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FOREWORD

This data item is the contractor ’s final report of the Central Airborne
Performance Analyzer (CAPA ) Feasibility Demonstration Program. It
was prepared in accordance with paragrap h 6. 4. 10 of Exhibit SEQ-66-9 to
contract F33657-67-C-0743 , and is submitted in accordance with Exhibit A

• to that contract as sequence number A 010.

• The program was sponsored by the United States Air Force, Air Force
Systems Command, Aeronautical Systems Division , Wright-Patterson Air
Force Base , Ohio , for the Tactical Air Reconnaissance Center , Tactical
Air Command, Shaw Air Force Base , South Carolina . and was performed
by Honeywell Inc. , Aerospace Division , 2600 Ridgway Road , Minneapolis ,
M innesota 55413. It was administered for the sponsoring agency by Mr .
Leo Gambone , Project Engineer, Directorate of Reconnaissance Engineer- —

ing, and by the following personnel for the requiring agency: 0
Mr. Thomas Julian, Program Manager
Major Larry 0. Krull , Test Manager , Phase I
Captain Garvin T. Nowell, Test Manager, Phase II

Major Donald Myser, Test Officer, 44 16th Test Squadron

This report presents an overall evaluation of the entire program from its
inception in December 1966 to the conclusion of the feasibility demonstra-
tion flight tests in September 1968. It was assigned document number
207 14-FR2 by the contractor. The manuscript was released by the authors

• in October 1968 for publication as a Technical Report .

• This technical report has been reviewed, and is approved .
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• ABSTRACT

Studies have shown that significant improvement s in aircraft effectiveness
(availability, mission success, spares , aerospace ground equipment
requirements) will result if system monitoring and fault isolat ion can be
done in-flight during actual operation of those avionics systems which hav e
the lowest reliabil ities. The Central A irborne Performance Analyzer
(CAPA ) was used in this program to demonstrate the feas ibility of in-• U flight fault isolation. The CA PA was installed in an RF4C aircraft and
interfaced with the electronics systems of the side-looking radar , infrared

~~ detect ing set , and KS72 camera without altering the circuitry of these sys-
- tems. Data gathering missions were flow n to acquire informat ion about

the signals being monitored. The CAPA was then programmed to continu-
ously monitor the aircraft systems, detect any malfunction, isolat e the

fl malfunction to a line replaceable unit (LRU ), and print the location of the
U malfunction along wit h the t ime of occurrence. In short , the CAPA pro-

duces an easily understood maintenance message which is available to
the flight line crew immediately upon aircraft  landing, without the use of

U flight iline aerospace ground equipment or any ground data processing.
Data developed ‘during the test program prove d the technical feasibility

Q and showed that the application of CAPA to RF4C reconnaissance systems
• • would increc’s~ th~ ?ircraft ’ s effectivenes; L.~ 33 percent through increased

aircraft availability and a greater numbe r of successful missions.
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SECTION I
INTRODUCTIO N

This report present s the results of a program that demonstrated the tech-
nical feasibility, operational benefits, and economic worth of applying
the in-flight Central Airborne Performance Analyzer (CAPA) to the recon-
naissance sensors of the RF4C aircraft .

Problems with identification and isolation of malfunctioning portions of
the sensors used on tactical reconnaissance aircraft are unique because ,
unlike most other systems, there is often no immediate, dire ct evidence
of a failure until films are processed - - an ope ration that takes place
2 to 6 hours after the films have been exposed. The reconnaissance sen-
sors make use of physical characte ristics that do not lend themselves to
testing in the ground or static environments , thus built-in-test equip-
ment (BITE) and ground test equipments are ineffective. The delay in
malfunction recognition from these causes significantly reduces the
effectiveness of the RF4C.

The CAPA provides a central system which continuously monitors and
analyzes the performance of selected aircraft systems without modifica-
tions ~.u ,.he~n. It is the function o the ~~~FA to produce maintenance
messages in flight that indicate which system is malperforming and
specifically which line replaceable unit (LRU ) should be replaced to
effect repair.

The objectives of the program were: -

1) Demonstrate technical feasibility.

2) Demonstrate practical feasibility by showing that the approach
is suitable for retrofit on existing aircraft and that it causes
no degradation in the performance of the systems under test .

3) Demonstrate the value to the Air  Force by performing the main-
tenance evaluation in the operational environment and by genera-
ting usable maintenance messages.
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SEC TION II

CAPA IN-FLIGHT TEST CONCEPT

In-flight testing is unlike most other testing in that: •

1) The systems being tested continue their functions without
I • interruption while being tested.

2) The systems being tested are tested in their normal
environment under operating conditions.

3) The systems being tested are evalu ated continuously li
throughout the flight. -

• 4) Test results can be made available directly during flight
so that valid decisions can be made to maximize the
payoff of the mission. -

W ith these differences evident , it is to be expected that the basic Dhiloso-
phy used in in-flight testing differs from that of classical ground testing.
In dynamic systems, signal levels can vary over a wide range during
normal rf’~r~~~nce. It is thus necesbdi ’y i.u judge the stat e of “good-
ness” of an in-flight dynamic system by the relationships between two or
more signals rather than on the value of one signal. In essence, one must
go back to the fundamental purpose of the system or subsystem being
tested, and determine in specific engineering terms its intended function
and acceptable range of performance. Under certain situations , such as
in a servo follower at null , “normal” signal levels are below the estab-
lished threshold. In this case, the analyzer must determine if the mea-
surement represent s a “normal” condit ion or defer the test decision unt il
signal levels are hi gh enough to allow an accurat e assessment of perfor-

• mance.

After a major funct ion of a system is found to be malperforming, the in-
flight analysis equipment must isolat e the malfunction to a given LRU.
This step is necessary because the component element s that together per-
form a given function may be physically housed in three or four different
LRUs. To accomplish this fault isolation , each major function is divided
into separately identifiable subfunctions which lie within a single LRU.
When the location of the fault has been isolated to the LRU , the appropriat e
identificat ion is printed .

• 0
I
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SECTION III
U - PROGRAM h ISTORY

II The CAPA program started in the early part of December 1966 . It consisted
of two phases. Ph~ice I was an applicat ion analysis culminat ing in a corn-
patibility and data gathering fli ght test. Phase Il was the actual demon-
stration of in-flight fault isolation.

Initial effort s were directed toward anal~’zing the aircraft subsystems to
~ be monitored and selecting test point s from those subsystems which

promised to yield the most meaningful dat a for in-flight fault isolat ion.
The analysis produced a list of aircraft test point s and the type of isola-

~ tion proposed for cach test point . The original list contained 111 test
points for side-looking radar (SLR) testing, 58 test point s for infrared (IR)
detection set testing, and 4 for the KS72 still-picture camera. The CAPA
was then programmed for gathering flight data on these test points. A

fl compatibility-integration test was conducted during September 1967 usi~1g
U the CAPA and bench-connected sensors. This test verified that the air-

craft subsystems experienced no degradation in performance because of
• the interface with the CAPA .

The Phase 1 aircraft installation and data gathering flight tests were con-
• ducted during September 1967 . The CAPA was installed in RF4C, Serial

Ii No. 832 , assigned to the 44 16th Test Squadron , Shaw AFB , South Carolina.
Six sorties were flown which produced a total of 229 minutes of CAPA
operating flight tim e.

The CAPA was returned to Minneapolis for Phase II programming of the
in-flight tests based on the data obtained during the data gathering flight s.
The unit was reinstalled in the aircraft at Shaw AFB in February 1968.

II Six verification flights were made to ensure that the program was opera-
tional , and demonstration test flights were started in March 1968. Thirty
sorties were flown , providing the CAPA with over 33 hours of operationa l

9 airborne time. The te st program terminated in September 1968 .
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• SECTIO N IV
TEST RESULTS

FEASIBILITY

The ability to produce accurate , printed maintenance messages in flight
was successfully demonstrated . Producing the correct message in 80 per-
cent of the cases was established as the criterion for complete success
of the program. The average score for the test flight program was 91. 9
percent. The 80-percent goal was attained or surpassed in 29 of the 30
flights. [
The analysis contained 1 7 malfunctions which required hardware repair;
these included replacement or adjustment of LRU components. Also in-
cluded in the analysis were 24 malfunctions which did not require hard-
ware repair on the LRUs being tested; these included film runout s, incor-
rect input cond itions from other avionics systems, and other similar con-
ditioris which affect the quality of the imagery . Five additional conditions ,
includ ing a disconnected cable and simulated malfunctions using~ the BIT
(built-in test ) switch , were also included in the analysis. A complete list

• of these items appears in A ppendix V .

The test plan called for operation of the aircraft and the maintenance proce-
dures to cont inue as if the CAPA did not exist. The printed CAPA main-
tenance messages were then compared wit h the actual maintenance actions
and sensor performance. The mess~ g’~~ i~ zluded the LRU designatton ,

• LRU status , and the time of occurrence, which allowed close correlation
with the pilot report s and sensor imagery. C
The data from the demonstration flight test show s that if the CA PA had
been used as the basis for maintenance actions, 47 . 3 percent of the sensor
flight line maintenance hours w ould hav e been saved due to the reduct ion of
false removals and the reduct ion of diagnostic time. In addition, 14. 6 per-
cent of the total bench repair time would hav e been saved as a result of
the reduct ion of false removals.

TEST LIMITATIONS

Although the program demonstrated the technical and practical feasibility
of the CAPA , the test program was not long enough to produce enough
stat istical data which could independently determine the extent to which
CAPA could increase flight line maintenance effectiveness and reduce
turnaround time , and spa re part s inventory required for normal operation
of the RF4C . However , there is excellent correlation between the CA PA
experience and AFM 66-i  data. The experienced mean-time-between-
failure (MTBF) for the side-looking radar  was 2. 55 hours , which com-
pares with 2. 8 hours based on AFM 66-1 factored to reflect actual opera-
ting hours rathe r than flight hours . The available information was used
by Operations Anal ysis aiong with AFM 6(3 - 1 data to predict in greate r
detail ’ the effect of the CAPA on reconnaissance operations.

-
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SECTION V
OPERATIONAL BENEFITS

A mathematical analysis of operational benefits and economic benefits
associated with a CAPA test system was conducted to obtain measures of
effectiveness and implementation and maintenance costs . The effective-

U ness analysis was performed to evaluate operational improvements pos-
sible through the use of a CAPA test system . The economic analysis
was performed to yield a figure of total system merit .

METHOD

The test system impact on the logistics and maintenance requirements of
a wing of 60 RF4C aircraft was analyzed through the use of a mathematical
model ent itled PLANET . PLANET (Planned Analysis and Evaluat ion Tech-
nique) was developed for the Air Force by the RAND Corporation under

U DOD directive 4100. 35. It is a large model of the complex maintenance
• and logistics actions and interactions which take place on a typical Air

Force Base. The analysis was approached with two primary comparisons
as the end objective . They were:

1) A comparison of model result s versus actual RF4C
AFM 66-1 dat a

2) A comparison of the effect iveness of a wing of RF4C

U aircraft with and without the CAPA test system

The first comparison was used as an indication of the model validity. The
second comparison was made to obtain a measure of the logistics and

fl maintenance improvement factors due to use of the CAPA . The details of
the model and the study methods used are discussed in detail in A ppendix VI .

ANA LYSIS RESULTS

The model out puts in terms of maintenance manhours, failu res, and failur e
rates correlate closely with actual Air Force RF4C expe rience as repor-
ted in the AFM 66-1 data system. 1V1T13F times from the model agree
within a 78-percent correlation factor with those reported in AFM 66- 1. .

The effect of the CA PA (monitoring six systems) is a 22 . 8-percent in-
crease in the effectiveness of the reconnaissance system maintenance man-

n power at the flight line (Figu re 1). The CAPA reduces the skill level

U requirements f o r  -flight line diagnosis of system troubles, making a main-
tenance technician effective at the flight line earlier in his t raining cycle
(~‘igure 2) . Analysis indicates that existing spare levels are adequ~ite
for flight line maintenance if the CAI’A is used (F’i gure 3). Flight l ine

U test equipment requii~emcnts are reduced by as much as 83 percent . 
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Improved availabil ity and improved mission success contribut e to a 30-
percent improvement in operational effect iveness (Figure 4). Average turn-
around time decreases from 11. 1 hours without the CAPA to 9. 1 hours with
the CA PA . Cost analysis show s that these benefit s are the equivalent of$ 27~’, ~~~ ~ei year per aircraft .

g U,
z
2 6 0

a 
40 WITHOUT

B 30

~ 

4~ 5’O

I 
NUMBER A IRCRAFT IN WING

Figure 4. Operational Effectiveness
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SECTION VI

CONCLUSIONS AND RECOMMENDA T IONS

CONCLUSIONS

1) The prime objectives of the CA PA program were achieved. These
objectives were:

• Prove the feasibility of in-flight system failure detec-
tion and isolation.

• Obtain printed maintenance messages which isolat e
malfunctions to the correct LRU in greater than 80
percent of the malfunctions that occur.

• Interface off-the-shelf test hardware with the recon-
naissance sensors without causing degradation to the

• systems involved . I
2) The variety of signals monitored and tested in the side-look ing radar,

infrared detecting set , and still-picture camera systems establishes
• that tho C..~PA system can be exp~~~~’~ ~~ include any airborne sy~-

tern.

3) The in-flight test concept is capable of determ ining the mode of
operation for a reconnaissance system and adjusting the test process
or test limits of system performance under actual operat ing condi-
t ions.

4) An operational CAPA system would increase the effectiveness of
flight line maintenance manpower by 22 . 8 percent and reduce
flight line test equipment by 83 percent , while increasing opera-
tional effectiveness by 30 percent .

