 RELIABILITY,
MAINTAINABILITY
ma \
SUPPORTABILITY

BOEING




OVERVIEW

e BACKGROUND e R&M APPROACH

'PRODUCT LINES REQUIREMENTS
POLICY | ' DESIGN INTERFACE
OPERATING PROCEDURES ANALYSIS TOOLS
| TESTING
e R&D
= DOCUMENTATION
CURRENT

POST PRODUCTION SUPPORT
FUTURE
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BACKGROUND

R&M IMPLEMENTED LATE 50s
STRONG EMPHASIS VIA CORPORATE POLICY IN 1960

MAJOR EFFORT COMMENCING WITH MINUTE MAN AND CONTINUING
ON ALL PROGRAMS THRU 757/767 .

LEADER IN AREAS SUCH AS: ANALYSIS, TAF TESTING, POST PRO-
DUCTION SUPPORT, ETC

CONTINUAL INCREASING R&D EFFORT




CORPORATE POLICY - 4E1 DATED MAY 11, 1983

EXPLAINS R&M RESPONSIBILITIES WITHIN THE BOEING COMPANY

e Conduct a planned and ORGANIZED APPROACH to product safety, RELIABILITY AND MAINTAINABILITY on each

product program, with the ou_nn._<a. of enhancing product operational safety, dependability, availability, and customer
acceplance.

o Implementation will be consistent with applicable CUSTOMER CONTRACTUAL REQUIREMENTS and Boeing standards

of product excellence, and will include consideration of human reliability and capability limitation as they relate to all aspects

of product performance.

e Planning of each product program will include the IDENTIFICATION OF product safety, RELIABILITY AND

MAINTAINABILITY CONSIDERATIONS, and requirements which are applicable to development, design, production, and
operational use of that product. Planning of program and functional activities that would Influence the product’s satety,
reliability, or maintainability will be correlated with such considerations and requirements for assurance of compatibility.
Provisions will also be made for timely, systematic verifications that the product will meet applicable requirements and
standards of safety, reliability, and maintainability.

e The RESPONSIBILITY FOR DESIGNING satety, RELIABILITY, AND MAINTAINABILITY into the product LIES

WITH THE DESIGN organization. A technical staff will monitor product design to function as a check and balance through
independent appraisals. These technical statis will (a) conduct research to maintain a high level of competence within their
technical disciplines, (b) collect operational data on product performance and maintain a system for assuring experience
retention and application to new designs, (c) provide expert counsel and direct support to product design organizations as
required, and (d) serve as the focal points for overall planning, coordination, and surveillance in their respective fields.

e Every reasonable effort will be made to ald customer system planning to ASSURE that CUSTOMER FURNISHED

EQUIPMENT will sustain the safety, reliability, and maintainabllity designed Into Boeing products.

e Contractual obligations for meeting safety, reliability, and maintainablility requirements may be accepted only after careful

analysis and coordination which assures that such obligations and their .:_:__Bo:. can be DEFINED, DEMONSTRATED,
ATTAINED, and included in product pricing.

e License agreements with other firms for the manufacture of Boeing products will make provisions for assuring, to the greatest

extent practicable, that the LICENSEE'S PERFORMANCE WILL BE CONSISTENT with the objectives of this policy,
without assumplion by Boeing of any liability for the licensee’s failure to do so.

on his organization, its product fields, and customer practices.

than one division.

The COMPANY DIVISION MANAGER will establish and document measures for implementation of this policy as it bears

The SENIOR ENGINEERING MANAGER for each company will develop, coordinate, and maintain supplements to this
policy to set down standards as needed for the application and integration of engineering disciplines for product satety,
reliability, and maintainability. He will foster and guide interdivisional activities to coordinate related matters of interest to more




