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PREFACE

As a result of the 1981 Defense Science Board Summer Study on Operational Readi-
ness, Task Order T-2-126 was generated to look at potential steps toward improving
the Material Readiness Posture of DoD (Short Title: R&M Study). This task order was
structured to address the improvement of R&M and readiness through innovative program
structuring and applications of new and advancing technology. Volume I summarizes
the total study activity. Volume II integrates analysis relative to Volume III,
program structuring aspects, and Volume IV, new and advancing technology aspects.

The objective of this study as defined by the task order is:

"Identify and provide support for high payoff actions which the DoD can

take to improve the military system design, development and support pro-

cess so as to provide quantum improvement in R&M and readiness through
innovative uses of advancing technology and program structure."

The scope of this study as defined by the task order is:

To (1) identify high-payoff areas where the DoD could improve current

system design, development program structure and system support policies,
with the objective of enhancing peacetime availability of major weapons
systems and the potential to make a rapid transition to high wartime
activity rates, to sustain such rates and to do so with the most econom-
ical use of scarce resources possible, (2) assess the impact of advancing
technology on the recommended approaches and guidelines, and (3) evaluate
the potential and recommend strategies that might result in quantum in-
creases in R&M or readiness through innovative uses of advancing technology.

pP-1



The approach taken for the study was focused on producing meaningful implement-
able recommendations substantiated by gquantitative data with implementation plans
and vehicles to be provided where practical. To accomplish this, emphasis was placed
upon the elucidation and integration of the expert knowledge and experience of engi-
neeré, developers, managers, testers and users involved with the complete acquisition
cycle of weapons systems programs as well as upon supporting analysis. A search was
conducted through major industrial companies, a director was selected and the follow-

ing general plan was adopted.

General Study Plan

Vol. IIT e Select, analyze and review existing successful program
Vol. IV e Analyze and review related new and advanced technology

Vol. II (e Analyze and integrate review results
(# Develop, coordinate and refine new concepts

Vol. I e Present new concepts to DoD with implementation plan and recommen-

dations for application.

The approach to implementing the plan was based on an executive council core
group for organization, analysis, integration and continuity; making extensive use
of working groups, heavy military and industry involvement and participation, and
coordination and refinement through joint industry/service analysis and review.
Overall study organization is shown in Fig. P-1.

The basic case study approach was to build a foundation for analysis and to
analyze the front-end process of program structuring for ways to attain R&M, mature
it, and improve it. Concurrency and resource implications were considered. Tools

to be used to accomplish this were existing case study reports, new case studies

pP-2
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conducted specifically to document quantitative data for cross—-program analysis, and
documents, presentations, and other available literature. In addition, focused
studies for specific technology implications were conducted by individual technology
working groups and documented in their respective reports. To accomplish the new
case studies, the organization shown in Fig. P-2 was established.

In some areas where program documentation and records did not exist, the actual
experience and judgement of those involved in the programs were captured in the case
studies. Likewise, in the analysis process, the broad base of experience and judge-
ment of the military/industry executive council members and other participants was
vital to understanding and analyzing areas where specific detailed data were lacking.

This document records the program activities, details and findings of the Case
Study Working Group for the specific program as indicated in Fig. P-2.

Without the detailed efforts, energies, patience and candidness of those inti-
mately involved in the programs studied, this case study effort would not have been
possible within the time and resources available.

The views expressed within this document are those of the working group only.
Publication of this document does not indicate endorsement by IDA, its staff, or

its sponsoring agencies.
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RADAR REQUIREMENTS

Radar reliability is to a great extent driven by the aircraft mission requirements
and the radar requirements, since these requirements determine system size, weight, power
and complexity. The major factor is a requirement for all-weather air superiority, which
determines detection range and radar missile compatibility factors. This need for longer
range head-on detection in great measure determines transmitter size and power requirements.
In addition, all-aspect, all-altitude detection determines waveform selection and complexity.
These factors led to the selection of a high/med PRF transmitter design in the F/A-~18.
Detection range is also influenced to a great extent by antenna diameter and sidelobe
characteristics. 1In the case of the F/A-18 radar, mission requirements and aircraft design
resulted in an antenna size (antenna diameter is 26.625 inches) that did not require hydraulic
drive and a roll gimbal resulting in a more reliable direct electrical drive approach.
Another key area in determining detection range is receiver sensitivity. Historically, the
requirement for a fow receiver noise figure necessitated a parametric amplifier (PARAMP).
In the case on the F/A-18, technology advancement allowed the required sensitivity to be
met with a more reliable field effect transistor (FET) approach.

AIM-7F SPARROW missile compatibility is the other major factor in determining trans-
mitter power requirements. On earlier aircraft (F-4) this compatibility was provided by
the addition of a separate CW illuminator. The F-15 proved the feasibility of providing
SPARROW compatibility using the high PRF pulse doppler waveform negating the need for a
separate transmitter with its inherent reduction in system reliability. This concept has
been adopted on the F/A-18. High PRF systems typically operated at 40-50% duty factors to
meet detection range and missile requirements. The APG-65 uses range gating techniques
which provide an equivalent capability but operate at a reduced duty factor (=33%) and

thus provide resultant increase in reliability in range while search mode.

45B/5-1



RADAR REQUIREMENTS

o SYSTEM SIZE, WEIGHT, POWER REQUIRED, AND COMPLEXITY
PRIMARILY DRIVEN BY MISSIUN REQUIREMENTS

e DETECTION RANGE
e POWER REQUIREMENTS/WAVEFURM
e ANTENNA DIAMETER
ELECTRIC VS. HYDRAULIC DRIVE
© RECEIVER SENSITIVITY
PAR AMP VS. FIELD EFFECT TRANSISTOR (FET)

o MISSILE COMPATIBILITY
e WAVEFURM
HIGH/MED PRF VS. MED PRF ONLY
o DUTY FACTUR IN PDI
407 vVS. 107

45A/35-3



Air-to-ground resolution requirements on previous systems were met by "brute force"
techniques of higher frequency or larger antenna diameter. 1In the APG-65 case, a resolution
enhancement of 67:1 is provided by use of advanced doppler beam sharpening processing tech-
niques which tends to increase system complexity but not to the level required by brute
force techniques.

The F/A-18 requirement as a multi-mission aircraft necessitated the creation of highly
complex digital signal processing which is provided by a fully programmable signal processor,
which replaces the less reliable hard-wired machines used on previous programs. The multi-
mission requirements also result in a significant increase in computer memory size require-
ments. In the APG-65 this is provided by a 256K 16-bit word disc memory with a much higher

reliability than previous memory devices of equivalent capacity.
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RADAR REQUIREMENTS (CONTINUED)

e KESOLUTION
e FREQUENCY (KREAL BEAM GRUUND MAP)
o ANTENNA DIAMETER (REAL BEAM GRUUND MAP)
o PROCESSING COMPLEXITY C(DUPPLER BEAM SHARPENING)

o JULTIPLE MISSTUNS
e PRUCESSING SPEED/CUMPLEXITY
PROGKAMMABLE VS. HARDWIRED LUGIC
o MEMORY CAPACITY

45/5-4



RADAR SYSTEM EVOLUTION

The F/A—18.aircraft and APG-65 radar were designed from the start for multi-mission
capability. As a consequence the radar incorporates the latest performance features of
current fleet fighter and attack aircraft, and a number of features not previously used in
other operational systems. 1In the attack area the system incorporates many of tHe modes
used on current Navy A-7 and A-6 aircraft and adds many additional modes (such as high
resolution mapping) previously available only in special R&D programs.

In the fighter arena the APG-65 radar incorporates the main features of the radar on
the F-4J that it replaces, has a track while scan mode first incorporated on the F-14,
includes the Medium PRF waveform developed on the F-15 for all aspect capability, and adds

additional features such as the raid assessment mode not available previously.

45B/7-38 6



RADAR SYSTEM EVOLUTION

ATTACK FIGHTER
RF-4B/APQ-99 F4B/APQ-72 | A,
| ® PULSE RADAR
v ¥ ® NO LOOK DOWN
A-7/APQ-116 A6-E/APQ-148 { _}
¢ IMPROVED RESOLUTION * IMPROVED RESOLUTION |
% A/G RANGING e FIXED TARGET TRACK | F-4J/AWG-10
e REAL BEAM ® FREQUENCY AGILITY I ® ADDED PULSE DOPPLER
e PENETRATICN MODES e PENETRATION MODE ] ® GOOD HEAD ON PERFORMANCE
* ® POOR TAIL PERFORMANCE
A-7E/APQ-126 ' v
e ADDED FREQUENCY 1 F-14/AWG-9
AGILITY e ADDED TWS
| e HIGHER POWER
® INCREASED HEAD-ON PERF.
ADVANCED F-15/APG-63
WEAPON DELIVERY ® ADDED MED PRF
MMR/FARMAR ® ALL ASPECT/ALL ALTITUDE
PERFORMANCE

vy

F/A-18 RADAR
FIGHTER/ATTACK




RADAR SET AIR-TO-AIR CAPABILITY

The APG-65 radar represents the latest step in pulse doppler radar development that
started with the AN/AWG-10 radar for the F-4J. The AWG-10 was the first fighter system to
use pulse doppler allowing head-on look down capability. This system retained the pulse
search mode of conventional radars and had a boresight acquisition capability. Because of
sidelobe clutter limitations, tail hemisphere look-down capability was limited. The
AWG-10A shown is the latest version of this radar incorporating digital avionics and provides
improvements over earlier versions of the AWG-10.

The AWG-9 system features a higher power transmitter and larger antenna for yreatly
enhanced head-on detection capability. This system includes a range-while-search and a
track-while-scan (TWS) mode which, when coupled with the AIM-54 missile system, provides a
multishot missile capability. To improve air combat maneuver (ACM) performance, a vertically
scanning acquisition mode was incorporated.

