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EXECUTIVE SUMMARY

TITLEt Aircraft Battle Damage Repair (ABDR) 2000: Will
‘ ABDR Become the Logistics Center of Gravity by the Year

20007

AUTHOR: William R. Foster II, Lieutenant Colonel, USAF
TT~-— Renmarks on the inpact of advanced technology on
weapon system construction and on repair and resupply
capabilities in the combat environaent. Identifles current
trends in weapon systems development and logistics support
systens that may converge in the future combat environment
with devastating lapact on sustainability. These trends
include higher reliability weapon systems, reduced logistics
infrastructure, reduced field repalr capability of composite
naterials, sxnaller number of repair parts stockad, and
diminished manufacturing sources for micrc-technology parts.
Concludes that unlessz increasad esphasis and priority are
given to the USAF Aircraft Battle Damage Repair prograam, the
alr component commander of the 21st Century will have highly

rellable combat ready aircraft that cannot be repaired if
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CHAPTER I
INTRODUCTION
The decade of the 1980’s may gu down in United

States Air Force history as the "Gelden A,.. of Logistics."
It might also be referred to as the “Era of Change and
Progress.' Critical logistics problens evidenced during the
19708 such as parts shortages, unreliable and hard to repalr
weapon systens, lower quality force, ineffective training,
and outdated management procedures and systems were improved
during the 1980s. General Hansen, Commander of the Alr
Force Logistics Command summed it up this way!

Up until 1981 our funding was very low. For exunmple,

the spare parts budget was less than $1 billion at that

tine. Contraat that with 1985 when it was $3 billion.

So we had a tremendous growth in funding. We had gnod

funding in 1983 and 1984, and finally, in 1985, aevery

account in AFLC was funded at 100 percent. That was the

premiar year for loglstics in the Ailr Force. We’d never

seen it before, and we’ll never see 1t again". (1:162)

The 139808 brought in a new Administration, increased

logistics funding, and a recognition that the whole spectrum
of logistics would have to be improved to support combat
requirenents through 1980s and 97s. The Alr Force
leadership began to view logistics as a force pultiplier and
an essential element of combat capability rather than the
dreaded “'tail' that restrains operational forces. In 15984,

LtGen Marquez, Deputy Chief of Staff, Loglstics and

Englneering, HQ USAF, coumented on the changest




We have come a long way since 1981 in correcting many
of the serious deficlencies that piled up in the 1970s.
The sobering recognition of the essentiality of
logistics led directly to a doubling of funding for
readiness and sustainabllity over the past three years. '
The result i{s a clear sign that coambst readiness 1is
increasing. For example, we are now able to support a
more viable training program. Peacetime flying hours
are up from 13 hours per aircrew per month in FY78 to
about 17 hours in FYB2, and now average about 20 per
month. ... These kinds of improvements have enabled us
to operationally surge to 60X more tactical sorties
than we could just three years ago. And, more
\nportantly, we can also maintain our surge rate for
twice as long as we could then. ..., Much of this
improvement is due to the vitality that we restored to
spares funding. A= a raeasult, mission capable rates for
many aircraft are up. More importantly, we are
cgn;iltontly improving our battlefleld staying power.
C2:19)

During this period, every aspect of logistics was raviewed
in terms of its contribution toc combat capability. New
‘‘"combat orlented maintenance and supply" organizations were
inplemented, maintenance specialities and skills were
reorganizaed to improve effectiveness and flexibility of the
naintenanca force, aggraessive training prograns were
iaplemented, battle damage repair teams were organized, and
acqulaition procedures ware improved to buy more capable
systems at lower costs, depota began conducting surge
exercises, etc. Combat readiness and sustainability becane
the goal of every logistics organization.

By the n1d-1980a, the Alr Force leadership
recognized that although the logistice problems of the 1970a

were being fixed, a more serious problem loomed just ahead.

Specifically, tha manpower and mobilization demands for




axisting and planned weapon systems were overwhelrming in
terns of cost and airlift requirements. (3:3) In addition,
the survivability of logistics facilities, equipment, parts,
and parsonnel in a high intensity conflict was questionable
at best. (3:3) The huge logistics infrastructure had to be
reduced and streamlined to be more moblle, more coabat
capable, and survivable. (3:2) Technology, once the
nenesis of loglaticians due to its complexity and demands
for more support equipaunt and parts, provided a solution.
On 17 September 1984, the Chief of Staff and the
Secretary of the Alr Force 1mplaeamented the Reliability and
Maintainability 2000 CR&M 2000) program., C(C4i111) The
purpose of this program was to institutionalize the Alr
Force’'s new commitment to improving reliability and
maintainabllity of weapon ayateas. (3:1) The goals of R&M
2000 were to increase survivability of the combat support
structure, to decrease mpobility requiresents per unit, to
decrease manpower requiranents per unit of output, and to
decrease costs. (C4111) The prenmise behind this initiative
was sinple. Weapon aystems that do not break require feawer
parts, support equipment, and paople to maintain then.
Hance a smaller, mora mobile support atructure at a
significantly reduced cost. Advanced technology was also
to ba used to lmprove weapin system self-test and fault

isolation in an effort to further improve quick repair



without extensive support equipment and facilities. The R&M
2000 prograr and related technology efforta racelved
unprecaedented Air Force support. Improvements tc¢ existing
front line systems as well as the Advanced Tactical Fighter
CATF) design requirements incorporated R&M 2000 goala.

The outlook for the 1990s 1s for more reliadle
weapon rystems and a much leaner logistica support
structure. Some Alr Force research and development
parsonnel believe that weapon systems will become 8o
reliable that they could operate for 45 days or so with no
one having to do more than pump gas and replace expendables.
(5:62) Supporting manpower, equipment, and personnal
requirements at the flightline level will be significantly
reduced.

Does the future really loock this rosy?
Unfortunately, not. Weapon syster reliability improvements
coupled with significant changes in othar areas of
tachnology spell more challenges for the loglutician in the
conbat environment of the next century. The most serious of
these will be the ability of loglstician to quickly repailr
battle damage on advanced technology aircraft. Serious
questions need to be anawered. For axample, if we
significantly reduce our maintenance capability and
elininate large portions of the cld logistices

infrastructure, inecluding spare parts, who will be avatlable




and trained to quickly repair battle damaged ailrcraft?
Where will the logistician gat the spare parts needed for
this type of repair? Will they be avallable at basze
supply, depot, or from industry? Will the base naintenance
technician be capable of repalring the high technology
composite materials and stealth coatings cf the naxt
generation weapons aystems?

This report exanines these issues in an effort to
determine whether atrcraft battla damage repailr (ABDR) will -~
become the ‘logistics center of gravity" by the ysar 2000.
To do this, this report raviews the requirement for battle
danage repair in the combat environment from both a
historical and a future parspactive; reviews the current
USAF ABDR program, it’s progress and problens; identifies
the positive impact of high technology on new weapon systenms
and the logistic support structure; and finally identifies

the negative impact of these save changes on ABDR

capabilities and requirements for the year 2000.
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CHAPTER 2
THE REQUIREMENT FOR
AIRCRAFT BATTLE DAMAGE REPAIR
The ability to quickly repair battle danmaged
aircraft under hostile conditions will be critical for
survival of U.S. forces in a future conflict. DPeacetine
maintenance procedures will not necessarily apply and the
speed and difficulty of repair will require extraordinary
expertise and innovation. The key question that will be
asked 1at "Will the repalr or patch allow sufficient safety
nargin so that one nore mission can be flown?'" This chapter
«xamineas the requirenent for ABDR in the historical context
and defines the critical elenaents of that experience which

are pertinent to the future ABDR scenario.

