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1.0 INTRODUCTION

This report represents the second interim report prepared as part of the
concept formulation study for Automatic Insnection, Diagnostic and Prognostic
Systems (AIDAPS) for Army aircraft. It documents the basic results of the
phase B effort. The principal objective of this phase, in addition to providing
a detail plan of analysis under separate cover, is the identification of AIDAPS
technical approaches and concepts that fall within the engineering feasibility
linitations established in phase A. These systems are defined in sufficient

detail to enable the tradeoffs and tasks of phase C to proceed.

The four principal areas of discussion, as outlined by the statement of
work, include (1) a review and evaluation of the Army maintenance and logistic
environment, (2) a review and evaluation of aircraft malfunction data for
impact on AIDAPS design, (3) an analysis and identification of practical system
concepts, and (4) an identification of AIDAPS hardware considerations. However,
the primary emphasis of this phase has been oriented toward items 3 and &4 due

to their importance on future study activities,

Section 2.0 of this document includes a detail rationale for selecting
the indicated number of AIDAP Systems for tradeoff in phase C. Concept approach
etements, system sophistication considerations, and the aircraft interfaces are

dealt with at length to prezsent a comprehensive evaluation of proper AIDAPS/

aircraft relationships. The impact of hardware design and mechanization considera-

tion of the adopted system concepts are presented in section 3.0. Section 4.0
presents an evaluation of the impact of AIDAPS on Army maintenance. It discusses

such items as potential alterations in the Maintenance Allocation Chart (MAC)
and Army computer systems interfaces with AIDAPS. Section 5.0 presents a very
brief examination of Aimy maintenance activities related to AIDAPS implementa-
tion. The result of this evaluation of aircvaft data has its impact more
noticeably demonstrated in the plan of analysis. The last section, section 6.0,

is a summary of the work accomplished during the second reporting period.

-1 NORT 71 209-2
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2,0 ANALYSIS OF SYSTEM CONCEPTS

The objective of this section is to define practical system candidates for
a detailed tradeoff analysis in phase C. When considering eight existing air-
craft and two future aircraft in conjunction with several combinations of
airborne and ground based system concepts and various levels of sophistication,
an overwhelming number of possible systems can be postulated. The goal is to
reduce these to a reasonable number of aystem conceptual approaches which
include the optimum solutions. Impractical systems were eliminated in this phase
of the study such that only practical systems will be subjected to the full

cost/effectiveness model analysis in Phase C.

When developing practical system approaches many factors must be considered,
such as the operational environment, the impact of retrofit, and the human
skills necessary for use and interpretation of the data acquired. To success-
fully yield a useful and cogent development plan for defining the envelope of
system configurations to be evaluated, a broad spectrum of potential systems
and their applicability to Army aviation must be considered, and the areas of
technical tradeoffs identified. While systematic cost/effectiveness techniques

and analysis will be exercised directly in phase C, the fundamental constraints
are developed and applied in this phase to distill the innumerable variables

to vractical dimensions.

The impact and interface of an Automatic Inspection, Diagnostic and Prog-
nostic System (AIDAPS) on the Army aviation logistical structure was evaluated
with continual consideration given to the worldwide environmental and operational
extremes encountered by units of the Army-in-the-field. The bulk of Army air-
craft, when engaged in combat, are located and employed alongside the field
soldier. An AIDAP system must live, function reliably, and provide significant
assistance in the reduction of maintenance and supply problems if it is to prove

its worth and be accepted by the field soldier,

The methodology employed to eliminate systems which will not be evaluated
in Phase C is the application of a series of constraints developed from a
careful review of the Army logistic structure and the objectives of AIDAPS, A

comprehensive list of criteria has been established and applied to formulate

2-1 NORT 71~209-2
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a logical systems analysis approaéh. Criteria common to all vehicles and

criteria which are unique to a specific aircraft type are identified and applied
independently,

2.1 GENERAL SYSTEM APPROACH

This section defines the basic system structures which are considered in
the tradeoffs of this phase. The AIDAP system was divided into four functional
blocks and the alternatives within each of these functional blocks defined.
Considerations are identified and constraints established for evaluation of

alternatives.

Z.1.1 System Functional Blocks

Based on the functions that AIDAPS must perform, and review of historical
systems designed to perform similar functions, the basic AIDAP system was divided
into four basic functions of sensing, collection, analysis, and display/record.
These functional divisions are the basic building blocks for any AIDAP system.

This is a logical division since each functional block performs a separate and

distinct operation related to the overall objective of AIDAPS.

2.1.1i.1 Sensing

The sensing function includes all wiring from the sensors to the collection

interface and any additional transducers which must be added to monitor parameters

that are not instrumented,

The function of sensing is defined herein as the act of detecting an elec-
trical or physical unit of measure; i.e,, parameter, by means of a device referred
to as a sensor or transducer, For the purpose of this study signal amplifiers,
normally considered as transducers in engineering texts, will be categorized
under the function of collection and/or acquisition, The sensing function will

be identified by the symbol (I) in tne discussions which follow.

2.1.1.2 Collection

Data collection includes the acquisition of the analog or discrete signals

from the sensors, all multiplexing prior to and subsequent to signal conditioning,

2-2 NORT 71-209-2
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analog-to-digital conversion, primary editing, and digital data formating

necessary to arrange the data in the best form for analysis,

The collection function will identified by the symbo. (C').

2.1.1.3 Analysis

The analysis is the operations performed on the data to obtain useful infor-
mation. This includes secondary level data editing and compression, threshold
detection, parameter cross correlation, trend analysis, signature comparisons,
and the control of data transmission, which are necessary to achieve the objec~
tives of fault detection, fault isolation, and fault prediction,

Processing will include the means to determine if monitoring conditions are
valid relative to the determination of maintenance items., As an example, the
conditions of fuel demand by the engine must be known for the determination of
satisfactory fuel flow rate.

Consideration must be given to techniques which allcw for spurious or short
term "invalid" inputs from signal conditioning. These spurious inputs can be
caused by sensor transients or external electrical influ2nces and should not

indicate maintenance items, Methods of confirmation or :ime dependence should

be evaluated in relation to the elimination of incorrect or superfluous data.

The symbol (A) is assigned to the analysis function.

TV P A

2.1.1.4 Display/Record

The display is defined as the presentation of the informaticn resulting
from AIDAPS implementation to the Army maintenance or flight personnel, i.e., ‘

the link between man and machine.

Display techniques and comporieats utilized for presentation must be opti-
mized in relation to their ability to meet presentsation requirements and their
suitability in adopting outputs from processing circuits. Existing aircraft
display equipments relevant cto inflignt safcty will be utilized in lieu of H

additional display equipments.

Presentation of maintenance items should be as simple as possible and

compatible wich the maintenance concept.

2-3 NORT 71-209-2




Information to be displayed/analysis on the ground must be recorded in such

a manner that ground display is possible with an airborne data acquisition
systems.

The symbol (D) is used to identify the display function.

2,1,1.5 Functional Block Operator Notation

The total System (S) including Sensing (I), Collection (C'), Analysis (A),
and Display (D) can be designated as:

S = (I)e (C') e (A) o (D)

whe re the "¢" operator signifies the "AND" operation.

2.1.2 Airborne/Ground Based[ﬂxbrid Configurations

The Automatic Inspection, Diagnosis and Prognosis System (AIDAPS) is designed
to monitor, analyze, isolate, display, record, report and present information
relative to the aircraft and its systems, to the air crew and/or the ground
crew, as appropriate. Numerous mechanizations of AIDAPS may be ronfigured to

satisfy these requirements.

There are three basic types of systems; airborne, ground based, and a com-
bination of both, herein retferred to as hybrid. Essentially, each type involves
equipment in either the aircraft or on the ground, configured and proportioned
as implied in the name, Each type of system has certain inherent advantages
and disadvantages. Considerations have been applied to compare the relative
merits and applicability of each approach to all 10 Army aircraft both
individually and collectively.

Evaluation criteria for these three basic systems, airborne, ground based,
ard hybrid, for future aircraft, UTTAS and HLH, could be somewhat different
than for existing aircraft, since cabling, baseline sensors, and BITE could
be established in the original aircraft design, however, the "independent con-
siderations'" apply regardless of aircraft type. The tradeoffs involved are com-
pounded by the Army's wide range of aircraft type, model and seri2s comprised of
fixed wing and helicopters. However, the fundamental disparity between the

airborne and ground based concepts is the question of the capability of a

2-4 NORT 71-209-2




ground-based system to adequately diagnose a vehicle's condition when it is on
the ground, in contrast to an airborne system which can continuously monitor
the vehicle in all modes of flight. Since the ground-based data collection
systems assume an umbilical cable to couple the aircraft to a ground-based
console, it is apparent that fixed wing versus helicopter operation would
present a different set of constraints, Within the limits of flight safety,
it can be assumed that the helicopter could operate ir. a hover mode in addi-
tion to normal ground operation, whereas fixed wing aircraft would be limited
to only an engine runup on the ground, The basic advantage of the ground-based
system, with its need to have only sensors on board the aircraft, is that the
signal vonditioning and processing equipment can be shared by several aircraft
and therefore overall equipment costs can be reduced. There are other aspects
of the ground-based versus the airborne data collection systems which will

be presented subsequently in this report.

The four basic functional blocks are considered with respect to an airborne,
ground or hybrid application because each of the functions could be accomplished

in the air or on the ground.

There are numerous variations of these fundamental approaches. To be
objective, the criteria for selection must be only what is required to perform
the function in the most reliable, useful and cost-effective manner which is

compatible with the aircraft mission and related operational comstraints.,

2.,1.2.1 Airborne Definitions

An airborne system has all the elements located in and flown as part of
the aircraft. An airborne systemn has many more possible configurations than
che ground system due to the ability to perform both data analysis and da:a
presentation functions in the air. Some on-board analysis systems compare the
conditioned data with known signature values or curves and only when there is
an exce¢edance is it displayed, as opposed to systems which record data for

subsequent ground analysis and display.

The principal advantage of an airborne acquisition system over a ground-
based system is its ability to monitor the aircraft in all modes of operation.

Intermittent or transient problems which are not necessarily repeated in a
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ground runup and hover, can be detected and identified. Another advantage is

the potential to increase real-time inflight safety by alerting the pilot to

an adverse condition which is not readily identifiable via the cockpit instruments.
The obvicus disadvantages are the decrease in aircraft payload, and the

increase in the cost of providing one AIDAPS for each aircraft as opposed to

a ground system which can be used to service several aircraft,

The symbol A/B will be used to identify an airborne function.

2,1.2,1.1 Airborne Sensing

Sensing wilil be considered airborne if the sensors are permanently installed

in the aircraft. Airborne sensing is symbnlically represented by A/B(I).

2,1.2,1.2 Airborne Collection

Collection will be considered airborne when the hardware is an integral
part of the aircraft and is flown on the aircraft during all normal flight

operations. Airborne collection will be identified as A/B(C').

2.1.2.1.3 Airborne Analysis;

Analysis will be considered airborne if performed in real time while the
aircraft is in flight and the hardware is installed in the aircraft during all

flight modes. Airborne analysis is represented by A/B(A).

2.1.2.1.4 Airborne Display

The display equipment must be flown with the aircraft during all modes of
flight to be considered airborne. A display whicn is connected directly to the
aircraft after it has landed, then removed prior to normal flight will not be
considered airborne display. Alrborne display is identified by the notation
A/B(D).

2.1.2,2 Ground Based Definitions

A ground based system has none of its componerits permanently installed in
the aircraft. Any component temporarily installed tc take readings, then

removed before normal flight operations is considered as ground based.
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The ground based system may monitor the existing and added sensors through
an umbilical cable to the aircraft, The sensor outputs are the result of
operating the vehicle in a limited regime to simulate flight conditions. These
signals are collec*ted, conditioned, analyzed, displayed, and stored. Ground
based fs symbolized by the notation G/B.

2.1.2,2,1 Ground Based Sensing

Sensing will be considered ground based if the sensors are installed on the
ground to take data, then removed again for flight. This is not practicable
for full AIDAPS implementation and will probably not be incorporated. The nota-
tion for ground based sensing is G/B(I).

2.1.2,2.2 Ground Based Collection

Ground based data collection hardware is not normally flown as part of the
aircraft, For example, a unit designed to condition and digitize the signals
from the sensors for data transmission to ground aralysis equipment, and then
removed after collection has taken place would be considered ground based.

The ground based collection notation is G/B(C').

2.1.2.2.3 Ground Based Analysis

The test of whether analysis is airborne or ground'based is dependent upon
tae location of the analysis equipment. Therefore, analysis performed on the
grouad, while the aircraft is in the hover mode, is ground based. The symbol
G/B(A) represents ground based analysis,

2.,1,2,2.4 Ground Based Display

The display is ground based if it does not remain on board the aircraft
during normal flight operations. A display unit put aboard the aircraft

temporarily for a go/no-go indication then remcved is a ground based display.

The notation for ground based display is G/B(D).
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2,1,2.3 Hybrid Definition

A hybrid system has part of each function performed in the air and on the
ground, excluding sensors. The sensors are considered an integral part of the
aircraft. Many variations of a hybrid system are possible. One alternative
is inflight data collection, ground analysis, and ground display. There are
many versions that perform some on-board analysis and some ground analysis.
Once the data has been analyzed, either in the air or on the ground, it is
then displayed. The display can be in flight, or stored and then displayed
on the ground, or combinations of each. The displays can take the form of
lights, flags, analog traces, numerical printout, code printout, CRT displays,
voice warning messages, or combinations thereof. If the data are to be presented
on the ground, either all or in part, some form of data storage is required.
This data storage can be accompiished by various recorder types. Examples are

shown in Table 2.1-1 to illustrate two possible hybrid system configurations.

TABLE 2,1-1 EXAMPLE HYBRID SYSTEMS

SYSTEM AIRBORNE EQUIPMENT GROUND EQUIPMENT

Sensors: (1) Existing Data Transfer

A (2) New
Signal Conditioning Analysis
Recouvding Display
Sensors: (1) Existing Data Transfer

B (2) New Partial Analysis
Signal Conditionirg Display
Partial Analysis
Recording
Partial Display Ai
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Concept Type A is categorized as a flight data system in which all data is
acquired, conditioned and recorded in flight for complete computerized data
processing on the ground, This approach is characterized as a recording system

rather than an analytical system. In essence, it approximates the traditional

mechanizations that have been used for several decades for flight test pro-

grams, §xtensive analysis on the ground is required tc separate the pertinent

informatfon from the mass of data collected. Any delay in maintenance data
analysis following landing may be incompatible with the QMR and practical
application.

Type B recognizes the limitations of Type A above and performs partial
airborne computation with subsequent ground computation. While superior to

Type A, with respect to providing some data that can be displayed during

flight, this system is more complex than Type A; Type B involves data acquisi-

tion, recording and inflight computation for the specific aircraft. Because
the computation is done in the air, inflight real time display is feasible.
Such systems are particularly suited for multi-crew aircraft which includes a
crew chief to read special displays and performance maintenance-oriented
functions. This concept has the dual capability to present inflight critical
information in real time and pertinent information after landing in minimal
time with ground recovery equipment. The data recovery equipment permits

review of the information on the flight line by maintenance personnel.

The hybrid symbolic representation for each of the functional blocks are
H/B(I) for Hybrid Sensing, H/B(C') for Hybrid Collection, H/B(A) for Hybrid
Analysis and H/B(D) for Hybrid Display.

2.1.2.4 Total Variations of Airborne/Ground Based/Hybrid

A total of 81 possible systems can be derived from airborne, ground, and
hybrid combinations related to each functional block. Many of these systems
can be eliminated by deductive reasoning because the configuration is not
logically feasible. For example, when considering ground collection, all
system configurations which do not have a ground analysis and display can be
eliminated, because data collected on the ground would have to be taken in

the air to be analyzed and displayed.
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The system possibilities related to A/B, G/B or H/B can be represented

symbolically by the following expression:

S = (I) (A/B+ G/B+H/B)e(C') (A/B + G/B + H/B) ¢ (A) (A/B + G/B + H/B)e
(D) (A/B + G/B + H/R)

where '"+'" indicates the "OR" operator and "e", as before, indicates the "AND"

operator.

2.1.3 Levels uf Sophistication

A generic consideration to he evaluated is the level of sophistication
applied within each functional block of the system, As a guide to eventual
cost/effective tradeoffs, some relatively simple method for :ategorizing the
levels of sophistication and capability of alternate AIDAP systems and con-
cepts is necessary. Using three levels of sophistication of Simple (S),
Medium (M), and Complex (C), criteria were established for each level within
each functional block. A rational scheme of considering each level of
sophistication against each functional block has been developed in order to

be able to compare AIDAP system concepts by means of these criteria,

Each level of sophistication for sensing, collection, analysis, and dis-

play is defined in the following paragraphs.

These levels of sophistication will be correlated for all functions for
the 10 aircrafi, The level of sensor sophistication is dependent on aircraft
type, and therefore the alternatives will be correlated to special aircraft

discussed in Section 2.5.

2.1.3.1 Sensing Sophistication Definitions

The sensing sophistication is derived in detail in Section 2.,4.,3. The
results of this analysis are based on the number and type of parameters moni-
tored to arrive at a "Weighted Sensor Ccunt"” (WSC) which is more meaningful
than just presenting the number of parameters independent of type, The results
are categorized into three levels of sopnistication as follows:

Simple - WSC < 200
Medium - 200 = WSC < 400
Complex -~ WSC 2 400

1A

2-10 NORT 71-209-2




The notation for describing sensor sophistication is as follows:

(I) = (8+M+0)

2.1.3,2 Collection Sophistication Definitions

There are three basic modes of collection sophistication which readily
describe the sophistication in terms of S, M, or C, These modes are '"Contin-
uous Analog Processing,” "Time Shared Analog-to-Digital Processing," and
"Digital Data Compression with Process Control." The foregoing elements are
related to S, M, and C as:

S = a
= 2% a,b
C = 2 a,b,c

where:

a = continuous analog signal processing
b = time-shared analog-to-~digital processing

¢ = digital data compression and process control

The symbolic representation of the three levels of sophistication as related

to collection is described hy

(') = (8+M+C)

2.1.3.3 Analysis Sophistication Definitions

The three levels of sophistication as related to the analysis function as

defined by the following statements.

S = a
M = 3 a,b
¢ = X a,b,c,

where:
a = comparison to simple fixed limits
b = comparison to interrelated limits and logical situations with
coded signal output

¢ = recognition of failure signatures and trend analysis.
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The expression to describe the levels of sophistication as related to analy-

sis is:
A = (8+M+0C)
2,1.3.4 Display Sophistication Definitions
The sophistication levels of display are defined as follows:

Simple - Single purpose display with fixed visual presentation; i.e.,

a light or flag indicator in conjunction with data storage.

Medium - Single purpose displays with multiple presentations; i.e.,
lights, flags, audible, and printer records with semi-

automatic/automatic selection in conjunction with data
storage,

Complex - Multiple purpose digplays with multiple presentatioms, e.g.,
lights, flags, audible, hardcopy printer or x-y plotter
records, and special use optical presentations, such as cathode
ray oscillographs, pattern recognition arrays, etc., with

automatic selection and reset in conjunction with data storage.

The notation for defining the levels of sophistication is as follows:

(D) = (S+M+0Q)

2.1.3.5 Total Variations of Sophistication Levels

A total of 8l system combinations can be postulated when considering three
levels of sophistication associated with each function block; sensing, collec-
tion, analysis, and display. Many of these configurations can be eliminated
by logical considerations, while others can be eliminated by evaluation of the
AIDAPS objectives and the QMR.

All possible system configurations related to the levels of sophistication

can be symbolically represented by the following expression:

S = (1) (S+M+C)e(C') (S+M+C)e(A) (S+M+C)e(D) (S+M+C)
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2,1.4 Combined System Alternatives

_ Considering all possible combinations as associated with each of the 10

aircraft results in an overwhelming number of possibilities. Condensing the

alternatives to reasonable numbers cannot be an intuitive elimination of con-
figurations. Objective constraints have been established to eiiminate imprac-
tical approaches. The constraints developed and the application of these con-

straints are discussed in Sections 2,2 and 2.3.

All of these concepts are eveluated in light of the Army's mode of opera-
tion, environment, maintenance personnel skills, and aircraft type. A brief
exposition of some of the principal considerations that will be employed in

AIDAPS concept formulation follows:

a) Maintenance Environment - The conditions for organizational, direct support,
and even general support maintenar :e in the field are usually austere.

Facilities are often very limited. ARADMAC, Fort Rucker, and Hunter AAF,

- to name a few, are not representative of a typical Army aviation combat

operations in a forward area in which maintenance of the aircraft must be
performed. The effect of combat operations as well as deployment within

the CONUS must be fully considered.

- b) Ground Crev Skill Level - Personnel available for recovery, interpretation,

and analysis of automated data for maintenance may have limited experience,
and are on short tours of duty with frequent reassignment, This is true

of all levels of maintenance excluding depot.

¢) Aircraft Operational Environment - Typical Army aircraft utilization

involves multiple flights in a single day, usually with alternating air
crews and only a few minutes permitted between missions for refueling, re-

armament, and inspection. It is unlikely that this operational envirown-

ment will change significantly in tie future.

d) Aircraft Space, Weight, and Power Limitations - The majority of the exist-

ing Army aircraft are characterized as lightweight, high-utility vehicles
in which payloads have been increased to the design limits to satisfy

military mission demands. For these and similar vehicles there are severe

- limitations to additional weight, space, and power for nontactical equipment.
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e)

£)

g)

h)

Scope of Instrumentation - Existing on-board sensors must be used to the
maximum extent practical., The selection of additional signal sources muct

be kept at a level commensurate with the acquisition of information that

significantly reduces maintenance costs. In the case of future vehicles,
incorporation of needed sensors in the original vehicle design phase will

substantially reduce instrumentation costs.

Reliability - The reliability of the AIDAPS must be better than the systems
monitored to gain acceptance as an effective adjunct to the aircraft.
Because of its importance, the high reliability goal must not be compro-
mised. The individual functions assigned to AIDAPS must be weighed in terms

of the relative complexity in mechanization.

Allocation of the Maintenance Problem - The engine(s) and power train have

been identified a3 the most frequent items of material failure and require
the most siznificant percentage of mainternance manhours (MMH). Since
engines are the most costly single item of equipment as well as the most
critical from the flight safety viewpoint, a :orrespondingly high allocation
of AIDAPS capacity to the engine/power train is well justified, In moni-
toring engines, stuly and experience indicate that a relatively few properly
selected parameters provide a disproportionately high effectiveness in
igentifying key incipient failures and furnish data for detecting small
gradients of per formance degradation for prognosis/trending analysis. As

an examplce, a Northrop study for a similar application revealed that 120
parameters provided 92% of the possible maintenance actlon; 265 additional
items related to the remaining 8% ol the potential maintenance. In con-
trast, a4 very substantial number of new sensors may be required to identify
lesser importunt seconcary items. The usefulness of the data must be

rigorously screened for effectiveness.

Economics - Cost-effectiveness tradeofts and the optimum point for scope

of implementation of AIDAPS must be determineu. The most yield per unit
cost must be thoroughly explored and validated by experienced judgment as
well as theoretical analysis. The concept formulation is properly oriented
toward analytical economic tradeoffs. However, care and discipline must

be exercised to insure that the analytical results do not depart from

practical fact.
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The following peragraphs of this section present the process of analysis
and application of the resultant criteria to establish alternate practical AIDAP
system concepts for the 10 U.S, Army aircraft under study,

There are 6561 system possibilities for each aircraft when considering
all the combinations of Airborne, Ground Based, and Hybrid, and Simple,
Medium, and Complex sophistication levels as related to the four functional

system blocks. All these system configurations can be represented in logical
notation by the following expression:

s = (I) |(s +M+ C)e(A/B + G/B + H/B)] . (C) [(s +M+C)e(A/B + G/B + H/B)l

«(A)[(S + M+C) e (A/B + G/B + H/B)| o (D) (s + 1+ C)e a/B + G/B + /B)
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2.2 CONSIDERATIONS OF ALTERNATE AIDAP APPROACH CONCEPTS

The considerations for alternate AIDAP approaches were grouped into two basic
categories identified as aircraft (A/C) '"Dependent Considerations' and AIDAP gen-
eric considerations common to all aircraft referred to as "Independent
Considerations."

Although the generic considerations are in fact closely related to the A/C
requirements, related AIDAP system constraint guidelines may be selected based

primarily upon AIDAPS experience, knowledge of data acquisition and processing,

engineering logic and the application of the Qualitative Material Requirements (QMR).

The material as presented in this report section concerns the establishment of
these generic constraints and tneir subsequent application to derive practical con-
ceptual configurations. The established configurations are subsequently assessed
with respect to the A/C dependent constraints, herein under report Section 2.3, to

derive practical AIDAPS conceptual approaches for the Phase C tradeoff analysis.

2.2.1 Elements of Congideratjon

As previously discussed in the study Phase A interim report, the most obvious
consideration is whether the AIDAPS is airborne or'ground base or a combination c£
the.two, referred to as a hybrid, and designated as A/B, G/B and H/B, respectively.
In association with these configurations are the basic functions of a data system;
i.e., data sensing/instrumentation (I), collection/acquisition (c'), analysis (4),
and display/record (D).

Inherent within the functions are elements of sophisticaticin relevant to com-
plexity; i.e., simple (S), medium (M), or complex (C), which are also considered.

