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The Soviet military aircraft maintenance s',ystem is vcharacter}ized by:

D § Lo L § }

« ‘A philosophy that emphasizes regular preventive maintenance, replace-

. -ment rather than field repair of defective parts and components, periodic

. "rebuilding of entire airframes and engines, specialization by maintenance

. ‘personnel, and conservative'scheduling of maintenance. This is similar to

~.the maintenance philosophy for most other major items of Soviet military

' ‘and civilian equipment.| | § 1 g :

¢ Maintenance operations that are strictly keyed to extremely conservative

~ specifications. The Soviets purposecly keep maintenance intervals short and
‘adhere to them rigidly to minimize premature failures and to simplify
‘maintenance planning. L i

e A highly structured maintenance organization that is characterized by
extreme specialization of tasks and the performance of all complex

repair—;-includinglovcrhauls:——m rear-arca plants and factories.

By emphasizing narrow specialization and directing major répair work to

assembly-line plants in rear areas, the Soviets have solved some of the

problems inherent in maintaining high-rerformance jet aircraft that might
otherwise have plagued them. In particular, they have adapted their military
aircraft maintenance system to the mass-production orientation of their
cconomy and to the constraints arising from their reliance on short-tenured
conscripts to man 70 percent 9[‘ their air and air defense forces.

‘Although the ruggedness and technical simplicity of most Sovict military

aircraft tend to make them relatively easy to maintain, the Soviets’

conservative approach to maintenance, with its emphasis on frequent and
extensive overhauls for airframes and engines, makes the system very costly.

‘We estimate that:’ | - :

i | B : ‘ ' .

¢ In 1979 the Soviet Ministry of Defense will spend between 7 and 8 percent

~ of its estimated defense budget to maintain aircraft.

o Expressed in terms of equivalent 1978 prices as paid by the US
Department of Defense, Soviet military aircraft maintenance might cost
6-7 billion dollars. This is roughly double the amount the US Air Force
might need to maintain (with current US methods) a similar flect—that
is, one with comparable numbers of aircraft, technical characteristics, and
operating rates. - '
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The Soviet military aircraft maintenance system appears to operate well
cnough in peacetime to guarantee commanders the level of readiness they
desire. The system, nevertheless, seems to reflect the Sovict view that any
major conflict would be intense and brief. |

'

o Its inherent conservatism and redundancy regularize the flow of mainten-

" | ance work and ensure that an adequate number of combat-ready aircraft

 will be on line at any time. | . | |
o, The brief intervals between major maintenance, combined with intention-

‘ ally low operating rates—usually no more than one-half the rates for

' comparable USAF aircraft—mean that most Soviet aircraft within

E combat units are relatively ncw or freshly overhauled and, thus, far from

' the point where mechanical failure could be expected. :

o The high level of readiness of combat aircraft and the large front-linc

inventories of aircraft and spare parts probably make the Sovict
f maintenance system adequate to support the first few weeks of a wartime

it i

‘surge. . i , _

elIna protracted war with high attrition rates and disrupted supply lincs, the
'rear orientation of the system would probably be a liability. Sovict air
 regiments by themselves lack the capability to handle the heavy flow of .

| complex repair tasks that would result from battle damage.
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Philosophy and Structure of the Soviet.
 Milicary Alrcraft .Mallntmnce System
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|~ ' The Soviet maintenance philosophy for aircraft is

- similar to that for other major items of military -
" equipment. The Soviet armed forces emphasize regular

A .preventive maintenance, replacement rather than re-

pair of defective components and parts, periodic "

" rebuilding of entire airframes and engines, specializa-

. tion by maintenance bcrsonncl:and relatively frequent

ol

Preventive Maintenance. The Sovicts emphasize fre-

! . | quent technical servicing and preventive. maintenance

for sevcial reasons. These are, of course, essential to
maintaining cquipment at a proper state of readiness.
In addition, Soviet aircraft require more routine

N “fiddling"™ (checking, lubrication, and adjustment)

than do most US aircraft of similar performance and
mission. This results in part from quality control
problems in their manufacture and the greater use of

" mechanical, rather than automated and solid state,

| assemblies and controls. In addition, the Soviet mili-

| tary does not appear to feel the manpower constraints
1! | experienced by most Western armed forces. With a

