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the said drawings , specifications , or other data is not to be regarded by
implication or otherwise , as in any manner lice nsing the holder or any
othe r person or corporation , or conveying any rights or pernthsion to
manufacture , use, or sell any patented invention that may in any way
be related thereto.
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F33615-75-C-5218, project 205 l , with Advanced Systems Division , Air
Force Human Resources Laboratory (AFSC), Wright-Patterson Air
Force Base, Ohio 45433. Mr. H. Anthony Bara n , Personnel and
Training Requirements Branch , was the contract monitor.
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— rank the subsysteme In terms of their Impact on mission effectiveness, manpower resources utilization, and operation .1 -

and maintenance (O&M) costs.
The maintenance task analysis will serve as a baseline for a second maintenance task analysis based on a

mld-1980s DAIS design configuration. It will provide inputs for an R&M model which will, In conjunction with
standard cost factors, permit the computation of O&M costs. It will provide the equlpnsent-zelated portion of the
data needed for the operation of the DAiS training n~ del which will derive the best methods to train the required
maintenance manpower. The numerical values derived from the maintenance task analysis appear the current
maintenance task analysis data bank. This has been accomplished In a format totally compatible with the
requirements of the AFHRL Maintenance Manpower Modeling System.
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SUMMARY

Problem

The Digita l Avionics Information System (DAIS) seeks to
demonstrate a solution to the proble m of proliferation and non-
standardi zation of aircraft avionics. Since the DAIS concept of
avionics integratio n has the potential to pro duce substantial cost
benefits , it is importnat to assess the im pact of operational im-
plementatio n of the DAIS on the USAF operational and logistics
support system in terms of life cycle cost (LCC ). To this end , a
DAIS LCC study was undertaken. The fundame ntal objective of this
study is to provide the Air Force with an enhanced in-house capa-
bility to incorporate LCC considerations , du ring an stages of the
system acquisition process , into the following tradeoff areas :
system design , system operation and maintenance , and planning
for manp ower utilization and training . The specific application of
the resultant cap ability will be to evaluate the LCC of alternative
design configurations for a DAIS-configur ed close air support
(CAS) aircraft .

Thi s rep ort is the second in a series which reports the over-
afl study efforts. The output prod ucts of the stud y will consist of
technical reports , data banks , and computer program s which wifl ,
in their totality, provide the elements for the DAIS Life Cycle Cost
Modeling System , the methodology for its use , and a description of
the manner in which the results were obtained. A list of these pro-
ducts in the order of their delivery is as follows:

1. Mid- 1980s Digital Avionics Information System
• Conceptual Design Configuratio n (Technical Report ),

AFHRL-TR -76-59
4

2 . Curren t Maintenance Task Analysis Data Bank (Data
Bank )

3. Current DAIS Maintenance Task Analysis (Technical
Rep ort)

:~ 4. Mid-198 0s Maintenance Task Analysis Data Bank ( Dat a
Bank )

5. Mid- 1980s DAIS Mai ntenance Task Analysis (Technical
Report

6. Support Equipment Maintenance Task Analysis Data Bank
(Data Bank)

7. Reliability Model (Computer Program)
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8. Reliability Model (Techni cal Repo rt )

9. Historical Data Bank (Dat a Bank )

10. Theoretical Dat a Bank (Data Bank )

11. Train ing Model (Computer Program )

12. Train ing Model Dat a Bank (Dat a Bank)

13. Training Model (Technical Report )
14. Cost Dat a Bank (Data Bank )

15. Modeling System Compati bility and Potential (Technical
Report )

The objective of the current DAIS maintenanc e task analysis
(MTA ) rep orted herein was to develop a dat a bank of the reliability
and maintainability (R&M ) para meters inherent in a current DAIS- -

configured CAS avionics suite. The subject avionics conceptual
design configuration ia composed of presently available subsystems
overlaid with the DAIS archite cture . It s development and specification
are described in the first of the series of technical repo rts , Mid- 1980s
Digital Avionics Inform ation System Conceptual Design Configuration ,
AFHRL-TR- 76-59.

Approach

The importance of the availability and validity of input data to
the performance of a good maintenan ce task analysis cannot be over-
stated. To ensure that the needs of the analysis would be met , the
required output s were first identified. The inputs necessa ry to supply
the dat a required to generat e those outp uts were then determined.
Pot ential sources were identified and the best R&M dat a available was
collected, reco rded , and validated when possible. R&M data of
e,dsting avionics subsystems that were identical to or at least similar
to those chosen as a basel ine non-DAIS current CAS avionics suite
provided the most valuabl e Inputs. Startin g with the subsystems
identified as those to be partition ed for the current DAIS conceptual
design configura~ on, a dat a bank was constructed using operational .‘

R&M data for those subsystems. This non-DAIS avionics engineering
data bank served as a baselin e for the construction of the current
DAIS MTA data bank described in this report . Comparisons between
these data bank s provides an immediate overview of the impact of the k
DAIS concept on the R&M characteristics of a curr ent CAB aircraft .
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The current DAIS MTA data bank was developed from the
aforementioned non-DAIS data bank . This entailed the projection of
the configuration changea which resulted from the application of the
DAIS concept,onto the R&M parameters for the selected subsystems• in accordance with the equipment partitioning identified in the con-
ceptual design. Partitioning involves the division of the subsystem
hardware by functional purpose into sensor, processor, and control!
display sections. The combination of these partitioned sensors with
the DAIS multiplex bus, processors, control/display, and software
constitutes the current DAIS conceptual design configuration. The
R&M parameter values of this configuration provide the data for the
current DAIS MTA data bank.

The content of the current DAIS MTA data bank was deter-
mined on the basis of an examination of its foreseeable uses. Two
sets of requirements were identified. One set required an interface
with the manpower and support equipment (SE) requirements of the
LCC model, the second with the training analysis portion of thet model. In view of this clear division of requirements a design
decision was made to have the current DAIS MTA and the resulting
current DAIS MTA data bank deal with the first of these two sets of

• requirements, i. e., the equipment R&M parameter values and their
impact on manpower and SE requirements.

The R&M characteristics of the current DAIS conceptual
design configuration were examined. Data elements were selected
which could be used to define and quantif y subsystem parameters
useful in exercising the various models within the overall DAIS LCC
study. Included among these parameters or figures of merit (FOM)
are maintenance manhours per flight hour (MMH/FH), operational
availability, mean time to repair (MTTR), and maintenance index
(Mi).

A major output of the overaU DAIS LCC study will be the
integration of its various products into a LCC modeling system. A
description of the requirements established for the interfaces between -

the MTA and the other components of this LCC modeling system plus ‘~ 1

the requirements for the input data collected are provided in
Section lU.
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The calculation of the R&M values for each task associated
with maintenance of the partitioned equipment and the construction of
the data bank represent the major portion of the effort covered by this
report. Section N describes how this was accomplished. Analytical
results, in the form of subsystem rankings in terms of operational
availability and maintenance manhours / 1000 flight hours, provide
visibility to those portions of the current DAIS conceptual design con-
figuration which can be expected to be the drivers of operational readi-
ness and operations and maintenance (O&M) costs, respectively.
These rankings and an interpretation of the results are included in
Section V.

• Results and Conclusions

An analysis was conducted to determine manpower and
support equipment requirements for a representative current DAIS
conceptual design configuration. The results were incorporated into a
current DAIS MTA data bank. The information included in this data
bank and the format in which it has been implemented provide the
following capabilities:

a) It can be used to drive the Air Force Human Resources
Laboratory Maintenance Manpower Modeling System
(MMMS) in determining the detailed utilization of re-
sources in maintaining the current DAIS conceptual
design configuration.

b) It can serve to provide the previously described R&M
figures of merit for each subsystem in the current DAIS
conceptual design configuration. This allows an assess-
ment of the major system problem areas in terms of
operational readiness and O&M costs.

c) It serves as the baseline for the development of the mid-
1980s DAIS conceptual design configuration maintenance
task analysis data bank and the support equipment (SE)- . data bank.

I _ I  d) It provides inputs to the maintenance manpower training
analysis in terms of task requirements and the reliability
model being developed as part of the overall DAIS LCC
study.

iv 
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PREFACE

This technical report is the Becond of a series of reports
under contract F33615-75-C-5218, “DAIS Life Cycle Costing Stud y”
which, in combination with present Air Force capabilities, will pro-
vide the means to assess the life cycle cost (LCC) impact of the
operational implementation of the Digital Avionics Information System
(DAIS).

The study was directed by the Advanced Systems Division,
Air Force Human Resources Laboratory, Wright-Patterson Air
Force Base, Ohio. It was performed under Air Force Avionics
Laboratory Program Element 63243F, “Digital Avionics Information
System”, Project 2051. Project 2051, “Impact of DAIS on Life Cycle
Costs”, is jointly sponsored by the Air Force Human Resources
Laboratory, Air Force Avionics Laboratory, and Air Force Logistics
Command. Contract funds were provided by the Air Force Avionics
Laboratory. The DAIS Program Manager is Maj . John G. Weber.
The DAIS Chief Engineer is Mr. Frank Scarpino . The Air Force
Human Resources Laboratory Project Scientist is Maj . Duncan L.
Dieterly. The Air Force Logistics Command Project Officer is
Mr. Ron Greene. The latter two are DAIS Deputy Directors.

• This research effort is documented under Work Unit 20510001,
“DAIS Life Cycle Costing Study”. Mr. H. Anthony Baran is the Work
Unit Scientist and Air Force Cont ract Monitor. The contractor
Program Manager is Mr. Herbert E. Engel.

The authors wish to extend their appreciation to the many
• ~- people within the Government and private industry who contributed

their time and expertise throughout the course of this research. Too
numerous to mention by name, it must be sufficient to note that con-
siderable assistance was rendered by: the DAIS engineering staff;
personnel at the San Antonio and Oklahoma City Air Logistics
Centers; Air Force Logistics Command Headquarters; Aeronautical
Systems Division; various organizations within the U. S. Navy in-
cludIng the Naval Weapons Engineering Support Activity, the Naval
Air Systems Command Headquarters, and the A-7E Program
Manager’s Office (PMA-235) .
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CURREN T DAIS MAINTENANCE TASK ANALYSIS

• I. INTRODUCTION

BACKGROUN D

DAIS Advanced Development Program

The Digital Avionics Information System (DAIS) concept has
the potential of bringing substantial benefits to system reliability and - 

-cost because it gives: (1) an enhanced ability to modify software
rather than hardware to meet new mission requirements, (2) the
potential for improved reliability through the planned use of redun-
dancy at subsystem, equipment, and component levels, (3) an
opportunity for adding new sensors and capabilities to the system
without rewiring the aircraft, and (4) an effective means for using
modular or common equipment designs on different types of aircraft.

To capitalize on this potential, the U. S. Air Force established
In July 1973, a DAIS advanced development program (DAIS ADP). The
Air Force Avionics Laboratory (AFAL ) is the lead agency and is co-
ordinating the efforts of AFAL, the Aeronautical Systems Division,
the Aerospace Medical Research Laboratory, the Air Force Flight
Dynamics Laboratory, the Air Force Armament Laboratory, the Rome
Air Development Center, the Air Force Logistics Command, and the

• Air Force Human Resources Laboratory. Their objectives are to
demonstrate the DAIS concept on a functional basis and to develop: —

(1) an in-house cadre of skilled personnel who can perform pre-
j lizninary design and, (2) prepare speciflcaiiona,standards and tech-

niques for the four common or core elements of all avionic systems,
namely, multiplex, processors, control and displays, and software .
To advance the time and degree of DAIS concept implementation, a
DAIS integrated test bed and software test stand have been planned.

The DAIS Life Cycle Cost Modeling System

Over the years, several facts related to, systems acquisition
have become increasingly clear: (1) the increasing complexity of
mission requirements has resulted In the need for an ever-increasing

— use of new technology, (2) the resources necessary to Implement this
• new technology and to support the resulting systems are dramatically

• increasing, (3) budget constraints and manpower limitations dictate

- 
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a critical need for obtaining the required operational capability with
minimum resource expenditures, (4) acquisition costs represent onlya portion of the total system LCC. and (5) decisions made early in
the conceptual phase have the greatest potential to reduce life cycle
cost (LCC).

In the past, LCC has been u8ed primarily to track or predict
operation and maintenance costs. Cost reductions have been effected

= by selecting logistic actions which minimize costs once a system hasbeen acquired. In order to exercise ma~dmum effect, however, LCCconsiderations must be introduced In the acquisition process early
enough to impact the design of the hardware, the software, and their
support system. The DAIS LCC Modeling System is designed to pro-
vide the USAF with an enhanced in-house capability to incorporate
LCC considerations into avionics design, planning of training, and
operation and maintenance at all Stages of the weapon system
acquisition process Including conceptual design. In particular, it will
provide a capability to evaluate the LCC of alternative design con-
figurations for a mid- 1980s DAIS-configured CAS aircraft. Design of
the LCC Modeling System has been structured In terms of five majortasks as shown in Figure 1:

• Develop Conceptual Design Configurations for Current and
Mid-1980s DAIS Avionics Suites. These configurations pro-
-vide the vehicle for all subsequent efforts in the modeling
system development.

• Perform Maintenance Task Analyses. These provide the de-
tailed reliability and maintainability (R&M) data for the con-
ceptual design configurat ions. They also serve to provide
inputs for the development of the training model.

• Select Reliability Model. The reliability model provides the
capability to determine R&M parameter values based on de-
sign characteristics of the hardware.

• Develop Training Model. The DAIS training model selects
methods and media of instruction based on mission effective-
ness and cost considerations.

2
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• Integration and Utilization. This step involves the selection of
appropriate models to compute acquisition and O&M costs, and
the integration of the various system models and data banks to
form the LCC Modeling System.

DAIS Conceptual Design Configuration
- I The first task of the DAIS LCC modeling system study is the

conceptual design configuration study. This task resulted in AFHRL-
TR-76-59. Mid-l980s Digital Avionics Information System Conceptual 

-Design Configuration, 27 May 1976. Conceptual design configurations
were generated for an avionics suite capable of fulfilling a close air
support (CAS) mission. These design configurations were: a non-
DAIS baseline configuration; a current DAIS configuration; and a
mid-l980s DAIS configuration.

The DAIS conceptual design configurations are representative
of the avionics suites for both a current and a 1980s DAIS-configured
CAS aircraft . The current configuration is representative of the tech-
nology in the present day inventory, while the mid-1980s configuration
incorporates advanced technology projections. The maintenance task
analysis (MTA) of the current design configuration is described in this
report.