PROGRAM
MANAGERS

OPERATING PROCEDURES 8F00-2
R&M PROGRAM RESPONSIBILITIES

PROGRAM
R&M
GROUP

DESIGN
GROUPS

ILS
R&M
GROUP

DEFINES THE R&M RESPONSIBILITIES OF EACH BMAC ORGANIZATION

TECH STAFF OPERATIONS CONTRACTS

REVIEW AND AP-
PROVE R&M PRO-
GRAM PLAN

ASSURE THAT R&M
PROGRAM MEETS
ALL CONTRACTUAL
REQUIREMENTS

PREPARE R&M PRO-
GRAM PLAN & CO-
ORDINATE WITH
CUSTOMER

REVIEW & APPROVE
R&M PROGRAM
PLAN

PROVIDE INPUTS
7O DESIGN GROUP
AND ASSURE OPTI-
MUM DEGREE OF
R&M

ASSURE CAPABILI-
TIES EXIST TO PER-
FORM THE DESIGN
R&M FUNCTIONS

PROVIDE R&M POLI-
CIES, PROCEDURES,
DIRECTIVES & AS-
SISTANCE TO ALL
ORGANIZATIONS

CONDUCT R&M
TESTS REQUESTED
AND/OR DEVEL-
OPED BY AN RaAM
GROUP

DEFINE FAILURE
CRITERIA AND
CHARACTERISTICS
FOR PRODUCT
EVALUATION

COORDINATE WITH
R&M PERSONNEL
TO ASSURE OPTI-
MUM R&M IN THE
DESIGN

120<_Dm0c_c>zom
FOR EACH NEW 1
R&M PROGRAM

REVIEW THE R&M
PLAN FOR EACH
NEW PROGRAM

PROVIDE WRITTEN
EVALUATION TO
MANAGEMENT &
OTHER GROUPS

UTILIZE TRADE
STUDIES TO PRO-
VIDE MANAGEMENT
OF R&M EFFORTS
ON DESIGN
DECISIONS

ATTEND ALL PDRs
& CDRs FOR ALL
| PROGRAMS

CONDUCT ANALY-
SIS TO DETECT RE-
LAY OR POTENTIAL
PROBLEMS

ISSUE STATUS RE-
PORTS ON PROB-
LEM AREAS TO
CUSTOMER

COORDINATE WITH
R&M IN DEVELOP-
ING DRAWING &
SPECS REQUIRE-
MENTS, AP-
PROACHES &
CAPABILITIES

RESEARCH & RE-
MAIN AWARE IN IN-
DUSTRY S-O-T-A
FOR ALL R&M
TECHNOLOGIES

DEVELOP AND CON-
DUCT DEMO TESTS
TO MEASURE R&M

MONITOR SUPPLIER
PERFORMANCE AND
FEED BACK TO
DESIGNERS

ACT AS FOCAL
POINT FOR ALL
R&M ACTIVITIES
AND ASSURE THAT
R&M PROGRAMS
ARE CONSISTENT

IN THE COMPANY

DEVELOP COM-
PUTER PROGRAMS
AND OTHER R&M
TOOLS REQUIRED
TO ASSURE APPRO-
PRIATE ANALYSIS,
TRACKING, AND
GROWTH

PROVIDE ASSIST-
ANCE TO R&M
GROUP IN OBSERV-
ING TEST
PERFORMANCE

INCLUDE R&M RE-
QUIREMENTS IN
PURCHASE ORDERS
AS SPECIFIED ON
THE SOW/SOURCE
CONTROL
DOCUMENT

REVIEW CONTRAC-
TUAL R&M RE-
QUIREMENTS FOR
EACH PROGRAM

REPORT TEST RE-
SULTS TO THE R&M
GROUP AND MAIN-
TAIN HISTORICAL
FILE OF TEST
RESULTS

AS A PART OF SUP-
PLIER EVALUATION,
INCLUDE AP-
PRAISAL OF SUP-
PLIER R&M
PROGRAM

ASSURE THE R&M
GROUP IS COGNI-
ZANT OF CONTRAC-
TUAL R&M
