, the program returns to the

menu by the GOTO statement in line 8420.

F. Power On Sequence Logic Tests (34010-34100)

There are two sections of these tests which are
called from the menu. The first part includes test numbers
1 through 4 and the second part includes test numbers 5
through 10 as seen on page 14 of the Acceptance Test TR
contained in APPENDIX A. The subroutines in the program
inciude lines 8710 through 10270 and are exactly identical
to those described in the Acceptance Test Program. They are
repeated here only to determine which of the fourteen
outputs measured did fail. Once this has been determined,
the appropriate fault isolation routines can be initiated.

Whenever a failure occurs in this section, the

subroutine WHICH_ONE is called to determine which of the
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outputs failed. This routine begins on 1ine number 21840
and ends on 1ine number 22210, The character string of
outputs obtained from the test is compared with the correct
character string formed from the test limits, which are of
octal form, producing the pin number of the bad output. The
appropriate fault isolation routine or routines are then

initiated.

G. Ul Timer Circuit (310110-310170)

Some of the CCA circuits involve several smaller
circuits which can be broken apart and tested individually.
In addition to this fact, several of these smaller circuits
overlap to form other networks of the CCA. It is because of
this that a separate section of subroutines for each of the
smailer circuits was developed and included at the end of
the main program. The section of software listed in lines
8430 through 8700 includes three subroutires called from the
menu that in turn call the appropriate fault isolation
routines for the smaller circuits that make up that network.
The following is a description of the first of these
subroutines.

The Ul Timer Circuit consists of a 555 timer and
associated components which create a nominal delay of 315
seconds upon triggering through the P2-36 CCA pin. The
subroutine for this circuit includes program lines 10780

through 12430 which also contains a separate routine for
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tailoring the time delay if necessary. A total of seven
tests are performed in this series, all of which are
accomplished inside the FOR-NEXT loop beginning on line
11030 and ending on line 11310. The descriptions of these
tests can be found on page 6 of the Fault I[solation TR
contained in APPENDIX B.

The FIND_IT subprogram and DATA statements in lines
10850 through 10990 are used as described in previous
subroutine descriptions. The testing loop mentioned above
also performs the same tasks as those of the previous
subroutines. Inside this loop however is a REPEAT-UNTIL_
loop which uses the clock in the computer to measure the
time delay of the circuit in the fifth test. The other six
tests are DC voltage measurements and use the Digital
Multimeter and FNDVMR function in line 11270.

Following the testing loop, the section of software
which is equivalent to the fault isolation flowchart shown
in figure 12 of APPENDIX E is performed. This section
includes limnes 11330 through 11750 and determines the bad
components or initializes the tailoring routine if
necessary.

The tailoring routine begins on line 11960 and is
used to tailor the resistor R3 in an effort to produce a
time delay within the TR tolerances. If in the fifth test
when the time delay is measured, the circuit does switch but

at a time just outside the limits, this routine will be




called. When this happens, the operator must clip the R23
resistor off allowing this resistance to be measured by the
Digital Multimeter (program line 12120). A new value is
then calculated from this value and the actual time delay
measured in the fifth test. This new value is then inserted
into the circuit using the Decade Resistor and the DECADE
subroutine in line 12370 and the test series repeatec. If a

resistance value cannot be calculated, then all of the
timing components are replaced and the program returns to

the menu.

H. U2 Timer Circuit (310410-310480)

The U2 Timer Circuit also uses a 555 timer tc create

a time delay. This timer with its associated components
produce a nominal time delay of 200 milliseconds upon a
trigger from the Q7-Q8 Transistor Circuit which will be
discussed later. There are eight individual tests in this
series, all of which are DC voltage readings except for the
sixth test which is the time delay measurement. The eight

tests are described on page 7 of the Fault Isolation TR
contained in APPENDIX B.

The subroutine for this test series is called
U2_TIMER and begins on 1ine number 12450. The format of
this routine is the same as all the routines that have been
discussed earlier. [t begins with the FIND_IT and DATA

statements foiiowed by the FOR-NEXT loop beginning on line




12670 which performs the eight tests. The Frequercy _Junter
and FNCNTR function 'n ltine 12830 are used to measure tne
time delay of the circuit while the Digital Multimeter anag
FNDVMR function in line 12720 used to make the DC readings.
The CNTS subprogram is used in line 12810 to configure the
Counter for a time A to B measurement.

The fault isolation flowchart for this circuit is
shown in Figure 13 of APPENDIX E and reproduced in the
software section running from lines 12910 through 13340. No

tailoring is required for this circuit.

1. U3 Timer Circuit (320110-320160)

This circuit also has a 555 timer and with its
associated components, produces a nominal time deiay of 15
seconds. The trigger for this circuit is again the CCA
connector pin P2-36 which is controlled by the Open
Collector Qutput Card in the Multiprogrammer. A total of
six tests are performed on this circuit and are described on
page 7 of the Fault lsolation TR located in APPENDIX B. The
fifth test in this series measures the time delay of the
circuit while the other five tests measure DC voltages.

The U3_TIMER subroutine begins on [ine number [3390
and ends on line number 14130 and also follows the standard
fecrmat described previously. The P2-36 pin is initially
grounded by the Open Collector Qutput Card and the OC("0")

statement in line 135%70. The program then waits 10 seconds




ror the timing capacitors to discharge and then begins tThe
FOR-NEXT test lcop at line 13590. During the firfrth test, A3
REPEAT_UNTIL loop is used in lines 13690 through 13730 to
measure tne time delay of the circuit with the clock in the
computer. All other measurements are obtained in line 13630
using the Digital Multimeter and FNDVMR function.

Program lines 13820 through 14100 perform the
software equivalent of the fault isolation flowchart shown
in Figure 14 of APPENDIX E. The FOUND_BAD subprogram is

used to print and store any bad parts which are found.

J. U255 Timer Circuit (330110-330210)

The fault isolation routine for this circuit is a
little more involved than that of the U2 or U3 Timer
Circuits due to additioral switching circuitry on the output
stage of the 555 timer. This circuit provides a nominal
time delay of 1 second and is triggered by the output of the
U24 NAND gate. This gate is controlled by the Pl-34 input
pin and the output of the Q7-Q8 Transistor Circuit which
will be discussed later. A description of the 11 individual
tests which make up this series can be found on page 8 of
the Fault Isolation TR contained in AFPENDIX B.

The software for this fault isolation routine is
called U2Z25_TIMER and includes program lines 14)50 through
15290. The format is again standard beginning with the

FIND_ [T subprogram calls and the DATA statements followed by




the test and measurement loop and the fault isoclation logic.
The FOR_NEXT loop which performs the |1 tests begins on line
14430 and ends on line 14650. After the initial testing
conditions are established in lines 14450 through 14520, the
measurements are obtained using the Digital Multimeter and
the FNDVMR function in line 14610. During the eighth test
however the time delay measurement is obtained using the
Frequency Counter and the FNCNTR function in ltines 14520
through [4600.

The fault isolation logic follows the flowchart
developed for this circuit and is shown in Figure 1|5 of
APPENDIX E. This section includes program lines 14680
through 15260 and uses the [F-THEN-ELSE statements and the
FOUND_BAD subprograms to display, print, and store any bad

parts which are found.

K. P2-11/35 Input Circuit (310210-310230)

The output of the Ul Timer Circuit discussed earlier
is wire-ORed with the output of the P2-11 and 35 Input
Circuit. This circuit is very simple and only reguires
three tests for the fault isolation routine. These tests
are described on page 6 of the Fault Isolation TR.

The P2_11_35 subroutine begins on |ine number 15300
with the standard FIND_IT subprogram calls and the DATA
statements in 1ines 15370, 15380, 15500, and 15510. However

in this test series a section of software before the DATA




onndi

statements is required to trigger the Ul Timer Circuit
causing the output of this circuit to become low or almost
zero volits. This section includes program Jlines 15400
through 15460 and makes it easier to test the P2~-11/35
Circuit. The FOR-NEXT loop which includes lines 15530
through 15640 closes the proper matrix relays, applies the
required stimulus, takes the DC voltage readings, and
compares the results to the TR limits. The TOGGLE (-5)
statement in line 15650 turns off the stimulus, power supply
number 5, which was used in the third test.

Program lines 15680 through 15810 perform the fault
isolation routines according to the fault isolation

flowchart in Figure 16 of APPENDIX E.

L. Q7-Q8 Transistor Circuit (310310-310350)

The Q7-Q8 Transistor Circuit is controlled by the
wire-ORed circuits described above. This circuit is also
very simple and requires five tests which are described on
page 7 of the Fault lsolation TR contained in APPENDIX B.

The subroutine for this test series, called Q7_Q8,
begins on line number 15860 and is similar to that of the
P2-11/35 Circuit aiscussed above. The section of software
running from line 15990 to 16040 triggers the U} Timer
Circuit causing the output to become low in the same manner
as the P2-11/35 subroutine. The DATA statements and

FOR~-NEXT loop, which includes lines 16080 through 16270,

[oV]
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then follow and perform the actual rive tests. Program
lines 16300 through 16530 accomplish the eqgquivalent of the
fault isolation flowchart for thiz circuit which i2 shown in

Figure 17 of APPENDIX E.

M. P2-12 Qutput Circuit (320210-320250)

The PZ2-12 Output Circuit is a simple three stage
transistor switching network which controls the CCA pin
Pz-12. The circuit is controlled directly by the U3 Timer
Circuit and includes a total of five tests which are
described on page 8 of the Fault Isolation TR. All the
readings are in DC volts, however two of them are converted
to TTL Logic levels by the Digital Read Card in the
Multiprogrammer.

The fault isolation subroutine for this circuit
includes program lines 16580 through 17230. After the
probes have been connected to the specified parts in lines
16670 through 16690, the U3 Timer Circuit is triggered
causing its output to become low or almost zero volts. This
is accomplished in the REPEAT-UNTIL loop beginning on line
16740 by monitoring the output with the Digital Multimeter
with the U3 Timer trigger input P2-36 open. Once this has
occurred, the testing is performed as always during the
FOR-NEXT loop running from line 16830 to 16950. Test
numbers one and four use the Digital Read Card and FNOR$

function in line 16910 to obtain the TTL logic levels while
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the other tests simply use the Digital Multimeter and FNDVMR
function in line 16880. Program lines 16970 through 17200
perform the fault isolation in accordance with the flowchart

H in Figure 18 of APPENDIX E.

N. P2-1 Ioput Circuit (340110-340150)

The P2-1 Input Circuit is a combination transistor
and optical isolator switching circuit which uses the open
collector logic CCA inmput pin P2-1 as the controller. The
output of this circuit is wire-ORed with the outputs of the
five comparator circuits discussed at the beginning of this
chapter. The fault isolation routine for this circuit is
comprised of five individual tests and one check, all of

which are described on pages 8 and 9 of the Fault Isolation

TR contained in APPENDIX B.
, The portion of software in the Fault Isolation
Program which performs this test series includes lines 17250

t through 18000. This subroutine, which is called P2_1,
begins with the required FIND_IT subprogram calls and then
sets up the comparator power supply sequence which is
described at the top of page 13 of the Acceptance Test TR.
This stimulus sequence forces the outputs of all five
comparator circuits to be in the low state so that there is
no interference with the P2—-1 Input Circuit test. Program
lines 17370 through 17410 perform the necessary actions

needed for this sequence. The OC("1") subprogram call in




line number 17460 grounds the PZ2-1 input pin through the
Open Collector Output Card contained in the Multiprogrammer
prior to beginning the FOR-NEXT testing loop.

The test loop, which includes lines 17470 through
17540 is short and simple. The required Measurement Matrix
relay is closed, the measurement taken using the Digital
Muitimeter, the results compared to the TR limits using the
FNTEST function, and Measurement Matrix relay is opened back
up. On the third test however, the P2-1 input pin is
released by the OC("9") subprogram caill in line 17500. Upon
compietion of the five tests, the comparator power sequence
is turned off by the statements in lines 17560 through
17580. The section of software running from line 17590 to
17970 performs the fault isolation with accordance to the

flowchart shown in Figure 19 of APPENDIX E.

O. P2-13 Qutput Circuit (340210-340280)

This circuit is a transistor switching network
controlled by three sources which are wire-ORed together.
The first input is the CCA pin P2-35, tne second is the
output of the U3 Timer Circuit, and ths third input is the
output of the Flip Flop Circuit which will be discussed
later. A total of eight tests make up this fault isolation
series and involve both DC voltage measurements and TTL
logic levels. The comparator power sequence described above

is applied initially here also as well as controiling the

. e A



two open collector logic pins P2-1 and PZ2-36. The
descriptions of the initial set up conditions and the eight
tests can be found on page 9 of the Fault Isolation TR.

The subroutine for the fault isolation series begins
on line 18020. Lines 18140 through 18180 apply the
comparator power sequence in the identical manner as that in
the P2~-1 subroutine. The FUNGEN(O0,"15V") call statement in
line 18190 sets up the Function Generator for the 1[5 volt
source needed in the third test. The two open collector
logic pins mentioned above are configured in lines 18250 and
18260 according to the TR. Also, before testing can start,
the U3 Timer Circuit must have switched to the low state.
This is checked in the REPEAT-UNTIL loop and associated
software logic which includes lines 18300 through [(8410.