5) The results of this program indicat e that the CAPA meet s the
intent and purpose of TAC’ s A ircraft Integrated Data System as
outlined in ROC No. TAC-43-67 , . dated 30 June 1967.

RECOMMENDATIONS

1) Expand the CA PA application to addit ional aircraft systems selected . •

on the basis of their contribution to the maintenance problem and
their significance to the reconnaissance mission. -

I
8 .
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- 2) Revise output message format to produce a direct English language
- - .maintenance message.

• U 
3) Repackage CAPA hardware to meet military specificat ions for air-• borne electronic equipment and to fac ilitate permanent installation

• in RF4C aircraft.

4) A pply the capability of the CA PA to preflight ground testing.

5) Prove operational suitability of the revised appl ication and hardware
configurat ion.

a
j
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APPENDIX I

U EQUIPMENT DESCRIPTION

INTRODUCTION

The Central Airborne Performance Analyzer (CA PA) consists of a central

U processor, two remot e units , an optional magnetic tape recorder, a printer ,
and a cont rol panel. The central processor contains the measurement and
arithmetic circuitry, as well as the memory which directs the program
and causes the correct decisions to be made . The remote units contain the
switches, signal isolation circuitry, and buff er amplif iers necessary to
select and condition the signals from test points in the variou s aircraft sub-

!‘, systems be ing monitored . The magnetic tape recorder is used to record
U signals for possible post-flight analysis. It is intended primarily as an

engineering tool during flight test . The printer prints messages in-flight
• concerning the status of the subsystems and LRUs being monitored . The

control panel is used to turn the CAPA on and off .

The RF4C subsystems monitored by the CAPA are the AN/APQ- 102 Side -
Looking Radar , the AN/AAS-1 8 Infrared Detecting Set , and the KS72 Camera.

During normal operation of the CA PA , the memory section of the central
processor determines which test should be executed . The information

U necessary to select the correct test points is then sent to the remote unit s
and multiplexing circuitry of the central processor. Signals from the

~ selected test points are buffered in the remote unit s, and then sent to the
central processor where they are measured and analyzed . The data is
recorded on magnetic tape for reference. If the analysis shows the data to
be normal , the in-flight program is signaled that the test was good , and the

fl next test is initiated . If the analysis shows the data to be abnormal , the
U fault is isolated to a line replaceable unit (LRTJ ) and the printer is directed

to print the identity of the failed LBU . The test sequence then proceeds to

fl the next logical test , depending on the failure encountered and subsystem
operating modes selected .

CAPA SYSTEM CONFIGURATION

The YG1O 19A CA PA system (Figure 5) for the RF4C aircraft consists of

3 the following units:

• Right Remote Unit , UG2 186A

U • Left Remote Unit, UG2187A

• Central Processor, UG21B4A
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3
• Printer, UG2227A - 

-

3 • Recorder,

• Control Panel , UG2228A

Each of these units is discussed below. -

Remote Units 
- - 

- 
-

Each remote unit (Figure 6) contains test point addressing circuitry, test
point selection sw itches, high-input impedance buffer amplifiers, and iso-

U lation or protection circuitry to prevent CAPA degradation of the aircraf t
system signals. A block diagram of the remote unit is shown in Figure 7 .
There are up to 128 test point switches per remote unit , with only seven
interconnecting wires between each rem ote un it and the central processor.

Central Processor

The central processor (Figure 8) contains the multiplex switching for selec-
ting the remote units to be examined, and the necessa ry circuitry for trans-
mitting eowinatzd signals to the remote uu it s  for selecting the desivt~d i t ~~~t
point s. A block diagram of the central processor is shown in Figure 9.

1~ 
Two channels of t rack and hold circuitry provide the capability of a single
or simultaneous measurement of one or two selected signals , respectively,
from the same remote unit , or similar measurements on two selected sig-
nals consisting of one from each of two remote units. The track and hold

¶1 channels, under program control , can hold (sample ) the selected signals
both asynchronously (at any instant in time ) and synchronously (relative to
the peak of the aircraft 115-volt ac, 400-Hz , phase-C signal) .

3 Also under program control , one of the t rack and hold outputs (sampled
signals) is fed to the decision amplifier/ ratio digitizer network in the mea-
surement section which performs high-speed voltage or voltage ratio
measurements (analog-to-digital conversions) . The measurement section 

- •also contains a counter , a precision clock , and a numbe r of time reference
signals which enable frequency, period , and time period-type measurement s
to be made. The arithmetic section can perform computations and logic

U operations specifically tailored to test applications. The central processor
has a six-word scratch pad (13 bit s per word) memo ry and a 2048-word
(18 bits per word ) random-access program memory. The central processor
provides output commands to the printer and recorder .

13
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Figure 6.  CAPA Remote Unit
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F igu r e  7 . Remote Unit Block Dia gram
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Printer

The printer (Figure 10) is a lightweight , subminiature, single-column tape
character printer with a printing capability of 64 letters, figures, and
symbols. A six-level parallel intelligence incoming signal is conve rted
into mechanical motion to position the print cylinder. Upon receipt of the
print command, the selected character  is printed on pressure- sensitive
tape. Immediately after printing, the tape is advanced one space for the
next character.

c
N • - -• I

Figure 10. CA PA Printer

Recorder 
• 

•

The recorder (Figure 11) provides storage of digital data develope d by the
digitizer or computational circuits of the central processor . It recc~rds
the 12 most significant bits of a data word in two f rames of data . The
recording mediu m consists of 1800 feet of 1/ 2- inc I ~ tape -- a lengt h suffi-
Cient for two hours of data recording at a rate of 500 conversions ( 12-bit
words) per second in a format compatible with general-purpose ground
computers. -

16 E 
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Figure 11. CAPA Recorder

Control Panel

The control panel consists of a single on-off switch in the coc kpit . This
switch controls all the power to the CAPA test system.

a

U
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APPENDIX II

IN-FLIGHT TEST SOFTWARE C
TEST PHILOSOPHY {
Since the Central A irborne Performance Analyzer (CAPA) operates in a
dynamic environment , it is essential to ensure that test conditions are
valid for each te st before the test is executed. To accomplish this , tests
within each system test routine are arranged in a sequence of increasing
dependence on the previous tests. This ensu re s that all conditions and r
operating modes required for a specific signal are correct before that
signal is tested. Before a line replaceable unit (LRU) is flagged NO-GO ,

• a failure w ithin that LRU must be detected and then retested to confirm
the failure. [
TEST ORDER 

• C
The CAPA in-flight test program is divided into four system test routines:
(1) the CAPA system self-test routine ; (2) the camera system test routine
which checks thc Y.S 72A still-picture can~~L~~, ~~ the SLR system t est
routine which checks the AN/APQ - 102 side-looking radar set; and (4) the
IR system test routine which checks the AN/AAS- 18 infrared reconnaissance

- - 
• detecting set. The SLR and IR system test routines include testing the sig-

nals supplied to the three reconnaissance systems by the inertial naviga-
tion system (INS), camera control , and aircraft  powe r supply systems.

The systems are normally tested in the following order: ( 1) CAPA self- U
test s, (2) camera system, (3) SLR system, and (4 ) JR system. Each system
is checked repeatedly unless a malfunction is encountered within that sys-
tem, in which case the system continues to be checked repeatedly up to the
point in the test sequence where the malfunction is detected. When the mal-
function disappears, the complete system test is resumed.

MAINTENANCE MESSAGES 
-

The CAPA single-column printer produces a seven-character message for
each change in system status. Each message consists of an arrow . which
points upward for a “GO” message and to the left for a “NO-GO ” message ,
followed b’ four digits giving the time since turn-on in minutes and tenths
of a minute, and a system LBU code consisting of one of the following: -

SN: SLU navigat i on inputs
SI: SLH input conditions

• SR: SLH ready status

18 
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3
- Si: SLR LRU 1, SLR recorder control LRU

S2: SLR LRU 2, SLR recorder LRU
S3: SLR LRU 3, SLR amplifier modulator LRU
S4: SLR LRU 4, SLR right antenna control LRU
S5: SLR LRU 5, SLR frequency converter transforme r LRU
S6: SLR LRU 6, SLB reference computer LRU

- 

I Li S7: SLR LRU 7, left antenna control LRU
-~ CK: KS72 camera ready condition

CF: KS72 camera fail indicator

- • 
CI: lB input power
CR: JR ready condition
Ci: JR LRU 1, power supply LRU
C2: lB LRU 2, lB recorder LRU
C3: IR LRU 3, lB rece iver LRU
C4: JR LRU 4, lB film magazine

• U C~ . C.WA central processor
C6: CAPA right remote unit

4 C?: CAPA left remote unit

The mess age “u’- 0000C 5 t0000C 5” is printed each time the CAPA is turned
on as the self-test is executed.

A sample CAPA printing sequence might be as follows:

- Clock initialization symbol

‘0000C5 - CA PA self-test-induced failure

10000C5 - CA PA-induced failure removed

(3 —0000 CK - camera initially off
d

• -0000SR - SLR initially off

‘ OOOOCR - JR initially off

tOO5ISR - SLR on at 5. 1 minutes elapsed time

• 

‘-0053S3 - SLR amplifier mod:lator failure at 5. 3 minutes elapsed time

j  
~~~~~~~~~~~~~~~~~~ ——-~~~~ --~~~~ -- •---~~~~~~~~~~~~~~ 
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The interprethtiOfl of this sample pr int ing sequence woulu be as follows:
When the CAPA is turned on , the clock is set to zero and “~~~~~

“ is printed
to indicate the initialization. An incorrect self-test decision is app lied to
the CAPA central processor and then removed to see if the CA I’A will
correctly pr int  central processor NO-GO: “ 0000C 5 ” and then central
processor GO: “ b 0000C 5 ”. Afte r the CAPA self-te st , the status of the
other systems is printed. Normally, the camera, SLR , and JJ~ are still
off when the CAPA is turned on , so the CAPA pr ints that  the camera
ready signa l is NO-GO at t ime zero “ OO OOCK ‘

, the SLR read y signal is
NO-GO at time zero “OOOOS H ”, and the lB read y signal is NO-GO at time
zero “—0000C R ”. After 5. 1 minutes , the SLR is turned on , so the CAPA
prints that the SLR ready signal is GO at 5. 1 minutes of elasped time:
“ TOO5 1SR ”. However, the SLR amplifier modulator fails shortly afte r the
SLR is turned on. This results in the CAPA printing that the amplifier
modulator LRU is NO-GO at 5. 3 minutes of elapsed time: “ -0053S3 ”. 3

• PROGRAM STRUCTURE

The CAPA random-access program memory contains test limit s, test rou-
tines, and the main sequence program for controlling the entire analyzer
system. The basic steps require d in any test are:

1) Select proper test points
2) Make measurement

• 3) Compute performance

4 4) Compare performance with allowed range g
5) Branch to next test (as determined by -previous step)

Since there are only several basic types of test s, they are stored as common
test subroutines. To perform a specific test , the CAPA selects the proper
test points , supplies performance limits, and then t ransfers  control to the
appropriate measurement subroutine. When this subroutine is completed ,
the app ropriate messa ge is printed , if necessary, and control is trans-
ferred back to the main routine for continuation to the next test .

If a malfunction is discovered , the test sequence starts again at the begin- Ining of the system routine in which the malfunction was found. Since test
point selection and testing are arranged in an increasingly dependent order ,
the first test point which indicates a malfunction during the repeat cycle
is considered to be the origin of the malfunction , and the CAPA prints the
LRU in which this failure exists . The CA PA self-test requirements are
more stringent and if a self-test failure occurs , testing of all other sys-
tems is suspended until CAPA operation returns to normal , effectively
filtering out transient difficulties . This ensures that  an a i rcraf t  system
malfunction is not erroneously indicated as a result of abnormal CAPA
operation. 

. 
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After the failure location is printed , the remainder of the system routine

U in which the failure was found is omitted and the next system routine is
• started. Each system is checked once during each cycle of the in-fl ight

program, If a failure was previou sly foun d a nd indica ted , the system con-
tam ing the indicated failure is checked to see if the failu re still exists . The
printer does not produce a message for a give n LRU failure each time it is
encountered on successive tests , but r a t h e r  only prints on change s of state .

- 

U 
In the event that a malfunction is intermittent during the flight , the CAPA
system indicates when the failure appears or disappears . Complete testing• of the system is then resumed. The CA PA in-flight program consists of
the following sections:

• System Test R out ines - - A separate system test routine exists
for the SLR , JR . KS72 camera , and the CAPA self-test. These
routines determine the sequence of test point selections, the
types of measurements and arithmetic calculations required for
each decision, and the required standard values (limits) for
each te st.

• Standard Value Subroutine Table - - This table contains the neces-
sary standard va lues f o r  all tests,

• Measurement Subroutines - - These sections perform the actual
- a-c, d-c , ratio and frequency measurements.

• ~ • Limit Subroutine - - This section determines if a measurement
or calculation number result constitutes a GO or NO-GO con-
dition and records the data used in the decision.

• Statu s Subroutine - - This subroutine monitors the operating modes
and status of all sensor LBUs .

a • Print Subroutine - - This section directs the CA PA printe r to print
U the appropriate message when the status subroutine encounters

a change of status of a sensor LRU or operating mode.

• Auxiliary Subroutine s - - These subroutines perform special func-
tions or a rithmetic calculations necessary for program operation.

fl The program steps required to perform a test to determine whether a GO or
NO-GO condition exists is i l lustrated by th e simplified block dia gra m of
program flow shown in Figure 12. The system test routines ensure that the

O correct remote unit , test point , channel,  and test measuring subroutine is
selected for a specific test . Program control is then transferred to the
Standard Value ‘fable which selects the limits (upper and lowe r bounds)

li for the measu rement . The testt’j nder subroutine then branche s to the
- appropriate test. ‘I’he measu m rnent result is compared wit h the pre-

viously selected limits by the limit subroutine to determine whether a GO •
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Figure 12. Program Flow Block Diagram
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or NO-GO condition was encountered. If an LRU or ope rating mode has
changed statu s, the statu s subroutine updates the old status and exits to

U the print subroutine. Otherwise, the status routine returns control to the
test routine of the system being tested in prepa ration for the next test . The
print subroutine, after printing thc status change , exits to the next system
test routine,

TEST EXECUTION PROCEDURE

One of severa l types of measurements is performed on each aircraft system
test point. The characteristic of the test point signal determines which

fl measurement type is initiated. The following sequence of events is neces-
U gary to connect the aircraft system signal under test to the central processor

measurement section (reference the central processor block diagram , Fig-
ure 9),

U 1) Select Test Point - - The appropriate signal is selected by opera-
ting an input selection switch in the remote unit with a Select
Test Point instruction command. Each selection switch enables
two signals to be transmitted to the central processor; one sig-
nal on the remote unit even channel and the other on the remoter unit odd channel.

2)  Seiect Remote Unit - - T u e  muh iplexer network in the eeuivai pro-
cessor connects the appropriate remote unit channel to either
track and hold channel A or B. The Select Remote Unit instruc-
tion command controls the multiplexer selection.

3) Select Channel - - The channel selector then connects the appro-
Li priate track and hold channel to the measurement section. The

Select Channel instruction comma nd controls the channel selec-

n tion.

The track and hold channels, when in the track mode , continuously track
the selected aircraft system test point signals . The signal of interest is
now ava ilable to the measurement section for one of the following mea-
surements:

• Voltage Measure ments (dc or ac) - - An asynchronou s or synchro-
- nous sample (hold) is initiated for a d-c or a-c voltage measure -

- ment, respectively. The “held ” voltage is then applied to the
decision amplifier! ratio digitizer network for an analog (voltage)-
to-digital (AID) conversion according to the expression:

V = V
~~~~~c~ó~