{ 5 large body of conscripts to be kept occupied, busy work

 is an advantageous tool for f_amiliarizatlion and train-
i [ T A ) .
AR RS | E T AR
‘ : O
. Replacement Rather Than Repair. Preference for
. replacement over repair, to a large extent, follows from
the structure and organization of the Soviet economy,

.- which favors the performance of complex mechanical
. 'work at large, specialized, factory-like plants. The

" 'Sovict military shares this preference, because replace-
" 'ment of parts (wheiler defective or at the ends of their
. service lives) requires léss discretionary judgment

_(and, usually, less technical skill) on the part of
‘regimental maintenance personnel than trying to fix

" them. This is an advantage for a largely conscripted

‘force—draftees make up about 70 percent of the
I R

s | ' [
. | , s
! [ ' o Lo ]
. IR

|

| i
Soviet air and air defense forces—with short terms of
service and limited tiining opportunities. Replace-
‘ment rather than repair also helps to ensure day-to-day
readiness of equipment and makes for easicr
long-range planning of maintenance requirements.

; i : ' i i v
Rebuilding. In keeping with Marxist-Leninist econom-
ics, the Soviets view the periodic overhaul of capital
equipment (including aircraft) as a remanufacturing
process, which restores an item’s original productive
value. Sovicet military planners see their capital repair
program as a means of making sure that all equipment
has its original productive value—which, in military
’tcrn'!\.is. isto be cor?mbat rmd_y. |:| *l

. | .

Soviet overhaul practices run counter to the US
philosophy of not tampering with things that work
properly and of restricting overhaul to components that
actually need it. The costly Soviet practice would not
be tolerated in most Western economies, but it seems
to pose few problems—as yet—for the USSR’s ccon-
omy. From a US military point of view, the mandatory
periodic rebuilding of an aircraft would be regarded as
inefficient, financially wasteful, and probably danger-
o o

| | li '
Specialization. The Sovict armed forces stress special-
ization of tasks and the development of narrowly
focused technical ‘proficicncy of maintenance person-
nel. Maintenance and overhaul units are organize:}
according to specialty into scparate shops and task
groups, and maintenance technicians are encouraged
by their commanders, the military press, and the party
to become masters of their jobs. Maintenance manuals
for Soviet aircraft outline in minute detail when and
how all procedures are to be performed. Rigid sched-
ules leave little room for discretion on th= part of
maintenance personnel as to whether components
should be repaired or replaced. Complex components
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are removed from the aircraft, crated, and cither sent

" toa repair plant or returned to the factory for sc;’viqing

and overhaul. Factory technicians are sometimes ' |

V1! brought into the regiment or the repair plant to help |

| ;' with particularly complex or sensitive maintenance |

: R B i P i

! Schedullng. Soviet military aircraft maintenance n
" schedules are set very conservatively. Comparison of
.. maintenance and replacement intervals for military

., arms, ships, and aircraft.

S : Lo !

- Routine Repair and Technical Servicing. Routine

- repair refers to the adjustment, repair, and replace-
ment of components and assemblies that break down in

tasks, especially those on new ;aii'craft models. The.

! cumulative thrust of this stress on specia lization is to
: simplify the maintenance process, :
Vi [EE H ! ]

b |
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aircraft with those for like-model civilian aircraft =
indicates that the Sovict armed forces employ shorter

" intervals and enforce them more rigidly: In part, this

may be an attempt to tailor the maintenance frequency

to the military’s high sortie rates and more rigorous -

flight profiles. : b N .
. B | k . i -

In any event, the Soviets seldom seem to find it _
' necessary to replace components before their sched-

. uled times for inspection or removal.! This eliminates

. much uncertainty in the maintenance planning pro-

- gess, simplifies repair tasks for regimental maintén-
“ance personnel, and helps minimize unanticipated

- downtime resulting from premature failurcs.l:l P
. Lo o Co S ] :

L i . R
Categories C L P ‘ Do
“The Soviet military defines four categories of aircraft

.- maintenance: routine (or current) repair, technical
"1 gervicing and inspection, medium repair, and capital .