The foregoing discussion identifies complexity and magnitude within the inde-
pendent considerations. It is therefore appropriate to assess these elements on
an individual basis and project each result into subsequent individual assessments.

The independent considerations as treated herein are described as follows:
a) A/B, H/B and G/B Functional Configuration.
b) Overall Level of Functional Sophistication.

¢) Level of Sophistication Relevant to A/B, H/B and G/B Configurations and
Resultant Ccmbinations.

2.2.1.1 A/B, H/B and G/B Configuration Constraints and Application

Functional; i.e., (I),(C'), (A) and (D), definitions and constraints were

established for all combinations of A/B, H/B, and G/B.
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The following figure depicts all combinations of functional configurations:

Figure 2.2-1 FUNCTIONAL CONFIGURATIONS

:g:: SENSING | COLLECTT ANALYSIS)| E:gjg
R (e W --G/B
P ag— A/B" "~
A/C Dependent H/B--}-—-
Congideration G/B..

--A/B
DISPLAY/RECORD ——E—-H/n
(D) --G/B

'2.2.1.1.1 Sensing A/B, H/B, G/B Constraint Application(s)

The following constraint was establisiaed for the sensing function configura-
tion. All sensors will be installed on the aircraft (A/C) at all times. Sensor
installation time, calibration problems and sensor sensitivity to handling do
not permit daily or frequent handling of such items; in addition, A/C turnaround
time at the organizational flightline will not permit such action. Therefore,

the sensing function will be considered only as an A/B function, expressed as:
I=A/B, 1% H/B and I ¥ G/B
2.2.1.1.2 Collection A/B, H/B, G/B Constraint Application(s)

The function of collection was defined as the acquisition process and consists

of electrical load isolation, signal amplification, filtering, multiplexing, and
analog-to~digital (A/D) conversion.

Constraints for the above function are discussed as follows:

a) Inflight monitoring of flight-critical parameters which are not currently
instrumented is a desirable AIDAP objective which would enhance the pilot's
judgment in a possibly unsafe condition using existing A/C displays. This sensing

mode would require some inflight collection and processing.

b) An important (onsideration is the fact that a random symptom of a deteriorating
LRU which can occw- in flight may not repeat itself during ground runups. The
random deterioration could well progress with a high rate of deterioration during

a subsequent flight. Therefore, it would be desirable to collect data on flight-
critical LRU's vn a real-time basis durin~ the flight mission,
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¢) Inasmuch as the most severe helicopter operating condition is the Hovering
Out of Ground Effect (HOGE) flight mode, a hardwire umbilical could be utilized
to couple the sensing function to the ground base collection function. This
would minimize the alrcraft associated AIDAP equipment.

d4) The communication link could also be in the form of a magnetic tape link
whereby the sensed parameters are multiplexed, converted to digital signals and
continuously recorded directly onto the magnetic tape onboard the aircraft for

a short controlled interval during Hover. The electronics unit, which normally
contains the equipment that performs the collection tasks, could then be re-
moved along with the recorded data which which are transferred to the ground data
recovery equipment for subsequent editing of data, compression, analysis and
display. The removal of the electronics unit appears to be an impractical and
unnecessary complication because the current solid state electronics circuit
design and packaging techniques result in relatively small and light weight
equipment. As previously stated in paragraph 2.1.2.1.2, the function of collec-
tion would be considered airborne when the hardware is permanently installed

in the aircraft and is therefore flown on the aircraft during all flight modes.
Even though this configuration would require tape removal and 'quick playback"
before tha flight mission, it would be a more effective and easier method than
a hardwire umbilical and certainly would be less costly and less complex than

a telemetry link.

The application of the above considerations, as applied to the func:tion of

collection, establishes the following collection constraints.

(C ¢ H/B.
therefore: (C') = A/Bor (C') =G/B

2.2.1.1.3 Analysis A/B, H/B, G/B Constraint Applicatioa(s)

The function of analysis was defined as the processing of data to detect param=-
eter performance thresholds; perform parameter cross=-correlations, summations,
integrations, differentiations, scaling, editing or compression, and the control

of data transmission to achieve the objectives of A/C subsystems fault detection,
fault isolation, and rfault prediction.

Constraints for the above function are discussed as follows:
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a) Although AIDAPS is primarily a maintenance tool, one of its anticipated
contributions to safety is through prognosis, the capability to detect and/or to
predict imminent A/C subsystem critical failure or abmormal subsystem operation
during the flight would allow possible adaptive/corrective activ1; e.g., throttle
back, selection of a suitable place to land, return to friendly territory, etc.
This capability will require some airborne analysis.

b) Pure A/B analysis is impractical for the less complex class of aircraft under
study. The configuration of analysis, that is, whether it is a pure airbormne
function, a combination of airborne and ground configuration, or a pure ground
function, is dependent upon the degree of applied aircraft system's complexity.
The effectiveness of ,a particular configuration must be determined during the

model tradeoff analysis performed during Phase C of this contract.

The application of the considerations to the function of anal;sis establishes

the following coastraints.
(A) = A/B, (A/C with a high degree of complexity)
therefore: (A) = H/Bor (A) = G/B

2.2.1.1.4 Display/Record A/B, H/B, G/B Constraint Application(s)

The function of display/record was defined herein as the presentation of infor-

mation in an audible, visual or memory format in various mechanized forms; e.g.,

voice, buzzer, light, flag, counter, print copy, wire recorder, magnetic tape, etc.

Constraints for the above function are discussed as follows:

a) As a minimum, the display for any safety or maintenance level must identify
the abnormalcy. If the data collection and analysis allow the inflight function
of alerting the crew to an unsafe condition, then these functions will require

simple airborne display.

b) Inasmuch as the objective of AIDAPS is to serve all levels of aircraft main-

tenance, the complement ~f existing aircraft records will require some ground base

analysis. Therefore, ground base display will be required to present associated
information for observation and interpretation at higher levels in the logistic
system than organizational support.
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c) Airborne display only is impractical relevant to the above.
The application of the constraints to the function of display establishes
the following configurations,
(D) # A/B
therei.re: (D) = H/Bor (D) = G/B

2.2.1.1.5 Selection of Functional Configurations

Figure 2.2-1 describes 27 various combinations excluding the function of sens-
ing. The combining of the constraints and the recognition of mutually exclusive

combinations results in the following selected functional configurations.

5, = (I) A/B ° (C') A/B * (A) H/B - (D) H/B (See Figure 2.2-2)

s, (I) A/B * (C') A/B * (A) A/B + (D) H/B (See Figure 2.2-2)

w
n

3 (i) A/B - (C') A/B - (A) G/B - (D) G/B (See Figure 2.2-2)

122}
[}

L (I) A/B - (C') G/B * (A) G/B ' (D) G/B (See Figure 2.2-3)

Fi ure 2.2-2 Sl THROUGH S, BLOCK DIAGRAM

3
A/B(T) [—* A/B(C") [ A/B(A) A/B(D) <«(Airborne Display)
(Airborne (Airborne ' Lairborne analysis Combined %;;‘2:‘1‘:‘1
Sensing) Collection) :”4 :Gmundofmalysis (Hybrid Analysis) Display)
i
E G/B(A) G/B(D) | (Ground Display)
e
Figure 2.2-3 S 4 BLOCK DIAGRAM
‘A/ B(I) | (Airborne Sensing)
-
G/B(C") G/B(N) G/B(D)
SN
(Ground Collection) (Ground Analysis) (Ground Display)
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2.2.1.2 Overall Level of Sophistication Configuration Constraint Applications

Sophistication definitions and constraints were established for all combina-
tions of simple (S), medium (M), and complex (C) gorhistications, as assoclated
with each of the basic functions (I), (C'), (A) anc /). The following figure
depicts all combinations of sophistication configurations.

Figure 2.2-4  SOPHISTICATION CONFIGURATIONS

S-- ---8
M--:}-; SENSING (I) COLLECTION (C') ANALYSIS (A) [---M
- -eeC
Son ---5
v ISPLAY/RECORD (D) |---M
---C

C-=

2.2.1.2.1 Sensing Sophistication Constraint Application(s)

The sensing sophistication is primarily dependent upon specific A/C require-
ments and constraints., The establishment of these requirements and constraints
was previously discussed in Section 2,1.3.1.

The material herein describes the applications of the subject constraint to
reduce the number of possible sensing configurations to those which are practical.
The constraint data defined as '"Weighted Sensor Count" (WSC) are treated in detail
within Section 2.3 of this report.

The sensing configuration illustrated in Section 2.1.3.1 is depicted
as A/B(I) « (§ +M +0C).

2.2.1,2.2 Collection Sophistication Constraint Application(s)

The establishment of the subject constraints was based upon an assessment of
the definitions for the degree of capabilities within the collection function.
(Reference paragraph 2.1.3.2) The capability of DC to DC voltage signal con-
version and that of synchro to DC conversion are considered as the extremes of
basic signal conditioning. Thesc capabilities, bascd on practical design engineer-

ing must exist in any collection function sophistication which is adapted to air-

craft data systems.

This assessment as related to practical data systems engineering and the
desired objectives of AIDAPS established the following constraints.

A
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1) Simple or medium collection would contribute to excessive data bulk

and complexity of analysis, data storage, and presentation techniques.

2) Complex collection must be applied to control and minimize the level of data

bulk and reduce costs for data analysis, storage and presentation.
The foregoing constraints establish the collection sophistication as:
(C') # S and (C'Y $¢ M
therefore: (c') =¢
2.2.1.2.3 Analysis Sophistication Constraint Application(s)

Three basic analysis definitions which depict the sophistication of analysis in
terms of S, M or C were established.

An assessment of the definitions, reference paragraph 2.1.3.3, relevant to

the desired objectives of AIDAPS, established the following constraiats.

1) Simple analysis is inadequate for providing A/C subsystem LRU fault isola-
tion for subsystems which require parameter correlation; i.e.,, diagnosis,

which is a basic AIDAP system requirement.

2) Complex analysis is required to achieve the desired capability of A/C

suBsystem prognosis.
The foregoing considerations establish the analysis sophistication as:

(A) # Sand (A) # M

therefore: (A) = C.

2.2.1.2.4 Display/Record Sophistication Constraint Application(s)

1) Simple display is inadequate for providing permanent data records and data
storage to support observation and interpretation of LRU inspection,

diagnostic, and prognostic information.

2) Complex display would contribute to excessive and impractical implementa-
tion and operational costs for the aircraft under consideration. Visual,

audible, and hardcopy printer records in numeric or English language are

considered adequate.
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The foregoing constraints establish the display/record sophistication as:
(D) #¢ S and (D) # C
therefore: (D) = M,
2.2.1.2.5 Selection of System Sophistication Configurations

Figure 2,2-4 describes 81 various combinations of S, M and C as applicable to
each of the four functions. The combining of the aforementioned constraints

results in the following selected sophistication configuration(s):

S).2,3 = (D [sauc] - (€0 (© + W (@ - (D) (0
implies H = (I) S - (C c (4) c - (D) M

S, = (I)M-(ChC-(AC- (DM

84 = (I)c(cHYC-(AC- (DM

2.2.1.3 Combined Functional and Sophistication Configurations

The hardware mechanization and the inherent capability characteristics of an
AIDAP system are dependent upon the configured divisional combination of the
functions and their associated sophistication. Therefore, considerations must be
established for the division of sophistication within a function which is divided
between two base areas.

The purpose of these considerations is readily understood upon examination of
Figure 2.2-5 which describes the combination of sophistication which may be derived.
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Figure 2.2-5 COMBINED CONFIGURATIONS
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Configuration I, above describes the selected functional configuration defined

herein as S1 under paragraph 2.2,1,1,5, in conjunction with the division of
sophistication,

Configuration II. above describes the selected functional configuration defined

herein as S2 under paragfaph 2,2,1.1.5, and is illustrated for the purpose of

comparison to Configuration I, sophistication complexity,

2.2.1.3.1 Sophistication Division Constraints and Application

The allocation/division of the analysis and display functions in configuration 1

above, must be assessed relevant to the desired objectives of AIDAPS and the

mutually exclusive combinations of sophistication.

2.,2.1.3.1.1 A/B and G/B Division of Analysis Sophistication
The following constraints were established for the analysis sophistications.

a) Inflight collection and display of critical parameter limits relevant to un-

safe conditions will require airdorne limit detection or threshold logic analysis
(reference paragraphs 2,2,1.1.2 and 2.2,1.1.4),
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b) Inflight data acquisitions of limit exceedance and random symptoms of parame-
ter de‘erioration may be analyzed as an airborne or ground base function. There-
fore, «u airborne infiight short-term prognosis capability may be required to
support the organizationai level maintenance operation relevant to A/C turn-around
time; e.g., knowledge of a pending fault and cause isolation immediately upon

landing of A/C would greatly reduce time allocated for ground diagnostic functions.

c) Airborne analysis should be limited to that required in the above discussion to
control airborne AIDAPS complexity and life cycle costs. Any additional in-depth
analysis in support of higher levels of maintenance operations and A/C subsystems
long-te- a2 performance predictions should be allocated within the ground base
AIDAPS ecuipments to ensure that the highest effectiveness and lowest life cycle
cost is achieved. Therefore, the ground base function will require parameter
long-term trending and prediction logic analysis, referred to herein as complex
analysis (reference paragraph 2.2.1.2.3).

The application of the above constraints establishes the division of analysis
sophistication as:

(A)A/B # C and (A)G/B £ S and (A)G/B # M.
Therefore: (A)A/B = S or (A)A/B = M and (A)G/B = C

2.2.1.3.1.2 A/B and G/B Division of Display Sophistication

The following constraints were established for the display/record sophistica-
tion, based upon an assessment of the association of constraint guidelines between
the functions of analysis and display as discussed in paragraphs 2,2,1.1.3,
2,2,1.1,4 and 2,2,1.2.4,

a) Simple airborne display is adequate to support inflight safety data

presentation requirements.

b) Medium ground base display is required to provide adequate presentation

of AIDAPS inspection, diagnostic and prognostic data.

¢) Complex ground base or airborne display is not required and would only con-
tribute to excessive design complexity, lower ALDAPS reliability, lower maintain-
ability, and a higher life cycle cost.

d) Simple A/B display will support the objectives for airborne display relevant

to A/C turnaround,
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The application of the above constraints establishes the division of display/
record sophistication as:

(D)G/B ¥ S and (D)A/B ¢ C and (D)G/B ¢ C
therefore: (D)A/B = S and (D)A/B = M and (D)G/B = M

2.2,1,3.2 Selection of Conceptual Configurations

Figure 2.2-5 Configuration I describes 81 combinations, excluding the sensing
function, for the hybrid AIDAP system approach. The application of the above con-
straints precludes the mutually exclusive and impractical configurations and

results in the configurations described in the following set of system (S) expres-
sions.,

S, = A/B [(DS* (c)C . (AS + (D)S| - c/B [(A)c . (D)ﬁ]
5, = A/B [(DS + (e - (WM. (D)S] - /B [(AC + (D]
S, = A/B [(DM . (CC + (S - (D)S| . G/B aye (0)¥|
s, = A/B [(DM- ©)Cc- (WM (OS] - 6/B [cC - (D]
S = A/B [(DC - (cNC - (WS - (s| -« o/B (ac - (Dyy]
s, = A/B [(Dc - e M- s| - w3 (e |
s, = AlB (s +M+c- (€C - @ - (DM|

Figure 2,2-5 Configuration II describes three combinations for a ground dase
AIDAP system approach. These selected configurations are described in the follow-
ing set of system expressions.

s, = A/B(DS « G/B [(cDC - (HC - (DK]

8
5, = A/B(DM.G/B [(CNC * (AC * (DM ]
5, = AB(DC - G/B [(cHC + (AC + (DN ]|

An additional element of ccnsideration for the G/B concept as related to
helicopter ground hover inspection tests, is that of substituting the hardwire
umbilical with A/B data storage.

2.2.1.3.2.1 Selected System Approach Concept Definitions

The following definitions are provided for the foregoing systems sub-statements;
e.g., A/B(I)S, A/B(CY)C, G/B{A)C, etc.
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Systems S1 through S7 are hybrid systems which have the following character-

istics within their assigned combinations.

et v

1) A/B(I)S - airborne sensing function which monitors an average of 40 ‘

parameters with a weighted sensor count (WSC) up to, but not including,
200.

2) A/B(I)M - airborne sensing function which monitors an average of 80
parameters with a WSC of 200 to 400,

3) A/B(I)C - airborne sensing function which monitors an average of 130
parameters with a WSC of 400 and greater.

4) A/B(C')C - airborne collection function which provides AIDAP equipument
versus A/C electrical load isolation, signal amplification control of

e

sampling intervals, analog-to-digital conversion, data compression, and

P L cd

process control logic.

5) A/B(A)S e G/B(A)C - hybrid analysis function which provides simple air-
borne analysis; i.e., limit detection logic analysis only in conjunction
th a complex ground base analysis capability; i.e., threshold, fault

isolation, prediction logic analysis, and maintenance directive reference
logic.

6) A/B(A)M e G/B(A)C - hybrid analysis function which provides medium airborne
analysis; i.e., limit detection, and fault isolation logic in conjunction
with a complex groun. hase analysis capability; i.e., prediction logic,

and maintenance directive reference logic.

7) A/B (A)C - A/B(D)S - G/B(D)M - airborne analysis function which provides
limit detection, fault isolation and prediction, computational logic, in

conjunction with a hybrid display function.

8) A/B(D)S - G/B(D)M - hybrid display/record function which provides simple
airborne display with medium ground based multiple purpose data presenta-
tions, with semi-automatic/automatic select in conjunction with airborne

data storage and ground-based data playback.

Systems 88 through S10 are considered as ground base systems. The system sub-

statements define the same capabilities as systems S1 through S7, as applicable.
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As previously noted, the foregoing selected configurations are the results of

the assessment of the independent considerations. Aircraft dependent considera-

tions must now be assessed and associated constraints applied tc the approach

concepts to establish candidates for the study Phase C trade-off model analysis.

The dependent considerations are discussed herein in Section 2.3 with subsequent
application of constraints in Section 2.4.
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2.3 AIRCRAFT COMPARISON FOR AIDAPS SELECTION

The AIDAP System approaches have been evaluated and reduced to a reasonable
number of alternatives without regard to individual aircraft types. Impractical
approaches were deleted fr.a the list of possible system candidates independent
of aircraft type, The constraints c¢ nsidered were of a generic nature which
considered basic guidelines such as the Army logistics structure and environment
and AIDAPS objectives, It is recognized that aircraft exhibit distinct individual
characteristics within a type, model, or series, and will be accommocated by

employment of adaptive data processing techniques,

A comprehensive review of all factors of AIDAPS relative to specific aircraft

type establishes the following considerations,

a) The weight and size of the aircraft in conjunction with the QMR juidelines

indicate the maximum weight and size of the airborne system hardware.

b) The cost of an aircraft restricts the cost and complexity of the AIDAPS

recommended for that specific aircraft type.

¢) The number and type of parameters selected to be monitored on each aircraft
are significant in determining the complexity of AIDAPS. It is directly

related to the sensing functional block.

d) The mission of the aircraft has an influence on the system configuration

as related to increased mission effectiveness.

e) The number of aircraft of a particular type in the inventory will have an
influence on the design of a dedicated system for that specific aircraft
type.

f) The aircraft utilization will influence the AIDAPS sophistication for each
aircraft type.

g) The potential reduction in the aircraft Maintenance Manhours per Flight

Hour (MMH/FH) will be a consideration in the allowable AIDAPS costs.

h) The fixed wing and rotary wing aircraft will indicate the approaches appli-

cable to both type vehicles.

i) The number of engines an aircraft has will influence the amount of airborne

real-time engine analysis performed to effect flight safety.

i) The number of crew members in each aircraft will influence the type of

airborne display.
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k) The accident rate due to subsystem malfunction will indicate the airborne

AIDAPS sophistication for flight safety.

The main concern at this point is to attempt to group aircraft into cate-
gories based on the commonality of aircraft type. These groupings will reduce
the number of alternate AIDAP systems for Phase C tradeoffs. Rather ithan
having 10 different systems (i.e., 1 per aircraft type) the systems mdy be so
configured that they will serve 2 or 3 aircraft types. Therefore, fewer AIDAP
system configurations will, of course, result in improved interchangeability

of hardware and reduced costs.

The guidelines presented in the following paragraphs and the rationale
described for the derivation of these guidelines are based upon variations of
aircraft type. The groups as presented are not necessarily final and may

change after the model has been exercised in Phase C.

2.3.1 Aircraft Weight Comparison

The size, weight, and power requirements of the airborne hardware are
determined, in part, by the size of the aircraft. An increase in aircraft
size and weight generally accompanies an increase in payload. By increasing
aircraft availability due to AIDAPS implementation, the effective payload is
increased. This increase in effective payload can justify a reduction in actual
payload resuiting from the added weight of the airborne AIDAPS equipment. Ap-
proximate design gross weights are given in Table 2.3-1 for 8 of the 10 Army air
aircraft under study to illustrate the weight comparisons. Approximations are
used because different gross weights are associated with the various series

within a type and model.

TABLE 2.3-1 AIRCRAFT WEIGHT CCMPARISON

Aircraft Average Gross Weight (pounds)

OH-6 2,400
OH-58 . 2,645

u-21 9,650
ov-1 11,715

UH-1 6,600
AH-1 6,600

CH-47 38,550

CH-54 42,000

2-30 NORT 71-209-2




2.3.2 Aircraft Cost Comparison

The coust of the aircraft has an influence on the selectidc.of AIDAPS hard-
rom AIDAPS must

be in excess of the cost of implementing AIDAPS into the Army logistic system.

ware sophistication and cost. The economic benefits derived

The AIDAPS cost of monitoring a particular component must be less than the

decrease in maintenance cost of that particular component.

A summary of the procurement cost of each of the existing eight aircraft

is given in Table 2.3-2.
TABLE 2.3-2 AIRCRAFT COST COMPARISON

Alrcraft Averaye Procurement Cost (dollars)

OH-6 74,578
OH-58 81,204
ov-1 976,437
U-21 246,337
UH-1 255,365
AH-1 365,254
CH-47 1,1C0,000
CH-54 2,000,000

2.3.3 Comparison of the Number and Types of Parameters

The number and type of parameter monitored are significant in the grouping

of aircraft to reduce the number of systems from 1 for each individual aircraft;

i.e., 10 systems to 1 for each aircraft group. This is a major facter which
lends itself to quantitative grouping. Thc methodology of weighting each air-

craft is as follow..

The size, comp.exity, and costs of measurement/information systems are
often expressed in terms of the "number of sensors'" either installed or cor-
templated. This convenient measure, nowever, can be very misleading since it
contains no information about the type or characteristics of the various data
sources or the size and complexity of the associated signal conditioning.

To derive a more meaningful "figure of complexity,' the following table

of weighting factors for the various types of signal couditioning was compiled.
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The assumed unit weight of one was assigned to the discrete or ON-OFF signal.
Larger numbers for increasingly more complex, larger, and more costly signal
conditioners were assigned based upon current signal conditioning application

experience.

WEIGHTING FACTORS FOR VARIOUS SIGNAL CONDITIONERS

Item Name Weighting Factor
a Discrete (Switch Closure) 1
b Simple Voltage (Current) Analog 4
c Charge Amplifier 5
d Bridge Amplifier 6
e Linear Differential Transformer 8
£ Tachometer 10
g Synchro 12

The Weighted Sensor Count (WSC) is the summation of the weighting factors

for each sensor on a particular aircraft type.

The totals represent the magnitude of the complexity of the data acquisi-

tion section of the airborne equipment.

In Phase A the lists of the existing sensors for the aircraft which are of
concern to this study were compiled, excluding the projected UTTAS, HLH (Single
Rotary) and HLH (Twin Rotor) in Table 2.3-3, "Aircraft Sensor Comparison' from
the Phase A report. The weigiating factors for each parameter are noted as
the encircled numerals, For each aircraft type, two numbers are accumulated:
Ee which is the WSC for the existing sensors which are concerned with the
engines, and ES which is the WSC for existing sensors which are concerned with
the balance of subsystems of the aircraft. 1In the case of UTTAS and the two
versions of the HLH, Tables 2.3-4, 2.3-5, and 2.3-6 developed in Phase A, were

used since the necessary information on thes: future types is not in Table 2.3-3.

The tabulated totals are for existing sensors. The detailed consideration
of each subsystem and its associated additional sensors is part of Phase C.
In this phase it is necessary to produce estimates of system size, complexity,
and costs as a preliminary guide for the tradeoff of various practical hardware

configurations. In order to do this, some estimate must be wade of the number
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and type of sensors which must be added to each aircraft. The UH-1 was used
to deveiop a hypothetical list of additional sensors as a guide to providing

"multiplying factors,'" whereby the listing of the existing sensors in each

type of aircraft can be extrapolated to an assumed AIDAPS complement. The
assumption is that the sensors which are added and conditioned for AIDAPS pur-
poses will be approximately the same type and the same ratio as those added to
the UH-1.

The use of the WSC aids in this extrapolation since it allows a generalized
approach without loss of the sense of magnitude. Because there are different
ratios for the engines and the balance of the aircraft subsystems, the ratios

were determined separately in the following manner.

a) The WSC was compiled for the existing instrumentation on the engine of
the UH-1; i.e., Ee equals 53 (WSC). The WSC was compiled for the existing
instrumentation on the balance of the subsystems of the UH-1; i.e., Es

equals 59 (WSC).

b) The WSC was compiled for the engine instrumentation which was assumed to
be added. (Given in Table 2.3~7; i.e., 61 (WSC).

