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ABSTRACT 

The Army is committed to fielding a family 
of automatic test support systems (ATSS) to 
support all Army materiel. The current plan 
is to field the AN/USM-410 "third generation" 
ATE. 
amount of work aimed at achieving an "on condition" 
maintenance philosophy for major aircraft sub- 
systems by monitoring turbine engine performance, 
engine mechanical condition, health of various 
rotating dynamic components, hydraulic systems, 
and structural integrity of the aircraft. The 
objective is to investigate the viability of 
accomplishing the aircraft condition monitoring 
and diagnostic task using ATE. Signi€icant points 
are the following: non-intrusive monitoring of 
aircraft mechanical systems is possible; impressive 
benefits can be attributed to this approach, but 
several attempts at fielding such a system have 
been terminated because of excessive initial in- 
vestment costs; and mechanical diagnostics is not 
a simple extension of a measurement capability. 

The Army has also sponsored a significant 

INTKODUCTION 

The complexity and expense of maintaining 
modern electronic systems has made the invest- 
ment in sophisticated Automatic zest Equipment 
(ATE) economically attractive. Similarly, air- 
craft mechanical systems are subject to the same 
trends. At this point, two definitions are in 
order. First, the term "Aircraft Mechanical 
Diagnostics" generally applies to techniques of 
the condition monitoring, fault isolation and 
trend monitoring or prognosis of the aircraft 
powerplant, the drive train, and various function- 
al and structural components. k n y  degrees of 
monitoring, techniques, and system configurations 
are available and will he  discussed later. The 
term "ATE" generally refers to all types of elect-. 
ronic test systems, monitoring, or diagnostic 
hardware that operates either automatically or 
semi-automatically. Although there are poten- 
tially many variations of ATZ available which 
could easily be interfaced with an aircraft 
mechanical diagnostic system, in the interest of 
simplicity and reality, hereafter when referring 
to ATE we will be referring to a generic third 
generation ATE. The main reason for restricting 
ourselves to the third generation ATY is that the 
Army is committed to fielding a family of Auto- 
matic Test Support Systems (ATSS). The first 

step is t o  field an interim system, the AN/USM 
10 which is a third generation system. 

Briefly, the third generation ATE involves 
the generation and measurement of analog wave- 
forms and digital data by using data sampling 
and digital conversion techniques under soft- 
ware control. No attempt will be made to dis- 
cuss the impact of distributed microprocessors 
or fourth generation ATE on this subject. 

The obvious need for knowing the aircraft 
condition is that in-flight system failures 
have the potential of producing disasterous 
results. This need is not a major requirement 
for automated diagnostics because the manual per- 
formance monitoring techniques, the physical 
inspections and the mandatory time change of com- 
ponents provides a high margin of safety for air- 
craft. This then alludes to the primary need 
for sophisticated and comprehensive automated 
diagnostics. Aircraft maintenance is expensive. 
This high cost is attributable to the fact that 
physical inspections take time in both maintenance 
manhours and aircraft downtime, quite often require 
disassembly of components thus introducing the pos- 
sibility of causing problems, and, moreover, can 
be somewhat subjective. Mandatory time changes 
increase the logistics requirements and also 
require excessive maintenance manhours and air- 
craft downtiw. Concisely stated, the automation 
of condition monitoring and diagnostics provides 
improvements in flight safety through early fault 
detection; allows better utilization of skilled 
personnel by reducing routine inspection and 
trouble-shooting tasks; allows major cost savings 
attributable to reductions in unwarranted removals, 
excessive spare parts consumption, and secondary 
damage; and facilitates an "ON CONDITION" 
maintenance philosophy resulting in extension or 
elimination of mandatory time changes. Another 
factor to consider is that some unscheduled main- 
tenance is performed on the basis of flight crew 
squawks. In this case automated in-flight data 
can easily verify and isolate the source of the 
squawk, thus saving the time and effort of repro- 
ducing the same conditions. 