. repair. These categories are similar for vehicles, land.
o

day-to-day operations. It includes replacement of :
components that fail before the expiration of their
service lives or before they reach the time for scheduled

removal and overhaul. Routine repair is performed as

needed, usually at the same time as the scheduled
inspections and technical servicing of the aircraft. (]

1The military does experience premature failures: their maintenance
intervals, however, are so short that premature (ailures are seldom
disabling and often can be corrected during normal, planned .
maintenance actions. (] - o Lo Dl

\ ' o 1

. I . . t

1 Lo ] { ‘| H N i
! t Pl P . L
.ot I ! i . .
. .\ i

S

I

!

i | , o
P . . . .
: , ]

|

i

i

.
In contrast, technical servicing is a planned mainten- '
ance action. It consists of the periodic servicing, |
calibration, and lubrication perfcrmed at specified
intervals in conjunction with detailed inspections of the
aircraft and its main components. Because routine
repair and technical servicing are performed concur-

rently, Soviet maintenance planners group them to-

gether. D L ‘
f | i ’ | K ' v
i 1

Medium and Capital Repair. Mcdium repair—referred
to as srednyy remont (or, for aircraft, sometimes
prafilakticheskiyy remont)—involves replacement of -
a limited number of principal components, which are
subsequently overhauled (if time remains on their
service lives) or scrapped. Although once a distinct
category of maintenance—classed as a minor
overhaul—medium repair of Soviet aircraft, particu-
larly in the military, has gradually become merged
with routine repair and technical scrvicing. At present,
it is normally performed in conjunction with the last
major inspection conducted at the airfield (although,
fof civilian aircraft and non-Soviet Warsaw Pact
military aircraft, it is frequently still donc ata repair

plant).D; ~

Capital repair—referred to as glavnyy remont (or
kapitalnyy remont)—involves a major overhaul and
rebuilding of an aircraft or an engine and the -
replacement of all components whose scrvice lives have
expired. Unlike medium repair—which, for military
aircraft, has become a unit-level component exchange
operation— capital repair is always performed at the
factory or a repair plant and consists of an extensive
reworking of all systems. ‘1

| %T
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Miodernization and Modifications. In both military and
civil aviation, the Soviets consider modernization and
modification to be an integral part of the aircralt
mnintcnnncéf program. During routinc maintenance
and overhaul, technicians strive to enhance the'per-
formance and maintainability of the aircraft by
installing up-to-date replaccment parts and incorpo-
rating, wherever feasible, the latest design features
specified by the manufacturer. The Sovict military
regards this process as critlically important for readi- |
ness. L _ . i
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~ Major modifications, however—those that signifi-

" cantly alter the performance or mission capabilities of
. ‘a given aircraft—are not considered part of mainten-
| ance. If such alterations are made, the Sovicts gener-
) a’lzlly redesignate the aircraft as a different model. D
b £ N T P, 3!

i |
(i [T
|

. o ! :
! o |
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Resource and Service Life. With the exception of

' current repair, most Soviet aircraft maintenance
 operations are performed in axzord with strict sched-
ules keyed tc a designated “resource” i(resurs) and

“service life” for each major component of the aircraft.
The resurs is the equivalent of the US“‘time before

. overhaul” (TBO). The service life is the total time that
' dn item can remain in use; it is calculated tobe
_somewhat less than the time when the item would
| normally fail and be unrepairable.

H
i

The Sovicts specify the resurs! (TBO) %_and service life
in operating hours and chronological age. The TBOs

and service lives vary from one aircraft model to
“another. These norms determine precisely when all

major maintenance operations are performed and

| components are exchanged. The schedule for technical
. servicing and inspection, however, is more ncarly

uniform for all aircraft models[:l
TBOs and service lives for aircraft and engines are sct
at the factory and are guaranteed by the manufacturer
through a written warranty. Fora newly introduced

. aircraft modecl, these are set extremely low. As the
* production run lengthens and maintenance historics
. accumulate, the factory gradually lengthens the TBO
- and service life norms.’ An increase in these norms will
" apply to all units in that model run, irrespective of
" when they were manufactured—on the condition that
" the servicing and overhaul of cach aircraft have been
. kept up to date. This/condition ensures that the aircraft
~ will have undergone all appropriate modifications; if it
. has not, liberalized maintenance norms could impose a

dangerous strain on 'lunmodiﬁcd components. D

{1 Not to be confused with this trend of gradually increasing TBOs
- and service lives during the production cycle of an aircraft model is
. the phenomenon of decreasing time between overhauls for an
= individual circraft. As an aircraft or engine progresses through its
. gervice life. the anticipated mean time between failures slowly
. becomes shorter as a result of normal mechanical wear and