The testing is then ready to be performed by the
standard FOR-NEXT loop running from line 18440 to 18780. In
this loop, the DC voltage readings are obtained in line
18480 and the TTL logic levels in line 18740. The
additional software inside the loop simply takes care of the
testing conditions required by the TR. The REPEAT-UNTIL
loop beginning on line 18660 waits for the U3 Timer to
expire after it has been retriggered in the seventh test.
After the eight tests have been completed, the comparator
power sequence is turned off and the fault isolation routine
running from line 18830 to 19210 is performed in accordance

with the flowchart shown in Figure 20 of APPENDIX E.




P. P2-37/38 Qutput Circuit (340310-340420)

The CCA output pins P2-37 and P2-38 are both
optically isolated TTL logic outputs wired in series. As
long as the control pin P2-14 remains grounded, both inputs
will always be in the same state. When the P2-14 pin is
open the output pin PZ2-38 is forced to a high state. This
circuit is controliled by the Ul Timer Circuit output, U3
Timer Circuit output, and the P2-1 Input Circuit output.
The circuit is therefore difficult to test and requires a
total of twelve individual tests which are described on
pages 9 and 10 of the Fault Isolation TR. The comparator
power sequence described in the previous fault isolation
subroutines is applied here also.

The fault isolation subroutine for the P2-37/38
Output Circuit begins on line 19260 by executing five
FIND_IT subprogram calls and the comparator power sequence
in lines 19400 through 19440. The DATA statements which
contain all the important test information are next followed
by the FOR_NEXT test loop which runs from line 195i0 to
19870. As one can see in this section, both the Digital
Multimeter (FNDVMR function) and Dig.tal Read Cards (FNDR$
function) are used to obtain the DC voltages and TTL logic
levels respectively. The open collector logic pins P2-36

and P2-1 are controlled by the 0OC subprogram in lines 19560,




119

19610, and 12720 while the PZ~-14 pin is controiled by the
"TZ24" Stimulus Matrix relay in Jines 19500 and 19540.
Folliowing the FOR-NEXT lmoop, the comparator power
sequence is turned off by the TOGGLE and STIM subprogram
calls in lines 19880 through 19900. The fault isolation
flowchart shown in Figure 21 of APPENDIX £ is then

implemented by program lines 19910 through 20610.

Q. Flip Flop Circuit (340510-340610)

The Flip Flop Circuit is a8 very interesting circuit
to analyze and fault isolate. There are two inputs, one
output, and an array of components which cause the circuit
to act somewhat ltike a flip flop. Brute force is used to
isolate the components in this fault iscolation series which
is made up of eleven individual tests. Page 10 of the Fault
Isolation TR contained in APPENDIX B describes these eleven
tests.

All eight of the measurement probes are used in the
FLIP_FLOP subroutine which begins on line number 20660 along
with the comparator power sequence. Program lines 20750
through 20930 include the FINO_IT subprogram calls, the
application of the comparator power sequence, and the DATA
statements.

The FOR-NEXT test loop runs from line 20940 to line
21180 and follows much the same format of previous loops.

However, in line 21080, one of the measurement probes is
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moved to g different component on the UCCA. After the eieven
tests have been pertrormed., the comparator power sequence i3
turned off and the rault isolation riowchart snown in Figure
22 of APPENDIX E is implemented by the software which

inciudes lines 21240 through 21790.

R. Pulse Train Input Test (90010)

The Pulse Train Input test is a8 single test which
was added to the Acceptance Program to check the U24 NAND
gate on the CCA which otherwise would not be caught if it
was defective. The test is repeated as a fault isolation
subroutine in order to complete the coverage of CCA
components. The test description is found under 10 CODE
90010 on page 2 of the Fault Isoiation TR.

The T90010 subroutine includes lines 10280 through
10460 and is very straight forward with no loops. The gated
puulse train which is described in the Acceptance Test TR is
generated using the Pulse Generator (PULGEN subprogram) and
the Pulse/Function Generator (PULFUN subprogram) in lines
10350 and 10360. The signal is then applied to the CCA pin
P1-34 through the Patchbox Circuit logic which is enabled by
the Digital Write Card in the Multiprogrammer and the
DW("100B") subprogram call in line 10370.

The Freguency Counter is used to measure the pulse
width at the input to check for any distortion or

attenuation which might be caused by a defective U24 chip.




The measurement is returned by the FNCNTR function in |ine
10420 and then compared to the limits in line 10440 using
the FNTEST function. If the test fails, the FOUND_BAD
subprogram cali in line 10450 instructs the operator to have

U24 replaced.

S. Patchbox Adapter Circuit (TESTX1-TESTXS)

Because the Patchbox Adapter Circuit is not part of
the CCA, actual tests using the standard data arrays and
FNTEST software function cannot be used. The five tests
which make up this fault isolation series are independent of
the CCA tests and are therefore considered only "checks" of
proper operation. Page 2 of the Fault Isolation TR describes
the five "checks” under TESTX! through TESTXS5. The Patchbox
Adapter Circuit itself consists only of one 7408 Quad
2-1nput AND Gate which makes the testing qQuite simple.

The PATCHBX subroutine begins on 1ine number 10470
and ends on line number 10730. There are no loops in this
test series and all tests use the FIT subprogram instead of
the FNTEST function which is used for CCA tests. The Pulse
Generator and Digital Write Card are used to apply the
signals to the circuit and the Frequency Counter and Digital
Multimeter used to obtain the readings. The comparison of
readings to the TR limits is performed by the FIT subprogram
in lines 10580, 10600, 10620, 10660, and 10680. A pass/fai)

Boolean code is returned by these subprograms in the X1-X5




variabies and if any of these are a

T408 AND gate must be replaced.
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a failure,
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CONCLUSIONS

The software developed for this thesis project performs
automated testing of the CCA used in this project in accordance with
the Naval Acceptance Test Requirements. This software also performs
automated fault isolation procedures on the CCA whenever failures occur
during the Acceptance Test. A complete circuit analysis must be derived
in order to develop the fault isolation procedures for the various
circuits on the CCA. Faulty or defective components can then be
isolated quickly and easily by the automated test set, TE304.

The TE304 Automated Test Set provides faster and more reliable
testing and fault isolation than previously used test sets. The amount
of operator intervention is reduced to connecting only a few measurement
probes to the components on the CCA and then pressing the CONTINUE key
on the Hewlett Packard 9826 computer. Defective components are then
isolated automatically and the part numbers displayed on the screen,
printed on the printer, and also stored in an array for future use. ﬁ

This thesis project provides the Naval Ordnance Station in
Louisville, Kentucky with a set of concise and well formatted computer 7
programs which test and fault isolate the CCA efficiently and reliably.
Complete circuit analysis, the design and construction of interface
circuitry, the development of fault isolation procedures, and the

writing of the software all combine to make this project a success.
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3.1

3.2

3.3

TEST REQUIREMENTS.

TEST PARAMETERS. The input/output (J/0) test parameters for the unit are
specified in Table I and apply when the assembly 1ls operated in accordance
with the conditions specified herein. The 1/0 code numbers of Table I
identify related characteristics and specified toleranced 1/0 conditions
applicable to test. I/0 codes of the form XY000 (ending with 3 zeros)
identify related characteristics and conditions applicable to toleranced I/0
codes starting with the same XY. 1/0 codes not ending with t‘ree zeros are
the specific test parameters applicable to test.

ENVIRONMENTAL CONDITIONS. The tolerances of Table I apply when the item is
tested {n standard amb{ent test conditions as defined in MIL-STD-810.

COMMON INPUT/OUTPUT TEST CONDITIONS.

a. Df Voltages
(1) +28.0 + 0.1 Vdc Pl pins 18, 19, and 43 referenced to P2-17 and 42.
(2) +5.0 + 0.1 Vdc to P2 pins 24 and 43 referenced to P2~49 and 25.
(3) =5.0 + 0.1 Vdc to P2-47 referenced to P2-49 and 25.
(4) +/=- 5.0 Vdc Return to P2 pins 49 and 25.
(5) +28.0 Vic Return to Pl pins 17 and 42.
(6) Connect 28 Vdc returm to +5 Vdc return.

b. Gated TTL Pulse Input. 18.5 msec burst of pulses and 666 msec off time.

(1) Pulse Characteristics
(a) Pulse width 800 nsec
(b) PRT 20 micro sec

(2) Gate Pulse Characteristics
(a) Pulse width 18.5 msec
(b) PRT $84,5 msec

c¢. Standard TTL Logic

(1) Logic 1; +2.4 to +5.2 Vdc

(2) Logic 0; 0.0 to +0.8 Vde

SIZE COODE 10ENT NO. DRAWING NUMBER

A

SCALE: NONE | REv LTR | sweer 3
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Open Collector Logic

(1) ULogic 1t; open (> 10 meg ohm resistance)
(2) Logic Ot; 0 to +0.8 vdc

28 Volt Logic

(1) Logle 1*; > +25.0 Vdc

(2) Logic O*; £ +2,0 Vde

Special Logic
(1) 1%; +1.0 to +10 Vdc (see Specific Use)

(2) 0%; 0 to +0.8 Vdc

Line Receiver:

The differential input voltage of the line receivers, supplied from a
matched source impedance, is nominally -12 mA times the total load
resistance (2;). The corresponding logic of the (+) and (-) inputs {s:

(1) Logic 1; (+) input positive with respect to the (-) input.

(2) Logic 0; (+) input negative =ith respect to the (-) input.

For test purposes the inputs shall be supplied by a line driver or
equivalent circuit (See Figure 1). Line receiver inputs are P1-38(+) and
P1-13(=), P1-39(+) and P1-15(~), P1-7(+) and P1-31(-), and P1-32(+) and
Pl‘e(-)‘

Line Driver:

The differential output voltage of the line drivers, interfaced with a
matched impedance load, is nominally ~12 mA times the total load
resistance (2y). The corresponding logic of the (+) and (~) outputs
1s:

(1) Logic 1; (+) output = 0 + 50 aVdc
(=) output = (-12 mA x 2;) + 202

(2) Logic 0: (+) output = (-12 mA x 2Zp) + 202
(=) output = 0 + 50 aVde

For test purposes the output lines shall be interfaced with a line
receiver or equivalent circuit (See Figure 2).

Line driver output {8 P1-35(+) and P1-33(-).

SIZE |CODE IDENT NO. DRAWING NUMBER

A

SCALE: NONE  [REV LTR | sueer 6




{. Loads.
or exceed the specification contained herein,

69

(2)

(3)

(8)

(5)

(6)

(M

(8)

9)

(10)
an)
12)

j» Terminations:

Interconnect a 5.6K ohm +5% 1/4 watt resistor

P1-3.

Interconnect
P2-9.

Interconnect
P2-12.

Interconnect
P2-13.

Interconnect
P2-15.

Interconnect
pP2-37.

Interconnect
P2-380

Interconnect
P2-41,

Interconnect
Interconnect
Interconnect

Interconnect

ground.

4.0 ADJUSTMENTS/TAILORING.

a

1.0K otm +5% 1/4
1.0K ohm +5% 1/4
1.0K ohm +5% 1/4
1.0K ohm +5% 1/4

1.0K ohm +5% 1/4

watt

watt

watt

watt

wvatt

resistor

resistor

resistor

reglarnr

resistor

The following loads are to be realized using components

from +28 Vde

from 5.0 Vdc

from 5.0 Vde

from 5.0 Vde

from 5.0 Vde

from 5.0 Vde

that meet

+52

+52

+5%

+5%

+52

+5%

to

to

to

to

to

to

250 ohm +5% 1/4 watt resistor from 5.0 Vdc +5% to

1.0K ohm +5X 1/4 watt

5.6K ohm +5% 1/4 watte

5.6K ohm +5Z 1/4 watt

1.0K ohm +5% 1/4 watt

1.0K ohm +5% 1/4 watt

Connect pins Pl1-17, P1-27,

resistor from 5.0 Vde +5X to

resistor

resistor

resistor

resistor

from ground ¢~ Pl-1,

from ground to P1-26.

from 5 Vde to P2-19,

from 5 Vdc to P2-44,

P1-42, P2-~14 and P2-17 to

Tailor R3 for proper timing in I/0 code 31010.