9G volts

where RADACON stands for ratio aralog4o-digital converter



C
Since the RADACON normally equals 4. 096 volts , the conver-
sion result equals the unknown held voltage. Both track and
hold amplifiers are held simultaneously when a hold command is 

4

initiated. Therefore, a voltage ratio measurement can be
accomplished by two successive A / D  conversions. After  the
first A/ D conversion, the result is transferred to RADA CON.
The second A/D conversion (other t rack and hold channel) equals
the ratio of the two voltages multiplied by the A/D-converted
full-scale output (4 . 096 volts) according to the expression:

V 2 (4. 096)
V = volts

The two voltages are selected in a manner which ensures that
the ratio is nominally less than 1 to guarantee the voltage ratio
measurement is within the bounds of the A /D  converte r (-4 . 096
to +4. 096 volts), thus eliminating A / D  converter saturation
(overf low) .

• Period and Time Period Measurements - - These measurements
increment the measuren ent section counter at a 1-MHz rate
(1 count every 10-6 see). The counter begins incrementing when
the signal crosses the selected threshold in the positive direction
aim Lerminates at the next seiecteci threshold crossing in the
positive direction. The selected threshold is equal to the voltage
represented by the digital content s of the a rithmetic register
(accumulator) when the measurement is initiated . After the time
period measu rement begins , an automatic channel select is per-
formed to select the signal on the othe r track and hold channel
which determines when the ireasurement is terminated. The
period measurement is identical to the time period measure-
me nt except that the automatic channel select is not executed . In
this ins tance, the same signal is used to initiate and terminate
the measurement counter. These measurements represent the
time between two events or the period of a cycle (time/cycle) .

• Frequency Measurement - - This measurement is similar to the
period measurement except that the counting function is mechani-
zed different ly. A time ape rture (504 microseconds to 3. 67
seconds range ) is selected when the measurement is initiated. The
measurement counter then advances by one count , each time the
signal crosses the selected threshold in the positive direction . An
additional counter is used to terminate the measu rements when the
measurement elapsed time equals the preselected ape rtu re . The
threshold is determined by the digital content s of the arithmetic
register. This measur~ iient represents the numbe r of cycles
of the signal during a specific time or the “frequency ” of the
signal (cycles/time ),

24 . 
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The results of each of the above measurements appear in digital form in

• 
3 

the first location of the scratch pad memory, and the record buffer cir-
. cuitry, under program control, records these results on the 1/2-inch mag-

netic tape of the recorder units.

U
TEST RATE

U The complete test program contains 173 separate tests distributed as follows:

System Tests
Iii CAPA self-check 10

KS72 camera 2

3 SLR 1:2

Total 173

A test may contain more than one measu rement ; however, it produces only
fl one GO or NO-GO decision. The time required to complete the entire
U prn~ r~ rn depends on the system t~’nnfi~ iir~ition and mode of operation

- During normal operation, the time required for the complete cycle is
approximately 4 seconds,

U

2 -

•

U -

li
a • . 

•
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CA PA -AIRCRAFT iN TERFACE

The interface between the Central A irborne Performance Analyzer (CAPA )
and the aircraft subsy stems consists of connections to aircraft test points
for signal monitoring and connect ions to the camera circuit breaker panel
for 28-vdc and 115-vac power. The power inputs are the only instances
where connections are made to the aircraft wiring. Signals are monitored
by mat ing with existing test connectors on the aircraft or subsystem lin e
replaceable unit s (LRUs) . A block diagram of the interfaces is shown in
Figure 13.

_ _  _ _
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_ _  _ _  _  
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Figure 13. CA PA/Ai’rcraft System Interface I
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a
The CA PA mon itors signals from exist ing sensor test point s, and neces-
sary signal isolating and conditioning is contained in the remote units .

U , The functions of the signal conditioning are:

1) Isolating -- A high-impedance circuit is connected between
1J the aircraft test point and the CA PA select ion matrix for

each test point to avoid loading the test signal and to prevent
• accidental short ing.

J 2) Converting - - This consists of detecting certain signals,
such as video and other high -frequency signals, and
stretching short pulses to make them more recognizable

LI to the measurement section.

3) Combining -- in cases where a deviation in any one of
several signals indicates the same abnormal condit ion, the
test signals are combined to produce a single output to the
measurement circuitry.

The CAPA monitors 179 of 228 available test points. Some of the unused
test points pert ain only to aerospace ground equipment and bench test
equipment and are not applicable to in-flight test ing.

I ]

U
U •

U
U .  
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CA PA PROGRAMMABLE INSTRUCTIONS

HALT -

Mnemonic : HLT

• Command Code : 008

The HLT command prevent s the advance of the se~ uence counter; there-
fore , the sequence counter state (SC ) will correspond to the program
memory location (L) containing the HLT command.

The HLT command is active only when the control and display unit is con-
nected to the processor. When the control and display unit is not con-
nected to the processor, the sequence counter will advance to the next
command as though the HLT was a no-operation command.

SELECT TEST POINT -

Mnemonic : STP • 
•

Command Code : 018

The STP command operates pairs of signal input selection switches in a
specified remot e unit to connect pairs of input connector pins (n and n-l-l )
to output lines EN and °N• The even-numbered p ins , n = 0, 2 , 4, 6 
are selectively connected to the EN out put line, and the odd numbered

pins, n + 1 = 1, 3, 5, 7 , are selectively connected to the °N output
line.

The STP command requires one program cycle for its initiation; however,
the circuit s which serialize the selection digit s are busy for another six
cycles, or for a tota) of 196 microseconds. This means that STP com-
mands can be issued no more frequent ly than one out of seven program
steps. Consequently , when a number of selections are to be made in the •

shortest t ime span, and when each selection inv olves a different remot e
unit , a waiting period of 168 microseconds can be programmed. This is
done by addressing an STP circuit busy signal wit h the Skip If Signal Set
(SKS) command , followed by a Jump (MMP) to SKS.

28
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When a switch selection is to be followed as soon as possible by a mea-

ct surement, the program must “wait” for the selected relay to stabilize
j  

• 
(1. 5 milliseconds) . This is done by addressing a relay engage signal ,
with the SKS and JMP to SKS commands.

- SELECT RE MOTE UNIT

• 
3 

Mnemonic : SRU

Command Code: 028

The SRU command addresses a high-speed analog multiplexer which con-
nects either one of two signal lines (E n or O~ ) from a specified remot e unit
to the track and hold amplifier channel A and the other signal line to the

U track and hold amplifier channel B. The multiplexer may also connect one
signal line from each of two remote units to the track and hold channels.
When either En or 0 is connected to a track and hold channel, a signal

LI reference line is also cc-~nected to the appropriate channel.

The track and hold channels may operat e with ~ common mode voltage
U with respect to logic ground of 4. 0 volts; however, the instantaneous sum

- Of ~.he bigual and common mode vuiu.ages should not exceed 4. 09~ voit s.

SKIP IF SIGNA L SET
- Mnemonic : SKS

Command Code : 038

The SKS command addresses specific measurement instrument ation ,
arithmetic logical functions , and control unit SKS sw itches; it then deter-
mines whether the addressed funct ion is in the state 0 or 1. If the stat e

1.1 of the addressed function is 1, the command at L + 1 is inhibited , and the
SC will simply advance from L + 1 to L + 2.

fl The SKS command is capable of addressing more than one function at a
U time, and either function would cause step L + 1 to be inhibited. This

allows simulation of certain real-time events through the use of the con-
trol unit switches during program checks or during processor instrumen-

U tation checks .

U - . 

•
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MA RK PLACE AND BRANCH

Mnemonic : MPB

Command Code: 048

The MPB commands store the content s of the SC in the mark place register
(MPH) at the 3 /4-cycle time. At the beginning of the next program cycle,
the memory bit s are transferred to the SC, and the MPR is incremented.

At the end of the sequence to which a branch was made, a return command
(RTN) transfers the contents to MPR to the SC, and the main sequence con-
tinues atL+l .

JUMP

Mnemonic : JMP

Command Code : 058

The JMP command transfers memory bits to the SC at the beginning of
the next program cycle.

• 1 ~
TRANSFER

Mnemonic : TRF

Command Code : 068 • 

-

The TRF command performs data transfers between certain arithmetic
and instrumentat ion registers. Two or more transfers may be programmed
at one time. AU transfers start at the 3/4-program cycle time and are
completed at the beginning of the next program cycle.

RESET

Mnemonic : RES -

Command Code: 078

The RES command places the measurement section registers in a par-
ticular state. The states of these registers are of consequence as they
are used to “ condition” the measurement section. For example, the

30 
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contents of the accumulator prior to a frequency or period measurement
~~~ determine the voltage threshold the input must attain to be counted as anLi . event.

3 LOAD SCRATCH PAD

. Mnemonic : LSP

II Command Code : 108 -

fl The LSP command transfers m e m ory bits to scratch pad memory location
• U SP(1). Data from this register can be transferred to certain registers as

determined by the TRF command, or they can be transferred successfully
to three other scratch pad locations as determined by the Rot at e Scratch

H Pad (RSP ) command. Transfer of data from SP(l) is nondestruct ive.

j  TRACK AND HOLD

Mnemonic: TAH 
-

3 Command Code : 118

fl The TAH command causes the track ai~~ hold control to anticipate the
occurrence of certain timing pulses which initiate and terminate the track
and hold function automatically.

3 During the track operation, a two-channel amplifier tracks (or follows)
the voltage functions obtained from the remot e unit selected by the SRU
command.

3 During the hold funct ion, both amplifiers are caused to hold to the voltage
level present at the instant the hold is begun. The held voltage drift s at
the rat e of about 1 millivolt per millisecond. The amplifiers, channel A
and channel B unit s, are selectable by the use of the Select Channel Corn-
mand (SCH).

3 . 

HOLD - 

- 

•

fl Mnemonic : HLD 
•

Command Code: 128

The HLD command terminat es- the track operation of the track and hold
U amplifiers when it is placed in the immediat e track mode by the TAIl

~~~~~~~~~~
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• command. The use of this command is primarily for the purpose of

• measuring dc or slowly varying voltages not having a carrier frequency.

The hold command is issued jus t prior to a voltage-to-digital conversion
(VDC ). -

FREQUENCY MEASUREMENT

Mnemonic : FRM C
Command Code : l3~

The FRM command determines the number of posit ive-going threshold
crossings that an input v oltage makes for a predetermined t ime period or
aperture. The aperture has a maximum value of 3. 6700 seconds and a
minimum value of 504 microseconds.

Threshold crossings are counted at a maximum rat e of 250 KHz (limit of
measurement amplifiers) by the time-frequency counter which has as a
limit 8191 count s and an accuracy of 7 ±1 /2  count . The count is trans-
ferred to scratch pad memory location (SP) at the completion of the mea-
surement process. 

-

The measurement section produces a measurement busy signal (see SKS
command ) wh ich is “0” dur ing the frequency measurement and returns to
a “ 1” after the process is terminated. This signal may be addressed by
the SKS function to determine whether the process has been completed.

The threshold from which the input crossings are based is the numerical r
value in millivolts contained in the accumulator at the time of the FRi~I L
command. The threshold may be programmed by LSP , TRF ( S/A) com-
mands prior to FRM , or set to 0 volt s by the RES command. The accumu-
lator is automatically reset to “ 0” after a Record and Reset (RWR ) corn-
mand. The threshold range may be programmed from -4. 096 volt s to
+4, 095 volt s in 1-rr illivolt steps. The incoming signal (after scaling by
remote unit ) is compared with the threshold and counted as an event when
it exceeds the threshold by 1 millivolt.