Historical Experiencet

Much of the current historical data available on
battle damage repair comes from the conflict in Southeast
Asia (SEA) and data avatlable from the Arab-laraeli 1973 Yonm
Kippur war. Battle danage experience data is valuable for
analysis for thrae reasons., Firat, the technical
purformance of U.S. aircraft and enemy threat systeas wers
sufficlently sophisticated to allow extrapolation to systens

of the 19908 and early 2000s. Second, good records were

gathered on aircraft battle damage and the repairs required




to restore alrcraft to service. Pilnally., the actual data
provider insight to the requirement for ABDR in the combat
anvironmnent and its special problens.

Air Force Systems Command has indicated that SEA
combat experiance shows, for exaapls, that of the total
aircraft asaigned, 21X vwaere undamaged, 23% were lost, and
56X sustained soxe form of combat damage. (6:8) The
Pacifix2 Air Forces (PACAF) collected data that shows that in
Scuthaast Asila CApril 1972-March 1973), for every F-4
aircraft lost, four returned with battle damage; in a 12
nonth period of air-to-ground missions, 1383 F-4 aircraft
were damaged. This was the equivalent of six squadrons out
of the fight. (7191) PACAF also indicated that during t%e §
Yos Kippur war for every two F-4a lost, nine were damaged,
and in the first week 100 separate cases of major battle
danage occurred. This damage was squivalent to five
squadrons of aircraft out of the fight. (7:91)

Table 1 provides & summary of selected data
collected in Southeast Asia during the period of July 1959
through Saptesbar 1971 and, briefly, in Deceaber 1972.

(8:9-149) This data, which is documented in a survey of
actual combat experience, reflects the manpower intensive
nature of repalring battle danmaged aircraft but it also

ahows that off-1ine time due to unavailable parts can far

exceed the actual repair time. The survey report identifies




two clear messages from the examples contained in the
report:

First, the time required to reatore a damaged
aircraft to full aission capabllity is dependent upon
having skilled maintenance personnel available and
ready to tackle tha repair job iamediately upon return
of the danaged aircraft to the base. Thess personnel
nust be fully prepared to assess the extent of the
dansge which was incurred and then quickly develop the
epproach to completing the repair. This leads to the
second lenson which can bs learned from the repairs
1llustrated here. The maintenance people expacted to
repair the danmaged aircraft aust have esvailable tools
needed for the repairs but, even more importantly, the
spare parts required must be readily avallable so that
the repair work can progress uninterrupted by delays
walting for parts to arrive. (8:1173)

The survey report further advises that:

In some cases, the aircraft were critically needed

and all-out efforts were undertaken to return the
aircraft to service. Thesc exanples may be
representative of what the future repair requirement
night be since U.S. aircraft assets typilcally are
outnuabered by the adversary. In othar exanples, the
repairs were suspended while awaiting parts to arrive
which were requisitioned through the supply systea froa
the depot. Thig "luxury" may not be available in the
next conflict. (8:18)




TABLE 1

AIRCRAFT BATTLE DAMAGE REPAIR EXPERIENCE - SEA
CSELECTED SAMPLE)

Adrcraft Rapair AMircraft Off-
Typet Manhoursi Line Tine: Notes!
A-37B 58 28 Hrs All parts available
1!. O O
A-37B 160 4 Days Part had to be
, _ : nanufactured by
contractor
OV-10A 113 21 Days Part obtained froa
- depot
C-123K 3,420 - 90 Days All ﬁnrtl avalilable
or fabricatad
AC-130A 1,752 12 Days All out effort by
Rapid Area Maintenance
Tean
F-4D 353 13.5 Days Parts required froa
depot
F-108D 176 91 Hrs Atrcraft recovered
: from alternate base
B-52D 15, 000+ Salvaged 739 damaged areas;

no repalr done

SOURCE: Survivability/Vulnerability Information Analysis
Center Report No. AFWAL-/TR-86-3064, Volume I,

August 1986




The data in the above survey and Air Force Systen
Comnand data also highlight those areas of the aircraft
post oftan subject to battle damage. These areas include '
the bottom fuselage, wings, horizortal stabilizers, aft
fuselage, and engine nozzles. (6:9) As might be expected,
the external surfaces and internal atructures sustain damage
in 90% of all battle danaga avents. (6:10) 1In the past,
these areas required a smaller number of hours to repair
than, for example, flight controls, propulsion, power, fuel,
and crew station systems. (6110) This experience may not
hold true where new aircraft are increasingly developed with
composite and exotlc or stealth materials. This historical
data clearly indicates that!

- Battle danmage affected a significant portion of
the ailrcraft forces in these conflicts.

~ Repair capability was very time consusing and
dependent on availability of materials and parts.

= The support environment CSEA) was relatively non-
threatened.

Based on this information and other studies, one can
bagin to project the requirementa for ABDR in a future
conflict scenario to determine 1f ABDR will be more or less
critical than in past conflicts. The next section looks at
the future requirement for ABDR and describes their impact

on sortie generation.
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Future Perspectivet
The requirement for ABDR in a future confllct will

be aimilar to the historical experiance with ona major
exception. The future combat environmant nay be more
hostile and ABDR more critical to survival of friendly
forceas than aver before. In the central European coambat
environaent for axaaple, one would expact that shortly after
the beginning of hostilities there would ba few or no
sanctuaries;, a lack of attrition filler aircraft, destroyed
facilities and equipnent, lack of apare parts, loss of power
sources, and possible cherical threats. The 1983 "Salty
Denc' exercise of air base survivability at Spangdahlea Air
Base Germany provided a preview of a possible combat
environaent of a base under attack. '‘The results were a
sobering demonstration of the synergistic chaos that ensues
when everything goes wrong at the same time.' (9:130) Air
Force Magazine reports that:
Thirty-one percent of the base’s personnel were
casualties, half of them killed and nearly a third of
the wounded unable to raturn to duty. There was
considersable destruction and heavy dnnago to aircraft,
vehicles, buildings, communications, and power systeas.
In the sinulations, fires burned all over, and
unexploded ordnance lay about everywhere. It was
difficult to assess the damage accurately. Repair teans
were short-handed and in some cases did not have the
equipnent and supplies they needed. (9:30)

This environaent would place extreme pressure on the

nainteanance organization to quickly complete aircraft

i1




repairs for sortie generation. (6:6) The Air Force Human
Resources Labcratory’s 1986 "Combat Maintenance Capability
Project' provides more useful insights to future combat
aircraft maintenance capability and in particular to the
future requiremnent for aircraft battle danage repair. The
study identified three basic assuaptions:
First, modern military aircraft have unsurpassed
combat capabilities due to thelr considerable
sophistication. Second, their actual combat
capabilities are a direct function of the effectiveness
of the maintenance that can be provided them. Third,
the effectiveneas of combat maintenance remains
untested for new aircraft and uncertainties exist for
conbat-tested aircraft due to differances in potential
conbat environments and the many changes in naintenance
policles, practices, training, and skill capabilities.
C10:11)
This study developed an operational scenario using an F-16
operational wing (72 aircraft) in the 1988-1990 tine franme
operating in Central Europe. C10:6) “The objactive was to
describe realistic environments and quantitative data that
would identify sortle ganeration requirenents, maintenance
workloads, air bass danage, and aircraft combat damage."
(i016) Four options were avaluated based on thelr impact on
sortie generation. These included: (1) No ABDR, C2) Base
Repair Only, (3) Depot ABDR tean (Combat Logistics Support
Squadron) Arrive Day 1, and (4) Depot ABDR Team Arrives Day
12, The study concluded that:

The options of Base Reopair Only and CLSS Arrive Day 12
are essentially equally effactive in total sortie
production ovar the 30~day scenario. CLSS Arrive Day 1}
is nost effective in producing sorties both early in the

12




conflict and over the 30 Days. However, it may be
overly optinistic to assumno the CLSS would be in place
at the baginning of a conflict, Also, the siaulations
show that the CLSS had no aircraft to repair during 11
of the 30 days, indicating some excess repailr
capability., All three ABDR options resulted in about
two and one-half times the No ABDR daily sortiae
production by day 30. This enphasizes the value of ABDR
in an axtended conflict. (10:31)
The Alr Force System Command, in a Novemnber 1988 briefing
for the Alr Staff, projected that given 100 operationally
ready ailrcraft on day one of a Central Buropean conflict,
approxinately 73X of these can be maintained operationally
ready for the first 19 days of a conflict 1f an effective
ABDR capability 1s 1in place. It indicates, however, that !f
the ABDR capability is not available, then one ghould expect
to have no operationally ready aircraft by day eight. (6:7)
Both studies refleact the ¢ritical requiremant for
ABDR 1n any future conflict to generate additional sorties
from available combat aircraft. Both studies assuned a
level of ABDR proficlency within the maintenance community
and avallability of materilals and equipment to support
battle damage repalr activity.
A review of the current USAF ABDR program and its
status will provide some insight as to whether such
capability may or may not be available in such a Ffutura

conflict. The next chapter exanines the USAF ABDR progran,

its purpose, organization, and progran status.
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CHAPTER 3
USAF AIRCRAFT BATTLE DAMAGE REPAIR PROGRAM

Purposat

The current Air Force aircraft battle damage repair
progran was formally implenented in the n1d-1970s to enhance
the ABDR capability which is inherent to all operational
units which have an aircraft maintenance capability. (1l:1)
Alr Force regulation 66-8, Alrcraft Battle Damage Repair,
identifiens the program objectives as to:

a. Contribute to wartine sortie production by returning
comnbat damaged aircraft to some degres of mnission
capability as soon as possible.

b. Develop technical data, procedures, training, and
kits of tools and consunable materials for use at unit
lavel.

c¢. Conduct exercise and evaluation prograns.

d: Include ABDR requiresents in operations plans.

e. Support research and developrent efforts for better
techniques for current aircraft and to contribute to the

design of new alrcraft.

f. Collect and maintain data to support the ABDR
program. (l111)

These objectives are reviewed annually during a World-Wide
ABDR Conference chaired by Headquarters USAF with
representatives from Alr Force major commanda, other

sarvices, and allied countries. (12:1) These confarencas

provide an exchange of technical infoermation and




interservice cooperation, discuss methods to
institutionalize ABDR in the Air Force, clarify policy and
anawar questions, and develop future strategy for ABDR
efforts.
Qraanizatiqnt

The organizational structure of the USAF ABDR
progran begins with specialized maintenance personnel
assigned to the using conmande. These personnel receive
special ABDR training and selected meabers are qualified to
evaluate the extent of battle damage, estinate repalr tines,
specify the repairs to be accoaplished, and astimate the
rasultant capability of the aircraft. These selected
neabers are call "assessors” and provide leadership and
overasight to all ABDR efforts. Supporting the using
commands are the Air Force Logistics Command and Air Force
Reserve Conmbat Logistics Support Squadrons (CLSS). One
active duty and one reserve CLSS unit ars assigned to each
of the five Alr Logistics Centers und one additional reserve
CLSS unit 13 assigned at Wright-Patterson Air Force Bane
Ohtio. Table 2 shows the compcosition and location of these
units. The CLSS pravide mcbile ABDR augmentation teams to
support operating commanda during contingency operations and

high intensity conflict. (1111)
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THRBLE 2
CLSS ORGANIZATION AND BASING

Location Active Reserve
Unit - Manpower Unit -~ _ Mappower

Sacrananto ALC 2981 CLSS - 296 406 CLSS - 239

CF-111, A~10)

Ogden ALC 29%2 CLSS - 309 405 CLSS - 370

(P-4, F-16)

Oklahona City ALC 2983 CLSS -~ 167 403 CLSS - 201

(KC=-138%, A-7, B-32)

San Antonin ALC 2954 CLSS -~ 190 404 CLSS - 162

CC-S. 3“52)

Warner Robins ALC 293%% CLsSS - 177 402 C1.SS - 358

CC-130. c‘l“ln F"'l&)

Wright-Patterson AFB 401 CLSS - 322

(F-4, C-130)

SOURCE: ARBDR World-Wide Conference Minutes, 8-12 June 1987




Other key organizations that support the ABDR
program include a ABDR Program Manageament Office at
Sacramento ALC which provides daily oversight for the
Ranagement and execution of Air Force ABDR progran
requirenents and training. The Air Force System Coamand 1is
also heavily involved in supporting the ABDR program through
its research laboratories and weapon system progran offices,
Continuocus training and realistic exercises provide the

basis for evaluation of ABDR capability and progran status.

Program Status!

The ABDR program has made significant progress mince
itas inception in the m1d-1970s. As indicated above,
organizations ware tasked by HQ USAF to establish an
effective ABDR capability. By the end of fiscal year 1937,
the ABDR Program Office projected that 343 ABDR clanses
would be completed for 493 assersors and 1140 technicilans.
During fiscal year 1988, 413 ABDR classes were scheduled to
tratn 723 assessors and 1371 techniciana. Training sites
have been established at 33 locations in the continental
U.S., Alaaka, Europe, and the Pacific. One hundred and
forty training aircraft ware ansigned to the ABDR progran
including F-4, F-~-10S, F-101, C~-130, C-140, B~52, T-33, F-
111, F-102, and Boaing 707 atrcraft. (12:1111-113) These
training alrcraft, located on base weapon ranges, are shot

by small and nedium caliber weapons or are intentionally

17




danaged by small explosives to simulate actual battle
danage:. This exposes the trainees to the problems involved
in repairing aircraft that have bean damaged by ballistic
explosive force. A generic ABDR technical repair manual
and weapon systerm spacific manuals for many fightar and
attack aircraft were published and being used ‘. the
training. In addition, new tachnical manuals were bailng
developed for current generation fighter aircraft such as
the F-15 and F-16. ABDR raepair manuals for airlifters,
bombers, tankers, and helicopters were elther in developnment
or scheduled for development in the next three years. ABDR
tool kits including repair materials and spacial equipment
ware available in moat ABDR activities world--wide. Many
units mounted these ABDR kits on mobility tratlers for quick
reaction movenents or deploymenta. ABDR requirements were
being included in operational and contingency exercises and
live-fire demonstrations were conducted with ABDR repairs to
evaluate ABDR effectivenesa and aircraft survivability. In
addition, advanced technology research prograns were
underway to develop a host of support systems and
mathodologies for ABDR.