CUR R EN T MAINTENAN CE TASK ANALYSIS

The MTA for the current DAIS conceptual design configuration
as described in this report resulted in a computerized data bank. The
current DAIS MTA and its associated data bank will serve as the
foundation for the MTA for the mid-l980s DAIS conceptual design
configuration to be described in a subsequent report. It also provides
inputs to the support equipment (SE) data bank and training and R&M
models that are being developed as part of the overall DAIS LCC study. -

. -

Methodology

A detailed overvit w of the subtaska accomplished in the current
DAIS MTA is shown in Figure 2. That portion which is being reported
in this document is shown within dotted lines. The numbered blocks
indicate the four major subtaska or steps required to accomplish the
MTA. The primary outputs are depicted In the ovals. The conceptual

-

~~~~ 

- • -
~ design inputs shown In the lower left of the diagram represent the

• baseline non-DAIS, the current DAIS, and the mid- 1980s DAIS con-
ceptual design configuration data inputs as they were used In the
performance of the MTA.
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The availability of valid input dat a is an essential element in
perfo rming a good MTA. These Inputs must be sufficient to satisfy
the needs of the analysis. The broad scope of the LCC Modeling
System study and the many interfaces that exist among the various
modeling system components demanded that objectives be defined for
each of the components. Thus, while Figure 2 shows the acquisition
of R&M data as a first step in the MTA , a definition of objectives was
carried out to determine the scope of the MTA and, in the process,
determine what R&M data to acquire.

Two sets of foreseeable uses for a maintenance task analysis
were seen. One involved the manpower and support equipment needed
to provide the maintenance for the DAIS equipment. The second use -

was as an input to the training model in terms of the specific skills
and knowledge elements needed by the maintenance specialist!
technicians and, hence, would determine the training they would need
to properly perform their tasks. A decision was made to limit the
MTA to the first of these two uses and include the specification of 

-

skills and knowledge as part of the training model analysis. This pro-
vided a clear division between the direct utilization of resources
(manpower and SE) in the O&M area, and the training of the necessary
manpower. The inputs necessary to supply the data required to obtain
the desired outputs were then determined. Step 1 involved the collec-
tion of R&M data on the subsystems specified in the conceptual design
configurations. R&M data was collected, recorded, and cross-checked
between sources when possible. R&M data of existing avionics sub-
systems that were identical to, or at least similar to those chosen as
the baseline, provided the most valuable inputs. Sources were the
AFM66-l Maintenance Data Collection (MDC) system, the Navy’s 3M
MDC system, equipment specifications, plus discussions with
Government and contractor personnel. Section III of this report
describes this phase of the MTA .

A set of R&M parameters reflecting the historical military
experience with these existing equipments was synthesized from this
data in the next step. A set of maintenance task networks representing
this experience was generated to form the baseline (non-DAIS) data
bank.

6 
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Maintenance task networks are graphical displays, in a
I standardized schematic format, which depict the time-oriented nature

of the maintenance tasks and the task R&M characteristics. They pro-
vide a visual representation of the relationship of the maintenance
tasks to the equipment and to the resources required to perform the
tasks. The visualization capability provided affords an easy way to
t ally the resources utilized in performing the maintenance tasks and
facilitates the relating of equipment R&M factors to the “real world” .
An additional benefit is that the networks are in a form that is corn-
patible with the simulation model which wifl utilize the data base, the
AFHRL Maintenance Manpower Modeling System (MMMS).

A network schematic includes the following R&M data by task:
failure rate, mean time to accomplish each task in the repair process,
probability of task occurrence, the type of specialist and the number
required per task, the skill levels of the technicians, and the SE re-
quired.

The third step was the development of an engineering data
base from which was constructed the current DAIS MTA data bank.
Once the non-DAIS avionics suite had been partitioned into the current
DAIS suite, an analogous partitioning of the R&M factors was
accomplished. This process analyzed the failure and maintenance
histories for each line replaceable unit (LRU) in the total suite.
Where failure modes had been altered, replaced, or abolished as the
result of the reconfiguration of the hardware, new values were cal-
culated for the resulting reliability (mean sorties between maintenance -
actions) and maintainability (mean time to repair), task probability of

• occurrence, manpower, and SE requirements. The method used to
perform these calculations is described in detail in Section IV under
“Synthesis of R&M Factors”. Suffice it to say at this point that the
failure frequency, repair times, and consequent manpower and SE
were calculated for each subsystem in the current DAIS suite based 

r 
-

on its configuration of LRUs. For some of the sensor subsystems the
-

_ I number of LRUa was reduced significantly due to the partitioning.
Those LRU5 no longer contribute to the failure frequency or the r
maintenance requirements for those subsystem. However, the
functions , if they are to be accomplished in the core element portion

- 

1 
of the suite, contribute to the R&M factors for that portion of the
total equipment. Thus, the partitioning of the hardware and the re-
configuration of portions of It into the Integrated processor and

~ j - 
control /displays resulted in a similar partitioning of the R&M factors
for the resulting sensors. A new computation of R&M values for the
hardware transferred to the core elements was also carried out.

- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ •• ~~~~~~~~~~~~ - • _ _ _  — —.---—--— ._
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The fourth step was to evaluate the R&M impact on the human
and material resource requirements of the DAIS avionics suite. The
method chosen was to use the R&M data elements to quantify chara-
cteristics of the operation of each subsystem. The parameters or
figures of merit chosen include maintenance manhours per flight hour
(MMH /FH). non-repair time availability (operational availability) of -

the subsystems. and maintenance index (MI). These parameters,
when compiled in subsystem listings, were analyzed for reasonable-
ness and, when possible, compared with other sources. A result of
this check, in addition to confirming the adequacy and accuracy of
the data base, is the demonstration of the potential of its usage.

The DAIS LCC modeling system will compute, in the O&M
cost area, not only the cost of maintaining the equipment, but also
the costs associated with the training of the required maintenance
manpower. In order to provide visibility into the system cost drivers -

it was decided to isolate the resources required by the maintenance
system from those required to train the manpower. A discussion of
the objectives of the resulting maintenance task analysis, its relation-
ship to those of the DAIS training model , and how both these compo-
nents will provide total O&M and training costs is contained in
Section II.
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II. OBJECTIVES OF THE CURRENT DAIS
MAINTENANCE TASK ANALYSIS

LCC STUDY OBJECTIVES

The primary objective of the overall life cycle cost (LCC)
Modeling System study is to develop a modeling system which can be
exercised by the USAF to determine the LCC and manpower require-
ments for the representative DAIS conceptual design configurations
described in AFHRL-76-59, Mid-1980s Digital Avionics Information
System Conceptual Design Configuration and to influence design by
performing tradeoffs using alternative subsystem~ and maintenance - -

concepts. The variable elements that bear upon the LCC and the
tradeoff analyses are the hardware acquisition coats and those costs
associated with the operation and maintenance (O&M) of the equip-
ment. -

O&M COSTS

The elements required to operate and maintain a suite of
avionics equipment can be broken down into three major categories:
i. e., support equipment (SE). manpower (in terms of the numbers —

and skills required) and spare parts. The effect of equipment
reliability and maintainability (R&M) on O&M costs may be seen with
reference to Figure 3. Spares requirements may be determined
through an analysis of the impact of the equipment R&M on the
availability of the subsystems and line replaceable units (LRU ) on the
flightline. The numbers and types of SE are determined through a re-
quirements analysis which takes into account the equipment design
and performance requirements along with its R&M. The numbers and
types of maintenance personnel may be determined in an analogous
fashion. However, since the manpower skins are provided by means
of a training program geared to produce the required skills, the costs
of training also play a significant role In determining the O&M cost 

4component of LCC.

THE MAINTENAN CE TASK ANALYSIS

The needs of the overall DAIS LCC study are such that two
sets of requirements must be served in the O&M area: (1) those of
the SE and manpower requirements portion of the DAIS LCC Modeling
System, and (2) those of the t raining analysis portion of the DAIS LCC

‘/
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Modeling System. Because the training analysis (and the subsequent
- 

-
~ design of the DAIS training model ) depend upon a specification of the

skill requirements of the maintenance manpower, it was decided to
use a two-step approach to the solution of this overall problem. The
first step, which is documented In this technical report, presents the
results of the portion of the task analysis conducted along the lines of
R&M. Specifically available from this effo rt are the numbers and
types of manpower and support equipment required to maintain the
individual LRUs and subsystems of the current DAIS conceptual design
configuration. These derive from the inherent reliability and main-
tenance characteristics of these equipments. The second step, which
will be documented in a later report. Consists of that portion of the
task analysis which will define the specific knowledge and skill re-
quirements for each of the types of manpower identified in this report.
Specification of these knowledge and skin requirements will form the
basis for the training needed by the maintenance personnel. Thus, the
first step of the MTA provides results in terms of resources required
to support maintenance of this configuration of equipment. The second
step provides the input needed to perform the analysis of the required
training and the tradeoffs among alternative training methods. It is
clear then, that this two-step procedure, while differing in its
organization from what many workers in the field consider to be a
“classical” maintenance task analysis has the virtue that it provides
greater visibility into the isolation among the individual elements that
comprise this portion of O&M cost, i. e., the manpower requirements
and the manpower training requirements.

11
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III. REQUIREMENTS OF THE CURRENT DAIS
MAINTENANCE TASK ANALYSIS

INTRODUCTION

The information provided by the maintenance task analysis
4 (MTA ) has several uses. These uses determine the output require-

ments of the analysis. 
-

Since a total LCC modeling system is being developed, the
MTA will provide information to various modules (modeling system
components) and study efforts associated with this development.
Specifically, these are as follows:

a) mid- 1980s DAIS MTA and data bank
b) support equipment (SE) data bank
c) reliability and maintainability (R&M) model
d) training model

In addition, it will serve as a direct source of inputs to the
AFHRL Maintenance Manpower Modeling System (MMMS) simulation
runs.

First, the input requirements of the subsequent tasks were
identified. These were then analyzed to determine which should be
provided by the current DAIS MTA. To obtain these outputs, an input
data set was identified. Basically, this was comprised of R&M, man-
power, and SE data for the subsystems comprising the sensors and
core elements of the current DAIS conceptual design configuration.
Data sources were identified and the data analyzed to yield the main-
tenance task networks. These were the task outputs that met the
identified requirements of the following study tasks. A description of
the interfaces that establishes these requirements is given below.

OUTPUT REQUIREMENTS

Mid- 1980s DAIS Maintenance Task Analysis and Data Bank ‘-

The current DAIS maintenance task analysis serves as the 
- -

baseline for the mid- 1980s DAIS maintenance task analysis. The
latter is greater in scope and includes an analysis of the impact of
the central integrated test system (CITS) and associated built-in
test/built-in test equipment (BIT/BITE) capability and consolidated •
SE on the maintenance parameters. The form of the data bank outputs r
will be similar since both must supply inputs to the AFHRL MMMS
simulation runs. 12 ~~: ‘~~~~~~~~

—-4
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The data required to operate the AFHRL MMMS are:

• frequency of occurrence of the event
. probability that a given task will be performed
• type of task
• time required to complete a task
• manpower and manpower skills needed to perform a task
• test equipment required

A convenient representation of these data elements is the
maintenance task network (MTN). A detailed description of the MTN - 

-

and the methodology for the synthesis of the data elem ents included in
it appears in Section IV of this report.

Support Equipment Maintenance Data Bank

In addition to computing resources consumed and the cost of
these resources for maintenance of the avionics equipment, the LCC
Modeling System also treats the SE and its maintenance in a similar
manner. That is, manpower and manpower skills, and test equip-
ment needed to maintain the SE will be inputs to the LCC model.
These will be supplied by the SE maintenance data bank.

Reliability and Maintainability (R&M) Model

The R&M model is used as part of the overall LCC model to
project R&M values which act as drivers to the cost portion of the
total LCC. In order to allow the most flexible use of the LCC model,

• i. e., for LCC comparisons between competing in%rentoried equip-
ments, for comparisons between modified versions of such equip-
ments (such as equipments modified in accord with the DAIS con-
cept), and for the evaluation of equipments in various stages of their
development, a set of functional relationships will be developed to —

relate appropriate system-level characteristics to R&M parameters.
The functional relationship concept employed assumes the current
DAIS conceptual design configuration as a baseline system. Signifi- - -~~cant system-level design changes (such as the addition of a central
integrated test system, the consolidation of support equipment into
automatic and/or semiautomatic test stations) will have a specific
and quantifiable impact on the maintenance task parameter values,
i. e., the equipment R&M. By determining and evaluating the specific
influences these design changes have, modifications to the baseline t-
R&M values may be derived. A block diagram of the implementation

13
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of the R&M model is shown in Figure 4. Two alternate paths are in-
dicated to provide the needed R&M parameters -to the logistics
support cost (LSC) model. The LSC model is an existing computa-
tional tool that was developed by the Air Force to estimate support
costs expected to be incurred by adopting a particular system design
for a weapon system. The model is used to compare and discriminate
among design alternatives where a determination of relative cost
differences is the desired result.

The LSC model (Ref. 25) is intended for application in two
different areas :

1. To obtain an estimate of the differential logistics
support cost between the proposed design configurations
of two or more contractors during source selection.

2. To serve as a decision aid when discriminating among
design alternatives during prototyping or full-scale
development.

The LSC model is comprised of 94 data elements and 10 math-
ematical equations, each of which describes a portion of the resources
required for an operating logistics system. The model operates under
the assumption that the best data available will be used to estimate
cost and that some information is better than none . The model is
exercised by simply summing the following costs described in the
Logistics Support Cost Model User ’s Handbook: I -

1. Initial and replacement line replaceable unit (LRU)
spare costs

2. On-equipment maintenance costs
3. Off-equipment maintenance costs
4. Inventory entry and supply management costs -

. -
- 

1 

5. Support equipment costs
• 6. Personnel training and training equipment costs

7. Management and technical data costs
8. Facilities costs
9. Fuel consumption costs

— 10. Spare engine costs

It is clear that with modifications related to (a) limiting the
model’s applicability to avionics and (b) changes made necessary due
to new capabilities provided by the DAIS concept, this tool will serve
as a useful portion of the R&M model.

r
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Figure 4 shows the MTA interfacing with the R&M model at
• two points. In one path, the data banks directly provide the necessary

- - R&M data to the LSC model. This is an operational interface in that
the data used to drive the LSC model is operational R&M data which
reflects historical experience with the equipment. In a second path.
the MTA provides information which aid in the development and
utilization of the afo rementioned functional relationships. The R&M
data required for the LSC model is, in this path, estimated by means
of these functional relationships. For these configurations for which
a MTA has been perfo rmed, the R&M portion of the required LSC
inputs will be supplied by the MTA data banks. The two DAIS design
configurations described in the first section of this report are
examples of this. Those equipments for which a MTA has not been
performed will operate the LSC model through the computation of
R&M parameter values based on the application of the functional re-
lationships (where appropriate) plus the use of best engineering
estimates based on R&M data from similar equipments. Table 1
shows the input s required by the LSC model and the manner in which
that data is provided by the MTA .

DAIS Training Model

The user of the DAIS training model, now under construction~will be able to generate alternative training approaches and training
programs on the basis of the inputs available to him. Some of these

— inputs will be provided by the MTA. The training model will provide
a means to ascertain the impact of the DAIS on training procedures
and also to analyze options or innovations in training procedures
which implementation of the DAIS may offer. Selection of the training
program will be based on tradeoffs among the equipment character-
istics, manpower availability and characteristics, mission effective -

--4 1 ness, and LCC.

Inputs which will drive the DAIS training model will include: -

descriptions of knowledge elements and skills needed in DAIS equip-
ment maintenance; descriptions of the tasks performed in terms of
criticality, difficulty, and frequency; available methods and media
of instruction; and the costs associated with these various alternatives.

-H 
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Table 1 INTERFAC E BETWEEN LSC MODEL AND MTA

LSC Input R.quirsd 
- 

MTA Output Provided

No. of LRU per subsystem Direct output of MIA data banks
No. of a ivan LRU per subsystem Direct output of MTA data banks
No. of SE end items Direct output of MTA data banks
Utilization rate for SE Equivalent to the maintenance man hours

(MMH) or a portion thereof for each
maintenance task. MMH i sa  direct output
of the MTA data bunks.

Fraction of operational failures r.pairable Direct output of MTA data banks
at flightlln. (per LRU)

Mien flying time between maintenance Failure clock in MTA data banks is In
actiona per LRU ter ms of mean sorties between maintenance

• actions (MSeMM. Conversion I. in terms
} of flying hours per sortie.

Fraction of removals repaired at bass Direct output of MTA data banks
level (per LRU)

Mien time to repair per LRU at base Direct output of MTA data banks =
level

Mien time to rspsir per LRU at flightline Direct output of MIA data banks
Mien time to remove and replace a ~vsn Direct output of the MTA data banks
LRU at the fli~~tline
Fraction of removals sent to depot for Direct output of the MTA data banks
repair

Scheduled maintenance man hours and Schedule maintenance is a small fraction of
scheduled maintenance intervals total avionics maintenance. Fractional 

I 
-:

increments will be added to unscheduled
maintenance values (as approprl.te) to
account for this.

,.
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Clearly, the set of inputs described above will be developed
from many sources. However, a clear Interface exists between the
MTA and the DAIS training model in terms of the task descriptions us
well as type of skills and skill levels required of the maintenance

- 

- 

specialist/technicians. The skill and knowledge inputs will result
from a training analysis which will be part of the DAIS training model
development. However, the training analysis uses the MTA as a data
source for the types of maintenance tasks required, their frequency,

• I and the amount of manpower needed to perform the maintenance
activities.

INPUT REQUIREMENTS

Satisfying the outputs cited in the previous paragraphs required
that a study be conducted of available relevant data and their sources.
Data of different types, i. e., design data, reliability data, maintain-
ability data, human resources data, etc. , are generally available only
from different sources. A listing of individual data categories and
their sources is shown in Table 2. In general the required data was
found to exist in technical orders (TOs), specifications, and planning

• documents available through contacts with the appropriate system
project offices (SPOs). A major input resulted through access to dat a
in Air Force and N avy maintenance data collection (MDC) systems.

-‘ The required Navy data were provided as a result of contacts with
Naval Air System Command (NAVAIR) through their access of the 3M
system. AFM66- 1, KO-51, and D056 were the sources of Air Force
data (see footnote Table 2) .

4 The required inputs for the current DAIS MTA can be
classified in six categories as shown in Table 2. The first of these
encompasses the basic R&M network data for the subsystems used in
the current DAIS conceptual design configuration . This involved

• 1 exercising the AF and Navy MDC systems to obtain data for those
equipments already in inventory. R&M data for the core element
portion of the avionics suite was based on specifications and relevant
experience with the AFAL DAIS integrated test bed.

Completing the maintenance task networks required additional
data besides the R&M for the prime avionics equipment. SE informa-
tion was needed in order to identify the SE required for the DAIS and
to account for its utilization. Much of this was obtained from TOs.
An additional source of information was the cross reference listing
for communication and navigation which allows a direct correlation
between individual items of prime avionics and the SE used in their

• maintenance (Ref. 12).
18
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Human resources data of various types were needed for the
MTA . Manpower utilization by Air Force skill category (AFSC) was
extracted from AFM66-l sources via the AFHRL maintenance man-
power modeling system (MMMS) pre-processing programs. The skill
levels (as distinguished from the aforementioned skill categories)
were acquired through discussions with Air Force field personnel.
Skill levels are not generally reported to the AFM66- 1 data system

• and these discussions were aimed at learning what is current practice
in the field.

The human resource factors cited above satisfy the objectives
of the MTA as described in Section II. When combined with the
specific skills and knowledge elements to result from the training
analysis and the alternative maintenance concepts appropriate to the
DAIS, they will serve as inputs to the DAIS training model data bank .
This will allow tradeoffs among alternative training approaches and

- training programs.

In some cases it was judged desirable to verify data on the
selected subsystems by comparing this data with similar information
from comparable subsystems. Data from subsystems contained in the
F-l5, F-14, and C-5A were studied and compared with the data for
the subsystems used in the current DAIS conceptual design configura-
tion. Reconciiations were made where necessary.

Software maintenance, as currently performed by military
personnel at the organizational and intermediate maintenance levels
has been included in the current MTA data bank as an integral part of

4 the processor maintenance networks. This includes only that portion
of the software maintenance involved in the servicing of the processor
and peripheral equipment that result from design changes implemented
in the software.

The term “software maintenance” is commonly used to mean
the engineering aspects associated with the determination that a soft-
ware problem actually exists , the programming effort expended in re-
designing and recoding the program, the debugging of the program,
and the subsequent insertion of a new tape into the peripherals or a
new set of instructions into the computer memory. The last of these
tasks, the physical change to the avionics processing system, is

2 
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handled by military maintenance technicians. The resources utilized
in this effort are reported as part of the routine MDC data reporting
activity. It is these hardware-related software tasks and resource
utilizations that appear in the current DAIS MTA data bank. The
numerical values used were obtained through information gained on
the A-7D and F-15 computers. These values have been integrated
with the data associated with the normal hardware maintenance re-

- 
• quirements for the DAIS processor.

• Traditionally, the engineering and programming aspects of
what is considered software maintenance have been accomplished by
either contractor or military personnel outside the field maintenance
system. Thus, while the costs associated with these activities have
a definite influence on the LCC of the current DAIS conceptual design,
they have no bearing on the utilization or training of maintenance
manpower within the context of the maintenance concepts currently
in practice. Since, however, a goal of the DAIS LCC Modeling System
is to provide the Air Force with an improved capability to investigate
alternative maintenance concepts, it is recognized that future systems
should admit of the possibility that the program design and coding be
accomplished in the field. This would then involve both the utilization
and the training of the required manpower. Therefore , although costs
for the engineering and programming portions of this activity will be
lumped wtth other depot-level maintenance costs in the LSC model,
provisions will be made to examine these cost elements, the utiliza-
tion of resources, and the consequent requirement for manpower
training in terms of their potential as part of the field maintenance
activity.

CHARACTERISTICS OF THE MILITARY DATA SYSTEMS USED

Both the AF and Navy MDC systems were used as major
sources of data. The following is a brief description of the outputs
available from these systems.

. AF MDC System (AFM66-l) -~ 
‘
~~~~