SELECT CHANNEL 3
Mnemonic : SCH

Command Code : 148 -

The SCIL command determines which of the two track and bold amplifiers
is connected to the decision amplifier. The selected channel w ill remain •

32 
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operative until reslection. When the CAPA system is first energized, the
• initial clear selects the A channel .

PERIOD MEASUREMENT

U Mnemonic: PDM

• Command Code : 158

The PDM command causes the t ime-frequency counter to be incremented
fl at a l-MI-lz rat e for a time period of from one to eight signal periods.
U Because the t ime-frequency counter has a maximum value of 8191 count s,

it will be filled in 8. 19 x i~~-~ seconds. The 1-MHz clock is accurat e to
one part in 10

U To prevent the possibilit y of the measurement system not comp1etin~ its
function due to the absence of an input signal, there is an automat ic ‘ short”
20 milliseconds after the PDM command has been issued. The process

U generates a measurement bus?r signal which is equal to “ 0” during the mea-
surement an’-~ returns to a “ 1’ after completion of measurement or an
aborted measurement . The content s of the t ime-frequency counter are

ii transferred to SP after the measurement is complete. The threshold volt -
• ag€ ~~~~~ determines the beginning a~ d ond of single input cycles is

grarnmable- in the saMe manner as described in the FRM section.

H 3
TIME PERIOD MEASUREMENT

] Mnemonic : TPM

Command Code : 16~

The TPM command causes the time-frequency counter to begin count ing
at a 1-1~iHz rat e when an incoming signal crosses a threshold in the posi-

U tive going direction. It stops counting when another signal reaches the
U same threshold.

fl One of the signals is produced by the channel A amplifier , and the other
U by the channel B amplifier.  Either amplifier output can be selected as

the event which start s the count ing process . The other channel is then
automatically enabled to produce the terminat ing event . The t ime resolu-

‘1 tion is ±0. 5 microsecond or ±0. 072 electrical degree when measuring the
phase difference between two 400-Hz sinusoids. This command would be
suitable for measur ing  the time betwcen any two event s where the t im e

3 separation is less than 8. 191 x 10~~ seconds.

3
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ROTATE SCRATCH PAD

Mnemonic : RSP

Command Code : 208

The RSP command rotates the content s of a six-word ( 13-bit words)
• scratch pad memory by moving all words simultaneously.

Access to scratch pad memory is by SP( 1) only, so that loop count s,
intermediate results , or other temporary data are recalled by shift ing the
correct number of times to bring the desired word int o the SP(1) pos ition.

Result s of measurement commands always appear in SP(1) so the scratch C
pad must be rot ated in order to save the content s of SP(l) .

VOLTAGE TO DIGITAL CONVERSION

Mnemonic : VDC 
• 

C
Command Code : 21 8

The VUL command causes a voltage ratio-to-uigit al conversion process ,
wherein the channel switch output , unknow n voltage, and a programmed
voltage are factors in the ratio. The result s of the conversion appear in
the accumulator and in SP(1).

RECORD WORD AND RESET

Mnemonic : RW R -

Command Code : 22~ E
The RWR command transfers one or all scratch pad words to a record fl
buffer register and records these words on 1/2-inch magnetic tape. When
no dat a is presented to the recorder , - f ictitious words (100 000 000 000)
are recorded.

The record circuits add “ 1” to a data word in case the dat a word is equal
to the fictitious word.

34
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3
GENERATE RECORD GAP

Mnemonic : GRG

Command Code : 238

The GRG command generates and records a special five-character group
followed b7 approximat ely 2/3-inch of tape with characters which cont a in

I only “0’ s’ . One of the five characters is used to mark the end of a block
U of dat a, and the gap containing all zeros allows stopping and start ing of

the magnetic tape recorder .

3 RETURN

3 Mnemonic : RTN

Command Code : 24

The RTN command causes the content s of the mark place register to be
transferred to the sequence counter at the beginning of the next program

fl cycle time. The result is that the program continues from the step
LI L + 1 . wher e L is the location of the 1~,ct MPB command.

- This command can be used as the last step in a sub-sequence to return to

3 the main sequence of commands.

3 
CONDITIONA L JUMP

Mnemonic : C.~P

3 Command Code : 258

This command jumps the sequence counter to the location determined by

U the operand if the ace t~mulator sign bit is zero . Otherwise, no operation
occurs (pass instruction) .

U ROTATE - LOAD- SCRATCH PAD

3 
Mnemonic: RLD N . -

Command Code : 26 8

3 This command rotates the array of six scratch pad locations one pos ition
4 and loads scratch pad 1 wit h the number N.
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COMPUTE

Mnemonic : COM [
Command Code : 308 -

The COM command causes the content s of the scratch pad memory location
SP1 to be added to or subtracted from the content s of the accumulator. a

a
El
U
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U
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3 APPENDIX V
- DEMONSTRATION TEST FLIGHT ANA LYSIS

BACKGROUND 
-

The philosophy governing the demonstration flight test required that the
• Li reconnaissance sensors being monitored be used in the normal m anner

and that maintenance actions proceed as if CAPA were nonexistent . The
maintenance actions and sensor performance was then compared with the

3 CAPA messages. The following records were kept :

. CA PA in-flight generated messages

• J • A record of all CAPA measurements and decisions for each
• flight on magnetic tape

. A pilot ’ s test log for each flight (Shaw AFB Form 033)

. A photointerpreter’ s analysis of each flight

U - • A record of all maintenance act. ions, including man-hours
at the flight line and at the shop

3 The CAPA result s were compared with the maintenance actions and scored.
A summary of the scoring groundrules follows:

• Events - - An event will be considered to have occurred
each time the status of a monitored system changes. If
the status of any given line replaceable unit (LRU) changes
more than twice during a flight , this will be considered an
intermittent condition and w ill constit ut e a s ingle event .
Likewise, a failure of the CA PA will be considered a single
event .

• Grading - - Each flight w ill be reconstructed from the
maintenance and photointérpreter result s and from the
CA PA data . These two reconstructions will be compared ,

U and whenever possible the CAPA will be graded on each
- event that occurred. The CAPA will be given a positive

(+) grade if the decision made by the CA PA was correct
and a negative (-) grade if the CA PA ’ s decision was in-
correct .

fl • CAPA Evaluations - - Full success will be considered
- achieved if the CAPA performs a correct diagnosis to the

LRU in 80 percent of the malfunctions that occur in the 

- -~~-- -~~~~~ --~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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AN/APQ- 102 radar mapping and AN/AAS- 18 infrared recon-
naissance sets. A separate determination will be made for

. the KS72A camera and the AN/ASN- 56  ine rtial navigation set
to the extent the dat a permits. To determine the confidence
level of the CAPA , the total number of posit ive (4- ) event s
will be divided by the total number of event s bot h positive
and negative for each flight . -

Figure 14 is a bar chart showing the scores for each flight . The average
score is 91.9 percent ; this does not include flight 1, since CAPA was not
operat ional on that flight . If at worst-case flig ht I was g iven a score of
zero and averaged wit h the others, the average score would be reduced
by only three percent .

The Test Flight Log, Table I, contains additional information about the
test flights. The dat a, flight number , sensors used , and duration of each
test flight is shown in the table , along wit h the actual number of failures
detected by the CAPA and the number of t imes that the CAPA detected a
signal which had violated its normal limits. For the purpose of this report ,
a failure or malfunction is an abnormal condition in one of the aircraft
reconnaissance sensors which either caused a degradation in sensor per-
formance or is forbidden by definition; that is, a power supply which is
specified to have a voltage tolerance of 1 percent is considered to hav e
failed if the voltage exceeds that amount , regardless of whether or not r
sensor performance is sufficiently degraded to affect sensor output ad-
versely. A ~i~uj t violation is a conditiou iii which a variable signal passes
beyond the limit s which were specified for it , based on information from
the data gathering flights.

Further explanation of the failures in Table I is contained in Table II ,
• Abnormal Operating Conditions; Table III , Malfunction Requiring Hardw are

Repair; and Table IV, Malfunct ions Not Requiring Hardware Repair.

COMPARISON OF ACTUA L SLR MAINTENANC E DATA r
WITH THAT USED IN PLANET MODEL

Mean-Time-Between-Failure

The demonstration phase of the CAPA program encompassed 51 . 02 flight
hours, with 20 separate maintenance actions required to sustain the flights.
This yields a calculated MTBF (in accordance wit h AFM 66-1) of 2 . 55.

The model MTBF was 2 . 8 for the simulation without the CAPA using
AFM 66- 1 data factored to include only sensor operating hours.

The effective MTBF of the side-looking radar (SLR) without the inclusion
of false removal maintenanc e actions was 3. 64 for a CAPA / no-CAPA ratio
of 1.426. The ratio used in the model was 1. 667 , for an improved MTBF ’
(with CA PA) of 4. 66.

-
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• Table I. Test Flight Log Sheet

DM~~ No. (m~wtesl ~~~~~~ V~~~~~on Remarks 
—

~~~~~~~~~~~

March 27 I X X X 47 . I -- - - - -  None C A IA  was not opei-at ional du ring this flight . [
A pril 2 2 X 37 . 4  1 0 100. 0 CA P A failed.

May 2 3 X X X 58. I 2 8 86 . 4 Ground speed too slow : left AGC too h i gh .

May 3 4 X X X 7 1 . 5  2 6 84.6  SLit f i lm  runout : lit p itc h l imit  exceeded ( I ) .

May 8 5 X X % 72. 3 1 3 90. 6 SLit BIT switch in “ T PWR ” .

May 21 6  X X 82. 3 0 0 80. 0

May 22 7 -. X X 73. 9 0 1 100. 0

May 23 7A  X X 93. 0 0 2 81.8

May 23 8  X X 82 . 2  0 2 1 00. 0

May 27 8A -—— X X 96. 7 0 3 81.3

June 4 9 X X X 88. 6 1 5 97 . 3  Bad left 1. F. tube.

Jun e 6 9A X 33. 0 I 0 1 00. 0 SLit recorder control disconnected .

Ju ne 14 10 X X X 2 1 . 6  8 2 85. 3 K S72 disconnected; lit 2 . 5 vd c; SLit saturate d (4) :
SLit BIT switch in “ T PWR : r ight AGC too high .

June 20 I I  X X .-. 78. 0 2 6 94.~ SLR film runout ; SLit BIT switch in T PWR ’ .

Jun . 20 12 X X X 88. 3 1 6 90. 5 SLR film run out .

June 25 13 X X - -— 68. 4 1 0 87.5 SLit pressure leak.

June 26 14 X X X 76. 7 1 3 88. 9 SLit film runout .

June 26 15 X X --- 7 1 .2  6 I 66. 3 SLR saturate (2 ) ; roll limit  exceeded (3) :  lit cool-
down failure.

June 27 16 X X — — . 91. I 10 5 97 . 3  SLit saturate (3);  roll limit exceeded (7) .

June 27 17 X X --- 54 . 9  I 1 100. 0 SLit standby not selected.

July 1 l7A .-- X X 53.4 0 0 85. 7

Ju ly 26 18 X X - -- 89. 7 1 I 85. 7 SLit CB 337 open.

July 26 19 X X . -- 52. 1 2 2 88. 0 SLit saturate (2).

July 29 20 X ~. X 62 . 2 2 3 100. 0 SLit BIT switch in L CRT u ; SLit roll l imit
exceeded ( I ) .

August I 21 X x - - - 90. 6 1 14 83. 4 lit pitch limit exceeded ( I I .

AuguSt 1 22 X X .-- 58. 3 1 4 96. 8 SLit saturate.

August 2 23 X X X 61. 4  4 11 92 . 0 lit 2 .5  vdc (3) ;  SLit 140 MH z ( I ) .

AuguSt 2 24 X X X 56. 4 3 3 1 00. 0 lit 2 . 5 vdc ( 3) .

Augus t 7 25 X X X 83. 3 2 
- 

6 97 . 8  III cool-dow n ( I ) .  lit power fail- induced ( I l .

September 16 26 X 25. 0 2 0 100. 0 Sl.R frequen cy con verter tran smIt ter ( I  )~
______________ __________ _________ 

K S72_discon nected.

‘All dates are 1068. - g
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~ Table II. Abnormal Operating Condit ions

Li 
~~~~ Condit ion Degradation 1)etectcd

~~ May 8 SLR BIT switch in “ T PWR posit ion None Yes

June 14 KS72 test cable disconnected None Yes

June 14 SLR BIT switch in “T PWR” posit ion None Yes

• June 20 SLR BIT switch in “ T PWR’ pos it ion None Yes

Jul y 29 SLR BIT sw itch in “ L CRT ” position None Yes

sAil dates are 1968.

0 
-

Table III. Malfunctions Requiring Hardware Repair

Maintenance Required Degradation 
1fletectedg SR..:. ~ A djust left antenna switch ~cm None No

May 9 Repair intermtttent saturate relay Slight No

U May 9 Adjust video clutterloc k gain Moderate Yes

June 6 Connect recorder control Severe Yes

~~ June 13 A djust focus - Slight No

June 13 Replace left I. F. tu be Moderate Yes

June 17 Adjust video clutterlock Moderat e Yes

~~ June 17 Replace sel(.verification assemb ly None No

June 17 Replace left chirp netwo rk - Slight No

June 25 Repair pressure leak Severe Yes • -

August 2 No IR 2. 5 vdc (induced 3 times flight 23) Severe Yes

August 2 SL.R-indu ced failure (3 tim es flight 23 ) Severe Yes - •

I 
. Augu st 2 No lR 2. 5 vdc (induced ~ times (light 24) Severe Yes

Augus t 7 IR power failure (induce d) Severe Yes

Augu st 7 SLR- indu ced failure (2 times flight 24 ) Severe Yes

~~ August 7 SLR referenc e computer failure 140-MHz pulse Severe Yes

Sept 16 SLR frequency converter transmitte r failure Severe Yes

~~ 
5A11 dates are 1968.