progressive metal fatizue. The Soviets appear to allow for the
increasing likelihood of breakdown by keeping the resurs of an item
rporating a discretionary range (usually + $-10

o A
' IR R

3
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Soviet TBO and service life norms are set on the basis
of ghcoretical testing and actual maintenance experi-
. ence. These norms are principally functions of design,

 materials, and quality control. [7] |
1 i ‘ i

i
1 1
§

b ‘ i

The Soviets recognize that certain design burcaus and
' factories turn out better products than others. Among
engines for fighter aircraft, for example, those de-
signed by Tumanskiy are most highly regarded, and
our analysis indicates that:TBOs and service lives for .
engines from that bureau are vsually longer than those
. for comparable engines from other désigncrs.D

1 |
\

Materials and quality control appear lto be even more

' important. The Soviets still suffer from technological |
shortcomings in such areas as metallurgy, bonding,
and composites, which place limitations on the main-

" tenance lives of their aircraft. Likewise, Soviet manu-
facturers have found that the TBO and service life
norms for their aircraft—which are usually quite low
by Western standards—can often be doubled or tripled
if they simply upgrade workmanship and quality
inspection. Often an aircraft manufacturer will offer
two versions of the same product, which differ only in
the quality control cxercised in their manufacture. The
version with the better workmanship has an incrcased
service life—and a higher pricc.|‘“_‘-| : -

Manufacturers have a stake in kecping norms for
service lives and TBOs sct conservatively. They guar-
antee their products to perform to these norms. If
premature failure occurs, the manufacturer is respon-
sible for damages and may, if the aircraft was
produced for the military, be subject to a stiff fine. D

On the other hand, Sovict planners are well aware that
short TBOs and service lives reduce aircraft productiv-
ity and thus diminish military rcadiness. Since the
carly 1960s, the Soviets have made a concerted cffort
to lengthen maintenance and replacement intervals,
primarily by using morc durable materials and apply-
ing better quality standards. D

et
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Planning. In planning for technical servicing and  The Soviets récognize that operating hours alone are
capital repair, the Soviets differentiate between the - not always the best indicator of when maintenance
aircraft itself—which includes the airframe, av‘ionics. should be performed on a modern, turbine-engined
and fixed weaponry—and its engines. Theydoso  aircraft. Particularly for military aircraft which fly . i

because Marxian cconomics classes them as discrete | frequent, high-performance sorties, the frequency of

items of productive capital. Consequently, cach air- takeoffs and number of engine cycles are also impor-

craft has two separate master maintenance schedules:: tant. In recent years, for example, the US Air Force - ‘ .
one for the engine or engines and one for everything ~ has beguntoset maintenance schedules geared to these "
clse.’ These two schedules are not always fully | ©  measurements. Sovict military and civil aviation plan- 5
integrated, a factor which probably results insome'  ners, however, cling to operating hours as the determi-_ C
. unnecessary downtime. There is little indication that - nant of the maintenance schedule but take mission ;

1

the Soviets sce thisas a problem.* SEERE profiles and sortie rates into consideration when they
N . | SRS * compute them Soviet maintenance schedules, consc- 5
- Apart from the peculiarities of Soviet economics, there  quently, do indirectly reflect the nuinber of takeoffs - R |
" is a practical reason for having scparate aircraftand = fora particular aircraft in a given role. In addition,
engine maintenance schedules: the disparity between existing maintenance schedules (in operating hours)
*"the two in service lives and required maintenance . are alrcady drawn conservatively enough to cnsure
frequencices. Normally. the Soviets figure the service  that aircraft usually are serviced before mechanical
life of an engine to be 25 to 50 percent of that of the trouble develops. D ;
airframe. In addition, a typical airframe may be :
allowed five or more overhauls, but the engines are Organization . ;
seldom permitted more than two or three. A Soviet Air Regiments. For the Sovict military, the air
aircraft that lasts to the end of its service life (and most  regiment constitutes the basic fighting and mainten-
of them probably do) will usually require at least five ~ ancc unit. The regiment organizes its operations
separate engines (as cither direct replacements or around a series of alternating flying and servicing days.
maintenancc spares) for cach of its engine bcds D ~ with detailed planning doncon a weekly basis. Aircraft
R ‘ Co s maintenance, up through medium repair, is performed
TBOs and service lives, as previously noted. aresetin by the regiment under the supervision of the regimen-
terms of both calendar ycars and operating hours. tal engincer (usually a licutenant colonel), who is also
Calendar years are important because deterioration deputy commander for aviation engineering services. |
and metal fatigue are aggravated by age, but, for most |:| C P il :
aircraft. annual operating hours are the crucial meas- ' -0 f E
iered