SIZE | CODE IDENT NO. |DRAWING NUMBE R
SCALE NONE  [Rrev LTk A | sneer !
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TABLE 1 INPUT OUTPUT CHARACTERISTICS
clcge CHARACTERISTICS AND INPUT OUTPUT CONDITIONS r»i‘:g’fﬁﬁr'“s TOLEF AMZE S|
10000 RESISTANCE MEASUREMENTS
Measure the resistance between the indicated points.
10010| Resistance from TPl-1 to Pl-17 1.0 ohm max
10020| Resistance from TPl-1 to P1-42 1.0 ohm max
' 10030| Resistance from TP1-13 to P2-16 1.0 ohm max
10040 Resistance from TP1-14 to P1-3 1.0 ohm max
10050 Resistance from TP1-15 to P1-26 1.0 ohm max
10060| Resistance from TPl-16 to Pl-1 1.0 ohm max
10070| Resistance from TP2-1 to P2-25 1.0 ohm max
\ 10080| Resistance from TP2-1 to P2-49 1.0 ohm max
10090] Resistance from TP2-11 to P2-33 1.0 olm max
i 10100{ Resistance from TP2-12 to P2-8 1.0 ohm max
‘ 10110{ Resistance from TP2-13) to P2-32 1.0 ohm max
10120| Resistance from TP2-14 to P2-7 1.0 ohm
! 10130 Resistance from TP2-15 to P2-1 1.0 ohm max
10140} Resistance from TP2-16 to P2-2 1.0 ohm max
{ 10150 Resistance from P2-11 to P2-19 12 Kohm ii
10160] Resistance from P1-10 to Pl-11 12 Kohm :f
11000] CURRENT DEMAND
Apply electrical power, as called ocut in paragraph
3.3.a. Measure indicated current demand.
1101071 +28.0 VDC CURRENT DEMAND 230 mA nax
11020y +5.0 VDC CURRENT DEMAND 450 mA max
11030 -5.0 VDC CURRENT DEMAND 60 mA max
SIZE | CODE {DENT. NO. [DRAWING NUMBER
| A
SCALE:NONE  |REV LTR Jsneer 3




TABLE I INPUT QUTPUT CHARACTERISTICS

' o NOMIN AL
CCDE CHARACTERISTICS AND INPUT ‘OUTPUT CONDITIONS ANO UNITS |TOLERANCES
20000 TIM REFERENCE VOLTAGE.
Measure TREF Voltage at P2-27.
20010 TREF VOLTAGE (P2-27) +5.10 +6.63
Vde +3,57
21000 OA DC GAIN, AC GAIN AND THRESHOLD TEST.
DC Gain: Apply the specified DC stimulus to the
indicated (+) and (-) inputs. Measure the
corres-onding output.
AC Gain: Apply an AC stimulus at the indicated
frequenry and amplitude to the specified pins.
Measure the corresponding output gain.
DC THRESHOLD: Apply a DC stimulus at the indicated
init{al voltage and increment in 10 mVdc steps until
corresponding output changes to the specified logic
level and record the {input voltage.
21010 VBMT DC GAIN +0.10 +0,.11
viv +0.09
Input: P2-3(+) = +12.5 +0.5 Vdc
ref P2-2(-)
Output: P2-26
ref P2-27
21020] VBMT AC RIPPLE GAIN 0.0723 0.0871
Vms/Vme 0.057S
Input: P2-2(-), 1.00 +0.5 Hz, 4.0 +0.5 Vp-p
ref P2-3(+)
Output: P2-26
ref P2-27
21030f VBMT AC RIPPLE GAIN 0.0100 0.0120
Vm./Vmﬂ 9.,0080
Input: P2-2(-), 10.00 +0.05 Hz, 10.0 +0.5 Vp—p
ref P2-3(+)
Output: P2-26
ref P2-27
SIZE | CODE 1DENT. NO. JORAWING NUMBER
SCALE: NONE  [REV LTR B | sueer 9
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TABLE I INPUT OQUTPUT CHARACTERISTICS
e} [ NOMINAL
CCOE CHARACTERISTICS AND INPUT QUTPUT CONDITICNS anD uniTS |TOLERANCES
21040 VBMT AC RIPPLE GAIN 0.0723 0.0871
Vrus/Vrmd 0.0575
Input: P2-3(+), 1.00 +0.05 Hz, 4.0 +0.5 Vp-p
ref P2-2(-)
Output: P2-26
ref P2~27
21050 VBMH THRESHOLD INPUT VOLTAGE -7.C0 -5.50
Vdc ~9,00
Input: P2-2(-' Initial Voltage = -5.0 +0.5 Vdc
ref P2~3(+)
Output: Pl1-48 = Logic 1
21200{ IFKT DC GAIN +2.00 +2.40
vlv +1.60
Input:  P2-29(+) = 1.5 + 0.5 Vdc
ref P2-28(-)
P2-6 = Open
Output: P2-4, ref P2-27
21210 IFKT AC RIPPLE GAIN «286 0e325
Vms/Vrmg 0.2
Input: P2-28(-) = 1,00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P2-29(+)
P2-6 = Open
Output: P2-4, ref P2-27
21220f IFKT AC RIPPLE GAIN 0.0250 0.0300
an/Vm1 0.0200
Input:  P2-28(~) = 10.00 +0.05 Hz, 10.0 +0.5 Vp-p,
ref P2-29(+)
P2-6 = Open
Output: P2-4, ref P2-27
2123& IFKT AC RIPPLE GAIN 0.266 0.320
Vms/Vmd 0.211
Input: P2-29(+) = 1,00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P2-28(-)
P2-6 = Qpen
Output. P2-4, ref P2-27
SIZE CODE 1DENT. NO. JORAWING NUMBER
SCAL €: NONE REV LTR ISHEET 10




TABLE L sl DUTPUT CHARACTERSTICS
STAlMAL
. HASA TED LTS ANT NP LT TR T TTNOIT NS AND UNLTYS |TO ERANCE
2124¢ IFKL THKESHOLD INPUT VOLTACE +0.79 +0.99
Vde +0.59
Iaput: P2-29(+) Inirial Voltage = 1.0 +0.5 vd:,
ref P2-28(-)
22-6 = Open
Qutput: Pl-47 = Logic 1
21250 [FXH THRESHWOLD INPUT VOLTAGE +4.,20 +7.00
Vde +3.20
Input: P2-29(+) Initial Voltage = 3.0 +0.5 Vdc,
ref P2-28(-)
P2-6 = Open
Qutput: Pl-22 = Logic O
21260 [FKL TTL OUTFPUT Logic O
Input: P2-29(+) = 0.0 +0.5 Vdc, ref P2-28(-)
P2-6 = Open
Output: Pl-47
21270 TEXL TTL OUTPUT ogic 1
Input: P2-29(+) = 0.0 +0.5 vdc, ref P2-28(-)
pP2-6 = +28 Vdc
Output: Pl-47
21400 IFMT DC GAIN +1,78 +2.18
/v +1.38
Input: P2=5(+) = 1.5 Vdc, ref P2-20(-)
Qutput: P2-31, ref P2-27
21410 IFMT AC RIPPLE GAIN 0.266 0.320
Vrms/Vrms| 0.21!
Input: P2-30(-) = 1.00 +0.05 Hz, 4.0 +0.5 vVp-p,
ref P2-5(+)
Output: P2-31, ref P2-27
21420 IFMT AC RIPPLE GAIN 0.025 0.030
Vmms/Vms| 0,020
Input: P2-30(-) = 10.00 +0.05 Hz, 10.0 +0.5 Vp-p,
ref P2-5(+)
Output: P2-31, ref P2-27
SIZE IODE IDENT. NO. JURAAMMNG NUMBER
SCAL L NONE [PEV LTR D lsnu.r i
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TABLE I INPUT OQUTPUT CHARACTERISTICS
s NOMINAL .
CCOE CHARACTERISTICS AND INPUT OUTPUT CONDITIONS AND UNITS JTOLERANC:®
21430 IFMT AC RIPPLE GAIN 0.266 0.320
Vras/Vras 0.211
Input: P2-5(+) = 1.00 +0.05 Hz, 4.0 +0.5 Vp~p,
ref P2-30(~)
Output: P2-31, ref P2-27
21440 IFML THRESHOLD INPUT VOLTAGE -1.00 -0.80
Vde -1.20
Input:  P2-30(-) = Initial Voltage = Q.0 +0.5 Vdc,
ref P2-5(+)
Output: Pl—45 = Logic 1
21450 IFMH THRESHOLD INPUT VOLTAGE -2.55 -1.40
Vde -3.70
Input: P2-30(-) = Initial Voltage = -1.0 +0.5 Vdc,
ref P2-5(+)
Output: Pl1-46 = Logic O
30000 FULL POWER, CDC(-) AND FPD LOGIC TEST
Apply #5.0 Vdc and +28 Vdc supplies as called out in
paragraph 3.3.a. Verify the outputs as indicated in
table.
Test Input Outputs
P2-39 P2-41 P2-15
1 ot 0 0
2 1t 0 1
Remove +5 Vdc
3 1t 1 1
30010 FULL POWER, CDC(-) AND FPD LOGIC Qual
SIZE | CODE IDENT. NO. JORAWING NUMBER
SCALE: NONE  [REV LTR [ smeer 12
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TABLE I INPUT QUTPUT CHARACTERISTICS

t 0
CCOE

CHARACTERISTICS AND INPUT OUTPUT CONDITIONS

NOMINAL
AND UNITS

TOLERANCES

31000

3101C
31020

32000

32019

33000

33010

33020

5 MINUTE TIMER AND 250 MSEC TIMER

Turn on the +5 Vdc, turn off +28 Vde supply and ground
P2-36, Wait approximately 1 minute.

Apply +28 Vdc stimulus to P2-1,

Apply 9.0 + 0.1 Vde to P2-3 and Return to P2-2.

Apply 2.0 + 0.1 Vdc to P2-29 and Return to P2-28,
Apply 1.3 + 0.1 Vdc to P2-5 and Return to P2-30.
Apply Logic 1t to P2-36,

Apply TTL Logic O to P2-35 and P2-11.

Apply +28 Vdec supply.

Measure elapsed time from +28,0 Vdc turn on until
P2-10 voltage switches to a Logic 0. Tailor R3 if
required for specified timing. Measure elapsed time
from P2-10 Logic O switch until P2-9 voltaee switchea
to a Logic O.

P2-10 SWITCH TIME

P2-9 SWITCH TIME

20 SECOND TIMER

Apply the same input signals as in I/0 code 31000.
Turu off +28 Vdc supply for approximately 10 secoands.
Measure elapased time from +28 Vdc power
reapplication for P2-12 to switch to a Logic 1.

P2-12 SWITCH TIME

1.5 SECOND TIMER

Apply the same input signals as in I/0 code 31000.
Apply Logic ! to Pl-=34 and wait 5 seconds. Apply
Logic 0 to Pl1-34 and measure time required for P2-44
to switch to Logic 0. Apply a gated pulse train as
called out in paragraph 3.3.b to Pl-34. Wair S
seconds, apply Logic O to Pl-34, Verify that P2-44
switches to a logic 1 before 2 seconds have =lapsed.

P2-44 SWITCH TIME

P2-44 LOGIC OUTPUT

315 sec

200 msec

15 gsec

1.0 sec

Logic 1

330
300-

250
150

30
10

1.25
0.75

SIZE CODE IDENT. NO, |ORAWING NUMBER

A

SCALE:NONE  |REV LTR A

Lsnezr

13
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TABLE 1 INPUT QUTPUT CHARACTERISTICS

L0 NOMINAL
CCDE CHARACTERISTICS AND INPUT. OUTPUT CONDITIONS AND UNITS |TOLERANCES
34000 POWER ON SEQUENCE LOGIC TEST

Apply a gated pulse train as called out in paragraph

3.3.b to P1-34, Apply the same logic inputs as in

1/0 code 31000. Apply the indicated logic input

signals and measure the specified logic output

signals.

Inputs Outputs

T

S TTTIT TAT74ATATATARAYT

T maSaa SAEoEEaEoESERS

1 jJu 0100 l11111100111110 37476g

2 lnul1l1o00 1111110011111 374774

3 | u0000O0 11111100111110 37476g

4§ w0101 1111110011 1110 374763

5 7w 0110 00000011000000 00300g

6 i’ulllb 11110011110001 3636lg

7 |,ndoi1ll 11111111110000 37760g

8 |[M(Woo0o1l10 0%2001111001:10 01716g

9 001U 00000000000O010 00002g

1000110 0000000000000 0 00000g

SIZE | CODE IDENT. NO. [DRAWING NUMBER
SCAL E: NONE JﬁEv LTR [suesr 14
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COMPARATOR POWER SEQUENCE:

l. Apply 9.0 volits to P2-3 ana return to P2-2.
. Apply 2.0 voits to P2-29% and return to Pz-Z8.
. Apply 1.3 volits to PZ2-5 and return to P2-30.

(VSRR \N]

GATED TTL PULSE TRAIN INPUT:

1. Pulse Characteristics
a. Pulse width 800 nsec.
b. Pulse period 20 usec.
2. Gate Pulse Characteristics
a. Pulse width 18.5 msec.
b. Pelse period 684.5 msec

1set at 2.4 volts.