AIRCRAFT MECHANICAL DIAGNOSTICS -_-_____ 
Many configurations of aircraft diagnostic 

systems with varied capabilities have been tested. 
They range from the complex and comprehensive 
systems such as the Army's Automatic Inspection, 
Diagnostic and Prognostic System (AIDAPS)1 Bnd 
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the Navy’s In- light Engine Condition Monitoring 
System (IECMS)’, both of which automatically mon- 
itor and fault isolate to a line replaceable 
unit to the manual methods of trending engine 
performance as implemented by Army with its TEAC- 
HIT program3 and the AF SAC with its4Diagnostic 
Guide - Engine Condition Monitoring. 
also various single parameter monitors such as 
in line o i l  analyzers, various types of chip 
detectors, and temperature history recorders. 
The diagnostic systems all share certain general 
characteristics: a sensing device, a signal condi- 
tioning function, a processing or decision making 
function, and some form of display. 
stances these functions involve a considerable 
electronic capability. 

There are 

In many in- 

There are three significant functional areas: 
engine performance, mechanical systems, and struc- 
tural integrity. Engine performance monitoring 
can be performed at various levels of sophistica- 
tion and cost ranging from a single point check 
of turbine temperature which is trended with time 
through a complete thermodynamic analysis of 
engine performance. The single point measurement 
has generally been taken manually using cockpit 
instrumentation at a given operating condition, 
corrected to standard conditions, and trended 
against time. From this, gross deviations in 
engine performance can be detected. However, 
this technique is subject to both human errors 
and instrumentation errors because there is no 
cross check of the data. Even with the e faults, 
extensive savings have been documented.’ The 
next level of sophistication involves 
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automatically recording several data points at a 
given operating condition, smoothing the data thus 
eliminating transient readings, and automatically 
applying corrections t o  standard conditions. In 
addition to the higher quality data obtained, 
data can be gathered at any stage of flight re- 
gardless Qf crew workload and physical constraints. 
This makes it possible to capture short tern 
excursions of data or limit exceedences. Yowever, 
this approach still suffers from some deficiencies. 
First, many failure modes are self compenhnting 
and thus one or two parameters are not sufficient 
to detect the incipient failure. Secondly, 
manual interpretation o f  results is still 
required. Thirdly, tile parameters which 
can be monitored directly are n o t  tile best 
indicators of engine condition. 

The latest generation of turbine engine 
health monitoring techniques involves a complete 
or nearly complete thermodynamic analysis of the 
engine o r  a gas path analysis. Faults in the gas 
path portion of the engine are detected by com- 
paring previously recorded data from the baseline 
(or known good condition) with actual engine per- 
formance. The most efficient indicators are the 
fundamental performance characteristics of the 
engine such as efficiencies, nozzle areas, and 
pumping capacities. These performance character- 
istics are calculated from the measureable engine 
parameters such as temperatures, pressures, speeds, 
etc. The governing relationships are derived from 
a set of differential equations which define the 
thermodynamic model of the engine. Figure 1 con- 
tains the measured engine parameters and the engine 
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performance characteristics for a relatively simple 
engine: the Lycoming T-53-Ll3. Figure 2 is a 
flow chart for the T-53 engine logic. 

Fault condition limits can be set that in- 
dicate when the deterioration has reached the 
point at which maintenance action is required. 
The deterioration can then be isolated to a 
particular module of the engine by further pat- 
tern recognition analysis of the measured and 
calculated parameters. The gas path fault 
detection logic implemented for the T-53 engine 
included additional features of sensor diagnostics 
and detection confidence level calculations that 
indicated whether or not a detected fault in- 
dication was likely to be due to sensor failure 
( e . g . ,  drift error or total failure2 rather than 
a performance-related engine fault. These 
features improved the accuracy of the engine 
condition diagnosis. 

The mechanical systems can generally be 
segregated into two categories, the monitoring 
of the rotating dynamic components such as the 
engine accessories and in the case of turboshaft 
engines the drive train and the monitoring 
of the various aircraft functional items such as 

SENSOR MALFUNCTION 
' DIAGNOSTICS 

pressures, temperatures, speeds, ect. Many of 
these latter tests require nothing more than 
monitoring a discrete signal. The former task 
of monitoring the rotating dynamic components, 
mainly gears and bearings, i s  more technically 
challenging. 
vibration analysis and oil debris analysis. 
theory of debris analysis is quite simple. A s  
a component deteriorates, metallic debris is gen- 
erated. The condition of the component is then a 
function of the amount, rate, and type of debris 
generation. A number of devices €or measuring this 
are available, including magnetic chip detectors, 
indicating screens, turbidity monitors. One 
problem is that there has been difficulty in sep- 
arating normal wear indications from catastrophic 
failure indications. Major efforts are underway 
to solve this problem. Thus, oil debris analysis 
can be considered a viable technique for testing 
equipment with circulating oil systems. However, 
this technique w i l l  not work for grease lubricated 
systems nor €or systems with small oil reservoirs. 