This progress was not accomplished without
difficulty. Although the 19808 has been described as the
"Golden Age of Logistics," the ARDR program struggled in the

competition for funding. In the aarly 190 s when funds were

18




uscd to procure critically needed spare parts and updated
weapon system capabilities, not all Air Force organizations
were nnthusiastic supporters of a progran that required
massive trainiang, tools, materials, procedures, and
equipment to conduct an activity that had little payoff in
peacetine.

The reasults of a joint TAC, USAFE, PACAF, and active
and reserve CLSS units ABDR fleld tast conducted in April
1987 demonstrated the di1fficulty of ABDR and the necessity
of formal ABDR training. Teams were divided bamsed on a
corbination of ABDR training levels of asse3ssors and
techniclans. Two teams, one with no technician training and
one with technician training, could not solve the ulectrical
portion of the problem. Of the six fixes attampted by all
teans, four did not pass operational checks. (7:1101)

During the June 1987 World Wide ABDR Conference, the HQ USAF
ABDR Program monitor ... acknowladged the slow development
of the ABDR program, but highlighted the significant
progress peen in the last few months.' (7:14)

By June of 1988, ABDR program was described aa '...
transitioning from a grass roots movement into an
institution. We are gradually beating down and wearing out
resistance to ABDR and starting to sese the program being
pulled along by interasted leaders and maintenance

technicians. One example of thias was timely actlon by
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USAFE, SAC, TAC, and PACAT to have some ABDR research and
developnant funding restored." (l12:11)

Thae 1988 World Wide ABDR Confereance identified many
significant problems that need to be aolved to provide an
effective ABDR capability, Two of the moat important were
the need to design new weapon systens for easiar battle
danage repair and the need for ABDR evaluation criterla to
avoid flelding unaound or lneffective ABDR repaira. The
Advanced Development Technology Program Manager described
priority needs of this progran as:

«++ fast curing, long shelf life asalants, wirlng
repair, the ABDR asmsezvors aid, and ABDR adhasives. A
fifth, though underfunded priority is daveloping ABDR
repairs for composites. Of lower priority are radome,
canopy, propulsion, landing gear, and mecondary power
repalr. (12:4)
A morae recent briefing on the status of the ABDR program to
HQ USAF emphasized these ABDR limitations:
- No quality transparancy repair,
- Very limited wiring and electronlc asmesament and
repair,
- No propulsion repair,
- Limited integral fuel tank repalr, and
~ Very limited composite struccure repalr. (6:16)
Another inmportant need 1s the development of ar ABDR trainer

that would allow users to order technology group modules,

allowing chem to train on taechnology used in the alrcraft
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tney support. (12:9) The problea here i1s the lack of
current technology training aircraft such as the F-15 or
F-16. Other problems included low readiness of reserve
conbat logistics support squadrons due to a lack of funding
for participation in operational exercises and a continuing
lack of many weapon system specific ABDR tachnical manuals.
The HQ USAF ABDR Program monltor expressed his most serious
concarn this way: '"Parhaps our biggest challenge will Le to
keep our commitment to a viable ABDR program in view of
projectad funding cuts."

The Air Force'’s ability to repair battle damaged
atrcraft has come a long way since the days of the Vietnana
conflict. Many of the lessons from that war provided the
basis for establishing the existing USAF ABDR progranm.
Significant progress hus been made in the late 1980s, but
many prohlers remailn to be solved in the early 1990s. The
repid change in technology and the new materials and
coatings of the next generation alrcraft will pose serlous
new challenges to be overcome. The next chapter will
examine the positive or "up-side'" impact of advanced
technology on the aircraft and the support infrastructure of

the 19908 as a baseline for looking ahead at the potential

problems for ABDR.




CHAPTER 1V
THE UP-SIDE OF TECHNOLOGY

Todays technology advances in elsctronics,
naterials, and design structurea allow significant
improvenents to new aircraft structures and avionics
systeas. By the year 2000, Alrcraft systems may be highly
reliable and the number of spare parts, support equipment,
facilities, and personnal required to support ailrcraft
systens may be significantly reduced. BGen Goodell, Special
Assistant for Reliability and Maintainability, HQ USAF,
statad the Air Force’s objective this way: ‘'lIrrespective of
the conmplexity of the system, whather i1t be the Advanced
Technology Fighter of the 1990a, the newer generations of F-
158 and F-16s, the new C-17 airlifter, the small mobile
missile, or any other systems destined for the inventories
of the United States Air Force, one requirement will be
paranount - that the system be twice as reliable as ita
predecessor, and that 1t be twice as easy to return to full
mission capability. (3:11)

This chapter will exumine gach of these 1ssues in
the context of their potential impact on the logistics
infrastructure of the next century. The first challenge 1s
to understand the degree to which new technologles ara
changing our new weapon systems in terms of electronics,

naterials, and dezign structures.
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Impact of BAdvanced Technology
on Weapon Svstems Consiruction:
The Advanced Tactical Fighter CATF) program progran

provide good insights to this area. The ATF, which 1is

currently in development, is acheduled for first delivery in

1993 and for operational service by 1995, (13:61) The ATF
nust be capable of meeting the threats of the combat
environment of the late 1990s and early 2000s. (13:61)
National Defense Magazine mtated the problem this way:
Militarily, the Air Force faces Soviet forces which are
nuncrically superior and supported by a higher rate of
alrcraft production. The U.S. technelogical advantage
has been significantly narrowed with the latest
generation of Soviet fighters. As the only new U.S.
fighter plannad over the next decade, the ATF nust
represent a qualitative leap over current Soviet
aircraft and maintain an edge over the next generation.
To accomplish this, the ATF program will have to adapt
and integrate radically new and expensive technology 1in
all areas: airframe construction, engine, navigation,
avionics, self-protection, weapon systems, and
rellabtlity/maintatnability. (13:61)

What does this mean in terms of airfrane
construction and naterials? First, the airframe will be
significantly differant from existing mainline fighters.
“"The ATF atirframe, plannad with 50 percent coapostte
naterials, will be 20 percent lighter than current
fighters". (13:62) For stealth, developers are
experimenting with low-refleztive materials such as carbon-

carbon fibers, unconventional geometries, and body
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configurations featuring conformal sensor and pods. (13:62)
“Integration of weapon pods into the airframe contour would
be advantageous in reducing radar reflection and eliminating
flight performence penaltios of external loads.' (13:162)

The AT] #1ll also have a fly-by-wire flight control
systemn to control numerous maneuverable surfaces on the
wings, tail, fin, and canards for roll, pltch, and yaw, as
well as for diraectional stabillity. (13:62) One contractor
is currently looking at a "miasslon adaptive wing' which
would ",.. sanse flight parametaraz and manipulate the
contour of tiie wing itself via internal hydraulic
actuators.’ (13:62) The ATF design will probably
incorporate hydraulically actusted weapon racks and
ajirfrane-confornmal sansors (l.a. "smart skins') which will
alininate external metal antennas, pods and domes in favor
of alrframe-flush signal processing and other combat sensor
equipnent. (14:1868) There iz alao the possibility that new
conposites will enable the wing to serve as a massive fuel
caell, or "waet wing'' where separate fuel tanks would be
elininated. (14:86)

Advance technology will alaso mignificantly affect
the electronica and avionice of the ATF. Defense Trends
nagazine in an interview with the ATF progranm manager
described the design of the new ATF alectronles:

Many of the ATF s electronics systems will share
components to cut down on welght and 2ize. Whilao each
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sensor will have 1ta own unique antenna (some as smnall
as shotgun shaells and othars hidden in the skin to cut
down on radar reflection and asrodynamic drag),
proceasors and computers will be common.