¢) The WSC was compiled for the instrumentation of the other subsystems
assumed to be added; i.e., 57 (WSC).

The aircraft multiplying factor for the engines is 61/53 and for the other

subsystems, 57/59. The computational zxpression becomes:
WSC (for AIDAPS = E_ x 61/53 + E_+ E_ x 57/59 + E_

where Ee = WSC of existing engine sensors

and Es = WSC of existing subsystem sensors.,

Ee = 53 and ES = 59 for the UH-l.

To illustrate:

Substituting 53 x 61/53 + 53 + 59 x 57/59 + 59 = 230 (WSC)

Computations for all the aircraft are given in Table 2.3-8.
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TABLE 2.3-7 SENSORS ASSUMED TO BE ADDED TO UH-1 FOR AIDAPS

Parameter

Bleed Air

Vibration (3 Accelerometers)
Compressor Pressure Ratio
Qutrside Air Temperature
Ambient Pressure

Fuel Pressure

Collective Pitch

Differential Pressure Across
0il Filter

Thermal Bypass

0il Temperature (in Cooler)

0il Temperature (out Cooler)

#2 Bearing Scavenge Temperature

#3 and #4 Bearing Scavenge
Temperature

Torquemeter Boost Pump

Differential Pressure Across
Transmission 0il Filter

Transmission Thermal Bypass
Transmission Vibration (Lateral)
Transmission Vibration (Verticle)

Transmission 0il Temperature
(in Cooler)

90° Gearbox Vibration

90" Gearbox QOutside Temperature

42° Gearbox Outside Temperature
Hydraulic Pressure Relief Valve
Hydraulic Temperature

Aircraft Acceleration (Lateral)
Alrcraft Acceleration (Longitudinal)
Alrcraft Acceleration (Verticle)

Pitot Heater Current

Type of Signal

Discrete Analog
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
2-52

Engine

Parameter  WSC
X 1
X 3x5
X 4
X 4
X 4
X 4
X 4
X 1
X 4
X b
X 4
X 4
4

4

61 E_Total

1
4
5
5
5
5
4
4
1
4
5
5
5

N

57 E_Total

///J
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TABLE 2.3-8 COMPUTING FOR EACH AIRCRAFT TYPE

OH-6, Ee = 53; E = 33; Wwsn = 53 x 61/53 + 53 + 33 x 57/59 + 33 = 179

n
o
o’
1

[}

OH-58, E_ 30; WSC = 48 x 61/53 + 48 + 30 x 57/59 + 30 = 163

ov-1, E_, =118, E = 88; WSC = 118 x 61/53 + 118 + 88 x 57/59 + 88 = 427
CH-47, E_ = 120; E_=87; WSC = 120 x 61/53 + 120 + 87 x 57/59 + 87 = 429
Ci-54, E, = 159; E_=76; WSC = 159 x 61/53 + 159 + 76 x 57/59 + 76 = 490
;:
: UH-1, E, =53; E, =59; WSC = 112 + 118 = 230
u-21, E_=119; E_=29; WSC = 119 x 61/53 + 119 + 29 x 57/59 + 29 = 313

AH-1, E

o = 565 E = 65 WSC =56 x 61/53 + 56 + 65 x 57/59 + 65 = 240

UTTAS, E_ = 1213 E_ = 73; WSC = 131 x 61/53 + 131 + 73 x 57/59 + 73 = 424

HLH (Twin), E, = 117, Es = 130; WSC = 117 x 61/53 + 117 + 130 x 57/59 + 130 = 509
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In Table 2.3-9 the aircraft are arranged in terms of increasing WSC. The
possibility of meaningful groupings becomes ev.dent. The simple, medium, and
complex '"levels of technology" of se tion 2.1 are illustrated. These levels of
sophistication will be used exclusively to determine the 'sersing'" function
complexity and as guidelines for the aircraft group selection in addition to

otner factors.

TABLE 2.3-9 ARRANGING IN ORDER OF INCREASING WSC

Aircraft
Designation  WSC

0

X
OH-58 163 Simple
OH-6 179 200
UH-1 230 Medium
AH-1 240

U-21 313 400

UTTAS 424 Complex
ov-1 427
CH-47 429
CH-54 490
HLH - Twin 509 ¢

2.3.4 Aircraft Mission Comparison

A consideration in determining aircrvaft commonality as related to AIDAPS
is the mission of the aircraft. This will influence how much ground equipment
as opposed to airborne equipment will be used. For example, if some onboard
and some ground processing is employed, the required recorder storage capacity
is related to the maximum amount of time an aircraft remains away from its base
of operation without a change of the tape cartridge, A summary of the primary

missions of each of the 10 study aircraft follows,

a) OH-6 - The primary missions of the Cayuse are command and control (C&C),

observation, reconndissance, and target acquisition.
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b)

c)

d)

e)

£)

g)

h)

i)

i)

OH-58 - The Kiowa is employed primarily for visual observation, reconnaissance,
and target acquisition. The OH-58 and OH-6 are both members of the LOH
family.

OV-1 - The Mohawk is principally concerned with Combat (C) and Combat Sup-
port (CS) missions in support of G-2 functions including observation surveil~
lance, artillery spotting, emergency resupply, and radiological and IR

monitoring.

CH~47 - The primary mission of the Chinook is combat support (CS) and combat
service suppctt (CSS), consisting of the transport of cargo, troops, and

equipment within the combat area.

CH~54 - The mission of the Tarhe is similar to that of the Chinook. Its
primary purpose is combat support and combat service support examples of
which are transport of personnel and cargo, carrying externally slung lcads,

and in some cases towing ground vehicles.

UH-1 - The Huey has served in a variety of combat, command and control, and
conduct service support missions including transportation of personnel,
special teams, equipment and supplies, medical evacuation and emergency

ambulance service within the combat zone,

U-21 - The primary mission of the Ute is combat service support within a
Theater of Operations '‘and the ConUS. Its principal use is as a utility
vehicle for transportation of commanders and their staffs, administration,

liaison, and aero-medical evacuation.

AH~1 - The Huey Cobra is used primarily as a gun ship for a variety of com-
bat missions, including aerial escort, armed reconnaissance, and security

of landing sites.

UITAS - The Utility Tactical Transport Aircraft System is planned as a
replacement for the Huey and will assume all the responsibilities and

missions previously accomplished by the Huey fleet.

HLH - The Heavy Lift Helicopter will be used for combat support and combat
service support in a Theater of Operations including transportation of per-
sonnel and cargo, and carrying large externally slung loads short distances

within the combat zone.
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2.3.5 Aircraft Fleet Size Comparison

The total number of aircraft, by type, in the Army inventory is another con-
sideration of commonality. The number of a particular type of aircraft will
influence whether or not tailoring a specific AIDAP system for that one aircraft
is economically justifiable. It may be advantageous to utilize the same AIDAP
system designed for another airéraft even though it has greater capability than
required. For example, the UH-1 monitors approximately the same number of param-
eters and has basically the same mission as the AH~l. Since there are so few of
the AH-1, and it is so similar to the UK-1, the AIDAPS will probably be identical.
Table 2.2-10 identifies the percentage of each aircraft to the total inventory as
projected for FY 71.

TABLE 2.3-10 AIRCRAFT INVENTORY

Aircraft Percent of Fleet

OH-6 20.1
OH-58 9.3
ov-1 2.3

U-21 1.4
UH-1 53.4
CH~47 5.7
AH-1 6.9
CH-54 0.9

2.3.6 Aircraft Utilization Comparison

The historical utilization rate of a type of aircraft is a good indication
oL the potential value of AIDAPS to that specific type. A relatively low utili-
zation rate is due to many factors including maintenance. A summary of the
target flight hours in 1 month is given for the 8 existing aircraft under study
in Table 2,3-11.

2.3.7 4ircrait Maintenance Manhours per Flight Hour gggg[FHz

Another factor in determining the justifiable cost of an AIDAP system is

the MMH/FH for each aircraft type. The higher the MMH/FH, the greater allowable
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TABLE 2.3-11 AIRCRAFT UTILIZATION

Monthly Target
Alrcraft Flight Housrs

OH-6 60

OH~58 60

U-21 75

ov-1 75

UH-1 70

& AH-1 70
CH-47 55

CH-54 50

complexity of the AIDAP system. A summary of the maintenance manhours per

- flight hour for each level of maintenance is given in Table 2.3-12.

TABLE 2.3-12 AIRCRAFT MAINTENANCE MANHOURS/FLIGHT HOURS

Aircraft Organizational Direct Support Ground Support Depot Total

3 OH-6 2.50 1.19 1.04 ** 4,73 ;
OH-58 2.50% 1.19% 1.04% *k 4, 73%
-1 7.14 3.22 1.96 o 12.32 f
B U-21 2.60 2.60 1.99 ** 4,59
UH-1 5.80 2.10 1.54 k944
- AH-1 5.80% 2.10% 1.54% *rx 9 44%
; CH-47 13.30 8.12 5.18 ** 26,60
CH-54 16.21 13.60 2.98 ** 32,79
| *Estimated

**To be determined Information not available at this time.

To demonstrate the possible impact of some of the data which was accumulated
: in the previous sectjons, the following computations were performed for the
UH-1C aircrafc.

e From Table 2.3-12 the MMH/FH ratio is 9.44.

® From Table 2.3-9 the average number of hours the UH-1C is flown is 70.
Therefore the average monthly MMH/UH-1 = 70 x 9.44 = 661.

R

[TV
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e If the assumption is made that 1 MMH has a total cost of $10,00, the
monthly cost of maintenance = $6,610.00/UH-1.

e A further reasonable assumption is made that the total cost of AIDAPS is
$15,000.00/UH~1 (including cost of airborne hardware and retrofit and pro-

rated costs of ground equipment, training, manuals, spares, etc.).

e If the cost of AIDAPS/UH-1 is amortized over a 10-year period, the cost per
month is $15,000/120 = $125.00.

e In conclusion, if the AIDAPS is to 'pay for itself," it must reduce the
MMH by 125/6,610 x 100 = 2%, as an absolute minimum.

2.3.8 Fixed Wing Versus Rotary Wing

The selection of the parameters to be monitored will be different for
rotary wing and fixed wing aircraft. There are subsystems in each group that
do not exist in the other, such as transmissions and gear boxes in the rotary
wing and propellers for the fixed wing., It is anticipated that the differences
will affect the AIDAP System,

The major impact on system selection is airborne versus ground based. As
an e-ample, using a ground-based system with an umbilical cable, significant
data can be obtained from a helicopter in a hover mode (or light-on-the-skids)
since these modes require high power settings. With a fixed-wing aircraft in
a ground engine run-up mode (brakes locked, wheels chocked), less significant
data would be acquired. Therefore, the rotary-wing aircraft may lend them-

sclves more practically to a ground-based system than the fixed-wing aircraft,

For example, small, low-cost helicopters such as the OH-6 and OH-58 may be
possible candidates for a complete ground-based system, whereas the two fixed-

wing aircraft under study, OV-1 and U-21 possibly would not.

2.3.9 HNumber of Engines per Aircraft

A two-engine aircraftt which is capable of operating at a reduced perfor-
mance in the event of an engine failure has a built-in safety featyre. There-
fore, any onboard analysis to predict engine failure necessary for flight
safety may be more sophisticated on single-engine aircraft than twin-engine
vehicles. The number of engines in each of the 10 aircraft is shown in
Table 2.3-13.
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TABLE 2.3-13 NUMBER OF ENGINES PER AIRCRAFT

Aircraft Number of Engines
OH-6 1

OH-58
ov-1
U-21
UH-1
AR-1
CH-47
CH-54
UTTAS 2
HL4 Multiple

NN = NN

2.3.10 Number of I'light Crew Members

The number of members of the flight crew will have an affect on the amount
and type of onboard display. In ar aircraft such as the OH-6, the pilot is
concerned primarily in flying the aircraft and will not be able to use a visual
display: :An aircraft with two pilots may use limited visual display. The
addition of a third crew member may warrant a more sophisticated onboard visual

display to enhance flight safety. An audible warning system is more desirable
for a single~pilot aircrait than for a multicrew aircraft. Table 2.3-14 shows

the typical number of flight crew members for each aircraft.
TABLE 2.3-14 NUMBER OF FLIGHT CREW PER AIRCRAFT

Aircraft Number of Crew Members
OH-6
OH-58
ov-1i

U-21
UH-1
AH-1
CH-47
CH-54
UTTAS
HLH

N N KN p

2
3
3
3
4
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2.3.11 Acttrition Rate Comparison

The attrition rate which AIDAPS can influence is a consideration for the
amount of airborne equipment installed to effect in-flight safety. The higher
the attrition rate, the greater the allowable AIDAPS airborne analysis sophis-
t‘cation. An aircraft with a very low attrition rate need have little or no
airborne analysis for flight safety purposes. Table 2.3-15 outlines the attri-

tion factors for each of the eight existing aircraft.

'

TABLE 2.3-15 ATTRITION FACTOR

Aircraft Peace Time War Time
OH-6 0.0041 0.0280
OH-58 0.0041%* 0.0280%*
ov-1 0.0032 0.0219
U-21 0.0009 0.0026
TTH-1 0.0030 0.61870
AH-1 0.0030 0.0083
CH-47 0.0005 0.0083
CH-54 0.0205 0.0213
*Estimated -

2.3.12 Summary

The material presented in the preceding paragraphs of section 2.3 has two
purposes. First, it is presented to aid in the grouping of aircraft based on
their similarities, and secondly, to aid in the selection of the most practical
systems related to cach aircraft group for Phase C tradeoff analysis. The infor-

mation related to each of the 10 Army aircraft under study has been summarized
in Table 2.3-16.

2.3.12.1 Aircraft Group Selection

By comparing the significant features, outlined in Table 2.3-16, consist-
ing of weight, cost parameters, missions, number of aircraft, utilization,
MMH/FH, fixed wing versus rotary wing, number of engines, number of crew mem-
bers, and accident rate, aircraft groups have been defined. The aircraft have
been listed left to right in order of increasing AIDAPS complexity. The 11

factors considered in arriving at this rank ordering of aircraft types are
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listed in an assumed decreasing level of importance as reiated to AIDAPS design
from top tc bottom. The major factor in arriving at this breakdown is the
parameters to be monitored which are numerically represented by the weighted

sensor count (WSC).

The WSC is considered the most significant factor since the parameters moni-
tored have a direct affect on the size and complexity of the AIDAPS. The main-
tenance manhours per flight hour is the second most significant factor since it
is a guide to the amount of maintenance costs AIDAPS potentially can effect. The
weight of the aircraft is also of relatively high importance because it is used
as an indication of the allowable AIDAPS airborne weight. The cost of the air-
craft can be used to limit the cost of AIDAPS based on a possible increase in
aircraft availability. The remaining factors do influeuce the AIDAPS design, but
to a lesser extent., From a careful review of Table 2.3-16, distinct groups

become evident.
The rationale for selecting the aircraft groups is as follows:

The OH-6 and OH-58 are both members of the LOH family with identical missions.
The weight, size, cost and maintenance manhour/flight hours cost are very similar.
Although manufactured by different concerns, they have the same basic engine
with only a dash number difference. The crew size is the same and WSC is almost

identical, therefore the OH-6 and OH~58 will be considered as one aircraft group.

The UH-1 and AH-1 are very similar in most aspects. The weigh., cost, main-
tenance manhours per flight hours, engine type, crew size, attrition factor, and

WSC, are so similar that they naturally form a second group.

The U-21 and OV-1 are both fixed wing aircraft which puts them in a class by
themselves. However, they may be put in separate groups due to the many differ-
ences between them, such as; a medium WSC for the U-21 and complex WSC for :he
OV-1; the cost of the OV-1 is four times that of the U-21; the maintenance man-
hours per flight hour is almost three times as high for the OV-1 as it is for
the U-21; the U-21 is primarily used as a utility aircraft for transport of
staff personnel and/or high priority cargo whereas the OV-1 is a special mission
aircraft utilized to gather intelligence information about cnewy operations;
and the attrition factors are significantly different. Therefore, both the U-21

and OV-1 will form two separate single aircraft groups.




The UTTAS, CH-47, CH-57, and HLH are the largest most complex of the study
aircraft. The estimated WSC's for each of these four aircraft is in the complex
sensing category; they all have two or more engines, and the crew size is
three or more. The CH-47 and CH-54, presently in the army inventory, are very
much the same when comparing the maintenance manhours per flight hour; the same
approximate design gross weight; both have their primary missions as combat
support and combat service support; and have the same peacetime attrition factors.
The UITAS and HLH, both future aircraft, do not have data associated with most
of the factors being considered, but are assumed to be similar to the CH-47

and 54, Therefore, they will all be placed in the same group.

Table 2.3-17 presents the five groups of aircraft derived by considering
all factors outlined in Table 2.3-16. They are not, by any means, fixed, and
may change as a result of the Phase C findings after exercising the detailed

tradeoff analysis model.
TABLE 2.3-17 AIRCRAFT GROUPS

Groups Aircraft Types

1 OH-6
OH-58

2 UH-1
AH-1

U-21
4 ov-1

5 UTTAS
CH-47
CH-54
HLH

2.3.12.2 AIDAPS/Aircraft Considerations

After a careful review of the results of the individual aircraft analysis
as outlined in Table 2.3-16, additional constraints elated directly to air-
craft type were developed. These constraints were .:veloped to further distill
the number of pructical system approaches which must he analyzed in Phase C.
The constraints limit the types of systems which are practical for each group

of aircraft. The consideration for arriving at these configurations is that
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a ground-based system is less costly per aircraft rhan a hybrid, but is less
effective. The ground-based version will not monitor the aircraft throuzhout
its complete flight and, therefore, cannot detect intermittent problems that
may not be duplicated in hover, and does not allow for improvement in real-
time flight safety., Therefore, the ground-based system may be more suited to
the smaller vehicles with low procurement and maintenance costs. The hybrid
system may be more expensive per aircraft, but has the advantage of increased
AIDAPS efficiency which may be justified on a larger aircraft where the pay-
load is less significant, and the maintenance costs are high. The following

constraints were developed based on the above criteria.

2.3.12,2.1 Constraints Common to All Groups

A ground based AINDAP system can be expected to have lower hardware cost than

a hybrid system. However, potential benefits may be reduced. Therefore a low cost

simple aircraft with an associated low MMH/FH figure would be more suited to a

ground based or a very simple hybrid system.

Certain systems apply only to specific aircraft groups based on the WSC.
For example a system incorporating simple sensing, i.e. (I)s, only applies to

aircraft group with a WSC of less than 200.

The systems selected for each aircraft group may be redistributed for sub-
sequent analysis after initial application of these systems to the model. For
example, if the most sophisticated hybrid system proved cost effective for Group
2 aircraft, then it would also be applied to the less complex aircraft of Group
1, even though the sophisticated hybrid system may not originally be a candidate.
Therefore, the feedback generated as a result of exercising the model in phase

C may significantly change the cur: :nt phase B configurations.

2.3.12.2.2 Group 1 Constraints

Group | aircraft have a WSC of less than 200, therefore the only system

which will apply are systems utilizing simple sensing.

2.3.12.2.3 Group 2 Constraints

Group 2 aircraft have WSC of greater than 200, but less than 400. Therefore

the only systems which will apply are those incorporating medium sensiag.
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2.3.12.2.4 Group 3 Constraints

The Group 3 aircraft is a fixed wing airplane and has a WSC of greater
than 200 and less than 400. Thereforr the same systems applied to Group 2
also apply to Group 3.

r 2.3.12.2.5 Group 4 Constraints

The Group &4 aircraft is a fixed wing airplane with a WSC of greater ‘than 400,

' Therefore, only systems utilizing complex sensing apply.

2.3.12.2.6 Group 5 Constraints

Group 5 aircraft are the most complex, sophisticated helicopters of the 10
study aircraft with a WSC of greater than 400. Therefore the same systems
applied to Group 4 also apply to Group 5.

. In addition, the complexity of the Group 5 aircraft may warrant a pure air-
borne complex analysis application. Therefore AIDAP systems employing pure

airborne analysis will be applied in the Phase C tradeoff model analysis.
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The assessment of the aircraft dependent considerations, as discussed in the
foregoing report, Section 2.3, projected the concerned aircraft into five groups.
The aircraft grouping was based on certain commonalities of the aircraft, simi-
larities of AIDAP requirements and the practicality of application. A review of
the aforementioned grouping discussions established the following constraints and

associated applications,

2.4.1 Alrcraft Commonality Grouping and Application of Practical Constraints

The established aircraft grouping and associated practical constraints are

presented as follows:

a) Aircraft Group I (reference paragraph 2.3.12.2.2)
OH-6

S¥s +5S +S,+S,+S,+S
OH-58 3

4 5 6 9 10

where + represents the 'OR' operator.
Therefore, the selected Group I tradeoff concepts are as follows:

OH-6 S=§ +S +8S,+8
OH-58 17227977 %

b) Aircraft Group II (reference paragraph 2.3.12.2.3)
UH-1
AH-1

s:»‘sl+sz+s5

+ 56 + 88 + S10

therefore the selected Group II tradeoff concepts are as follows:

UH-1 S=S,+S + S, +5
AH-1 37 % T %17 %
¢) Aircraft Group III (reference paragraph 2.3.12.2.4)

u-21 S ¢ S1 + S2 + S5 + 56 + Slo

therefore the selected Group III tradeoff concepts are as follows:

U~-21 S= 83 + 34 + S7 + 59

d) Aircraft Group IV (reference paragraph 2.3.12.2.5)

ov-1 s;‘sl+sz+s3+sa+sa+s9
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therefore the selected Group IV and Group V tradeoff concepts are as

follows:

ov-1 S = S5 + S6 + S7 + S10

e) Aircraft Group V (reference paragraph 2.3.12.2.6)

UTTAS

CH=47 S ¢ S ts
CcY~-54

HLH

) + S3 + S4 + 88 + 39

Therefore the selected Group V tradeoff concepts are as follows:

UTTAS
CH-47 S = S5 + S6 + S7 + S10
CH-54

HLH
The following system expressions describe the selected candidate AIDAP
approach concepts resulting from the above constraint applications.

S, = A/B |[(I)S - (C')C - (A)S - (D)s] . G/B {(A)C . (D)M}

which is a hybrid system configuration employing simple airborne sensing and
analysis functions, subsequently referred to as a "Level I Hybrid System."
s, = A/B {(1)S - (C")C - (AM - (D)§| - G/B [(A)C - (D)M
winich is a hybrid system configuration employing a simple sensing function in
conjunction with a medium airborne analysis function, subsequently referred to
as a "Level II Hybrid System."

s,= A/ (M - (€)C - s - @S] - 6/ @i - |
which is> a hybrid system configur..ion employing medium sensing and simple air-

borne analysis, subsequently referred to aus a "Level III Hybrid System."
s, = A/B [(DM . (c)c . (A . (D)S| - /B [(a)c - (o)

whicz is a hybrid system configuraction employing medium airborne sensing and

analysis, subsequently referred to herein as a “"Level IV Hybrid System."
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s, = A/B[(DC - (e - @S - @)s] - o/p (e - om

which is a hybrid system configuration employing complex sensing in conjunction
with cimple airborne analysis, subsequently referred to herein as a 'Level V

Hybrid System."

sg = A/B {(I)C - (€)C - (A - ()s|. - G/B  [(a)C - (D)M

which is a hybrid system configuration employing complex sensing in conjunction
with medium airborne analysis, subsequently referred to herein as a 'Level VI

Hybrid System."

37 =A/B [(I)S+ M+ C* (C')C * (A)C * (DIM
which is a pure airborne system configuration employing complex analysis in con-

jection with medium display,

Sy = A/B(D)S - 6/B |(C")C - (a)C - (o)

S, = A/B(DM - 6/B [(c')c - (a)C - (D)

S0 = A/B(I)C . G/B [(c')c - (A)C - (D)Mj

The above system expressicns, through S,  describe a ground-based sys-

S

8 10
tem configuration with varying degrees of sensing complexity; i.e., (I)S, (I)M,
and (I)C, respectively, coupled with complex data collection and analysis and

medium display.

\
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2.5 SYSTEM SELECTION SUMMARY

Constraints were established and applied for the 10 study aircraft initially
on a collective basis independent of aircraft type, and then on an individual
basis considering the peculiarities and similarities of the aircraft by type.
The systems resulting from the constraints as applied are outlined in Table

2.5.1. These are the systems that will be analyzed in Phase C.

A total of 81 system configurations were considered based on airborne, ground
based or hybrid as related to each of the four functional blocks, sensing collec-
tion, analysis and display. The system alternatives also considered 81 combina-
tions of sophistication as related to each functional block. Therefore, the
total number of possibilities is 81 x 81 or 6,561, Considering 10 different
aircraft for each system configuration, the number of possibilities is increased
to 65,610. As a result of the application of the constraints, the number of
systems that must be compared to the aircraft was reduced to 10 discrete con-~
figurations. These system configurations were assessed relevant to constrainte
based on the aircraft group characteristics and resulted in 20 tradeoffs as
applied to the 5 aircraft groups that must be subjected to a full cost/effective-
ness analysis in Phase C. These 10 configuration concepts and their associated

aircraft are shown in Table 2.5-1.