• 
• Maintenance Data Collection Record

The Maintenance Data Collection Record, AFTO Form 349, is
used by Air Force specialist/technicians to report each maintenance
action in the field. It provides all pertinent maintenance information

4 ~~
.• such as equipment being repaired, action being taken, labor category,

• ~~ ~~ •

HP
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and time to repair. The data is aggregated by the MDC system in
accordance with AFM66- 1, and a number of data systems operate on
this large data base. These data systems include DO-56, KO-51 and
MMS pre-processor data outputs. • 

-

•

DO—56

The DO-56 system is called a “demand system” by AFLC,
which means that outputs can be requested for specified conditions.
For each aircraft subsystem over a period of time it contains:

Operations data
• percent sorties aborted in flight for material failure
• percent sorties aborted on ground for material failure
Reliability data
• total failures/l000 flight hours
• total failures / sortie
• percent failures discovered before flight
• percent failures discovered in flight
• percent failures discovered between flight s
• items not repairable this station (NRTS) / 1000 flight hours
Maintenance data
• manhours / 1000 flight hours
• manhours / sortie
• shop repai r actions

• • bench check or repair
• other shop actions

1(0—51 
1 

-

The 1(0-51 weapon system effectiveness program and models
segment is a “routine system” which means that its only outputs are
standard data products that are distributed on a periodic basis. The
PN3L product of KO-51 is a source of the following type of informa-
tion:

Basic data
• number of aircraft
• total flight time
• average flight time
Operations data
• utilization (flight hours/month)
• landings/flight hour :-~

-
~~~~ • turn around time

22
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• Navy MDC System

3M

The two data products selected from the 3M MDC system to
• provide data on the A-7E, F-14A, and A-6 weapons systems were

report numbers MS04790.A2 142-01 and MS04790.A2245-O1. These
two reports are distributed quarterly for a six-month data base and
provide, respectively, aircraft (on equipment) maintenance activity
and intermediate maintenance level (shop) activities (IMA). Specifi-
cally, these two reports provide the data elements listed below by
work unit code (WUC).

Fleet Weapon System Reliability and Maintainability (Report
MS04790. A2142-01)
Statistical summary tabulations
• total maintenance actions
• mean flight hours between maintenance actions

(MFHBMA)

• total failures
• number of failures repaired at organizational level
• mean fli ght hours between failures
• manhour expenditures
• assembly and system summaries
• elapsed maintenance time per maintenance action
3M Aviation Component Repair Report (Report MS04790.
A2245-0l)
• total items processed
• number of no defects
• number of items repaired
• number of items NRTS
• average item turn around times
• average item awaiting parts time
• average IMA manhour expenditure and elapsed main-

tenance time per repaired item
• average organizational level manhours and elapsed

maintenance time per item processed
• average IMA manhours per no defect item

4’
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SUMMARY

This section has described the manner in which both output
and input requirements were established for the current MTA. Out-

- put requirements were defined by the needs of the users of the MTA I
i. e., other LCC modeling system elements including the AFHRL
MMMS. Input data requirements were identified to satisfy these needs
via the MTA . M ajor sources of input data were the Air Force MDC
and Navy MDC systems, planning documents, and technical orders.

With the study requirements established, the next step is a
detailed discussion of the methodology used in perfo rming the MTA

- and the results achieved.

F

r
I.,
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N. CONDUCT OF THE CUR-RENT DAIS MAINTENANCE
TASK ANALYSIS AND DATA BANK DEVELOPMENT

METHODOLOGY

There are essentially three basic techniques for arriving at
reliability and maintainability (R&M) parameter values of new
avionics systems: prediction, demonstration , and field dat a
techniques. Our approach consists of a combination of all three.

Briefly Stated , the prediction technique uses estimates based
on analytical methods which examine such things as parts counts ,
tabulated experience data, failure modes and effects analysis, task
time estimation, etc. These techniques are described in MIL-HDBK-
472, Maintainability Prediction, and MIL-STD-756A, Reliability
Prediction.

• The demonstration technique uses time and motion study
methods to predict task times. This requires the actual measurement
of time required to perform task simulations with breadboard or
brassboard designs and eventually the equipment itself when MIL-
STD-471, Maintainability Demonstration, is invoked. This is useful
during the engineering model design period as a supplement to the

• prediction technique. It can then be used to evaluate any excessive
• - maintenance task time highlighted by the prediction technique.

The field data technique is actually a form of the demonstra-
• tion technique. However use is made of specific frequency of

occurrence and task time data derived from maintenance experience
for the same type of task on similar equipment under similar main-

• tenance conditions.

Of the three basic techniques, the field data technique is the• beet because it reflects the real operational factors of the systems in -~ • ~~their operating environment. Since this technique uses actu al data, it
will usually be more acceptable to the equipment designers and can •~~

thereby have more Influence on the design. For these reasons plus
the fact that considerable amounts of applicable fiel d data were avail- ~~~~~ • 

-

able, this method was chosen as the primary means of predicting the -~~~~
R&M parameter values in this maintenance task analysis (MTA~. When
it was available, the MTA used field data of the actual subsystems or

25
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comparable subsystems for the non-DAIS avionics equipment. When
such field data did not exist, e. g., for the DAIS core elements, field
data for comparable subsystems or portions thereof were utilized. In
this event, the available field data was augmented by prediction
techniques. The prediction techniques chosen were those that rely
heavily on engiheering judgment and maintenance experience; namely,
task time estimation and failure modes analysis.

The first step in this approach was to determine the extent to
which field data could be utilized in quantifying the R&M parameters
for a given subsystem. If the subsystem was in the inventory, the
field data were directly applicable. If not, an engineering analysis
was conducted to define the equipment design characteristics. These
characteristics were compared to systems in the inventory. If port ions
o~ the equipment were the same as subsystems in the inventory (both
subsystems having a common or functionally similar line replaceable
unit (LRU), for example), then the R&M data for that common LRU
were applicable. When the new system was substantially different
from systems in the inventory, engineering analyses were conducted
to quantify the R&M parameters. These engineering judgments were
then tempered by whatever field data was available.

The results were evaluated by experienced maintenance per-
sonnel who have performed maintenance on equipment of a similar
design. This insured that, regardless of the method used to perform
the MTA, no pertinent maintenance problems would be overlooked.

DATA COLLECTION

Data collection was initiated by contacting the various data
sources and processing the available data. The principal data pro-
ducts utilized are tabulated in Table 3. Tabulation is by subsystem
and function. —

~ I The primary data source was the USAF maintenance data
coUection (MDC) system governed by AFM66-1. The data products
which were utilized from this large data base include D056, K05 1,
and the Maintenance Manpower System (MMS) pre-processor data
outputs.

• DRC queried the D056 system for avionics data on the A-7D,
F-111E, F-15 and selected C-5 A subsystems. The D056B5527 output
proved to be the most useful of the D056 data products for this study.
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Data from the K051 weapon system effectiveness program and
models segment was used to derive the approximate number of flight j 

-hours per sortie (FH/Sortie) by using the flight hours/landing. In the
case of the A-7D, this method gave the FH/Sortie as 1. 7. This number
was used as a constant to convert the equipment mean flight hours
between maintenance actions to mean sorties between maintenance
actions.

The most valuable inputs available for assessing human
resource utilization in field maintenance are the data products of I -

AFHRL’s MMMS. The input to the MMMS is the base-level tape, - -

which is also the input to the MDC system. The MMMS pre-processing
programs extract pertinent data and perform editing, processing, and
formatting functions on it. The results are recorded in the form of
networks or the so-called extende d -Il format. The maintenance task
networks of the DAIS MTA are based on the extended -11 format.
Existing MMMS pre-processor outputs provided current data for the
A-7D subsystems. The R&M data included the following:

Reliability data
• mean sorties between maintenance actions (MSBMA)

— 

- 

Maintenance data
• percent scheduled maintenance
• percent unscheduled maintenance
• percent manhours bench checking
• percent manhours troubleshooting
• percent flightline maintenance
• percent shop maintenance
Task data

4 • type of equipment
• time spent performing

- j • crew size required to perform
• AFSC distribution within each crew
• frequency of task
• kind of task
• probability of task occurrence

The A-7D was chosen as an aircraft whose functional character-
istics represent those of a current CAS weapon system. The sub-
systems of the A-7D provided the bulk of the data needed. The A-7D

4 data were supplemented, as necessary, with data from other Air Force
and Navy weapons systems. The F-ill  provided HF radio data for the

28
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ARC— 123. Information for the ASW-25A Data Link was obtained from
the A-7E. These are examples of subsystems that form part of the
current DAIS conceptual design but exist currently in aircraft other
than the A-7D.

F-15 field data, although limited, proved useful as a source
of data on subsystems similar to the DAIS core elements. Another
source of R&M data on subsystems with design requirements similar
to those of DAIS core element subsystems was the C-5A aircraft . In
particular, the C-5A malfunction analysis detection and recording
(MADAR) system has a number of LRUs with fun ctional requirements
similar to those of certain DAIS units.

The Navy’s 3M MDC system provided data on the A-7E , A-6,
and F-14 weapons systems. The similar configuration of the Navy

— A-7E to the Air Force A-7D made possible a direct comparison of
• I some of the R&M data. This comparison served as a means of

verifying the accuracy and consistency of the data sources. With few
t 

exceptions, the MFHBMA for the subsystems compared were within
30 percent of each other. This degree of consistency was judged
acceptable in view of the diverse sources of these data and the
resultant dissimilar methods used in testing and reporting failures
and maintenance actions. The cause of the few larger disparities was
either accounted - r or will be during the course of subsequent
analyses or field visits.

A complete list of documentation used is contained in
Appendix A including data base outputs and reports (including the
dates of their applicability), DAIS specifications , and technical
orders/manuals.

DATA RECOR DING

Pertinent R&M data elements were extracted from these
various reports and recorded on worksheets to facilitate their
analysis. These worksheets are part of an MTA work package which,

— together with the data bank, constitutes the current DAIS engineering
data base. A work package was prepared for each avionics sub-

• system in the current DAIS conceptual design configuration. Included
in these MTA work packages are the following items:

- I I
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1. conceptual design work package
2. MTA data package

- extracts from TOs
- R&M particulars
- maintenance requirements
-
. WUC lists

- SE lists
3. MDC reliability and maintainability extracts
4. failure modes data sheet
5. network schematics

- current non-DAIS
- current DAIS

6. equipment characteristics worksheets
7. analysis and status worksheets

SYNTHESIS OF R&M FACTORS
— Synthesis of R&M factors, in this context , means the estima-

tion of maintenance task parameter values for the LRU5 and sub-
systems comprising the current DAIS conceptual design configuration.
For the sensor portions of the avionics suite existing equipments had
been selected and partitioned. The method used in the synthesis for
the resulting subsystems was to modify the appropriate maintenance
task parameter values in acco rd with predictable changes in the
reliability, and test and repair times for the resulting hardware con-
figuration. For the core elemerts, since no existing subsystems could
serve as a baseline, parameter values were estimated based on R&M
history of comparable equipments in the field. These values were
modified in accordance with the functions and utilization of the hard-
ware anticipated for the DAIS core elements.

ES:.

Since a requirement exists tIB t the MTA interface and be
directly compatible with the AFHRL MMMS it was decided that the
most useful format for the MTA data banks would be that of the
extended -11 card as well as its visual representation, i. e., the
maintenance task network diagram. The network diagrams will be
used to describe the manner in which the synthesis was conducted.
An example is given also to demonstrate the actual application of the
procedure to a specific subsystem.

30
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The synthesizing process was initiated by using all available
sources of R&M parameter values. Field data were needed for each
of the subsystems chosen as the baseline avionics design for a CAS
mission. Previous Air Force effo rts were used whenever possible.
In particular, there were a number of A-7D maintenance networks in
extended -11 format which had been prepared in 1972 and updated in
1974 that provided a nucleus for the synthesis. These networks were
reviewed in the light of more recent R&M data and updated
accordingly.

The remainder of the subsystems were analyzed by using
recent R&M data from other weapons systems in the inventory, the

4 sources of which were described previously. The set of R&M factors
derived from these efforts resulted in a baseline MTA data bank.

The next step in the synthesizing process involved an analysis
of the subsystem configurations resulting from the partitioning.
Because of the transferral of Specific subsystem functions to the core
elements, both reliability and maintain ability values will change. The
moditication of these values to confo rm to the partitioning of the hard-
ware is described below in the paragraphs entitled ‘Part itioning of
R&M Factors’. It is valuable, however, at this point in the report to
describe the extended -11 fo rmat and its pictorial representat ion, the
maintenance task network diagram.

4 ‘ Maintenance Task Networks

The networks concept was developed by the Air Force to
satisfy the needs of the AFHRL MMMS (Refs . 1, 2). The MMMS uses

2. special pre-processing and post-processing programs in conjunction
with the Logistics Composite Model (LCOM) as a maintenance man-
power simulation model (Refs . 2, 3, 4, 5). The current DAIS MTA
data bank, developed as part of this effort has been delivered in a

-. form which permits direct loading into the AFHRL MMS model. That
‘- 1 - form is the extended -11 card. The maintenance task networks (MTN )

provide a visualization of the coded data which appear on the extended
-11 cards. These MTNs are useful as a tool to understand and
appreciate the methodology used and the results obtained from the

H
‘ I
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Figure 5 is a simplified MTN diagram indicating only the task
flow. The MTh in this graphical form is well suited to display the
maintenance tasks that have to be accomplished to return a subsystem
to operable condition and the order in which they are to be done. The
“on equipment” tasks are accomplished at the organizational level and
pertain to the entire subsystem. The “off equipment” tasks are Shop
tasks on the LRUs and are usually conducted at the intermediate
maintenance level.

The maintenance process is initiated by a “squawk” or indica-
tion on the part of the air crew or maintenance personnel that a mal-
function exists. Whether this proves to be an actual failure or is a
human (or equipment) error which will later result in a “cannot
duplicate” (CND) is unimportant from the point of view of the MTA
since it results in a demand for maintenance resources. The sub-
system failure frequency is therefore based on these “squawks” which
trigger the subsequent maintenance activities.

The initial maintenance activity is to set up the necessary test
equipment and power sources at the flightline and exercise the sub-
system that has keen “squawked”. If , in fact, a failure has occurred
a troubleshooting activity will take place in order to locate the cause
of the malfunction. In some instances, the apparent failure cannot be
duplicated and the maintenance activity will terminate as a CND
disposition.

-: The troubleshooting activity carried to its conclusion isolates
tkie malfunction to a hardware entity, normally a line replaceable unit
(LRU) . Depending on the nature of the malfunction it may be necessary
to remove the malfunctioning LRU (or LRU8) and send them on to the
field shop for repair. If this is done, the aircraft is put back into

- j service by replacing the unit(s) removed with functioning LRUs from
the supply stock. Alternatively, it may be possible to effect the
needed repair on the aircraft . In either case, a verification process
is used to provide assurance that the procedure used has, in fact,

• ‘
I corrected the problem.

Two sets of parallel tasks have been noted above for the “on
equipment” maintenance. The checkout of the subsystem may. in the
first case, result in a troubleshooting activity in order to locate a
malfunction detected by the test equipment and nightline technician.
On the other hand, if no malfuni- tion is detected, the ~ND disposition
is invoked. Similarly, the repair of the malfunction may be accomp-
lished through a remove and replace action (and subsequent Shop
activity on the removed LRU5) or by an on-aircraft repair. In each

- 

• 
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case, the parallel tasks are mutually exclusive events. In terms of
the utilization of maintenance resources it is necessary that the