RS

ure for determining when the various types of mainten- The regimental maintenance organizationisat
ance are performed. For an airframe, the operating system in which one echelon supports znother. Servic-:
rate cquals hours spent in flight. For an cngine, the ing and repair that cannot be }crformcd by onc_ilcvcl

operating rate includes not only flying time but 9lso are passed up to the ncxt.l:l i ]
time spent running on the ground—whcther n ? A ! : I :
warmup or servicing. For a high-performante fighter, An air regiment is divided into three flying squadrons
the norms are set in regular operating hours and D and a technical exploitation unit, referred toas the
“afterburner hours.[ ] ; - b “TECh.” The TECh typically is commanded bya
N Thel Sovleu also follow separate subschedules for major compo- * mafjor Who. reports d'irectly to the regimcntal.cnginccr.
nents such as the electrical system and the radar, but these are It is the primary maintcnancc arm of the regiment and
- generally adjusted to fit into the master schedule for the airframe.  is organized into separate shops for the repair of
g %Ie rea;on for this unconclem is the speed with ;.'hich cr'\gilnu and engincs, a.r mament, safety equipment, dcmflcal cquip-
i - other major components can be changed on most airruft modelsat ~ Ment, radios and radar, and, where appropriate, photo-

" the operating level. Where engine changes are not casy—in the
M1G-21 (Fishbed), for example, whose engine is integrally mounted
with the fuselage—it appears that a conscious attempt has been
made to mesh the aircraft and engine maintenance schedules. D

! . b o ‘1
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reconnaissance equipment. The TECH is responsible
for performing major inspections, medium repair, and
current repair that lower echelons cannot handle. If an

|
l
|
|
‘;
1
|
i

can organize portions of its crews into a mobile

| maintenance group, known as the “PARM," trans-
Portcd in vaf\s{:|= | ; |
. Each flying squadron consists of a flight branch

|- i (divided into four flights) and a technical branch. The
R technical branch—usually headed by a captain or
major, who reports to both the squadron commander
and the regimental engincer—is organized like a
miniature TECh, with separate crews for engincs,
armaments, electrical equipment, and radios =nd

' radar. The squadron technical branch—not to be

© " confused with the regimental TECh—is responsiblc

i for minor current repair and technical servicing. I:I

The flights arc composed of flying teams and servicing
teams. Each servicing team usually consists of an
officer whose rank is equal to that of the flight team
pilot (usually a lieutenant or senior lieutenant) and at
least two technicians. The maintenance team (or crew)
is responsible for the preflight and postflight inspec-
tions and preparation of the aircraft in the regimental
inventory to which it is assigned.’ I:I

| Air Technical Battalions. A military airfield is oper-
~ ated by an air technical battalion (obato). The obato is
{ organizationally distirct from the air regiment and

i performs functions scparate from those of the regimen-
' tal maintenance organization. The responsibilitics of

i the obato arc logistic and personncl support: mainten-

" ance of facilities, runways, and vehicles; provision of

‘ food, medical, and housing services; and management

! of supplics and spare parts. in general, the obato is not
' involved directly in the maintcnance of aircraft, butits
logistic work is an essential prerequisite to the proper
functioning of the regimental maintenance organiza-

tion. qj

"t *Unlike the situation in the US Air Force—where enlisted personnel
i supervise and perform virtually all hands-on maintenance
| procedures—Soviet commissioned and warrant officers often work

et . .

i Figure 1

aircraft cannot be taken to TECH facilities, the TECh

alongside conscript technicians in performing even routine tasks. :I

480526 (0-79 LA T
Military maixtenance technicians inspecting a TU-22 Blinder. D

Overhaul Plants. The capital repair of engines and
aircraft is performed both at the factorics where they
were produced and at a scrics of aircraft and enginc
repair plants run by the Ministry of Defensc and
located throughout the USSR. On occasion, military
aircraft are overhauled at civilian-run repair plants,
and civil aitcraft may be overhauled in military

facilitics. I:I

The Ministry of Defense overhaul plants, though
commanded by uniformed military personncl, arc
staffed primarily by civilian technicians. They are
probably operated on an enterprisc—khozraschet—
basis. Each Sovict air army has a number of these
plants subordinate to it, with cach plant specializing in
the repair of a particular type of aircraft (for example,
fighters, bombers, transports). Aside from doing
capital repair, these plants also perform specialized
repairs and modifications that arc beyond the
capability of air regiment maintenance staffs. I:I