The systems selected for each aircraft group may be redistributed for sub-
sequent analysis after iInitial application of these systems to the model. For
example, if the ground based systems did not prove economically justifiable for
the Group 1 and 2 aircraftr, they would not be subsequently considered. 1f they
did show a favorable result for Group 2 aircraft, they would be applied to other
groups containing more complex aircraft for the model analysis. The converse
is true. If the most sophisticated hybrid system proved cost effective for
Croup 2 aircraft, then it would also be appiied to the less complex aircraft
of Group 1, even though the sophisticat.d hybrid system is not a candidate at
this time. Therefore, the reedback gencruted as a result of exercising the

model in Phase C may significantly chang2 tne current Phase B configurations.
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AIRCRAFT GROUPS

Group 1

OH-6

OH-58

Group 2

4H-1

Group 3

Group 4

ov-1

Group S
UTTAS

CH=47
CH-54
tILH

%

= |
-

(
<
|

SELECTED SYSTEM APPROACH SUMMARY
TABLE 2.5-1

SELECTED SYSTEM STATEMENTS

s) = &/B [0S - (HC . (WS - 3] -« o/8 [We - D]

-

2

S7-A/B [(I)S (c*)c (A (D)M]

g = A/B(DS - G/B [(c')c . (A)C (n)n]

s, wa [@r- e ws. @ - o [we-
r
5, = A/B (DM (CHC - WM. (OS] - ¢/B [(AC -

S, = A/B [(I)M (cHc ¢+ @ (D)n]

S, = A/B(DN + 6/B [(eC - (e« (o]

S, = A/B (DY « (C)C - (A)S - (D)S] « G/B [(A)c
S, = A/B :(I)M < (C")C « (AN » (D)s] - 6/ [(c

s7 = A/B {(I)M . (€Y)C . a)c - (D)M]

S¢ = A/B(IM - 3/B [(c')c . (A)C . (D)M]

Sq = A/B [_(I)C - (€)C - (NS - (D)S] + G/B [(A)c

S = A/B [(DC - ()G - @i - OS]+ &/p (W -

37 = A/B [(I)c . (CYC - {a)C - (D)M]
S10 " A/B(I)C * U/B [(c')c " (a)C (D)M]

S5 = A/B [(I)C < (€)C - (08 . (D)S] * G/B [(A)C

Sg = /B [(DC - (€)C - (U~ S| * 6/B (NG -

S, = A/B [(I)C - (C'yC + et (D)M}

S,~ = A/B(I)C - &/B [(c')c - (A)C - (D)Ml

10

2=-70 NORT

s, = AB [(DS - (€)C+ (WK - (S] - 6/B [(5C - (DK

(D]
(D]

. (DM

. (DM,

. (D),

(DM

. (D)h.&
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An example read-through of the above system expressions is described as
follows: SL equates to an AIDAP System cona‘tsting of airborne (A/B) simple
sensing (I)S, and complex data collection (C')C, and simple analysis (A)S,

and simple display (D)S in conjunction with ground based (G/B) complex analysis
(A)C and medium display (D)M.
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3.0 HARDw: . ~SROACAED

This scction outlines and discusses tne various Larwware approaches and
a.ternatives. Recommendations rfor selection of the opcimum hardware approach(s)
will be made in Phase C, Some osvious conciusions relevant to the hardware
configuratioas are arrived at in chis phase, such that impractical approaches
wi.l not bc carried forward to Phase C. 4ne nardware is considered collectively,

s» 4 System ane also as inaividua: physica. waits.

3.1 BASIC HARDWARE CONSIDERATIONS

The considerations applicable to the overall system hardware are discussed
in this section. There are many aspects which must be considered if practical
=ystems are to bec described and costs determined in Phase C., The actual hard-
ware techniques will be selected as a function of several factors. The primary
consideration is a detailed examination of the parameters and their character-
istcs. In this regard, evaluation will have to be made of the interrelated
factors of the sophistication of the sensors, the number of sensors applied to
any one aircraft subsystem, and the degree of logic analysis which is necessary
to perform the AIDAP functions for chat subsystem, The non-quantitive state-
nents are that, irn general, fewer sensors will be needed on a given subsystem
if those that are used are more sophisticated., Fewer sensors may be required
if tnese few are supported by an increase in logical analysis, Conversely, if
rore sensors arc used, perhaps the logical anaiysis can be reduced. The
gquantitive decisions will have to be made for each specific subsystem based
«poh detaiied knowlcdge of its purposce aad l[unctional characteristics. However,
.he judgments can oo expecicd LO iavor the laccucascd use of logical analysis
since, in all systems, it can bc plesumes logic will already be included for

other AIDAPS purposes,

-..i.1 Physical Factors

% 4
The usual hardware considerac..as of minisun size and weight, ease of

accessibility and maintenance, anu .igh reiiasilicy apply. The method of retro-
fit and the weight of cabling ar. ...2 considerations, Recent technology rele-

vant to AIDAPS-llke equipment L. 5. own thal (.. c¢ables and connectors w. .gh as

3o NORT 71-209-2
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- much as the electronics., (Consideration nust ‘e given, therefore, to methods
such as distribuccd multiplexing, remote signal conditiorning and voltage-

baiancing schemes to reduce the weight of cabling.

3.1,2 Digital Vs Analog Systems

The data from most of the sensors will be in an analog form such as che
magnitude of a voltage, current or a phase diffcronce between two ac voltages,
Simple systems could continue the processing of che data, beyond acquisition,
in an analog form. The situation, however, woulu rapidly become unwieldy i:
morc than a few sensors were to be accommedated and the processing were to be
more than the simplest of arithmetic operations. For example, the least complex
metihod of processing is to compare e.ch parameter to a series of limits such as
"normai," '"cautiocn,'" and "failure." To establis.. each limit a duvice simileac co

. a voltage divider must be used, The analog «pproach obviously bucomes impracticu:
as woli as unreliable for systems with more thar just a few parameters. If an
automatic record is to be made, anaiog teci. .ques have been founc o pre:ent
difriculties in matters such as the lacge volw.. of tapes that are cequired, the
accuracy with which the data can be ext.actuu, und the complexity of the data
recovery equipment, Therefore, it is rucommended that all praccical system

considered for AIDAPS be digita. ir the.r opecacionm,

The advantages over analog operatioa arc: the aquipment will be smaller,
more reliable, and less expensive; it w..l nave greater rlexibilicy, wic
"al ustments' easily accomplished without hardw... changes; the data processing
can be carried to any cconomically justilied length without increasc in er:ors;
the “ilmits" are scored in a digiti: memory w.ach is non-volatile anc Digin:

rel.acte; the data are in optimus .orw [Or muagneCic. recording or o Aer Dern.aiic

3. .3 Data Compression

5.1.3.1 Necessity ifor Data Compruassa.

Mauy otherwise useful systems aav bec. . v¢e & ia the past bv the gr. «&
ticgnitude of the data whica was co.iccowe,  Tue "mass of aata' mus . ¢ reauced

.. teasoniable proportions. Al theé Saic L. .  ae overe.l efficiency or Che ALL2S

Yo, Noro Tisid .




must be retained, In the following sections, the basic, well-known methods or

data compression are listed and comments are made therein.

3.1.3.2 Methods of Data Compression

There are two basic methods of data compression: one is to reduce the mass

of data by merely not taking data where there is reason to believe nothing of

interest is occurring; and two is to use arithmetic methods to eliminate re-

dundancies and so output 'useful informatiom,' rather than just raw data, The

following paragraphs describe techniques used in applying these methods.

3.1.3.2.1 Recording Durations and Number of Parameter Exceedances

Wnen a parameter is found to exceed a fixed limit, the name of the 1 ..-amcter,

exceedance duration, and the number of exceedances is rccorded. Examples are

EGT and vertical 'g's, It has peen affirmed that the useful life of a jet cagine

(including turbojets) is inverseiy proportional to the integral of the EGT-time

hiscory of the engine. In a somewhat similar manner, there is strong evidence

that airframe failures can be directly related, for a particular type of aircrait,

to the number of "hard landings' or the number of times the vertical acceleration

has exceeded a predetermined limit.

3.1.3,2,2 Short Duration Recording of xaw Data

Raw data is recorded, but the totai amount of data is reduced by logical.y

determining that certain short periods of acquisition are sufficiently indicative

of thce continued "health" of the aircraft. In this classification are the

following techniques;

[\3
~

Acqu.sition of data for oniy a {uw scionds or ...autes during a ground run-
up. It is obvious that ti..-function intervals cannot be accumulated in
this mcle, In addition, any events wh.ich may occur during the subseq.cic
flipac can be known only if they luave some trave waich is discernible in
the next runup. This is rceprese.catyr - of Lo method used by aviation

€O widcu,

Acquisition of o "full ..azne” o0 . acnever (ritical parameters excec.

pdevte eveadied Limits.  This concept is basco. upon the fact tiat Le ...
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difficulc to anticipate the actual parameters which are involved in any
specific incidence, It is, therefore, best to racord everything and make
specific determinations later.

c) Acquisition of data during periods in the flight when it 1s presumed the
aircraft is in the maximum stress condition. This is more applicable to
non-combat or transport type aircraft where the iow-stress p?tiods can be
predicted. Since with combat aircraft, "full military power" and excessive

maneuvers may occur at any time, this method must be cowbined with a) or b).

d) Acquisition of selected parameters or a "full frame'" at the command of a
member of the flight crew. This serves as a handy "scratch-pad" to augment

the memory of the crew by recording adverse conditions which may occur

during a flight.

e) Acquisition of data by combinations of the methods above., Methods b), c),
and d) are usually employed in various combinations. An additional voice

cnannel may be added such that the air crew can record verbal comments.

3.1.3.2.3 Short Term Recording of All Parameters

Recording of z1. "vaw data" in a short term memory wich a "data dump" .n
the event of a detected exceedance of one or’more selected parameters is the
pasis for this technique, It is primarily a research tool to provide a "look
ahead" in the event of a failure or serious degradation. The purpose is to

see if an adverse condition could have been predicted by the deviation of a

parameter,

3.1.3.2.4 Data Comprescion oy Computatiorn

Compression of data by computational me. s is the the most powerful and
flexible of compres:ion metcods, The previo.sly described methods of compression
can be '"prograrmed," either singularly or ir any combin.ction. In addition, the
application vi & pucely aritametic compress. 'a u.gorithm will allow the outpu:
of information, in .ontrast to aita whica nmust be furcher veduced. The avai.-
ability of « comput.tiora. ueans will allow :he data to ouv "refined" suc. that
datected exceedancus ave actual deviation: .. a historic norm, not mer:ly

transients., ~ short discu.sion of arithmel.c aita compression follows,
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The overwhelming flow of data generated by modern sensors
is strangling transmission media and choking up the proces.
sing electronics of data acquisition systems. If you'ru willing
tc.ad livo.d with tolerances on data accuracy—the pressure can be
reduced.

Eliminate redundant data, and tha information transfer rate
of your system (not to be confused with bit transfer rate) can
be increased, simplifying the data processing. A data com-
pressor (general purpose or special digital comnuter) built
into your system between the encoding electronics (A/D con-
verters) and transmission electronics can do this. The com-
puter lets you utilize the bandwidth better, and lowers acquisi-
tion and processing costs.

A simple computer algorithm that prevents the transmission
of unnecessary data uses a fixed upper and lower limit (A). If
the data is within this band at the sample time, no information
flows; if the sample point is outside this band, its value is sent
on to the processor, When the processor does not receive data,
it simply takes the middie value betwsen upper and lower
limit. It's simple, but it works.

_A more sophisticated algorithm uses a fixed-height (in mag-
nitude) aperture, but the aperture flosts (B). In essence, it pre-
dicts future samples. The sampler sends the first sampie (1)
to the processor, and at the same time it establishes the loca-
tion of the tolerance band (U1 to L1). Since the second sample
falls outside this band, it is also sent, and the tolerance band
drops to U2~~L2. The next three sampies (3, 4 and ) fall
between U2 and L2, 50 the sampler sends no new data; it as-
sumed the value to be the same as the last sample sent. The
aperture moves again at both sample times 6 and 7. A refired
version of this algorithm varies the aperture height with the
magnitude of the sample to keep the data uncertainty at a
fixed percentage of the data. )

Extended-step redundancy reduction (C) is aiso predictive
and uses a floating aperture, but differs in several ways from
the preceding technique, First, the tolerance range varies.
Second, a sampie is considered redundant if its tolerance range
overlaps that of the preceding sample. And third, when a non-
redundant sample occurs, the mid-point of the tolerance cor-
ridor is transmitted as the preceding sample. Besides ¢liminat-
ing redundant data, this procedure provides a noise averaging
effect that eliminates smoll amplitude noise on the signal.

Applying the Extended Step method to the signa! of example
B, the first sample establishes the same tolerance range. This
tolerance stays for sample 2, which is redundant because the
upper limit U2 falls between Ul and L1. U2 is more restrictive
than Ul, however, so the new tolerance range is L1 to U2.
Using this new range about sampie 3, we find that sampie 3
is redundant and again we pick the most restrictive tolerance
range (U3 to L1). With this latest aperture height, U4 and L4
fall outside the range of L1 to U3, so the midpoint between
U3 and L1 is sent as the value of sampie 3. The processor also
uses this value for all preceding redundant samples. The proc-
ess starts again with the original tolerance limits on sample
4. The colored line indicates the data acquired by ti.e processor
at the receiver, which is more accurats than in B.

FIGURE 3.1-1 .

This page in its entirety is reprinted from "Time-Division Demultiplexing
and Decoding," in the March 1969 issue of the Electronic Engineer.’
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3.1.4 Airborne Data Processing

Conceptually, airborne data processing can vary in complexity and function

from a relatively simple, hardwired sequencer to a full scale, general purpose,
digital computer. The degree of complexity of the processor will be determined
in the studies of Phase C. The tasks that are briefly discussed herein are
listed in the order of complexity.

3.1.4,1 Storage and Application of Limits

As previously noted, a digital system allows the storage of several limits
for each parameter., By proper selection of the scaling factors for the param-
eters, it is possible to monitor a large number of parameters with a verv small

library of limit values,

3.1.4,2 Adjustment of Limits as a Function of Related Parameters

There are relatively few limits that can be set with precision on an absolute
basis. If limits are set wide enougi to accommodate variations due to other
factors, they become less effective as definative criteria, The most effective
method, therefore, is to arrange cir.uits or logic such that the absolute level
of a limit is varied as a function of all the parameters which can affect that
limit, Basic factors such as Indicated Air Speed, Free Air Temperature, Altitude,
and Power Settings very often affect otner parameter limits., Certain discrete
conditions may &lso affect limit levels., For example, one could expect a
different "normal" torque ievel when bleed air is being taken than when it is

not be.ng taken.

3.1.4.3 Control u. an Airborne Displuyv

As delined previously, an airborne display may be lights, flags, messages
ivom a Voice Wacn.og Unit, etce. The pecimary function of AIDAPS is the enhance-
ment of ti.c maintunance fuaction, Hou.ver, che airborne equipment may be able
to discover maifcactions or incorrect &ad).stments which, if continued, could
endanger tae aircouit, The airsorne proc. ssor can contribu®~ to ilight safety

and efficiunt opecation if it can coniro. appropriate displays.,

3-. NORT 71-209-2
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35.1.4.4 Logical Control of Data Acquisitcion

If the processor is allowed to control the sequence and frequency of dats
sampling, it is possible to have different sampling programs for different
situations or phases of a flight. For example, one sampling routine may be
suitable when full military power is being drawn, while a quite different
sequence and rate may be most satisfactory when power settings are within the

"green-band.”

Control of acquisition by the processor will also allow, in the more sophis-
ticated versions, conditional sampling as a function of primary data, As an
example, the sampling rate of a particular parameter or a related series of

parameters can be varied as a function of the rate of change of a key parameter.

3.i.4.5 Process Control -

Similar to the functions which were discussed previously, this is the ability
to concroi data processing as a function of s key parameter or an interrelated
series of parameters, A good example is in the possible application of vibration
analysis. By this particular technique, the analysis is only performed when the
overall vibration levels exceed a predetermined level. When the vibration
exceeds a critical level, other tasks cf the processor would bhe temporarily
abandoned to control digital filters to determine the energy levels at each

component frequency. Thus the source of a failing component can be identified.

3,1.4.6 Data Smoothing by Digital Filtering

Aircraft exhibit large amounts of electrical, acoustic and mechanical noise.
The signals from sensors can also exhibit large non-informative perturbations
wh.ch are normally damped out oi indicators, These r.oise and perturbstion
elements must be filtered out to secure "yocd data" for subsequent analysis.
Shorc term transiencs or "spikes'" can and should be <emoved by analog filteriny.
J.git .. wmethods, nowever, allow ...y long time constant [ilters to be simulated
to - ilter wut long term transiencs and provilc for {lexible and adaptive oper-
arion. Since thire are no savings in opersting clectronic equipment siowly,
Cav LecONLGUe ~i.. Pe LO Operale au i€ maXimum sampling rates waich the

processor can accommodate consis..n. ~ith transicat ccjection tuecnaiques.
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The objective is to secure the mai ... number of samples per unit time for

each parameter. Tnis will perzit ..ue ~ost effective averaging, smoothing, and

correlation of data.

3.1.4.7 Performance of Airborne Real-Time Diagno.tics

The processor can perform real-time diagnostics on all subsystems in which
failing or degrading components are revealed during aircraft operations. Diag-
nostic procedures which call for special settings, adjustments, or usage would
interfere with flight operations and cannot be allowed. For example, the flight
controls cannot be cycled in flight to their extreme positions to find any
possible binding or excessive looseness. A processor which has the arithmetic,
logic, and memory facilities to perform the tasks, which have bLeen previously

described, will require only a small additional capacity to perform diagnostics.

3.1.4.8 Performance of Airborne Real-Time Prognostics

Because of the large dynamic memory which would be required, it is unlikely
that long-term trend analysis can be performed in an airborne processor, How-
ever, very useful short term prognosis can be done with a relatively few addi-
tional words of memory, The basic technique is illustrated in Figure 3,1-2,
The smoothed data is examined at regular time intervals., If an incremental
increase is detected, the ''slope'" of the function can be determined. A simple
computation then yields the value N which is the predicted time to failure.
Actually, the slope would be determined over ceveral unit times to avoid pos-

sible action or noise which could have penec-ated the smoothing iunctionm,

One of the major contributions that prognosis can make to flight safety is

Lo warn of situations which, if continucd, w.ll lead to iailure o: loss of air-

worthiness. Corrective action is al .o i.lus:rated in Figure 3.1-2.

3-8 NORT /:-20%-2




FAILURE LEVEL

NORMAL i

"/

UNIT TIME .
S | T~ CORRECTIVE
SMOOTHED DATA | ACTION

\ .

. PARAMETER
LEVEL

A
INCREMENTAL INCREASE

N TIME UNITS»=
TO FAILURE

TIME ~——t
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v 3.1.5 System Built-In-Test-Equipment (3ITE)

Ic will be necessary for AIDAPS to aave the most comprehensive builc-in

testing taat is techricaliy feasible and economically practical, In addition

f to specific BITE, several techniques .or continual testing can be applied to
s the actual data. For example, momentarily excessive values can be rejected

0 if the maximum possible rate of change of a parameter is known, Similarly,

a knowledge of the normal values of related parameters can be used to detect ;
calibration shifts of a particular parameter, Another technique for automatic |
testing is to require that sensors have zero offsets or static bias so that §
arnown values are acquired and processed when the aircraft is '"cold-parked" 3

{except for the AIDAPS).

3.1.,6 Aircraft-Ground Communications §

it is anticipated thst the sensors which are added for AIDAPS will be
permanently installed in the aircraft, Also, as a principle of AIDAPS operation,
- maximum usage will be made of existing aircraft sensors, Therefore, some means
of communication between the aircraft and the gr-und must be established, ir-

respective of whether the cverall system is hybrid or completely ground based.

There are three basic methcds of commurication: one, a hard wire umbil-
ical cable; two, a telemetry link; and three, a magnetic tape cartridge. The
umbilical cable would probably be used in cthe gruund based systems, An
umbi.iical system may consist of a unit, temporari.y attached to the aircraft
undcc test, which would derive power from the aircraft and contain signal 1
conciricners, myltiplexing and analog-to-digital conversion, The umbilical
wourd therefore carry orniy serial digital dacta, chus reducing its noise sus-

cupoiibi.ity., Tt would aiso be light and small, but relatively long.

Ti.e digital cable, postulated above, could be replaced by a low power
colemetzy link, but the aided cost: an. couplexity =nay be prohibitive. Perhaps :
H mocre impércanc is the fact tha: ccatir.ec cransmission would be unwise in

C.bDdL Zones.

i1 w1l systems whiclh ure cla..if. ¢ .. hybrid, it is assumed that a magne:.c
.wyc cartridge will be the communicu:.on. medium. Although it will function
siarily as a4 device for the transt . ss:on o information from the aircrart to ;
s3. ground processor, in the muce - .ohi:-tlcated systems it may be usced as an

c.atl mediuwm to pro:ram che airborac pr oces.or.
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3.1,7 Ground Processing Equipment (GFPE)

According tv current thinking, without th¢ confirmation of the phase C

studies, the ground processing equipment will consist of five subsystems: a

data input device, a computer, a medium cap:icity non-volatile memory, a

printer, and a manual data entry keyboard, The functional diagram of this

suggested equipment is shown in Figure 3,1-3,

3,1.7.1 Data Input Device

As discussed in section 3,1,7, the data may be presented to the GPE as

either a digital data stream on a hard wire or from a magnetic tape cartridge.

If both ground based and hybrid systems are found to be technically and econom-

ically effective for any type(s) of aircraft, it could well be that commonality

could be achieved by constructing equipment which could accept eitber type of

input with only a change of an input module,

T T

COMPUTATIONS |

-—_—-J

MODUM TO
-J' HIGHER LEVEL |
-

PRINTER

U?ABIBTECAL MANUAL ENTRY
KEYBOARD [ o=

DATA INPUT -

e COMPUTRR [
i
A
e [T

MEMORY

FIGURE 3.1-3 AIDAPS GROUND P. OCESSING EQUIPMENT
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3.1.7.2 Computer

Continued study will be necessary to ''size" the computer, A device of
the class currently known as the "mini-computer" is contemplated. It is felt
that the same machine can be used irrespective of whether the system is
ground based, hybrid with no airborne analysis, or hybrid with airborne analy-
sis, Upon first examination it appears that less ground analysis 3? required
if some analysis is performed in the aircra’t. The situation tends to balance
since, presumably more complex airborne analysis will be used on the more com-
plex aircraft which, in turn, will have a proportionally larger amount of data
to process. Similarly, with a ground-based system all data will be processed
by the ground facility but data will be taken for only a few minutes for each

aircraft,

Tihie actual computational and logical tasks and the computer language will
be a function of the basic system operation and the parametric-diagnostic-
prognostic processes which will be determined in Phase C. In very general terms,

the memory subunit will contain programs for the type of aircraft being serviced,

subroutines for diagnostics, and a dossier on each aircraft. The "new' data
from an aircraft is then processed, according to the stored program, with the
maintenance directions and prognostications outputted from the printer and

the applicable portions of the memory updated or augmented.

3.1.7.3 Medium Capacity Non-Volatile Memory

As noted in the preceding paragraph, the memory will contain programs, sub-
routines, and a dossier on each aircraft or group of aircraft. It is important
that this memory be non-volatile and protected such that the contents can not
be unintentionally altered or lost upon the removal of power. At the present
state of the memory art, this requirement can be satisfied with a mognetic -
mechanical unit such as tape or disc. It is likely, however, that current
technology can provide solid-state, non-volatile, read-mostly memoriés. These
are projected to be competitive in size and cost to tape or disc memcries with

the important features of higher reliability and much lower powec consumption.
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3,1,7.4 Printer

In Section 4,2.2.6 of this report the possible printout formats are dis-
cussed, The Printers to produce these format. &re currently available, Since
the unit will be operated under combat fiela .onditions, it is desirable that
the unit be rf a non-impact type which is not position sensitive and which does
not use toners or free fluids, Printing speed is of primary importance since

higher speec units will require less memory for buffering.

3.1.7.5 Manual Entry Keyboard

It is desirable to make manual data entries, primarily of a documentary
nature, via a keyboard, A keyboard is also necessary fcr the entry of special
commands and test procedures. This is not to state that other manual energy
methods are necessarily precluded. Decisions will be mnde during Phase C =then
the actual manual data requirements have been identified. It may be taat an
entry device should not be furnished with the organizational level equipment
& to preclude inadvertent false operation. Rather, a portable entry unit, supplied
at Direct Support level, could be taken, by a properly skilled individual, to

L the Organizational level units for aocumentary entry.