The APG-63 radar was developed with a digital processor which provided a breakthrough
in processing technology and allowed the development of the medium PRF waveform which, for
the first time, allowed true all-aspect, all-altitude detection capability. The APG-63
also added a HUD acquisition mode for rapid automatic acquisition of targets within the
head-up display field ot view.

The F/A-18's APG-65 radar draws on all of this experience and contains a completely
programmable signal processor which, when coupled with its basic high, medium, and low PRF
transmission and receive capability and low sidelobe, narrow bandwidth antenna design,
allows the incorporation of the best features of these systems. In addition, the technology
developed for doppler beam sharpened ground mapping has been exploited to provide a unigue

air-to-air raid assessment capability against closely spaced targets.

458/ 2~-1



RADAR SET AIR-TO-AIR CAPABILITY

e ALL ASPECT LOOK-UP/LOOK-DOWN DETECTION AND TRACK
- INTERLEAVED HIGH AND) MEDIUM PRFs IN RANGE WHILE SCAN (RWS) AND TRACK WHILE
SCAN (TWS) MODES
e MULTIPLE TARGET TRACK IN TWS
- RADAR MAINTAINS TRACK FILE OF 10 TARGETS (8 DISPLAYED)
-= TARGETS PRIORITIZED ON TIME TO GO
-- AUTOMATIC CENTERING OF AZIMUTH AND ELEVATION SCAN
-= STEERING AND LAUNCH PARAMETERS FOR TOP PRIORITY TARGET
e RAID DETECTION
- TRACK POINT IS EVALUATED FOR MULTIPLE TARGETS IN FORMATION
e ECM DETECTION
- RADAR PROVIDES ADVANCED ECM ASSESSMENT, ADVISORY AND CCM
e RAPID TARGET ACQUISITION IN COMBAT
- AUTOMATIC ACQUISITION USING THREE SPECIAL SCANS - HUDACQ, VACQ AND BST
e PULSE DOPPLER TLLUMINATION
- RF TARGET ILLUMINATION FOR MISSILE LAUNCH
e DESIGNED FOR SINGLE PLACE OPERATION
- HANDS ON THROTTLE AND STICK (HOTAS) CONTROL
- AUTO RADAR PARAMETER SELECTION WITH WEAPON SELECTION
- UNCLUTTERED DISPLAYS
45A/9-10



Some of the key air-to-air features of the APG-65 radar include all-aspect target
detection in the presence of clutter, multiple target track with launch and steering
information displayed for the top priority target. A raid assessment mode helps to determine
if a multiple target cluster is being tracked and the advanced ECCM features provide for
operation against ECM. 1In a close-in combat situation, the three air combat maneuver ac-
quisition rasters provide for rapid radar lock-on. All this capability can be easily con-
trolled using the Hands on Throttle and Stick (HOTAS) control and the uncluttered displays.

45B/2-2
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RADAR AIR-TO-GROUND MODES

The broad range of air-to-ground modes in the Hornet radar is illustrated in this
chart. The combination of coherent frequency operation and programmable digital signal
processing provides for real time azimuth doppler beam sharpening. This feature allows
the radar to have variable effective beamwidths from 3.3° to 0.05°., The digital signal
processing enables an accurate terrain avoidance mode including clearance plane deter-
mination. A sea surface targeting mode using adaptive thresholding is provided to en-
hance detection capability against surface targets such as Komar and Kynda. Coherent
frequency techniques have also made it possible to realize a GMTI/GMTT mode with excel-
lent sub-clutter visibility, more accurate air-to-ground ranging, and precise aircraft
velocity measurements to aid in navigation and weapon delivery. Aircraft velocities in
the velocity update mode are measured to within one foot per second allowing in-flight

alignment of the Inertial Navigation Set (INS) and INS updates to reduce navigation errors.

45B/3
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AIR-TO-GROUND MODES

REAL BEAM GROUND MAP (RBGM)

DOPPLER BEAM SHARPENING SECTOR (DBSS)
DOPPLER BEAM SHARPENING PATCH (DBSP)
SEA SURFACE TARGETING (SST)

PRECISION VELOCITY UPDATE (PVU)

GROUND MOVING TARGET INDICATION (GMT!)
TERRAIN AVOIDANCE (TA)

FIXED TARGET TRACK (FTT)

GROUND MOVING TARGET TRACK (GMTT)
AlIR-TO-GROUND RANGE (AGR)

13



AIR-TO-AIR

VS

RWS

TWS

STT w/PDI
ACM

RAID

SRT
NCTR

ECCM

MODE STATUS

OPERATIONAL
OPERATIONAL
OPERATIONAL
OPERATIONAL
OPERATIONAL
OPERATIONAL

OPERATIONAL
PARTIAL

PARTIALLY

OPERATIONAL

AlR-TO-GROUND

RBGM

DBS SECTOR
DBS PATCH
PVU

AGR

SSS

TA

GMTI
GMTI/RBGM

FTT
GMTT
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OPERATIONAL
OPERATIONAL
OPERATIONAL

OPERATIONAL

OPERATIONAL
OPERATIONAL

OPERATIONAL,
IMPROVEMENT REQUIRED

'OPERATIONAL,

IMPROVEMENT REQUIRED

OPERATIONAL, FURTHER
DEVELOPMENT REQUIRED

OPERATIONAL

OPERATIONAL,
IMPROVEMENT REQUIRED



SYSTHEM DESCRIPTION



AN/APG-65 RADAR SYSTEM

The APG-65 radar incorporates advanced technology to combine features into a 5 WRA
system. This reduction in number of units from 19 WRAs on the F-14 (AWG-9), and 9 on
the F-16 (APG-63) facilitates maintainability and improves the fault isolation capability.
The five WRAs are:

Low Sidelobe Planar Array Antenna is a 26.625 inch diameter antenna with direct electric

drive. All electronic components are contained in an easily removable SRA, thus not
requiring antenna removal for most failures. Antennas can be removed and replaced
without requiring harmonization, thus reducing maintenance time.

Receiver/Exciter—--This unit combines radar receiver, radar exciter, and all analog to

digital conversion functions in a single unit.

Transmitter-—The APG-65 transmitter is a liquid cooled design featuring a gridded TWT

that provides low, medium, and high PRF waveforms and missile illumination.

Radar Data Processor--This is a general purpose computer containing a memory capacity

of 256,000 16 BIT words (4 megabit) on a disc memory. This disc provides the program
storage for both the 32K data processor and the 192K signal processor operating mode
memories. This unit also contains the radar low voltage power supply.

Radar Signal Processor--This is a completely programmable special purpose processor

operating at a 7.2 MHz rate to perform complex operations. It has a 192K word operating
mode memory and contains a separate general purpose processor to allow parallel

operations.

45B/7-37
16



AN/APG-65 RADAR SYSTEM

e FIVE WRAs

LOW SIDELOBE PLANAR AKRAY ANTENNA

RECEIVER/EXCITER

TRANSMITIER

RADAR DATA PROCESSOR

RADAR STGNAL PROCESSUR

45A/35-b
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RADAR INSTALLATION

The APG-65 radar is installed in a vibration isolated rack configuration to protect
the radar. system from vibration created by the 20mm gun system. Due to this isolation
design the radar remains at a relatively benign vibration level even during gunfire opera-
tions. This rack design also allows for easy maintenance. The radome swings to the side
and the entire radar package can be rolled forward, allowing access to all WRA's from one
side of the aircraft. The rack also contains an inherent gun gas and EMI shield to protect
the radar WRA's from associated environmental factors. Electrical and cooling services are
provided via a pantograph assembly allowing radar operation with the nose rack in extended

position.

45B/8-15
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RADAR INSTALLATION

GENERAL: COMPATIBLE WITH BEYOND VISUAL RANGE AIM-7F
MISSILE, SHORT RANGE AIM-9 AND GUN DIRECTOR MODE
OPERATING RANGES FROM 200 FT. TO 160 NMI.
MULTI-WAVEFORM - FREQUENCY AGILE
FULL COMPLEMENT AIR/AIR AND AIR/GROUND MODES
WIDE AZ SCAN #70°/WIDE ELEVATION TO 8 BARS
AUTOMATIC INITIALIZATION/ONE MAN OPERABLE

VOLUME 4.37 FT3
WETGHT: 343 LB (EXCLUDES RACK) _uﬁ_y-mawﬁg

RELIABILITY: 106 HOUR DEMONSTRATED MTBF  _ Awr b
(MIL-STD-781R)

MAINTAINARILITY: DEMONSTRATED 11
FLIGHTLINE MTTR

GUN MUZZLE SUPPORT

20 MM GUMN S¥YSTEM

-6 MIN.

ANTEHHA

PARTS: 13,467 ] ; Ik
POWER: 9,500 WATTS : . Y e
CONLING: AIR 2,782 WATTS
LIQUID 4,845 WATTS
RADAR PACKAGE
KEY INSTALLATION ENVIRONMENTAL il e & AT CIIO
COONSTDERATIONS :

PROXIMITY TO GUN (VIRRATION)
GUN GAS ENVIRONMENT
CARRIER LANDING

45A/4 21



APG-65 RADAR SYSTEM PARAMETERS

The radar system consists of 5 weapon replaceable assemblies (WRA) and an isolation
rack. The transmitter is liquid cooled and the other four units are cooled by forced air.
The programmable radar signal processor contains the highest parts count and greatest heat

dissipation and accordingly has the lowest MTBF allocation.