Fiber optica instead of wire will connect racks of
nodulas built with advanced technologies like very high-
speed integrated circuits to make systems even faster.
In addition, electronic systezs are configured so that
if any subcomponent fatles, the information will be
rerouted automatically without the pilot knowing any
problem occurred. (15:31)

The advanced technology such as previously described
provides unpracedented opportunities for higher performance,
survivability, and rellability of future weapon systems and
for exiating aystem through modification prograns. One area
being pushed very hard 1as the use of advanced technology to
improve the rellability of new asystems such as the ATF and
existing systems such as our F-1llis, F-15s, and F-16s. The
next section will look at the use of advanced technology to
inprove reltability of our weapon systems and the impact on

the loglstics infrastructure.

Ispact of Advanced Technology
on the Logistice Infrastrugture:

The push for much higher lavels of reliability cane
about as mentioned in Chapter 1 due to the recognition that
the logistice infrastructure had to be reduced. General
Hansaen, Commander of the Alr Force Loglstic Command recently
described the dileana thias way!

We need to find better ways to provide a defense that
can do the job, but at a price this nation can afford.
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Also, we need to find better ways to get the required
combat capability from the available resources, thereby
reducing the continually growing force structure and
logistics requirenents.

Thare is a practical solution to the problem--and
effective way to have the force structure we need to
fulfill our military commitments anywhere in the world,
and at any time, and to save perhaps billicns of dollars
in the process. The solution 1s reliabllity and
naintainability CR&M). (16:8)

General Hansen indicated that an esarly 19808 AFLC study
found that *... parts fallures accounted for 75% of aupport
equipmant costs 1n aircraft procurenent accounts and at
least 20% of the Air Force budget.'” The study alaoc showed
that the impact of improving reliability was significant.
"In fact, for a composite of fighter alrcraft, doubling the
nean time between fallure (MTBF) would reduce the spares
requirenants by some 80%." (16:5)

There are a number of exanples that show the
accuracy of General Hansen’'s point. The F/FB-111 Avionics
Modernization Program, which is being flalded now, raised
tha MTBF of the dopplar radar set from 49 hours to 750 hours
and after 2000 flight hours had experienced no failures.

The i1nertial navigation unit was upgraded froa just 19 hours
MTBF to 4000 hours. (16:16) In another use of technology,
C~141 central data conputera were redesigned and

reconfigured such that speres were reduced from 872 to only

187. (16:16) New programs such as the ATF have stringent

R&M goals to ensure these benefits accrue to the next




generacion syastems. The ATF engine, for example, will be
deaigned to have half the number of parts, 60 percent less
naintenance tools and labor, and a 150 percent increase in
conponent life cycles over current gensration engines.
(13:62)
These uses of advanced technology has also spurred
an affort to eliminate the costly and time-consuming
internediate level of maintenance. This 1s the level where
most of the in-shop testing, check—-out, and repair of
alrcraft avionics modules now takes place. The problean 1
that current weapon systems such as the F-13 and F-16 nust
deploy with as many as 6 C-141 loads of support and test
equipment, much of which could be eliminated if reliability
of the systems ware improved and new technology bullt-in-
teat (BIT) equipment were part of the weapon system itself.
This would also significantly reduce the maintenance
nanpower requirements significantly. The objective of a
two~level maintenance concept is already incorporated in the
design requirenants for the ATF. (35:56) A recent article
in Military forum described this concept!
Each module has BIT mo 1t will indicate & fallure. The
faulty module will be pulled at the flight line and
plugged into a portable tester to verify that it’s bad.
If it’s bad, 1t goes back to the depot and a new module
1s plugged in. All the repair will be done at the
flight line. (5160)

The next step will be to use this technology to retrofit

existing weapon system avionics to achieve a two-level
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naintenance concept. This concept would allow the vast
najority of system faults to be identified and repairs made
on the aircraft rather than in a base maintenance shop, and
only the more serious problem itema would be returned to the
depot for repair. This can be done on a phased approach by
designing modules that ara parallel to the old architecture
and alec design aystens with an ability to grow. (35:62)
Major Robart Petersoen, deputy for the systems integration
branch of the avionics laboratory at Wright-Patteraon Alr
Force Base recently commented in a Military Forum article
concerning the two-~level maintenance concept that:!
It’s ouir goal, once the concept is up and running, to
have an aircraft operate for 45 daya or so with no one
having to do more than pump gas and replace expendables.
But that takes a lot of planning and very careful
aystems engineering. It’s not going to happen
ovarnight., (5:162)

The Ailr Force R&M 2000 program has stated that
inproved weapon erystem reliability and maintainability
through advanced technology would significantly increase
survivability of the support structurae, decrease moblility
requirements and decrease manpuwer requiresents, (3:3)
Survivability improvements would result from the reduction
in the large combat support facilities, espscilally complex
maintenance facilities and spare parts storage facilities.

Major George Walrond, an Air Force civil engineer, in his

study of the impact of increased alrcraft raliability on
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maintenance facilily design concluded that future aircraft
technology such as hea!lng incorporated in the ATF would
likely rasult in the elinination of the interamediate level
avionice shop and reduce the ATF englne intermediate shop to
half the size of the F-15 engine shop. C41111) Reductions
in maintenance and aanpower raquiresents envisioned by the
ATF due to improvaed reltiabllity would significantly reduce
the mobility requirenents evidenced by the F-185 and F-16.
“With fault i1solation to the shop replaceable unit (SRU)
laval, the avionics intermediate shop CAIS) would remain at
hore for the first 3O-days of a war, as in the case of
deploying F-16a." (313) With the airlift saved per
squadron, four aquadrons of F-13s could be deployed with the
sane airlift required to move three squadrons today." (3:3)
How quickly these changes to the logistics support
structure will occcur as a result of slvanced technology
gains is unknown. What should be renembered is that the
changes hava tremeandous support frem the Air Forcae
leadership, the changes reduce logistics costs in terams of

nanpower, equipment, and faclilities, and the changes can be

nade with existing technology. These very positive changes
resulting from new technology may have a very negative
impact on the Air Force ABDR program. The next chapter will
look at the negative or *“down-side'" of advanced technoloegy

and the challenges {t presents to future ABDR requirexents.
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CHAPTER §
THE DOWN-SIDE OF TECHNOLOLGY

The positive affects of advanced technology on new
veapon aysten performance and reductions in the logintics
support infrastructure nay have a very negative or *‘down-
side" impact on the Alr Force’s ability to repair high
technology alrcraft in the future nombat envirsnment. By
the year 2000, the difficulty of ABDR wil) bae significantly
increased by the previously mentioned technolegy
advancenents in electronica, naterials, and design
structures. Reductions in the logistics support structurae,
including mannrower, equipment, and personnel may reduce
flexibility to complete AEIR requirements, In addition, as
alrcraft systems become nore reliable and the numbar of
reliabllity related spare parts are reduced, the capability
to identify and stock parta for ABDR will become more
critical. At the same time, the U.S. industrial base is
discontinuing production of many sophisticated electronic
parts because of low demand or in response to newar
technology competition. This chapter examines each of these
issues in the context of their potential impact on future
ABDR requirements. It first identifies those asmunptions
concerning the future which support the negative impact of

technology on ABDR capability.
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Assunptiong?