REQUIREMENTS

USING DATA PRO-
VIDED BY R&M
GROUP CONSIDER
ACTIONS WHICH
MAY BE TAKEN BY
OPERATIONS TO IM-
PROVE PRODUCT
R&M

SERVE AS COORDI-
NATOR BETWEEN
SUPPLIER AND EN-
GINEERING IN THE
IMPLEMENTATION
OF CONTRACTUAL
R&M REQUIRE-
MENTS

VERIFY THAT CON-
TRACTUAL R&M RE-
QUIREMENTS ARE
ACCOMPLISHED
AND THAT EVI-
DENCE OF COMPLI-
ANCE IS SUBMITTED

TO THE CUSTOMER

QA WILL PROVIDE
SUPPORT TO R&M
AS REQUIRED TO
IMPLEMENT THE
R&M PROGRAM
PLAN

SPBEO17-08
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APPROACH




R&M PROCESS

CUSTOMER

PRODUCTION
HARDWARE

SowW
REQUIREMENTS

A\RaMTS

M _ROMTS

DOCUMENTATION

ALLOCATION
PROCESS

SUPPLIER
R&M
RAMTS

/

N\

PROGRAM
PLAN

PROTOTYPE
HARDWARE

BOEING
R&M
ROMTS

LESSONS
LEARNED

LOGISTICS
SUPPORT
ANALYSIS

R&M
ANALYSIS

8R




/R\ REQUIREMENTS
M REQUIREMENTS



RELIABILITY & MAINTAINABILITY SPECIFICATIONS

INCLUDED IN THE SOW IN QUALITATIVE AND QUANTITATIVE TERMS

—_—

CUSTOMER
STATEMENT
OF
WORK

\

wies

RELIABILITY

. MTBF — 1000 FLT. HRS

MISSION R\ = 96%

LIFE — 15 YEARS

4
&
MAINTAINABILITY 77 *f

,,\‘;_ . ,/,
' [T "0 LEVEL MTTR = 0.5 HRS
o _}—"™"LEVELMTTR = 1.5 HRS
1 FAULT DETECTION = 90%
FAILURE ISOLATION = 95%
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RELIABILITY ALLOCATION

ALL TOP LEVEL RELIABILITY VALUES ARE PRORATED
| TO LOWER LEVELS OF ASSEMBLY

AIRCRAFT
222.22

AIRFRAME
9.78

LANDING
GEAR

20.01

MISC
39.06

ENGINE

WEAPONS
1.52

ELECTRICAL
&
AVIONICS
125.056

FLIGHT
CONTROLS

1.95
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RELIABILITY ALLOCATIONS TO SUBSYSTEM

\\\\\\l\l\l\ll\

SYSTEM
SPEC

ANTENNA

R/M UPDATED

RADAR CONFIGURATION

«—>{ WG Je—>{TRANSMITTER

!

ANTENNA
ELECTRONIC
UNIT

—800 HR MTBF

!

RADAR

CONT PNLS

<
—5000 HR MTBF

CDIu

—2200 HR MTBF

|

b}

RETAINED
NAV STATION EQuip
CONTROL/ MODIFIED
‘ NEW
RECEIVER | | RADAR  |—s00 HpmTer  EQUIPMENT
MODULATOR [—>] PROCESSOR
L]y En |
RADAR NAV
SCAN —  DISPLAY
CONVERTER GROUP
VIDEQ Y TA
»] GENERATOR DISPLAY
(TA) GROUP
000 HR MTBF
RADAR
INTERFACE
UNIT (1)
1553 DATA BUS COMPUTER
_ GROUP
]

SOFTWARE
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Aomm T " DISTRIBUTION