10 INOMINAL |
CODE _: TEST DESCRIPTION '& UNITS (LIMITS
i CURRENT DEMAND TEST ! '
11010 |Measure +28 vdc supply current demand. | 230 mA | max
11020 iMeasure +5 vdc supply current demand. | 450 mA | max
11030 iMeasure -5 vdc supply current demand. i 60 mA | max
i | )
| PATCHBOX TEST ! !
] L] ]
tApply Logic | to adapter pin A33 (DW#2).| i
‘Apply pulse train to adapter B34 with a | ]
'10 msec period and 8 | msec pulse width. '
' i g
TESTX!!Measure pulse width at Adapter B32. ' | msec! 0.5
! ! V1.5
TESTX2 !Apply Logic 0 to adapter A33 and measure| 0 b0
'pulse width at adapter B3Z2. , v 0
TESTX3 ! Measure TTL leve! of adapter A33. LOGIC 0 ! 0.8 vdce
i ' ! 0 vdc
TESTX4!Apply Logic 0 to adapter pin A22 (DW#0). LOGIC 0 | 0.8 vdc
|Measure adapter AZ20. H ' 0 vdc
TESTXS!Apply Logic | to adapter pin A22 and 'LOGIC 1} 5.2 vdc
'measure adapter A20. ! 1 2.4 vdc
] 1 ]
] ] ]
! TEST 90010 (UZ24 PULSE INPUT) : i
I ] ]
1 1 1
90010 Apply Gated Pulise Train to Pl1-34 and 120 usec | 22
Imeasure pulse width with trigger level | 118
] 1
] ]
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lu INOMINAL
CU0E  TEST DESCRIPTION & UNITS LIMITS
| VOLTAGE REGULATOR TEST : ‘
200110 ! Measure R147. 125.8 vde, 27.58
i | i 24.5]
200120 Apply 25 vdc to R142, measure Rl47. 125.1 vac) 26.355
i X \ 23.345
200130 Apply [3.6 vdc to R!S4, measure P2~-27. 5.10 vdc! 5.355
\ ' i\ 4.845
200140 Measure R{53. 110,106 v 10.611
; N v 9.601
200150 ! Measure RI5]. 16.612 v | 6.943
' 1 Vo 6.281
200160 ! Measure RIS0. 15.712 v | 6.007
| i | 5.435
200170 !Remove above stimulus, measure RI154. '13.6 vdc: 14.28
: t v 12.92
¢ 21000 vBMT SERIES TESTS ' !
210010Apply 20vdc to P2-3, ground P2-2. 17.10 vact 7.81
iMeasure U2! pin 10. ' ' 6.39
210020 Measure U2l pin 6. 16.45 vdc) 7.10
! : i 5.8l
210030\ Measure U21 pin 6, ref. U2l pin 7. i 0 vdc | 0.0t
\ | 1-0.0t
210040 ! Measure voltage across R130. 1 0 vde | 0.05
! ] 1~0.05
210050 Apply ~20 vdc to P2-2. 19.10 vdci10.01
‘Measure U2! pin 10. . i 8.19
210060 Remove dc stimulus and apply 10Hz Svpp |.01060 .0Q1166
‘to P2-2, refr. P2-3. Measure AC gain ivrms/ 1.00954
rat U2l pin 10, ' vrms |
Test 8;Calculate (10 codes 210010/210020). vl 10 P1.21l
) ] 1 0.99
210510 Apply voltage to U2l pin | equal to 124.8 vde! 27.0
ipin 2 - 0.5 vdc. Measure pin 2. ; v 22.0
210520 Measure U2l pin 2=pin 12/221 +5.7538 ' Qual '+10 %
i ) =10 %
210530} Measure P1-46. tLogic 0 }0.8 vdc
; ! ' 0 vdc
210540 Measure Q39 pin 7. 12.18 vdc! 2.40
i ' i v 1.96
210550 Apply voltage at U2! pinl equal to y2.14 vde! 2.35
pin2 + 0.5 vdc. Measure pin |2. ! 1 1.93
210560 | Measure P1-48. iLogic | }5.2 vdc
H ! 12.4 vdc
210570 Remove stimulus and measure voltage ' 0 vdc ! 0.05
yacross R135. ! 1-0.05
1 ]

PR NI,

O
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16 'NCMINAL |
COOE | TEST DESCRIPTION 18 UNITS [LIMITS
! 21200 IFKT SERIES TESTS ; :
212010} Apply 3vdc to P2-29, ground P2-28, 19.10 vde} 10.01
'Measure U20 pin 10. ' , 8.19
212020 Measure U20 pin 6. 13.03 vdc! 3.34
| ' v 2.73
212030 !Measure U20 pin 6, ref U20 pin 7. i 0 vac 0.0}
| l i =0.01
212040 !Measure voltage across R!119. t 0 vdce | 0.05
: H i -0.05
212050 Appiy -2 vdc to P2-28. 113.1 vdeil4.4]
i Measure U20 pin 10. ' 11,79
212060 }Remove dc stimulus and apply 10Hz Svpp | .027 1.0297
1to P2-28, ref. P2-29. Measure AC gain \vrms/ 1.0243
1at U20 pin 10. : vrms |
Test 8iCalculate (10 codes 212010/212020). 1 3.00 i 3.30
) i v 2.70
212410 Apply voltage to U20 pinl equal to 1 24.8 v 27.0
1020 pin 2 - 0.5 vdc. Measure pin 12. ' vde 1 22.0
212420)Check volitage at pin2 equal to ! Qual I +10%
1(pint2/221 + 5.7538). i i -10%
212430 Measure P{-47. 1LOGIC 0 }0.8 vdc
H H 10.0 vdc
212440 Measure w3ig pin 7. 1Z2.18 vdc, 2.4v
' 1 t1.90
212450 Apply voltage to U20 pinl equal to 12.14 vde) 2.35
'pin ¢ + 0.5 vdc. Measure pin 12. ! voL.93
c1Z2400U\Measure P1-47. vLoalc 1 15,2 vde
! : 12.4 vdc
212470 kemove stimulus and measure voltage i U vde | 0.05
idrop across Ri25. ' 1 =0.05
Test 8)uround P2-6, check UZ20 pinl equal to v Qual Yo+10%
f[(120%pPini0 + 924)/153]. ; ;o —10%
212510 Measure voltage at U22 pin I. i 18 vdec | 19
; : CoT
TestlA!Measure voltage at VRI17. v 18 vde |} 19
: ' )
212520 Appiy voitage to U22 pind equal to 124.8 vdc! 27
'pin 1 + 0.5 vdc. Measure pin 12, ! V22
212530 Measure Pi-2Z2. LOGIC G 10.8 vdc
' H 10.0 vdc
212540 Measure Q37 pin 7. t2.18 vdc! 2.40
¢ ! L 1.96
212550 Apply voltage at U22 pind equal to 12.14 vde) 2.35
'pin 1 - 0.5. Measure pin 2. ) v 1,93
212560 Measure F1-22. VLoglce 115.¢2 vde
] \ 12.4 vdc
212570 Remove above stimulus and check ' Qual RS RT) A
‘U222 pin2=(pini2+180"U20 pini0)/18I. ! bo-10%

PPN S A " L h {
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v ) TNUMINAL
LODE ! TEST DESCRIPTION 18 UNITS 'LIMITS
! 21400 IFMT SERIES TESTS ! '
214010/ Apply 2.5vdc to P2-5, ground P2-30. 19.55 vdc!lu.S0
1Measure UZ22 pin {u. ' 1 8.59
214320 Measure U22 pin b. 13.44 vac| 3.78
' ' V3. U9
214030 |Measure U22 pin o, refr U22 pin 7. : dvdc RV
' ' VULl
214040 Measure voltage across R!104. i 0 vde | V.05
! ' V=005
214050 Apply -2 vdc to P2-30. ‘13,1 vdcil14.42
‘Measure U22 pin 10, ' 111.80
214000 |Remove dc stimulus and apply 10HzZ Svpp | .027 1 .0297
‘to PZ-30, rer. P2-5, Measure AC gain | VrmS/ 1.0243
tat U222 pin 0. : vrms |
Test diLalculate (lu codes 2140107214020, v 2.78 13.058
) | 12.502
214410 Apply volitage to UZ3 pinl equal to y 24.8 v 21.0
yU23 pin 2 - 0.5 vdc. Measure pin 2. i vdc y 22.0
Z1442uCheck voltage at pinZ equal to voqual 'o+10%
tpinl2s22! + 5.6398)., ! 1o-1U%
21443y Measure P|-45, yLOGIC U (0.8 vde
i ' 10.0 vdce
214440 Measure Q36 pin 7. 12.18 vde, 2.40
| | i 1.96
214450 1Apply voltage to U23 pinl equal to 12.14 vdec} 2.35
tpin 2 + 0.5 vdc. Measure pin 2. H i 1.93
¢ld4400 | Measure P[-45, JLOGIC L 15.2 vde
: h 12.4 vdc
214470 Remove stimulus and measure voltage i 0 vdc } 0.05
idrop across RI109. ' 1-0.05
214510 Measure voltage at uUz23 pin 7. 110.2 vde! 10.7
: ' 1 9.70
214520 Apply voltage to U23 pine equal to 124.8 vdc, 27
‘pin 7 + 0.5 vdc. Measure pin 10. ' i 22
214530 Measure Pl-46. tLOGIC U }0.8 vdc
{ , 10.0 vdc
<1454y Measure (35 pin 7. 12.18 vdc) 2.40
! ] ' 1.96
21455GApply voltage at U23 piné equal to 12.14 vdc! 2.35
‘pin 7 - 0.5. Measure pin 10. H v 1.93
214560 Measure Pl-45. yLOGIC 1 }5.2 vdc
H 1 '2.4 vdc
£1457y | Remove above stimulus and check VoQual Vo+10%
tUeg3 pind=(pinl0+200"U22 pini0)/201. H y —10%
] ]
] 1
) ]
i H
: !




P

142

INPUTS P2-11,35 TEST

gt

310210Ground P2-t] and P2-35 and measure CR&-.

VI 'NOMINAL |
CUDE ! TEST DESCRIPTION & UNITS (LIMITS
' CDC AND FPD LOGIC TEST H :
300110 Measure Q26 pin 5. vl.¢0 vdci 1.39
: \ vol.13
30Ulc0|Measure Q26 pin 3. 10.8 vdc | 0.90
: ¢ v 0.70
30U130|Measure P2-41. tLOGIC O (0.8 vde
H \ i 0 vdc
P 300140 |Remove 5 volt supply, measure P2-41. LOGIC | 15.2 vde
i ' 2.4 vdc
300150 Ground P2-39, measure Q23 pin 5. 11.26 vdc! 1.39
' ; N
300100} Measure Q23 pin 3. 10.8 vdc { 0.90
) ' ' VYY)
300170, Measure P2-15. yLOGIC 0 0.8 vdc
! ! \ 0 vdc
300180,0pen P2-39, measure P2-15. 1LOGIC | (5.2 vdc
i | 12.4 vdc
\ ' {
YUl TIMER TEST ‘ !
t 1 ]
310110 {Upen P2_36 and measure Q5 pin | to 3. i U vdc | 0.0
' H i O
i 310120{Ground P2~36 and short R4 for | second. 0.7 vdc | 0.8
!Measure C3+. ; v 0
31013u|Measure RI8. 10.37 vdci 0.5
g ' v 0
| 3luldy}Measure Ck8-. 110.5 vde! 12.1
' ] 3.9
‘ 310150!0pen P2-36 and measure the time for the !315 sec | 330
toutput at R!7 to fall near zero. ! 300
310160 Measure C3+. 110.5 vde} 11.5
i . 9.41
319170, Measure RI18. i 14 vdc 16
' H 10
'
E
: ! 0
310220{0pen P2-11 and measure CR8-. 110.5 vdc) 11.55
\ ' 9.45
310230!Ground P2-11 and apply 15 vde to P2-35. !{10.5 vdc! 11.55
!Measure CR8-. : 9.45
)
1
!
]

:
i
i
i
i
[}
:
:
2.31 vdci 2.54
:
'
'
1
[}
i
i
)
1
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(9 ¢ 'NOMINAL
CODE ¢ TEST DESCRIPTION ' UNITS 'LIMITS
! TRANSISTORS G7/Q8 AND QUTPUT P2-10 TEST! '
‘Open P2-11 and P2-36 and apply 12 volts | ‘
'to C3+ for about 0.5 seconds. ! '
313310 Measure R26/R25 junction. ‘10 vde | 1]
1 i I | 3
310320!0btain @ high level at Label | and 'LOGIC | 15.2 vdc
'measure P2-10. ' 12.4 vdc
310330} Measure R28. '0 vdc v 0.5
: H ‘ 0
310340)Ground P2~11 and measure P2-10. 1LOGIC 0 !0.8 vdc
} \ ' 1 0 vde
310350!Measure RZ8. 125.4 vde! 27.94
i : 1 22.86
] [} ]
i 1 1
' U2 TIMER TEST ' !
1 ] ]
] 1 ]
310410!0pen P2-11 and P2-36 and measure Ri4 ' 7.5 vde! 8.25
| tat U2. ! ! 6.75
310420!0btain a high input level at Label |, i .01l vdec{ 0.05
'wait 5 seconds and measure C5+. ) 0
} 310430\ Measure R12 at U2. '0.7 vdc | 0.85
\ ' ' 0.55
310440 Measure P2-9. 'LOGIC | 5.2 vdc
\ ! 12.4 vdc
! 310450 !Measure R9. ! 0 vdc ! 0.25
\ i 0
1 310460!Ground P2-11 and apply 12 volts to C3+ |[166 msec; 250
| for about 0.5 seconds. Measure the time; ¢ 150
* ‘for P2-9 to switch to Logic 0. ] {
310470 Measure R10 at U2. ' 0 vde ¢V 0.1
\ \ v 0
310480 Measure R1Z2 at U2. ! 1S vde 115.5
i i : 112.0
' ] ]
I 1 ]
' U3 TIMER TEST ! !
1 ] ]
+ 1 ]
320110'Measure R45 at U3. 17.5 vde | 8.25
: ! 1 6.75
320120 Ground P2-36,wait 10 seconds, and 10.7 vde | 0.77
imeasure C9+, ! ' 0.30
320130 Measure C7+. 0.7 vdc | 0.77
' ! ' 0.30
320140 !Measure R48 at U3. t12.7 vdec! 15
H ! !
320150!0pen P2-36 and measure time for U3 ' 15 sec | 30
ioutput at R48 to go low. ! ]
320160 Measure C7+. ! 10 vde! 1S
} i H i 10
{