The two most practical methods are 
The 
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The other approach, vibration analysis, is 
more adaptable but more complex. The larea r n m -  
putational capability required has previously made 
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t h i s  approach  u n d e s i r a b l e .  Recent advances  i n  
mechanica l  mon i to r ing  t echn iques  and e l e c t r o n i c s  
are a l l e v i a t i n g  t h i s  problem. 

Many approaches  t o  v i b r a t i o n  moni tor ing  have 
been taken  wi th  v a r i e d  deg rees  of  success .  The 
f i r s t  approach  was t o  n o n i t o r  t h e  o v e r a l l  v ib rd -  
t i o n  l e v e l .  Th i s  proved t o  be inadequa te ,  ex- 
c e p t  € o r  t h e  h i g h e s t  l e v e l  of d e f e c t s .  The nex t  
approach  t aken  was p a t t e r n  r e c o g n i t i o n  w i t h i a  t h e  
range  of 0 t o  40,000 Hz. The problem h e r e  i s  t h a t  
t h e  l a r g e  d a t a  base  r equ i r ed  t o  deve lop  t h e  base- 
l i n e  c h a r a c t e r i s t i c s  and tile l a r g e  s i g n a l  pro- 
c e s s i n g  c a p a b i l i t y  needed t o  a c c u r a t e l y  d i sc r im-  
i n a t e  t h e  v a r i o u s  cond i tons  r e s u l t s  i n  a sys tem 
which i s  complex and expens ive .  In s p i t e  of  t h e s e  
problems t h e  p a t t e r n  r e c o g n i t i o n  approach  h a s  been 
shown t o  be f a i r l y  e f E e c t i v e  and may i n  c e r t a i n  
a p p l i c a t i o n s  be t h e  p r e f e r r e d  technique .  However, 
f o r  most a p p l i c a t i o n s  newer t echn iques  would be 
p r e € e r r r d .  

The e l a t e r  t echn iques  such  a s  Shock Pulse  7 Analys i s  , I n c i p i e n t  F a i l u r e  De tec t ion  4IFD)' and 
t h e  High Frequency Resonancy Techn i lues  a l l  have 
been shown t o  be more e f f e c t i v e  and less  c o s t l y  t o  
implement than  p a t t e r n  r e c o g n i t i o n  t echn iques .  
A l l  have been shown t o  o p e r a t e  wi th  g e n e r i c  base- 
l i n e s  r a t h e r  t han  custom b a s e l i n e s .  E s s e n t i a l l y ,  
t h e s e  sys tems a r e  q u i t e  s i m i l a r  i n  t h a t  t hey  a l l  

o p e r a t e  above 20,000 Hz and a l l  u se  demodulated 
s i g n a l s  which have been band-pass f i l t e r e d  i n  t h a t  
spec t rum.  A t  t h a t  p o i n t  these t echn iques  d i v e r g e  
and e i t h e r  t h e  s i g n a l  t o  n o i s e  r a t i o ,  t h e  RMS v a l u e  
o r  s imple  p a t t e r n  r e c o g n i t i o n  t echn iques  are used 
a s  d i s c r i m i n a n t s .  
f e r e n c i e s  s c h e m a t i c a l l y .  These h i g h  f r equency  
t echn iques  have achieved  a c c u r a c i e s  of  up t o  
99% wi th  r e l a t i v e l y  low f a l s e  alarm rates. 