Effectiveness

In peacetime the Sovict aircraft maintecnance system
seems to operate well cnough to guarantcc military
commandets the level of readiness they desirc. During
aﬁotractcd war, the system could prove vuincrable.

'
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: The servicing and replacement of componentsin. |
 than required by normal wear may seem in

" a sufficient number of serviceable aircraft will be

" hands-on training before their assignment to line jobs.
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i advance of expected failure and at intervals shorter |

: | v inefficient by
US standards, but it probably assures the Soviets that

available when required. The system helps keep e
L

. premature aircraft failures to a minimum and, !

" thereby, makes maintenance operations predictable,

- and simple. When the conservative maintenance norms

- are coupled with the intentionally low annual operat- ;
ing rates for most Soviet military aircraft—usually no,

more than onc-third to one-half the rates for compara-
ble US. military aircraft—they ensure that the Soviets.

B have a cémbat-ready ficet of relatively newand | .
- recently overhauled aircraft that is far from a point

where mechanical failure might occur P
et ‘ -

1 i A
. [

[ N : b

The quality.of Soviet regimental maintenance person-
nel seems to be more than adequate for their assigned
tasks. The Soviets emphasize both professionalism and
expertise to their maintenance engineers—and appear
to get it. Limitations inherent in the useof L
short-tenured conscripts arc compensated for by the
functional compartmentation of the maintenance sys-
tem and the routinizad, cookbook nature of most
maintenance operations. The Soviet practice of mak-
ing maintenance teams, parallel to the flying teams,
responsible for particular aircraft appears to be a good
way of ensuring personal accountability for servicing
and repair work. Such accountability is necessary
because—despite official propaganda—maintenan.e¢ i
personnel are held in lower esieem than their flying |
colleagues, and they appear to suffer from a lack of

I ' | |
: iR - C R
In the cvent of wer, the organization of the Soviet
aircraft maintenance system—with its many tiers and

its concentration of specialists and specialized equip-

ment'in rear-area repair plants—-fcould cause a prob- .
lem of sustainability, particularly if supply lines were
cut and the conflict last=d for more than a few weeks.

N Although trained and equipped well enough for | !

"' routine, peacetime tasks, the rcgimental maintenance
. 'organization is probabiy not adequate for handling the
" heavy flow of unprcdicltablc an’d complex repair jobs
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that might arise during an qxtcnded period of warfare.
Then the Soviet dependence on rear support for major
maintenance work—although initially of fset by the
sheer magritude of the military air orderof |
battle—could prove to be a serious liability in a ;
NATO-type c‘onﬂict that was not swiftly resolved.
‘ ! . b '; ' il

|

| BN % |
Cost Implications B S |

. P . l i
Maintenance Cost Planning g ll ,
The Soviet armed forces, we believe, calculate the
annual costs of maintaining their aircraft flect in much
the same fashion as civil aviation enterprises like
Acroflot.* Their approach is to make a life-cycle cost
estimate for each aircraft at the time of its procure-
ment and then to adjust this estimate annually to
account for changes in operating rates, technical
characteristics, maintenance norms, and the priﬁc of

spa;rc par:ts. |:| : 1 | 5 1\

In the Soviet approach, the:amount budgeted annually '
tc maintain an aircraft is an even share of the lifetime |
cost of providing inspections, technical servicing, '
current repair, and overhaul for its airframe, avionics,
and engines. These costs are estimated as a fixed -
percentage of: L, procurement price (or average
wholesale valuation when new) of the aircraft. Total
maintenance cost becomes, therefore, a function of the
type, size, and complexity of the aircraft, its annual
operating rate, its service life, and the time norms
governing its maintenance. The procurement cost of
the aircraft is used as an index of its complexity. By
current US standards, this is a valid way to estimate
maintenance costs—although it differs considerably
from the method that is now in use in the US Air