- .
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Table IV. Malfunct ion Not Requiring Hardware Repair C
— 

Malfunc tion Degradation Detected

May 2 Groun d speed too slow Slight Yes

May 3 SLR film runout Severe Yes
May 3 lB pitch limit exceeded Moderate Yes
May 8 lB pitch limit exceeded Moderate Yes
May 27 lB pitch limit exceeded Modera te Yes
June 14 SLIt saturate (3 times ) Slight Yes
June 14 IR 2. 5 vd c out .of -tolerance Severe Yes
June 20 lB 2. 5 vdc out .of .to lerance (50 minutes) None Yes
June 20 lIt 2. 5 vdc out-o f-tolerance (62 minutes) None Yes
June 20 SLR film runout (flight 11) 

- 
Severe Yes

June 20 SLR film runou t (flight 12) Severe Yes
June 26 SLR film runout Severe Yes
June 26 SLIt saturate (2 times) Slight Yes
June 26 SLR roll lim it exceeded (3 times ) Moderate Yes -

•

June 26 lIt momentary cool -dow n failure Severe Yes
• June 27 IR 2. 5 vdc out-of -tolerance (50 minutes) None Yes

June 27 SLR saturate (3 times) Slight Yes
June 27 SLIt roll limit exceeded (7 times) Moderate Yes
June 27 SLIt standby not selected Severe Yes
Ju ly 26 No SLR 14/28 vsc (CB 337 . flight 18) Slight Yes

August 1 SLR saturate (flIght 22) Slight Yes

Aug ust 1 lB pitch limit exceeded (fli ghts 21 and 22) Moderate Yes
Augus t 7 lIt cool-down failure (secondary . induced) Severe Yes

Sept . 16 KS72 camera d isconnected Severe Yes

5Al) dates are 1968.

I .  . a
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Flight Line Maintenance Time

The t ime spent at the RF4C flight line consumed 8 hours or less 80 perce nt

U - of the time. The model also used a fli ght line maintenance t ime of 8 hours
or less 80 percent of the time.

- Improvement in Flight Line Maintenance Time

The improvement in flight line maintenance t ime due to false removals
U alone was 21. 6 percent U. e., from 37 hours to 29 hours) . The model

simulated this improvement by the increase in effect ive MTBF (previously
di scussed) . Estimates for the amount of t ime pot ent ially saved at the flight

£4 line due to the diagnostic ability of the CA PA y ield s an addi t ional savin g of
25. 7 percent . The total pot ent ial line time saving is thus 47 . 3 pe rcent due
to the CA PA-induced decrease in false removals and to the speedup in

- detecting the malfunctioning unit .

Bench Repair Time Improvement

U The bench repair t ime due to false removals comprised 14. 6 percent of
the total bench repair time; this represent s a potent ial savings if the

~ CA PA were used to pinpoint actual failures. The model did not simulat e
- bench ~. cp~~ti t ime to a large extent , ~ iiiee ic nad no effect on airera~i.

availabil ity, as the spares level was sufficient to fulfill all maintenance
demands. However , in a practical situation such a savings (14 . 6 percent )
could well mean a sizable reduction in spares required to support a given
number of aircraft .

3 TEST FLIGHT SUMMARIES 
-

~ CA PA Test Flight 1 (27 March 1968) -

The CA PA central processor was not operational during this flight . ON
times for this flight were as follows:

CA PA : 47 .1 minutes
Camera : Unknow n

- SLR: Unknow n
IR: Unknow n

CA PA Test Flight 2 (2 ~tpr i l  1968)

The CA PA self-test correctly indicated that a portion of the central pro-
cessor circuitry was not operat ing properly dur ing  this flight and termin-
ated fur ther  testing of the aircraft systems. The CAPA was returned to

- ‘ 

Minneapolis for adjustment follow ing this flight .
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ON times for this flig ht were as follows:

CAPA : 37 .4  m inutes
Camera: Unknow n
SLR: Unknow n
IR: Unknow n

CAPA Test Flight 3 (2 May 1968) -

The CAPA indicated that the aircraft was flying slower than the limit s
established for the SLR during the dat a gathering phase of the program.
It also indicated an excessive left automat ic gain control (AGC) signal ,
which was corrected by an adjustment to the SLR on 9 May.

ON times for this flight were as follows:

CAPA : 44. 5 minutes
Camera: 44. 5 minutes
SLR: 36. 2 minutes
IR: 44. 5 minutes

U
- CA PA Test Flight 4 (3 May 1968) 

- 
-

The CAPA correctly indicated that the SLR fil m had stopped running during
this flight . It also confirmed the SLR AGC failure detected during flight 3.
The IR pitch limit s were exceeded during this flight , and this violat ion was
indicated by the CAPA .

ON times for this flight were as follows:

CAPA : 70. 5 minutes
Camera: 70. 5 minutes
SLR: 43. 2 minutes
IR: 70. 5 minutes - 

-

CAPA Test Flight 5 (8 May 1968) a
The CA PA correctly indicated that the RF Power Monitor signal -was
absent . This was caused by the BIT (built - in test ) select sw itch being in
the “T PWR” posit ion , t hus effec t ively grounding the test point throug h t he
BiT meter.

ON times for this flight were as follows:

CAPA : 72 .3 minutes
Camera : 56 . 4 minutes
SL1( : 35. 4 minutes  -

IR: 47 . 2 minutes  -
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CAPA Test Flight 6 (2 1 May 1968)

No significant event s occurred or were indicated by the CA PA during this
• • flight .

ON times for this flight were as follows:

CAPA : 82 .3 minutes
Camera: 82 . 3 m inutes

FT SLR : 0. 0 minutes
IR: 78 . 9 minutes

CAPA Test Flight 7 (22 May 1968)

No significant event s occurred or were indicated by the CAPA during this
flight .

ON times for this flight were as follows:

CAPA : 72 . O minutes
Camera: 72 . 0 minutes

• SLR: 0. 0 minutes
IR: 64. 6 minutes

CA PA Test Flight 7A (23 May 1968)

No significant event s occurred or were indicated by the CA PA during this
flight .

ON times for this flight were as follows: —

CA PA : 92. 0 minutes
‘1 Camera: 92 . 0 minutes

SLR: 0. 0 minutes
IR: 79. 3 minutes

CAPA Test Flight 8 (23 May 1968)

No significant event s occurred or were indicated by the CA PA during this
fli ght .

ON t imes for this flight were as follows:

CAPA : 63. 0 minutes
Camera : 0. 0 minutes

- SLR : 0. 0 minutes
IR 63. 0 minutes - 

.
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CAPA Test Flight 8A (27 May 1968)

No LRU failures were detected by the CJ~tPA durin g this flight ; however,
the CA PA did indicat e very errat ic conditions on the IR 2. 5-vdc power
supply test point .

ON times for this flight were as follows: 
-

CAPA : 94. 0 minutes -

Camera: 94. 0 minutes -

SLR: 0. 0 minutes
IR: 92. 0 minutes

CAPA Test Flight 9 (4 June 1968)

The CAPA indicated that the Video “A ” signal was too low. This condition
- •  was caused by a weak intermediate frequency amplifier tube which was

replaced on 13 June , thereby improving the quality of the SLR film . The
2. 5-vdc signal which was erratic in flight 8A was more stable during this
flight , but the nom inal voltage appeared to have been shifted downward by
approximat ely 0. 25 volt .

The ON times for this flight were as follows:

CA FA . 83. 6 minutes
Camera: 88. 6 minutes
SLR: 29. 3 minutes - -

IR: 56. 0 minutes

• CAPA Test Flight 9A (6 June 1968) -

The CAPA correctly indicated that the SLR was unable to become ready
during this flight because of a disconnected SLR recorder control cable.

ON times for this flight were as follows:

CAPA: 33. O minutes
Camera: 0. 0 minutes
SLR: 0. 0 minutes
IR: 0. 0 minutes 0

CA PA Test Flight 10 (14 June 1968)

The CA PA correctly indicated that the KS72 camera/CAPA interface cable
was disconnected. The CAPA also indicated that the SLR integrat ing
capac itors had saturated four t imes and that the SLR BIT select sw itch
was in the “T PWR ” posit ion , which effectively grounded the test point
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- through the BIT meter. A malfunction in the SLR right AGC circuitry was
also indicated by the CA PA . This c ircuitry was adjusted on 17 June , and
the problem did not reappear thereafter. The IR 2 . 5-vdc signal was out-

U of-tolerance throughout most of the flight . This caused severe degradation
of the IR film.

• ON times for this flight were as follows:

CA PA : 21. 0 minutes
Camera : Unknow n
SLR: 17. 0 minutes
1R: 14. 8 minutes

CA PA Test Flight 11 (20 June 1968)

The CAPA correctly indicated that the SLR film had a film runout during
this flight and that the SLR RF Power Monitor signal was absent because
the BIT selector switch was in the “T PWR” posit ion.

ON times for this flight were as follows: 
-

CAPA : 78. 0 minutes
Camera: 0. 0 minutes - 

-

• U - 
29. 6 minutes

IR: 76. 2 minutes

CA PA Test Flig~it 12 (20 June 1968)

9 The CAPA correctly ident ified a SLR film runout during this flight .

ON times for this flight were as follows:

CAPA : 88. 3 minutes
Camera: 88. 3 minutes
SLR: 49. 7 minutes

I] 
IR: 76. 1 minutes

CAPA Test Flight 13 (25 June 1968)

The CAPA correctly indicated that the SLIt was unable to become ready.

3 
This was confirmed by post-flight serv icing which discovered and repaired
an SLR pressure leak.

ON times for this flight were as follows:a - . 

-

- 
- -
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CAPA : 68. 4 minutes
Camera : 0. 0 minutes
SLR: 0. 0 minutes
IR: 17 .9 minutes

CAPA Test Flight 14 (26 June 1968)

The CA PA correctly identified an SLR film runout during this flight. U
ON times for this flight were as follows:

CAPA : 95. 0 minutes
Camera: 76. 5 minutes
SLR: 32. 5 minutes
IR: 75. 3 minutes

CAPA Test Flight 15 (26 June 1968)

The CAPA correctly indicated that the SLR integrating capac itors had
become saturated two times and that the aircraft had exceeded the SLR
roll limit s three times. The CAPA also indicated that the lIt had not
cooled down until 4. 2 minutes after the pilot had enabled the IR.

ON timoc for thic flight were as fol1o~~~. 
-

CAPA : 71.0 minutes
Camera: 0. 0 minutes
SLR: 34. 6 minutes
IR: 2 . 3 minutes

CA PA Test Flight 16 (27 June 1968)

The CAPA correctly indicated an SLR saturat e condition three times and
that the SLIt roll limit s were exceeded seven times.

ON times for this flight were as follows: Q
CA PA : 91.0 minutes
Camera : 0. 0 minutes
SLR: 43. 0 minutes
IR: 24. 7 minutes

CA PA Test Flight 17 (27 June 1968) - 0
The CA PA correctly indicated that the SLR was not operated during the
entire , fl ight. .

48 
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ON times for this flight were as follows:

CA PA : 54. 7 minutes
Camera: 0. 0 minutes
SLR: 0. 0 minutes
IR: 12. 1 minutes

~1lii
- CA PA Test Flight 17A (1 July 1968)

3 No significant event s occurred or were indic ated by the CAPA during this
flight .

F ON times for this flight were as follows:

CAPA : 53.4 minutes
1 Camera: 53. 4 minutes

SLR: 0. 0 minutes
IR: 53.4 minutes

CAPA Test Flight 18 (26 July 1968)

The CAPA correctly indicated that the SLR 14/2 8-vac indicator voltage
was ~~~~~~ Since this is a requi~ ~~~~~ ~or complet e operation ~f t~;c
SLR, the SLR was not considered to be ready ; however , the SLR was
operated without the indicator lights. Severe near-range washout on the

- I film was probably caused by saturation which was not indicated on the
pilot’ s control panel because of the absense of the 14 and 28 volt s ac.

ON times for this flight were as follows:

CAPA : 89. 7 minutes
Camera: 0. 0 minutes

J SLR: 5. 3 minutes
IR: 89. 7 minutes

CAPA Test Flight 19 (26 July 1968)
- The CA PA correctly identified an SLR saturat e cond it ion during this f l ight .

ON times for this flight were as follows:

ft CA PA : 52 . 1 minutes
‘4 Camera : 0. 0 minutes

SLR : 29 . 6 minutes
IR: 9. 3 minutes
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~ APA Test Flight 20 (29 July 1968)

During this flight , the CA PA correctly indic ated that the SLR roll limit s
had been exceeded and that the BIT select sw itch was in the “ L CRT ”
position, thus degrading the signal at the test point .

ON times for this flight were as follows: 
-

CA PA : 62 . 2 minutes
Camera: 62 . 2 minutes
SLIt: 26. 2 minutes
IR: 61. 8 minutes

CAPA Test Flight 21 (1 August 1968)

The CA PA correctly indicated that the IR pitch limit had been exceeded
dur ing this flight .

ON times for this flight were as follows:

CAPA : 90. 6 minutes -

Camera: 0. 0 minutes
SLR: 64 . 0 minutes
IR: 34 . 8 minutes - 

- -

CAPA Test Flight 22 (1 August 1968)

The CAPA correctly indicated that the SLR had become saturated dur ing
this flight . 