PROCEEDINGS ANNUAL | T oA ITY AND
RELIABILITY AND . MAINTAINABILITY

_<_>_zq>_z>m__.:< SYMPOSIUM - D RGRATED

LOGISTICS SUPPORT
- SOFTWARE
- SYSTEMS

ANNUAL R&M SYMPOSIUM ATTENDED BY BMAC PERSONNEL TO :
MAINTAIN CURRENCY WITH STATE-OF-THE-ART ADVANCEMENTS v

— RELIABILITY AND MAINTAINABILITY
— DESIGN
— INTEGRATED LOGISTICS SUPPORT
— SOFTWARE
— SYSTEMS

HISTORICAL DATA PROVIDED TO DESIGN ENGINEERS TO
AID IN THE DESIGN OF ADVANCED TACTICAL FIGHTERS




BOEING CUSTOMER SUPPORT |

ENGINEERING AND FLIGHT SAFETY
REQUESTS FOR ASSISTANCE ARE
CONDUCTED AND RETAINED IN ._.Im

- DATA BASE FOR FUTURE USE

HQTRS
COMMAND
POST

BASE
COMMAND

OPERATIONS

BOEING
CUSTOMER
SUPPORT

POST

FLIGHT TEST

ENGINEERING
SAFETY FLIGHT TEST

PUBLICATIONS ENGINEERING PROBLEM ANALYSIS
SPARES  SAFETY FLIGHT

BACKGROUND DATA RECOMMENDATIONS

RECOMMENDATIONS LANDING RECOVERY
ALC COORDINATION RECOMMENDATIONS

> FOLLOW-ON ACTIVITY

DOCUMENT CIRCUMSTANCES FOR REFERENCE
TECHNICAL MANUAL CHANGES

INSPECTION REQUIREMENTS

TCTO RECOMMENDATIONS

BOEING
CUSTOMER
SUPPORT

)

FIELD TEAM SUPPORT

ENGINEERING CHANGES V4
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F e

DESIGN
R&M
ANALYSIS
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RELIABILITY PREDICTOR MODEL

MODEL USED BY BOEING PERSONNEL TO CALCULATE THE
FAILURE RATE OF EACH PIECE/PART OF AN ASSEMBLY

Management
s\— W Sciences

\ __/_‘O. /-:n.

PROPRIETARY SOFTWARE OF
MANAGEMENT SCIENCES, INC.

BASIC RELIABILITY PREDICTIONS
BASED ON

MISSION RELIABILITY

MIL-HDBK-217D |

15 JANUARY 1382 ,
SUPERSEDING
MIL-HDBK-217C
9 APRIL 1979

MILITARY HANDBOOK
MiL-HDBK 217D
NOTICE-)

\IJ 13 JUNE 1903

RELIABILITY PREDICTION
OF
o ELECTRONIC EQUIPMENT

USER FAILURE CREH
RATE TABLES

NO DELIVERABLE DATA REQUIRED
BY THIS DOCUMENT

FSCREL §

MIL-HDBK-217
(ALL VERSIONS)




EFFECT OF TEMPERATURE ON FAILURES

TECHNIQUE USED BY BOEING PERSONNEL TO APPLY OPTIMUM COOLING
TO PIECE PARTS LEVEL TO OBTAIN OPTIMUM LRU RELIABILITY

700 _
600 M /{ m
A

2 m [/
3 500, ; ._:.
b ' 1l ik /
z I IK
3 * /!
S W \
(v \ m.\
—P.—.- — ' -.
i 300 o
m y \\. v ...“\..\. .
m ' .\.\\ . / —

200 u\ \v\ ]

100 r ) _

| S ald bl
0 —

| ) ) L ¥ L] | 4  § L L J T L i ]
0 § 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
TEMPERATURE IN DEGREES CELSIUS

.

"8/




SAFETY ANALYSIS

DESIGNED TO DETECT FAILURE SEQUENCES THAT
COULD RESULT IN CATASTROPHIC FAILURE EVENTS

SUBSYSTEM SAFETY ANALYSIS TECHNIQUES

) £\ TIMER
URCE
_ (" \RELAY COIL
11
r 11
CONTACTS
POWER ~— MOTOR
SOURCE —
FUNCTIONAL
_ BURNING WIRE FUNCTION
FAULT TREE
| BURNING wire | 100,000 HOURS  DIAGRAM
f 1
OVER-CURRENT E OVER-RUN PRODUCES
PRODUCES OVER-RUN | OVER-CURRENT G
RELAY MOTOR FAILS
CONTACTS FUSE " SHORIED
OVER-RUN H |

RELAY CONTACTS
FAIL CLOSED

MIL-STD 882

b/

STANDARD FAULT TREE SYMBOLS

O
A

O
<
> :
A
Q

LOGICAL AND

|
LOGICAL OR o |

EVENT DESCRIBABLE IN
FUNCTIONAL TERMS

EVENT DESCRIBABLE IN :
TERMS OF A SPECIFIC |
n_mnc_._. ”