22
458B/8-16



ANTENNA

TRANSMITTER

RCVR/EXCITER

RADAR DATA
PROCESSOR

RACK

SYSTEM TOTAL

*43 HYBRIDS

45A/3-5

APG-65 RADAR SYSTEM PARAMETERS

PARTS DISSTPATION
MTBF SUMMARY (WATTS)

WEIGHT VOLgME ALLO-  PRE- OTHER TOTAL  AIR LIQUID
(LBS) ~ (FT>)  CATED DICTED ICs ELECT PARTS COOLED COOLED
84.2 N/A 700 1370 67 362 429 167

113.2 2.05 700 1130 154 1703 1857 4845
45.9 .91 800 1110 49 1358 1407*  387.2

55.0 .91 300 427 3964 2652 6616 1599.3

44.5 .91 600 835 1089 2224 3133  628.7

109.4 4400 24500 -- 34 34
452.2 4.37 106 164 5325 8142 13467 2782 4845

23



MEMORY

The F-18 APG-65 radar contains more computer memory than any other current production
fighter radar. This is due, in part, to the numerouc radar modes and to the large storage

requirements of the multi-mode programmable signal processor.

45B/8-15A
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MEMORY LOADING
lll-lIlll..-I.-.llIIIIIIllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIlllllIIIIIIIlIlIIIIIIIIIIIIIIIIIII.III-.

CONSTANTS ORDERS WORDS
RSP
A/A 6,896 16,786 60,702
A/G 2,164 14,961 48,129
BIT 252 3,936 12,336
EXEC/LOADER 0 562 1,686
FFT 1,024 0 1,536
TOTAL 10,336 36,245 124,389
RDP
A/A 21,430 30,002
A/G 16,938 23,712
BIT 12,097 16,935
COMMON 5,075 7,104
TOTAL 55,540 77,753
DISC
RSP 36,245 124,389
RDP 55,540 77,753
FLIGHT TEST 4,000
SPARES 4,300
TOTAL 91,785 210,442

5-3-83
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MAJOR F-18 PROGRAM EMPHASIS

Reliability and maintainability were given equal program emphasis with performance and
cost. The Navy oftfered MCAIR Life-Cycle-Cost incentives totaling 15 million dollars. A

total of $24 million was available for R&M incentives. MCAIR was permitted to offer R&M

incentives to major subcontractors and make those awards an allowable contract cost.

R&M was elevated in program emphasis and the entire system was optimized for a proper
balance,

26
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MAJUR F-18 PROGRAM EMPHASIS

EQUALIWEIGH1

R M PERFORMANCE $

PERFORMANCE IS DEFINED BY CUNTRACT SPECIFICATIONS
(AS-1291, SD-565-1)

LIFE CYCLE DESIGN-TO-COST INCENTIVE

RELTABILITY/MAINTAINABILITY INCENTIVE

UPTIMIZE FOR BEST BALANCE

27



45/3-8

RADAR RELIABILITY/MAINTAINABILITY FEATURES

“RELTABILITY-RY-DESIGN” REQUIREMENTS IN CONTRACT INCORPORATE “ELEMENT WORST
CASE ANALYSIS”

SUBCONTRACTORS/BIDDERS KNEW MCAIR AND NAVY WERE SERIOUS AND WERE CONTINUALLY
REMINDED DURING TECHNICAL COORDINATION MEETINGS, DESIGN REVIEWS, AND SPECIAL
“"AWARENESS” PRESENTATIONS

RELTABILITY/MAINTAINABILITY DESIGN GUIDELINES WERE IMPLEMENTED BY MCAIR AND
HUGHES

RADAR ANALOG PROCESSING REPLACED BY DIGITAL PROCESSING

ELECTRICAL RADAR ANTENNA DRIVE IN LIEU OF HYDRAULIC DRIVE

[MPOSED OME DESIGN AND TEST ON RADAR

REVISED ECS COOLING AIR SCHEDULE - LOWER PART OPERATING TEMPERATURES

ADDED COOLING AIR OVERHEAT SENSORS TO PROTECT AGAINST TEMPERATURE OVERSTRESS
EXTENSIVE USE OF LOW POWER PARTS (CMOS, SCHOTTKY) TO MINIMIZE HEAT RISE
EXTENSIVE USE OF HYBRIDS, MSI, MICROPROCESSORS TO REDUCE PARTS COUNT
STRINGENT PART DERATING REQUIREMENTS SPECIFIED IN PROCUREMENT SPECIFICATION
COOLING AIR DIRECTED DOWN CENTER OF PCB FOR MINIMUM HEAT RISE AND MUCH LOWER
JUNCTION TEMPERATURES

29



APG~65 MAINTAINABILITY PROGRAM FEATURES

A MCAIR maintainability engineer was assigned to the radar system and reported directly
to the radar subsystem manager. The maintainability requirements for the aircraft installa-
tion and radar set were established via the maintainability design baseline document.

These requirements were coordinated and approved by both the subsystem manager and equipment
installation engineering. This document also serves as the basic document to initiate the
in-house ILS process. The specitic maintainability requirements, both qualiﬁative and
quantitative, were incorporated into the procurement specification which was the basic
requirement for competitive procurement.

An incentive proygyram was included as part of the radar subcontract to allow the supplier
to receive a maintainability award which is based on measured field performance. 1In order
to meet the maintainability requirements, built-in-test played a major role in the design
of the radar.

A single point contact for maintainability was required at Hughes to provide a direct

link between Hughes design engineering and MCAIR maintainability.

458/7-13 30
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MAINTAINABILITY PROGRAM FEATURES

MAINTAINABILITY RESPONSIBILITY ASSIGNED TO SUBSYSTEM
MANAGERS

MAINTAINABILITY CLUSELY TIED 1O ILS

MAINTAINABILITY DESIGN BASELINE ESTABLISHED
REQUIREMENTS/GUALS

MAINTAINABILLTY INVULVEMENT IN SUBCONTRACTING
MAINTAINABILTTY REQUIREMENTS QUANTIFIED
MAINTAINABILLTY INCENTIVES

MAINTAINABILITY ON A PAR WITH PERFURMANCE

’//////

MAINTAINABILITY INVOLVERENT IN BIT PRUGRAM

MAINTATNABILLITY SINGLE POINT OF CUNTACI AT CUSTUMER

31
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APG-65 PROGRAM SUMMARY

Early in the program, the radar supplier, Hughes, was convinced that MCAIR was serious
about R&M. This conviction was partially based upon the decisions that were made on the
results of radar trade studies. This feeling was reinforced with contract financial
incentives tied to challenging but achievable R&M requirements. Subsystem managers and
individual designers were made personally responsible for reliability, maintainability,
performance and cost parameters both at Hughes and MCAIR. These parameters were treated
with equal emphasis in trade studies and design reviews. Technology was continuously
monitored for potential reliability benefits and also for new threats such as ESD and EMP.
Concurrency in testing extended the growth available through TAAF efforts. The F-18 pilot
production concept allowed for rapid corrective action. Experience indicated that change
flexibility is required for real growth in Rs&M.

Experience indicates that Physical Configuration Audit (PCA) should be established at
the latest reasonable date to enhance the early incorporation of design changes. Additionally,
change processing needs to be streamlined beyond PCA. Productivity programs should be
encouraged since they can provide reliability, maintainability, and cost benefits. 1In
selecting the right supplier, competition is an important element, and courage in selection
(in the face of cost) is critical. The Navy "New Look" R&M program structure provided the

framework for the radar program.

45B/7-36
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45A/712-1

APG-65 PROGRAM SUMMARY

R&M MOTIVATION EARLY IN THE PROGRAM
DEFINITIVE REQUIREMENTS - CHALLENGING, BUT ACHIEVABLE

DESIGNERS RESPUNSIBLE FOR RELIABILITY, PERFURMANCE,

MAINTAINABILITY, COST
- DESIGN REVIEWS TREAT EACH WITH BALANCED EMPHASIS

MONITOR TECHNOLOGY FOR PROGRESS AND NEW THREATS TO R&M
- ESD/EMP

CONCURRENCY PROVIDES BENEFITS IF:
- CONTRACTOR SUPPORT FOR INITIAL FIELD INTRODUCTION IS

PROVIDED
- EXTEND THE GROWTH ACHIEVABLE THROUGH TAAF EFFORTS

33



APG-65 PRUGRAM SUMMARY (CONTINUED)

® GRUWTH IN RgM DEMANDS CHANGE FLEXIBILITY
= PILOT PRODUCTION CONCEPT ALLOWS KAPID CORRECTIVE
ACTIONS
- ESTABLISH PHYSICAL CUNFIGURATIUN AUDIT (PCA)
POINTS AT LATEST REASONABLE POINT
- SIREAMLINE ECP PROCESSING

e PRODUCTIVITY PROGRAMS SHOULD BE ENCOURAGED
- COST AND R&M BENEFITS

o SELECT THE RIGHT SUPPLIER
- COUKRAGE IN THE SELECIIUN PRUCESS (IN THE FACE
OF COST)
= CUMPETITIUN IS IMPORTANI

e NAVY R&M PRUGRAM - NEW LOOK - PROVIDES THE FRAMEWORK

45A/12-7
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AIRFRAME SYSTEM R&M FEATURES TO IMPROVE RADAR AVAILABILITY

In previous aircraft designs, inadequate safeguards in the design allowed the radar to
be operated on the ground without cooling air, due to lack of ground cooling carts or
improper maintenance. This resulted in overheating of the equipment, causing premature
failures. On-board cooling fans were incorporated in the F-18 to eliminate this potential

problem from the F-18 design.
A requirement was imposed on MCAIR to demonstrate a 20.0 minute radar remove and replace

time with a crew size of 1.8. During the maintenance engineering inspection conducted in
February 1980, a 11.6 minute remove and replace time was demonstrated with a crew size of
1.5.
Maximum use of BIT for the radar, coupled with modular construction reduced the need
for ground support equipment and handling fixtures at the organizational level. These
features decrease Ehe down time required for radar maintenance and improve radar availability.
Ground power switching, which was first incorporated on the F-15 radar, was carried over
to the F-18 radar. This allowed the maintenance man to select the systems to power up during
maintenance, thus eliminating excessive operating time on the radar and improving the mean

flight hours between failure.