F igure  2 i l l u s t r a t e s  t h e  d i f -  

S t r u c t u r a l  mon i to r ing  i s  a n o t h e r  area where 
t h e  s t a t i s t i c a l l y  based TBO a long  w i t h  p h y s i c a l  
i n s p e c t i o n s  are  dominant.  The most common methods 
of mon i to r ing  t h e  s t r u c t u r e  e l e c t r o n i c a l l y  a r e  
s t r a i n  gages ,  a c o u s t i c  emis s ion ,  and t h e  use  of 
f l i g h t  l o a d s  r e c o r d e r s .  While s t r a i n  gages  w i l l  
moni tor  t h e  a c t u a l  s t r e s s ,  t h e y  are  no t  cons ide red  
v i a b l e  f o r  f i e l d  use  because  they  are  f r a g i l e ,  
r e q u i r e  c a l i b r a t i o n ,  and r e q u i r e  s e n s i t i v e  ana log  
e l e c t r o n i c s  and a l a r g e  number of gages  t o  e f f e c t -  
i v e l y  moni tor  t h e  t o t a l  a i r c r a f t .  Acous t i c  
emis s ion  i s  c e r t a i n l y  a v f a b l e  approach  bu t  much 
development work remains .  The most v i a b l e  
approach  i s  t h e  f l i g h t  l o a d s  r e c o r d e r .  Here t h e  
a i r c r a f t  maneuvers a r e  r eco rded ,  r a t e d  acco rd ing  
t o  s e v e r i t y ,  t a b u l a t e d ,  and compared t o  an  
a l l o w a b l e  amount of stress which was de termined  
i n  a f l i g h t  t e s t  phase.  

I n  summary, because  of t h e  advances  i n  mech- 
a n i c a l  a o n i t o r i n g  t e c h n i q u e s ,  t h e  i n c r e a s e d  know- 
l edge  of t h e  mechanisms of f a i l u r e  and f a i l u r e  pro- 
g r e s s i o n ,  t h e  advances  i n  d i a g n o s t i c  l o g i c ,  and 
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t h e  test  r e s u l t s  of  t h e  r e f e r e n c e d  programs,  i t  
c a n  be concluded  t h a t  automated mechanica l  system 
c o n d i t i o n  m o n i t o r i n g  and d i a g n o s i s  i s  t e c h n i c a l l y  
f e a s i b l e  and h i g h l y  d e s i r a b l e .  

MECHANICAL DIAGNOSTICS AND ATE 

The need and e l e c t r o n i c  n a t u r e  of mech- 
a n i c a l  d i a g n o s t i c  sys tems h a s  been d i s c u s s e d  
a s  w e l l  as t h e  f a c t  t h a t  t h e  a f f o r d a b i l i t y  
i s s u e  h a s  been t h e  demise o f  many sys tems.  
Also ,  t h e  i n c r e a s e d  u s e  of  ATE i n  t h e  f i e l d  h a s  
been d i s c u s s e d .  Thus, i t  seems r e a s o n a b l e  
t h a t  t h e  i n t e g r a t i o n  of  mechanica l  d i a g n o s t i c s  
i n t o  t h e  ATE sys tem should  be i n v e s t i g a t e d .  The 
i n t e r f a c e  betuleen t h e  a i r c r a f t  mechanica l  d iagnos-  
t i c  sys tem and t h e  e l e c t r o n i c  s u p p o r t  sys tems 
must be handled  c a r e f u l l y .  On t h e  s u r f a c e  i t  
would appear  t o  be  n o t h i n g  more t h a n  a s imple  
e x t e n s i o n  of a measurement c a p a b i l i t y .  However, 
a rev iew of t h e  method of t e s t  w i l l  show s e v e r d l  
d i s c r e p a n c i e s .  Once a r a d i o  o r  f i r e  c o n t r o l  
b l a c k  box is s u s p e c t e d  of  b e i n g  f a u l t y  i t  can  be 
removed from t h e  a i r c r a f t  and t a k e n  t o  t h e  
main tenance  shop. There ,  w i t h  s o p h i s t i c a t e d  
t e s t  equipment ,  a p p r o p r i a t e  s t i m u l u s  can  be appl -  
i e d  t o  t h e  b l a c k  box, t h e  o u t p u t s  measured,  and 
judgements  ( e i t h e r  manual o r  a u t o m a t i c )  as t o  
t h e  c o n d i t i o n  of t h e  b l a c k  box can  be made. 
A p p r o p r i a t e  c o r r e c t i v e  a c t i o n  can  t h e n  be t a k e n  
and t h e  b l a c k  box r e t u r n e d  t o  s e r v i c e .  