-

ON times for this flight were as follows:

CAPA : 58.3  minutes
Camera: 0. 0 minutes -

SLIt: 15.6 minutes
IR: 34. 8 minutes -

CAPA Test Flight 23 (2 August 1968)

During this flight , the CAPA correctly ident ified three blank spaces on the
SLIt film due to pilot-induced fa ilures. Also during this flight , the CAPA
correctly ident ified three failures induced in the JR.

ON times for this fl i ght were as follows:

I
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CAPA : 67 .4  minutes
Camera: 66. 7 minutes
SLIt: 27. 5 minutes

- IR: 57. 3 minutes

CAPA Test Flight 24 (2 August 1968)

The CA PA correctly identified three pilot-induced failures in the IR during
this flight . It also indicated two blank spaces on the SLR film due to pilot-
induced fa ilures. It further indicated that the second pilot-induced failure
was not corrected for the duration of the fl ight , probably because of a real
failure propagated by the pilot-induced failure.

• ON times for this flight were as follows:

fl CAPA : 56. 4 minutes
U Camera: 56. 4 minutes

SLR: 16 . 1 minutes -

IR: 28 .2 minutes

CAPA Test Flight 25 (7 August 1968)

fl During this flight , the CAPA indicated a power failure which was induced
in the IR. It also indicated a subsequent cool-down failure result ing from
the induced power failure. The CAPA also confirmed the failure detected

U in flight 24 , indicated by the absence of the 1 40-MH z pulse. The indica-
tion was confirmed by a complet e absence of images on the SLR film for
the ent ire flight .

ii ON times for this flight were as follows:

Ft CAPA : 83.3 minutes

U Camera: 83. 3 minutes
SLR: 23. 6 minutes
IR: 3. 7 minutes -

CAPA Test Flight 26 (16 September 1968)

During this flight , the CA PA correctly indicated that the SLIt frequency
converter transmitter had failed and that the KS72 camera/CAPA interface
cable was disconnected.

ON times for this flight were as follows:

CAPA : 25 . 0 minutes
U Camera : Unknow n

SLR: 12. 1 minutes
- IR: 0. 0 minutes 
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APPENDIX VI

OPERATIONAL BENEFITS

A mathematical study of the impact of CAPA on operational and economic
factors was performed using a model called PLANET (Planned Anal ysis
and Evaluation Technique) . The basic purpose of this stud y was to dup-
licate a real-life situation with a computer so that changes to the situa-
tion could readily be studied. Within reason , the model reflects real-
life experience. An exact analog with real life is not necessary. how-
ever , since normally only changes to a nominal situation are being inves-
tigated; the “relative” effect of changes may be studied even though the
“absolute” base might not be quite right .

The validation and verification of the model are discussed in the para-
graphs that follow.

SCENA RIO

• The scenario considered represents a short -term span of intensified E
reconnaissance activ ity. The maximum usage scenario was selected for
the following reasons: - 

-

• The effects due to the Central Airborne Performance
Analyzer (CAPA ) are more readily determined by analyzing
the scenario selected.

• The result s from the study are representative of the result s
which would be achieved if other scenarios were studied.

• The result s, with scaling, apply qu ite well to any quick-
response reconnaissance concepts. —

The scenario selected represents a satisfactory framework for evalu ating 1
the effectiveness of a CA PA system; the result s obtained are believed to
accurately reflect tactical experience in other scenarios.

FAILURE RA TES

All maintenance actions for the RF4C aircraft were considered at the two-
and three-digit work unit code level so that the “ fine-grain” structure of
maintenance could be considered. The int ent in the study model was to
duplicat e, as closely as possible , the number (and type , in general) of
failures and maintenance actions which might  be expected during real life
for each work unit CI~~L C .  Data for approx imately 240 RF4C aircraft over
six months of operat : ri (50 , 911 flight hours) was taken as representative.
The model, over 1326 simulated flight hours , duplicated these real-lif e
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U :
- . failure rates with a correlat ion coefficient of 0. 78 over 30 work unit

U 
codes, as shown in Figure 15. This correlation is considered to be- - 
excellent, and suggests that the maintenance actions being performed on
each aircraft in the model quit e accurately reflect real-life maintenance
experience.
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Figure 15. Comparison of AFM 66- 1 Reliability by Work Unit
Code with Model Result s

In Table V , ‘ note the specific agreement between the model and AFM 66-1
• experience.
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Table V. Comparison of F1ir~ht Line Maintenance Man-Hours  Per
Flight ILour (MM LI / 1’ lJ) ,  AF ’ M 66-1 and Model

Nonre.~ innaissance Reconnaissance Total
Source 

~~~~~~ [ 
_________ 

~~~ M M I I / F 1f  
~~~~~~~ ~ 

M M H/ F l I

Study no. 1 656 5. 97 656 2 . 44 656 8. 41

Stud y no. 2 670 5. 65 656 2. 44 670 8. 09

Total 1, 326 5.81 1. 312 2 .44  1, 326 8. 25 1
AFM 66 -1 50, 911 5. 96 50, 911 2-~ 70a 50, 911 8. 66

a2 20 from AFM 66 -1 ±0. 50 estimated for nonreported systems. 
-

____________
Comparison Basis --

Two complete studies were made with the input dat a changed as described
earlier. Each study ran for approximately 100 minutes on a CDC 3600
digital computer and used most of the 131 , 000 words of core memory
available. With approximately the same running time , the model simu-
lated four days and seven day s of operation b r  studies 1 and 2 respectiveiy 

—

(without CAPA , and CAPA on six systems) due to respectively fewer
failures per flight .

The first three days of flight s were taken as a basis for comparing the
effect of the CA PA over the two studies . This represented 762 scheduled
flight hours per study. Tests to determine the reliability of the dat a
output , like the comparison with AF~v1 66-1 show n previously, indicat e
that these limited computer runs do produce dat a that can be validly
extrapolated.

Study Result s

The computer study outputs were analyzed in detail for each study to
obtain as much information as possible and to make comparisons between
studies. This section present s the result s of this analysis.

AVAILA BILITY

Airborne performance analysis and fault-iso]ation (with CAPA ) affect s
two parameters which ult imately influence aircraft  availability :

54
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• • Greater in-flight effective reliability of monitored systems
- results in less maintenance, quicker turnaround.

U - 

• Decreased maintenance time for monitored systems (due
to automatic fault -isolat ion during flight ) results in more
rapid turnaround.

The effect of the CAPA on aircraft availability was invest igated by deter-
mining the percentage of scheduled flights flown as a function of wing size
for the two simulat ions. Figure 16 present s this data.

J NOTE:
STUDY NO. I - WITHOUT CAPA
STUDY NO. 2 - CAPA ON 6 RECON

SYSTEMS

J 90

,,7

H 

I :

U 
NUMBER OF AIRCRAFT IN WING

Figure 16. A ircraft Availability versus Wing Size (St u dy Results)

From T’igure 16 it may be seen that the availability of a 55-aircraft wing
equip~.~ d with the CA PA is equal to the availability of a 60-aircraft  w ing
not equipped with the CA PA. At the 40-aircraft  wing level , the improv e-
ment in availability is more dramatic; i. e. , 34 CA PA-equipped aircraft

fl are the equivalent of 40 non-CA PA-equ ipped aircraft .



— ______________

L
r

A quick-response reconnaissance squadron of six RF4C aircraft was
suggested, where six aircraft and associated support equipment would be
ready to fly int o any suitable base to provide a rapid reconnaissance capa-
bility for that base . Although not explicitly studied , the results of this
study indicat e that the same reconnaissance coverage might be achieved
with a squadron of only five RF4C aircraft equipped with a CAPA system,

• or a significant improvement in operational effectiveness if six aircraft
are used.

MANPOWER REQUIREMENTS

The flight line maintenance manpower requirements for the RF4C were
divided into 15 different manpower types, described by their Air  Force
specialty codes (AFSC ). Of these 15 types , 12 are associated w ith work -

unit codes not affected by a CAPA system (i. e., nonreconnaissance sys-
tems). These are used to study the variability of the model between
studies, since the tasks they perform are not changed between studies.
Three of the manpower types are connected with reconnaissance systems
and do change between studies.

Utilization

Table VI present s manpower utilization by AF~ C during the first threo
days of the two studies conducted. It is apparent that considerable day -
to-day variat ion in manpower utilization exists, due to the random nature
of the failures which generate the maintenance demands. This table in-
cludes the effect of task flexibilit y of some of the personnel types, and thus
direct comparison with failure type cannot be made.

Table VII presents a more meaningful summary of the man-hours re-
quired. It is apparent that although daily variations are present , the
overall results are consistent (nonreconnaissance systems). From this
table the effect of the CA PA on maintenance man-hours per flight hour
(MMH/FH) for the reconnaissance system can be seen, wit h a 51 percent
reduction between studies 1 and 2 (2 . 44 to 1. 20) . The f igures in Table VII
are directly related to flight hours and indicat e the effect of reduced fli ght
line maintenance time on the systems monitored by a CA PA system. The
data may be considered to be independent of the particular scenario chosen.

SPA RE S ii
For simplic ity, the studies assumed that a spare was required for each
maintenance action, and sufficient spares were provided so that an out-of-
spares condition (requirin g the aircraft  to sit idle until  available) would
not occur. As can be seen , this assumption is the same as if no spare
were required in terms of maintenance action , but allows a study of

56 U



- • --~~- --- -- • • ~~~~~~~~~ - ___________________________
•r.r7~’— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~1-

~~ J

S Table VI . Daily Manpower Ut ilization by AFSC -

Dail y Man power Utilization Hate
— Ava ilable

Descrip tion AFSC Stud y No . 1 Stud y No . 2 b

• ‘1 _____________________ 
____________ 

Day I Day 2 Day 3 Day 1 [ Day 2 Day 3 Shift

- 
4 3 1 x 1 0.40 0. 43 0. 59 0. 38 0. 62 0. 56 20
424 x 0 0. 06 0. 41 0. 44 0. 12 0. 27 0. 24 8

422 x 3 0. 64 0. 59 0. 81 0. 52 0. 66 0. 63 10
j  432 x 0 0. 12 0. 41 0. 17 0. 14 0. 38 0. 36 9

423 x 2 0. 06 0. 41 0. 44 0. 12 0. 27 0. 24 8
Nonreco nnaissance 423 ~ 0 0. 60 0. 72 0. 90 0. 72 0. 92 0. 77 10

42 1 x 2 0. 55 0. 71 0. 95 0. 66 0. 79 0. 72 10

422 x 1 0. 14 0. 61 0. 44 0. 08 0. 36 0 .42 6

422 x 2 0. 09 0. 58 0. 75 0. 29 0. 36 0. 99 6

J 
4 3 1 x 0  0 . 4 1  0. 42 0. 47 0. 29 0. 50 0.49 10

325 x 0 0. 26 0. 75 0. 96 0. 20 0. 17 0. 05 4
422 x 0 0. 27 0. 60 0. 42 0. 30 0. 68 0. 53 10

I I I
301 x 4 0.45 0. 71 0. 84 0. 29 0. 5 1 0. 33 24

Reconna is:ance 301 x 3 0. 00 0. 65 0. 18 0. 02 0. 03 0. 07 2

402 x 0 0. 37 0. 47 0. 53 0. 13 0. 17 0. 21 14

aW.thOUt CA PA.
b
Wjth CAPA on six recon systems.

Table VII. Flight Line Maintenance Man-Hours (Stu dy Results)

a Flight M an-Hours MMII! Fil
Source i i r Tours Nonrocon Recon I Total j  Nonr econ Recon Total

Study no. l~ 656 3919. 40 1587 . 51 5506. 91 5. 97 2 . 4 4  8 . 4 1

L.l Study no. 2b 670 3790. 30 802 . 83 4593. 13 5. 65 1. 20 6. 85

5Without CAPA

U CAPA on six recon systems.

U 41, ,
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U
spares flow required to support each type of maintenance action. (These
spares are line replaceable units and should not be related to module or -

subassembly-type spares.)

It is apparent that some spares provisioning is required (or cannibalizc-
tion) for max imum aircraft ut ilization. It is not economically sound to have
highly expensive RF4C aircraft idle , await ing shop repair of some system
because a spare was unavailable; in effect , the spare at that point is worth -

the cost of an aircraft . On the other hand , full provisioning of spares is
also prohibit ively expensive and cl iSficult to achieve logistically in the field.
In practice, some comprom ise solution is generally used which is more
practical than opt imum.

The daily spares requirement for each work un~ code was analyzed to
determ ine the minimum number of spares which would have been required Uto maintain a high degree of aircraft utilization (i. e., very low NORS
rate). Figure 17 is a plot of this data from the simulation output s, show ing
the relat ionship between required spares level and MTBF used for the -

study. Not e that these result s apply onlj  to the arbitrary 12-48 hour
spares repair time used for the study and are not a true reflection of actual
wing spares req~.iirements. A lso, these spares quantities reflect total
spares by system, and subsystems are not individually identifiable.

200 
- 

1 14

100

E

0 ~ 1~3 25 510 100 200 U
RELIA BILITY (MTBF, HOURS)

U
Figure 17 . Spares Requirements versus MTBF -- Systems

Not Tested by CAPA . 
S

58 

.  

U

~

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5- — 



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

9
U Figure 18 illustrates the effect of a CA PA system on the required spares

S . level from the study result s, show ing the spares required versus MT I3F’
with and without a CAPA system. A CAPA system has two effects on

U - spares level : (1) through an overall increase in reliability of a sensor due
to CAPA , fewer maintenance actions are required; (2 ) As discussed
earlier , shop repair time may sometimes be reduced.

- 200

WI TH OUT -

S CAPA
0 \

.1 ~~~~5O

~~~25

..