45B/7-27
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AIRFRAME SYSTEM R&M FEATURES TO IMPROVE RADAR AVAILABILITY

GROUND COOLING FANS PROVIDE AIR FLOW IMMEDIATELY ON POWER UP

- HISTORICALLY, GROUND COOLING CARTS ARE AVOIDED BY MAINTE-
NANCE PERSONNEL, RESULTING IN THERMAL STRESS ON EQUIPMENTS

- GROUND FANS PROVIDE NECESSARY AIR FLOW FOR MOST MAINTE- -
NANCE WITHOUT GROUND CARTS

ATRCRAFT INSTALLATION ALLOWS QUICK REMOVAL AND REPLACEMENT OF
RADAR WRAs

EXTENSIVE USE OF BUILT-IN-TEST MINIMIZES TROUBLESHOOTING
TIMES (NO GROUND SUPPORT EQUIPMENT)

GROUND POWER SWITCHING ALLOWS SELECTIVE GROUND OPERATION -
ELIMINATES UNNECESSARY RUN TIME

37



GROUND POWER SWITCHING

One design objective on the F-18 was to minimize the operating time of the avionics.
The less ground operating time per flight hour of the aircraft, the fewer failures per
flight will be experienced. Reduction of ground operating time was achieved through
effective BIT rapidly isolating to WRAs and through ground power switching (GPS). GPS is
mechanized such that on initial a/c power turn-on, all avionics are off. Manual switch
positioning is required for any avionic operation. The selective switching eliminates

unnecessary radar operation during checkout of other avionics.

The reduction of operating hours per flight hour (OH/FH) results in fewer failures for

a given number of flights or flight hours.

45B/7-18
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GRCLUXND POWER SWITCHING (6PS)
HIGHER SYSTENM AVAILABILITY

6 r/\./
4ql
OH/EH ® IMPROVES OH/FH RATIO
F-18
2 -
NO GPS MO 3 W
NO BIT SEL GPS 95% BIiT GPS
NO BIT 959 B GPS
o 5% BIT  ggy BIT

® RESULTS IN INCREASED
FLIGHT HOURS/FAILURE

FH/
FAILURE

1500

1000

500

-
1,000 HR
8 WRA
2,000 HR WRA
’,__
500 HR WRA
l | I )
OH/FH RATIO GP11.0160 39

23Feb 1977
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R&M_GROWTH

R&M REVIEW BOARD DURING DEVELOPMENT

DEVELOPMENTAL TEST, ANALYZE AND FIX

R&M MONITORING DURING INITIAL TRAINING SQUADRON USE
SPECIAL BIT MONITORING TEAM

CONTRACTOR SUPPORT OF INITIAL INTRODUCTION PHASES CRITICAL

. FOR FEEDBACK TO SUSTAIN R&M GROWTH

SUPPLIER PROCEDURES FOR COORDINATION/EVALUATION OF NDATA FROM
ALL MANUFACTURING SOURCES - INITIAL PARTS SCREEN TO FINAL
ACCEPTANCE

INTEGRATED CORRECTIVE ACTION PROGRAMS (ICAP)
- FIELD/MCAIR/SUPPLIER COORDINATION POINT

MAXIMUM GROWTH - KEEP INITIAL APPLICATIONS COMPATIBLE WITH
CONFIGURATION CHANGES
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PROGRAM ELEMENTS

The APG-65 radar program was structured to test and evaluate those elements that
constituted the largest design/reliability risk early in the program. Special element
development tests were performed on the disc memory and GTWT during 1977. The first
engineering models entered testing in late 1977. Lab and environmental testing and
reliability development testing were structured to test areas of high potential risk early.
A 1/2 life vibration test and exposure to gunfire vibration testing were performed early
in the test program. Temperature cycling to the extreme temperature environments was also

performed early to ensure no latent design defects were present.

45B/8-17
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PROGRAM ELEMENTS
1975 1976 1977 1978 1979 1980 1981 1982 1983

PROPOSALS/TRADES/ =======
SELECTION

RADAR GO AHEAD (AUG 76) v
(FSD)

ENGINEERING MODEL V====
ARS

AL ELEMENT =m====
S (GTWT/DISC)

ADARS 14 TOTAL

ME
T/

INITI 1T v=v
ASSESSMENT

RELIABILITY DEV- VEEEEEEEEEE =)
TEST

T-39 FLIGHT TEST JomsssssassagSosetss H?C‘gq MCAIR-150
F/A_lg FLIGHT TEST V= EEEE e e = = =

RELTABILITY FLIGHT v
DEMO

PRODUCTION RADARS (MAR 80) PILOT PROD S/N 15 V======================
RELTABILITY DEMO A
HES

MAINTAINABILITY v
DEMO TEST ! B
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PROGRAM ELEMENTS

The APG-65 radar program began in 1975 with proposals being considered from seven
radar contractors. In early 1976, Hughes Aircraft and a team consisting of Westinghouse
and Norden were chosen as finalists. In August of 1976 the Hughes Aircraft design was
selected. Testing began on key elements (gridded traveling wave tube, disc memory, etc.)
in early 1977 and system level testing on engineering models (EM) began in late 1977.
Design of these (EM's) was started prior to contractor go-ahead as part of the Hughes head-
start program. Flight testing of an EM radar began in March of 1978 using a modified T-39D
radar test bed. In August of 1978, the first of 14 full-scale development (FSD) radars
began flight development, which continued until mid-1982 on both the T-39 and F-18 aircraft.
Key reliability milestones include reliability development testing, starting in
September, 1979, and 50 flight (100 hour) aircraft reliability demonstration in October,
1980 which was completed with no radar failures and the 106-hour radar reliability demo which
was completed in January 1983. During this test, 2 radars were run for a total of 149

hours to a MIL-STD-781 environment with no radar failures.

45B/8-18
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NAVY FLIGHT AND SUPPORT TEST ELEMENTS

buring the radar development phase, a number of assessments and evaluations were
conducted. Duriny these tests, Navy pilots and maintenance personnel evaluated system
performing reliability and maintainability aspects of the radar. Comments written by Navy
personnel were then submitted to MCAIR/Hughes tor possible incorporation in design changes
and reevaluated during subsequent exercises. While some R&M improvements were incorporated
as the result of the exercises, the several conclusions were that the radar met all R&M

criteria at each stage of the assessment.
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NAVY FLIGHT AND SUPPORT TEST ELEMENTS

NAVY PRELIMINARY ASSESSMENTS:

NAVY PRELIMINARY EVALUATION:

NAVY PARTICIPATION FLIGHTS:

[0T&E CINITIAL OPERATIONAL TEST

AND EVALUATION)

NAVY TECHEVAL:

OPEVAL:

47

T-39

F/A-18

F/A-18

F/A-18

F/A-18

F/A-18

RESULT:

0CT 1978
JuL 1979

OCT 1979
MAR 1980
0CT 1980

MAR 1980 - 28 JAN 1981

27 0CT 1980 - 28 JAN 1981

MAR 1982

35 MAY - 4 QCT 1982
1628 FLIGHT HOURS
OPERATIONAL EMPLOYMENT

R&M MET ALL CRITERIA



GTWT AND DISC TESTING

REL GROWTH TEST
EMI
ENVIRONMENTAL QU

INITIAL BIT ASSESSMENT

REL QUAL TEST #1 WATVED

#2

50 REL DEMO FLIG
5-19 NOV 80

M DEMO (PLANNED)

START EM RADARS JAN 76

GO AHEAD (FSD)
DR

CDR  (AVIONICS)
FIRST T-39 EM
FIRST T-39 FSD
FIRST F-18

PCA (S/N 27)
PROD GO-AHEAD
1ST PROD DELIV.
1ST PROD FLT
IST PROD FLT

45/13-18

F-18 RADAR RELIABILITY AND MAINTAINABILITY EVENTS
1 1076 [ 19/7 1 1978 [ 1979 1 1930 [ 1981 ! 1982 | 1983 |
‘===:I
9 6
3 (SHARED) UNITS s=========T=l
AL :
‘===
[=]
3 UNITS 121
HTS 11 '
ST
-~
5 PRE=PROD 6 (1-15)
PILOT PROD 11 (15-25)
AUG 76 a LIMITED PROD 23 (26*-55)
*S/N 76 GSE_CHECKOUT AT WA
0CT 76
M —=ENGR WODEL
JUN 77 R S/N = SET NUMBER
A/C = AIRCRAFT NO
MAR 78 A IDR = INITIAL DESIGN REVIEW!
AUG 78 s
JUN 79 s
JUN 81 A
MAR 79 (S/N 27) R
JUN 81 (S/N 27) z
JUL 81 (S/N 27) IN F-17 5
AUG 82 (S/N 55 1ST FLEET A/C F-37) A

(PREVIOUS S/N IN TRAINING A/C)
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DEVELOPMENTAL RADAR ALLOCATION

Originally, 16 full-scale development radars were requested. However, to reduce program's
cost, this number was reduced to 14. In addition, the equivalent of about 2-1/2 additional
engineering model radars were manufactured. Of the 14 FSD units, systems #5, #6, and #12

were allocated to reliability development and environmental test.
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DEVELOPMENT RADAR ALLOCATION

INITIAL FINAL
SET ALLUCATLON SET ALLOCATLON
1 SELLER BENCH 1 TESTEED
2 TESTBED 2 SELLER BENCH
3 MCAIR BENCH 3 MCAIR BENCH
= WRA SPARES = WRA SPARES
4 ENVIRONMENTAL TEST 4 SHIP 5 (F-5)
5 ENVIRONMENTAL TEST 5 RELIABILITY DEVELOPMENT TEST
6 RELIABILITY DEVELOPMENT TEST 6  ENVIRONMENTAL TEST
7 RELIABILITY DEVELUPMENT TEST 7 PAX BENCH
§  MCAIR DATA 8 SHIP 3 (F-3)
9 SHIP 3 (F-%) 9 SHIP 7 (TF-1)
10 SHIP 5 (TF-1) 10 SHIP 8 (F-7)
11 PAX BENCH 11 FLIGHT TEST SUPPORT
12 FLIGHT TEST SUPPORT 12 ENVIRONMENTAL TEST
13 SHIP 8 (F-7) 15 SHIP 10 (TF-2)
14 FLIGHT TEST SUPPORT 14 SHIP 11 (F-9)
15 SHIP 10 (TF-2)
16 SHIP 11 (F-9)

45A/715-18
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APG-65 RADAR RELIABILITY SUCCESS

The chart shows three of the notable milestones for the F/A-18 radar. The MIL-STD-
781B reliability demonstration test had no failures in 149 operating hours (during that

time there were no WRA removals or repairs).