- A ea
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10 ) NOMINAL
CODE ! TEST DESCRIPTION & UNITS (LIMITS
! P2-12 OUTPUT TEST ' '
320210!0pen P2-36, wait for U3 timer to expire, LOGIC 1} |
‘and measure P2-12. ' Voo
320220 ! Measure R49 at Ql9. '5.3 vdc | 5.83
! ! V4,77
320230 Measure R24 at Q20. "0 vdc v 0.1
1 ! Y
320240!Ground P2-36 and measure P2-12. WLOGIC 0 3 0
; : )
320250 Measure R49 at Ql9. 10 vdc v 0.1
: H ¢ 0
E : :
' U25 TIMER TEST \ |
' : |
{Ground P2-1! and P2-35. Open P2-36 and | !
tapply 12 volts to C3+ for about 0.5 ' '
| seconds. \ )
330110}Apply a Logic | to P1-34 and measure U24{LOGIC 0 ;0.8 vdc
ipin 6. ; + 0 vdc
330120}Apply Logic 0 to P1-34 and measure tLOGIC 1 5.2 vdc
1U24 pin 6. ' 12.4 vdc
330130{Apply Logic | to P1-34, open P2-11, ‘LOGIC | 5.2 vdc
tand measure U24 pin 6. : 12.4 vdc
330140 Measure R175 at U25. 12.5 vde | 2.75
\ 1 v 2.25
330150!Ground P2-11, wait 5 seconds and measure 0.7 vdc | 0.77
1C28+. ! 1 0.60
330160} Measure P2-44. 'LOGIC 0 }0.8 vdc
i ' ¢ 0 vdc
330170 Measure R174 at Q45. 11.37 vdc!) 1.57
: . 11.29
330180}Apply Logic 0 to Pi~34 and measure the | | sec | 1.25
‘time for P2-44 to switch to Logic |. H 1 0.75
330190 Measure R177 at U25. 10 vdc i 0.25
H i v 0
330200} Measure C28+ at U25. 1>3.3 vdc! 5.0
\ ' ! 3.3
330210 Measure R174 at Q45. 15 vdc 1 5.0
; | 1 4.8
\ ' \
! P2-1 INPUT CIRCUIT 1 '
t 1 []
[} 1 ¥
1Apply the comparator power sequence. ' H
1 1 ]
] ] 1
340110!Ground P2-1 and measure R98 at Q34. 1 0 vde | 0.25
: ; v 0
340120 Measure R143 at Q40. 13.2 vdc | 3.45
] ' 1 2.83
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0 ! INOMINAL !
CODE ! TEST DESCRIPTION ‘& UNLTS (LIMITS
TESTZA;Check if 10 code 340120 is below H !
‘or above the tolerances. ' '
340130!0pen P2-1 and measure R98 at Q34. '5.8 vdc | ©.40
! : 1 5.20
340140 ! Measure R143 at Q40. ' 0 vde | 0.25
! : i 0
340150 Measure CRZ24 anode. '1.15 vdec! 1.25
! i v 1.00
\ ] H
' P2-13 QUTPUT TEST | 1
1 1 |
'Apply the comparator power sequence. H !
'Open P2-1 and ground P2-36 and then open; !
1P2-36 and wait for U3 timer to expire. | ;
! ! }
340210/ Measure R38 R39 junction. 110 vde | 1)
f 4 P9
340220!Ground P2-35, open P2~36, and measure LoGgic 0! ¢
P2-13. l v 0
340230 Apply 15 volts to P2-35 and measure VLOGIC 1 ) 1
1P2-13, i vl
340240 ! Measure R63 at Ql6. ' 0 vde | 0.25
i : Y
340250 Ground P2-35 and P2-36 and measure P2-13)LOGIC 1 | 1}
| ' Vol
340260 Measure R63 at Ql6. i 0 vde | 0.25
| H v Q
340270;0pen P2-36, ground P2-1, and measure WOGIC 1
1P2-13. ! v
340280 Measure R63 at Qle6. i 0 vde | 0.25
1 : 1 0
E : :
i P2-37 AND P2-38 QUTPUT CIRCUIT TEST ! !
\ ‘ '
‘Apply the comparator power sequence. H H
340310)Ground CR25- and P2-14 and measure P2-38{L0GIC 0 { O
' i v 0
340320 Measure P2-37. 'WOoGIC 0y O
' ) vy 0
340330.)0pen P2-14 and measure P2-38 {LOGIC 1 ) 1
\ H S
340340!Measure voltage from R30/R3! junction to(8.9 vdec | 9.80
1Q12 pin 7. : ' 8.00
340350 Ground P2-36, disconnect CR2S grourd, VLl ovde 1 LLLTT
tand measure CR25 cathode. ! ' 9.63
340360 Measure P2-38. WLOGIC 1 )
H ] "
340370 Measure P2-37. tLOGIC 1 ) 1
H .
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1o INOMINAL |
CODE ; TEST DESCRIPTION 18 UNITS (LIMITS
340380 )Measure voltage from R30/R31 junction to} 0 vdc | 0.l
‘Ql12 pin 7. ! b0
340390Ground P2-36 and open P2-1. Measure i 0 vac | 0.1
{R40 at Ql8. ! 1
340400 Measure CR25 cathode. V11 vae 111,77
! ! 1 9.63
340410,0pen P2-36, wait for Ul timer to expire,|l1.8 vdci12.78
tand measure CR25 cathode. ! 110.46
3404200pen P2-1 and measure CR25 cathode. 1.2 vde | 3.75
] ] }
: : Poe
] ] 1
g ! :
¢ FLIP FLOP CIRCUIT TEST ! !
1 ] 1
1 ] 1
340510}Apply the comparator power sequence, it 0 vde | 0.1
iground P2-36, open P2-i, and measure R41! 0
340520 Measure R50 at CRI18. 123.5 vdci25.85
' ] 121.15
340530 !0pen P2-36, ground P2-1, wait for Ul 120 vdc | 22
itimer to expire and measure R4}. : 1 18
340540 Apply 28 volts to R50 at CRI8 and R58 at!{0.7 vdec ! 0.77
‘CR17. Measure Q2! Vbe. : ! 0.63
340550 | Measure Q22 Vbe. ‘0.7 vdc ! 0.77
] ' ' 0.63
340560 Measure Q21 vce 0.1 vde | 0.2
: ' i 0
340570 Measure Q22 Vce 10.1 vde | 0.2
i H v 0
340580 Ground Q21 and Q22 bases and R37 at CR14!14.8 vdc!16.30
iMeasure R36 at CR17. ! '13.34
340590 Measure R35 at CRI8. v 28 vdc 130.80
1 ' 125.20
340600} Remove 28 volit stimulus and ground RS0 (0.7 vdc | 0.77
‘and R58. Measure R36 at CRI!7. ! \ 0.63
340610 )Measure R35 at CR18. '0.7 vde | 0.77
, ! i 0.63
| ‘
[} 1
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FIGURE 14 - Computer Generated Parts Layout (Quadrant 1)
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FIGURE 15 - Computer Generated Parts Layout (Quadrant 2)




FIGURE '6 - Computer Generated Parts Layout (Quadrant 3)
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FIGURE 19 - VBMT Op Amp Circuit
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FIGURE 21 - IFKT Op Amp Circuit
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APPENDIX D
PATCHBOX WIRING LAYOUT AND

ADAPTER CIRCUIT
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Pl1-10
Pi-11
Pi1-17

Pi-18
P1-19
Fl-43

UROUND
F1-22
Pl-26

P1-27
P1-34
Fl-42

RELAY#]1
P1-45
Pl-46
Pl1-47
P1-48
TPI-1
TP1-13
TP1-14
TP1-15
TPI-16
P2-1

po-2
F2-3
F2-4
Pz-5
P2~6
P2-7
P2-8
P2-9

P2-10
P2-~11

ADAPTER
DWHO
PZ~12
P2-13
P2-14

TABLE vi

FATCHBUR OUMPER WIREDS

PATUHBOA FATCHBOA
LOURD I NATE COOURDINATE
Y R e ALD
J K1-B26
AALS—mm e AlL3
J S— K1-B27
AAZ2 === m e Ald
BBI3~—mm—mmm— e ALS
BB19———————- B AR B17
————————— AAT7
BB20-~=——————fm—m——m AALG
L e K1-Al5
DD20-~~=———=—p——— T13
————————— Dl
JdTmmmm e e AAL L
CCldmmmmmmm e AL6
- e AL7
J S K1-825
AA2 d=mmm e e BB7
AA2B~———mmm e m e A18
0Dl 9-——————- L A Bl16
————————— A2
L cc7
DD22~—=~==——m—mmm——mm AL9
EEI3———mmm——mmm e AZO
EEld4m——mmm—mmm e A2l
EE1S—~=~mm——mm e A22
LL]7—mmmmm e e B6
MMI9m—mm e e e e B7
MM2 Q=== mmmm—mmmm e B8
L R B9
MM22= ==~ e mmm e B10
LL16=-——~m——- B S B19
—————————— Js
GG26==——m———mmmm—m—— e A6
GG2B=—m~m—m—m—mmmmmmm e A7
GGl3=—m=—=mm—mmmmmm e B18
GGld=—m~mmmmmm e ALl
GG15==m~=———mmm e D2
GGl6——m~m=—mmmm e BI:
GGl T7—=—=m=mmmmmmm e Bla
GG30--—~—~--- S C19
————————— M3
GG18-——~—-—~ D S C20
--------- P3
GGl19--—-=-—~ B S B1S
————————— F2
K1-A20====—=m~mmmmmme F1
Z4mmmm e K1-A22
e R L L T ——— T3
GGZ2l—m===m=mmmmm e - R3
GG22~-====m—mmmmmmmm e Bl12

DESTINATIUN

SA 5
ADAPTER
SA 8
ADAPTER
5X 9

SX 10
SX 29
GROUND
PS1 +
ADAPTER
MX 31
RELAY#H4
PS1 -
SX 11
SX 12
ADAPTER
GROUND
SX 13
SX 28
RELAY#1
GROUND
SX 14
SX 15
SX 16
SX 17
SX 18
SX 19
SX 20
SX 21
SX 22
Sx 31
OC#3

SX |

9X 2

SX 30
SX 6
RELAY 44
SX 25
SX 26
SX 48
DR#12
SX 49
DR#10
SX 27
RELAY #6
RELAY #6
ADAPTER
DR#6
DR#8

SX 24




ﬁ—f P . g
o
i IE’
PATCHBOA PATCHBOAR
SCURCE COORD INATE COCRDINATE  DESTINATION
--i8 HHl3=~—m—m—mmmm oo ——— K3 OR#gl4
[ IS HHId4-—~=———— === B2U oA 3&
Fl-17 HH]S--->————— - m oG7 GROUND
D219 HHl 7——— e m e B21 SKX 33
pg—zz JI13-=mmmmmm B czt SX 50
_________ H2 RELAY#8

GROUND oy L HI RELAY#8
PZ-26 GG32-——~—mm B22 SX 34
Po-27 JUldmmm e e Cé SX 35
p2-28 JIISmmm e e A9 SX 4
P2-29 JUl=mmm o A8 SX 3
P2-30 T B R Al2 SX 7
pP2-31 JJIB8——m e Cl0 SKX 39
Pz-32 JI19=—mm e Clli SX 40
P2-33 GG34~—~————m—m— o ———— ci2 SX 41
pP2-35 R Do SX 52
P2-36 JJ22-~—=—mmm s m s M5 OC#0
P2-37 KK]3==——m—m—mm oo oo X3 8g#g
P2-38 KK 4mmmmm—mm g m e oo Z3 #

[ A K1-B28 ADAPTER
P2-39 KK1§-—m—mmmmmm oo m e LS OC#1
P2-41 KK16—==———~————— e J3 OR#15
P2-44 KK19=—====~~ B A V3 OR#4
Mx 33 T15~—-=—7 bem cz2 SX 51
P2-47 KK22 ———4=—~————mm e e ——— CCl! PS3 -
GROUND FFT~————mm e Cci0 PS3 +
pP2-48 LLI3—m—mm e BB1O PSZ +
P2-24 HH22—=—===~-~ { ————————— D15 ai 22
RELAY#3 Clom—mmm——— b e Ti4
RELAY#3 C2-—m—m e K1-Al3 ADAPTER
GROUND GGT———=—m BB1! PS2 -
P2-49 LLld=————m—m—pommm——— = co SX -3

—t _________ B2 RELAY#Z2
GROUND HH7—- —=-=m = m e Bl RELAY#Z
TP2-1 EEIB-———~——— -~ Cid SX 43
TP2-5 EE22-———-—-—==--——-—=—- w3 DR#3
TP2-6 FF13-—m—m———mm S3 DR#7
TP2-7 e C13 SX 42
TP2-8 FFIB=—mm——mmmmmmmm oo U3 DR#5
TP2-9 FFI6=—mm————m———mmm— Q3 DR#9
TP2-10 o R N3 OR#11
TP2-11 FF18-—=—m—m—m o C15 Sx 44
TP2-12 B e R Clé SX 45
TP2-13 FF20-—~-—=———~———m——~ - C17 SX 4o
TP2-14 FF2lmm~mmmmmm oo cis Sx 47
TP2-15 FF22-==—m—mmmmmm e c7 Sx 36
TP2-16 DDl4-—=—=~—mmm— o cs SXS37
SX B DI6-—=—~——mmmmm e JJ1o DVS +
sxX C Dl 7 po10 PS4 +
SX D DIB———~——— e DD11 PS4 -