I n  t h e  c a s e  of t h e  a i r c r a f t  mechanica l  sys-  
tems i t  is g e n e r a l l y  i m p r a c t i c a l  t o  remove them 
from t h e  a i r c r a f t  because  of t h e  l a b o r  involved .  
I n  n o s t  i n s t a n c e s  i t  i s  even l e s s  p r a c t i c a l  t o  
test  them away from t h e  a i r c r a f t  because  of 
o p e r a t i o n a l  r e q u i r e m e n t s  such  as power, s p e c i a l  
f i x t i i r e s ,  h y d r d u l i c s ,  e t c .  I n  t h e  c a s e  of  t h e  
engine  and t r a n s m i s s i o n  i t  is i m p o s s i b l e  becauqe 
of  t h e  h i g h  power s e t t i n g s  which a r e  r e q u i r e d .  
I n  some i n s t a n c e s  i t  may even  be n e c e s s a r y  
t o  be a i r b o r n e .  T h i s  i s  p a r t i c u l a r l y  t r u e  
when t h e  problem is  a V i b r a t i o n  from a n  un- 
known s o u r c e ,  o c c u r r i n g  i n t e r m i t t e n t l y .  For ex- 
ample,  much of t h e  e n g i n e  and t r a n s m i s s i o n  
t e s t i n g  d u r i n g  t h e  AIDAPS Program was accomplish-  
ed i n  t h e  a i r .  At tempts  a t  t e s t i n g  on t h e  
ground ( t ie-down mode) r s s u l t e d  i n  unusual  
v i a r d t i o n s  and damage t o  some of t h e  components. 
T h i s  was on a U H - 1 H .  No o t h e r  a i r c r d f t  were 
t e s t e d  t h i s  way s o  t h e r e  i s  no i n d i c a t i o n  of  
whdt o t h e r  problems may be encountered .  A 
poss ibLe  e x p l a n a t i o n  of  t h i s  phenomena 

i s  t h a t  f l i g h t  l o a d s  are  d i f f e r e n t  from ground 
l o a d s  and i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  d r i v e  
t r a i n  r e a c t s  d i f f e r e n t l y .  The c o n c l u s i o n  h e r e  
i s  t h a t  m o n i t o r i n g  must be  accompl ished  i n  s e r v i c e  
t o  be  t o t a l l y  e f f e c t i v e  and t h a t  t h e  d a t a  must be  
r e c o r d e d  and t h e n  t r a n s f e r r e d  t o  t h e  ATE S t a t i o n  
f o r  a n a l y s i s .  

SYSTEM DEFINITION 

There  are as many v a r i a t i o n s  of  sys tem 
c o n f i g u r a t i o n s  as t h e r e  are sys tem d e s i g n e r s .  
S i n c e  t h i s  i s  a g e n e r a l  sys tem d e s i g n e d  w i t h o u t  
t h e  a i d  o f  a d e t a i l e d  t r a d e  s t u d y ,  t h e  s i g n i -  
f i c a n c e  o f  any  p a r t i c u l a r  parameter  o r  t h e  seg-  
r e g a t i o n  of  any  p a r t i c u l a r  f u n c t i o n  i s  somewhat 
a r b i t r a r y .  

A d d i t i o n a l  f a c t o r s  i n f l u e n c i n g  t h e  d e s i g n  must 
be  c o n s i d e r e d .  F i r s t ,  and most s i g n i f i c a n t ,  i s  
t h e  employment concept  of bo th  t h e  a i r c r a f t  and 
t h e  ATE. If  t h e  a i r c r a f t  a r e  deployed t o  d i v e r s e  
l o c a t i o n s  o r  i f  t h e  a v i o n i c s  s u p p o r t  i s  remote ,  
t h e n  a n  of f -board  sys tem i s  i m p r a c t i c a l .  Hence, 
we w i l l  assume t h a t  a n  ATE sys tem is  t o  be used 
t o  s u p p o r t  t h e  a v i o n i c s  and t h a t  i t  i s  r e a s o n a b l y  
a v a i l a b l e  b o t h  p h y s i c a l l y  and f u n c t i o n a l l y .  
F i n a l l y  t h e  proposed sys tem must p a s s  t h e  a f f o r d -  
a b i l i t y  tes t .  The sys tem a c q u i s i t i o n  c o s t s  must 
be r e a s o n a b l e  even though a h i g h e r  c o s t  sys tem may 
he  ,ii,It-e c o s t  e f f e c t i v e .  