EVENT NOT DEVELOPED
FURTHER

EVENT NORMALLY

EXPECTED TO OCCUR

CONNECTING SYMBOL T0
ANOTHER PART OF FAULT
TREE WITHIN THE SAME
MAJOR BRANCH

CONNECTING SYMBOL TO
A DIFFERENT MAJOR
BRANCH



R&M DATA USED IN
DESIGNING NEW EQUIPMENT

4

B-52 Fuel Quantity Indicating System

Modernized vs Existing

FAILURE RATE PER

3 .
WUC |NOMENCLATURE| 10 FLIGHT HOURS OLD DESIGN NEW DESIGN
EXISTING [MODERNIZED
. 518AA | TOTALIZER 10 488 — Potentiometer Breakdown - Higher =n=m3_=”_
516AB INDICATOR 28 059 - Servo(damper) Breakdown Potentiometers, New or
: : -~ Recalibration of Gauges Improved Design to Lower
M_E__Saav When Other Stress on Pots
ystem Components are

: . - Possible Improvement in
i . Replaced Materials and/or Design.

' . Replace analog gauges with
_digital gauges & smooth out
fuel level fluctuations with
built-in electronic hardware

- All parts of the Fuel ==~=.=~.
Indicating System (FQiS) will
be bench checked and bench
calibrated to keep onboard
aircraft calibration to a
minimum

-0
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DESIGN TO COSTS/LIFE CYCLE COSTS

TRADE STUDIES ARE CONDUCTED THROUGHOUT THE DESIGN PHASE TO"
ACHIEVE LOWER COSTS WITHOUT JEOPARDIZING SPECIFIED REQUIREMENTS

COST
vm%_mm_uﬂw_. SCHEDULE TABLES PERFORMANCE

-u

PRODUCIBILITY

TRADE STUDY
COST VISIBILITY
VE

_..OO\PmO >z>_.<m_m

o‘ .w\\\ i

ON-SCHEDULE
BELOW TARGET COST
AT PERFORMANCE
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TESTING
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TEST ANALYZE AND FIX (TAF)

DETECTS AND ELIMINATES DESIGN AND MANUFACTURING

-

ERRORS PRIOR TO PRODUCTION DELIVERY
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ENVIRONMENTAL STRESS SCREENING (ESS)

ELIMINATES INFANT MORTALITY AND ENHANCES
RELIABILITY GROWTH TO MATURITY

PURPOSE

INCREASE MATURITY OF DELIVERED EQUIPMENT

SCOPE
INDUCE ENVIRONMENTAL STRESSES ON NEW EQUIPMENT
- THERMAL
-~ VIBRATION
- POWER

- ETC
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ENVIRONMENTAL STRESS SCREENING

CONDUCTED IN AN ENVIRONMENTAL CHAMBER THAT
. REPRESENTS ACTUAL STRESSES

Typical Environmental Cycle

A
TEMPERATURE
|
PRE ATP | VIBRATION THERMAL CYCLING FOR 7 CYCLES |[FINAL ATP
(THE LAST BEING
5.1G 60°C FAILURE FREE)
FOR 15 MIN Y, S'C/MIN
poweroN [~ c
_.II 3.3 HRS ||.\l_
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. DOCUMENTATION
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BMAC DATA COLLECTION

INDUSTRY AND MILITARY (AFR 66-1) DATA IS COLLECTED, SUMMARIZED,
AND RETAINED IN A BMAC CENTRAL DATA BASE

SAC

Minot

SAC

Barksdale

SAC

GIDEP

NAVY

INDUSTRY

TEST

AFLC

DATA
CENTER

BOEING
SEATTLE

)

_

BMAC




BOEING (SEATTLE) EXPERIENCE CENTER

COLLECTS AND STORES DATA FROM VARIOUS EQUIPMENT TYPES AND
CONDUCTS RESEARCH UPON REQUEST FROM BOEING DESIGNERS

EXPERIENCE ANALYSIS
CENTER A UNIQUE COMPANY
CAPABILITY/RESOURCE

25 YEARS EXPERIENCE

MISSILES
AWP&.