52
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APG-65 RADAR RELTABILITY SUCCESS

* NOVEMBER 1980

100° FLIGHT HOUR DEMONSTRATION IN A/C F-9 AT PAX RIVFR
- NO RADAR FATLURES

e JAMIIARY 1983

FORMAL RELTARILITY DEMONSTRATINN (MIL-STD-781R)
- 106 HOUR MTBF NEMONSTRATED

e SEPTEMRER 1982 - FERRUARY 1983 (REFER T0 PAGE 263%)
FLEET AVERAGE
= 4275 HRS ACCUMULATED
= MTREF 24 HOURS

45A/8-13
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F-18 RELIABILITY DEMONSTRATED IN FLIGHT (NOVEMBER 1980)

F/A-18 Number 9 flew the 50 Reliability Demonstration flights in 100.5 flight hours
between 5 and 19 November 1980 at Patuxent River. During this period, equipment failures
and aircraft mission reliability performance were monitored by MCAIR and Navy personnel.
Aircraft 9 is the final F/A-18 FSD aircraft and represented the configuration closest to
the production article with systems improvements incorporated consistent with cost and
schedule constraints. All flights were flown by MCAIR pilots and followed air-to-ground,
air-to-air or ferry/familiarization profiles. The demonstration was performed at the
highest fly rate possible within the constraints of pilot availability and Navy support.

Of the 50 flights, the first 20 were dedicated to an air-to-ground profile, the second 20
to an air-to-air profile, and the last 10 to a ferry/familiarization profile. The air-to-
ground and air-to:air profiles incorporated simulated combat segments near the middle of
the mission and the ferry/familiarization flights incorporated a NAVAID penetration, GCA
pattern, and two touch-and-gos. During two air-to-ground flights, live gunfire and bomb
drops with MK-82SE inert bombs were performed on a practice target. Life gunfire was also
performed on two air-to-air flights.

At the completion of the 50 flights, all aircraft maintenance data were reviewed by a
joint Navy/MCAIR Review Board. During the demonstration, nine Contractor Furnished Equip-
ment (CFE) and three Government Furnished Equipment (GFE) failures occurred. These failures
are as follows: CFE--Left Wing Outboard Fuel Probe; Hydraulic Line, Right AMAD Bay; Broken
Wire, Right Fire Detection System; Clogged Hydraulic Filter; Maintenance Signal Data
Recorder; Cockpit Cooling Fan; INS; Left Trailing Edge Flap Actuator; Stores Management Set
Decoder Station 4; GFE--Left Engine (A/B Pump and Line Leak); AIM-9 Launcher Nitrogen Leak;
Right Engine Slow Start.

45B/7-4
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F-18 RELTABILITY DEMONSTRATED IN FLIGHT (NOVEMBER 1980)

e FLEW 50 FLIGHTS USING AIRCRAFT F-9 - 100 FLIGHT HOURS IN 15 DAYS
- 20 AIR-TO-AIR, 20 AIR-10-GROUND, 10 FERRY FLIGHTS
- DROPPED BOMBS ON 2 FLIGHTS AND FIRED-OUT GUN ON 4 FLIGHTS
- NAVY CREWS MONITORED ALL GROUND AND FLIGHT OPERATIONS

e RELIABILITY DEMONSTRATED

5 FLIGHTS PER AIRCRAFT PER DAY ON 3 OCCASIONS

- FLEW 25 CONSECUTIVE TOTAL AIRCRAFT FAILURE-FREE FLIGHT HOURS

- RADAR OPERATED WITHOUT FAILURE THE ENTIRE TEST (100 FLIGHT
HOURS)

- AIRCRAFT REQUIREMENT 3.7 MFHBF

DEMONSTRATED 8.4 MFHBF

- DEMONSTRATED AIRCRAFT PROBABILITY OF MISSION SUCCESS = 0.96

(ONLY 2 MISSION FAILURES - NONE WERE RADAR)

e NAVY PILOTS FLEW TWO FLIGHTS AT CLOSE OF 50 FLIGHT DEMO TO VERIFY
AIRCRAFT STATUS - ALL SYSTEMS UuP

45A711-3
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F-18 AIRCRAFT 3M ANALYSIS

An analysis was made in an attempt to correlate field measurements being made by MCAIR
to reported 3M data. The analysis revealed that approximately 54% of the events that 3M
classified as failures in the MFHBF computation were classified as inherent failures by
MCAIR. Major areas of difference as interpreted by MCAIR occurred as a result of MCAIR

team follow-up in determining secondary failures, and externally induced failures.

45B/8-1
56



F-18 AIRCRAFT 3M ANALYSIS

MAINTENANCE EVENTS _ %2 _OF TOTAL EVENTS
INHERENT FATLURES 54 .4
UNDOCUMENTED SECUNDARY FATLURES 12.8
UNDOCUMENTED [NDUCED FATLURES 1b-8
NON-PRODUCTION CORRECTED 9.6
DUPLICATE COUNT 5.8
MISDOCUMENTED SUPPORT ACTION 0.6

100 %

DATA FROM FEBRUARY 1981 THROUGH 4 MAY 1982
ALL LEMOORE ATRCRAFRT

45A/11-2
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HUGHES ANALYSLIS UF APG-65 FIELD RELTABILITY
VEA 125

MEAN RADAR HOURS BETWEEN
PERIOD FLIGHT HOURS  RADAR HOURS  REMOVALS  RADAR REPAIRS  PRIMARY FAILURES

1981 922 1106 14 27 47
JAN/JUN 82 2406 2887 19 29 48 (EST)*t
JUL/DEC 82 4011 4813 24 41 59 (EST)*

APPROACHING 1 MONTH BETWEEN REMOVALS, 2 MONTHS BETWEEN PRIMARY FATLURES.

*DETAILED ANALYSIS UF 1981 AND PRIOK SHOWS 40% OF FAILURES AKE NON-PRIMARY, I-.t.,
MAINTENANCE-RELATED - '

TPRIMARY MTBF BY WRA: TX=208, R/E=192, ANT=333, RSP=385, RDP=200

45A/3-11
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F/A-18 YUMA DEPLOYMENT

The Navy has been and is continuing to conduct a series of F-18 deployments to remote

sites. These deployments involve intensive flying schedules ot both air-to-air and air-to-
The most recent deployment at this writing was January 1983. A MCAIR

ground missions,
the deployed eiyhteen aircratt

field team was in place at Yuma, Arizona, to monitor nine of
for R&M. The F-18 radar exhibited high reliability with 96% of 300 flights requiring no

radar removals. Only one of the WRAs returned to NAS Lemoore for I level repalr retested

good.

45B/8-2 2C
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F/A-18 YUMA DEPLOYMENT

MOST RECENT OF MANY NAVY DEPLOYMENTS SIMULATING
OPERATIUNAL UTILIZATION

4 JANUARY TO 28 JANUARY 19853

TRAINING SQUADRON DEPLOYMENT TO YUMA

18 AIRCRAFT, 613 FLIGHTS, 650 FLIGHT HOURS

9 AIRCRAFT WERE R&M MONITORED (~300 FLIGHTS)

3 OF THE 9 AIRCRAFT, 78 FLIGHTS, 83.2 FLIGHT
HOURS REQUIRED NO RADAR MAINTENANCE ACTIONS

96% OF FLIGHTS HAD NO RADAR REMOVALS

- 1 WRA RETURNED FOR I LEVEL MAINTENANCE WAS
RETESTED-O0K. THIS WAS A MEASURED 300 SORTIES
PER UNNECESSARY REMOVAL
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RADAR BIT DEVELOPMENT STATUS

The built-in-test software program (Tape 101B) was released for field use in October,
1982. This program was essentially complete at time of issue. Subsequent to tape release,
areas were uncovered in which program refinement was required. These changes are currently
being flight evaluated and will be incorporated in the next scheduled program release.

The software program in the F-18 radar consists of about 30,000 16-BIT words and
performs 106 separate tests during periodic BIT (present mode) and 321 tests during initiated

BIT in which the entire radar is exercised either by pilot action or automatically when the

system is turned on.

45B/8-22
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RADAR BIT DEVELOPMENT STATUS

RADAR BIT DEVELOPMENT DEVELOPMENT ESSENTIALLY COMPLETE WITH TAPE 1018

PERTODIC BIT 10b TESIS

INITIATED BIT 321 TESTS

45/5-17
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PROGRAM REVIKW FLEMENTS



45/5-15

R&M REQUIREMENTS

MISSIUN PRUFILE ESTABLISHMENI

R&M FATLURE DEFINTTIUN

INCENTIVES

SUUKCE SELECTION

LCC CUNSTUEKATTUN
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The

BASIC CONTRACT ELEMENTS

contract for the F-18 radar addressed reliability and maintainability in the

following ways:

a.

b.

45B/7-33

The instruction for proposal preparation emphasized the part that would be played
by the reliability/maintainability program in the supplier selection process.

The equipment specification defined R&M requirements, testing, growth factors,
derating requirements, and second tier documents.

The purchase order contained the life cycle cost structure, design-to-cost struc-
ture, and incentives for R&M.

The supplier data requirements list imposed MCAIR data reporting requirements for
R&M.