A minimum d i a g n o s t i c  system'' would c o n s i s t  
o f  a g e n e r a l  e n g i n e  h e a l t h  check ,  d r i v e  t r a i n  
m o n i t o r i n g ,  o p e r a t i o n a l  l i m i t  m o n i t o r i n g ,  
main tenance  d a t a  r e c o r d i n g s ,  and e n g i n e  per -  
formance t r e n d i n g .  By u s i n g  t h i s  sys tem a s  a 
c o r e ,  a d d i n g  a s i g n i f i c a n t  on-board d a t a  s t o r a g e  
c a p a b i l i t y ,  and u s i n g  t h e  p r o c e s s i n g  c a p a b i l i t y  
of  t h e  ATE, a more comple te  d i a g n o s t i c  sys tem 
would be a v a i l a b l e .  The on-board memory c o u l d  
be a n  o p t i o n a l  f e a t u r e  b u t  t h i s  would reduce  
t h e  u t i l i t y  of t h e  system. The sys tem can  b e s t  
be d e s c r i b e d  by t h e  b l o c k  d iagram i n  F i g u r e  A. 

The c o c k p i t  d i s p l a y  would be used t o  d i s p l a y  
p a r a m e t e r s  upon r e q u e s t  and a l e r t  t h e  p i l o t  t o  
g r o s s  l i m i t  exceedances .  A l l  o t h e r  d a t a  pro-  
c e s s i n g ,  h e a l t h  d e t e r m i n a t i o n s ,  and d i a g n o s t i c s  
would be accompl ished  usi;lg t h e  ATE. T h i s  sys tem 
could be i n s t a l l e d  on a l i g h t  h e l i c o p t e r  f o r  a n  
e s t i m a t e d  $10,000. T h i s  i s  p o s s i b l e  because  of 
t h e  advances  i n  e l e c t r o n i c s  and t h e  reduced c o s t  
of s e n s o r s .  '!he u s e  of a d a t a  bus would a l s o  
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reduce t h e  c o s t  and enhance t h e  system per-  
formance. More complex requi rements  than  de- 
s c r i b e d  h e r e  have been accomplished wi th  8000 
twenty b i t  words of memory i n  t h e  a i r b o r n e  
p o r t i o n  and 32,000 words on t h e  ground. 

The p o i n t  h e r e  i s  t h a t  t h e  e l e c t r o n i c  c a p a b i l i t y  
i s  w e l l  w i t h i n  todays technology.  

BENEFIT ANALYSIS _ _ _ ~  
S e v e r a l  b e n e f i t  a n a l y s e s  have been accomplish- 

ed on d i a g n o s t i c  systems. (XI a s imple  d i a g n o s t i c  
system i n  a commercial environment i t  was e s t i m a t e d  
t h a t  t h e  s a v i n g s  would e q u a l  t h e  c o s t  i n  about  a 
year .  However, i n  t h e  m i l i t a r y  environment where 
a i r c r a f t  usage i s  s i g n i f i c a n t l y  below 100 hours /  
months, i t  would t a k e  2 t o  3 y e a r s  t o  recover  t h e  
c o s t s .  The s o u r c e s  of t h e s e  s a v i n g s  were reduced 
o v e r a l l  c o s t s  and a r e d u c t i o n  i n  a c c i d e n t  damage 
due t o  mechanical  f a i l u r e s .  Not c o n s i d e r e d ,  but  
c e r t a i n l y  c o n t r i b u t i n g  t o  s a v i n g s ,  would be re- 
duced i n s p e c t i o n s ,  extended o p e r a t i n g  l i m i t s  and 
reduced t rouble-shoot ing  times. 