U. WITH” \~ •

i ~~~io CA PA

~~~~~~~~~~A
.

2 AW ITH CAPA \ A

‘ WITHOUT CAPA

U 10 2 5 .  50 100 200

~~ RELIABILITY (MTBF , HO URS)

Figure 18. Spares Requirement s versus MTBF -- Systems
Tested by CAPA

The stu dy results presented in F igure 18 suggest that the effect of the
CAPA on a system is to reduce the required line replaceable unit (LRU )
spares level by 50 percent.

U MISSION EFFECTIVENESS

In the scenario studied , 127 missions per day, consist ing of 13 different
configurat ions of sensors, were scheduled for the wing. These configura-
tions of sensors fall int o three basic categories:
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• Daylight photographic missions

a) Low-alt itude

b) High-altitude

• Night reconnaissance missions

a) Photographic and IR

b) IR only I
• Side-looking radar missions

(ECM or ELIN T missions were not considered. )

IN-FLIGHT RELIA BILIT Y

S 
As discussed prev iously, sensor in-flight reliability is increased due to a
CAPA system increasing overall miss-ion effectiveness. Table VIII sum-
marizes mission effectiveness changes due to the CAPA , as determined
from the two studies cor~’1ucted . In determining mission effect iveness , the
following assumptions were used: S

• Only sensor and sensor control failures were considered
(work unit codes 77 and 734) . Although the forward-looking
radar (FLR), inertial navigation system (INS), and ELRAC
influence mission effectiveness and were studied as candi-
dates for testing by the CAPA , their failures were not con-
sidered because of the uncertainty regarding their effect on
the mission. Hence , the improvement shown due to the
CAPA is conservative.

• A mission was considered fully successful if no sensor
failure occurred during the mission.

• A mission was considered partially successful if at least
one sensor (and control system if applicable) did not fail
during the mission.

• A mission was considered a failure if no sensor information
was obtained.

From Figure 19 the follow ing conclusions may be drawn:

• The greatest improvement in mission effectiveness due to
the CA PA is found during side-looking radar (SLR) missions S

with an increase in effect iveness of 25 percent between studies
I (without CAPA ) and 2 (with CAI ’A) . S

60 

~~~~~~~~~~~~~~~~~~~~~ —— - - - - —S-- ~ ~~—---- ~~~~~ ----S- S S• • • S • - • • - • • - • S - • • • - S S S • S .



5 5 - . 
~~~~~~~~~~~~~~~~~~~~~ 

—.. —.-.- --------- S 
~~~~ _~~_ ~~~~~~~~~~~~~~~~~~~~

U

Table VIII . Mission Effect ivcness Summary (Study Results)

Si ___________ __________ __________ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

Night M i ssions fta yJigbI Missions SLIt Missions Composite

Desc ript ion Study Study b Study Stud y b Stud y Study Study Study

1 No . 1’ No . 2 No . l ’ No . 2 . No . 1 ’ No . 2 b No. 1a ~~

Fli ght s sche duled 138 138 189 189 36 36 363 3 5 3

Flights flown 13 1 135 162 170 35 34 328 339

(%) (95%) (98%) (86%) (90%) (97%) (94%) (90%) (93%)

Fully successful 77 89 97 110 12 20 186 219

(%) (59%) (66%) (60%) (65%) (34%) (59%) (57%) (65% )
S 

Partially successful 35 32 50 44 - . 85 76

(%) (27%) (24%) (31%) (26%) - - (26%) (22%)

Q Fa ilure 19 14 15 15 2 3 14 57 43

(%) (14%) (10%) (9%) (9%) (66%) (41%) (17%) (13%)

5Wj th out CAPA .
bWj th CAPA on six recon systems.

2 

.

~~100 100S ..j NIGHT MISSIONS DAYLIGHT MISSIONS
U. (PHOTO/1R & .~ fl~J~ V~I (PHOTOGRAPHIC ONLY)
2

~~ 5 0 f l  Sc fl
• 

S 

~~~~~~~~~~~~~~~~~~~~~~
~~~~ 

FUU.Y PSRTIAUY FAILURE FULLY PeP1IALLY FAILURE
~JCCESSFUL ~jCCESSFLL. 9JCcESSRA. SUCCESSFUL

2

~~ 100 lOC
.5 SLR MISSIONS 

k~~~~LONS

II ~~5C fl SI

- 

S j O l  tin 0 flHn n~U FULLY FMU.~~ FULLY P*RTIALLY FAILURE

121 SLC~~SSF1L SUCC~~~ %L

fl ST UDY STUDY
11 NO. 1 NO. 2
IJ (WITHOU T (WITH

(CAPAI CAPA ) S

Q Figure 1 .  Mission Effect iveness Summary -- CA PA versus N on-
S CA PA (St u dy Results) S
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• The presence of the CA PA during daylight photographic mis-
sion increases the percentage of fully successful mis sions
by six to 11 percent , although no decrease in total failure
rat e was found.

S 

• Night reconnaissance missions experienced both a five- to
seven-percent increase in fully successful missions and a

S one- to four-percent reduction in total failure rate. I
S • Considering all missions, the percentage of fully successful

missions increased from ~)7 percent without the CAPA to 65
to 66 percent wit h the CA PA , and the total failure rat e dropped

S from 17 percent to 13 to 14 percent . That is:

a) Without the CA PA , 83 percent of the recon-
naissance missions were partially or fully
successful.

b) With the CAPA on six s~ stems, 87 percent of
the missions were partially or fully successful.

S 

Table VIII summarizes the mission effectiveness dat a presented in Figure I

LINE TEST AND SUPPORT EQUIPMENT

The CAPA system serves functionally as an on-board test and checkout
system 1 and its use on a part icular sensor or system ideally result s in
eliminating the need for flight line test equipment , although such equipment
is still necessary during periodic inspections. The studies were con-
structed so that the demand on support equipment generated by maintenance
requests could be investigated. The model assumed 1 0 test sets of each
type to be available, so that a delay due to this cause would not occur and

S confuse other areas of interest. The daily demand for test equipment was -
evaluated for the two studies conducted , to estimate the minimum number
of equipment s of each type which would have been required to avoid signifi-
cant delays. Evaluation result s are presented in T able IX. These result s
are not valid for detailed comparison due to wide day-to-day variations ,
the elimination of periodic inspection, ground support equipment (GSE ) re-
quirement s, and because insufficient data was available for a good com-
parison. The data is presented for interest only.

The tentat ive result s presented in Table 1X indicat e that with a CAPA testing
six systems , an 83-percent reduction in flight line test equipment may be
possible compared w ith that required without a CA PA .
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Table LX. Maintenance Equi pment Requirement s

Nurnb- r o f Ti’st S ’ts Iloqu i red
Test Equipment

U Study No. i aJ Stu dy No. 2 
1)

IR analyzer 1 0

F FLU analyzer 3

D 
SLR analyzer 4

ELRAC analyzer 1 0

camera a flalyzer C 9 0

INS analyz er 6 2

Total 24 4

5Wlthout CAPA .
bWlth CAPA on six re con syst ems.

fl CModel assumed one needed for each camera maintenance
action , without CA PA .

OTHER PARA METERS 
-

Failures Per Flight

- ThrougnouT the studies conducted , an c tv t ~i age of 2 .2  in-flight fail~ rc~ ;~ r
flight occurred (all work unit codes) . F igure 20 summarizes the number
of failures during flight . Not e that only eight percent of the flight s did not

U require maintenance action upon landing.

fl STUDY STUDY COMBINED
NO. 1 NO. 2 (ALL FLIGHTS)

30 (WITHOUT CAPA) (WITH çAPA)

- 2

~~~25

U. -

~~~20
0

•
~~~15

~~~iO

II ~~~- ~~~~~0 1 2 3 4 5  0 1 2 3 4 5 6  0 1 2 3 4 5 6

~~ NUMBER OF FAILURES PER FLIGHT

Figure 20. Number  of Failures Per Flight
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Turnaround Time

One of the primary effects of a CA PA syst em is that flight line maintenance —

time is reduced , and aircraft may thus be returned to service more rap idJy.  S

In the two studies conducted , the average turnaround t ime was 11. 1 hours
and 9. 1 hours respectively for studies 1 and 2 , thus illustrating how a S

CAPA system may reduce turnaround t ime by as much as 18 percent for fl
the RF4C. This turnaround time includes the three hours assumed b~ - S

tween aircraft assignment and takeoff , the two-hour assumed fl ight  dura-
tion, and the 1. 5-hour average scheduled post-flight inspect ion , as shown
in Figure 21. u
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Figure 21. Average Turnaround Time (Study Results) 
S

ECONOMIC BENEFIT S -

The effect of the operational benefit s on the basic economics of RF4C
operations was analyzed. This analysis considered eight basic operational S

benefit s that are considered to account for 75 percent of the probable
economic impact . Analysis result s are show n in Table X.

This analysis cons idered 60 aircraft wings , shop and flight line main-
tenance manpower , LRU spares, and flight line aerospace ground equip-
ment (AGE) .

Note particularly that , the value of the CA PA capability to correctly isolat e 
-

failures to LRUs in a timely fashion (when they occur) is most ev ident at
the operational flight line level - - i. e , ,  fewer false removals (that in turn

1,
64 -
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Table X. CA PA Quant ified Benefits

Effectiveness Annual Dollar Saving -
Pa r amet er Per Aircra ft O perational Improvement

0 
Aircraft availability 8 37 , 000 

- 

11 % more scheduled flights flown

Maintenance skills 8, 800 Ma intenance men reach required skill
leve l in Ii months rather than 18 months

D 
False LRU removals 79 . 580 95% reduction

S LRU spa re s 16. 700 50% reductio n

Mi ssion effectiveness 49. 600 16 % mor e aucce asful missions

a Support equipment 2. 400 1 OSE set less per wing

Deployment 26, 900 20% less aircraft  and gear to deploy

Attrition 56, 400 13% fewer flights ove r enemy
~~ territory

Total 8277 , 380 - - -

ref lect in savings in spares , support equipm ent , and deployment costs),
increased aircraft availability (aircraft are not down for unnecessary

2 . repair), improved mission effectiveness (aircraft are not flown with un-
detected tallures) .

0 
It also should be noted that the impact of these savings at the operational
flight line level on the balance of the total logistics system were not con-
sidered in this economic study.

The basic documentation from which these result s were abstracted was S

U based on conservat ive cost dat a, and it is our belief that while any de-
tailed claim, figure , or computation may be debatable , the argument s

II that tend to reduce the economic benefit s are no stronger than those that
increase the economic benefits. Furthermore, even when cons idered
singly, many of the benefit s are large enough to pay for the system in less

g 
than two years of operat ion. When considered in total , the system pay s
for itself in less than five months of operation. This means that drastic
changes in any or all of the economic benefits projected must occur before
the CAPA system cannot be just if ied solely on the basis of economics.

II
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APPENDIX WI
RELIABIUTY AND MAiNTAINABILITY

During the Central Airborne Performance Analyzer (CAPA) program, the S

CAPA system logged approximately 2081 hours of operating time. Of this -
total, 53 hours were operational airborn e time, and 2028 hours were spent
in functional and compatibility testing on the ground at Shaw Air Force
Base, South Carolina. and at Floneywell in Minneapolis. Q
During these 208 1 hours, 31 maintenance actions were required -- 2 during
the dat a gathering phase of the program (Ph ase I), and 29 during the demon-
stration Phase (Phase II) . This is a rem arkable record , especially when -

one considers that :

1) The CAPA system is an engineering development model.
It is not , unlike the systems which it tests, a fully qu al ified -
item of production hardware. 

-

2) The CAPA system had logged 2000 to 3000 hours previous to Uthe CAPA program. -
3) (‘If tb~a ~~~ failure s which occurrr ~r~ diis- .it-i g airborne operation ,

S none degraded the performance of the CAPA system to the
point where its output was invalidated.

4) Many of the failures occurred during the developmental testing 0of modifications or additions to the CAPA system .

The imbalance between Phase I and Phase II failures was expected . Phase I
was relatively short, not all of the CAPA sy stem was used during that
phase, and very little of the modified and additional hardware was opera-
tional during that phase. 

1
Of the 31 items repaired , 55 percent were associated with the memory
boards . The damage to these boards and their component s was due to
the large number of times they we re removed , changed , and reinserted
during the development and debug of the additional Phase II memory. S

These actions would have been essentially nonexistent had an electri-
cally-alterable memory been used instead of the mechanically~.a1terable
diode memory. S

Mechanical stress during servicing and transporting the equi pment cau sed
20 pe rcent of the required repair actions. These consisted of broken or
bent connector pins and broken screws. 

- 
-

- 
- . 
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S 
- Another 10 percent of the physically damage d items occurred in the prin-

ra ter where the lateral translation cable broke once , and the detent spring

U broke and was replaced but later broke again . These failures would be
substantially reduced if a military qualified airborne printer were used ,

fl The remaining 15 percent of the maintenance actions were caused by corn-
ponent failure s consisting of one capacitor, one reed relay, one zener diode,
one power relay, and one oscillator. The latter three items were part of

S the original Airborne Integrated Maintenance System (AIMS) equipment,
which is fou r years old , and has logged a total of 4 000 to 5000 hours with

S the exception of the memory; this is true of most of the central processor
components.

The failures which occurred during Phase II of the program are listed
below. The memory problem which occurred during demonstration flights

S 1 and 2, causing the CAPA to be returned to Minneapoiis, is not listed as
a failure since the d ifficulty was caused by an inadeq-12 ‘y in the program
rather than a failure.