Forcc.’l:l ; |

We have approximated the Sovict maintcnance cost
estimating relationships (CERs) by using data avail-
able in Soviet open-source treatises on the cconomics of
air transport and combining it with information

¢ See appendix Afors ]::l! detailed discussion of the Soviet cost

estimating procedure, ‘ ‘
! Typically, USAF ma ance cost planning factors are peculiar to

an aircraft model, its role and mission, and the theater of operations

where it is used. Annual flying tj the principal independent

variable in the US formulations. ! :
; ) 1 E
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¢ provided by all-sourcc mtelhgcnce on Sovnct military
i aircraft and their maintenance characteristics. A
" comparison of the results providcd by our CERs with

; actual maintrnance costs reported by the Soviet

b Esnmated Mamtemmce Costs 1 P :

i Our reconstruction of the CERs probably used by the

© Soviets suggests that in 1979 the USSR will spend

., nearly 3 billion rubles ! for military.aircraft mainien-
i ance. This amount includes all dlrect and indirect

+ expenses assoclated with maintaining the aircraft in

: the Soviet order of battlc except.expenses for uni-

' military confirms that' our CER, approxlmauons are
§ generally reliable csumators of the actual ¢
mnhtary alrcraft mamtcnancc m the USSTR

of

W[

Pl '
.l {

formed pcrso'mel and fuels and lubricants (POL). Of

~ all the Soviets' mamtcnancc requirements, dilitary
. aircraft mamtenancc appears to carry the highest price

! tag. It amounts to between 7 and 8 percent of the
. 1 Soviet Umon s hkely dcfcnse spcndmg m 1979.( ]

[
11

3‘_5"5_ Our estimates indicate that the annual cost of military
" . aircraft mamtcnance has nearly.doubled since
! 1969—rising at an average rate of over S percent

annually (see figure 2). This rapid increese has
resulted from a steady growth in the number of aircraft

* in the Sovict inventory ‘and their technical complexity.
. We exﬁct this trend to continue over the next five

IS S

years. |
K il 1-

Comparison With US Costs. Another way of looking at

| the annual Soviet military aircraft mamtenancc bill is

to translate it into dollar costs: what it might cost the
us Departmcnt of Defense to maintain the Soviet air
-inventory as the Soviets do. Convcrtmg our approxi-
mated Soviet CERs into 1978 dollar terms by use of
composite ruble-dollar ratios, we estimate that Soviet
- military aircraft maintenance will require the cquiv-
alent of 6-7 billion dollars in 1979—about k] bnlhon
dollars more than it requlred in 1969. D S

I’ ,, { O :

This dollar estimate cnabled us to compare the
maintenance norms and procedures of the Soviet ! !
armed forces with those of thc us armcd forces in

pfmedlneomuml”omim. ) l‘ S ‘

:
]
. |
] 1
| i - o
! o . !
|

Estimated Costs of " Figure 2
Soviet Military Aircraft Malntenance.

1969-79,

in Rubles
o ‘
Billion *
1970 rubles
5 -
4
3:
0 ]
1979

1969

i

The trend depicted has been smoothed.

. terms of the cost lmphcauons of cach To do so, we
_reestimated the cost of maintaining the Soviet air
 inventory from 1969 through 1979, using—instead of
- our - approximated Soviet CERs—USAF maintenance -
_cost planning factors for comparable US aircraft,
adJustcd to rcflcct the low Sovnct opcratmg ratm D
| |1
. This companson |s shown in figure 3. |Thc lower line
mdlcatcs our csumatc of the Soviets' military aircraft
mamtenance costs if their ﬂcct were mamtamcd