SPACECRAFT

NG’
Qe

MULTIPLE
MILITARY-
GOVERNMENT-
INDUSTRY DATA
SOURCES

AIRCRAFT

=

FEEDBACK

FIELD TEST

GROUND
EQUIPMENT

0

BOEING
AEROSPACE
COMPANY

DATA

S COST
DATA

PRODUCT
SUPPORT
ORGANIZATION

b 4

EXPERIENCE
ANALYSIS
CENTER

o RELIABILITY, MAINTAINABILITY
OA4S, SAFETY, FIELD EXPERIENCE

DATA
o PROGRAM DATA STANDARDS

wnqu;aoz DATA SYSTEM/SOURCE FOR ALL

— =
FUNCTIONS PROGRAMS

o MARKETING o TEST o E-3A o PMALS

o PROPOSAL e RELIABILITY o E-dA o CX
PREPARATION o ogisTICS o E-4B o ECX

e DESIGN o MAINTAIN- o DECOY o SPACE SYSTEMS

o MANAGEMENT o QUALITY o ALCM o UDAC
LIFE CYCLE CONTROL

. £ o ROLAND o POWER

CREW SYSTEMS

SHUTTLE

SR& QA

MM/MX

WASP

MISSILE SYSTEMS
B-1 AVIONICS
ASW/SOW

VIKING

het
APPLICATION

e RESEARCH, 0&S
REALISTIC
REQUIREMENTS

o TECHNOLOGY
TRANSFER
PROGRAM-TO-
PROGRAM

e TRADE STUDIES
AND ANALYSIS

v
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SPECIAL DATA ANALYSIS -
SPECIAL REPORTS

EXAMPLE OF AFR 66-1 SPECIAL DATA REPORTS
THAT CAN BE EXTRACTED BY THE COMPUTER

e BY TAIL NUMBER
e BY BASE
e BY LOCATION - CLIMATE CONDITIONS
e BY COMPONENT TYPE
e BY HOW MAL
o . TREND DATA, IE.
- MANHOURS
- FAILURES |
- REGRESSION ANALYSIS
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SITUATION

FOR THE B-52 TO REMAIN OPERATIONAL FOR THE NEXT 15 YEARS
SPECIAL ANALYSES AND ACTIONS ARE REQUIRED

TRENDS ON FMC AND CANNIBALIZATION RATES AND FLEET LOGIS-
TIC SUPPORT COSTS ARE UNSATISFACTORY

SOME SUBSYSTEMS/PARTS ARE AT OR APPROACHING WEAR-OUT

SOME SUBSYSTEMS HAVE SUPPORTABILITY PROBLEMS.
INCREASE ANTICIPATED IN FUTURE

FIELD PROBLEMS CONTINUE TO SURPRISE US

_uczc_zo_m_umOm_:m_s>ZUE__._._umOm>m_..<mmooz_m_sOmmU_m_u_.
CULT IN FUTURE , ,

MORE EMPHASIS NEEDED ON “PREDICTIVE” AS OPPOSED TO “RE-
ACTIVE” APPROACH FOR PLANNED ACTION

1-27-83
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CONDITION ASSESSMENT/INSPECTION PROGRAM
(CA/IP)

A PROGRAM TO IDENTIFY CURRENT A/C CONDITION >z_.u PROJECT WHAT
ACTIONS ARE REQUIRED TO PREVENT DOWNSTREAM PROBLEMS

4




pe

PERCENT OF DISTRIBUTION

CA/IP ANALYSIS RESULTS

5 00
2 15.0 773 PASS
— LU
) ToTAL
208 5
20| {2
1 10912
Bk m 10,000 10309
E
154 B Y] m
2
2
woH o F 5
© 5000
g
54 ;
. .
: _ 2457 1850
[T x Pral®
_ Ml fenaTe ! | % v _ Wl
N o »«o 9 © O ,40 O O b & FLT CONT HYD FUEL ELEC £QUIP
Qa,aﬁ.?/ « oza. o,ow/ 4? + 9 o/nro ffa oo ® FIGURE 3 (SHEET | OF 2) PASS/FAIL DISTRIBUTION OF SUBSYSTEM
W ‘PD‘.‘/ﬁ&J/ f/t‘ ’/nvns )