The first sssumaption is that the exlsting threat to
conventional forces will continue at close to present levels
in the next 10 years. Thils assunption 1a based on the
belief that as nuclear force reduction agreements are
reached between the U.S. and ‘he U.S.S.R. the ability of the
NATO conventional forces to off-set tha larger forces of the
Warsaw Pact will become more critical. Agreements xay also
be reached 1n the n1d-19908 which reduce conventional forcas
but these reductions will most likely result in the removal
of older lemss sophisticated weapon systens and related
forces.

The secund assumption is that the curraent rapid
exploltation of technology will continue despite obvious
reductions in defense spanding. This assumption 1s based on
the fact that weapon system technology cycle 1s now
advancing in response to or as a result of coaputer and
telecommunications technology advances which are belng
driven by the comnercial sectors of the world ecoromy.
Advanced technology provides such leaps in weapon aysten
capabilities that ne superpower country can afford to be
left vulnerable by not using technology in new and aexiating
weapon eystems. In addiiion, these technologies provide

opportunities for real reductions in manpower and loglistic

support force levels of the past. These force reductions




and the related cost reductions willl provide substantlal
support for their early adoption and fleld use.

The third assumption is that the management and
financial support for the ABDR prograa will be maintained at
its current level. Although the level of support tor the
current ABDR program has improved in recent years, it 1=
doubtful that subastantial increases in ABDR manpower,
equipment, training and research and development funding
would successfully compete for scarce resources in the
imnediate future where cost reductions are the ilanediate
priority.

The fourth and final assumption is that regardleas
of the advances in technology of new aircraft, battle damage
will occur in a future conflict in ratios similar to
historic experisnce. Thls is based on the beliaf that
defensive technologies will be used by opponents to develop
nlissile or other systems capable of damaging, 1f not
destroying, our high tachnology aircraft. Increasing
survivablility dones not translate to fewer battle damaged
alrcraft. Historical experience indicates that in SEA for
every F-4 lost, four returnad with battle damage, and in a
12 month period 135 F-4 alrcraft were damaged. (7:191) 1IFf,
for example, the F-4 had been twice as survivable during
this same period, approximately 152 danaged alrcraft rather

than 135 would have returned to base.

32




With these assumptions 1dentifled, a review of the
nagative or '‘down-side' lmpacts of technolcgy on ABDR bagins
with an examination of the problem of repairing battle
danaged exotic materials and structures of the new

geaneration aircraft.

Rapairing damaged skins of current aircraft that are
primarily made up of aluminum alloy construction i=a
relatively easy whan compared to the repalr of exotic
comnposite repairs of advanced aircraft. In the alrcraft of
the sixties and early seventles the damaged skin area was
siuply cut out, underlyling wlr{ng. structures, cables were
replaced from stock, ordered from depot, or locally
fabricated. The danaged akin area was then replaced or a
patch installed and the aircraft was back on the line. As
historical experiance shows, the biggest problen was the
amount of man-hours this type of repair required or the down
ti1se experianced awalting parta. With the advent of the F~
15 and F-16 naw composite materials and honay combed
structures, the ABDR challenge becane greater. How much
graater seemm to ba a matter of sons debats.

Live fire testing on an AV-83, "Harrler" asircraft
wing in May .987, resulted in an 18- to 24~inch pothole in
the componsite wing from a high-explosive 30mm incendiary

round. (17:38) In addition to the concern over the
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exterior damage to the wing was the concern over the
unaxpected internal wing damage. Jazes Kitfileld described
it this way:
In the "Harrier' wing test, for example, major
structural damage occurred within an internal area as
nuch as 30 percent to 40 percent larger than the actual
hole. Delamination and aplintering of the componita
naterial also ratsed questions about the ability to
quickly repatr the damage, and the effeact air flow might
have in aggravating it during flight. Potentially
lethal toxic fumes emitted from comporsites when they
burn also ratsed concerns., (17:140)
At the time, aircraft designeras argued that the test waws
inconclusive becauna the wing had already bean gtressed to
the point of fatigue failure in earlier test and it had been
loaded with water to maximize the destructive uffect of
"hydrnulic ram," the back pressura created when a bullet or
fragment hits a soft-ski. ed container full of fuel or
liquid. (17:38) Others argue that ‘'Because today's
conposites are tailored to carry loads in viry specific
directions, 1t is generally conceded that they leave little
nargin for error in absorbing unexpectaed stress, such ae
random balliastic impact." (17:140)

Traditionally, these irsues have focused more on
aircraft murvivability and costs than on i eparability.
Indications are that survivability can be enhanced through
even more tougher materials such as thermoplantics or

conposite hybrids containing layaers of super-tough Kavlar .

and ceranmnic tile which are more damage resistant. (17:40)
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Cnsta are higher than traditional aluminum alloys due to the
need to closely contrnl both temperature and humidity in the
pa'nastaking prccess of forming and curing composites. Thae
F/A-18, for example, has 134 separate compoaita plies ir the
wing skin alone. However, the increase in performance,
reduction in weight, and improved 'survivability" may
Justifly thelr costs from an operational perspective.
(17:41) The ability to repair these exotic materials 13 a
nore difficult 1ssue.
Jaaes Kitfield. in his recent article on composites
quotes an industry expert in this area!
Reparability i1s one of the bigyest disadvantages of
conposites. It’s difficult to assess how auch
delanination has taken place. Then you have to worry
about eliminating the Adamaged portion and putting the
whole thing back together. If the composi:ta part is
honeyconbed--and many are—-assesring the danage ia even
tougher, and repairing it tougher still. Compared with
Just patching up a hole in a netsl part, where what you
sea 18 what you get, that’s a definite drawback.
C17:41)
Confirming this problea, ABDR uanagers report that a
comnposite that has been shot by a 23am round or anything
bigger, looks like “Shredded Wheat." Any si¢gnificant damage
may require repair capabllities normally associated with
depot level repair. (17:42) 1In fact, since conpcaltes !
firat came into use with the F-14 and F-18 ailrcraft, repairs

have been confined largely to depot and fectory level

activities. (18:66) 'The damaged composite flight surfaces




have been removed from the aircraft, patched and placed i1nto
huge autoclaves that subject the patched pleces to pressures
of ovar 100 pounds per square inch (PS5I) at temperaturas
upwards of 350 degrees (F) for at least eight hours."
(18:656) Experts in repair of compomites believe that
eventually the field will be able to make minor danmage
repairs to compoaltes but right now such repalrs are not
possible. (18:66) Some experts believe that serious danmage
to composites may never be repaired outside the depot level
nalntanance center. (18:66) Fileld repair of the stealth
materials and forms, whether on the F-117 fighter, B-2
bomber, or the ATF is another problen. Whether repairs to
these naterials and spaeclalized shapes can be accomplished
in the field has not been discussed in open literature due
to the highly classified nature of thesa programs. The
impact of these technologies on ABDR capability in a future
conflict may be critical.