probabilities of these parallel tasks be noted. Further, since the
events are mutually exclusive, the sum of the probabilities of each
pair of parallel, tasks will equal unity. -~ -

The right side of Figure 5 shows the task flow for “off
equipment” or shop maintenance activities. While “on equipment”
maintenance is concerned basically with subsystem repai r. shop
maintenance deals with the individual LRUs that have been removed• from the aircraft. Determining the resources demanded at this
maintenance level requires, once again, a measure of failure
frequency. This is indicated by the LRU fault probability given in
failures per sortie. The number (n) of parallel branches in this part
of the MTN is equal to the number of LRUa contained in the sub-
system that have any significant number of maintenance actions.
Each branch indicates the ent ry of that LRU into the shop mainten-
ance activity in terms of its failure rate per sortie. The possible
maintenance tasks that can be conducted will then be:

a) LRU bench check and repair
b) LRU benoh check OK (shop CND)
c) LRU not repairable this station (NRTS)

The LRU bench check and repair encompasses a trouble-
shooting activity which detects a malfunction in that LRU and a sub-

• sequent part replacement, calibration, adjustment, or whatever is
necessary to bring the LRU back to full operating status. The CND
activity results from the fact that fault location at the flightline is
imperfect so that sometimes the wrong LRU is sent to the shop. Often
the flightline procedures can only isolate the malfunction to a group
of LRUs so that all have to be Sent on to the shop. Such a circumstance
would result in the reporting of a bench check and repair on the LRU
that had actually failed with CNDs for the remaining units of the
group. Another possible cause of shop CNDs results from the
operating and test procedures associated with certain pairs or groups
of LRU8 which have been mutually calibrated, in effect “married” to
one another. When a malfunction appears to exist in one, the other or
others must accompany it to the shop to assist In testing and possible
subsequent re-calibration. Here again, only the malfunctioning LRU
will be shown as a bench check and repair unit. The others will be
tallied as CNDs.
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The NRTS disposition is used to describe the maintenance
activity which results in shipping a unit to another maintenance
activity where greater capability exists for certain types of testing
and/or repairs. Usually this is the depot where more sophisticated
test equipment and higher skill levels have been pooled. The units
shipped may be either LRU8 or shop replaceable units (SRU). If the
shop has no capability to maintain a specific LRU it will be NRTS to
depot. In other instances, repairs can be effected by removing and
replacing malfunctioning SRUs which, in turn, cannot be serviced at
that location. The SRUs will then be NRTS-dispositioned to the
appropriate depot.

A specific example of a complete MTN is shown in Figures 6
and 7 for the current DAIS high frequency (HF) radio. The on equip-
ment or flightline maintenance task flow and accompanying R&M data

I are shown in Figure 6. Off equipment or shop maintenance is covered
in Figure 7. This subsystem was derived by the partitioning of the
AN/ARC- 123 radio. Of the original set of LRU8 which comprise the
AN /ARC-123, the control unit and the antenna coupler control were
transferred to the DAIS core. The data shown in Figure 6 represent
the subsystem R&M factors for the remaining sensor portion of this
partitioned subsystem. Figure 7 shows the task flow and R&M data
for the shop maintenance of the reciever/transmitter LRU. Similar
MTN5 exist for the remaining LRUs, i. e., the amplifier, power
supply, the antenna coupler, and the variable capacitor.

At each node or stage of the maintenance process a set of
• codes is shown which specify to the computer the task processing

sequence and the data germane to the individual tasks. Above each
node is shown a unique number which defines that node for that sub-
system or LRU and is used to sequence the tasks to the computer.
The data indicated at the nodes themselves include the following, as
appropriate, to the event or the task perforined: :

• Event or task code defining the tasks needed to
accomplish the corrective work. The codes used are:

Flightline task codes
F - failure clock. This controls the frequency

with which the succeeding maintenance tasks
will be performed. The maintenance action
interval used is the number of mean sorties
between maintenance actions (MSBMA)

A - task to get and to set up powered SE
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T - task to troubleshoot the subsystem
Tc - troubleshooting, cannot duplicate (CND)

problem
R - task to remove and replace an LRU
M - task for any on-aircraft fix not involving LRU

replacement
V - task to perform an inspection or functional

check to verify that the subsystem has been
— fixed

Shop task codes
W - bench check and repair
K - bench check OK (CND)
N - NRTS/condemned

- Q - draw replacement from stock

• The work unit code (WUC) of the unit on which the work
is done. In the example shown, the WUC for the HF
radio subsystem is 6 1AOO while that for the receiver/
transmitter is 6 1AAO.

• The mutually exclusive probability of that task path
being taken as opposed to a parallel path. It is called an
E probabili ty and the sum of the E probabilities for the
parallel paths must be 1. 00.

. Time taken to complete the task.
Air Force specialty codes (AFSC). These designate the
types of technician(s) required to perform the task. If
more than one of a given AFSC is required the code is
indicated as many times as is necessary.

• Required skill level of each AFSC required to perform
the task. This is entered as a code in the 4th position on
the AFSC.

. A listing of the SE required to perform the task.

Tasks are either D tasks, i. e., tasks which have to be done or
they are E tasks which are tasks for which a parallel branch exists.
As has already been noted, E tasks require that the probability of
their occurrence be indicated in order that proper weight be given to
their respective demands on the maintenance system. The need for
this indicat ion changes the data formats at these two types of nodes.
These formats are shown on Figure 6.
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Four other codes or code combinations, all of which appear in
the shop maintenance network of Figure 7, require explanation. The
first of these is the L code which designates the probability of a shop
repair on a given LRU. The number associated with this event is
known as the G probability of occurrence. These probabilities, in
contrast to the E probabilities, are not mutually exclusive. This is to
account for the fact that the process of fault isolation at the fligbtline
is an imperfect one. Sometimes two or more LRUs are removed and
sent to the shop simply because uncertainty exists as to which one
may have actually malfunctioned. While only one LRU may ultimately
be repaired (or perhaps NRTS) CND maintenance actions are re-
quired to disposition the remaining LRUs .

The Q event is a dummy task that represents drawing a spare
LRU from supply to satisfy the aircraft need.

The PDEPOT task code follows a NRTS action and is used to
represent a standard depot turn around time ( TAT). The absence of a
PDEPOT after a NRTS indicates the LRU is a throwaway item or is
condemned (not economically repairable).

A K-coded task following the PDEPOT task indicates that the
LRU is bench tested upon receipt from supply before being used as a
rotatable spare.

The selection of the major tasks to be included in this model
of the maintenance of an avionics system was based on an evaluation
of the requirements of the elements of the AFHRL MMMS which inter-
face with the MTA, as well as the other components of the DAIS LCC
modeling system. The following criteria had to be satisfied:

Will the tasks satisfy the needs of the models they. will
feed?

. Are the tasks separable (mutually exclusive)?
Are the tasks too broad in scope?

~ I . Is field data available to provide the resources (men, 
- - ~1

• material, time) required for each task?

Because of the specific requirement that the DAIS LCC
modeling system components be compatible with the AFHRL MMS, —

the requirements of the latter were examined first. Analysis of the
task codes used in the AFHRL MMS proved that, with one exception, ; - .
they satisfied all these criteria. The sole exception was the code for ~ -~~

.4
- -
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designating the access of equipment. DRC chose not to include this
code in the MTN for a number of reasons: (1) access time is depend-
ent on the aircraft design and exact equipment location which cannot
be provided by our DAIS conceptual design configurations; (2 ) there is
no action taken code (ATC) in the Air Force or Navy maintenance
record systems that breaks out access time; technicians presently
record this access time as part of the overall job time requirements
record. For the foregoing reasons (and since the access time is
already included in all our recorded maintenance data) it was decided
not to attempt to break it out as a separate task in the MTNs.

The network task codes are shown in a cross-reference listing
in Table 4 to show their relationship to the number and type of ATC
that are reported in the AF66-l and Navy MDC systems. The network
task codes chosen to identify all the tasks necessary to maintain a
subsystem in this MTA are sufficient to categorize all the ATCs with
the exception of those involving cannibalization which were not used.
The MMMS pre-processing programs were designed to extract these
field MDC data in this fashion thus making possible its direct use in
the maintenance task networks (Ref. 3).

Extended -11 Format

The MTNS contain all the information and provide a ready
• visualization for the flow of task data into the computer. The actual

input to the computer is the extended -11 form, shown in Figure 8.
The pages shown are a portion of the listing of the entire current - - ,
MTA data bank. These pages contain the data elements for the HF
radio discussed in the example of Figures 6 and 7. While the data
forms are shown sorted on WUC number, within a Wj JC several
cards must be positioned in the correct sequence. A four-digit
sequence number has been added in columns 1-4 to aid in this
sequencing. The format for the entire card is given in Table 5.

PARTITIONING OF R&M FACTORS

Sensor Partitioning

The conceptual design study, utilizing pre-defined selection
criteria, partitioned the selected avionic subsystems into the current

- 
- DAIS conceptual design configuration. The partitioning of an avionic

40
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Table 4

TASK CODE CROSS REFERENCE LISTING

Nstwork Tesk Cods 66-1 ActIon Taken Cods
(3M Cods if diffsrsnt from 66-1)

I Flight Line Tasks -

A - Set Up Support EquJjMnio t —

T - Troubleshooting V - Troubleshooting
T~~ 

- Troubleshooting, cannot H Equipment Chsck-No Repsir Rsquired
duplicate (CND) problem V - Troubi.ahootin with a 799 cods

R Remove and Replace R . Rsmove & R.place
P - Removed -
0 - Installedf M Maintenance on Equipment F Rspslr
C - Repeir &/or Replace minor parts (B)
L Adjust (None)
J Calibrated—No Adjust Required
K - CslIbrat.d—Adlust Required
V - Clasn (None )

t Z - CorrosIon Repair
V • Verify Fix X - Tsst/lnspect/Ssrvlce (Nons )

Shop Tasks

L - Probsbility of Shop Repair —
W - Bench Check & Repair C Bench Ck—Repelr Drfsrrsd

V • Troubleshoot
A - Bench Ck & Repaired (C)
F - Repelr (C)
0 - Repeir &/or Replace minor parts (B)

j  . Ceii&ation—No adjust rsqidr.d

I K Calibration—Adjust required
L - Mjust (None)
V - Clean (None)
Z - Corrosion Rsp.lr

K Bench Check OK B Bench Ck—Ssrvlcesble (A)
X • Teatllnspsat/SsrvI.a
7 9 9 - N o  dsfsct

- - I 803 - No defect-sims chan
804 - No dsfsct-ochedulsd mNM.n.mcs

N • NRTS/Condenmed 0 • Transferred to another ‘ane or wilt
• but not to dspot

0(1-7) Bandi Ck—NRT$
D~8) Dspot
0(9) Condenmed

0 Draw Replacement 41 —
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Figur e 8 
—

-j EXTENDED -11 FORMS

• PR IN TOUT OF: CURR ENT 0*13 TAS K ANALYSIS 0*1 * 66NK
Fill H 31*10 F L I G H T  INST R U M ENTS 073
FOE S (1*00 F51 *Il £1101 F 3? 31*06 21
Fill £1111 *51*00 (IllS 0- 51*00 21 ii 291 11.3171 11.2151 1060
F5~~ (1*08 131*11 (1*02 C OS 31*00 21 Ii 291 132331 132531 1060 I SMIO3
F O SS (1*58 T31 *SC £ 12 31*60 21 11. 291 13253 1 132331 1060
FOS S (1*02 R31 *ll (1*03 C 1.1. 51*00 21 1? 291 132351 132331 1060
Fill CiASE N51*Ii (1*01. £ 36 51*00 21 12 201 132551 132331 IDOl
FOsS Et*13 vs iaee 0 51*00 21 03 2~L 132351 132331 1060 15N165
FOSS (1*81. V3 1*l1 0 51*00 21 IS 291 122531 132531 1060 1SN,6S
F100 (1*03 S$DP SCIAOO 0 51*00 21
1010 N 31*00 *IRCM *FT SYST twst or;
1021SE1001 131*10 1(11*0 6 00261 flAil 23
10301 (11*1 W31**l £ 13 31*Sl’ES 14. 291 132331 112331
1o;OIEIA*0 N51*A0 1(11*1 £ 05 51A05~23 0$ 291 132351
lOGOIE t*A i 0511*0 0 31*00 21

• 10701(1*11 POEPOT 0 51*00 23
2010 N 51*00 C3UNTING ACCE LEROMETLA I OTH (P 075
2020SE1*Si 151*00 1(1*00 6 00023 31*00 23
2e501E1111 N51Al0 E III 51*II ~ 2l 09 291 132551
20601(1*01 031*00 0 51*90 21
3010 H 31*00 *PP*OIC$ ITTITIJOI INDIC*T IN6 S’S (“3
312 0 5(1*00 LS1*O0 1(1*00 6 001.21 S1ISI 23 -

30501( 1*05 N5i*00 1(1*01 E ill 3t *iI ’23 09 231 13255 1
30~~0IEi *0l  051*00 0 31*01 21
30701(1*01 POEPOT 0 31*00 23
*eio H 31*00 PI TO T ST*TIC SYST 0,3
1.020S(1*00 L51*El 1(11(1 6 liSt? 51*11 23
1.0301(10(0 W31*E0 C 03 S1*lI’Zl 13 291 132331 132331
1.51.01(11(0 K5 1*El £ I S 31*11 23 12 291 132331
1.0301(11(0 NS1*E0 IEI*Ei £ CS 5t*50’23 15 231 13233 1
1.0601E11E1 0511(1 0 51*11 21

• hD?01E 1*E1 POEPOT 0 31*00 23
N 51800 N*V IG*TION INSTPU~CHTS 075

F0?5 (1000 F31900 £1000 F 1.00 31800 21
F030 l~l8 *51000 (100* 0 31900 21 02 291 11.3171 11.2153 1060
F01.0 (180* T31800 (1002 0 51805 21 11. 191 132351 132331 106 0
roso (1802 R51811 £1003 C r i  31010 21 13 201 132331 -132331 1060
F170 (1802 N51811 £1504. £ 15 31600 21 11 ?IL 13253 1 132331 1060

• Fill (1002 $310*l £ 03 Stile 21 11. 231 153150 153130 1060
FOC I (1603 VS1001 0 51111 21 07 191 132351 132331 1060
FOSS (1801. W31011 0 5 1005 21 Si 291 132351 132331 1060
Fill £1803 SHOP 3(1600 0 31000 21
l i i i  N Still RCN OT ( STaY ITT INc SV ST ~7c
iOZOStl011 1319*0 1(10*0 0 31000 23

• 10501(16*0 M51lA I 1(10*1 £ 100 SI010’23 13 lIt. 132331
11611(1cM 0510*5 31000 21
10701(10*1 POEPOT 0 31800 23

- 
- o I~ Fill H 61*01 HF ‘*010 073

~ I FI2Q 71*00 761*50 FlAi l F 20 61*00 21

~ 
7535 71*61 *91*00 71*0* 0 61*0 0 21 02 291 11.3171 11.2131 1060

U.

-i  I

COPY AYAIiA9LE TO DUC DOES NOT
H 42 PERMIT FULLY LEGIBLE CC~JCiION
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Figure 8 (continued)

7540 71*0* T61*il 71*02 C II StAll 21 04 211 132530 132531 1060
- - 7530 71*5* T OIAI C £ IS StAll 21 08 291 132030 112131 1060

7160 #1*52 *91*50 71*03 C 63 61*05 21 16 191 132030 111030 1061
Fill Fill? NSt*Ol FIAl4i C 37 61*55 21 05 291 132131 132931 lOSS
#555 FlAi l V61*ll 0 61*0. 21 52 231 132030 1061
7590 71*54 v~~*ss 0 61*00 21 52 291 132151 lOSS
7150 71*03 SHOP SFI*l0 0 61*11 21
Ills H 61*10 RECEIVER~ TRA NSHITT(R 075
1I21S71101 1611*0 171*10 6 01339 61*50 23
1031171*11 W61**l £ 71 et*lS’Il 43 291. 13203 0 131031 13N331 tONSil
IO4OI F I A * l  K 61 *AS C 21 6tASI~ 23 39 291. 132830 130330 ISNI3I IOMITI
11511711*5 N61**S 171*11 £ II Sl*IS’23 23 231 132550 132030 1SN33 1 16N370

- 1060171*11 061*10 0 61*00 21
te ioi#t **i POEPOT 0 61*10 23

1 2010 H 61*51 A ’I PL IF I U POWER SUPPL Y 075
I 2020571*00 161*60 i#t*ei 6 011.10 61*00 ~3

~ 
2031171*80 W61 *BS C 76 SIASO’23 52 291 132831 132031 IS$33l 1GN371

.~~ 2i1.SIFI*8l K61*80 £ Ii 61*O0’13 31 291. 132051 132531 1SH33 1 IGNI7S
I 2050171*00 N 6IAO S 171*81 C 07 6l*10 23 06 291 132031 132531 I S$33 1 16N370

2560171*80 061*05 0 StAl l 21
~~ 2070171*81 P OE POT 0 61*50 23

3010 N 61*50 *NIEMPIA C OUPLER - 075
3020 S#1l00 1610*0 1710*0 6 111.72 61*10 23
3 1301710*1 W618 *0 C 44 6l*l1 23 65 231 132055 132030
311.0 1718*0 K619*l E 22 61*1aY23 13 291 13203 1 132030
31511F16 *0 14610*5 1718*1 £ 31. 61A11 23 21 291 132030 132030

I 30601718*0 0618*0 0 61*55 21
31711711*1 POEPOT D 61*00 23
1.010 H 91*00 V *R1 *OLC C *P *C I T)P 075
4519571*50 L6IBCO I F1O C O 6 001.95 61*00 23
1.0311710C1 WOISCI E 74 61*S0’23 52 III. 132131 132031
b0401F18C1 k610C0 C 21 61*S0’ZS 13 291 132850 132030
40511F10 C0 N6IO C 1 IFII C I  £ 03 61*l1 23 15 291 132131 1 32030
40611F11C1 Q6ISCS 0 61*55 21

- bITO IFII C I  P OE POT 0 61*0. 23
- 7011 N 62*50 VH F 714 CO MM UNIC *TION S SET 075

- 7121 72*00 #62*05 F2*iS F 41 62*00 21
7131 F1918 *62*00 72*01 0 61*00 21 02 291 143171 142153 1060
#01.0 72*01 T62*ii #2*12 £ 52 62*11 21 05 291. 132830 132131 lOSS
7551 72*51 T52*lC £ II 62*10 21 59 291 132030 132030 1050
7060 72*12 *52*55 72*03 £ 67 52*05 21 12 291 132150 132030 106.
FiTS #2*52 152*01 #1*04 £ 13 62*05 21 11 191 132055 112515 1065

j  Fill 72AU V52*ll 0 62*00 21 01. 291 132030 1061
~t I FIll 72*14 1.62*01 0 52*00 21 02 291 132030 1055
~ / Fill 72*53 SHOP 572*00 0 62*05 21 —

1,10 N U*l0 RE CEIVC P~ T~ *NSNITTEP 075
- 

-
• 11205F2*il 162*00 1F2*AI 6 51533 62*05 23

1010172*11 14521*0 E 75 52*01 23 40 291 131050 132830 IFIITS
1141172*11 K52**0 £ 17 62*Ii’23 17 291 132031 132535 IPNTS
11311719*1 14521*0 172*11 £ SI 62*IS’ 23 31 291 132530 132131 IFNTS
1160 172**0 062*11 0 62*10 21

-
4’

; 

- COPY AVAILABLE TO DUC DOES NOT
-