• Mechanical: - 
S

S Connectors: 5 damaged connector pins
Cable: 1 broken teflon screw

- ,t~rinter: i iateral control cable failure
Printer: 2 broken detent springs

ii • Memory:
Diodes: 9 diode failures

S Resistors: 1 resistor failure
Shorts: 3 shorts between circuit paths on

memory board s
P.C. Board : 4 damaged connector guide slot s

• Signal Conditioning :
Capacitors: 1 capacitor failure
Relay: 1 relay failure

Li • Miscellaneous:

- Zener: 1 zener diode failure -

- 
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S - APPENDIX VIII
GROUND SOFTWARE

A number of ground computer programs were developed as tools for the
criterion and checkout of the in-flight test programs and to :nd in th e ii

S analysis of the data from the flight tests. These programs opt ’ra tt ’d on L
computers in Minneapolis and to a limited extent in Columbia , South
Carolina, near Shaw AFB. The ground software includes:

• Programming aids

• Data analysis programs

PROGRAMMING AIDS

The programming aids were programs used to aid CA PA personnel in the L
formulation and verification of the CA PA in-flight test programs.

CA PA Assembler

The CAPA assembler transformed a program code5 d in an Eng lish- text
symbolic language written by the CAPA programmer into the actual

S central processor machine language as shown in Figure 22. The assern - S

bler also produced a binary map of the machine language which was used Ii
as the basis for constructing the diode memory boards for each in-f l ight
program. This binary map is shown in Figure 23.

______________  

CS I
CAPA Simulator

The CAPA simulator was used to verify that the in-fl ight programs were tcorrect before the memory boards were constructed . The s imulator  took
the in-flight programs and “ simulated” the execut io n of t hese progr ams ,
including the selection of aircraft system test points , ex’ ut ion of each
measurement, and the GO/No-GO decis ion based on each measurement
result . Provisions within the simulator allowed CA P:\ personnel to input
dat a for each a ircraft test point based on actual flight information.  ‘l’he
simulator output listed the content s of each central processor l’unct ion and S

control register after every instruct ion simulation, as show n in Figure 24 .

DA TA ANA LYSIS PROGRAMS

The data analysis programs transformed the information recorded on the
CAPA magnetic tape unit into directly usable and understandable formats  

-
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03 513 0 I 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0

0351 1 C 0 & a 0 0 0 0 0 1 0 1 0 1 I 0 0 1

035 15 I 0 I Ô I 0 0 1 * I I 0 0 0 a a 2 0

033)6  0 0 0 C I 0 0 0 C 1 0 1 I 0 1 0 1 1

0351 7 0 0 * 6 0 0 0 0 I 0 0 0 0 0 1 0 0 0[ C3!26 C I 0 6 0 0 0 0 C 0 0 0 1 0 1 0 0 0

0352 1 C 0 * 0 0 0 0 0 0 0 0 I 0 1 1 I 0 £ S

03522 0 1 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0

03523 0 0 I 0 0 (3 0 0 0 0 I 0 0 0 1 1 1 I

03U1 1 0 & 0 1 C 0 1 1 1 0 1 0 1 1 I 0 0

03525 0 * 0 0 0 0 0 0 0 0 0 0 I 0 1 0 0 0

03526 C 0 1 6 0 0 0 0 C 0 0 l  0 I & 1 0 1

03527 0 1 0 0 0 C 0 0 0 0 0 0  0 0 0 0 0 0

03530 0 0 1 6 C 0 0 0 0 0 I 0 0 0 1 1 1

03531 I 0 1 0 1 0 0 * I 1 0 1 0 1 1 I 0 0

03532 0 0 1 0 0 0 0 0 1 0 0 0 I I 0 0 0 0 -S

03533 0 0 1 0 0 0 0 0 1 1 0 0 0 I 1 1 1 0

S 
C353~ 0 * 0 0 0 0 -  I 1 1 1 1 0 1 0 0 1 0 0

035 35 0 0 1 0 0 0 0 0 1 I 0 0 0 1 0 0 0 1

0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

03537 0 0 I 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1

03510 0 I 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 5

03511 0 0 1 6 0 0 0 0 0 0 I 0 0 0 I I I S U
035 1 2 1 0 1 6 1 0 0 1 1 I 0 1 1 0 . 1  0 1 0

035’3 C I 0 6 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
03!i4 C 0 I 0 0 0 0 0 0 0 0 1 0 1 I 0 1 1

03545 0 & 0 6 0 1 0 0 0 0 0 0 0 0 0 0 0 0 N
03346 C C  I 0 0 C 0 0 C 0 I 0 0 0 I I * I U

Figure 23. Machine Language Binary Map
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dat a analysis by CAPA personnel. The specific dat a analysis pro - S

ms assoc iated with each CAPA project phase are discussed below .

a Gathering Phase I 
5

~se dat a analysis programs described below exhibited the characteristics
each aircraft  system test point and therefore were useful  in determining
GO/NO-GO criteria for each test point :

• Octal Tape Dump -- This program provided a b inary “ mirror —

image U printout of the magnetic tape for verif ying correct
recording format .

• Decimal Printout - - Each test point result was conve rted to - S

a decimal format and listed as show n in Figure 25 . The
relative position of each dat a value was used to correlat e
each aircraft test point and its test result .

• Statistical Printout -- A statist ical analysis of each test
- point result for any selected length of t ime during a fl i ght

included: S 

-

1) Mtnimum value encountered

2)  Maximum value encountered

3) Arithmetic mean of all point s 
S

4) Standard deviation

5) Number of measurements included in the analysis

This output is show n in Figure 26. It was usefu l for
cIete rmtn in ~ the limit s for predominantly repet it ive test
r ’sults.

• T u m r 1’I~ t -- .‘\ ny test point or group of test points was S

-~ ~r su s t imI ’  as show n in Figure 27 . This graphical
“V “ ~~

‘ 4 s 5 ‘ i ’ ( f U l in l uca tL ng  the occurrence of unusual  or
.--4~~~ p~~ p~~~?

• - - 
‘r -~pi~ ciI  pI~ t of Ori (’ t e :~t point 5.crsus another

• . ~~~~~ if nv. I,’ w ’ - ’  ii t v • C ,  t es t  point s , as
-
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Demonstration Phase II

These data analysis programs were used to investigate and verify the
decisions and maintenance messages produced by the demonstration
Phase H in-flight program. The following programs, funct ionally identical
to the Phase I data analysis programs , were used dur ing the demonstrat ion
Phase II dat a analysis:

• Octal Dum ps

• Decimal Printout - - This program was updated to include
- the option of producing a condensed printout of only that

dat a responsible for each CA PA in-flight printer message.

S . Stat istical Printout

.. Time Plot

A Statistical Long-Term Plot program was developed to enhanc e the Phase
II analysis. The following stat ist ical out put s of any aircraft  test point for
a f ive-minute time block could be plotted:

• Max imum value encountered

• Minimum value encountered

• Arithmet ic mean

This program enabled a single test po int parameter from all demonstrat iou
Phase II test flights to be plotted on a sing le graph , as show n in F igure 31 .
This plot was u seful  in viewing the history of any test point dur ing the
demonstration Phase 11.

An illustrative example of a monitored test point is included in t h i s  sect iun
to demonstrat e the vis ibility which can be obtained by plott ing on graph
paper the informat ion accummulated by the in- f l ight  recording.  The
selected test point is C2; it is the signal obtained from the lit regulated
+2. 5-volt d-c power supply.

T~ e normal voltage appears on Figure 32 for fli ght 8. Each small div i-
sion of the vert ical scale represents 50 mill ivolts , so the excursions on
the graph represent a maximum deviation of 75 mill ivol t s from the nominr~l
+2 . 5 volts. Figure 33 show s C2 dur ing f l ight  t3A ; the excurs ions  of up to
300 millivolt s from normal indicate at least some degradat ion in signal ,
although at this point no not iceable degradation in the f i lm had occurred.
During flight 10, shown in F igure 34 , deviations of more than 1 000 m illi-
volt s from normal occurred. The photoint crpr eter ’ s report for this  flig ht

~., described the IR film as “ imagery is very washed out and is poor quality” .
The result of the failure in flight 10 can be plainly seen in flight 11 in
Figure 35 , the nominal value has bee: shif ted  from +2 5 volt s to sonic
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lower value at approximately +2. 4 volt s, and the regulator is obviouslynot operativ e, s ince the nominal value shift s throughout the flight to finallyend at approximately +2 . 3 volts. Figures 36 and 37 are included to showthe induced failures which were applied to C2 during flight s 23 and 24 .j  Blank spaces appeared on the JR film during the t ime these fa ilures oc-curred. Also noticeable on Figures 36 and 37 is a cont inued downwarddrift in the nominal value of the test point .

S J Figure 31 show s a profile of the C2 test point for the ent ire demonstrat iontest program . The value shown cons ists of five-minute averages of the
value during each flight ; the induced failures at approximately 1500 to 1600

U minutes do not have even bottoms as in the individual flight s 23 and 24 be-cause the failures did not occur completely and exclu sively within the five-
minut e averaging per iod s. Blank spaces on the plot indicat e periods when

U the JR was turned off. Degradation during and following flight 8A is clearlyvisible on this chart . The seemingly extensive variations at 200 minutes
and 1205 minutes are caused by init ial turn-on conditions recorded during

- the final few seconds in a five-minut e averaging period. Since only one orU two reading s are included in the average, they are not cons idered valid.

COMPUTER FACILITIES

The computer facilities and the extent of their use during the CA PA pro-
gram are a~ f~1Io~~s:

S • At a cert ified public account ing firm in Columbia , S. C. ,  afl Honeywell H-200 computer facility was rented and used byU the CA PA field servic e engineer to obtain an init ial dat a
analysis of the CAPA magnetic tape. The Octal Dump and
Decimal Printout programs were also available.

• At Honeywell Aerospace Division , Minneapolis , Minn. , the
tl Honeywell H-200/H- 1800 computer fac ility was used by
~J CAPA design personnel to perform the comprehensive data

analysis of the CA PA magnetic tape. All dat a reduction
programs were available at this facility.

• The Hybrid Simulation Facility at Honeywell, cons ist ing of
a Scient ific Dat a Systems SDS 9300 digital computer and

fl numerous analog computers , was used for the CAPA assem-
U bier and simulator programs.
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APPENDIX 1X
CAPA PHASE I .

Extensive groundwork and preparation was necessary to ready the Central g
Airborne Performance Analyzer (CAPA ) system for Phase II demonstra-

tion of test program objective s. The tasks involved during Phase I in-

cluded:

1) CAPA System Defi nition -- The RF4C reconnaissance systems
(SLR , 1R , and KS72 camera) were analyzed to establish sensor
te st point availability and signficance of each test point signal.
A preliminary approach to testing and monitoring each sensor
was formulated . Initial GO/NO-GO (out-of-tolerance condi-
tions) criteria were established .

2) CAPA Component Definition - - CAPA hardware preparation was
based on systems definition requirement s. Two new 128-test

point remote unit s were designed ; The CA PA system/aircraft
sensor interface was defined . Preliminary testing procedures
for each reconnaissance sensor were determined . Computing
services necessary to support the CAPA program were develoDed.

These services included the programming aids useful in develop-

ing the in-flight programs and the ground computer programs for

data reduction and analysis .

3) CAPA Hardware Preparation - - The ne~v remote unit s were fabri-

cated to satisfy the previously determined requirements . The
single-column printer system was designed and fabricated . The

data gathering Phase I in-flight program was written. The pur-

pose of this program was to accumulate sufficient information about
• each aircraft system to update and finalize the demonstration

Phase II testing procedures and the GO/NO-GO criteria. This

prcgram selected all pertinent sensor test points , performed the

appropriate measurement on each test point signal, and recorded

each measurement result on the CAPA magnetic tape unit for

post-flight data anal ysis. The CAPA aircraft  installation plan

was also developed. I
4) CAPA System Test and Integration - - Functional and safety-of-

flight test s were conducted in Minneapolis in accordance with the

test plans. Integration bench testing was performed at Shaw AFI3

to provide an indication of CAPA system compatibility with actual

sensor systems as they are used in the aircraft . The integra-

tion testing verified that no a i rcraf t  sensor degradation or othe r

adverse effects due to the CAPA system existed. The CAPA sys-

tem was then in~ t~ llcd in the flF4C test aircraft  and made ready

for the data gathering flights. U
_ _ _ _ _ _ _ _ _ _ _  -- - --.-- ..-
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The information and data obtained from the integration bench testing and
the data gathering flights proved exceptionally usefu l in developing the

q demonstration Phase H in-flight test program. The data gathered was
indicative of the dynamic operational characteristics of each reconnais-
sance sensor in its normal operating environment.
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I~j I.STRAGt

studies have shown that significant improvements in aircraft effectiveness (avail-
ability, mission success , spares, aerospace ground equipment requirements) will
result if system monitoring and fault isolation can be done in-flight during actual
operation of those avionics systems which have the lowest reliabillties. The Central

~ Airborne Performance Analyzer (CAPA) was used in this program to demonstrate
the feasibility of in-flight fault isolation. The CAPA was installed in an RF4C air-

• craft and interfaced with the electronics systems of the side-looking radar , infrared
detecting set , and KS72 camera without altering the circuit ry of these systems. Data
gathering missions were flown to acquire information about the signals bein g moni-
tored. The CAPA was then programmed to continuously monitor the airc raft sys-
tems, detect any malfunction , isolate the malfunction to a line replaceable unit (LRU~
and print the location of the malfunction along with the time of occurrence. In short ,
the CAPA produces an easily understood maintenance message which is available
to the flight line crew immediately upon aircraft  landing, without the use of flight
line aerospace ground equipment or any ground data processing. Data developed
during the test progra m proved the technical feasibility and showed that the app lica-

U tion of CAPA to HF’4C reconnaissance systems would increase the aircraft t s effec-
tiveness by 30 percent through increased aircraft  availability and a greater numbe r
of successful missions.
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