3.1,8 MODUM to Higher Maintenance levels and MiIDAS

Present plans indicate a printout at only Organizational Level with higher
1evel AIDAPS functions acnieved via the TAMMS on existing or projected Army
computers {Section 4.2.2.4 of tnis ceport). It is possible, however. a. some
Jucuse date, that it would be desirablce to automatically enter some or all of
the AIDAPS information into large scaile, Division or Corps level, computers
wous0r Automatic lechnica. Manual uisg.ay systews such as the MIDas. To provida

.r thd contingency, it is contemy. . {~at the AIDAPS ground equipment will
be des.gned such that a MUDUM to acconyiish this poesible coupling can be added
ai. any time. This is indicated by Lic dusaud lines in Figure 3.1-3, The imple-
senitation and mode of uperation of Jeec coanot be specified wathout infor-
mat.oa about the receiving device. The avuilability of Integrated and Hybrid
cir.uits for these purposes, howevir, a.lows great variation in codes, logic
wevels, data rates, modulation modes, ci.. witnout extensive clanges in size,

velght, power and costs,
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3.1.9 applicat.on And/Or Irtegration of Special Techniques Into an AIDAPS ;

There are many techniques and special equipments which have been developed
or suggested for the monitoring of aircraft subsystems. Several of these were
discussed in Section 5.0 of the Phase A Interim Report. Examples are Leak .
Detectors, Metal Fatigue Sensors, Radioactive Wear Traces, In Line 0il Analysis,
Sonic Analysis, and dedicated equipments such as Engine Hot Section or

Compressor Analyzers,

In the case of the dedicated analyzers the AIDAPS performs these functions
as part of its routine engine analyses; i.e., the Engine Hot Section and
Compressor analysis are incorporated in the AIDAPS and there is no need for

separate '"black boxes,"

As was also cited in the Phase A report, some of the techniques which have

been developed for other usages would require further development for AIDAPS.
; Specifically, In-Line 0il Analysis by spectrographic methods, would require

considerably more effort before a cost efrfective flyable unit could be produced.

R A O

In regard to Sonic Analysis, Northrop experience has demonstrated that an
;' cqually powerful inspection and diagnostic technique for the same purposes is
vibration analysis. An important advantage of vibration methods is the reduced

complexity and cost of real-time equipment.

In general, Northrop has found that cffective AIDAPS can be produced using

T

cxisting types of standard aircraft sensors. In the hardware design, in Phase

C, cquipment wiil be so configured that special sensors can be accommoda:ted

e, VPO

whcnever possibie, if increased AID/PS performance can be achieved,

3.2 DETAILED i.\RDWARE CONSIDERATI: .S

An AIDAPS must accommodate the ::ain. cnance function authorized by the
aircraft MAC chart. The basic systum hardware division and hardware functions
are developed with consideration g.ven t2 tue cbjectives of aiding maintenance

personnel in their respective iunt _ons outlincd in the MAC chart as higialighted

. A e s i s TS AT QAN o

in Section 4,i.1.2, 1In addition to the cxistiug functions, diagnosis and
orognosis are being considered for possibl. .aclusion in the future MAC

chart,
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For purposes of the hardware discussion, the most complex version of the

hybrid AIDAP System was used as the basis for the hardware discussion and

considerations, The same discussions apply to the ground-based system excluding

the airborne data processing, display and recorder, and the ground playback
transport. The system will be divided into the physical units as illustrated
in Figure 3.2-1 and briefly discussed as follows:

a) System inputs consisting of existing sensors, added sensors, and documentary
dar. such as aircraft identity, time, etc.
v) Central Electronics Unit which ficludes data acquisition and data processing.

c¢) Flight safety outputs (hybrid system only) for Voice Warning System and
existing warning lights,

d) Flight Display Unit for maintenance purposes only.

e) Flight Dat- Recorder for recording voice and digital information for subse-

quent ground processing.

£) Playback Transport which provides for tape reading and data reconstruction

within the ground processing equipment.

g) Central Processing Unit to process the AIDAPS data into meaningful informa-

tion the maintenance crew cair use in the inspection, diagnosis and prog-

nosis of aircrarft maintenance items,

h) Ground Display to translate the information gathered by AIDAPS to a recog-

nizable form such that the maintenance personnel can take the appropriate

action.

The considerations aad altern. .vos within cach section of the ATDAPS hard-
ware are discussed and recommendat...s cited w..re a detuiled study is not
Jugtired . : the Leat approaca.  The woow. upplicable to a ground based
vorsus hybrio w.. i dentifiea. . i Loum systems will be recommenwcd

in Phase 7,

3.2.1 System Inputs Consideratiu...

The system inputs include a.. . ‘aformation the AIDAPS must receive in
order to adequately perform the desired functions, The actusl list of

reco.aended parameters and their paysical cuccacieristics will be develaped
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in Phase C for each study aircraft or group of aircraft, This information

will then be assessed to define the existing sensors that can be used and the
sensors which must be added to accommodate the selected parameter list., Certain
information such as aircraft type, model, series, tail number, and date may

be printed out in conjunction with the inspection, diagnostic and prognostic
data, This information can be inserted either on the ground or in the air.

This data will be referred to as documentary data.

3.2.1.1 Existing Sensors

Existing sensors which can be used by AIDAPS must be selected based on
many aspects. The primary concern is parameter selection. A list of param-
eters which are currently instrumented in each aircraft will be developed from
the overall parameter list. These parameters will be possible candidates for
AIDAPS. 1In almost all cases signal conditioning can be designed to utilize
the electrical output of the existing sensor without significant degradation in
aircraft instrument readings due to AIDAPS loading. The followirz elements

must be considered when an existing sensor is to be utilized.

a) Electrical output signal characteristics
b) Sensor range (engineering units)

¢) Actual parameter range

d) Sensor output range

e) Output impedance

f) Indicator impedance

g8) Indicator resolution

h) Scatic error band

1) Repeatabilicy

j) Frequency response,

3.2.1.2 Added Sensors

After the parameter .ist is developed and the existing sensor. which cau
be utilized by AIDAPS id. ...iicd, scnsors for the remaining parameters musc be

evaluated. Sensors required Lo monitor certain parameters may be standard
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off-the~shelf type whereas others may be special types, A prime consideration
is the type of sensor to be utilized, Aside from meeting the basic monitoring
requirements as dictated by maintemnance data needs, several other factors must
aiso be considered,

The method of installation in the aircraft must be considered when select-
ing sensors. The simplest method which minimizes installation involvement and
has negligible effect on reliability is preferred., This includes selecting
sensurs that are lightweight and do not require special wiring, However, the

ability of sensors to properly function in the local installation environment

must not be sacrificed. If possible, sensors should not require in-place

calibration and should be maintenance free.

Choice of sensors must include consideration of compatibility with signal
conditioning capability. Minimizing the need for zeroing, scaling, ranging,
etc. of sensor outputs minimizes the circuit involvement in adapting senscr

outputs to signal processing.

When selecting sensors, consideration will be given to commonality with
sensors presently installed to monitor similar parameters, and secondly to
sensors already in the Army inventory for other aircraft, when practical.
Since many of the aircraft types have similar subsystems, selecting sensors
which are employed in more than one aircraft type would simplify logistics
and reduce system cost. Multiple use of the same or similar type of sensor
on the same type of aircraft would also simplify circuit design and would
provide an opportunity for circuit saving techniques such as time sharing.
Many detailed considerations must be given to the selection of additional
sensors cuch as:

1) Sensitivity

2, Parameter range (engineerinyg units)
3) 3ensor range (engincering uni'.)
&% Qver range

-2 Sensor electrical output range

o) Output impedance

7) Static error band

3-18 NORT 71-209-2




8) Repeatability

9) Time constant

10) Stability

11) Weight

12) Size

13) Power dissipation

14) Excitation requirements

15) Eavironmental qualifications (MIL Std.)
16) EMI qualifications (MIL Std,)
17) Linearity

18) MTBF (reliability)

19) Shelf life

20) Maximum temperature

21) Frequency response

22) Avaiiability

23) Price

24) Guarantee

25) Used previously on MIL equipmenc
26) Cycling life

27) Type

28) A/C drawings

3.2.1.3 Documentary Data

Some documentary data must be printed out with the maintenance information
for identification. The documentary duta will be used to associate the source
of the data, time of occurrence, applicable maintenance level, etc. with the
failure 'informat ion extracted from the parameter data. This documentary data
can be inserted on the grounu or in the air, manually or automatically. Some
information will best be inserted in the air, whereas other information will

bust be inserted on the ground. For example, items such as aircraft identi-

fication may lend themselves to automatic airborne insertion whereas the date
may be manually inserted into the grouna processing 2quipment via a keyboard

entry.
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A list of documentary ii ormation that may be printed out with the normal

data is presented. These alternative. are presented for evaluation only,

The documentary information to be presented and hardware design approach for

accomplish.ng this will be recommended based on the optimum approach to meet

the Army's need and interface with the prasent MAC chart and TM's,

1)
2)
3
&)
5)
6)
7)
3)
9)
10)
11)
12)
13)

3.2.2

Aircraft type, model and series
Aircraft tail number

Engine serial number

Time o each occurrence (recording) \
Time of 1iftoff

Time of touchdown

Time of coast down

Total running hours

Total flying hours

Date

TM number and chanter

Time to engine overhaul

Time to next periodic

Central Electrorics Unit

The Central Electronic Unit (CEU) will contain the functional blocks

defined in Section 2.0 as collection and analysis. Selection of the pertinent

design criteria is dependent upon desired acquisition and processing capabilities.

The basic data acquisition porction consist: of the fellowing:

1)
2)
3)
%)
5)

Sensor isolation

First level multiplexing
Signai cond*Lion{;g
Second level multiplexiag

analog to Digital Coaversion (ADC)
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The proceasing section of the CEU contains all circuiltry relevant to data
compression for subsequent ground analysis, and circuitry for onboerd analysis
to decrease turnatound time and increase in-flight safety. A block diegram of
the CEU is shown in Figure 3.2-2,

Circuits employed should minimize requirements for calibration. Offset
adjustments, gain timing, zeroing, etc., should be avoided. When required,
calibration should be gimple and straightforward, with a minimum of support
effort and equipment.

Circuit mechanization techniques must consider the logic and interface of
processing circuits which use conditioning outputs. Certain relat’onships
between sensors may be more conveniently accommodated by conditioning circuits
than by processing circuits. In conjunction with processing requirements,
time sharing of cond’tioning circuits must be evaluated; this should include

exceedance detection as well as basic signal conditioning.

There are considerations applicable to each block of the CEU individually
and those which apply to the CEU in general., The considerations which must
be given to each block are discussed on an individual basis in the following

aragraphs. <Considerations basic to the CEU are;
P P

1) Component cost

2) FEnvironmental performance (MIL Std.)
3) EMI (MIL Stcd.)

4) Reliability

5) MIL Std. components

6) Size, weight, and power requirements
7) Mounting configuration

8) Aircraft retrofit for insta..acion
9) Accessibility, existing space

10) Maintainability (no special tou. .
11) Modularization
12) Flexibility in design

13) Connector interface design

14) Expansion capability

15) Sampling rate
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16) Sampling period

17) Recorder start - automatic/manual start signal characteristics
18) Record logic

19) Tape format (record)

20) Data format

21) BITE

22) Display control logic

There are many alternatives when developing a hardware mechanization for

the CEU, Some of the alternatives which must be considered are:

Continuous inflight monitoring Selective sampling of parameters
and recording only at specific flight modes

(e.g., hovering)

Automatic data acquisition at Automatic at takeoff and/or hover
multiple preprogrammed modes Vs mode only. Pilot option to

- upon fault detection record inflight
Multiplexing of two or more Discrete individual parameter
simiiar but independent vs processing
parameters
Multiple "exceedance of limits" Exceedance of one fixed parameter
triggering levels of sclected Vs limit

per.cimance values

Operation on unregulated ac Operation on stabilized regulated
power ve power

j
Complete inflight data processing Partial inflight date processing for
for real-time warning and/or selective warning and/or display with
dispiay, plus simplified post- ve completion of prognostic data analyses
flight data presentation using ground-based computaticn
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Inflight data editing anu data s Postflight data editing during

compression techniques processing

Automatic mode blocking and Manual turn-on and operation

control logic vs control

Capacity expansion by interncl Capacity expaasion by building-block
vs

growth provisions ’ concept using separate modules

Single airborne electronic Separate signal conditioning custom

module, including specific vs designed for each aircraft mating

signal conditioning with universal eléctronic unit

These alternatives will be addressed in detail in Phase C.

3.2.2.1 Sensor/AIDAPS Isolatiom

Sensor/AIDAPS isolation reduces loading effects on the aircraft's instru-
ments to a non-detectable level. The isolation is accomplished with precision
résistors which also are used for sca.ing to the signal conditioners. The
values of these isolation resistors wre typically 200 k). They are located
as close to the CEU input connector as practical to insure proper aircraft
iastrument readings in the event of . failure within the AIDAP System. Values
must be developed to limit the percent loading in normal operation and worst

case AIDAPS failcd condition.

3.2.2.2 First~Level Multiplexing

The first-level multiplexing is provided to route the input parameters to

their appropriate signal conditiovners. This allows the signal conditioners to

be time shared thus contributing to a decrease in the number of signal condition-

ers required, For example, Nl and N2 may time-share the same frequency-to-dc

converter by mgans Ot an MOS wmltiplexing switch. Histocically, reed relays

have been used to accomplish this. The present state of the art has antiquated
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the reed relays due to the development of highly reliable, low cost MOS LSI
multiplexing switches., The following elements must be considered when selecting

multiplexing techniques,

1) Multiplexed or dedicated conditioners

2) Number of signals multiplexed together

3) Type of multiplexing switches (solid state, MSI, LSI, reed relays)
4) Addressable or fixed address

5) Type of signals multiplexed

6) Signal degradation caused by the multiplexing switch

3.2.2.3 Signal Conditioning

Signal conditioning is used to convert the various types of electrical

h signals from the aircraft sensors to a common signel type. This conversion
facilitates the handling and digitizing of the data for processing. For

- example, sensor outputs such as synchros, tachometer generator outputs, ac,
low level dc, vibration, and high level dc signals may all be conditioned to

0 to 5 vdc signals such that a common analog to digital converter could handle

all signals.

- Conditioning must be compatible with sensors. In the case where existing
aircraft sensors are utilized, conditioning circuits must have a ﬁegligible

effect on aircraft instruments,

A list of considerations for selecting sigrial conditioning are as follows:

1) Type of conditioners

2) Accuracy

3) scale facter

4) Linearity

5) Number of each type conditioner
6) Multiplexed gain components

7) LSI, MSI, discrete components

8) Techniques for conditioning sipaals such as sync/dc or frequency/dc

9) Signal conditioning input impedance

u\
'

~

s
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3.2.2.4 Second-Level Multiplexing

The second-level multiplexing is incorporated to channel the outputs of
all the signal conditioners in one common data line to the analog-to-digital
converter. The discussion of first-level multiplexing in paragraph 3.2.2.2
related to solid state versus reed relays applies equally to the second level
multiplexing., The basic considerations for the second~level multiplexing

feliow,

1) Number of conditioners
2) Type of multiplexing switch

3) Levels required for isolation

4) Addressable or fixed address

S) Signal degradation

The following article discusses the various advantages and disadvantages
of multiplexing. The text is an extract of an article authored by Hermann Schmid,
published in Electronic Design, January &, 1969 entitled "TIME-SHARING SAVES
HARDWARE," * (Reference 1)

Often, not one. but several analog signals must be converted into digital
form. The question then arises whether one a/d converter should be used for

cach analog signal, or whether one a/d converter should be time shared - or

multiplexed - between several analog input signals.

1f, for example, there is a conirol system in which 16 dc voltages must
pe converted into digital signals, several possibilities exist. These include
using 16 convertcrs, one for each input, and using 8 converters, each time-
sanared hetween two inputs, etc.

With the complexity, size, weight and cost of most presently available
./d converters, the most economical approach is to use one converter and time-
.nare it between ali 16 inputs. But thi: .olds true only for most presently
available hardware. With small anc inexpensive monolithic converters, the

cconomics are quite different.

#(Reference 1}
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Economics, however, is not the only consideration in deciding whether or

not to time-share, Overall performance must also be considered.

Every time an analog signal is processed by some circuit, no matter how

simple, an error 1is introduced, Such is the case with time-sharing, where

- analog signals are connected sequentially in time to the a/d converter, Time-

sharing deteriorates the overall conversion accuracy: errors due to time-

- sharing generally increase with the number of signals being multiplexed,

There is another penalty paid for time-sharing; namely, conversion rate,
. When "n'" analog signals are sequentially converted in time, each signal is
converted only at a conversion rate of 1/n. Using the example of 16 inputs
again, and assuming that the maximum conversion rate is 16,000 per second,
then each of the 16 inputs can be converted only a rate of 1000 per second.
Obviously, any economy in hardware through time-sharing can be achieved only

by sacrificing conversion speed,

Time-sharing of a/d converters can, therefore, be employed only if the

overall system will permi: reductions in accuracy and speed.

Only when the a/d converter is much more complex than the circuitry needed
to multiplex one channel will time-sharing offer a reduction in hardware. But

cnly when the error and reduction in conversion rate introduced by the multi-

plexing circuitry can be tolerated is time-sharing desirable,

General Organization¥*

T1ie zeneral organization of a time-shared a/d converter, including all
pecipaeral circuits, 1s shown in Figure 13. To time-share any a/d converter,
no matter what type, requires a se: of analoy switches, Sl to Sn, a4t the input
and a set of logic gates, Gl to Gn, at the output, Only one switch and one gate
are closed at any one time, so that only one input signal is connected to the

input of the converter and only one builer circuit connected to its output,

The switches and gates are controlleu oy the outputs, Ty to T,, of an n-
stage timing generator. These timing pulues have an ON-time equal to cne
conversion period of the particular a/d convertec used, Often the timing

generator is an n-bit ring counter.

*(Reference 1)
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13. Time-shared a/d converter has one analog input, connected to its output during each conversion period,
V_. connected to its input and one storage buffer, M_, T.. Switching is controlled by a timing generator.

*(Reference 1)

Frequently there is a need in time-shared a/d converters to provide a
special conditioning circuit for each input signal. Such an input signal-
conditioning circuit is also necded for an a/d converter that is not time-
shiared; in this case, it is usually part of the converter itself, The input
signal conditioning compensates for ground potential differentials, scales the
input signals, climinates the effect of noise ca the gignal lines, and provides

the input signals with a low-impedance source,

Because the operation of time-shared =/d converters generally can not be
synchronized with the operation of the digital control or the computation
circuits that use the outputs of the converter, a buffer circuit must be pro-
vided for each output signai, Shift registers or simple flip-flop latches

generally are employed to perform these functions.
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The output multiplexer and buffer circuits are straightforward and pose no

problems, although the buffers réquire a considerable amount of hardware., In

contrast, the multiplexing and conditioning of the analog input signals 1is quite
difficult,

In any a/d converter the signal connected to the converter must be an exact
representation of the signal generated by the analog signal source. Often,
however, the signal at the converter is quite different from that at the source,
Noise induced into the signal lines and the differences in ground potentials may
completely distort the analog signal. Besides, the full scale output of the
transducer may be greatly different from that required by the converter. And in

another case, the impedance of the analog source may be too high,

To eliminate the effects of noise on the signal and the effect of ground-
potential differences, to provide a capability of scaling, and to provide a
low-impedance signal, the differential amplifier circuit in Figure 14 is
frequently employed. Assuming zero offset and infinite gain, the output

voltage of the amplifier is

Vo - (El -EZ).
1

Any difference in scale factor between the sensor output and the converter
input can be corrected by proper choice of resistors Rl and RZ’ where for the
sake of simplicity, R;, R,, Ri, and Ré are assumed to be the same, Any differ-
ence in ground potential,lﬁvo, between the sensor and the a/d converter has no
effect on the output of the differential amplifier, since Vo is proportional
only to the difference voltage (E1 - Ez). In addition, any induced noise, Vm,
has equal amplitudes on both the signal line and tae signal-return line and
therefore will cancel, {f the common-mode rejection of the amplifier is

sufficiently high,

The output impedance, Zo’ of the differential amplifier is very low (less
than 1 ohm) znd is usually much lower thav that required by the input multi-
plexer, 1In the circuit of Figure 14, R may have any value, provided that
the sum of R8 and R1 is smaller than RZ;K‘ and that R‘ remains constant,

(K = the desired closed-loop gain of the differential amplifier circuit,)

If Rs varies, then its magnitude must be much smalier than that of R The'

X
exact limit depends on how much Rs changes.

NORT 71-209-2
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If the amplifier of Figure 14 had no offset and infinite gain, all would
be well, However, amplifiers approaching this ideal goal are very expensive
and large in size, And if low-cost monolithic amplifiers are used, offset and
gain problems arise, which must be kept within reasonable bounds, Either way,

input signal conditioning is expensive,

Input Signal-Multiplexing*

The input multiplexer of Figure 13 connects each of the input signals
sequentially in time to the a/d converter. Since the input signals are dc
‘ voltages, the input multiplexer is an array of a number of analog voltage

switches, Only one switch is closed at any one time, and the outputs of all

the switches are common,

Each of the following types of series voltage switches is suitable for use
in the input multiplexer. However, each has particular advantages and dised-

vantages which must be evaluated.

® Direct-coupled bipolar junction transistor switches,

e Transformer-coupled bipolar junction transistor switches,
e J-FET switches, and
e MOSFET switches.

Errors in the input multiplexer can be caused by leakage current through
the OFF switches and capacitance Zeedthrough transients. The error produced
by leakage current is very small. This may be surprising, as there are always
(rn - i) switches turned OFF. Since, however, one switch is always closed, the
total Jeakage current, ILT’ flows into the ON-resistance of the closed switch.
The resulting crror voltage is therefore the product of RON times ILT’ which
i> usually very small. This is shown in Figure 15 for a multiplexer made

ol J-FET switches. .

Whenever an analoug switch operates, the change in contrcl voltage is fed
thirough the parasitic capacitances to the signal current. The resulting feed-

througn transients can often cause prohblems. These problems are very much
A\ ]

ceduced in an analog multiplexer, where only the control signal to one switcn

S e

changes while all others remain constant.

*(Reference 1)
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14. Differential amplifier circuit provides input Signal
conditioning for each channel of a time-shared a/d con-
verter. One amplifier 1s used for each channel.
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i5. Leakage current causes only small error in input
muitiplexer, because total leakage current of ail OFF
switches flows into ON-resistance of closed switch.

*(Reference 1)
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'16. Capacitive feedthrough transients in the .nput muiti-

plexer are generally smail. This is because the actual
parasitic sapacitances (a) reduce to the equivalent of (c). *

However, this statement is valiu ounly when tne control voltages come from

driv. re that have a low impedance when they gencrate the turn-OFF signal. The

situation is illustrated in Figure 16a for a J-FEiT multiplexer, where a chang-

ing control signal is connected to Qi und where .uustant and low=-impedance

turn-O7F sigrals are connected to Q2 through Q5.
this multiplexer is shown in Figure léo.

vuit can further be simplified to that suown in §.gure léc.

alent circuits it is evident that uny

is reduced by a factor of if{(n - 1).

3=31

[It¢c,=¢C, =C,...=C

The transient equivalert for
1 2 3 0’ the cir-
From thesc cquiv-

“ransient iatroducea through one capacitor
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Switching speed is generally no probiem in multiplexers us~d with a/d con-
verters. This is because the multiplexer switches generally opecate an order

of magnitude slower than the switches inside the converter.

The impact of integrated circuits, and especially of MOS circuits, can
nowhere be seen better than with analog multiplexers. It is more than ironic
to see how present-day multiplexers are offered both as 19-inch rack modules
and in IC flat-packs. Granted that the 19-inch rack model outperforms the
present monolithic versions by far -~ that it still, to this day, represents
a masterpiece of engineering =-- but for how much longer will this hold true?
iue MOS technique has come a long way; so has the engineer's ability to de-
sign around any deficiencies inherent in MOS circuits. The MOS current

multiplexer shown in Figure 17 is a good example of this.

In the 16-channel multiplexer of Figure 17, MOSFET's are employed as

Vx1 ® Vxie

side of a set of resistors, Rl to R16' The other sides of these resistors

are connected either to the summing point of an operational amplifier, or to

current switches. The 16 input voltages, are connected to one

the ground by the 16 switches, Sl to S16. Each of these switches is a series-
shunt type. When the series switch is closed, the shunt switch is open, and
vice versa. The points, Pl to 0l6, which are the junctions of the input re-
sistors and the series and shunt switches, are always therefore at ground

potential. This offers rhe following advantages:

. fhe ON-resistances of both the scries and shunt switches do not change

with the input signal amplitude.

e There is essentially no leakage current, since source, drain, snd sub-

strate electrodes are at ground potential.

e The amplitude of the voltage to be switched is limited only by the size
of available input resisctors. The .wultiplexer can operate just as well

with 210~volt levels as it can with 2100-volt levels.
e The multiplexer can perform scaling operations on its input signals.

e The accuracy of the multiplexer cun be made independent of the value of
the ON-resistance of the switches by connecting &4 permanently closed
MOSFET -~ identical to those used in the series switches -- in series with
the reedback resistor of the amplifier. The accuracy and the maximum
value of the ON-rasistance of the switches is, therefore only a function

ot how well RON can be matched.
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17. Series-shunt current switches
MOSFET input multiplexer. *

are used in this all-
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The disacve.tages of MOSFET current switches in the arrangement are:

Additional precision c¢s.stors are needed. But since they also perform

.ac Junction of scaliag, this .5 4 s:all price to pay.

Capacitive feedthrough transients have considerable more effect when the
transistors are connected directly to the summing poin.. However, because
of the capacitive divider action, as proviously discussed, this effect is
reduced by a factor of 1/(n - 1). 1In any event, capanitive feedthrough
transients become troublesome only at high frequencies, at which input

multiplexers for a/d converters seldom hive to operate.

Twice as many switches are needed. But since the ON-resistance may be

quite high, this disadvantage is well compensated for.

With the curre ¢ switching technique of Figure 17, it 1is now possible

to build an analog multiplexer on a single chip that matches the dc perfor-

mance of even the most sophisticated multiplexers now on the market.