~~~ 

~ 
PERMIT F ULLY LEGIBLE PR83UCTI~

__ _  _ _ __ _ _ _L __~~~~~~p’ __ 
- _ _ _ —~~~~ __ —~~~~~~~~~~~~~~~~~~~~~ ..4’S.fl.4 ’~•4’_ 

~~ .._~~ . W > l2  - ~t _ a .  _ ... ~~~~~~~~~~~~~~ ~S~•âf&•. ~~&ti~~~~ 4’ 4 ’4 ’ 4 ’4 ’_ .~~~ - - .  —~~~~~



- - - -  - _______ 

~~~~~~~~ _ _~~__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Table b

FIELD FORMAT
OF DATA ELEMENTS

Extended -11

Data Elements Field Format

Decimal
Column Title Leng~~ Typ~ Justification Placement

1-4 Sequence Number 4 X p - 
- —

5-10 Prior Node 6 X R.* - —

11 Blank 1 —

12 Action Code 1 X F -

13-17 WUC 5 X p -

18 Blank 1 -

19-24 Next Node 6 X R* -

25 Blank except header 1 A F -

26 Selection Mode 1 A F -

27-32 MSBMA or 6 N R 0 or
Probability(E.G) R (2 5)

33 Blank 1 - 
-

34-38 Clock Number 5 X F -

39 Release 1 X F -

40 Type Task 1 N F -

41 Priority 1 N F -

42 Blank 1 -

43-47 Hours 5 N R 1
48-50 % Variance 3 N F 0
51 Distribution Type 1 A F -

52 Blank 1 -

-
~~~ 53 Number 1 N F 0

54-58 AFSCIAGE 5 X L -

-~~ 59 Blank 1 — i~~~ .
60 Number 1 N F 0
61-65 AFSCIAGE 5 X L -

66 Blank 1 - 
-
. 

-
- 

-

67 Number 1 N F 0 -~ t

68-72 AFSC /AGE 5 X L -

73 Blank 1 -

74 Number 1 N F 0
75-79 AFSC/AGE 5 X L -

80 ContInuation 1 A F - • -

-
~~ *These fields have been coded right justified, but the LCOM program

will automatically left jus tify them.
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subsystem involved the determination as to which functions of a
particular subsystem would be assimilated by the DAIS core elements,
thus eliminating that function from the subsystem itself.

Analogous to this hardware partitioning was the partitioning of
R&M parameter values. This process involved analysis of subsystem
and LRU failure data to determine the impact of partitioning on those
R&M factors. Specifically, when a function was removed from the
sensor to be performed in the core, the R&M factors of that subsystem
were modified accordingly to account for the removal of a portion of
the subsystem. Since partitioning was done on an LRU basis, this
meant subtractin g those failures that pertain to the removed LRUs
from the total set of failure modes for the entire subsystem and re-
calculating the resulting R&M factors.

To best illustrate the mechanics of this procedure the Inertial
Measurement Set (AN /ASN-90) will be used as an example.

The Inertial Measurement Set (IMS) (AN/ASN-90) is comprised
of the following three LRUB :

t . Inertial Measurement Unit (CN - 1260/ASN-90)
Inertial Measurement Set Control (C-7796/ASN-90)

. Adapter-Power Supply (PP-6 141 /ASN -90)

The inertial measurement unit (IMU) consists of a stable platform j
which provides a reference for the inertial components and the plat-
form electronics assembly . The stable platform is a sealed unit with
no organizational or intermediate level maintenance requireme nts
other than removal, replacem ent and testing. It consists of inertial
components, a four-gimbal assembly, and six removable printed
circuit boards.

The IMS control (C-7796/ASN-90) controls the operation of
the IMS. It provides for mode selection , manual input of magnetic
varia tion or latitude , manual azimuth slewmg through two multi-
position selector switches , a three-digit and a single letter drum
counter, and a counter control knob.