The general management requirements included provisions for corrective action,

retrofit, test failure notification, FMEA procedure,
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APG-65 RADAR
BASIC CONTRACT ELEMENTS

INSTRUCTIONS FOR PROPUSAL PREPARATIUN
- EMPHASIZED PART PLAYED BY RELIABILITY/MAINTAINABILITY
PROGRAM IN SELECTION

EQUIPMENT PROCUREMENT SPECIFICATION
- DEFINED R&M REQUIREMENTS, TESTING, GROWTH FACTURS,
DERATING REQUIREMENTS, SECOND TIER DOCUMENTS

PURCHASE URDER
- LIFE-CYCLE COST STRUCIURE, DESIGN-10-CUST STRUCTURE,
INCENTIVES FUR R&M

SUPPLIER DATA REQUIREMENTS LIST
- IMPOSED MCALR DATA REPURTING REQUIREMENTS

GENERAL MANAGEMENT REQUIREMENTS
- CORRECTIVE ACTION, RETROFIT, TEST FATLURE NOTIFICATION,
FMEA PROCEDURE

67



BASIC CONTRACT ELEMENTS - SECOND TIER

The second tier of contract documents in the MCAIR/Hughes contract included a number
of documents that had direct impact on APG-65 R&M. These documents included desiyn guidelines
processes and policy, test and evaluation standards and requirements, preferred parts lists,
and required failure reporting policy.

This list indicates the documents and their MCAIR document numbers.

45B/8-3 68



45A711-1

APG-b5 RADAR
BASIC CONTRACT ELEMENTS

e SECOND TIER R&M DOCUMENTS

(A3807)
(A3374)
(A33/7b)

(A3380)
(A3382)
(A3710)
(A3672)
(A3711)
(A1215)
(A3712)
(A4150)
(A4241)
(A4300)

RELTABILITY DESIGN GUIDELINES - AVIUNICS
F/A-18 PREFERRED PARTS

OPERATIONAL MISSIUN ENVIRUNMENT (UME) -
VIBRATION REQUIREMENTS

SUBCONTRACTUR MAINTAINABILITY TEST STANDARDS
TEST COMPATIBILITY DESIGN REQUIREMENTS
MATERIALS AND PROCESSES

FASTENER USAGE POLICY

CORROSIUN PREVENTION AND CUNTROL PLAN
PACKAGING

NONDESTRUCTIVE TEST PLAN REQUIREMENTS
CLOSED LOOP EVALUATION AND REPOKTING
THERMAL DESIGN AND EVALUATIOUN
RELTABILITY DEVELOPMENT TESTING
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CONTRACTUAL ASPECTS AIMED AT IMPROVED RADAR R&M

The subcontract for the APG-65 radar contained a number of features aimed at improved
radar R&M.

Design requirements for R&M included a stringent part derating requirement. This was
based on the NASA guidelines but in many instances, such as IC temperatures and transistor
power, even tougher levels were required. A detailed set of reliability design guidelines
was also utilized.

A Test-Analyze-and-Fix (TAAF) program included a reliability development test. The
TAAF philosophy was followed in all the radar testing with failure analysis and corrective
action for all failures. The emphasis on estimating MTBF from these tests was replaced
with an atmosphere of uncovering every possible weakness,

Many test requirements were placed upon the supplier: reliability development, initial
BIT assessment and maintainability BIT demonstration. During these tests each component or
test failure required analyzing and a corrective action taken. Retesting was required in
many cases.

The final test of the supplier's performance was a field measurement of the procurement
specification quantitative values. These were accomplished at 2500 and 9000 flight hours;
2500 at NATC PAX River Maryland, 9000 at NAS LeMoore California. An incentive existed for

each milestone.

45B/7-16
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CONTRACTUAL ASPECTS AIMED AT IMPROVED RADAR R&M

DESIGN REQUIREMENTS
e SPECIFIC DESIGN REQUIREMENTS INCLUDING DERATING CRITERIA

o RELIABILITY DESIGN GUIDELINES

TEST-ANALYZE-AND-FIX (TAAF) PROGRAM
e RELIABILITY DEVELOPMENT TEST REQUIREMENTS
e INITIAL BIT ASSESSMENT
e M/BIT DEMONSTRATION

R&M GUARANTEES DEMONSTRATED
e MTBF
o MMH/FH
e MFHBMA

INCENTIVES - UP TO 5% OF FSD PURCHASE ORDER PRICE
e DURING MIL-STD-781B LAB DEMONSTRATION - MTBF
e DURING FLIGHT DEMUNSTRATION
e MFHBF
o MMH/FH
e MFHBMA

45A/3-14
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LABORATORY AND FLIGHT DEMONSTRATIONS

The F/A-18 program required that R&M be demonstrated both at the equipment level and

the aircraft level.
Demonstrations and evaluations to comply with the quantitative requirement were required

in the Navy to MCAIR and MCAIR to Hughes contracts. The ability to meet the on-aircraft

requirements was demonstrated by MCAIR during the 2500 flight hour evaluation at NATC Pax
River and by the Navy during the 9000 flight hour evaluation at NAS Lemoore. The intermediate

level maintainability demonstration, alonyg with the final bit evaluation, is scheduled at

Hughes Aircraft Company later this year (1983).
These contractual R&M demonstration requirements will be summarized on the next three

charts.

72
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LABORATORY AND FLIGHT DEMUNSTRATIONS

® FIRM R&M GUARANTEES AT BUTH AIRCRAFT AND RADAR LEVEL

o BDEMONSTRATIONS AT EQUIPMENT LEVEL AT HUGHES

o DEMONSTRATIUNS AT AIRCRAFI LEVEL DURING FLIGHT TEST PROGRAM

450/ 3-15
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APG-65 RADAR RELIABILITY DEMONSTRATION

The radar reliability demonstration requirement was specified as a three-phase MTBF
growth requirement. The quantitative MTBF requirements in the MCAIR subcontract to Hughes
were slightly higher than the MTBFs stated in the Navy contract to McDonnell. Test Phase
#1 which was to use the first pre-production units was waived so the test radars could be
used in the TAAF Reliability Development Test, thereby testing the recently implemented FSD
corrective actions under operational mission environments. The second phase (at the point
of 50-75 production units) exceeded the 85 hr requirement and went on to meet the require-

ment of the final phase (106 hrs MTBF), potentially eliminating the need for the third test.

45B/7-6
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APG-b5 RADAK RELTABILITY REQUIREMENTS

* [HREE PHASE PRODUCTION RELTABILITY GROWTH REQUIREMENT

MTBF
PHASE NAVY?ﬁgglRchké/HAC UtMUES{S?]IUN RESULTS
#1 b0 b4 INITIAL UNITS WALVED
#2 80 85 #50-#75 >106 HRS
#5 100 10b #125 ---

o PHASE #2 RESULTS >106 HOUR MTBF

e AHEAD OF SPECIFIED GRUWTH PLAN

45071517 76



MAINTAINABILITY REQUIREMENTS

The maintainability requirements imposed on the radar supplier included suballocating
to- the radar a portion of the total air vehicle requirements.

The MTBUMA, MTTR, and DMMH/FH were all demonstrated requireménts. The MTTR was
demonstrated during the maintenance engineering inspection in February 1980. The MTBUMA
and DMMH/FH were demonstrated during the field 2500-hour evaluation at NATC-Pax River, MD,
and the 9000 FH evaluation at NAS-LeMoore, CA.

The basic Navy maintainability requirements (NAVAIR AR-10 and MIL-STD-1472 including
BIT) were redefined and incorporated into the procurement specification for the radar.

These design requirements were integrated with other requirements based on past experience.

45B/7-25
76



APG-65 RADAR MAINTAINABILITY REQUIREMENTS

MTBUMA(FH)
MTTR

DMMH/FH
BUILT-IN-TEST

INITIAL BIT ASSESSMENI

MAINTAINABILITY DEMONSTRATION
AR-10 REQUIREMENTS

OTHER DESIGN FEATURES FUR
MAINTAINABILITY

45A/3-1b

40.0 FLIGHT HOURS (NOT LESS THAN)
0.20 HOURS ("0“ LEVEL)
0.26 HOURS (TOTAL "0" + "1")

"PERTODIC” BT SHALL DETEC] AT LEAST 90% OF ALL FAILUKES
OF THE SELECTED EQUIPMENT UPERATING MODE

“PERIODIC + INITLATED” BIT SHALL DETECI A1 LEAST 98% OF
ALL EQUIPMENT FAILURES
CONSISTS UOF INSERTING ONE AT A TIME A _TUTAL OF 500 NON-
DESTRUCTIVE FAILURE STHOLATIONS THE NUMBER ™ OF
UNDETECTED FAILURES SHALL NOT EXCEED 3.
DEMONSTRATION OF FAILURE DETECTION, ISOLATION, MEAN TIME
TO REPAIR SHALL BE CUNDUCTED PER TEST PLAN
REDEFINED AND INCLUDED IN RADAR PROCUREMENT SPECIFICATION
e ALL WRA LIQUID COOLING, WAVE GUIDE AND ELECTRICAL
CONNECTIONS SHALL BE OF THE QUICK RELEASE TYPE-
LIQUID COOLANT CONNECTORS ARE SELF-SEALING TYPE.

THE RADAR PACKAGE SHALL Bt CAPABLE UF BEING EXTENDED
gﬁé“gUTHt EFFURT OF ONE PERSUN STANDING ON THE

ACCESS TU THE ANTENNA SHALL NOT REQUIRE RACK EXTENSION
CAPTIVE WRA MOUNTING FASTENERS
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BUILT-IN-TEST REQUIREMENTS

The basic NAVAIR AR-10 requirements were redefined and incorporated into the radar
procurement specification to assure that MCAIR would, as a minimum, meet or exceed the

MCAIR built-in-test requirements to the Navy. As a direct fallout of incorporating a

comprehensive BIT program employing digital circuits, SRA isolation can be accomplished

by inspecting the fail flags stored within the processor memory.