-’ o
FATCHBOX PATCHBOA
cudReE CUURDINATE COURDINATE
sa E Dl EELU
A F Del-=-mommm e Fe
IAG D21-=mmm e — e FF10
X H D22-—-———mmm e Jé
s AAlZ——~——~——= G m E26
X J BBl12-—~——~——~ T
SA K CCl2-—~————m—mm o o G32
SxoL 0Dl g-————~——— JJb}
3K M EEl 2~y Wit
MX A Wl2-—m~———— ]h
SA N e ] ————————— X1l
Mx B XlZ2=-—=m—————
3A 0 GGl2-———=~——~ j ————————— Y1l
MX C YlZ2-————————=
SA P HHlZ2-—~—>——— B Z1}
RELAY#S E2-—~——rm
RELAY#5 o e Ziz
SA QG JJl2———=a—m- ﬁr ———————— £E24
GROUND HHY~— =~ ——————
Sx R KK12-=——m—m v G24
SK S T B e K1-B32
SA T MMl 2-———— AA8
ADAPTER N e N B ccs
PULSE J30-—--—mmm e Ki1-B34
PUL /FUN J28----mm e C30
5X 23 Bll-——mmmmmm e K1-B35
DW# 1 Y4 mm e K1-A24
DW#2 D K1-A33
JUMPER L R e MM2
MX 99 Z21-—-—~ | Kohm——-—-——-~- 220
MxX 100 222-=—~~ 1 Kohm-
ci-l K-——ommm o t ————————— 0;3
————————— D
C1-2 Leé-————~———- —t ————————— Qla4
————————— D8
-6 Q6-—~—-~——~~ —t ————————— Ql8
————————— Do
C1-7 RE————m—mm e e e Q19
C1-10 Ug——~—mmmm oo e o Q22
C1-12 WE——~ e R14
RED PRB. NT——~mm— - t ————————— RI7
————————— Dio
BLACK PRB. S7--~--=--——- B SR R18
————————— Cil
YELLOW PRB. L7--~—-——memrme o~ R19
ORANGE PRB. M7--—-momm e R20
GREEN PRB. R7----—-mmemmmem R21
BLUE PRB. Q- e R22
WHITE PRB. K7-—~———mmmmmme -513
PURPLE PRB. P7-—-m——mmmmm e~ Sl4
GROUND E2l-—-mmmm e 219

UESTINATIUN

PS5 +
DECADE COM
PSe +
DECADE IMEG
FUNGEN

SCOPE CHI
Dvs -
DVM HI

DVM LOW
DVM S+
DVM S-

MX D
COUNTER A

COUNTER B
ADAPTER
GROUND
GROUND
ADAPTER
PULSE EXT IN
ADAPTER
ADAPTER
ADAPTER
JUMPER

MX 98

MX |

SX 53
MX 2

SX 54
MX ©

S5X 55
MX 7

MX 10
MX 12
MX 15
SX 56
MX 16
5X 57
MX 7
MX 18
MX 19
MX 20
MX 21
MX 22
MX 97




177

B32 l 2| 74aey
834} —
4
6

B35S :795—
A33

A }g* 11
2e t | 7aes
A2e — 13

K1 CONNECTCR

K1 CONNECTOR
5.6 KChm

AL7 VV B2s
5.6 KOhm

R1S | b_ﬁ\J/\v/\vﬁ_____J——-BES

A3 l _/\W Be’

<1 CONNECTOR W 823

Q. wfF

o

=> TO 7428 PIN 7

TR

TN

WV

TO 74808 PIN 14

FIGURE 36 - Patchbox Adapter Circuit
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R147, R148,
C17, C18

200140

F
. R150,R151,
200160 R153,R154
P
Q41, Q42,
170 or C19,(R141),
(110 & 120') (R142),(R161)
(R149)

VR16,(R160)
(R150),(R151
(R153),(R154

)
)

FIGURE 37 - Voltage Regulator Circuit FI Flowchart
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u21, (Ci4),
(R131),(R132)

E 180
START J
( e

F
u21
F F
~ 210020
p
—
R133,R134, 210010 or R131,R132, |
(U21),(C15) 210050 | (C14),(U21) i
)
C%3§1§15’ F 210060
VR14,(R130)

FIGURE 38 - VBMT Op Amp Circuit FI Flowchart
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Q39,(R138),
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210560
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214450 > 222, 'Rlic
|R110, R111, |
214420 rees) |
}034 73€, :
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ESTCRE 2321
CARTA 214510,10.7,9.7,47,897,214520,20 00,5,y
JMLIS  N29 ,2145%40,2.4,1.%6,A15,897
ORTA 214550 ,2.2%,1.%93,R11,897,21«%6J,%.2,2.4,V.
.3,0,Re ,B97
Stami %5 229" )
Fiag=0

FIR xX=1 7O 7

RERD Dat(l,Cnty,H1,L0w,RS &S
{F x=7 THEN

Toggle (-2

Stim("~[55" "-J09")

Meas ('Al0" ,"B92" )

“a=FNDumr

Meas("-RLy" "AalZ")

Sy=ENDome

Measg: AL oBETN

Zor= INTLQUge(Ugs 1t 200 201 50

Hi=l, l*Co~n

Low=.%*_or
END IF
IF x¢>3 0OR X<>6 THEN CALL Memasiws 5%)
I[F x=»3 0OR (=6 THEN CALL Stim(~$ B%)
Fox=2 THEN CALL Fungen() ,URLBLU_3) )
IF x=6 THEM CALL Fungen((J,URLS(l_a~l1!
Cat(2,Cnt)=FNOumr
[F FNTest THEN Flag=l
[F x=3 0OR X=¢6 THEN CALL

Ly

{F x=1 THEN
U_a=Dat (2 ,Lnt-11+.5
F u_a»20 THEN U_a=21

Stamit-&At - 488
[F x<>3 0OR X<>n THEN CALL Meas("~"843,"-"&B%)

3
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- c.nz_zZacz i T - g
-

Tl —_ZE
oo 5o lar P nc-l B R el
T VR B - 2= -~
e .3t
TTs ) o lar Y e - T
R Faurc_bac NMliL, LU0, P
~TRy eENC L F

T END F

=RV eng R
el END LR
820 gD I
323 P Flag TeEN T2E
oA GO7TQ Meny
TIG3 TRIILIERINT Twes L0

7360

“9"3 EAZEEZEZ R EEZEREEERESRRE R R R R R ERE R R R R EE R RN RE EE ER IR R I
7834 ‘FLlu POWER CODC ANC FRD L3GIC SERIES *u.lld
78910 IR A XA AR EFPRERIAEERRRERRREERERR R REERRREEREEREEEERE N
7304
RSt Flag=1
7921 Fing_it: RSIF ' URED PRUBE -, .
T Ay Fing_1t 0 'REBF "BLACLK PRCBE ©, L
T34} Filng_1ttREQL tYELLTW RPROEE T, L
795 ) Fima_1t( 'R " " CKANGE ~=CBE , f

T94 4 RESTORE 737
7929 DATA RS2F KOs REGBF Rea,Jis Q0% ,Po-al
79830 DATA 300110,1.372,1..3,al% 33012),.°3,. A, 7T

,0,3001a40,1,1,0

7990 DATA RSSC ,R61D,R6LC ,R6a,J23 , 524 ,P2~-15
23900 DRTA 30Q150,1.39,1.123 . AL7,20Ulé0,.9,.2,413 2
,0.300180,1,1,90

gulgd Dums 1)

8021 QecomdlB")

8u30 Meas("B8%2" )

3040 FOR M=l TQ 2

gus RERD R1$,R2s ,R3% ,Ras 013,328 ,P2%
3060 FUR x=1 T3 4

3070 RERD Dat )l ,Cnt) ,Hi1 ,Low,~3

31080 IF X=a AND N=] THEN CALL Togglmi-2
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’
«
PR

[
| A S
LSRR

Measi 8

(

"&R33(

5

3

3 Satie2,lnri=FNCoumr

IR Meas ("-"&R%

3lad b=

L8] Bits=arnDrsc g

3led Dar 2,Cnt)=uRlL B3 {3»n,3+M

3173 END IF

3130 iF FNTest THEN Fiag=l

3130 IF N=1 aNC xX=4a ThEN CThRLe Tagglei
32133 NEXT <«

3210 (F Cati3 ,Cnt-a THEN

3220 Fourc_bad: J18," "4aR1BIL 2 .&

I038 ELSE

304y [F Dat(3,_nt-3) THEN

3.50 IF Dat(2,int-3,<¢.7 THEN

3260 Found_bad(2s " {"&R2%&" " "  "aRase" "
3277 ELSE

323 Fournd_bad:QLls, (" &P3B(L,3:&" ",
EPR ENC LF

SR ELSE

331) iF Dati3,Cnt-2) THEN

3323 Found_bagd(22%)

3329 LSk

324y [F Dat(3,Cnt-1) THEN

3358 Found_bad(Qls,Q2%," 1 "aRasa" )
1,321&")")

3260 END IF

33730 END IF

3334 END IF

3231 END IF

Jadu NEXT N

g< L4 [F Filag THEN T30501lU

342y GOTO Menu

8430 T31010:PRINT CHR3(12)

Saatl] BEE 222 R R E R R R R R R
3450 ! 5 MINUTE AMD 250 MSEC TIMER TEST

Babo IR A X EEE AR A A EREREZE R R R RE RS R R R R R R R KR E KRR XE ]
3470 !

343 GOSuUB Ul_timer

B«90 GosuB P2_11_3%

8500 505uB Q”7_qg8

85110 GOSUB JZ2_timer

35240 GOTA Menu

3530 T32010:PRINT CHR3(12)

39“0 I.QQ.‘C LA A AL LSS R R AR AR R R R RX SRR RE R R RE RN R B
3550 ! 20 SECOND TIMER TEST

;3560 IRAEAL AR AL AR R R R E SRR RS R R R R R R R REE R RR RN R R




3
!

3.2 Terwy
T

FXIILIIPRINT k3 L

+
s ¢
1

.

[P N

AR EEEEREERE SRR R ERZEREEEREREEEEEERERINE R R R R

02

IR
b

el

In ¥ L.B O SECOND TIMER TEST

504',/ AR R R R R I K 2 I R 2 2 3 JE K 2L I I b 2R B I I R N AR IE IR SE A BE 30 S R IE IS K 2 IR S I 2
3n5 ]

36604 308eB Jl_timer

161 Soouk RP2_Li_ITS

3683 Sd5uB L7_3¢%

eI S05LB U2%_timer

3701 SIT2 Meny

3710 T2L0L0IPRINT ZHRS LD

3709 '

3723 AN BBRBABBABAIRBERRRBDCFTER SRR RER G RN SH TSNS F
8T« POWER OM SEQUENCE LJIGIC TEST SeRIcS 24t
37510 IR A EZEEZRE R R A AR R R R R R R R R R AR PR R PEE R REERE FEEEL ER)
374 '

3729 StamuetC2 DL RS 0T L 0 Tar

37813 Stamet e, 22 G%2

3793 Sramisl3)

3300 Power _set(a 3 .5 1.

39ld Power_set (5 2, .5 1

2323 Fungen (g, 1.30")

3331 Power_setis,0,.25,1)

8840 Pulgentl51,"20US" ,"80UNS",0,5.8,"925" , " 1UNS", " LING")
8850 Pulfun(l3,"1.46H2" ,"1aU" " 0QU" "5U%")

38640 RESTORE %260

8370 Relayis)

38340 Cums (1

39910 StaimtINZIt "t T24)

3911 FOR x=} T1) 4

89l inttemp=|{rtermed

3221 RE=D Dat:l,Cnt 1, 18,028,028,
8930 Low=H)

39a1 Staim( " -M53" M3

3950 Ow("10" &L 13&"B"

3960 Sec(L2%&" 00" &L2ISH

=R [F X=a THEN CALL Power_set o, 29 ,,.25 1
3930 WARIT 2

g8+390 [ntermad=()

33030 TempZ23=FNDrs{"5")

%010 Temp23=2aTemp2$(12,24]

020 Fit (FNDumer ,-.1,2.4,P2_17)

24030 Tampl2$=Templ38&URLS(F2_193)

$0a0 Stam("-M33"  "MQ2l"