FIGURE 6§ HOW MAL CODE DISTRIBUTION
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DEVELOPMENT




IR&D PROJECTS

sruct #a

sousave

ORIGINAL DAMAGE
AREA

e

832 COMPUTERIZED TECH

069 SUPPORTABILITY AND REPAIR DATA SYSTEM
057 LOGISTICS SUPPORT CONCEPTS OF NEW STRUCTURAL MATERIALS
AND METHODS FOR MILITARY
AIRCRAFT
MIL/SPEC COMMERCIAL

-938 MAINTENANCE SUPPORT FOR
OPTICAL CONDUCTORS

-939 ELECTRONIC COMPONENTS
EFFECTIVE RELIABILITY

SP86090-28
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FIBER OPTICS IR&D

CMI DATA
AUXILIARY CONVERTER

CMIi PANEL FRAME
\ BREAK

/
/
PRESSURIZED RACK BREAK

FIBER OPTIC BREAK 125 K-BAUD
CABLE DATA RATE
(LENGTH 30 TO 40 FEET) _

IR&D OBJECTIVES

e OBTAIN A DATA BASE FOR FIBER OPTICS STATE OF THE ART LOGISTICS

SUPPORT

e DEVELOP AN EFFECTIVE FIBER OPTICS MAINTENANCE STRATEGY
e DEFINE ELEMENTS WHICH CONTRIBUTE TO MAINTENANCE COSTS
e DATA BASE WILL IDENTIFY THOSE FIBER OPTICS ELEMENTS TO DETERMINE

MANUFACTURING AND SUPPORT REQUIREMENTS
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FIBER OPTICS VS COAXIAL CABLE

COMPARISON SHOWS FIBER OPTICS TO BE COST EFFECTIVE
AND MORE RELIABLE AND MAINTAINABLE

% FIBER OPTICS

COAXIAL CABLE

NO. LINE TO
TYPE OF | TRANS- MTBF
PARAMETER | WEIGHT _qwﬂz,w%_nqm TRANS- | MISSION | DIAMETER >“wwwx >unw%x TRANS- >uhux
POUNDS MISSION |  RATE MITTER
SYSTEMS
COAXIAL 115 DIGITAL | MEGAHERTZ $4.00 ix1ee | 1x10
CABLE 30 COPPER OR RATE 5 MM HRS HRS 05 HR
WIRES | ANALOG METER
DIGITAL
FIBER s foees | AND | Gicanertz [ ons [ O vxaos |50 1 Lo
OPTICS : ANALOG |  RATE MM werer | HRS e :
TOGETHER
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COMPOSITE BATTLE
DAMAGE REPAIR

BLIND FLUSH PATCH CONCEPT

NEW BASE LEVEL REPAIR TECHNIQUES ARE REQUIRED TO FIX DAMAGED COMPOSITE

e USED FOR EITHER BATTLE OR FLIGHT LINE DAMAGE

o FEATURES x_j..mc COMPONENTS IN-VARIOUS SIZES

e OVAL TEMPLATE USED FOR REMOVING >_.~o=z= DAMAGED AREA
e COMPRESSION ADJUSTMENT TOOL USED TO HOLD PATCH

e ‘DIME’ AND ‘DOLLAR‘ PATCH APPROACH

e AIRCRAFT MAY BE FLOWN IMMEDIATELY

e HEAT MAY BE APPLIED LATER TO SET ADHESIVE OR IMMEDI-
ATELY IF SEALING IS REQUIRED SOONER

e VACUUM NOT REQUIRED — CLAMPING PROVIDED BY RIVETS




REPAIR CONCEPT

% \L\ﬂ - m.l/r\oozvmmmm_oz ADJUSTMENT JIG

W\

BOLT CLAMP ASSEMBLY 8EA.