45B/7-26
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APG-65 RADAR BUTLT-TN-TEST REOUTREMEMTS

o [MITIATED RIT
A7 FANLT DETECTIOM
Q0% FAULT TSOLATION (TO WRA)

o PERIODIC BIT
an7 FAULT DETECTION

AN7 FAULT TSOLATION (TO WRA)

o FALSE ALARM RATE <17

W5A/35-17
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BIT TEST PLAN

The number of trials for the maintainability/BIT demonstration is determined by the
system MTBF at a 95% confidence level. The faults are randomly selected and proportionally
distributed to each WRA based on the WRA failure rates. A minimum of 95 faults with zero
(0) test failures (all faults detected and isolated) is considered passed. If a test
failure occurred, an additional 30 faults with zero test failures are required in order to
pass. If, at the completion of this demonstration, 338 tests, a point within the accept

region is not obtained, fixed/retest of the test failures is required.

45B/7-35
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13 1 338

12 7

11 7

10 7T Maximum
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Trials

g S
Fallures REJECT
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Detected 8 4
And Not
[solated MHinimum Humber Of

4 Trials CONTIHUE
TESTING
6 +
5 41
ACCEPT
REGILON

&
3.1..________‘

3 4

2 1

1

{(Ho)}
{ b b } : + } |
50 / 100 150 200 250 300 350 400
94.7 BIT FAILURE DETECTION AND ISOLATION TRIALS

TEST PLAN
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Emphasis was placed on designing and testing to the "real-world” environments,
Operational Mission Environment (OME) was used to define the F/A-18 operating conditions
and took precedence over less severe environmental specifications. This real-world

environment was first applied as design constraints and then used to set the test limits.

83
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The implementation of a realistic Operational Mission Environment (OME) as a basis for
design and test requirements is a key Hornet program initiative which contributes to improved
equipment reliability. Traditional design and test requirements have, in many instances,
been inadequate in representing field operating stresses. As a result, the real-world
operating environment contributes to failure modes that were not considered during design,
nor discovered and corrected during demonstration tests. To solve this problem, realistic
training and combat mission profiles were selected as the basis for a detailed operating
environment of the airplane. As the first step in the OME process, twelve training missions
(based on training syllabus requirements, squadron surveys, and pilot experience) and six
critical combat missions (based on the Hornet Operational Requirement) were defined. A
frequency of occurrence for each mission was then established for Navy Fighter, Navy Light
Attack, and Marine Fighter/Attack squadrons, as well as ship/shore and combat/training
sortie ratios. Allowances were included for combat maneuvers, occasional transient excur-
sions beyond the design flight envelope, ground operation, and handling and storage condi-
tions. The resulting OME definition formed the basis for establishing expected flight
load, vibration, temperature, altitude, humidity, acoustic, salt, and dust conditions.
Critical design points from the OME became "design-to" requirements for all Hornet equipment.
Thus, design and test conditions tailored to the expected environment were derived and im-
posed in the procurement specifications. OME conditions were used in the radar reliability
development test. Accelerated testing approaches were developed to "time-compress” the

design life testing .to achieve test span reductions and cost economics.

45B/8-4
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F-18 MISSION PROFILES (MP)
IN DESIGN AND TEST (D&T)

OPERATIONAL REQUIREMENT

; ‘ b

VF VA VMFA VF CRITICAL VA CRITICAL VMFA CRITI-
TRAINING TRAINING TRAINING COMBAT COMBAT CAL COMBAT
e e T s et
. MCAIR
TRAINING COMBAT CRITICAL
MP COMPOSITE MP COMPOSITE

GROUND OPERATIONS, ENVELOPE CORNERS,
MAINTENANCE, GROUND HANDLING, AND
STORAGE ENVIRONMENTS

DEVELOPED SUBSYSTEM AND COMPONENT
CRITICAL PARAMETERS

T

NAVAIR APPROVAL

GP78-1130-5¢
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F-18 DESIGN MISSION MIX

TYPE SQUADRON/MISSION VF VA VMFA

% OF PROCURED FORCE 25 43 32

TRAINING MISSION DISTRIBUTION (SURVEYS AND TRAINING REQ'MTS) W

STRIKE ESCORT 15 - 5.0
BARRIER CAP 10.8 - 10.0
FIGHTER CAP 6.5 = 6.0
DECK LAUNCHED INTERCEPT (DLI) 1.0 - 1.0
AIR COMBAT TRAINING/ACM 209 120 20.0
AIR INTERCEPT TRAINING 20.0 5.0 -
INTERDICTION/CLOSE AIR SUPPORT 12.0 270 30.0
LOW LEVEL NAVIGATION/STRIKE - 15.0 11.0
CARRIER QUALIFICATION 3.0 30 2.0
FIELD CARRIER LANDING PRACTICE 9.0 9.0 9.0

FERRY/FAM/INSTRUMENTS 9.3 24.0 -
SURFACE SUBSURFACE SEARCH & _50 s
TOTAL 100% 100% 100%

COMBAT CRITICAL MISSIONS 12% DISTRIBUTION FOR CONSERVATIVE DESIGN

STRIKE ESCORT 15.0 - 40.0
DLI AGAINST BOMBERS (SAME PROFILE AS T4) 25.0 - 25.0
SUPERSONIC MEDIUM ALTITUDE ATTACK - 5.0 5.0

SUPERSONIC HIGH ALTITUDE ATTACK = 15.0 -
HIGH SUBSONIC LOW ALTITUDE ATTACK = 10.0 10.0
SUBSONIC MEDIUM ALTITUDE ATTACK - 70.0 20.0

87

GP77-0021-8



F-18 OPERATING HOUR SUMMARY

F-18
SINGLE
SERVICE
MISSION LIFE
FLIGHT HOURS 1.877 6000.0
ADDITIONAL ENGINE OPERATING
HOURS 0.563 1800.0
e MISSION RELATED
(TAXI, TAKEOFF, ETC) (0.522) | (1667.2)
e OTHER (MAINTENANCE, TRIM, ETC) | (0.041) (132.8)
OPERATING HOURS FOR MAINTENANCE 0.630 2013.9
® APU OPERATING (0.530) | (1694.2)
e EXTERNAL POWER (0.100) (319.7)
TOTAL 3.070 9813.9
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MDC A4240
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89

MDC A4238
SUMMARY
REPORT

{}

MDC A4239
MISSION AND
OPERATIONAL
ENVIRONMENT

TO NAVAIR
FOR
APPROVAL




RELIABILITY FAILURE DEFINITION

Reliability failure definitions were established for the various test/measurement
aspects ot the F-18 program. Reliability demonstration testing basically used the ground
rules of MIL-STD-781 and AR-34. Field teams were deployed both during full-scale development
(FSD) and deployment. Ground rules during FSD included provisions for making a tailure non-
relevant if a fix had been identified prior to the field occurrence. (This approach was a
compromise between counting all tailure occurrences until the fix was implemented and not
counting repeats of known problems.) This method projected the reliability that could be

expected on the production aircraft,

90
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RELIABILITY FAILURE DEFINITION

o RELIABILITY DEMONSTRATION
-~ MIL-STD-781B “RELTABILITY TESTS: EXPUNENTIAL DISTRIBUTION"

- AR-34 “GENERAL REQUIREMENTS FOR FAILURE CLASSIFICATION FOR
RELIABILITY TESTING"

e RELIABILITY MEASUKEMENT DURING FLIGHT TEST AND OPERATION

- MCATR/NAVALIR MEMURANDUMS OF AGKREEMENT
FSD - NON-RELEVANT 1F FIX PREVIOUSLY [DENTIFIED
PRODUCTIUN - ALL RELEVANI

45A/9-5
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R&M AWARD FEE STRUCTURE

An incentive award fee was issued as part of the basic contract to provide MCAIR an
opportunity to gain awards based on demonstrated aircraft performance in the areas of R and
M. These award fees were then structured to allow major suppliers to participate in the
R&M incentive.

The reliability features of the radar to be demonstrated were MTBF and MFHBF. The
maintainability features were MMH/FH (O-Level Unscheduled), DMMH/FH (0O&I Total) and MFHBMA
(O-Level). These requirements were selected to be demonstrated during the production
reliability test, the 1200 FH, 2500 FH, and 9000 FH periods. The incentive award fee was
structured to provjde 60% of the total award pool to reliability and 40% maintainability.

45B/8-23
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APG-65 RADAR RELIABILITY INCENTIVE AWARDS

The table shows the radar reliability incentive earned to date. The 1200 flight hour
evaluation was based on cumulative data beginning at first flight and allowed almost no
credit for corrective actions. The 2500 tlight hour milestone was fulfilled by the 50-

flight, aircraft reliability demonstration. The production reliability demonstration was
the MIL-STD-781B test conducted at Hughes.

45B/7-29
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APG-65 RADAR
R&M INCENTIVE AWARD FEE STRUCTURE

e MAXIMUM AWARD = 5% OF FSD PURCHASE ORDER COST

e WEIGHT CONSTRAINTS ON RELIABILITY AWARDS
® QUALITATIVE LIFE CYCLE COST CONSTRAINT ON
MAINTAINABILITY AWARDS

MAXIMUM AVATLABLE AWARD FEE

AS PERCENT OF ReM AWARD POOL
R&M PARAMETERS PRODUCTION
RELIABILITY
TESTING 1200 FH 2500 FH 9000 FH
(MIL-STD-781B)
RELIABILITY MTBF 30 9 == --
60%
MFHBF -- - 21 --
MAINTAINABILITY MMH/FH (O-LEVEL, UNSCHED) T 4 6 -
40% DMMH/FH (0&I, TOTAL) o . 8 12
MFHBMA (0-LEVEL) -- - 4 6
TOTAL 30 13 39 18

45A/9-2
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APG-65 RADAR RELTIABILITY INCENTIVE AWARDS

The table shows the radar reliability incentive earned to date., The 1200 f£light hour
evaluation was based on cumulative data beginning at first flight and allowed almost no
credit for corrective actions. The 2500 flight hour milestone was fulfilled by the 50
flight, aircratt reliability demonstration. The production reliability demonstration was
the MIL-STD-781B test conducted at Hughes.