In the European theater, for exanmple, the Air Force
is counting on the higher sortiec rate and capabtility of it's
front~line fighters to offset the superior nunbers of Warsaw
Pact aircraft in the crucial first days of any conflict.
Deployment of fewer bhut far more capable alrcraft such as
the ATF will only increase that dependence. (17:141) If
field level ABDR personnel cannot raepalr the composite

materials on these aircraft in a very short period of tinme,
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then U.S. forces will be out of aircraft in juat a few days.
For example, an ATF-type fighter wing of 72 ailrcraft, tasked
tc fly a 3.0 daily mortie rate in a wartime scenario would
be capable of generating approximately 216 sorties on day
one of the conflict. If four percent of the 72 aircraft
sustain coaposite-type battle damage during each daily
sortie, and no repairs can be made (assuming no battle
lossaes), then by day six the wing would have only half their
aircraft available. By day 10 the wing would be able to
generate only 66 sorties. If battle losses are included in
this exanple, then the number of alrcraft available at the
end of each day is also reduced.

The USAF ABDR prograr office has bean working these
problans as praviously mentioned in Chaptaer 2 and ABDR
requirenents have been included in the ATF development
contract. However, the engineering and maintenance
challenges should not be understated and the solutions are
dependent on funding to support the necessary research and
field repair equipmnent and materials. Compounding thia
problew may be the current push to reduce the logiatics

infrastructure needed to support high tachnology alreraft.

The Problem of Reduced Loalstic Infrastructure:
The advent of microchilp technology with vastly
expandad computing power and the increasas in rellability

provide opportunities to reduce the curraent logistics
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infraastructure as outlined in Chapter 4. These changes,
however, nay compound the problea of ABDR in the future
conflict for a number of reasona. First, advanced microchip
technology allows designers to incorporate melf-test and
fault isolation capabilities on the atrcraft or aircraft
subsysten. The need for existing heavy off-equipment tesat
and fault isolation equipnent will be reduced to the point
of where the flight line malntenance specialist can !dentify
the bad box, circult card or part without removal of najor
subsystens to a hback shop automated maintenance tester for
check-out. Portable testers connected to the bullt-in
ajircraft test systes may be the only equipment needed at the
forward base. More substantial test capability would be
located in the depot level facility.

As indlcated previously, this allows a two-level
maintenance concept as currently planned for the ATF. With
the concurrant increase in aystem reliability, the number of
maintenance personnel required and their level of technical
expertise can also be reduced since fallures are infrequent
and when they occur the box or card is siaply removed,
replaced, and the falled part sent back to depot for repair.
It 18 questionable whether repair at the fleld level would
even be possible givan the sophistication of the equipment
involved. This also reduces training requirenents

and the current heavy mobility redquirements for current-type
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fighter wings. Normally a two-level maintenance concept
would require more apare parts be avatlable for the heavier
remove and replace parts demands. However, if parts do not
fail, then obviously fewer are needad in the base |tockl‘and
the war readiness spares kits (WRSK). In fact the current
spare parts requirements determination models usad by the
Alr Force Logistica Command are very sensitive to
reliability factors when calculating spares ruquiremants.
The potential reductions in the requiremaents for spare parts
are used to Jjustify the modification and removal of
unreliable weapon subsystems currently in use today.

The down-side of these improvenents may be nmore
pronocunced in the arsa of ABDR capability than any cther
area. The first question that has to be asked iz this. In
the intensive combat environment of the future where ATF-
like atrcraft are damagad by explosive force and requirae
innmediate repair, will the integrated bullt-in test systeas
coupled with flightline testers be capable of identifying
all the battle damage induced faillures? If the self-test
systen {s desiroyed or inoperable, then will the available
maintenance personnel have the necessary skills and other
equipment to identify ways of fixing the problea and getting
the bird off the ground. I[f the maintenance parsonnel can
identify the failure, then will the spare parts be available

in the forward supply systen? What about those sensoras that

39



are incorporated into the conformable composite structure of
the airfrane? If they are destroyed, will thay be available
in the base supply asyatex? 1f the parts are not avatlable
in the asupply system will the maintenance parsonnel be
capable of cannibalizing the needed parts, structures,
coverings from other damaged atrcraft? I[f these maintenance
perasonnel have been "remove and replace'" experts prior to
the beginning of conflict where will they get the knowladgae
to patch, dismnantle, or '"Jjury-rig" extensive fixes in the
combat environment?

The answer must lie in the ABDR personnel trailning,
tools, and naterials that exist at the time and place of the
future conflict. Previous chapteras of this report would
indicate that that the maintenance chlef would experience
severe ABDR constraints in the future conflict. These
problems may include the the following:

- A lack of sufficlent numbers of people who possess
the experience and training to assess battle damage and
effect repairs. Active and reserve CLSS teams nmuat deploy
from U.S. air bases and integrate with in-place units.

There is also a question whether CLSS teama will arrive in
time to support early ABDR requirements. (10:25) With
expectaed reductions in base-level maintenance personnel due
to improved reliability of weapon systems, one might also

question the adequacy of numbers of CLSS personnel available
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for ABDR requirements in the future conflict.

- Current ABDR kits contain tools, expendable repair
parts, fasteners and some repair materials. The equipaent
necessary for depot level composite material repair,
dismantling of damage aircraft or the local fabrication of
parts may not be avallable.

- Current base supply stocks and war readiness
spares kits (WRSK) contain parts selected based on their
peacetinme failure rate. Wartime flying hours and other
logistica factors are than applied to determine the
appropriate quantity of each part to be stocked. Projected
failures due to battle damage are not included in this
calculation. The A-10 is the only ailrcraft to have an ABDR
WRSK that containa a linited nuaber of parts for projectad
ABDR requireaments. (C19:1) As mentioned above, future WRSK

nay be reduced significantly due to the increase in weapon

systen reliability. Therefore, the needed part may not be

availablae.

This last constreint is the result of another
negative i(mpact of technology on ABDR that needs to be
exanined haere. This is the difficult problem of identifying

parts for ABDR requirements.




The Problem of Identifying ABDR Spares:
The Alr Force Logistics Command and Air Force

Systems Conmand began looking at this issue in November of
1986 at the requast of the Alr Staff. The problem i1s that
“the current WRSK computation does not consider the spares
needed to repair combat battle damage.'" (19:1) Thetr
study used a geomei:iric aircraft simulation model to predict
battle danage basc. on selected threat systess. A second
model was then interfaced with the damage sinulation model
to project suspected parts requirements. A third model was
then used to project resource demands and sortie generation
capability as well as provide management tools needed to
trade off resources. The F-4E was salected for sinulation
based on the availabllity of the most complete real-war data
base CUSAF and Israeli) that could be used to validate the
nodel ocutput. (1914) The objective was to develop a
genaric F-4 WRSK based on both wartime failure projections
and combat battle damage failure projections. This kit
could then be compared with existing F-4 WRSK and
differences examined in terms of range of parts, costs, and
sortie generation. The results were interasting to say the
leant:

The impact of not including combat battle damage spares

in the F~4 WRSK is quite seriocus., An entire squadron of

aircraft could be grounded by day 7 if the WRSK does not

include the spares needed to repalr combat battle

danaged aircraft. We also assessed the current kit
agsuning battle damage for only the 28 stock numbers
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currently in the F~-4 WRSK. The saquadron would have all
aircraft grounded by day 12 if we ignored the battle
danage to the 32 items not in the current kit. Thus
battle damage significantly affects a squadron’s coabat
capabllity.
In our asseasmeant, vwe assumed the threat and the
attrition rate was constant over the 30-day period.
That is, we used an avorage attrition rate even though
we khow that attrition caused by combat damage WILL vary
in actual combat. Az a result, the battle damage
fallure rate is less dynanic than during actual corbat.
C19:7)
The study report indicated that further validation of the
nodeling techniques and the data bases were needed before
the results could be used for actual computation of battle
damage WRSK requirements could be computed. This validation
is going on at this time and is ascheduled for completion by
May 1989, (20:2)

The long term implications of these results on
future ABDR capability would indicate that unless ABDR spare
parts can be identified and included in WRSK or ABDR kits,
the future ABDR maintenance chief aight have to look
elsewhere for parts. The question then 1s 1f this problem
18 not resolved and the base does not have the part, +.il it
be avallable from the depot or from U.S. manufacturers and
can the maintenance chief afford the attendant tine delays?
This raises the final impact of advanced technology on ABDR

and that is the problem of diminishing manufacturing sourcaes

for high technology parts.