The adapter-power supply furnishes the necessary power to
the IMS from a battery pack, an adapter, and a power supply section.
The adapter contains four removable printed circuit boards and an

1~ electromechanical module. The power supply consists of six re-
movable circuit boards and chassis-mounted components.

4-i
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Both the equipment and shop MTN 5 are shown in Figure 9 for
the current DAIS IMS and its LRU8. The R&M values for this sub-
system are shown superimposed upon the baseline R&M factors which
were derived from the field data . This subsystem was partitioned by
transferring the functions of the IMS control to the DAIS core. The
functions of this LRU in the current DAIS conceptual design configura-
tion are to be accomplished as part of the DAIS integrated control
function , interfacing with the IMS through other DAIS core elements.

j  While the AN/ASN-90 actually consists of the IMU, adapter-
power supply, and IMS control, a separate shop maintenance network
has been included for the IMS battery pack. This is a SRU ~thich is I 

-

reported individually in the field data. It was treated in the non-DAIS
baseline system as if it were a separate LRU since it places demand
on the maintenance system over and above the requirements
established by the reporting of the adapter-power supply. However,
the battery pack was eliminated from the current DAIS conceptual
design configuration since there ha8 been a time compliance technical
order (TCTO) No. 720 to convert to the use of the aircraft power
supply in lieu of a separate battery. -

~ -

Note that while this DAIS-configured IMS was derived from
the AN/ASN-90 and contains LRU5 associated with that equipment it
is no longer an ANIASN-90 and is not referred to as such in Figure 9.

Referring to Figure 10 we see the failure data for the IMS
control (WUC 73FC0) and the battery pack (WUC 73FF0) for the field
data samples. The first factor to consider is flightilne removals
(RMA ) for these LRU8. The two LRUs had a total of 146 flightline
removals requiring shop maintenance. These 146 removals must be
subtracted from the 871 ffightline removals for the entire subsystem
(WUC 73F00) since these LRUs will no longer be part of the avionics
suite. This leaves 725 removals representing the total number flight-
line removals (RMA) for the current DAIS configuration.

t Next , the number of maintenance actions performed on the
flightline (MMA ) are examined. MMAs for the IMS control and battery
pack are noted to total 27 (see Figure 10). Subtracting this number 4’-

from the MMA total of 567 for the IMS subsystem gives a figure of
540. This is the total number of MMAs for the IMS portion of the
current DAIS configurat ion.

46
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The total number of maintenance actions for the subsystem
are now needed to recompute the MSBMA. Adding the total RMA and
MMA figures, we get a new value of 1,265. representative of the total
number of repair actions performed (72 5 + 540). This figure re-
presents all removals and maintenance actions for the current DAIS - 

-

network.

The value we have arrived at, 1,265 for the IMS, is the
portion of the maintenance action total (MAT) for the current DAIS
network that resulted in repairs. CNDs must now be taken into con-
sideration. A CND gripe takes place when a rep orted failure canno t
be duplicated by subsystem operation on the fiightline. This usually
indicates an intermittent problem, or a temp ora ry aberration , or
that the person reporting the malfunction erred. In the case of the
AN/ASN-90 (IMS) the mutually exclusive probability (“E”) of a CND
gripe is . 18 as provided by MMS data. Since the CND gripe is assoc-
iated with the entire subsystem rather than its component LRUs. and
since there is no way to assign a CND contribution to a particular
LRU, the CND gripe probability has been kept constant even though
we have partitioned the subsystem. Therefore, we have taken the
conservative approach and assumed that the mutually exclusive pro-
bability that a maintenance action is not a CND gripe is .82 . Dividing
1,265 by . 82 will then give us the total number of maintenance actions,
MAT, for the current DAIS network on the IMS, i. e., 1, 543.

Going one step further, if the MAT is divided into the number
of sorties that the data represents, then the MSBMA for the current
DAIS network is found. This could be referred to as an “adjusted”
MSBMA since CND maintenance actions are included. However,
since the practice of considering the CNDs has been adhered to
throughout this MTA, this definition of the MSBMA is consistent with
its use here. In the case of the IMS the removal of the IMS control,
C-7796/ASN-90, and the battery pack changes the MSBMA from 10 to
11.

- I Two major changes have taken place in the R&M parameters
for this function. The fo regoing has described the manner in which
the MSBMA. the reliability parameter, has been improved as the
result of the transfer of the IMS control to core. In addition, the
resources associated with the maintenance of the IMS control and
battery pack (the M values) are no longer required. Other partit ioned
subsystems may have more functions and more LRUs transferred to 4’

• - 1 the DAIS core than did this example; however, the procedure for
partitioning the R&M factors remains the same. New R&M values are
calculated for the subsystems and LRU8 affected by transferral of

- - LRU functions to the DAIS core element.
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Core Element R&M Values

The next step in developing the current DAIS MTA data bank
was to determine the R&M factors of the DAIS core elements. Since
this involved new designs, the actual R&M characteristics of the sub-
systems in question were not available from historical data. There-
fore, the use of data from similar or comparable subsystems,
combined with the prediction technique, was used.

One significant problem that required solution stemmed from
the fact that any information relevant to the new designs would be
based on predicted or specification values whereas the data relative
to the comparable systems were generally from the field. A recon-
ciliation of these two types of data was essential to a solution to the
problem. A second aspect that required addressing resulted from
the fact that specification of reliability is normally in terms of mean
time between failures (MTBF) while the MTNs use mean sorties
between maintenance action s (MSBMA) to trigger the failure clock.

First the design specifications were consulted to determine
the “required” MTBF and MTTR . Also, the functional requirements
of the units were studied as to their purpose and probable design
characteristics. Any comparable subsystems or LRUs in the inven-
tory could then be identified. The R&M parameters of those sub-
systems identified as comparable were then noted. Their failure
modes (how mal functional histories) were analyzed to predict the
probability that similar fa ilures might occur in the new design. When
the characteristics of the designs were sufficiently similar so that
the likelihood of similar failure modes existed the maintainability
factors of the comparable subsystem were utilized directly. These
maintainability factors involved the E probability of occurrence of
the various parallel tasks in the networks as well as the times to
perfo rm the tasks. Where dissimilarities existed between the designs

- -i being compared, engineering jud gment was used to bridge the gap.
Included in the maintainability factors used directly were the number
and type of specialist/technicians required to do the task. SE was
specified as required.

Several computations were required in order to conve rt this -~~~~

info rmation from the design specifications into the MSBMA required
for the MTNB. Firstly, the MTBF for the individual elements or
LRU5 of the core elements subsystems had to be converted to sub-
system MTBF. These are obtained from the following equation.
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MTBF (subsystem) =

— 

1
1 

+ 
1 

+ 1
MTBF(LRU 1) MTBF(LR~~ ) 

. MTBF(LRU )

In Table 6, the column entitled “Spec. MTBF” shows the
result of this computation for the principal subsystems of the DAIS
core.

The next operation was to convert these values, derived from
the predictions 6f the subsystem LRU specifications, to values repre-
sentative of field reliability experience with that type of equipment.
This was accomplished through the analy sis of data from the compar-
able subsystems and LRUs to determine the relationships between
their predicted and historical MTBF. The ratios noted were used as
“degradation factors ” to reduce the MTBFs derived from the
specifications to MTBFs predictable for the field shop. This value is
shown in Table 6 as Kd. Based on the analysis of the data from the —

comparable subsystems a value of two was chosen as representative
of avionics subsystems with the following notable exceptions:

• The heads-up display (HUD ) of both the A-7D and F-15
exhibit low values of mean time between maintenance
actions (MTBMA).

The MTBF value of the AVQ-7 was chosen as representative for this
type of system. This resulted in a 4 to 1 Kd ratio being used for the —
special purpose display subsystem which consists of the heads-up
display (HUD) and the vertical situation display (VSD) as LRUs.

• The MTBF of the dedicated control subsystem was de- .‘ - -

graded by an overall factor of 4. This value is based on
the field experience exhibited by other control boxes. A
larger K d factor was allotted to these dedicated controls
than the multifunctional controls because these LRU8 re-
tain many of the design characteristics of present control
boxes; e. g., throw switches and lamps. The likelihood
of damage to control boxes through usage and the
cramped conditions of cockpits undoubtedly contributes
to the higher maintenance rate for these units.
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• An overall Kd factor of 10 was used for the processors.
This value was not chosen solely on the basis of pro-
jected hardware reliability. Rather it was obtained by
considering the overall requirements exhibited by
computers for software-related as well as hardware
maintenance actions. This includes software changes,
inputting and outputting data, and the need for loading
and unloading tapes. Provisions were made for this in
the processor specification which predicted an MTBF of
3,000 hours for the computer hardware, and an opera-
tional stability value of 300 hours, defined as the
“satisfactory performance time without the necessity
for readjustment or parts replacement” . Using this
value of 300 hours, and recognizing that four computers
make up the processor subsystem gives a value of 75
hours for the MTBF to be anticipated in the field.

While Kd was used to “degrade ’t the specification reliability to
one realistically achievable in the field, it was found necessary to
introduce a second constant, Km. to reconcile the apparent dis-
crepancies between f ield reliability (actual failures) and observed
values of mean time between maintenance actions (MTBMA) for the
comparable subsystems. MTBMA, which is descriptive of the actual —

demand on the maintenance syst em, differs from field MTBF when
maintenance actions and repairs that occur on the flightline do not
get counted as failures in the shop. These include CND problems
whereby a subsystem is credited with a maintenance action for which
it may not be directly responsible as well as shop CNDs. Both con-
tribute to the value of Km. Thus, Km is the ratio of unscheduled
maintenance actions to actual failures.

The MSBMA for the MTN is computed from the field data and
the specification value of MTBFS as follows:

FH 1MSBMA = MTBMA 
~OH~ ~FH/S~

where,
MTBMA = mean time (operating hours) between maintenance - -

~~actions
equipment utilizat ion ratio in flight hours per operating

hour
- 

~. Fills flight hours per sortie
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MTBMA =
- where,

MA = no. of unscheduled maintenance actions recorded for the
equipment = 

~~ 
(Repairs ~~‘. L. + Repalrs 8bO~ + CNDSFL

• + CNDsshop)

Since the field reliability is based on the number of repairs,
OHMTBFF = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Z (RepalrsF L + RePa1rssh0~ )

Thus,
MTBFF - 

RepalrsFL + Repa1rsShO~ + CNDFL + CNDshop
I MTBMA 

- 

RepairsFL + RePairsShO~ 
- Km

Since MTBFF = 
MTBF8

I Therefore,

“~°BMA - MTBF8 ,FH~~, 1
-; 

- 

Km Kd ‘OH’ ‘FH/S

- A word of caution is in order at this point. Although these de-
gradation factors were chosen based on actual fiel d experience of
avionics systems, it must be realized that when comparing the in-
herent reliability (Rj) designed In at the factory to the operational
reliability (R0) experienced in the field , ratios of 5 to 10 for the
overall degradation factor (Kd X Km) are normally used. These
factors jointly are attributable to the shipping, handling, storage,
installation, operation, maintenance, and field support of the system.
A contribution also results from human factors as well as the fact
that the predicted MTBF is usually only attained when the system has
matured and received a considerable number of engineering improve -
ments. The values used In this analysis are predicated on steady-
state system operation, one for which the reliability growth has
already taken place and the “learning curve” of the field users has
leveled off. Thus, a mature system has been assumed and the
specified MTBF has been accepted as guaranteed by the contractor.
Any improvement in the basic reliability numbers specified will have

- 

- 
to come from reducing the Kd factor which is already extremely low.
On the other hand, should experience with these subsystems show that
the design MTBF cannot be met, the R figures should be adjusted

• 

- - - downward accordi ngly .

- 
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For the utilization ratio a value of unity was chosen for all
- - subsystems except the processors where a ratio of 2 was used. The

— rationale for this is that the processor will be operating on the ground
whenever testing itself and various subsystems, or when power is - - -

- 
applied to any of the avionics subsystems. The other subsystems, on

- the other hand, will have power applied only when necessary in flight
or when they are being faul t tested on the ground.

Reference was made to aircraft with a CAS mission capability
- - such as the A-7D and A-7E to determine typical sortie lengths (flight

hours per sortie). It was determined that a typical CAS mission in-
I volves, on the average. 1. 7 flying hours. It is this value used for

FH/ S.

- Summary

Core element reliability values in MSBMA were obtained from
specified reliability (MTBF) values by solving the following equation:

A 1 FH 1MSBM - MTBF K mK~ 
~~~ X FH/S

The degradat ion factors , K d and Km. were derived through
analysis of field reliability and shop maintenance data for comparable

FH .

- subsystems. The term -~~-. was derived through observation of
operational data on A-7D and A-7E aircraft .

r

SUPPORT EQUIPMEN T

-
~~~~ In the case of the SE for the non-DAIS subsystems, the

-
- 

4 
principal sources of info rm ation for identifying the requirements
were the TOs for those subsystems. The TOs identified both the
special and the general purpose test equipment needed for the main-
tenance of those subsystems. The listing of general purpose test
equipment (GPTE)  proved to be considerable. It was realized that the

I LCC model would require a means of determining costs of these high
maintenance cost elements in terms of maintenance usage rather than

- simply an initial outfitting cost. Therefore, a me ans of lumping the
~~ I 

overall SE requirements for each subsystem was needed to avoid the
unwieldiness of listing all GPTE. The solution was to identify test
stations that include the necessary test equipment to perform the
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entire shop checkout, fault isolation, and calibration tests of the
LRU5. Thus, it was decided to use existing test stations whenever
possible to ensure that maintenance data were available. For this
reason, the F-il l  test stations were chosen as the representative

- test stations for the non-DAIS subsystems.

A comparison of the SE requirements of the selected non-DAIS
- 

CAS mission avionics conceptual design configuration to that of the
- current DAIS indicates that fewer equipments are required to support
- the current DAIS configuration. This is a direct result of the con-

solidation of functions into the DAIS core elements. Two test stat ions
- 

are sufficient to provide the testing for these core subsystems.

Consideration of modern SE concepts which utilize integrated —

- test stat ions to support diverse functional groups of avionics will lead
to even greater commonality of SE. These concepts are presently
being implemented for the F- 15 fighter aircraft. Similar concepts
have already been implemented in the F-i l l  SE. These will be con-

E sidered in the Mid - 1980s DAIS MTA. A listing of the SE necessary to
test the non-DAIS and current DAIS configurations is shown in
Table 7. The SE is tabulated by code name against the WUC and

- function of the avionics subsystem being tested.

Summary

- ; This section has described how the current DAIS MTA was
performed. The manner by which partitioning sensors leads to new

j  MTN task parameter values is described. An example is given of this
process for the DAIS IMS, based on paritioning the AN/ASN-90.
Similarly, a technique is described to estimate core element R&M

— values based on data available from comparable equipments. Finally, -:
-
4’ 

the SE requirements for the current DAIS are described.