NsQ Fit (FNDumer ,-.1,2.4,Tp2_71

3061 Temp28(12,12)=UALS "p2_7)




]

v = e BT - F
-~ Tamp_b.lL.Ll.=ms =2 T
A I~ rarmeg= .0 " 2TD
S T latermeg THEN =& NT TEST e Temc 3
.23 Temp=aCUMAL Tempdld L
L3 Cat .2, Cnt =uRal DUl Temo, 2
v e Tum=FNTest
S8 Tampl$=""
JSleoU F ZTatX ,lnt~1 THEN
.70 505UB Wwhich_3sne
s .34 3073 2XJd
S99 ENG 1R
=230 NEXT X
2.0 Toggliet-=,-%,-60,-7,-3,-7
P Stxm(’~C2”,”—Dl',”—E?“,”"L”,”—fu'
22320 Stimiv=[e", =277, =G22"
3240 Spam( =M N2 T4 =3l E )
3280 Dwe*Qd™)
3260 SATA 3a4n19,3,1,0,37 476
3270 DRTA 34023,1,1,0,37a27
32390 DAaTA 34330,0,3,0,37476
932910 DaTA 24040,0,1,0,37476
300 T37T3 Menu
9210 T34USD:PRINT CHR3(12)
2229 !
9}30 !OQQQ”ﬂl'l".‘."’iié*ilb6*6910414&’9446064
34 ‘POWER ON SEQUENCE LOGIC TEST SERIES 34U00U
33I65( {Ql.{f"ill{ilﬂ.i’l.’di-&’&66"64’4*‘}0006’&
3260
3320 Find_1t("C3R" ,"RED PRLBE":
3331 Stimi"S13"
%90 Stxm<”C2’,“Dl”,”E?“,‘TL‘,'Ta A
P40 5txw(”[6”,”37“,”552‘/
J41B Relaytls)
3470 Power _zet(a,3 .5, 1
430 Power_sat(5,2,.5,1!
P44l Fungentd,"1.2U"
4510 Pulgen(lSl,”ZUUS”,”SUDNS”,D.S.J,”QZ?”,“LJNS',”LurS
3461 Pulfun(l3,"1.46HZ" " 14U " gu "B UX"
3420 Ce™1000)
2431 Qe 10011
9491 Staim("Bsl", L23" ,"Fau", " HE6 "
v540 Decade (500" )
9510 Duas (12”3
9520 WAIT |
3531 Stim("-Be0" , " =L27" " =F60" " =HE0" )
3540 Togglie(~11)
3850 DISP "TIMER HOLD, PLERSE WAT."
9560 WAIT 329
o — 5 v 2 ¥ L

-~ - -



53]
:SQ)J
Se 31
3nld
¥627]
6329
7o al)
FH550
36610
670
Feguy
3670
700
3710
97240
9730
37410
3750
$72610
3720
2780

ZzF

~ESTIRE JJolg
Oums o L.

StimU NSt Ta

FCR X=5 T3 10
[nttemp=intermed
RERD Dat1,Cnt: ,LL13 , L23,L28,La .
Low=H1
Staim(“=-M58" ,"M33")
Dwi"l0"gL1s&"B8"
Do tlL2%&"00"&L3%)
Power_set(6,L4,.2%,1)
[ntermedg={
[F X=9 THEN
Stim("-T24" )
QOc(*10008")
"Oc("l001B8")
Temp3$=FNDrsC"B8" )
Toggle(-7,-8)
Start=TIMEDRTE
REPERT
DISP "TIMER RIOLD:"; TIME E_sPSED 132730007

[MEDRTE-Start)

2791
3300
3814
383213
3830
9840
23540
9860
2370
2380
3394
3300
3910
$320
3930
3340
33890
PFI6U
??ON
39830
3330
140040
10010
13020
100310
110040
1213%1

Dummy3s=FNDr$("B" )
UNMTIL NOT vaL (DummyS{lia, ial;
Dlap v
END IF
[F X=10 THEN CALL Stim("T24")
WARIT 2
Temp2$=FNOrs( 8"}
Templs$=Temp2%({12,2a!
Fit (FNDumr ,-.1,2.4,P2_19:
Templ2$=Teamp2teJALS (P2 _ 17,
Staim("=-M3I3 ML,
Fit (FNCumr ,-.1,2.4,Tp2__
Temp23(12,121=vALsc Tpl_7
Staimi " -Ma2" ,"M53"
Fit (FNDumr -, 1,2.4,P2_ 27
Temp28(11l,11l)l=0ALS(P2_37"
Intermed=[ntremp
[F x=9 0OR Xx=10 THEN
Temp2$( 7,7 i=Temp2s$[.3.,.3;
Temp23(3,82Temp38(15,.7.
Temp28$(9,? )=Temp28(21,2U!
Temp23(10,10)=Temp3$(21,2.;
ENC IF
[F Intermed THEN PRINT "TEST" <7 " :Templ$
Temp=QURL(Temp2$,2)
Dar (2 , Cnti=sUnl (DUALS(Temp , 3¢
Dum=FNTeast

-
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2300
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LUaldy Tarrl,Cati=FNUner
LJa2d Staimet-3lE =gl 3y
1dd4ay IF FNTest THEN T=0010
104579 [F Dar 2 Trme-1 . THEN CZelLL Fno
Ldasd BLTOD Meey
10a7) Patchbx i PRINT IS L0 1" PATIHECX
1dady
L;JHQU IR E R R ERE R R RN R R R P E P ER R PR R E R EREE RR R TR T
10530 : PQTILHBIx —[aPTER TEST
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3a0
351
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11329
11280
1133
11400
11418
114280
11430
1laa
11451
1146
11474
11480
11490
11500
11514
115240
1920
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= = _ —r
Veas Al ="
Meag. "am_ 37, =Rl
WelT s
ENC IF

Measg . 53 =3

[ <=8 TrgEMN
Jdoc Lt
Temp=!ntermeg
intermecg®
Start=" [METRT
REREAT

Secs= (N7 T IVEZRTE
~

m

{ ~z" 3
O1sP "X3d seCZNC TIvMES Toz T

;'secongs
Jolto5=FNDume
UNTIL Voit%« .5 R TiMe
Dat2,lnt = NT L T IMECRT
[F Uoit%>.% THEN NO_sw::
[ntermed="amp

[¢]]

ELsE

Dat (2 ,Cnti=FNDumre
END IF
P FNTest THEN - lag=.
Meas ("'-"8&A8 ,"-"283% "

NEXT X

Stim("-F56" " =-H57")

[F Dat(3 ,Cnt-7) THEN
Found_bag/ Q5" "' Re ' ' .~R_
Subber=1

EL3E
[F Jat(3 Zne-na TrEN

Found_bag 'ZR1, =10, =a
Subber=]
ELSE
IF Dact3 Int-5 . T=gnN
Found_bag: 'CRI" " I~a
Subber=_
ELSE
[F Dar 3., lrs-a. T-EN
Found_bac "1, %
Subbers]l
EL3E
iF Dar . 3, nt- TN
[F NUT Ne_sw:* =2+
5270 Ta.l.or
EL
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Cee Ee T IaRs L TS TIMIng SOR Telz I.RILIDT 1= IFS 3o
Lol IL  RRINT " Tep TIMING RESISTOR O CRF MUZST R TRIIFEDL
LllLY RRINT

D221 BRINT LR TmE RIGHT SIDE CF ThE RES{STOR RE wkilhn
LIS RRINT NCWw eSS T=E SURPLE PRCbE CONNEZTZD TC DT

Ll e SRONT LERACGE RS MULH LESD O TeE REZISTIRE RS ROSSIBLE
LoIRL D RPRINT ANt AaLsSD LEAVE THE FURPLE PRLUEE &TTALKED TC Tw
Lllel  BERINT CZLUIPESD ENGLY

P sQ3r

Lo.El Tazg.e 1,23

A Meas S, CLlt, 806, "0l

Li2de Relay, 50

LlLil Tums .4y

o120 RZEI_oidg=sNMOume

L2353 PRINT

Lllel PEINT “TmE RESISTANCE OF THE PRESENT PRI IS5: k3 _oclc
LIl KRR _rews3 5. Cat(2,lnt-31%(6.8E+5+R3_cigd -6.8E2+6

Lllsl Meas '-QR22¢ 0 -T227, t-Blet " -Cle

2L Se . .ay -9

LIL3L 0 PRINT ‘A NE4 RESISTANCE OF " CRCLNC (2 _mew.,o ;" Wl
“Zw zZE TRIEZ."

PR w T 5

LIl F ORI _~ew>5833000 THEN

L2213 Minmum=3230.0at(2,Cnt-3:%16.83E+6+R3_olai-a.3E+6
L2723 E Minmum<560000 THEN

P I R3 new=565000

Lilwd £_2E

P 3CT7C Tocrcaa

LlIn =N OIF

2T END F

Lloz! ERE mme L)L, TR ¢

P Mavmum=Z22 ] Jar 0 Ine-F s s g eneRS o2 -6, 300
X EoMaxmems L) ds TREN

LJFLL R2 _new=1U.,30

L2l .3k

PP 3CT 2 Tocpac

el =ColF

LIXEL END LF

o te e .Ml FRe B0

L3TY Lecage LAY R3_rey

.23, RESTORE 119=3

PP Taiicregs ]

LialLl  3TTD LG8

tem.. 22tac:

Lleo. FooLro_Taci oL 0 lF0 0 Rar  tR3I PR

Lewll T Me-




Ll=TL L2 _timer

Llwr :

L:_‘f'] I EE R E R R R R R R R R R R R R R R R R R PR R R ERE R AL R B TN R
L2a80 J2 TIMER TEST SERIZS 3104l1)
L2249 IR E EEERERE AR SRR R SRR R R RERRR R R R R R R R R R R R R R R R EE X ]
22530 !

12513 Flag=uU

12523 Subper=0

12520 DOumst(l

12940 Get'lrs

12550 Find_1tt("R1aC","SREEN_PROBE" ,2)

12660 Find_:1t("R1LR" ,"BLACK_PROBE" , 1)

12570 Fimd_1t(“R12R","YELLOW PROBE", L

12530 Find_12("RSL","LRANGE FPROpE",1:

12590 Find_1t("R10L","BLUE PROBE",1:

12600 Finmd_1t("C3R","RED PROBE",3;

12610 RESTORE 12610

12620 DATA 310410,8.2%,6.75%,A19,310a20,.0%,0,R.6,3104343,.9%
,.55,A17

12630 0DRATA 3104a0,5.2,2.4,Ma3,215450,.2%,0,R1l3,31Ja61,.2%,.
15 ,Ma8

12640 DOATA 310«70,.1,0,R20,31348C,1%.5,.2,R17
12650 Meas("897")

12660 No_switch=(

12670 FUOR x=1 TQ 8

126840 RERD Dat(l,Cnt,m1, 0w,RS

12690 [F X=4 THEN CALL Stim(ASs;

12709 IF X<>a AND X<>6 THEN CALL Meas(R$:

L2710 IF X<>6 THEN

122279 Dat(2,Cnt)=FNDumr

12730 EL3E

12741 Stim("Qa%" ,"Rag" ,"TS2"

12750 StamiEsdY, Fedr, eBa

12760 Omcage: 550"

12770 Power _set (% 12,.15

127348 WRIT .5

12790 Toggle( -5

12300 Stim('-E6Q" " -F6ld" [ " -Gk

12911 Cnts (10032, .3,.83",LlLl" T.ME R OB
12829 Stimi T2

12323 Cat(2,Cnt i=sFNCntr

1234y [F Dat 1 2,2nt1=0 THEM MNo tw r o

128540 ENC [F

123460 {F FNTest THEMN Flag=1l

12874 [F x=& THEN CALL Stimi -"'&A3%

12880 [F X>4 AaND x¢<>6 THEN CALL Meas ‘-'z2R$:
12490 NEXT X

12900 Stami " -Qa»" " -Ragdr 0 -T27 TR

12910 F Datr 3 Lrt-8 THEN




Lol Ssunc_Dac Ll Ul o, s
Lo SuDoer=
L2%ad E_ZE
Lo95y F Dat (3, lnt~-T THEN
12960 Found_bag "yl "4 " (R1G )"
129870 Subber=]
12931 ELSE
129371 [F Dat(3,Cnt-s) THEN
133040 Foung_baag(u2” ,"IR7")
13010 Subbersl
13020 ELSE
13130 IF Dat(3,Cnt-51 THEN
13040 [F Dat(3,Cnt-4) THEN
120540 Found_bad (U2 Q2 v RLO
13063 Subber=}
13070 ELSE
133890 Found_bad("QLl"," (R1s6)")
13090 Subber=1l
* 12100 END IF
13110 ELSE
13120 IF Dat(3,Cnt-3) THEN
13130 [F NAT No_switch THEN
1 13140 Found_bad("U2" ,"CS" , " (RL11" " Ja)"
1316¢ Subberal
) 13160 ELSE
13170 [F NOT Dat(3,0nt~-2) THEN
ﬂ 1218¢ Found_bad("QL", Q2" | "UR3" " (R "
}
13130 Subber=1
13208 ELSE
13210 [F Dat(3,Cnt-11 THEN
1 132290 Found_bado 2, RL1zi")
132340 Subber=a}
12240 ELSE
13259 Found_baadf 2"  "i26 iR
vda )
13260 Subber=a’
13270 END LF
13280 END IF
13290 END IF
12200 END IF
13310 END IF
13320 END [F
13230 END IF
13340 END IF
13350 IF Flag THEN U2_timar

13360 [F Subber THEN Meny
13370 RETURN

133840 !

13390 U3_timer:
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P -

SFaly T TEST lER =L 7 .
JFe2y L3 TIMER OTEST ceRlzs foll: 5
1TXL3D A BBIRBLARRA AL AARRALXRS LRGSR B2 s 00t trsecas
T,

13440 !