I n  t h e  m i l i t a r y  environment  wi th  more 
s o p h i s t i c a t e d  h e l i c o p t e r s  i t  w a s  e s t i m a t e d  t h a t  
systems wi th  similar c a p a b i l i t i e s  would a l s o  be 
c o s t  e f f e c t i v e .  By c o n s i d e r i n g  o n l y  t h e  s a v i n g s  
i n  maintenance c o s t s ,  i t  was e s t i m a t e d  t h a t  t h e  
b e n e f i t  t o  c o s t  r a t i o  would be 2 €9 1 f o r  a UH-1H 
and IO t o  1 f o r  a new h e l i c o p t e r .  The conclus ion  
i s  t h a t  t h i s  type  of d i a g n o s t i c  systems i s  c o s t  
e f f e c t i v e  and t h a t  wi th  lower i n i t i a l  investment  
c o s t s  because of t h e  use  of t h e  ATE could be even 
more c o s t  e f f e c t i v e .  The reasons  t h a t  t h e  new 
h e l i c o p t e r  a p p l i c a t i o n  i s  more c o s t  e f f e c t i v e  i s  
t h a t  t h e  i n s t a l l a t i o n  c o s t s  are  lower dur ing  
product ion  as opposed t o  r e t r o f i t  c o s t s  and t h a t  
t e s t a b i l i t y  i s  cons idered  dur ing  t h e  mechanical  
system des ign .  

POTSNTLAL APPLICATIONS 

Once committed t o  a system i t  i s  reason-  
a b l e  t o  i n v e s t i g a t e  a d d i t i o n a l  a p p l i c a t i o n s  
o r  expansions of f u n c t i o n s .  This  i s  par- 
t i c u l a r l y  t r u e  of d i a g n o s t i c  systems.  Since 
t h e  d i a g n o s t i c  system by d e f i n i t i o n  moni tors  
t h e  performance of t n e  a i r c r a f t ,  t h e  most obvious 
a d d i t i o n  i s  a c r a s h  record ing  c a p a b i l i t y .  
impact would be t h e  c o s t  of har i len i ig  of t h e  
d a t a  s t o r a g e  media a g a i n s t  shock and h e a t .  The 
minimal i n p u t s  a r e  d r i v e  t r a i n  h e a l t h ,  engine  
performance and a i r c r a f t  p o s i t i o n .  With t h e  
modern mas memory c a p a b i l i t i e s  and improved v o i c e  
compreassion techniques  even a vqice  channel  could 
be recorded.  

The 

Another c a p a b i l i t y  which i s  e a s i l y  added i s  
power a v a i l a b l e  i n d i c a t o r .  I f  t h e  c o n f i g u r a t i o n  
s e l e c t e d  has  on-board engine  performance cap- 
a b i l i t y  and h e a l t h  moni tor ing ,  i t  i s  then  
p o s s i b l e  t o  c a l c u l a t e  t h e  max.power a v a i l a b l e  
under t h e  e x i s t i n g  c o n d i t i o n s  and s t a t e  of h e a l t h  
of t h e  engine .  There i s  only  then  t h e  problem 
of d i s p l a y i n g  t h e  informat ion  t o  t h e  p i l o t .  

The most e f f i c i e n t  use  of t h i s  e l e c t r o n i c  cap- 
a b i l i t y  would be t o  i n c l u d e  t h e  c o c k p i t  c o n d i t i o n  
moni tor ing  i n s t r u m e n t s  i n  t h e  system. A d i g i t a l  
d i s p l a y  c e r t a i n l y  would t a k e  up less ins t rument  
pane l  space  than  c u r r e n t  i n s t r u m e n t a t i o n .  I f  
c a r r i e d  t o  i t s  maximum p o t e n t i a l  o n l y  t h e  h e a l t h  
s t a t u s  would be d i s p l a y e d  r a t h e r  than  t h e  parameter  
v a l u e s .  

CONCLUS I O N  
I_--__ 

It has  been shown t h a t  i t  i s  t e c h n i c a l l y  f e a s -  
i b l e  and c o s t  e f f e c t i v e  f o r  a n  a i r c r a f t  mechanical  
d i a g n o s t i c  system t o  o p e r a t e  as  p a r t  of t h e  AT!?. 
The importance of t e s t a b i l i t y  i n  e a r l y  d e s i g n  h a s  
a l a r g e  impact on c o s t  e f f e c t i v e n e s s .  The o t h e r  
major  f a c t o r  i n f l u e n c i n g  c o s t  e f f e c t i v e n e s s  i s  t h e  
employment concept  f o r  t h e  a i r c r a f t  and t h e  ATE. 
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