This phase of the MTA is followed by an analysis of the
-~ 

- I results in the next section. - - -

I
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TabI. 7

SUBSYSTEM SUPPORT EQUIPMENT REQUIREMENTS
Sabsystem Support Equlpesarn Codes

WUC Function Non-Dais Current DAIS

Flight AN Subsysteon DID DID
Line

51*00 Flight lnstrun*nts M5O~ 5M566

S1COO HF Radio GM378 GM37$
5M331 SM331

62A00 VHF FM Communications FMTS FMTS

- 

- 

63510 Out. Link - -— - -— SM446
SM511 SM511

-

- 

- 63A00 UHF Radio Set RM4O RM4O — 
-

63800 Auto Direction Finding Group R M4O R M4O

64A00 Intercom Sat AICTS AICTS

65A00 Transponder Sat PM98A PM9SA
PM137 PM137
PM239 PM239
PM245 PM245

71 BOO TACA~I Set PM231 PM231
RM22 RM22 .

- 
—

RM31’
RM1O1 RM1O1

71C00 Radio Rscaiving System RM134 RM134
5M349 ~~ 349

72*00 Radar Altimatar PM347 PM347 1 -
~PM348 PM348

73*00 Forunrd Looking Radar PM331 PM331 ‘- ..

PM336 PM336
PM336 PM336

73B00 Tactical Computer SM396 -i
- 

• 
5M40 3’ —

73C00 A~ Outs Computer JM32 JM32
NCART NCART

73E00 Ha.ds.Up DlspI.y DRyER ’
HUD TS

73F00 Inertial Msssursmsnt Sat 6M375 6M375

73G00 Nop Display SM446
-
~~~~ 62
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T.bI 7 (continusd )

Subsystem Support Equipmsnt Codas
- WUC Function Non-Dais Currant DAIS

756A0 Miasila Launcher RM136’

76600 Passive ECM PM3S1 PM3SI

76F00 Homing & WarnIng 6CM ADIT’
ATS

76000 Warning ECM 612A’
WRTS

76X00 6CM System LM12I’

77A00 Camera L$83A LS83A

J 7WAOO Electronic Display Group DTS

‘h-- 7WBOO Speàal Purpoes Displays DTS

7WCOO Display Controls DTS

t 
7WDOO Mass Mamory Unit DTS

7XEOO Noltifunction Controls DTS

7XFOO 
- 

Dedicated Controls DT$

7YAOO Processor CMPTS
— 

7ZA00 Bus Control Interface Unit CMPTS

7ZBOO Remote Terminal Unit DTS

- ‘The function tasted by this test set having been transfe~red to the DAIS Core Element
- J in the Currant DAIS Configuration Is tested by either the Oh: lsy Indicator and Controls

j  Test Station (DTS) or the Computer Test Station (CMPTS) which are used to test the
entire inte~ atsd Controls/DIsplays or the Prooeeaor, raspactivel”.

ri
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V. EVALUATION OF CURRENT DAIS R&M CHARACTERISTICS

APPROACH

Because the available R&M data and the information contained
in the maintenance task networks (MTh) and the current maintenance
task analysis data bank are broken down into values ~~ sociated with
individual maintenance tasks, a method was developed to collectively
interpret these data elements. This method involved the computation
of certain operational parameters called figu res of merit (FOM)
which are descriptive of the reliability and maintainability of the
entire subsystem. As such they permit a higher degree of visibility
into the impact that the R&M characteristics have on operational
availability and on operations and maintenance (O&M) costs. The
FOM used are: aircraft subsystem availability, maintenance man-
hours! 1000 flight hours, and maintenance index. These are easily
calculated through the use of the MTNs and the data included therein.

AIRCRAFT SUBSYSTEM AVAILABILITY

As - an indicator of operational availability, aircraft subsystem
availability provides visibility into the impact that both the reliability
and maintainability have on flight operations. If it is assumed that
spare subsystems or LRUs are immediately available as replacei~ents
on the flightlin e, then the aircraft subsystem availability due to equip-
ment maintenance can be thought of as follows:

• . • .  MFHBMAAircraft subsystem availability = A = 
MFHBMA + MTTR F

where

MFHBMA mean flight hours between maintenance actions
and

MTTR
F = mean time to repair at the flightline

When this FOM is calculated, the resulting value represents the
fraction of total time that the aircraft is available for flight as a
result of maintenance on that subsystem.

H-
‘H

-
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- The calculation of this FOM may be understood by referring to
Figure 11 representing a generalized MTN. For clarity, the network
diagram originally shown in Figure 5 is reproduced at the top of the
page indicating the operations performed during this equipment main-
tenance. The lower portion of this diagram shows the task flow indica-
ted symbolically. The symbols used to compute the FOM are shown in
their proper places on the network diagram. The equations that con-
vert these data into terms used in the FOM are shown at the very

- - bottom of the chart. Table 8 contains a list of and definition of each of
these network terms.

The computation of aircraft subsystem availability involves
the calculation of MFHBMA and MTTRF. MFHBMA is related to the
failure parameter. F, the mean sorties between maintenance actions
(MSBMA). MFHBMA is calculated using the following relationship:

MFHBMA = MSBMA x FH/sortie

A value 01. 1. 7 for FH!sortie was derived by examining the
flying data records of numerous CAS aircraft under peacetime con-
ditions .

The MTTRF represents the average time expended in main-
- ten ance of a given subsystem on the flightline. Since the probabilities
( associated with each of the parallel maintenance tasks may be
f different, a weighted average is req uired. Thus , adding the time
I associated with each task, modified, as appropriate, by the pro-

• babiity of its occurrence, to provide the total times expended at the
flightline yields:

I MTTRF = TA + ET TT + EC TC + ET 
ER (TR + TVR )

+ E T EM ( T M + TVM ) = T A + E C TC3, + E T E T T + ER (TR + T VR ) + E M ( T M + T VM )I

~ 
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Table 8 TERMS USED IN COMPUTING FIGURES OF MERIT

I Symbol Description

I EC Probability that a given malfunction will result in a CNL)
-
~~ EK~ The probability that the malfunction isolated to the ~th

LRU will result in a RTOK

EM Probability that a given troubleshoot operation will result
in an on aircr aft repair

ENi The probability that the malfunction isolated to the ~th
P LRU will result in a NRTS

E
R 

Probability that a given troubleshoot operation will result
in a removal of one or more LRUs of the subsystem

ET Probability that a given malfunction will result in a
troubleshoot operation -:

The probability that the malfunction isolated to the ith
LRU will result in a repair operation

F Subsystem failure cycle in mean sorties between mainten-
ance actions (MSBMA )

1 Gi Per-sortie probability that the ~th LRU of the subsystem
will require shop maintenance

HTA Number of human resources (maintenance technicians)
required to set up support equipment

HTC Number of human resources required to determine that a
CND condition exists
Number of human resources required to determine that a
shop CND condition exists with respect to the ~th LRU of
a given subsystem

HTM Number of human resources required to repair the sub-
system on the aircraft 

- •
HTN Number of human resources required to determine that a

NRTS action exists with respect to the jth LRU of a given
subsystem

- - ;  
- HTp Number of human resources required to shop test a unit

returning from depot :1
Number of human resources required to remove and re-
place a subsystem or portions the reof from the aircraft -

‘

on the nightline -

~
- ;- 

~ 
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Table 8 (continued)

Symbol Description

HTT N umber of human resources required for subsystem
troubleshooting

HTv Number of human resources required to verify subsystem
— M operation following an on equipment repair

HTV Number of human resources required to verify subsystem
R operation following a remove and replace operation

HTw Number ‘~f human resources required to perform bench
check and repair of the ~th LRU of a given subsystem

TA Average time required to set up support equipment
T

C 
Average time required to determine that a CND condition
exists

TK
i 

Average time required to determine that a shop CND con-
dition exists with respect to the ~th LRU -

TM Average time required to repair the subsystem on the
aircraft

TN1 Average time required to determine that a not repairable 
—this station (NRTS ) or a condemnation condition exists

with respect to the ~~th LRU

Tp
1 

Test time associated with shop test of a unit returning
from depot

Average time required to remove and replace one or more
of the LRUs of the subsystem from the aircraft

:1 TT Average time required to troubleshoot the subsystem

TVM Average time required to verify subsystem operation
- - following an on equipment repair

Tva Average time required to verif y subsystem opera tion
following a removal and replacement

H Tw~ Average time required to repair the ith LRU in the shop
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MAINTENANCE MANHOURS (MMH) PER 1000 FLIGHT HOURS (FH)

The parameter MMH per 1000 fli ght hours is computed from
the network data as follows:

MMH /maintenance actionP MMH per 1000 ’FH = 1000 x .mean flight hours/maintenance action

£ 1000 x MMHT
MFHBMA

As was shown in the computation of MTTRF,

MFHBMA = 1.7 MSBMA

The MMHT is obtained by inserting the number of people re—
quired per maintenance task into the equations defining MTTRF and
MTTRS and addin g the resulting values. Thus, the flightline portion
of MMHT is compute d a~ follows using the equation derived in the
previous paragraph for MTTR F:

MMHF = TA HTA + EC TC HTC + ET [TT HTT 
+ E R

(TR H TR + TVR HTV ) + EM (TM HTM + TVM HTV )]

The maintenance manhours in the shop may be calculated in a
similar way by first deriving an expression for MTTRS, the mean

• time to repair in the shop. Once again , because of the probabilities
- - associated with the performance of individual types of tasks, the

MTTRS is a weighted average of the maintenance times associated
with the possible maintenance activities in the shop. The LRU mal-
function rates (Gj ) which drive the demand on shop resources are
given as probabilities of failure per sortie. In order to add the
resources required at the shop level to those required at the flight-
line it is necessary to relate the frequency of shop maintenance
~~tions to that at the flightline. The LRU failure per sortie at the N I
shop can be converted to LRU failure per flightline maintenance
action by multiplying the G probabilities by MSBMA. Thus,

MTTR S = MSBMA Gj (EWi TW1 + EK1TK1 + ENi (TN1
+Tp

i)J

H 
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By analogy with the calculation of MMII at the llightline we have for
shop-expended maintenance manhours:

MMH 5 = MSBMA i~ i 
G1 [EW~ Twj HTW + EK~ TK~ HTK

+ ENi (TNi HTN. + Tp~HTp )1
1 1

MAIN TENANCE IN DEX (MI)

Additional visibility into the O&M cost drivers is sometimes
afforded through use of another FOM: subsystem maintainability index
(MI). As has already been noted, scheduled or preventive maintenance
for avionics equipment consumes a negligible portion of the total main-
tenance resources. Limiting ourselves, therefore, to the MI for un-
scheduled maintenance,we have:

- 
MTTRTOtal 

- 

MTTR F + MTTR S
MI - MFHBMA 

- 

MFHBMA

This relationship provi des a dimensionless numerical value which
represents the ratio of subsystem maintainability (MTTR) to sub-
system reliability (MFHBMA). Computation of the terms of this
FOM has already been discussed above.

RESULTS AND CONCLUSIONS

Computations of aircraft subsystem availability (A).
MMH/1000FH, and MI were carried out for the 29 subsystems

- - comprising the current DAIS conceptual design configuration. The
results are shown in Table 9 for aircraft subsystem availability (A),
Table 10 for MMH/ 1000FH, and Table 11 for MI. Several significant
observations may be made from this data. -

- f 1. The aircraft subsystem availability ranking, Table 7,
shows the IMS and forward looking radar (FLR) as
having availability values of 83% and 87%, respectively.
The overall weapon system availability resulting from
maintenance activities associated with these two sub-
System s is 72%. Stated in other terms, these two
subsystems alone re duce the availability of the aircraft
by 28% due to their flightline maintenance requirements.
Clearly, these are “high burner” items in terms of re-
.trictiona on aircraft availability and the resultant

~mpsct on operational readiness.

- -  
-
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Table 9 AIRCRAFT SUBSYSTEM AVAILABILITY RANKING

A - —  
MFHBMA

M FHBMA + MTTR F
WUC EQUIPMENT NAME MFHBMA MTTRp A

73P00 Inertial Measurement Sat 18.7 3.98 8278
73A00 Forward Looking Radar 35.7 5.32 .8703
7YAOO Processor 37.4 2.02 

- 
.9488

51A00 Flight Instruments 54.4 2.86 .9500

71800 TACAN Set 40.8 2.10 .9510
72A00 Altimeter Set 35.7 1.60 .9571
7W000 Special Purpose Displays 47.6 2.06 .9585
73C00 Air Data Computer - 74.8 3.12 .9599
63A00 UHF Radio 52.7 2.08 .9622

— 61A00 HF Radio 47.6 1.72 .9660

62A00 VHF-FM Comm. 69.7 2.20 .9694
71A00 HSI & ADI 122.4 3.47 .9721 —
63510 Data Link ii9.~ 2.56 .9789
76E00 RHAW 102 2.03 .9806
72800 Radar Beacon Set 76.5 1.33 .9829
7ZBOO Rimote Terminal Unit 149.6 2.56 .9832
71 COO Radio Receiving System 107.1 1.82 .9833
65A00 Transponder Set 115.6 1.94 .9835
64A00 Intercom 146.2 2.31 .9840
7WDOO Mass Memory Unit 154.7 2.47 .9843
69A00 Speech Security System 119.0 1.49 .9876

- 
1 

7WCOO Display Controls 227.8 1.91 .9917
63800 Automatic Direction Finder 278.8 2.29 .9919 - -, 

-

7ZAOO Bus Control Interface Unit 374.0 2.73 .9928
f 77A00 Strike Camera 1150.9 6.21 .9946

51800 NavigatIon Instruments 680.0 3.50 .9948
7XEOO Multifunction Controls 1241.0 2.01 .9984
7XFOO Dedicated Controls 1210.4 1.97 .9984
7WAOO Electronic Display. Group 3332.0 2.07 .9994

.
~~
.
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Table 10 MAINTENANCE MANHOUR RANKING

MMH /1000FH - MMHT X 1000.

WUC EQUIPMENT NAME MMHF MMHS MMH/1000FH 1 
-

73F00 Inertial Measurement Set 7.21 7.64 794.12
73A00 Forward Looking Radar 9.85 6.64 461.90

61A00 HF Radio 3.43 10.49 292.44

7WBOO Special Purpose Displays 3.52 10.28 289.92
71800 TACAN Set 3.79 5.92 237.99

72A00 Altimeter Set 3.19 3.85 197.20
63A00 UHF Radio 3.46 6.71 192.98 3
7YAOO Processor 4.03 2.07 163.10
73C00 Air Data Computer 6.24 4.50 142.44 

- 
- -

62A00 VHF-FM Comm. 4.40 4.50 127.69
51A00 Flight Instruments 5.72 .45 113.24
7Z800 Remote Terminal Unit 5.11 7.58 84.83
7WDOO Mass Memory Unit 4.67 4.75 60.89
76E00 RHAW 4.07 1.96 59.12
71A00 HSI & ADI 6.47 .66 58.25
65A00 Transponder Set 3.23 2.78 51.99
63510 Data Link 3.97 1.88 49.16
64A00 Intercom 4.62 1.99 45.21
71C00 Radio Receiving System 3.37 124 43.04
7WCOO Display Controls 3.64 9.73 42.71
7ZAOO Bus Control Interface Unit 5.44 9.08 38.82
63B00 Automatic Direction Finder 4.58 3.12 27.62
09A00 Speech Security System 2.79 .39 26.72

— 72800 Radar Beacon Set 2.65 1.01 15.95
51800 Navi~ tion Instruments 7.00 2.37 13.78
77A00 Strike Camera 12.48 2.57 13.02
7XEOO Multifunction Controls 4.02 8.57 10.15
7XFOO Dedicated Controls 3.94 1.94 4.86
7WAOO Electronic Display Controls 3.96 t64 3.18

_ _ _ _ _ _ _ _ _ _  
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I Table il MAINTENANCE INDEX RANKING

- 

Ml - 
MTTR F + MTTR5

MFHBMA

MTTRWUC EQUIPMENT NAME Total -•

-j MFHBMA
73F00 INERTIAL. MEASUREMENT SET .3891
73A00 FORWARD LOOKING RADAR .2429
7WBOO SPECIAL PURPOSE DISPLAYS .1513
61A00 HF RADIO .1462
71 BOO TACAN .1341
63A00 UHF RADIO .1032
72A00 ALTIMETER SET .0986
73C00 AIR DATA COMPUTER .0653
7YAOO PROCESSOR .0816
62A00 VHF -FM COMM. .0638

51A00 FLIGHT INST. .0594
7WCOO DISPLAY CONTROLS .0450
7Z800 REMOTE TERMINA L UNIT .0424
71A00 HSI & ADI .0336
7W000 MASS MEMORY UNIT .0317
76E00 RHAW .0295
63610 DATA LINK .0294
66A00 TRANSPONDER .0288

4 72B00 RADAR BEACON SET .0241
71 COO RADIO RECEIVING SYSTEM .0228
64A00 INTERCOM .0220
7ZAOO BCIU .0194

1- 69A00 SPEECH SECURITY SYSTEM .0154
- 51B00 NAV INST. .0086

- - flAOO CAMERA .0066
7XEOO MULTIFUNCTION CONTROLS .0061

— I 7XFOO DEDICATED CONTROLS .0024
7WAOO ELECTRONIC DISPLAY GROUP .0016
63B00 ADF GROUP - - 

- 
.0014

~
p1 

~~
-

H 
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2. The MMH/ 1000FH ranking shows the priorities by which
demand is placed on the resources provided by the main-
tenance system. While this chart is based on human
resource expenditure, inferences can be drawn regarding
SE utilization as well sin ce fixed ratios exist between
MTTR and the fraction of the repair time that test equip-
men t is used for the respective subsystems .

The following percentages were calculated from the data
of Table 8. They indicate the breakout of human resource
expenditures by subsystem.

% Human Resources
Subsyste:n Consumed —

Inertial. Measurement Set 22
Forward Looking Radar 13
HF Radio 8
Special Purpose Displays 8

The firs t two subsystems consume 35% of the MMH re-
quired for DAIS avionics maintenance. AU four sub-
systems shown above consume 51%. These are clearly
“high burner” items wherein reliability and maintain- - 

-
ability improvements will provide the maximum O&M
cost reductions.

3. Additional visibility is provided by the MI ranking of
Table 9. It has already been establ ished from the dis-
cussion of Table 8 (MMH/ 1000FH) that IMS and FLR
consume a significant share of the maintenance re-
sources required for the entire current DAIS concep- .- - -

tual design configuration. The MMH/ 1000FH data gives
- 1 no clue as to the cause. Perhaps it is due to a large
) average repair time (MTTR). On the other hand, it

could be due to a high failure rate. Even a small value
of MTTR might show up as a high driver in terms of
MMH/ 1000FH if frequent repairs or a given subsystem

— tie up a lot of manpower.

-I
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The ranking shown in Table 9 shows the flVI S and FLR in the
top positions for the MI. Since MI is directly proportional to MTTR
while inversely proportional to MFHBMA, this condition is possible
only if both reliability and maintainability contribute to the poor MI

I of these subsystems. Only the engineering analysis of the design
characteristics bearing on both the R&M of these subsystems will
lead to any significant reduction in the consumption of maintenance
resources on the part of these subsystems .

t The rankings provide the basis for tradeoff analyses in which
similar subsystems can be compared to those listed to determine the
impact of their substitution. Using the MMH I 1000FH ranking, con-
clusions can be drawn regarding maintenance manpower requirements.
Utilizing suitable labor rate conversion factors plus SE utilization
factors leads to direct comparisons of O&M costs. Similarly,
comparisons of the impact of such substitutions on operational readi-

-: ness may be inferred using the aircraft subsystem availability ranking.

Other tradeoffs can be made. These will depend upon the
design of other FOMs. For example, rankings on MSBMA will show
which subsystems are the high drivers as a result of reli abi lity
alone. R ankings on MTTR will show the sensitivity to maintainability
parameter changes. These will provide the information needed to
impact the design in order to most effectively reduce O&M costs.
Most important, the data contained in the current DAIS maintenance

I task analysis data bank is amenable to data manipulations which notJ only indicate potential problem areas but also afford insights into
possible approaches to problem resolution.

4
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GLOSSARY OF ACRONYMS

A availability
ADI attitude direction indicator
AFAL Air Force Avionics Laboratory
AFHRL Air Force Human Resources Laboratory
AFLC Air Force Logistics Command —

AFSC Air Force specialty codes
ATC action taken code
CAS close air support
CITS central integrated test system
CF CITS improvement factor
CND cannot duplicate
DAIS digital avionics information system

— DAIS ADP DAIS advanced development program
DRC Dynamics Research Corporation
E mutually exclusive probability
ECM electronic countermeasures
EDB engineering data base
FH flight hours
I’OM figure of merit
GPTE general purpose test equipment
h F  high frequency
1-ISI horizontal situation indicator
HUD heads-up display
IMA intermediate maintenance level (shop) activities
IMS inertial measurement set -~ -~

IMU inertial measurement unit
JPA job performance aids
Nd degradation factor
Km ratio of unscheduled maintenance actions to actual 4

failures requiring shop action
KMA number of bench check OK (shop CND) maintenance actions
LCC life cycle cost
LCOM ]ogistics composite model 

- 
-~

LRU line replaceable unit
LSC logistics support cost
MA7 total maintenance actions
MADAR malfunction analysis detection and recording system
MDC maintenance data collection
MDCS maintenance data collection system

• M FHBMA mean flight hours between maintenance actions
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MI maintenance index
MMA maintenance actions perfo rmed on the flight line
lvi MH maintenance manhours

— MMH/ATC maintenance manhours per action taken code
MMH/FH maintenance manhours per flight hour
MMH /MA maintenance manhours per maintenance action
MMS maintenance manpower system
MMMS maintenance manpower modeling system
MSBF mean sorties between failures
MSBMA mean sorties between maintenance actions
MTA m aintenance task analysis
MTBF mean time between failures
MTBMA mean time between maintenance actions
MTN maintenance task network
MTTR mean time to repair
NAVAIR Naval Air Systems Command
NMA number of bench check and NRTS maintenance actions
NRTS not repairable this station
OH operating hours
O&M operation and maintenance
QPA quantity per aircraft
RI inherent reliability
H0 operational reliability
R&M reliability and maintainability
RMA number of flightline remove and replace maintenance

actions
RTOK retest OK
SE support equipment

- 
- SPO system project office

TAT turn around time
- - TCTO time compliance technical order

TO technical order
TOA table of allowances
USAF United States Air Force
VSO vertical situation display
WMA number of bench check and repair maintenance actions

• WUC work unit code
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Appen dix A

1. 1ST OF’ 1~~ CUMEN TAT1ON

The iollowing documentation items, which include reports,

~pcci1icationS. and manuals (T.O. s), have been reviewed and
utilized in this study .

DATA BASE OUTPUTS AND REPORTS

• Item Source T itle

- 
5 66-1 - Maintainability Reliability Summary. D056 B5527

A-7D Nov 1974 - Oct 1975
F-15 M ar 1975 - Feb 1976
C-SA Mar 1975 - Feb 1976
F-111E Mar 1975 - Feb 1976

2 66-1 Detail Shop Actions for Selected Work Unit Codes
D056B5504, Period Ending 31 Oct 1975 for the A-7D
Aircraft

:3 66-1 Detail Maintenance Actions for Selected Work Unit
Codes, D056B5503, Period Ending 31 Oct 1975 for
the A-7D Aircraft

4 66-1/ K051.PN 1M , Weapon System Effectiveness Program
IHO S and Models - Logistics Support Cost Ranking Segment

A-7D Dat a as of June 1975
L.’-15 Dat a as of Dec 1975
F-ill!) Data as of Dec 1975
1”-lhlE Data as of Dec 1975
C-5A Data as of Dec 1975

66- 1/ N051.Y N2M , System Availability Model Work Unit
IROS Code Status

( 
A-7D Data as of June 1975
F-iS Data as of Dec .1975
F-h iD Data as of Dec 1975

- - 

• 
F-111E Data as of Dec 1975
C-5A Data as of Dec 1975

- -
~~ 6 3-M Fleet Weapon System R eliability and Maintainability

-

- 
Statistical Summary Tabulation, MSO 4790.A2 142-01
A-6E Aircraft July 1975 - Dec 1975
A-7E Aircraft Jan 1975 - July 1975
A-7E Aircraft July 1975 - Dec 1975

-; F-14A Aircraft July 1975 - Dec 1975

- 

- 
- 
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Data Base Outputs and Reports (continued)

Item Source Title

7 3-M Navy/Aviation Component Repair Report, MSO
4790.A2245-01
A-6E Aircraft July 1975 - Dec 1975
A-7E Aircraft Jan 1975 - June 1975
A-7E Airc raft July 1975 - Dec 1975
E’ -14A Aircraft July 1975 - Dec 1975

a A-7D Operations and Maintenance Modeling Assump- 
ttions Based on Info rmation Obtained at 354TFW

(Prepared in accordance with LWM Extended
Form 11) 1974; Data from Myrtle Beach, England,
and Davis-Monthan Air Force Bases.

9 Table of Allowances #293. A-7D Weapon System,
1 Dec 1975; ITSAF

10 Table of Allowances #289, F-15 Weapon System.
15 Jan 1976; USAF

11 Model A-7D Integrated Configuration List for Air-
c raft Serial Numbers :
AF68-8220, AF68-8225 through AF68-8231 and
AF69-6 188 through AF69-6244; Vought Aeronautics
Div., LTV Aerospace Corp, 1 Feb 1971

12 Consolidated A-7 Work Unit Code List; Vought
Aeronautics, LTV Aerospace Corp; 1 Mar 1973

13 MMS Pre-Processing Programs Output (program
file I & II) for the A-7D, Jan - June 1975; Feb -
July 1974

DAIS SPE CiFICATION S
4Item Title

1 DAIS Control/Display System Segment, Prime Item Develop-
inent Specification; Purchase Request No. FY11757510260,
Specification No. DHB—CD- 1, -4, —5 , —6 , —7 , -8, -10. -11.

2 Prime Item Development Specification for DAIS Bus Control
Interface Unit; Type Bi , Form 2, Part I; SA31300B,
15 March 1976. 4
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DAIS SPECIFICATION S (continued)

It em Title

3 Critical Item Development Specification for the DAIS Pro-
cessor; Attachment #2 to F336 15-75-R-1l54.

4 DAIS Control and Display Hardware Development;
F336 15-75— R-1300; 24 Jan 1975.

5 Standard Remote Terminal Development Program, DAIS
Remote Terminal Statement of Work - Attachment #1,
7 Nov 1974, F336 15-75-C-1180.

TEC i-il’~ ICAL ORDERS/MANUALS

)
5N2 9-8- 2  Display Unit IP-1103 /AVQ-20
5N2- -4-2 Head-U p Display Set , AN/AVQ-7
5N1- . -2-2 Projected Map Display Set , AN/ASN-99 A
12R2- A~~Cl23-2 Radio Set, AN/AR C- 123
~~R2-2ARCl23-22 Receiver-Transmitter, Radio , RT-822/ARC-

123
* h2H2 -4 -90-2  Ra dio Set, FM-622A

16-30ASW25- 1 (NAVAIR ) Communications Set, Digital Data
(Data Link), AN/ ASW-25A

12R2-2ARC5 1-2 Radio Sets AN/ARC-5 1, 51A, 51AX, 51B
l2R2-2ARC 1O9-2 Radio Set AN /ARC-l09
12R 1-2ARA5O-2 Direction Finder Group AN /ARA-50
12R2-2A 1C25-2 Intercommunications Set AN/AIC-25
12R ~ -2AI Cl 8-2 Intercommunications Set AN/AIC-18 and Set

Controls C-3814/ARC-89
12P4-2APX72-2 Receiver-Transmitter, Radio and Mountings

RT-859/APX-72
12R2 -2ARNS2 -12 TACAN Navigation Set AN /ARN-52
12R5-2ARN58-2 Radio Receiving Set AN /ARN-58
12P5-2APN14 1-2 Elect ronic Altimeter Set AN/APN.. 141
12P5-2APN154-2 Rada r Beacon AN /APN-154
l2P2-2APQ126-2-1 Radar Set AN /APQ-126 Vol I
12 P2-2APQ 126-2-2 Radar Set AN /APQ-126 Vol II
12P2-2A PQ 126-2-3 Radar Set AN/APQ- 126 Vol III
12P2-2APQ126-2-4 Radar Set AN/APQ- 126 Vol IV

- 1 12P2-2A PQ126-2-5 Radar Se4 AN/APQ- 126 Vol V
5F5-4-2 1-3 Air Data Computer CP-953/AJQ
5N16-3-6-2 Inertial Measurement Set AN /ASN-90
12P3-2ALR46-2 Countermeasure Receiver R-1854/ALR-46
12P3-2APR36-2 Radar Receiving Set AN /APR-36
~2P3-2ALR46-2 Countermeasure Receiver R-1854/ALR -46
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TECHNICAL ORDERS/MANUALS (continued)

1OA1-6-6-2 Still Picture Camera KB-18A,KB-18B
1OAI-2- 1O-2 Motion Picture Camera KB-27A
5N 5-13-13-2 Tactical Computer AN /ASN -91
12P3-2ALE38-2 Dispenser System AN /ALE-38
12P5-2APN190-2 Rada r Navigation AN/APN- 190
12P3-2APR-37-2 Rada r Receiving Set AN /APR-37
1IL1-2- 1O- 1 Aircraft Guided Missile Launcher LAU-88/A
I1W 1-27-7-2 Gun Control DCK-203/A49E-6 for the GAU-8/A
5A1-2-43-2 Automatic Flight Control Set AN/ASW-38
1A-7D-1 A-7D Aircraft Flight Manual
1A-7D-Cs6 Work Unit Code Manual, A-ID
1O-45AA-8 (NAVA IR ) Work Unit Code Manual, A-7E
1A-7D-2-8 Flight Control Systems, A-7D
1A-7~)-2-9 Automatic Flight Control Systems, A_ ID
1A-7D-2- 1O Instrument Systems, A-7D
1A-7D-2- 12 Radio Communication & Navigation Systems,

A—7D
.A-7D-2-13 Armament Systems, A-ID
~A-7D-2-l4 Weapon Control Systems, A-7D
1 \-7D-2-18 integrated Avionics Systems, A-7D
tA - 1OA -06 Work Unit Code Manual, A-b
1 v- 15A-06 Work Unit Code M anual, F-15
l) •’-I11E-06 Work Unit Code Manual, F-111E
1C-5A-06 Work Unit Code Manual, C- 5A
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