Qutput Multiplener *

The output multiplexer of Figure 13 is a simple and straightforward array

of logic gates. Output multiplexers are now availiable in all-monolithic form

a8

binary-to-decimal, or binary to "1 in 4", "1 in 8", or to "1 in 16" decoders.

Cutpuc_Buifers *

Tac time-shared a/d converter of Figure 13 generates the '"n" digital output

signals, Xo. to X , sequentially in time. The rate at which they are gener-

D1 D

ated is a function of how much time the converter requires for one convexsion

and ol how many signals there are to be converted.

Output buffer or storuge circuits are normally required to accept the out-

put signals i~ the a/d converter whea they are generated, and to hold them

until tney are nceded by the digitul control or computation circuits. The

bulfer circuits should also be uble to handle any required serial-parallel

or

parallel-serial conversion.

The most convenient and widely used of these is the serial-in, serial-out

type. This buffer must not only nave the capability of being loaded and read

*(Referen . 1)
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at a.y time, but must also have the capability of operating its input register
with one clock frequency and its cutput register witn another. Output buffers
are also often required to provide galvanic isolation between the control or
computation circuits and the converter circuit. In addition, the specific

application can impose many other requirements on the output buffer.

Although the output buffer is a cather complex circuit that requires a
considerable amount ot hardware, it is possible today to build one on a single

monolithic chip.

* % %

3.2.2.5 Analog to Digital Conversion (ADC)

Analog to digital conversion is the process of converting an analog voltage
level to a digital word. The count value of the digital word is directly pro-
portional to the analog voltage level. The following discusses the analog-to-
digital converter. The text and illustrations are an extraction of an article

”"n

titled "Modern Analog-to-Digital Converters for Instrumentation Systems,’ authored

by John 0. Bowers, published in the Electronics Instrument Digest, September
1970. *(Reference 2)

The basic techniques used to convert analog data into digital form have
remained essentially the same for the past 10 years. However, the methods
of implementing these conversion techniques are even now undergoing rapid
change -- due, primarily, to recent advances in monolithic integrated-circuit

technology.

Among analog-to-digital converters, probably the most widely used are the
feedback c¢ncoders that employ a digital-to-analog converter as the feedback
element in the encoding circuitry. One of the principal reasons for the ex-
tensive application of this family of devices is its capability to provide
high resolution and high accuracy at ivwodest to high encoding rates. Moreover,
fecedback encoders are relatively simple {(us cncoders go), and can be made to

operate accurately and reliably over o wide range of temperatures.

In addition to D-to~A converter, tne im»lementation of a feedback-tyype
A-to-D converter requires only a modest amount of digital logic and an analog
voltage comparator. The most completely integrated monolithic building blocks

that are available at the present time for use in A-to-D conversion employ

*(Reference 2)
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MOSFET technology, which facilitates diffusion of both the analog and the digi-
tal circuitry into a common substrate. Bipolar integrated-circuit technology,
on the other hand, requires separate substrates for analog and digital circuitry.
Despite this limita ion, it is capable of much faster encoding rates, and pro-
vides a wider temperature range and superior accuracy, as well. Another argu-
ment in favor of bipolar technology is cthe fact the MOSFET encoders also require
precision resistance ladder networks of much greater resistance, that are more

difficult to fabricate using thick- or thin-film resistsuce techniques.

The availability of a wide variety of low-cost; medium-3cale-integration
digital functions, together with the recent availability of moderately priced,
high=-per formance, monolithic bipolar D-to~A converters makes possible a new
generation of small, fast, reliable, accurate, and inexpensive A-to-D conver-
ters, A description of the three principal techniques that are commoniy em-

ployed to accomplish A-to-D conversion follows.

Feedback Encoding *

Figure 1 illustrates the basic principle of feedback encoding, as em-
ployed in A-to-D converters. The function of the digital encoding logic is
to develop a digital output that will cause the D~to-A converter, which it
drives, to produce a corresponding analog output voltage that'exactly ecnals
the analog input voltage to the encoder. The volcage comparator is useu to
compare Lhe D-to-A converter output with the analog input, and to drive the
digital encoding logic in such a manner as to minimize the difference between
the two analoy veltages. When this diifervnce has been minimized, the parallel
digital output signal from the encixling logic will correspond to the digital
cquivalent of the analog input voltage, within the basic resolution afforded

oy the comparator and the¢ D-to-A converter.

An n-bit A-to-D convercer can be realized by means of an n-bit D-to-A
converter as the feedback element. Threre basic types of feedback converters
are commonly encountered: the ramp eacoder, the tracking or error-tracking
A-to-D converter, and the successive-approximation converter. In each of
these rechniques, the analog-to-digital conversion is accomplished by means
of an iterative process in which a digital inpu: to the D-to-A converter is
determined that causes the corresponding analog output to equal, as nearly
as possible, the analog input voltage te the system,

*(Reference 2)
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Plg. V. Simplited block diogram of the basic feedback
onclog-to-digital converter, Flg. 2. Block dicgrom of o
ramp-type analog-to-digital converter. Plg. 3. B ork diagrom
of o hracking-typs analeg-to-digital converter.?
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Ramp-Type A-to-D Converter*

Although the ramp-type A-to-D converter is a relatively slow device, it
has the advantage of simplicity. As shown in Figure 2, the encoding cycle
ls initiated by a START pulse rhat sets the binary counter to zero, while
simultaneously setting the control flip-flop to the state that enables the
logic gate controlling the clock-pulse input to the counter. In turn, the
digital output from the counter drives the D-to-A converter, which produces
a corresponding staircase output. At the point where the staircase output
becomes equal to the analog input, the comparator output changes state, thereby
resetting the control flip~flop, which gates off the clock pulses to the
counter. The counter's digital output then corresponds to the digitized value

of the analog input, and is held until a new encoding cycle is initicted.

Tracking Type A~to-D Converter¥

The tracking A-to-D converter is unique in that it tracks an analog input
signal continuously, so that its digital output code changes automatically in
accordance with variations of the input signal. This feature, in conjun:tion
with the relative simplicity of the design, suits the tracking A-to-D converter
well o applications as a single-channel (i.e., not multiplexed) device that

converts an analog input into a digital output on a continuous basis.

The block diagram of a tracking-type A-to-D converter is presented in
Figure 3. Here, a 10-bit up-down counter is driven continuously by a clock
signal. The parallel digital output from the counter drives a J-to-A con-
verter, the output of which is then compared with the analog input signal to be
digitized. The comparator senses the direction of the error between its two
inputs, and controls the up-down mode of the counter so as to decrease the
error. Once the correct digital output, corresponding to the analog input,
has been achieved by the counter, the converter proceeds to "track" the analog
.nput voltage by "hunting' bc.ween adjacent quantizing levels. The track-

Lype A-to-D converter is thus essentially a rejulator, in which the output of
its D-to-A converter is mude to equal a refereace level -- which, in this case,

is the analog input voltage.

*(Reference 2)
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Successive-Approximation A-to-D Converter¥®

The successive-approximation technique is the most commonly used of all
the A~-to~D conversioan techrijues. It is the fastest of all the feedback en~
coding techniques, and its speed advantage is achieved with only a modest

increase in digital-logic complexity.

Conversion at speeds higher than that provided by the highest speed successive-
approximation A-to-1) converters can be achieved only by means of parallel or
feed-forward encoding techniques, which trade off resolution for speed, and waich

involve rather cowplicated circuitry.

Figure 4 shows the blcck diagram of a successive-approximation-type A-to-D
converter. Since the successive-approximation procedure is well known, we
shall describe it only briefly. Successive approximation is a trial-and-error

process in which the correct digital value is determined by a sequence of trials.

It begins with the most-significant bit set to ONE, which produces an analog out-
put of one-half of full scale, This value is compared with the analog input. At
the end of the bit trisl period, the ONE is retained if the analog input is equal
to or grcater than one-half of full-scale, and the most-aignificant bit is reset
to zero if the analog input is equal to less than one-half of full-scale, Each
bit is then tried in a sequence of descending significance, ending with the least-
significant bit. Thus, only n clock (or bit) periods are required to accomplish

an n-bit conversion,

The logic required (.o implement the successive-approximation encoding process
is shown in Figure 4. A holding register is needed to generate and hold the
digital code. During the encoding process, the holding register is programmed
by means of a set of sequential pulses that are entered on a set of parallel
lines, one of which connects to each bit position in ctne register. At the con-
clusion of each bit period, the appropriate flip-flop is either retained in the
ONE state, or rceset to ZERO - as controiled by the reset feedback signal at the
comparator output. Althougu the resct-feedback function h.s long been performed
with logic gates, IC flip-flops are now available that are capable of perfcrming

notn the holding-register and the reset-feedback functions directly,

An additional advantage of the successive-approximation A-to-D converter is
that a serial digital output can be provided reucily by means of a single Ilip-
{lop which is steered by the comparator output and clocked by the clock input,
as shown in Figure 4.

*(Reference 2)
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fig. 4. Block diogram of o succossive-approximatior anolog-
to-digital converter.
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In addition to the previous discussion on Analog to Digital Conversion

methods, various other factors must be considered,

at‘ons follows:

1)
2)
3
4)
5)
6)

Number of bits
LSI, MSI

Discretes

Parallel or Serial

Conversion rates (clock)

Number system, binary, octal, decimal

3.2.2.6 Data Processing

A list of these consider-

The main functions of the airborne data processing hardware are to edit

the data collected, to reduce the bulk of data recorded to that which is

meaningful for performing ground analysis, to effect a decrease in aircraft

turnaround time, and to ircrease flight safety,

To achieve these objectives,

the following significant factors must be considered:

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)
12)

Compression

Editing

Threshold Levels

Parameter Cross-Correlation
Signature Comparisons
Inspection (limit detection)
Diéunosis (fault isolation)
Progaosis {fault prediction)
Datn Output

a) Recorder

b) Safety outputs

c¢) On-board display
Maximum (ata rates

Buffer

Memorv size, type

3-41
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3.2.2.7 CEU Outputs

The outputs from the CEU go to vhe Recorder, airborne maintenance‘display,
and the existing flight safety displays when the data is collected in the air.
If the AIDAPS is a ground based system, the only output of the CEU will be
to the ground data processing unit. The AIDAPS may provide outputs to the
existing aircraft Voice Warning System and sutsystem caution warning lights.
These outputs will be compatible with the input requirements of the existing
systems. The data format to the recorder and the on-board maintenance display
are open for consideration. There are many types of output data format which
can be used, and the relative merits of each will be considered in Phase C.
The foilowing are some of the items tu be considered:

1) Data channel capacity
2) Error rates and error detection
3) Maximum data acceptance rates
4) Recording mode

a) NRZ-clocked

b) Bi-phase-self clocked

5) Recording format

3.2.3 Recorder

The recorder is assumed co be digital rather than analog, as discussed in
section 3.1.2, except for a possible voice channel. The voice channel is used
by the flight crew to note anything of significance observed during the flight,
This eliminates the need to write it down during flight when it may be incon-
venient to do so. A tradeoff is a single inflight recorder for both AIDAPS

and voice versus separate recorders for each,

A major consideration is the method of transferr:ng the data from the
recorder to the ground playback transport. One approach is to use a miniature
sealed data cartridge for playback on a s;ecial data recovery unit. Another
is to use standard IBM reels for post-flight data transfer and processing on

a universal recovery machine. The following additional items must be considered:
1) Recording media
2) Tape cartridge
3) Tape reels

NORT 71-209-2
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4) Removable recorder
5) Size, veight and power regulation
6) Tape speed

- ot B o
e A, wm;. 3

7) Retention time

8) 1Indicators - tape motion, self test, end of tape, tape low :
9) Self test methods i3
10) Voice channel

11) Number of tracks

12) Parity

13) Skew

14) Speed stability

15) Tape guide mechanism

. 16) Continuous loop recorder

17) Program header information

3.2.4 Airborne Display

The data presentation may take the form of various displays. Since the air-
borne system will only display information necessary to affect turnaround time,

the display may only be a GO/NO-GO indication. Such an indication can be used

Soder 45{-LWY el
T AT R oy ©
.

when the aircraft lands. It is desirable for the pilot to know immediately if
he can proceed on the next flight without having to remove the tap: and analyze

it on the ground processing equipment. If the 'GO" is activated, he can continue

with the next flight after refieling and a quick visual inspectican. If the "NO- E ?
GO" indication is present, the tape must be removed for ground analysis to 3 ]

identify the problem. 3 ¢
The considerations when selecting displays are:

1) 1Indication of parameter E
2) Method of display (light or flag) 4
3) Location

4) Dependability

5) Positive GO indication

6) Existing displays

7) Recording only for subsequent ground playback versus inflight process-
ing with real time display (recording vptional)
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8) Visual dynamics display (CRT or equivalent) versus "flags" on main-
tenance fault indication panel

9) On-board, high-speed printer (in lieu of recorder) versus post-flight
printout of recptdpq%outputs.
I

\

3.2.5 Playback Transpprt
The playback transgif: is used to extract the data from the magnetic tape

recorded in the aircraftjand to reconstruct the data for ground analysis. The
playback transport, data processing unit, and ground display may be mounted in

the same mobile stiucture and interconnected by rear mounted cables.

When selecting the playback transport, many factors must be considered to
ensure that the proper interface is provided from che recorder to the data

processing unit. These factors are summarized as follows:

1) Speed

2) Data reconstruction

3) Stop-Start

4) 1Indication - tape motion
- ond of tape

5) Automatic/manual operation

6) Skew

7) Speed stability

8) Synchronization

3.2.6 Ground Computer

The ground computer is used for processing the data recorded previously
Juring normal flight for tne hybrid system and for processing the real-time
adata when used with the ground system. It must have sufficient memory to
perform, as a mirimum, short~term prognosis. &he processor should provide
a means of manually entering documentary data such that it may be printed

with the normal data gathered during flight.
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Significant tradeoffs which must be considered are:

Integral logic for preselected vs
exceedance of limit condition

Fixed custom logic and compu-
tation memory tailored to \73

specific characteristics

First order linear approximation vs
of engine gas dynamics cycle
analysis in region of specific

interest

Accountability of variation of vs
engine-to-engine on a statistical

basis

Signature deviation recognition vs
technique for diagnosis and

analysis

Signature recognition technique vs
circuitry incorporated integral

with hardware

Total range of analog scale for

data processing

General purpose programmable computer

Precise engine gas dynamic cycle
analysis encompassing entire engine

operat ing envelope

Accouatability of performance
variation on a self-adaptive

mathematicai 1sis.

Signature deviation recognition
technique suppl2mented with pattern

recognition technigue

Historical tapes for trend or

prognostic analyses

The basic fec:.»rs which must be evaluated befcre the computer can be

selected are:

1) Memory size

2) Speed

3) Program Requirements
4) Documentary data input
5) Control logic

6) Buffer

7) Optional outputs

8) Meintcnance Logic

9) '..i4 format to display

3=45

NORT 71-209-2




3.2.7 Ground Display

The ground display will be the link between /IDAPS and Maintenance Per-

sonnel.

From a practical view, a hard copy musct be generated.

The data must be in a form which is usable by the maintenance crew.

A display such as CRT

cannot be used because the data must be either remembered or recopied by the

mechanic and is impractical.

are:

Alphanumeric printout in coded Vs
format

Quantitative readout in arbitrary
digital units for Tech manual vs

correlation

Data presentation limited to
organizational, direct support (DS),

and general support (GS) main- Vs
tenance (e.g., engine bearing has
failed)

Digital data transmission by cable

from flight line to remote EDP vs

Equipment designed for data
recovery in flight line environ- vs

ment using mobile jeep as option

Complete data (inspection, diagno~ vs
sis and proguosis) available directly

at organizational level upon landing

Daily data acquisition records
retained with aircraft flight log vs

for referral

Digital go/a0-go coded printout
data with Tech Manual cross- \"Z:

raferenced instructions

3-46

Significant variations involved in the selection

Printout in plain language

Quantitative readout in engineering

units

Data acquisition and presentation
for organizational direct support
(DS), general support (GS), plus
depot level (e.g., what specific
engine bearing has failed)

Overland transport of recorded data
to Electronic Data Processing (EDP)

Center

Data recovery at Air Mobile Shop (AMS)
using extensive specialized data

analyrer cquipxent

Inspect.on and diagnostic data only
at fl.ght line, and prognostic data
at DS or GS only when convenient to

process

Long-term data storage and referral
at central poiat using computer

memory and printout faciiities

Normalized digital counts and/or
multiple channel analog presentatioas
for interpretation at G5 level

NORT 71-209-2
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There are many basic factors which must be considered when selecting the

proper printer to accomplish the intended objectives including:

1) Format

2) Speed

3) Number characters per line
4) Types

5) Available symbols

6) Control

7) Media

8) Paper low indication

3.3 HARDWARE APPROACH SUMMARY

The basic hardware guidelines and considerations have been outlined within

this section. Conclusions have not been drawn except where the optimum solution

is obvious and not applicable to a tradeoff analysis conducted in Phase C.

The

hardware considerations were identified for the basic system and for each

separate physical unit which includes existing sensors, added sensors, docu-

mentary data, central electronics unit, flight safety outputs, flight display,

data recorder, playback transport, central processing unit, and ground display.

The conclusions which were reached are summarized as follows:

e Digital system

e Use of existing sensors where possible

e Commonality of added sensors with those existing
e Need for documentary data

e Solid state multiplexing

e Existing aircraft indicators for flight safety

e Digital recorder

e Printer for ground display

e Need for data compression
No telemetry
Cartridge loading magnetic tape recorder

Recommendations will be made for the remaining hardware considerations in

Phase C.

3-47
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3.4 AIDAP SYSTEM HARDWARE CONFIGURATION AND DESCRIPTION

3.4.1 Scope

This section establishes the AIDAP system conceptual hardware applied con-
figurations and the basic descriptive elements for the subject hurdware. The
equipment is configured around a constant AIDAP system functional capability,
subsequently referred to as the functional base. This functional base supports
aircraft subsystems fault detection and diagnosis, and performance prognosis.
The complexity of hardware application is essentially controlled by this func-

tional base.

3.4.1.1 Considerations

The herdware configurations and basic design were based upon the following
considerations and criteria. The aircraft monitoring activities, defined in
Table 2.3-3 of this report, were assessed vith respect to the degree of :mpact
on inspection and maintenance activities at the Army aviation organizatio-lal
support level. The monitored parameters adaptability to instrumentation nechani-
zation was also considered. This assessment established a generic set of param-

eter types for a basic AIDAP system,

Weighted indexes were assigned to the selected parameter types to rel.te
them to signal conditioning and processing circuit complexities. Paramet:r
counts were then established for each of the aircraft groups defined in %able
2.3-17. The assigned counts were based upon an evaluation of parametric
quantities required to permit satisfactory inspection of the aircraft sudsystems
and upon previous monitoring application experience on similar aircraft The
parameter indexes were then summed to establish "Weighted Sensor Count" (WSC)
vaiusces lor each of the subject aircraft groups. These values were util:zed to
cstublish the circuit sizing within the conditioning and processing hardware.

This application is discussed herein under section 3.4.2.1.

3.4.1.2 Hardware Configurations

A modular hardware concept was selected and applied in the following tn'ee

basic AIDAP system configurations:

e Hyorid e & vborne ® Ground
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The modular approach permits the adaptability of the basic data acquisition
and processing units to a variety of AIDAP system application requirements.
Reasonable expansion of conditioning and processing capabilities may be intro~
duced without any change to a modular envelope and without significant change
in weight. Solid state MOS integrated digital circuit devices are applied to
the greatest degree possible to minimize power requirements, modular weight and
cost. As previously noted, the hardware configuration is based on a constant
AIDAP functional base., Likewise the modular units internal configurations are
essentially controlled by this same base. A reduction of this base can be
readily adapted to by eliminating a specific modular element and as necessary,
incorporating a desired functional replacement within a remaining unit without

affecting the aircraft/AIDAPS peripheral interface design.

3.4.1,2.1 Hybrid Configuration

Figure 3.4~1 Configuration I, depicts a hybrid allocation of AIDAP system
hardware. The hardware elements utilized within the configurations and their
functional purpose(s) are briefly discussed in the following text.

3.4.1.2.1.1 "Flight Data Eptry Panel" (FDEP)

The FDEP is utilized to provide the following functions:

e Manual/Automatic insertion of aircraft "Documentary Data' (DOCD)
e Power and operational mode control of a voice warning unit.

) Priﬁary power control of aa airborre digital processor, when applied
to the AIDAP system.

3.4.1.2.1.2 '"Voice Warning Urit' (VWU)

The VWU is utilized to enhance aircraft and crew inflight safety.
The unit performs the followiry:

® Accepts, conditions and prucesses sensor analog data from selected
flight critical aircrafc parameters in a direct mode and via digital

data from a central electronics unit.

3=49 NORT 71-209-2
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e Provides control lcgic for selection of pre-recorded voice warn-

ing messages and outputs voice messages to the pilot headset and to

an inflight magnetic tape recorder for data storage.

3.4.1.2.1.3 "Central Electronics Urit" (CEU)

The CEU is the basic data acquisition and processing module for the system.
It serves the following purpose(s):

® Accepts seusor analog data from selected aircraft parameters in a
direct mode and via digital data from a remote data acquisition

unit.
® Provides aircraft interface circuit isolatiom.

® Perrorms signal noise filtering, operational process control, multi-
plexing, conditioning, analog-to-digital signal conversion, data

compression, computational analysis and record process control.

® Provides appropriate displays for visual‘monitoring of selected aircraft 1

subsystems and AIDAP system operational status, i.e., go/no-go.

® Outputs timing and operational logic data to the VWU, remote data

acquisition unit and to an inflight recorder unit,

® Outputs inspection and diagnostic digital data to the inflight recorder
unit for data storage, and to an airborne digital processor when applied

in the AIDAPS pure airborne configuration.

3.4.1.2.1.4 "Remdte Data Acquisition Unit" (RDAU)

The RDAU is primarily used to permit the adaptability of the basic CEU to
aircrari types of significantly difierenc compiexities. This configuration
approach also reduces the harness wire weight normally required between remote

sensing areas and a centrally located data conditioning and processing unit,

The functional purpose(s) are as follows:

e Accepts sensor analog data irom selected aircraft parameters; pro-
vides aircraft interface circuit isolation; performs signal noise
filtering, operational procc.. contrul, signal multiplexing and

analog-to-digital signal conversion.
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e Ourputs digital data to the CEU .or subsequent processing functions as
previously described.

Primary power to the RDAU and the CEU is locally provided by aircraft 28 vdc
power. Power regulation is integral with each of the units.

3.4.1.2.1.5 "Inflight Recorder Unit" (IRU)

The IRU is utilized for inflight data storage. It is an incremental speed,
four track cartridge type magnet.c tape recorder. The tape motion is auto-

matically controlled by the CEU outvut data logic. The data tracks consists
of

¢ One audio charnel
o Twn digital data channels

® One time data -hannel

The unit is a split case design which permits quick removal of the tape
cartridge for conveyance to the ground proceising equipment for data reconstruc-
tion and readout. The IRU accepts the following data inputs:

e Digital data from the CEU

e Voice data from the VWU and/or the crew.

3.4.1.2.1.6 "Ground Processing Equipment' (GPE)

The GPE is utilized for flight line datu reconstruction and data printout.

It is a ground portable or airmobile unit. It consists of modular segments
wdentified as

® Magnetic tape reproducer
® Data processor with a medium size magnetic tape memory

® Non-impact hardcopy data printer

Tihe GPE accepts data in the following configurations:
e Magnetic tape cartridge from £/C r.corder
@ Aircraft data via a remote data acquisition unit and hardware umbilical

e ©System checkout and test data from g~ .= ~st support equipment.
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The unit also has the following capabilities:

e Long term data storage
e Performs long -erm data trending

e Outputs data to higher maintenance levels when logistic interface

capability permits such,

3.4.1,2.2 Airborne Configuration

Figure 3.4-1 Configuration II depicts a pure airborne allocation of AIDAP
system hardware. The FDEP, CEU, VWU and RDAU are the same basic physical
units and perform the same functions as described for the hybrid configuration.
An "Airborne Digital Processor" ADP is applied to perform real-time on-condition

performance prognosis.

3.4.1.2.3 Ground Configuration

Figure 3.4-2 depicts a pure ground based allocation of AIDAP system hard-
ware. The RDAU is the same basic package described for the hybrid configuration.
It is sized such that it can be used as a ground based data acquisition unit.
Multiple units are employed as required. The RDAU is temporarily installed
in the aircvaft and interfaces with the ground umbilical cable. It accepts
sensor analog data from selected aircraft parameters and performs operations
as previously described. Digital data is transmitted via the hardwire umbili-
cal cable to the GPE for data compression; computational processing for inspec-
tion, diagnostic and prognostic data; record process control and hardcopy data
printout. The GPE processor provides timing and control logic.for system

operation.