458/7-29 96



APG-65 RADAR RELIABILITY

INCENTIVE AWARDS

THRESHOLD 1007 ACTUAL
1200 FLIGHT HOURS 58 96 37

2500 FLIGHT HOURS - - —

PRODUCTION R DEMO &5 106 >106

45A/3-18
97

MFHRF

THRESHOLD 1007

53 88

% AWARD

RECEIVED

0

100
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9000 HOUR MAINTAINABILITY INCENTIVE AWARD

The 9000 tlight hour maintainability evaluation was conducted by VFA-125, the tirst

The maintenance was pertormed
The maintenance

The

fleet readiness squadron (FRS), at NAS-LeMoore, Calitornia.

by fleet personnel and observed by MCAIR and Naval Air Test Center monitors.

was documented by squadron maintenance personnel on Navy VIDs/MAFs (OPNAV 4790/60).

data from four production aircratt was used.

During this time VFA-125 made three deployments,
A total of 924 flight hours were accumulated on these four aircraft.

two to MCAS-Yuma, AZ, and one to

NAS-Fallon, NE.
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APG-b5 RADAR
9000 HR MAINTAINABILITY INCENTIVE AWARD

MMH/FH (ORGANIZATIONAL/INTERMEDIATE-LEVEL) FOR 9,000 FLIGHT HOURS

REQUIRED - .280 MMH/FH

DEMONSTRATED - .227 MMH/FH

% IMPROVEMENT - 197

AWARD - MAXIMUM (12% OF TOTAL R&M AWARD POOL)

MEHBMA (ORGANIZATIONAL-LEVEL) FOR 9,000 FLIGHT HOURS

REQUIRED = 36.7 MEAN FLIGHT HOURS BETWEEN MAINTENANCE ACTION
DEMONSTRATED - 42.0 MEAN FLIGHT HOURS BETWEEN MAINTENANCE ACTION
% IMPROVEMENT - 16%

AWARD - (19% OF MAINTAINABILITY AWAKRD, 88% UF LOGISTICS

BIAS AWARD)

TOTAL 9,000 FLIGHT HOURS MAINTAINABILITY INCENTIVE
AWARD - 80-.3% OF AWARD AVAILABLE

29



SOURCE SELECTION

The importance of R&M was clearly established with potential suppliers during numerous
brietings, specific proposal preparation instruction, and firm, demanding specification

requirements. This importance was reinforced by requiring specific data in each proposal.

The data included analysis of and justification for any exceptions to reliability guidelines
and derating criteria. Examples of analysis techniques including FMEAs and predictions

were also required. It was made clear that R&M was a total program concept and that R&M

evaluation would be conducted in all key areas of the proposal including design, manufacturing,
Numerous special trade studies of alternative configurations

management, and contracts.
These activities supported the emphasis on

required the input of the potential suppliers.

R&M during negotiation.

45B/7-19
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45A/15-16

1)

2)

3)

4)

SOURCE SELECTION

CLEARLY ESTABLISH IMPORTANCE OF R&M

) BRIEFINGS
) REQUEST FOR PROPOSAL INSTRUCTIONS
) HARD SPECIFICATION REQUIREMENTS

EINFORCE IMPORTANCE WITH SPECIFIC DATA REQUIRED IN PROPOSALS
VER AND ABOVE

A)  CLEAR SUMMARY OF EXCEPTIONS ANTICIPATED TO

- RELIABILITY GUIDELINES
- DERATING CRITERIA

- ANALYSIS TECHNIQUES

- TRADE STUDIES

R&M EVALUATION CONDUCTED IN ALL KEY PROPOSAL AREAS

- DESIGN

- MANUFACTURING/PRODUCTIUN PLANS
- MANAGEMENT

- CONTRACTUAL

NUT JUST THE R&M PROPUSAL VOLUMES

BUYER PERFURMANCE DURING NEGOTIATIONS SUPPURTS R&M EMPHASIS

REACTION TO SPECIFIC R&M_EXCEPTIONS/DEVIATIONS BALANCE

IN RELATION TO OTHER FACTORS

- REACTION_TO CONFIGURATION AND TRADE STUDY SELECTIONS

- IMPLEMENTATION OF KEY R&M PROPOSED INITIATIVES AS
CONTRACTUAL REQUIREMENTS

o SPECIAL TESTS

A
B
C
R
0
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MANAGEMENT



- MANAGEMENT EMPHASILS

- MANAGEMENT CUNTRUL

45/3-19
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MANAGEMENT EMPHASIS

All program participants at all levels must be made aware of the importance of R&M.
This especially includes the designers both at MCAIR and the suppliers. With many informal

R&M trade-offs taking place daily on the drawing boards, the individual designers have to
be aware of the importance of R&M.

45B/8-24
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MANAGEMENT EMPHASIS

e NAVY BRIEFINGS ON R&M NEW LOOK

- MCAIR MANAGEMENT AND SUBSYSTEMS MANAGERS

- POTENTIAL SUPPLIERS

s  NCAIR/NAVY

- PUTENTIAL SUPPLIERS

= VISITS TO KEY SUPPLIERS PLANTS - BRIEFINGS T0
MANAGEMENT AND RESPUNSIBLE DESIGN ENGINEERS

RESULTS: ESTABLISHED MANAGEMENT EMPHASIS
ESTABLISHED DESIGNER LEVEL EMPHASIS

45A/15-15
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NAVY PROGRAM REVIEWS

Navy program monitoring and sustained emphasis on R&M was evident by the number of
meetings shown in the figure. Special emphasis and attention was provided by the Assistant
Deputy Chief of Naval Material for RM&Q. These meetings not only communicated the Navy's
interest in R&M but brought senior contractor management into the meetings.

In the early reviews, the Navy required that R&M be addressed in the reviews by the
contractor subsystem manager. This reinforced the idea that R&M was part of the respon-

sibility of the subsystem managers and designers.

45B/8-6
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NAVY PROGRAM REVIEWS AT MCAIR FUR R&M

NOV 5-b, 1975 R&M DESIGN REVIEW
RADM FUXGROVER, ADM SEYMOUR, W. WILLOUGHBY
JAN 19-22, 1976 R&M DESIGN REVIEW
FEB 3-4, 1976 R&M REVIEW
MAR 5, 1976 BIDDER INFORMATION CONFERENCE
RADM FOXGROVER, W. WILLOUGHBY
APR 2, 1976 R SPECTALTY DESIGN REVIEW
MAY 1976 INITIAL DESIGN KEVIEW
AUG/SEP 1976 R SPECTALTY DESIGN REVIEW
DEC 6, 1976 R&M DESIGN REVIEW
RADM JESSON, CAPT LENUX, W. WILLOUGHRY
SEP 1977 DETAIL DESIGN REVIEW
JAN/FEB/MAR 1977 R SPLCTALTY DESIGN REVIEW
MAR 1, 1977 R&M PROGRAM REVIEW
APR 19-22, 1977 CRITICAL DESIGN REVIEW
CAPT CARRUTH
MAR 15, 1978 R PROGRAM REVIEW
JuL 24, 1978 R PROGRAM REVIEW

45A715-13
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(Continued)

During the present program phase emphasis has been concentrated on Navy operational

reviews, but Reliability coordination and Technical coordination between NAVAIR, MCAIR and

Hughes has continued,

108
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NAVY PROGRAM REVIEWS AT MCAIR FOR R&M (CONTINUED)

DEC 12-13, 1978
AUG 16, 1979
SEP 24, 1979
JAN 27, 1980

R&M PROGRAM REVIEW
R&M PROGRAM REVIEW
R&M REVIEW - CAPT LENOX

PREPRODUCTION RELIABILITY DESIGN ,
REVIEW - W. WILLOUGHBY, RADM JESSON,
CAPT LENOX, CONDUCTED AT WASHINGTON, DC

FEBRUARY 1980 T0 PRESENT

TECHNICAL CUURDINATION MEETINGS AT MCAIR/HUGHES - BIMONTHLY

e NAVY UPERATIUNAL AND MAINTENANCE REVIEW - QUARTERLY SINCE

JANUARY 1982

e NAVY/MCAIR R&M REVIEWS - SEMIANNUAL
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OME AND YOUR APPROACH
TO DESIGN AND TEST

e THE OME SPECS AND DOCUMENTS ARE THE MCAIR/USN
BEST ESTIMATE OF WHAT YOUR EQUIPMENT WILL SEE

IN SERVICE

e THE FLIGHT DEMONSTRATION PROGRAM WILL SIMULATE
OPERATIONAL USAGE

e WE WILL ALL BE JUDGED IN THE FLIGHT DEMO PROGRAM

e THE SUCCESS OF OUR PROGRAM DEPENDS ON OUR
PERFORMANCE DURING THE FLIGHT DEMONSTRATION

TAKE IT SERIOUSLY

DON'T DESIGN TO PASS SOME LAB TESTS
OUR F-18 WON'T FLY IN A LAB
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MANAGEMENT CONTROLS

Collocation of R&M engineers with design engineers at MCAIR provided for effec-

tive coordination and communication throughout the program.

45B/8-6A
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MANAGEMENT CUNTROLS

e REQUIREMENTS/RESPONSIBILITY FLOW TU DESIGNER LEVEL

- AWARE OF ALL REQUIREMENTS
- EQUAL RESPUNSIBILITY FUR PERFURMANCE/RELTABILITY/MAINTAINABILLITY/
COST (QUAD CHARTS) REPURTING AT ALL REVIEWS

e SCHEDULES AND MILESTUNE CONTROL

e (COLLOCATION OF R&M ENGINEERS WITH DESIGN ENGINEERING AT MCAIR

45/5-20
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RAODAR SET

SUBSYSTEM MANAGER: L.A. LEMKE
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WRA: RADAR SIGNAL PROCESSOR REA: E. B. CLAPP
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