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7 APPLICATIONS OF COMPUTERIZED AUTOMATIC TEST SYSTEMS

Autopilot assemblies are removed in the field and sent to Hill
A AFB for repair. Here a technician is shown removing an auto-
pilot from an F-105 at McClellan AFB, Sacramento, California.




. Depot testing of avionic modules . . .

Hill AFB isa major maintenance depot for the United States
Air Force. Among its many responsibilities is maintenance
of avionics modules for the F-105 Thunderchief, F-4C
Phantom, and many other aircraft.

A specific testing problem facing Hill was testing of FC-5
Autopilots used in the F-105 Thunderchief fighter/bomber.
The FC-5 Autopilot was undergoing an update modification
(Thunderstick II) which would have required major changes
to the punched tape-controlled systems then used for test-
ing these autopilots. Down-time for the testers was also a
problem, because of the large number of electromechanical
components they contained. Hill AFB was therefore inter-
ested in new automatic test equipment which would solve
the existing testing problem, and be readily adaptable to
many other testing requirements.

Computer-Controlled Testing

The HP 9500 series Automatic Test System supplied to
Hill AFB was intended initially to test the updated FC-5
Autopilots. In this application, the system tests individually
the four amplifier modules comprising the FC-5 Autopilot.
The module is placed in an “L-frame” adapter; intercon-
nections between the adapter and the system are made
through a passive interface box (furnished by Hill).

The test program for an amplifier module, contained on a
small roll of punched tape, is read into the computer mem-
ory in a few seconds through the high-speed tape reader.
The operator then commands the test to begin, and the
system proceeds automatically, applying the proper stim-
ulus conditions and measuring the amplifier responses. At
the conclusion of the test, the system prints out a test
report listing the test steps failed by the module and the
actual responses measured for the failed test steps. The
operator then fills in the module serial number and test date,
and sends the completed test report along with the module
to the repair group. Here the repair technician compares the
failed tests against his reference T.O. (Technical Order) and
quickly locates the faults.

The test procedure for some modules requires adjustments
to be made by the operator on the module during the course
of the test. In these cases the system prints out instructions
to the operator when it reaches these adjustment points in
the test program.

The system can also be programmed to test itself, and the
system self-check program is usually run at the beginning of
each shift.

Faster Testing through Computer Control

In testing the FC-5 Autopilot amplifier modules, the
system performs between 200 and 300 tests in 4 to 5
minutes (depending on the module type being tested).
A complete autopilot (four amplifier modules) representing
about 900 tests is tested in about 25 minutes.

By comparison, the tape-controlled testers took about an
hour per module, for an overall test time of 3% to 4} hours
for a complete autopilot. Hill thus found the computer-
controlled system ten times faster than the existing method.
Naturally, the improvement over manual testing would have
been even more dramatic.

Programming by Test Technicians

The system is programmed in HP BASIC, a simple language
close to everyday English. Each statement is checked by the
computer as it is entered, so a syntactically correct program
can be developed quickly while sitting at the teletypewriter.
Factory training for Hill’s technicians included approxi-
mately one day on the use of the language. Hill’s first
programs, for the FC-5 Autopilot, were in the order of 500
statements long, and took them between 1 and 2 weeks to
write, plus a week to debug the program for testing validity.
With experience, Hill’s technicians are now able to write
programs of similar complexity in 3 to 5 days. Program
modifications to handle design changes (DCN’s) are accom-
plished in hours.

Adaptability to Different Tasks

The HP test system’s first assignment was checking per-
formance of the modified FC-5 Autopilots, and it was
initially used for this purpose on a two shifts/day basis,
with the third shift reserved for program development.
During this period one of the system operators wrote the
test program for the ASN-46 Navigational Amplifier (part of




the navigational computer system for the F-4C Phantom II),

and this was completed by the time they were ready to start

testing these modules. Testing of the ASN-46 also brought

into play the digital to synchro/resolver converter and

synchro/resolver to digital converter (digital angle readout) Typical test printout shows tests failed and instructions to operator.
which were not needed for the FC-5.

Subsequently, Hill technicians developed the test programs SEDLION B fT -STick
for the ASA-32 Autopilot for the F4C (including the ERreMe-! (2
Servo Amplifier and Canceller Amplifier modules) and for P/N 853D778G2

the SA56 and M1132A1 modules of the F-4C navigational L

system. Hill is now investigating programming their system £
to accomplish final testing of the Horizontal Situation 1§ APR W70 5413315
Indicator used on F-111, C-141, and C-5 aircraft. Should i
additional stimulus or measurement instruments be required
for future test assignments, such hardware changes can be
effected without major system modification.

TIME DELAY RELAYS

/N STATUS TINE (SEC)

2 FAILURE 155,974
3 FAILURE 70,0142

2 e 4 FAILURE 78.241
Expanding the Program Storage Capability 5 Fﬁtﬁﬁg 13,2037
) . ) 6 FAILURE 78:3857

Because they are now using their automatic test system to 1 FAILURE 72,995
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The HP 9500 series test. system was designed _to .b a 1qng g 2hbl Jag e
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test problem with a very substantial reduction in test times. 5190 57.167 ye FATLURE
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therefore at a cost saving. And it can be expected to tackle
new test problems in the future, at minimal additional cost.
The intrinsic reliability of a test system using largely solid-
state circuitry has been borne out in practice. System
utilization has been excellent, with only occasional minor
technical faults.
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HP 9500 Series Automatic Test System, Hill AFB

INPUT/OUTPUT

CONTROL AND DATA REDUCTION

HP 27548
TELEPRINTER

HF 27374
HIGH SPEED
TAPE READER

HF 21504
HP 21168 -
- INPUT/OUTPUT
COMPUTER EXTENDER

HP 27534
HIGH SPEED
TAPE PUNCH

HP 9300N
DISC
MEMORY
TO BE ADDED

CONTROL CONTROL

STIMULUS MEASUREMENT
h 4

SYNCHRO/
DIGITAL DATA o
| RESOLVER DATA
T Esvncuno; m TO DIGITAL
CONVERTER

CONVERTER ﬁ
z /
GERTSCH

PROGRAMMABLE
RATIO
TRANSFORMER

SWITCHING AND SCANNING v

- WILTRON 351
PHASE
r!' I METER

| PROGRAMMABLE [} HP 29118 *
PHASE 1 CHROSSBAR [
| SHIFTER

HP 602434
L i COHTHOL POWER SUPPLY
e ! = + F HP 24024
HP 84004 HP 9400A HP 29114 i s P
DISTRIBUTION DISTRIBUTION CROSSBAR LEGHATH
unIT UNIT SCANNER L AL

HP 602458

HP 61318
DIGITAL
VOLTAGE
SOURCE

e
HP 53258
HF 61318 UUT ADAPTER |

AND SYSTEM [ UNIVERSAL
DIGITAL E VOLTS, RES, FREQ COUNTER
VOLTAGE — EE“F'E f—

SOURCE

o =
| wuT | ¥ UNDER COMPUTER CONTROL
— — — CUSTOMER FURNISHED




The HP Automatic Test System tests both the FC-5 Autopilot (right) and the ASA-32 Autopilot (left)
for the F-4C Phantom. The system is also capable of testing many other electronic assemblies.

The test technician studies his test procedure prior to developing a new test program for the automatic
test system. Autopilot amplifier module (foreground) is connected to system through ““L-frame”.
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