3.4.2 Hardware Description

Figures 3.4-3 through 3.4-10 describes each of the AIDAP system hardware
units in terms of signal interfaces, weight, size, input power, and cost. In
addition, basic electronic "Prianccu Circuit Board' (PCB) configurations are

described where applicable.
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FIGURE 3.4-8 AIDAPS ADP HARDWARE DESCRIPTION

r. 4"
PHASE B REPORT SUPPLEMENT
CIRCUIT BOARDS (CBs)

B - 4" ’_‘
FDEP
] AIRBORNE a
CEU  }—= 'E:S(T::;son | BUS BOARD
- T NLT T
PRINTER e "N CONN.
- ey - - - 5"
t PROGRAM |- ==
- SELF TEST/NO-GO INDICATOR
(BASIC)
, o 2.5LBS
PHYSICAL DATA: Wr----52.3 LBS
CB CONFIG. AT 28 VDC
B -t | g
MAGNETIC MEMORY - - .. _. 1 -
ROM AND RAM... - . -~ 1 COST DATA:
SPARES. . _ ___-_- 21 ~ s2.0
BUSBOARD- - - - oo e e- o WITH CHASSIS AND
CONNECTOR

NOTE:
ALL DATA IS TENTATIVE
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FIGURE 3.4-9 AIDAPS A/B PRINTER HARDWARE DESCRIPTION

“ DATA INPUT
CONTROL PANEL L
- 5"
N‘ - --]
R89%0
a g ow ;;UNT‘
O Q [>]
AR 8"
p—— 9" — ————-/

PRINTER DATA:

NON-IMPACT TYPE -
WT. .. _= 5LBS.
COST - e - ~ $6 K

PRINT RATE - _ — _.
30 CPS, 300 WORDS/MIN,

PAPERWIDTH .__ . _ % 3 5/8"
PRINT MEDIUM . _ _ THERMAL
INPUT PWR. REQ'MTS _ _10 WATTS AT 28 VDC

NOTE:
ALL DATA IS TENTATIVE
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3.4.2.1 Printed Circuit Board Si:ing

As previously discussed in section 3.4.1.1, the aircraft weighted sensor
count (WSC) values were used to establish the circuit sizing for the signal
conditioning boards within the CEU and RDAU. An effective PCB unit circuit
area of 1/2 square inch was established for an average complexity of signal
conditioning, The §1rcraft grouping WSC values were summed, an average value
compvted and then multiplied by the effective unit circuit area to establish
the total circuit area required for conditioning for an AIDAP system basic
hardware configuration. Utilizing a PCB size of 4.5" x 6" with an effective
circuit area of 21 square inches, the number of conditioning PCB's was estab~-
lished by dividing the required circuit area by the board's effective circuit
area. PCB's for multiplexing, analog-to-digital signal conversion, computa-
tional processing, power regulation and record process control were also sized

based upon current circuit design technology.

Spare PCB slots are provided for design adaptability to varied aircraft
parameter types and counts. Operational bus boards referred to as mother
boards are utilized within the CEU and RDAU to permit interchangable PCB
positioning. The operational bus approach also contributes to the simplifica-

tion of hardware configurestion control.

3.4.2.2 Parameter Input Capacity

The parameter input capacity, for any given configuration of the AIDAP
system hardware modules illustrated, is dependent upon the application of the
RDAU. The subject capacity for the individual CEU and RDAU units will be
dictated by connector sizing and permissible wire interfaces on the operational
bus boards, dedicated conditioning and first level multiplexing PCB's. The
tentative assigned input capability for the units are 80 to 120 for the CEU
and 60 to 90 for the RDAU. The input capability for the VWU is tentatively
defined as 40 to 60.

3.4.2.3 Dsta Processing Capacity

The data processing capacity of the AIDAP system hardware modules illustrated,
is dependent upon design factors related to conditioning and processing circuit
time sharing, data compression logic, and time variables throughout the
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diagnostic and prognostic processing routines, The m.jor factors which will
prescribe the processing design are the final selection of aircraft parameter
types, quantities and data contrioution. The final parameter selection and

the inherent processing capability of the AIDAP system configuration(s) selected
during the Phase C tradeoff studies, will be defined in the proposed system

specification.

3.4.2.4 Hardware Sizing and Cost Data

The subject data as described in Figures 3.4-3 through 3.4-10 are based
upon an assessment of the current solid state circuit fabrication and packag-
ing technologies, material availability, volume purchasing of production units,

and aircraft data system hardware applications currently being programmed.

3.4.3 Ai-craft Groups and Applied Hardware

Tables 3.4-1 through 3.4-20 describe the specific application(s) of the
previously discussed hardware units for each of the concerned aircraft groups.
Parameter information as related to type, count, sensor availability, added
sensor cost and weight (includes harness wire weight) is provided in columns
one through five. AIDAP system hardware information as related to identity,
basic and added PCB configuration, weight, volume and cost is provided in
columns 6 through 11. comments are provided to reference applied data and to
describe the specific hardware configuration functional capabilities.

? The model analysis notation Cal (AIDAPS Unit Cost), added Airborne Total

; Weight (ATW) and AIDAPS airborne input power requirements are computed for
each configuration as shown in Table 3.4-1. The unit cost of the GPE hardware
is distributed over a tentative utilization of 15 aircraft for the hybrid con-
figurations. This allocation was based upon a maximum data recovery run time
of 10 minutes per data run., Therefore 30 data runs could be performéa i; an
established daily GPE utilization of 5 hours per day. Assuming an average of
two aircrafc flights per day, the aircraft utilization per GPE would be
15.
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The AIDAP system cost for the ground based configuration is distributed over
a tentative utilization of five aircraft. This distribution was based upon a
minimum setup and run time of 30 minutes per aircraft. Therefore assuming 2
flights per day per aircraft, 5 aircraft could be tested in a 5-hour period
by 1 ground based system.

All data provided is tentative and will be finalized during the Phase C
study effort. Only minor changes are foreseen. The changes will be affected
by the possible differences between the parameter type and count currently
identified and the selection resulting from the Phase C analysis of the actual

aircraft maintenance histories.
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SECTION 4




-

4.0 ARMY LOGISTICAL ENVIRONMENT

4.1 DIFFERENCES BETWEEN EXISTING AND FUTURE LOGISTICS SYSTEMS

4.1.1 Introduction

This section deals with the Army aviation logistical environment, with
emphasis on identifying those areas where the introduction of an AIDAP
system may effect significant improvement. Sections %42 through 4.6
summarize broad Army maintenance doctrine and principles, followed by a
discussion of the existing and future Army logistical systems, and concluding

with identification of the differences between the two systems.

4.1.2 Army Maintenance Definition

Maintenance of materiel consists of any action taken to retain materiel
in a serviceable condition or to restore it to serviceability. It imcludes
inspection, testing, servicing, classification for serviceability, reclamation,
repair, overhaul, rebuild, modification, retrofit, calibration, and renovation.
Thus, the scope of maintenance tasks ranges from simple preventive maintenance
services performed by the operator of equipment to complex depot maintenance

operations performed in fixed shop facilities,

4.,1.3 Principles of Maintenance

The following are the basic principles of mainienance as announced by the
Department of the Army:

a) Each commander is responsible for the maintenance of equipment issued to
his unit.

b) Maintenance will be performed in accordance with published maintenance
doctrine at the lowest category consistent with the tactical situation
and available facilities, skills, manhours, repair parts, tools, and

test equipment,
¢) Repairs will be accomplished on site when¢ser feasible.

d) Maintenance will be accomplished in accordance with the applicable
Maintenance Allocation Chart (MAC) which assigns maintenance functions to
specific categories (part of each aircraft TM -20 series).
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Unserviceable materiel which is beyond the maintenance suthority or

capability of an organization will be reported or evacuated promptly to
the organization responsible for the next higher category of maintenancs.

Unless precluded by the operational situation, all authorized maintenance *

within the capability of an organization will be accomplished before equip-
ment is evacuated to the next higher category of maintenance. Higher
categories will perform the maintenance functions of lower categories

when directed by appropriate commander.

Ordinarily, Table of Organization and Equipment (TOSE) units will not be
designated to perform as a primary mission, a combination of categories

such as direct support and general support maintenance, Specific exceptions
may be suthorized by HQ, DA, for combining direct support and general support
maintenance in special cases involving unit assignment, low density equip~-
ment, complex weapons systems, and similar instances when justified. The
Maintenance Support positive concept currently being staffed in Aruy

channels may impact on this principle,

Each unit will possess an organizational maintenance capability to the
greatest extent practicable, considering the size of the unit, its

mission, the economy of resources, and the operational environment.

Table Distri. ution and Allowance (TDA) maintenance facilities at instal-
lations may be assigned combined direct and general support main-

tenance missions to provide maintenance support to units* on a repair and

return-to-user basis. These combined DS and GS maintenance facilities may
also repair or overhaul unserviceable equipment for return to the local
supply system.

Maintenance will be accomplished with due consideration to the economy of
resources. Where practicable, rhe Inspect and Repair Only as Necessary

(IROAN) principle will be app.ied at all categories of maintenance.

Continuous command emphasis on the prompt evacuation of repairable un-
serviceable components and end items to direct support, general support and
depot maintenance facilities is mandatory for timely maintenance contribu-

tions to materiel readiness.

*locally and remotely

o A o
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4.1.4 Maintenance Objectives

The overall objective of materiel maintenance is to assure that Army
materiel is sustained in a ready condition, consistent with economy, to fulfill
its designed purpose., The attainment of this objective is contingent on the
timely accemplishment of the following actions:

a) The identification and establishment of essential maintenance require-
ments for materiel in feasibility studies, Qualitative Materiel Require-
ments (QMR), and Small Development Requirements (SIR).

b) The development of materiel in a manner that permits operation and mainte-
nance requirements to be consistent with attainable skill levels, with
maximum emphasis on human factors and safety engineering during design and

development.

c¢) The conducting of in-process reviews during development to assure that the

maintenance concept in the QMR or SDR is being followed.
d) The achievement of maximum repair parts standardization.

e) The development and implementation of a definitive maintenance support

plan for equipment items and weapons systems.

f) The identification, during development, of qualitative and quantitative

personnel and training requirements.
g) The achievement of optimum materiel reliability and maintainability.

h) The timely provision of support to fielded equipment.

4.1,5 Categories of Maintenance Within the Army

Categories of maintenance are used as a means of designating the scope of
maintenance to be performed by units and activities at various command levels
within the Department of the Army. The responsibility for the performance of
maintenance within a given category is assigned to a unit or activity in
accordance with Zts primary mission; its degree of mobility; and the intended
availability of personnel, skills, and materiel resources. These categories,

briefly defined are as follows:
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d)

Organizational maintenance. This category of maintenance is the rasponsi-
bility of the unit commander in maintaining the ¢perational readiness of
equipment assigned or under his control. It includes preventive mainte-
nance services and those organizational level functions authorized in the

=20 technical manuals.

Direct support maintenance. Direct Support Maintenance is assigned to and
performed by designated TOE and TDA maintenance activities in direct
support of using organizations. The repair of end items or unserviceable

assemblies is performed in support of using units on a return-to-user
basis.

General support maintenance. This category of maintenance normally is
assigned to and performed by designated TOE and TDA maintenance units or
activities in support of individual Army area supply requirements. Gen-
eral support maintenance represents the principal maintenance capability
available to the Field Army Commander for overhauling his materiel assets,
When required, general support maintenance may provide support on a

return-to-user basis for equipment whose repair is beyond the capability
of direct support units,

Depot maintenance, This category of maintenance is the respomnsibility of,
and is performed by, designated maintenance activities, that is, organic
Army facilities including the Floating Aircraft Maintenance Facilities
(both Operations, Maintenance Army (OMA) financed and Army Industrial
Fund (AIF) activities), facilities of other DOD elements, and commercial
contractor facilities. Depot maintenance augments depot stocks of service-
able materiel and supports organizational and direct and general support
maintenance activities by use of more extensive shop facilities, equip-
ment, and personnel of higher technical skill than are available at lower
categories of maintenance. Actions in this category normally consist of
the following: inspection and test; repair; modification; 2lteration;
modernization; conversion; calibration; overhaul; renovation (for ammo
only); reclamation; and rebuild of parts, assemblies, subassemblies,
components, basic or end items, and the emergency manufacture of non-

available parts tor immediate consumption.

FAA NORT 71-209-2
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4,1.6 Maintenance Operations

Maintenance operations are performed by various maintenance activities in
accordance with mission requirements, The scope of the operations are dic-
tated by the category of maintenance deasignated to be performed. Among the
maintenance operations and functions performed by maintenance activities, the

following are considered to be most important,

a) Spares and Repair Parts Supply. Spares and repair parts allowances and
initial guide quantities are identified and allocated in appropriate
technical manuals for organizational, DS, GS and depot maintenance organi-
zations. Direct support TOE maintenance activities supply repair parts to
units they support. TOE general support maintenance units normally are not

assigned a repair parts distribution mission. Controlled cannibalization

is used as a source of supply for repair parts and components when authorized.

b) Equipment Records. Commanders at all levels are responsible for the

accurate'recording of data required and generated by TAMMS,

c¢) Technical Assistance. Technical assistance is provided at each level of
command., This activity includes advising, assisting, and training person-
nel to install, to operate, and to maintain equipment. Upon request,
skilled personnel are provided to field commanders by elements of the

CONUS logistics base to assist in the solution of maintenance problems.

d) Contract Maincenance. Contract maintenance is used to supplement the in-
house maintenance capability of the Army. This method is not used, how-
ever, when it precludes or jeopardizes attaining and sustaining the
military organic capability necessary to support mission-essential
equipment. Contract maintenance has its principal application in the

support of nontactical activities,

e) Maintenance Float. A maintenance float consisting of end items or major
componeﬁts of mission-essential, maintenance significant equipment is
authorized for stockage, normally by DS/GS maintenance units or activities.

It replaces unserviceable equipment to meer operational commitments.
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£)

g)

i)

D

Command Maintenance Management Inspections (CMMI). CMMI are coaducted

by qualified personnel as often as necessary, but at least once each

year. These inspections are geared to providing major commanders with an
appraisal of maintenance management of each subordinate unit and activity,
an indication of the condition and serviceability of selected equipment,
and a measure of the effectiveness of orgsnization, DS, and GS supporc

maintenance. The CMMI is the principal means for insuring discipline in
the maintenance system,

Equipment Serviceability Criteria. The equipment serviceability criceria,
initially prepared and included in the maintenance test package for each
mission-essential maintenance-significant item, provides for the rapid
categorization of equipment into one of three conditions of combat ser-
viceability: Green (operational), Amber (operational with limited re-
liability), and Red (nonoperational or unacceptable reliability). Com-
manders at all levels use these criteria in evaluating serviceability of

equipment authorized and issued to units under their command.

Maintenance Standards. Maintenance standards, initially prepared and in-
cluded in the maintenance test package, are used at the several categories
of maintenance, TIhese standards recognize the principles of maintenance
economy which recommend complete replacement of pairts supplied as repair
kits, gasket sets, and similar groupings. The application of IROAN to
standards for organizational and DS maintenance is given primsry considera-

tion in the repair operations and servicing of equipment.

Repair Limits. Repair limits, tlally established and included in the
maintenance support plan, are based upon maximm cne-time repair costs

and are predicated upon an established life expectancy of the item,

Modifications. All aircraft or component modifications are authorized by
DA modification work orders (MWO). The agency (AVSCOM for aviation items)
assigned responsibility for maintenance support of an item initiates MWO
in accordance with established modification criteria as depicted in

AR 750-1 and AR 750-5. The MWO includes a designation of the maintenance
category responsible for its application and cites the degree of urgency

of the modification.
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k) Reporting. All maintenance accomplished on equipment is reported by all

levels of command in accordance with TAMMS and other established policies

a1. .

Jriteria.

1) Maintenance Management, Maintenance management is the responsibility of

commanders at all levels and includes

1)

2)

3)

4)

5)

6)

4.1.7

4.1.7.1

The

Determining and establishing appropriate resources essential in

accomplishing the maintenance mission.

Organizing, planning, programming, and budgeting for the proper use

of maintenance resources.

Providing technical supervision and management control over mainte-

nance programs and activities.
Conducting reviews and analysis of maintenance programs.

Evaluating maintenance concepts, doctrine, policies, plans and pro-
cedures to insure that they contribute to the accomplishment of the

overall military mission.

Recommending new maintenance concepts, doctrine, policies, plans and

procedures.

Existing Logistical System

General

existing Army aviation logistical system will be evaluated by con-

currently addressing the two major divisions of Army logistics which are the
Ccntinental United states (CONUS) and the Army-in-the-Field. These major

divisions are defined as follows:

a) CONUS Logistics - CONUS logistics from an AIDAPS viewpoint, encompasses

the organization, systems, and procedures together with the equipment,

materials and facilities needed.

1)
2)

To train ind to equip Army aviation forces

To support trained aviation forces while in CONUS, prior to deploy-

ment to a theater of operations
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3) To support CONUS Army aviation activities organic to the CONUS
armies and the military District of Washington.

{
p
!
|
L
;

AR TR

b) Army-in-the-Field Logistics - Includes all the combat service support
organizations, systems, and procedures together with the manpower, equip-
ment, materials and facilities needed in an overseas theater of operations
to support military forces deployed there.

Yo 4,1.7.2 Persornel Training

Army aviation logistical personnel both military and civilian (Civil
%ﬂA Service) receive their logistical training by attendance at Army service
| schools, on the job training (QJT), mobile training teams, or by atten-
dance at selected prime manufacturer factory cources. These courses of
training historically have emphasized theory in lieu of practical exer-

i cises, primarily due to the short retention periods for nonvolunteer

L e e T

military personnel., The concentration on theory combined with shortened

class duration has permitted the Army to accommodate quantitative re-

R o

quirements for logistical personnel, but, has not produced an experienced
individual who could adequately diagnose maintenance problems in Army

- aircraft systems. The result of a lack of diagnostic talent in the Army
has been highlighted by the thousands of components returned to Army
depots, which when tested, were found to be serviceable. The Army recog-
nized this problem many years ago, and initiated study effort leading to
. bepartment of the Army approval of the AIDAPS Qualitative Materiel Re-

| quirement {QMR). Introduction of an AIDAP System into Army assets will

S . St

eliminate much of the present technique of 'troubleshooting with parts"
by positive AIDAPS diagnosis of malfunctioning components. Tn additionm,
service school training can be restructured with emphasis on more i

- "practical" training in removal/replacement/repair of LRU's as opposed to :
courses in theory. Two new areas of training generated by an AIDAPS are H

training on the AIDAPS itself, and selected personnel training in trend analy-

sis to facilitate implementation of the AID4PS diagnostic/prognostic capability.

SN SPIDRIUNP SV

As indicated later in this section, the Army Life Cycle Management Model for

new systems is geared to address this requirement at an appropriate point in i

e

the developmental cycle. In summary, the major difference in future Army

b s
oy
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aviation persnnnel training induced by an AIDAP System, will be a change in
Programs of Instruction (POI) emphasizing practical experience in lieu of
theory, AIDAP System training, and trend analysis training., The end result
will be higher skill level mechanics in terms of being able to remove/repair/
replace LRU's identified as bad by an AIDAPS, The higher skill levels may
dictate revamping of the Maintenance Allocation Charts (MAC), although skills
are only one factor in determining MAC maintenance functions and must be
traded off against unit mobility, special tool and repair parts requirements
and time. This area will receive treatment in greater detail during Phase C
of the study.

4.1.7.3 The Maintenance Allocation Chart (MAC)

The MAC is the scurce document that guides and controls all levels of
maintenance. It assigns maintenance functions to the lowest level of mainte-

nance based on past experience and the following consideration:
a) Skills available.

b) Time required.

¢) Tools and test equipment required and/o: available.

1) Only the lowest level of maintenance authorized to perform a mainte-

nance function is indicated.

2) A maintenance function assigned to a maintenance level will automati-

cally be authorized to be performed at any higher maintenance level.

3) A maintenance function that cannou be performed at the assigned level
of maintenance for any reason may be evacuated to the next higher
maintenance organization. Higher maintenance levels will perform
the maintenance functions of lower maintenance levels when rcquired

or directed by the appropriate commander.

4) The assignment of a maintenance function will not be construed as
authority to carry the associated repair parts in stock. Authority to

requisition stock, or otherwise secure necessary repair parts will be
as specified in the repair parts appendix.
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5) Normally there will be no deviation from the assigned level of
maintenance. In cases of operational necessity, maintenance func-
tions assigned to a maintenance level may, on a one-time basis and
at the request of the lower maintenance level, be specifically author-
ized by the maintenance officer of the level of maintenance to which
the function is assigned. The special tools, equipment, etc., re-
quired by the lower level of maintenance to perform this function will
be furnished by the maintenance level to which the function is
assigned. This transfer of a maintenance function to a lower mainte-
nance lev.i does not relieve the higher maintenance level of the re-
sponsibility of the function. The higher level of maintenance will
provide technical supervision and inspection of the function being
performed at the lower level,

6) Organizational through depot maintenance of the U. §. Arny Electronics
Command Equipment will be performed by designated U. S. Army Elec-
tronics Command personnel.

7) Changes to the Maintenance Allocation Chart will be based on con-
tinuing evaluation and analysis by responsible technical personnel and
‘on reports received from field activities.

4,1.7.3.1 Definitions

a)

D)

c)

d)

e)

The following definitions are used in a maintenance allocation chart.

Inspect. To determine serviceability of an item by comparing its physical,

mechanical and electrical characteristics with established standards.

Test. To verify serviceability and to detect electrical or mechanical

failure by the use of test equipment.

Service. To clean. to preserve, to charge, and to add fuel, lubricants,

cooling agents and air,

adjust. To rectify to the extent necessary to bring into proper opera-

ting range.

Align. To adjust specified variable elements of an item to bring to

optimum performance.
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Calibrate. To determine the corrections to be made in the readings of
instruments or test equipment used in precise measurement, Consists of
the comparison of two instruments, one of which is a certified standard of
known accuracy, to detect and adjust any discrepancy in the accuracy oif

the instrument or test equipment being compared with the certified standard.

Install. To set up for use in an operational environment such as an em-
placement, site or vehicle.

Replace. To replace unserviceable items with serviceable assemblies, sub-

assemblies or parts.

Repair, To restore an item to serviceable condition through correction of
a specific failure'or unserviceable condition., This includes, but is not
limited to, inspection, cleaning, preserving, adjusting, replacing, welding,
riveting, and strengthening.

Overhaul, To restore an item to a completely serviceable condition as
prescribed by maintenance serviceability standards prepared and published

for the specific item to beloverhauled.

Rebuild. To restore an item to a standard as nearly as possible to the
original or new condition in appearance, performance, and life expectancy.
This is accomplished through the maintenance technique of complete dis-.
assembly of the item; inspection of all parts or components, repair or re-
placement of worn or unserviceable elements (items) using original manu-

facturing tolerances and specifications; and subsequent reassembly of the

item.

4,1,7.3.2 Symbols

a)

The letters "O, F, H, and D" represent Organization (0), Direct Support
(F), General Support (H) and Depot (D) and when placed on the Maintenance
Allocation Chart indicate the lowest level of maintenance responsible for
performing the particular maintenance function. Maintenance levels higher
than the level of maintenance marked by the symbol are authorized to per-

form the indicated function.
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b) The symbol "%%" applies to organization maintenance and indicates that the
particular maintenance function may be performed provided it is specifi-
cally authorized by the Direct Support Maintenance Officer. In no case
will the Direct Support Maintenance Officer require the accomplishwent of
a "%%" maintenance function by an organization or unit, and in no case will

a "%4" function authorize stockage of parts at the organizational level.

A MAC for the AH-1 (Cobra) is presented in Figure 4-1,

4.1.8 Organizational Levels of Maintenance (Existing)

4.1.8.1 Functions

Organizational levels of maintenance are authorized by the MAC to accomplish

the maintenance functions listed below.
a) Inspection

b) Service

c¢) Adjustment

d) Alignment

e) Calibration

f) Replacement

g) Repair

The depth of accomplishment of these functions is limited by skills, repair
parts, special tools, time, and the tactical situation.