13450 Dumsil)

13463 Subber=0

13470 Flag=0

134883 Ne_switch=y

13490 Find_1t{"'R&SF" ,"RED_PROBE" , 2

13500 Finmd_1t("C?F" ,"BLACK PRCBE", L)

13510 Faind_at("C27C","YELLOW PROBE™" , 1"

13%20 Fing_1t("Ra3L" ,"BLUE PRCBE",Z2)

1353210 RESTORE 13530

1I%a0 DOATA 320110,3.29%,5.75,R15,320912u,.7°7, .2 R o, 320080, .7

7,.3,A17
13550 DATA 320140,15,11,A20,320150,30,10,A20,320260,16 .10,
17

12560 Meas("B97'")
13570 Qe¢"0")
13580 WAIT 10
13890 FOR X=1 70 6

13400 READ Dat(l,Cnt) H1 ,Low,AS
134611 Meas(AS$)
13628 [F X<>5 THEN
{ 13630 Dat(2,Cnt)=FNDumr
13640 ELSE
13650 Temp=intermed
13660 [ntermedg=(
12670 Qec"1lmy
13480 StarteT {MEDRATE
13630 REPERT
| 13200 Secs=[MNT(TIMEDRTE-Star:)
13710 DISP ™16 SECOND TIMER: T .ME EL~FSI0:" izecs
32conds”
132293 Vol tS=FrMDumr
H 13730 UNTIL VoltS¢.% OR TIMEDRTE-3Start o=
13740 Dat(2,Cnt)=INT(TIMEDATE-Star:
13750 [F Jol1t5>.5 THEN No_switch=_
137640 Intermed=Taemp
13770 END IF
13740 [F FNTmst THEN Flag=l
13794 Meas ("~-"£R%)
13300 NEXT X
13810 Meas("-B97")
13820 IF Dat(3 ,Cnt-6) THEN
13830 Found_bad("uU3" " (RaS 1" (31"
13840 Subbers]
1339%40 ELSE
13964 [F Dat(3,lnt=-5; THEN
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13390
Le0uy
y
lagly
lanlZu
140349
Laiay
14850
1<0d64
14070
14083
14Jd3y
14130
1<110
l1al20
14130
14140
143%0
14160
14170
14130
el
ladiy
14210
1422
1w239
14240
la250
14260
14270
La2g1
14291
14390
1la31l
la32n
1la320
Lwl3ay

Jar F.lat-a; THAEN

P Dar 2, Cnt-3 . THREN
Found_bagu"iulr"y
Subber=]

ELSE

{F Sat«3,Cnt=-2; LR Lat 2,Cnt-1.
[F No_switeh AND Dar(2,2n--11
Faund_bad( "3 v 272" P43

Subber=]
ELSE
Found_bad("y3" "C9"," RaZ.

Subbers]
END IF
END IF
END IF
ENG [F
END IF
END IF
[F Flag THEN U3 _timer
[F Subber THEN Menu
RETURN

U225 _timer: !

l
R R R R R R N R Ry R R R R R R
tu2% TIMER TEST SERIES X3ulun
Ry R R I I I T R R R R R R

Dums (1)

Flag=0

Subber=y

Find_1t("UJ2a” ,"la PIN LTHIP CLIP" ,2¢
Find_1t("R1P7SC [ "BLUE PRUBE",
Find_1tt"RL1230L" ,"BLRALK PROBE", L)
Find_1t ("R174R" | "YELLUOW PRIBE ', L
Find_a1t ¢ "C3R" ,"RED PROBE", 1
Find_1t ("R177F" [ "ORANIE PRUBE" 6?1
Stam(T22 TS L3329
StimiESQ" ,"Fe(” ,"HE&" )
Decade("500")

Qcrlm)

Power _set:5 (2 .1

THEN
THEM

=AY

"
]

'I,'I[QQOJ”
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1aadl)
33160
14410
199,
14420
1443
1a44ag
1adsSy
l4aa61)
laa?)
14480
14490
14500
14510
145240
14530
14540
14550
145610
14520
14580
14%%0
14600
laslQ
las29
la63n
lakal
L4650
Laseld
las 2?9
laks30
lasdu
14700
14710
14720
14731
la/740
14750
14760
14770
147810
14790
148090
14811

LT L
Taoggliev -2
:ungen LD, tar

RESTORE lalgl

DRTA 230110,.3,U0,R6,897,330120,5.2,2.4,m,5%7, 330120,

.4 ,R6,897

DATA 330140,2.79,2.2% ,+20,8%7,320150,.77,.6,R146,8%7,3

,.3,0,0,0

DaTa 330L170,1.57,1.2%9,a17,8%97,32015u,1.2%,.7%,0,6,330

.25 ,0,A18,897

DATA 230200,5,3.3,R16,B%7,330210,5,4.8,~1.,B8%9?7

FOR X=1 TC 11
READ Dat(1l,Cnt),Hi,Low,ARSs ,BS

[F X¢>5 AND X<>83 ThEN CALL Meas:t~3,98)

IF X=6 THEN CALL StaimC MSL"  "N2Y"

[F X=2 THEN CALL Togglet(-9v)
[F X=3 THEN
Toggle (%)
Stim("=-T22")
END [F
[F X=5 THEN CALL Stim("T27")
[F X=8 THEN
Stim(*QLl3","RS1")
Cnts(10002,".3,2.4",10)
Toggle(-9)
WAIT 3
Dat (2 ,Cnt)=FNCntr
Stim("-Q13","-R51")

END IF
[F X<>8 THEN Cat(2,CntJ =FNDumr
[F FNTest THEN Flag=1
[F X<»h AND X<>9 THEN CRLL Meas("-"g&RA%, " -"4d$!
[F X=6 THEM CALL Stim("-MS1" "-N29",
NEXT X
Stam(~T27" " aTG2n o[ 13 o
Staimc”-EsU" ,"-Feu" " "=-H55")

[F Dat(3,Cnt-11) THEN
Found_bad("UZa" ,"Jas" " (ULS ', " (rL1l72 "
Subbers=]

ELSE

[F Dat(3,Cnt-10) THEN
Found_bad(uUl2a" " U2%3")
Subber=]

ELSE
[F Dat(3,Cnt-9) THEN

Found_bad("u2a” "Uag" ,"1J25"

Subber=]
ELSE
IF Da*(3,Cnt-8) THEN

Found_bad("U25" " (229" "

TIRLI6F )

(w1768 1
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32 ]
<8 )
1434l
Lagsd
1238648
14320
143890
1489y
14900
770
14910
1a%21
13939
1a94aQ
1a96Q
la%6Q
14970
149130
L4990
S35
159040
15310
12020
15030
15040
cz23,
15059
15060
12020
151080
15390
151ug
15110
1512y
1-131
1%1al
1519
(R152
15150
15170
15189
15190
152040
16214
15220
15230
19240
15250
15260
15220

W«

v

-

IF Dati?,2nt-""1 THEN
Found_bag("Qa?" 28 )" ow 170,
Subber=]

ELSE
[F Dat (2 ,Cnt-6) THEN

[F Dat(3,Cnt-51 THEN
Found_bad ("uUls” ‘das ", yad” " =

"(R1743™)

Subber=]

EL3SE
Found_bad("gas" | "Jaee" "1 RLTH
Subber=1

END IF

ELSE

[F Dat(3,Cnt-41 THEN

[F Dat(2,Cnt-4)=0 THEN
Found_bag ("U2%" ,"QaZ" "C23" "

Subber=]
ELSE
[F Dar/3,CZnt-31 THEN
IF Dat(2,Cnt-23 TREN
Found_bag("uUl2% '

T T
» PR e v

“R173"3

Subber=]

ELSE
Found_bag( 125"
Subber=]

END IF

EL>E

IF Dat(3,Cnt-11 TrEN
Found_btadi"geld”
cubbers]

EL ok
Found_bad!"ias" [ "lan " [

1"l

Subber=]

eEnp O LF

END IF
END [F
END [F
END IF
END [F
END [F
END IF
END IF
END [F
IF Flag THEN U25_timer




.

A

[
3 TR

RS R

v
oL o
oot

I
Y

v beob b b
N DENER YIRS N ST YRS 1
WO AN N TN
JO N L Nty
D I oo o

(2
3
W
@O
P

195010
155110
15521
15639
15549
18550
15560
16520
155381
1569
15600
5.l
15624
15630
19449
15~5%0
195660
15620
15631
15671
15740
15214
15221
157390
15740
167640
15760
156771

U

- Zugczer Teot Ve

SCT RN

Z_l: e

R R R X X R I R R B R I N R X X K KX R X I X N I I I IR I IR I IR IR R Y
22-11-32% INPJT TEST SERIES FLOlu
LR R E R B R N R R R IR E R EEEEEER R LI E R I I I I IR IR R Y
Coums (1

ming_1t (TC3Rn  tRED_FROUBE Y 20
Find_1t«"CPBR" | 'CRANGE PRLCEE" 2

Meas i "GP0

Stimt 'Eod" ,"C80", 'HBs"

Cecaade (531"

Power_ser (5 12, .

WARIT .5

Togglet-5)

Stim("-g56" ,"~Fad" " -HBs"

WARIT 1

Subber=y

Flag=0

RESTORE 15500

CRTA 31U210,2.%3,3,T22,7%2,3

DATA 310230,11.55,9..%,7

Meas ('AR1B" ,"8%97")

FOR x=) T3 3
READ Dat(1l,Cnt),H1,L0w,~3 ,BS
stim(As ,BS)

IF X=3 THEN
Stim("ES2" )
Power_a3etiS 15, . 11
END IF
Dat (2 ,Cnt i=F Dumr
F FrTest THEMN S lag=.
IFAastl 1l =" THEN CeLl 3t .m "=
{F Bsll,il¢ "= THE'" ALl S*im' -

NEXT x

Toggle(—SJ

Staim("-ES2"

Meas ' '~Aig" "-g9 "

IF Dar:3 ,Cnt-31 THE™N
Fourd_bag( e i7" o Ry
Suober=]

ELSE
IF Dat (3 ,Cnt-2) THEN

Found_bag("yge” , " CR9" [ »1R13
Subberm=]
ELSE
[F Dat (3 , Cnt-1' THEN
Found_bagt"Rol [ "_RL

bttt

[ANAY
r

[

-




B B
.57
28310
8310
15820
15830
15841
15850
158618
15871
158510
158%0
159040
15310
16920
15930
159440
1595610
159640
15970
15980
15960
16000
160183
16020
16030
16040
16050
16060
16070
140380
160740
16100
16l1u
1=120
16134
16141
16150
151640
16171
16131
16171
1n2030
16210
15221
16230
16240
16250
15260

(271

sucoers
end [F

END IF

ENMD LIF

[F Flag THEMN P2_11_35

[F Subber THEN Menu

RETURN

]
d7_q8: !

t
’*"i'QQi*Q*’Q’*ﬁl’**Q*ﬂ*(“**(“**‘f*ifﬁ‘*‘
Q7 08 TRANSISTOR CIRCUIT TEST SERIES 31932430
!*i'*’***’**i****‘***’****‘{{i‘l‘ii**4***’46‘6
Qums (1)

Flag=0

Subber=( .

Find_1t("R25L" ,"vELLOW_PROBE" ,2)
Find_1t("C3R" ,"RED PROBE", 1)

Find_1t ("R23F" ,"BLRCK_PROBE" ,3)

Meas ("B97")

Stim("E6Q" ,"F&U" ,"H56" )

Decade("500")

Power_set(5,12,.1)

WRIT .5
Togglei-5)
Stim("-E56" ,"-F60" ,"-H36")

RESTORE 160540
bATa 310310,11,9,310320,5.2,2.4,310330,.%,0
DATA 310340,.8,0,31035%0,27.94,22.36
FOR X=1 TO ©
RERD Dat(l,Cnt),H1 ,Low
[F X=4q THEN CALL Stim("T27")
IF X=1 THEN
Meas("RALZ"
Datt2,Cnti=FMDume
Meas ("=-RAL7")
ELSE
IF X=2 0OR X=4 THEN
Stim("'M&Y")
Dat (2 CntHiy=FNDumr
Staim(t-MaI")
ELSE
Meas(“Als")
Cat (2 ,Cnt )=FNDumr
Maas("-QAlé6")
END IF
END IF
[F FNTest THEN Flag=l
MEXT
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FERARY| IF Cari3,lnt=-3i THEN

Uy Faund_hac('y2u":

LT hay Subpers=]
T35 ELoE

LT 3ed Found_Sadr gyt iR1e%
JTuTa Subber=.

MR ENG IF

Ll F o Dar 3, Iar-C0 THER

1l 2) IF Da*«?®,Int=11 THEN

171y Found_bad( " JLl3" " iRag

17 71al Subber=]

17190 ELSE

17164 Sound_pad @9t tg2a  uRe T R Ia )
7L Subber=1

Lol3y END IF

7170 END 1F

200 END [F

7210  IF Flag THEMN »2_1v
7220 [F Subber THEN Manu
7230 RPETURN
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17980 END
17960 ENC (F

179270 END IF

179840 IF Flag THEN P2_1
179990 IF Subber THEN Menyg
18000 RETURN
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19120 Faind_:1t("Ra8L","GREEN PROBE ", 1"
18130 Find_1t¢"R33L","YELLOW PROBE" ,2:
181408 Stam¢"C2" ,"DLl”,"TLl" ,"E3" " Ta"
13150 Stam("Ge" T2 (52 " ]9
18l60 Power_set(a,9,.1)

18170 Power_ser(5,2,.1)
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181910 Fungentyd,”15U")
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