omw )
A

PATCH & DRILL TEMPLATE >_xom>3 PANEL

p V/z.cmz PATCH

FILM ADHESIVE
APPLIED HERE

CENTER ALIGNMENT BOLT— mm PATCH ILLUSTRATED BREAKDOWN
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VERY HIGH SPEED

INTEGRATED CIRCUITS<=

IMPACT OF VHSIC TECHNOLOGY

USE HIGH TECHNOLOGY TO LOWER SUPPORT COST

VERY LARGE SCALE INTEGRATION

P S :{Eé::;._..
T ILT g R
L 13 ... .. : “.nv ”
L} F Y g ,.M
..*x;.,. ¥ 3t .—
, w : NI ‘
g B R IR LN
i ARt
S Ret R R Y

. ¢ AR g
2 m@ Sigii)d
' §==i b f?.—,r ...._.g:..

ICs REPLACE CARDS |
FEWER LRUs

LESS WEIGHT

LESS COOLING

HIGHER SYSTEM RELIABILITY
MORE FUNCTIONS

FEWER SPARES

MORE REDUNDANCY

LOWER SUPPORT COST

VERY HIGH SPEED DEVICES

Computer 1

Computer 2

Computer 3

Computer 4

WEAPON SYSTEM (A) 1980

VHSIC

Computer 1

Computer 2

WEAPON SYSTEM (A) 1990
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DEPARTMENT OF THE AIR q..Olnﬂ
HEADQUARTEAS UNNED STATLS AIR FOACE
WASHINGTON, D.C. .

1 FEB 1088

MEMORANDUM FOR ALL MAJOR COMMANDS-SEPARATE OPERATING AGENCIES/CC

SUBJECT: Reliability and Maintainability of Air Force Weapon
Systems - ACTION MEMOPANDUM

In our September 17, 1984 policy memorandun on this subject, wve
emphasized the need to increase Air Force operational effcctive-
ness through improved Reliabiljity and Haintainability (RtM). An
effective R¢M program can make our weapon systems morc available,
mobile, and durable, as well as reduce manpower and support costs.

To achieve these objectives, R&M must be considerad coequal with
cost, schedule, and performance when we develop and modify weapon
systems. This RLM 2000 action plan will guide the progran to
institutionalize RéM throughout the Air Force.

We have established a Special Assistant for Reliability and
Maintainability on the Air Staff to serve as the focal point for
R&M (AF/LE-R). The Special Assistant will integrate the efforts

of the Research and Development and Logistics communities and

oversee the execution of R&M 2000. Please give him your full
support.

The Air Force must be committed to the RtM 2000 plan. By working
together we can ensure air power will be ready and able wherever

and whenever it is needed. . m
VY,

CHARLES A. GABQEL, General, USAF VERNE ORR
Chief of Staff Secretary of the Air Force
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R&M 2000 IMPACT ON BMAC

OUR R&M RESPONSES TO RFPs MUST BE GREATLY IMPROVED.

<<mzmm_u._.Oc_umm>cm._._._moc>_._._.<m.oc>z._._._.<0_...0cmm@z_
ENGINEERS. .

DESIGN ENGINEERS MUST BE TRAINED TO IMPROVE R&M IN THE
CONCEPTUAL & PRELIMINARY DESIGN PHASES.

MORE EMPHASIS MUST BE EXPENDED ON R&M wmmm>mo_._ TO
STAY CURRENT WITH SOTA ADVANCEMENTS. -

BETTER CONTROL OF SUPPLIERS R&M EFFORTS MUST BE
INITIATED.

R&M EDUCATION AT VARIOUS MANAGEMENT LEVELS WILL BE
IMPLEMENTED. R&M BUDGETS MUST EQUAL THE ADDED

EMPHASIS.

ADDITIONAL EXPERTISE IS REQUIRED IN THE AREA OF R&M
WARRANTIES.

IMPROVE OUR HISTORICAL DATA BASE AND FURTHER OUR USE
OF LESSONS LEARNED IN FUTURE DESIGNS.
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