4.,1.8.2 1nspection

The bulk of organizational maintenance is concerned with inspection. These

inspecticns are mainly preventive in nature and are described brlow.

a) Preventive Maintenance Daily (PMD). Accomplished after the last flight of
the day or preceding the next day flight. Consists of visual examination
and operational check to determine that the aircraft can safely and

efficiently perform its assigned mission. Inspection requirements are
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FIGURE 4-1
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FIGURE 4-1 (Continued)
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FIGURE 4-~1 (Continued)
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PIGLRE 4-1 (Continued)
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FIGURE 4-1 (Continued) - -

i

MAINTENANCE ALLOCATION CHART

FOR
AM-16
(AR 210-8)
m 12 (t 1] (L1} 5
MAINTENANGCE FUNCTION
2 5l |3 : 4|8 HEE™
§ FUNCTIONAL GROUP ;5255!‘2535'“"“::"“”
[ -] d (AN
THHHHEHHHHE
04 | ROTOR AND TRANSMISSION
SYSTEMS
Main Rotor Hub and Blade
Assembly o] O® [Feo o *Track
e*Bal-
ance
Main Rotor Blades 0 (o) HH
D
Main Rotor Hub (o] Fe o|rI|H *Bal-
ance
Scissors & Sleeve Assembly (o] (o] O |F |H
Swashplate & Support Assembly | O (o] OIF |H
Tail Rotor Hub & Blade Assembly | O O|jO|F* o _|*Bal-
ance
Tail Rotor Blades 0 F J%%
: D
Tail Rotor Hub (o] o] F|F|H
Tail Rotor 42° and 90° Gear
Boxes (0] (o) 0/0]|D
Tail Rotor Gear Box Quills
(45° and 90°) (o] F|F|D
Tail Rotor Drive Shafting (o] ojo
Tail Rotor Drive Shaft Hanger
Assemblies o] o (o] H
Main Transmission o] (o] F|F ;D
Transmission Mount Assemblies | O F|F
Auxiliary Transmission Dampers | O o O |F* *Repair Kit
SGT~-1270-
1-RK
Drive Quill Assemblies (o] ﬁ% FID
Main Drive Shaft (Ecgine to :
Transmission) o (o] (o] o H
Transmission Lubrication System | O o)
Lines, Manifolds, Fittings, Oil
Jets and Sight Gages (¢] (o)
Filters, Filter Housings and
Screena (o] o] 0
’ L |
4~ 17 NOR1 71-209-2




FIGURE 4-1 (Continued)
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FIGURE 4-1 (Continued)
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and Indicator Ol F 0 H
Fuel Pressure Indicator and
Transmitter (o] ! O H
Torquemeter & Transmitter (o] C H
Gas Producer Tachometer O|F (o) H
Transmission Instruments
Oil Temperature Gage O| F (o) H
Oi} Pressure Gage and
T-ansmitter Ol F 0 H
Thermocouples and Temperature
Bulbs O| F 0]
09 ELECTRICAL SYSTEMS
AC Power Systam
Inverters (0] o
Circuit Breakers, Conduite,
Leads, Switches and Wiring 0 %% F
DC Power System
Relays, Rheostats, Switches,
Circuit Breakers, Plugs, Leads,
Connectors, Wiring, Conduits,
Recoptacles, Shunts and Shock
Mounts o} q%% F
Regulator o ﬂ% 0 H
Battery o| lo* o eClean-
ing
Starter Generator o ojri|Hn
4=-19 NORT 71-209-2




ARV

LR B

L VN

FIGURE 4«1 (Continued)
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MAINTENANCE ALLOCATION CHART

FOR
AH-16G
(AR 310-3)
m @ * " ™
MAINTENANCE FUNCTION
g A s ; 418 3l v
§ FUNCTIONAL GROUP 8l g § z g d ; § § -§' .9.3}:“‘::3 REMARKS
HHHHHEHHHHE
09 | ELECTRICAL SYSTEMS (Cont)
Lights
Landing, Navigation, Intrument,
Search, Interior Cabin, Auti- .
Collision and Flashsr Units (o} 0 |%% o
Electrical Mechanical Actuators | O o O|FiH i
Caution Panels o O|F |
RPM Warning System 0 0 O|H
Chip Detector System o B%
10| FUEL SYSTEM AND LINES i
Main Fuel Tanks o|F|o o|F
Auxiliary Fuel Tank Assembly o o|r .
Boost Pumps (o) o) H
Valves and Fittings o o]
Fiiters and Filter Housing o] o] o]
Hoses, Tubing & Filler Caps (o} b i
11{ FLIGHT CONTROL SYSTEMS o ' Rigging {
" Main Rotor Control Tubes and '
Rod Ends o o] olF Rotating
Controls
Force Gradient Assembly (o] o olr
Control Stick (Collective and
Cyclic) o olr %
Synchronized Elevator o o olr ,
Magnetic Brake o] o B 3
Collective & Cyclic Linkage o olr :
R Tail Rotor Pedal Assembly 0 olr i
Pedal Adjusting Assembly o o] ol|r
Tail Rotor Pitch Control Linkage | O o|r ;
Tad Rotor Pitch Control i‘g
Mechanism o) o oy ) "
Tail Rotor Pitch Change Rods ‘ i
and Links (o] o olo
-
3
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FIGURE 4-1 (Continued)

o MAINTENANCE ALLOCATION CHART
FOR :
AK-16
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MAINTENANCE FUNCTION
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11 | FLIGHT CONTROL SYSTEMS
(Cont)
Stabilization Equipment
Control Pans! O F o]0 Replace-
ment of
bulbs
Replace-
ment of
Modules
and
Fuses
Control Box O|F O |F
Electro Hydraulic Actuators O |H O HID *Trou-
F* ble-
Shooting
Solenoid Valves, Hoses,
Connectors (o] o
Transducers (0] (0] (o)
Wiring and Connectors (o] rl;%
12} UTILITY SYSTEMS
-Anti-lcing System
Engine Anti-Icing Detector and
Interpreter (o] o |F
Hot Air Valve o 0 H
Heating & Ventilating System
Bleed Air Heater System 0 F IF
Control Vaives (o} or
Mixing Valve & Sensor 010 O |F
Vent Blower o] ar
Ventilating Ducts, Inlet Door
and Coatrol (o] (o] (o]
16 | COOLING SYSTEM
Engine Cocling System
Fan Assambly o] o
Ejector Asaombly (o] ) r [F
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AVIONICS
Note

TM™ 11-1520-221-20 contains
maintenance instructions
for avionics

Communications Equipment

Inter-Communications
Equipment

Navigation Equipment

Antennas and Antenna
Couplers

ARMAMENT

Pliot's and Gunner's
Control Panels

Relays, Circuit Breakers,
Switches, Plugs, Leads,
Connectors and Wires

Hydraulic Solenoid Valves,
Lines and Connectors

External Stores

Emergency Manual vettison
System, Cables, Levers,
Pulleys and Brackets

Ejector Rack
Note

Organizational maintenance of
the armament subaystem will
be performed by Aircraft
Armament Repairmen.

MAINTENANCE SUPPLIES

Dye Penetrant Inspection

Magnafiux and/or Fluorescent
Penstrant Inspection

Annsaling & Hardness Testing
Heat Treat
Cadmium Plating
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specified in TM 55-1520-2XX -20 PMD for each type, model and series of
Army aircraft,

b) Preventive Maintenance Intermediate (PMI). Accomplished every 25 flying
hours in accordance with ™ 55-1520-283 -20 PMI, for each type model and
series of Army aircraft (not applicable to OH-6 and OH-58).

c) Presentive Maintenance Periodic. Accomplished every 100 flying hours in
accordance with ™ 55-1520-2XX -20 PMP for each type, model and series of
Army aircraft,

d) Special Inspections. Accomplished when contingencies arise such as hard

landings, overspeed, sudden stoppage, etc. Requirements are outlined in
the ~20 technical manuals for Army aircraft.

4.1.8.3 Spares, Repair Parts and Special Tools

Quantities of these items are initially authorized in the -20p tech manuals
for unit aircraft. Subsequently, stockage of spares and repair parts is based on
recurring demands for a particular item and appears on the unit Prescribed Load
list (PLL). A copy of the PLL is furnished the organlzationallunit's Direct

Support activity who will stock backup quantities of the demand supported repair
parts.

4.1.8.4 Ground Support Equipment (GSE)

GSE is authorized in Tables of Organization and Equipment (TOE) for units
of the Army-in-the-Fie. , and in Tables of Distribution and Allowance (TDA)
for CONUS logistics activities. Quantities of GSE are determined by tradeoffs
based on the MAC chart, unit mobility category, and the geographical area in
which the unit is assigned, i.e., hot, cold or temperate weather conditions
may require speci:]l items or additional quantities.

4.1.8.5 Technical Manuals (TM) =

T™'s authorized organizational levels f maintenance, both CONUS and the
Army-in-the-Field, consist of the -10, -20 and -20P manuals. These manuals

provide data covering the type, m:del and series of aircraft with which the
unit is equipped.

4-24 NORT 71-209-2

- v-!;ghn‘ -vbm—p’m‘w* R

R Oy

SYSDE YT




oy

4.1,8.6 Forms and Records
Forms and records are specified in T™ 38-750, The Army Maintenance Manage-
ment System (TAMMS)., An index of TAMMS record and report forms is presented

in Figure 4-2,

Form No.

¥

Form 2400
Form 2401

2

Form 2402
Form 314
Form 2404
Form 2405

A Form 2406
Form 2407
Form 2407-1
Form 2410
Form 2410-1

B EEE

P REE

E .

Form 2418

Porm 2408
Form 2408-1
Form 2408-4
Form 2408-5
Form 2408-7
Form 2408-8
Form 2408-10
Form 2408-12
Form 2408-13

PREREEREERER

FIGURE 4-2
INDEX OF ALL TAMMS
RECORD AND REPORT FOPiS
Title
OPERATIONAL
Equipment Utilization Record
Organizational Control Record for Equipment

MAINTENANCE

Exchange Tag

Preventive Maintenance Schedule and Record
Equipment Tnspection and Maintenance Worksheet
Maintenance request Register

Materiel Readiness Report

Maintenance Request

Maintenance Request Continuation Sheet
Component Removal and Repair/Overhaul Record
Component Removal, Installation, Movement and Condition
Record (Trans Report)

Backlog Status and Workload Accounting Card

HISTORICAL (log)
Equipment Log Assembly (Records)

Equipment Daily or Monthly Log

Weapon Record Data

Equipment Modification Record

Equipment Transfer Report

Equipment Acceptance and Registration Record
Equipment Component Register

Aruy Aviator's Flight Record

Alrcraft Inspection and Maintenance Record
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INDEX OF ALL TAMMS
RECORD AND REPORT FORMS

HISTORICAL (log) (Continued)

DA Form 2408-14 Uncorrected Fault Record
DA Form 2408-15 Historical Record for Alrcraft

DA Form 2408-16 Aircraft Component Historical Record

DA Form 2408-17 Aircraft Inventory Record

DA Form 2408-18 Equipment Inspection List

DA Form 2408-19 Aircraft Engine Turbine Wheel Hisiorical Record

DA Form 2409 Equipment Maintenance Log (Consolidated)
AMMUNITION

DA Form 2415 Amnunition Condition Raport
CALIBRATION

DA Form 2416 Calibration Data Card

DA Form 2417 Unserviceable or Limited Use Tag

DA Label 80 US Army Calibration System

4.1.8.7 AIDAPS Impact

The envisioned impact of AIDAPS on organizational levels of maintenance in-
cludes possible MAC changes, reduction/elimination of inspections, quantity
changes in allowances of spares/repair parts/special tools/GSE, and a reduction in
TAMMS record keeping.

The positive identificatiun, by an AIDAPS, of a malfunctioning aircraft
component will permit downgrading of MAC removal/replacement functions to the
organizational level of maintenance consistent with skills, special tool re-
quirements, time and the tactical situation. This area will be addressed in
Phase C tradeoffs.

Current inspections including the FPMD, PMI and PMP are designed to insure
daily and hourly checks of aircraft and components. They are required mainly
because of the ''unknown" condition of aircraft subsystems. An AIDAPS will
reduce these unknowns so that it may be possible to eliminate the PMI's
(every 25 hours) and extend the 100 hour PMP.
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Determination of component condition by an AIDAPS may permit reduction in

quantities nf spares, repair parts and specia! tools since the main reason they are

currently stocked 1s to have a component in case of failure or to use in
trownieshooting which, as previously stated, has resulted in the unnecessary
return of thousands of serviceable components to depots for overhaul. An
AIDAPS will permit selective stockage within the theater of operations, with-
out burdening tha orgenizational levels of maintenance in carrying excess
quantities of spares/repair parts/special tools, This technique could provide
quanty. 7 :reases in unit mobility.

Quantities of ground support equipment may likewise be reduced for the
reasons outlined above.

In the field of record keeping, AIDAPS has a tremendous potential impact,
Many of the TAMMS procedures deal with meintaining a record of operating hours,
inspection accomplished, overhaul actions, etc.; an AID/PS will permit many
comporients to be replaced on a "coadition" basis in lieu of calendar or flying
hour replacement criteria, thus eliminating many record keeping requirements.
It may eventuslly prove more cost effective to apply the “throw away" concept
to components replaced after accumulation of thousands of flying hours, rather
than engender the packaging, transportation and overhaul costs associated with
return of components to depot facilities, This procedure would also eliminate
additional record kaepihg requirements.

4.1.9 Direc: Support Levels of Maintenance (DS) (Existing)

4$.1,9.1 Functions

Direct support levels of maintenance are authorized by the MAC to perform
all the functions listed for organizational levels but in greater depth due to
the availability of higher skill levels, more sophisticated test sets, and
greater quantities of spares, repair part: and special tools.

4.1,9.2 Army-in-the-Pield

DS maintenance units provide direct support maintenance for Army aircraft
and associated equipment in using units assigned to chem for support, in their
area of responsibility, The DS unit performs msintenance on the aircraft en-

gines, components, and assemblies; performs maintenance on armsment equipment,
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and avionics equipment; provides supply support, and when required, provides
recovery and evacuation of aircraft.

The DS unit provides direct support maintenance services to units it
supports, to include application of Modification Work Orders (MWO) that are the
responsibility of the DS unit. The DS unit also performs its own organizational
maintenance and assists supported units in the performance of their organiza-
tional aircraft maintenance when supported units require such assistance. As
an essential element of its maintenanée mission, the DS unit provides technical

assistance to supportea units.

When the direct'support workload of the DS unit exceeds its capacity, aug-
mentation may be provided or the overflow evacuated to & ' General Support (GS)
unit. Jobs requiring general support maintenance are also evacuated to the GS
unit. Disposition instructions should be in accordance with policies and pro-

cedures established by higher headquarters.

When a DS unit “s operating in the forward area of the combat zone, it is
assigned responsibility for providing support maintenance within a designated
portion of that area. In the field Army service area, the DS unit is normally
assigned responsibility for providing support maintenance in a specific area,
this area being determined on the basis of aircraft densities and distribution,
and the capabilities of the support unit,

The DS unit may operate as a complete unit or may, upon call of supported
uaits, dispatch DS platcons or portions of DS plutoons, maintenance sections,
contact or maintenance teams, to perform on-site maintenance on a mission basis.
When operating away from thc company, the DS platoons, sections, or teams per-
form as m'ch on-site direct support aircraft maintenance as practicable within
the limitations imposed by available time or by the tactical situation. In
addition to their maintenance misgsion, these platoons, sections, or teams fur-
nish limited maintenance supply support on an emergency basis, and render tech-
nical assistance to the supported unit., Assigned technicians should include
those necessary to perform direct support maintenance on the aircraft and its
systems, and components. When required, these teams should be augmented by

technicians from the shop platoon.
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The DS unit's shop platoon operates at the maintenance site and accom-

plishes the Lulk of the support mission, performing direct support maintenance
which 18 not appropriate for on-site completion, or which is beyond the

capability of the DS platocns, sections, or teams,

4,1.9.3 ConUS

DS units in the CONUS consist of fixed field maintenance shops at selected
parts camps and stations. There activities are staffed by civil servants, and
provide area support. Training base TCE military units are used t. augment
these fixed shops to ensure a high state of unit readiness in the event of de-
ployment to a theater of operations.

4,1.9.4 Spares, Repair Parts and Special Tools

Quantities of these items are initially authorized in the -35P technical
manuals. Subsequent stockage of spares and repair parts is based cn recurring

demands from supported organizat.. il levels of maintenance and in-house repair
activities, Spares and repair parts are listed on Authorized Stockage Level
(ASL) 1ists. These lists will include at least one backup item of all the items
on supported organizational Prescribad Load Lists (PLL).

4.1.9.5 Ground Support Equipment (GSE)

GSE for Dt vnits (as for organizational levels) is authorized by TOE for
units of the Army-in-the-Field, and in TDA's for CONUS units.

4.1.9.6 Technical Manuals (M)

™'s authorized DS units consist of the -30, -35., and -35P manuals for all
types of aircraft included in the support mission.

4,1.9.7 Forms and Records

DS activities utilize the forms and records outlined in TM 38-750 and
displayed in Figure 4-2,
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4.1.9.8 AIDAPS Impact

The impact of an AIDAPS on DS levels of maintenance parallels the organi-
zational effects, with reductions in inapections, MAC changes, quantity changes
in allowances of spares/repair parts/special tools/GSE, and a reduction in
TAMMS record keeping,

Fault diagnosis of bad components will permit selective downgrading of
General Support functions to DS thus providing for maximum self-sufficiency
at CONUS locations and in a theater of operations. Retrograde of faulty

diagnosed serviceable components will be drastically reduced.

The placing of aircraft components on a "conditional" replacement basis
should reduce the quantity of spares and repair parts at the DS level and prc-
vide increased unit mobility, while concurrently reducing component record

keeping functions associated with flying hours or calendar replacement criteria.
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4.1,10 General Support (GS) Levels of Maintemance

4.1.10.1 Functions

In CONUS, GS levels of maintenance are accomplished in fixed field mainte-
nance shops, many of which are co-located at Army depots, and staffed with DA
civilians, In a theater of operations, GS is accomplished by TOE military
units. The TOE units are 50% mobile using organic transportation, hence must
move in two lifts (shuttle) or obtain additional vehicles to move all the equip-

ment in one movement.

GS maintenance companies complement the efforts of DS units, providing over-
flow and backup maintenance support. Although GS maintenance companies will
accomplish that portion of the direct support maintenance work load that exceeds
the capacity of supported units, general support maintenance is primarily es-
tablished for, and functions more'efficiently and productively in the perfor-

mance of maintenance that exceeds the capability of supported units,

The distinction between direct and general support maintenance is largely
one of more time and facility availability at the general support level because
of less frequent movement requirements. These factors permit GS maintenance com-
panies to remain in one location for longer periods; to expend more time in the per-
formance of maintenance tasks; to stock greater varietics and quantities of spares
and repair parts; to augment productive capacity by utilizing civilian labor; to
utilize more elaborate structures, test equipment, and fixtures for the per-
formance of shop operations; and utilize production techniques (e.g., assembly
line production) which are not normally practical at the direct support mainte-
nance level. Conversely, at the direct support maintenanc2 level, direct
support maintenance units must retain the mobility and responsiveness essential
to efficient and timely support of using units. They must concentrate on the
repair of those items that can be returned to service most expeditiously, with
emphasis on the repair of end items anc the correction of faults or maifunctions

occurring with the greatest frequency.

At the direct support maintenance level, “epalr time is at a premium. Mainte-
nance normally cannot afford to accumulate a large backlog of work because of

frequent movement requirements, Repair of end items and their return to using
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units sust be expedited. Therefore, the maintenance effort concentrates on

the rapair of end items by testing, adjustment, maintenance calibration,

straightening, tightening, replacement of minur repair parts, and replacement of

unserviceable components. Normally, unserviceable but economically repairable

components removed from end item are evacuated tn general support maintenance
for repair.

The maintenance capability of a GS maintenance company is tailored to pro-
vide for the rapid return of repaired items to supply outlets or direct support
units, Aircraft GS units do not have a direct supply mission. Both DS and GS
units requisition directly from depot stores. GS maintenance companies are or-
ganized and equipped to perform both general support and direct support mainte-
nance, When the tactical situation requirea a direct support maintenance unit
to move, the supporting general support maintenaice company may be required to
accept the direct support unit's incomplete repair jobs.

4.1,10.2 Maintenance Allocation Charts (MAC)

The maintenance allocation chart specifies the function that GS units may
accomplish. These functions include all the functions performed at organiza-
tion and direct support levels, but in greater depth., In addition, GS units
accomplish overhaul and limited rebuild of selected aircraft subsystems. Nor-
mally GS units possess mobile engine test cells so tes:ing of complete engines
can be accomplished.

4.1.10.3 Repair Parts and Special Tools

Repair parts and special tools for GS units are authorized in the -34P,
-35P, -40P and -45P technical manuals.
4,1.10.4 PForms and Records

Forms and records used at GS levels of maintenance are specified in TM 38-

750, The Army Maintenance Management System (see Figure 4-2),

4,1.10.5 AIDAPS Impact on General Support Levels of Maintenance

Repairable components evacuated to GS levels of maintenance normally have

little factual documentation as to the malfunction which dictated removal of
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the component, The GS unit must either run the component on a test stand, i.e.,

engines, starters, generators, or disassemble the component to troubleshoot the
problem. Either technique is time consuming, expensive and delays repair and
return to stock of the components. An AIDAPS will fault isolate to the compo-
nent level ard should permit rapid turnaround of repairables.

Timely diagnosis of and correction of malfunctions in components, made
possible by an AIDAPS, may permit the assignment of a supply mission to GS units
thus shortening the supply line between DS units and depots.

The usage of "Kits" for component repair in both DS and GS units has been
tried for a number of years. A Kit may contain simple seals or bearings for
high mortality components.' This approach has only achieved limited success due
to the problems encountered in diagnosing component malfunctions. An AIDAPS
will permit greater implementation of the Kit concept and should result in major
dollar savings. Army field experience has repeatedly demonstrated that low cost
"bits and pieces" are frequently the key to returning high dollar cost compo-

nents to a serviceahie condition.

4.1.11 Depot Level of Maintenance

4,1.11.1 Functions

A typical U.S. Army depot in CONUS is concerned with the receipt, the stor-

age, and the issue of general supplies, equipment, and materiel for distribution

to CONUS installations and to designated oversea areas. In addition, when re-
quired, a depot stocks mobilization reserve supplies. The depot will also re-
ceive, segregate, identify, and classify excess and returned material for salvage,
repair, renovation, storage, or other disposition. Included, normally, will be
the requirement to assemble units and components of equipment and materiel into
sets such as modification work order kits, and to issue both major and minor

items.

Designated depots are concerned with the receipt, the storage, and the issue
of commodities and items for other military services and government agencies.

In addition, they repair, overhaul, modify, fabricate, and rebuild Army items
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of equipment, weapons, and materiel as well as materiel and equipment of other
Department of Defense agencies.

Normally, depoc maintenarze is performed in Table of Distribution and
Allowance shops or under contract at commercial facilities. The primary pur-
pose of depot maintenance is to augment stocks of serviceable materiel.
Selected depots, however, are assigned the mission of performing depot mainte-
nance on medical equipment and returning this equipment to the user on a nonre-
imcursable basis. Another axception to the general procedure is Army aircraft.
Selected AMC depots are assigned the additional mission of performing general
support (GS) maintenance on Army aircraft. Generally, the GS capability is
provided to using units by special maintenance shops located in proximity to
the using unit. Thecze shbpo are administered by the Director of Maintenance
of an assigned Army depot.

Another unique Army aircraft depot facility is the Floating Aircraft Mainte-
nance Facility I (FAMF I). This activity consists of a converted Navy seaplane
tender which was renamed the USNS Corpus Christi Bay. The vessel was converted
to accept machine shops, engine test cells and other depot level shops. Per-
sonnel performing the aircraft maintenance functions are military personnel
from the lst Transportation Corps Battalion (Aircraft Maintenance Depot) (Sea-
borne). This facility has provided a floating depot facility off the coast of

Vietnam to fill the logistical gap between that country and depots located in
CONUS.

The terms 'branch depots" and ''general depots'" are no longer used to classi-
fy depots as tc mission responsibilities. Neither is any distinction made for
large depots haadling many types of commodities, smaller depots handling a
limited range of commodities, or depots which handle a single type of commodity
such as ammunition. All depots presently are designated simply as Army depots.
Civilian employees provide the bulk of the work force employed in CONUS depots,
although there a few TOE depot maintenance units of company and battalion sise
attached to some depots In CONUS, Oversea depots may consist almost entirely
of TOE depot maintenance units, but they also employ large numbers of indigenous
personnel. Located on some depots are depot maintenance shops. The primary
mission of these maintenance shops is to support supply on a return-to-stock
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basis. To accomplish this mission, depot maintenance shops employ production
line, bay shop, or bench type methods of operation, as appropriate. These
shops contain extensive lacilities, specialized production equipment, and the
most diverse technical skills in the Army maintenance system. Other depot
operating personnel mainta n close liaison with maintenance activities to in-
sure that proper and adequate support is rendered aud to provide for an orderly
flow of work from lower categories of maintenance.

4.1,11.2 Depot Locations in CONUS

The following is a list of the CONUS aircraft and related equipment depot

maintenance facilities and their general mission assignments:

Type Activity Mission
(1) Army Aeronautical Depot Performs depot level maintenance on air-
Maintenance Center craft, aeronautical equipment, and avion-

ics. Also perform calibration services.

(2) Atlanta Army Depot Performs depot maintenance on engineer,
medical, and aircraft materiel; conducts
general support maintenance on Army
aircraft,

(3 Fort Hood Aircraft Shop Performs general support maintenance on
Army aircraft,

(4) Fort Riley Aircraft Shop Performs general support maintenance on
Army aircraft.

(5) Granite City Army Depot Performs maintenance, repair, and overhaul
requirements on construction, topographic,
electronic and cryogenic (refrigeration)
equipment in depot and contract shops.

(6) New Cumberland Army Depot Performs depot maintenance on chemical
and transportation type materiel and arma-
ment components. Performs overhaul and
general support maintenance on Army air-
craft.

(7) Sharpe Army Depot Performs depot maintenance on chemical,
medical, engineer, and transportation-type
materiel; performs overhaul and general
support maintenance on Army aircraft,
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Type Activity Mission i
(8) USNS Corpus Christi Bay Performs depot level maintenance on air- ,%
(Floating Aircraft Mainte- craft, aeronautical equipment and avionics. 4
: nance Facility #1) Currently on station in Southeast Asia. ¥
| (FAMF-1) Home station is Corpus Christi, Texas. R i
i i 4.1.11.3 Personnel Skills ) . ;;
’ Unlike many industrial concerne which are able to achieve floxibi ity in ‘
i their labor force by hiring warkers in periods of peak production outpgut and
laying them off when the volume of work declines, most Army depot maintenance
shops have labor fcrces that are relatively inflexible. This condition is true

for several reasons. Many depot maintenance shops in CONUS, for example, are
located in isolated, nonindustrial areas. O(ften, the military and civilian
personunel who work in these shops form a large percentage of the skilled work

force in the area. Under such circumstances, if labor requirements at the

maintenance shop increase, it is often difficult or impossible to hire addition-
al trained workers. If, on the other hand, the workload at the maintenance shop

decreases, and workers are laid off, the workers may move away from the area

BT R