The Problem of Diminished Manufacturing Sources:

Six experts from several agencles of the Department

of Defense (DoD) in their article, “Out-of-Production Micro-
Electronics ~- An Achilles Heel of Defense Systenms,"
recently identified the nature of this problea:
A problem that first came to light in the early
seventies, and which has shown alarming growth since,
concarns the diascontinued production of micro-elactronie
conponents required by the DoD to support these systens.
This problen may take two forms. One 1i=a
nonprocurability, wheraby DoD inventory management
activities are unavware of the problem until after
production of a part has ceased. The second involves a
contractor’s advanced notice of intent to discontinue
production, followed by DoD’s reaction. (21:69)
There are a nunber of factors causing this problen. First
is the long design-to-production lead-time of defense
systems such that just as DoD production begins and peak
demand come into being, the commercial industry has already
begun to move to a new generatlon technology. 'Thus DoD
becomes a major user of the comnonent in questiion enly after
it has passed its peak 1n non-DoD popularity.” (21169)
Since commercial requiremaents for a specific technology
counprise & life cycle of only four to seven years versus up
to 25 years for a dafense mystenm, 1t is very difficult to
keep a manufacturaer’s production line open for old
technology.
This {» aespecially true when the reliability of the
exiating technology is good and failure rates are snall,

The problen here iw that the DoD does not procure sufficlant
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quantities of these parts on an annual basis for the
nanufacturer to economically justify keeping a production
line or capability avallable. Ironically, the Alr Force R&M
2000 program and the associated push to significantly
\aprove the reliability of weapon systems exacerbatas this
problea. Baslcally, to achieve the larga improvement in
weapon asysten and subsystem reliability, a manufacturer aust
increase the reliability of component parrts and microchips
to many thousands of hours between faillure. Of course if
these parts do not fail, the government does not procure
many of them and does not include them in WRSK or in depot
atocks. As the manufacturer takes the part out of
production, the governmant, 1f notified of the action, can
tuke action to find other sources, nake c¢ne last large life
cycle buy, or modify the syatens that the part is used on
within each weapon system. All of these alternatives are
time consuming and usually very costly,

Although this problea has not reached crises
proportions as of yet, the annual number of diminishing
nanufacturing sources cases show that it is increasing at an
alareing rate. For exampla, in 1977 the Defense Blectronics
Services Caenter reviewed 36 diminishing manufacturing source
canes involving 1248 micro-electronic parts projected to go
out of production., By 1988, the number had increased to 176
and involved 7,431 parts. (221) In addition, the
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nonavallability problem 1s not limited to older weapon
systama. "Of aqual or perhaps greater concern is the
phaseout of production lines for components for defense
aystems just going on-line, or in some casmes, still in
production." (21:70) The DoD has implemented a nunmber of
Joint mervice efforts to coordivate and find solutions to
parts problems as they arise. Unfortunately, there appears
to be no quick inexpensive solution to the ovarall problem.
Diminishing manufacturing sources experts indicate that
downstreaa "Production phase~outs of older micro-electronics
technologies will continue to plague the DoD logistics
system, probably at an accelerated pace." (21:172)

The proapect for ABDR in the future combat
environment ia fairly obvious. Advanced technology plece
rarts needed for repairs most likely will not be availabla
from the base supply system, from the WRSK or ABDR kit, fronm
the depot, and possibly not from industry. As historical
experience indicated in Chapter 2, the luxury of waiting for
depots or contractora to manufacture parts may not be
available in the future conflict where survival may depend

on the ability to quickly turn aircraft and genearate

sorties.




CHAPTER VI
CONCLUSION

The capability to repair battle danmsged aircraft in
a high intensity conflict of the next century will be
critical #o survival of U, S. air forces. In the scenario
of the Cantral European conflict, ABDR may be the '"logistica
canter of gravity'" that deteraines whether samaller U.S. air
forceas can genarate morties neaeded to support outnumbered
alliad forces, protect high priority installations, and
eventually achieve air superiority. History has shown that
even in less intenme conflicts with lesus sophisticated
threats, the then current state-of-~tha-art atrecraft
sustained significant battle danage. This same lavel of
damage to a potentially smaller fleet of advanced tachnology
aircraft would be davastating unless an offective ABDR
capabllity axists in place with naeded tools, equipuent,
naterials, parts, and trained people to quickly turn danaged
aircraft for one more sortle.

In recant years, ailrcraft battle damage repair
CABDR) requirenments have received increased sxphasis as a
reasult of more realistic opsrational exercises which
evaluated air base operability and survivability
capabilities. Active and reserve mnobile CLSS teams are now
in place in the continental U.S. to auguent the operating

conmands’ base ABDR capability in a contingency or wartime
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environnent. Banse lavel ABDR capabilities for self
sufficliency have improved through ABDR training and the
developnent of ABDR kits. The USAF ABDR progran ls now in
place and many initiatives are underway to addreus the
challenges of repalring damage to advanca technolegy
aircraft. Command support for the ABDR program continues to
improve although slowly and thera 1: concern that the coming
budget reductions will adversely impact the progran.

By the year 2000, the ABDR requirements will be
compounded by technology advancenments in materials and parts
reliability and resultant reductions in the support
infrastructure. Composites materials will be difficult, 1if
not imporaible to repalr in the fleld, and as weapon systens
and parts becoma more reliable, fewer will be procurad.and
stocked in bhase supply, war readiness spares kits, or at the
depot. At the same tiue, industry may have discontinued
production of many critical micro-cireult technology parts
due to low government demand or because technology has
advanced in rasponse to commercial competition. In
additton, critical parts needed to return a battle danaged
aircraft to a fully operational cundition must be tdentifled
and included in WRSK or ABDR kits prior to the reductions
envisioned by reliabllity enthusiaast.

If these ABDR requirements are not addressed in the

very near future, the alr component commander of the 21st
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Century will have highly reltiable combat ready alrcraft that
cannot be repalred if they nustain significant battle
darage. Current ABDR concepts and capabilities need to
recelve additional emphasis and priority. The push for
glant leaps in technology and reliability nust be
acconpanied by similar leaps in ADBDR capability. A
coaprehensive review of the total effects of tachnology on
the war-fighting capability of the logiatics syastem should
be undertaken as soon as possible. The ABDR challenge for
the next century aircraft 1s greater than any previous air
power era. Our ability to meet this challeng: over the next
decade may determine our capabillity to "fight and win" in

the Twenty-First Century.
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