’ N Because the two oounlriel are maimaimng dlﬂ'erem things—the
US military aircraft inventory is markedly different from the Soviet
! inventory in composition, size, and technical characteristics—a
nimple comparison of their maintenance costs uould be misleading.
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Estlmated Costs ofl’ TUF o Figure 3 aooordmg to the USAF mamtcnance plnlosophy and ‘
» SOViet Military All’crﬂﬂ Maintenaﬂc@. S i Do practlm Thc upper line mdlcatcs the trend we dCl’lVOd
1969-79.| ) B B by applying Soviet CERs. Aeompanson donein dollar
ln Equlvalent 1978 US Dollars e cost terms must be treated ,wnh caution bccausc
] 1 o ; [ I several technical cons*derauons may, 'tend to exaggcr- <
'f»i_ﬁ ;' i N N A ate the cost differences." Thccompanson. neverthe-
EiREE 1 : T R less, highlights the relative costliness of the Soviet
i, _ : P I IR o mamtenance)systcm.lj 1 o ! h B
SRPT L G | s [
- i;,%":‘;’l}a n“ 1 i G As estimated by USAF cost planning factors, Sovict
iy i P military atrcrlaft maintenance costs grow from a little
] \‘, Bt - _ ~ over 2 billion'dollars in 1969 to more than 3 billion i
TS B ' o v . 1., dollars by 1979—an average annual increase of 3 to 4 &
\ ' Costs estimated using ol , * percent. As estimated by our Soviet CERs, the average, 4
S - S e ?:u:::namps" ~~ | . . annual rateof growth is 6 percent—nearly double that k
SRR . .| ¢ implied by the US cost estimators. The Soviet CERs 3
N :5 ' 1 ! " also provide a cost scries that is, on the average, 70 to : .
- 80 percent higher in level than that dcnved by thc US ¥
‘ planmng factors
4 ; P A Reasons for Cost Differences. The more costly nature
P Costs estimated using ' ' . of the Sovict military aircraft maintenance system is
- US Air Force maintenance norms | ' best explained by the cxtremely conservative Soviet
© 3 and cost planning factors
oo ; maintenance! norms and the short service lives associ-
‘ . . ated with the Soviet airframes and engines. Soviet
. L n : | military aircraft reccive more major overhauls in a
! 1 | | o much shorter time than do their USAF counterparts.
T : o In addition, Soviet capital repair practices usually
Ly o dictate a more extensive and, therefore, more costly
N b P ch overhaul than do US practiccs These considerations
R v ‘[ © .. morethan offset savings in maintenance costs which
A ‘ P Ly might accrue to the Soviets because of their low annual
. 1069 . C T 1979 operating rates, their assembly-line approach to over-
R R ( '% || o ‘ - haul, and the general ruggedncss and simplicity of
A A | SERRRE L their eqmpmcnt E -
i oA AR | o ! )
; LI The mnd.{ dopicted h‘fw _t‘m" moo:hm .| . The Soviet maintenance system also contains hidden .
i nE { ! P oot costs that are not directly captured in our estimates of .
o : , - | annual maintenance expense. The Soviet emphasis on
14 © {$80578 TOT9CA S R P frequent rcplaccmcnt of components and factory - .
AT HER - Sl |+ overhauls requires that air regiments have large stocks.
AR o . ., ofrecadily available sparc aircraft and replacement
b 1 ! .. 1 st parts This raises not only the annual level of required
b ‘:‘.“ )1 S : ‘ b "Forexample.!hemlcmalpﬂeestmctumol'the US and thc USSR ;
. S i i i | are ditferent; the US cost planning factors we usc were developed for,
g Pl f P I | specific aircraft models, whereas the Soviet CERs are more gencral;
S '; i ' : - b ‘ and the US cost planning factors may include fcwefovcrhca‘fi items.
T I ' I o : ! P
AR '- Lty ‘EI R | !
t B Lo ) : oot o i s ) ; it
! R : R N N ‘ 1 ‘ L ;
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1nvcstmcnt in new alrcraft but also thc overhcad costs

i of holding the inventory of spares. In addition, the

. Soviet norms specify what often amounts to redundant

maintenance. Although this practice does scem to-
minimize serious premature failures, too frequent
disassembly and maintenance of otherwise serviceable
components can weaken them and can nncrrasc the risk

et

i
! )
.

s
o

Although the Soviet military aircraft maintenance
system wovld be extremely expensive to duplicate in
the United States, :: is probably quite efficient by
Soviet standards. It providcs an unusually high degree
of materiel readiness despite the constraints imposed
by the Soviet economy. The centralization and rear
orientation of the system create important economies -

' Outlook

|
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.of foreign object damage. |:| l
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of scale by avoiding unnecessary duplication of special- -
ized equipment and skilled personnel, both of which
are scarce resources in the Soviet Union. In several
ways—thc emphasis on conservative maintenance

f . adaptauon to'their clear perception of the realities of

I

1 Thcre are no lndlcatlons that Sovnet mnlltary leaders

| are dissatisfied with their aircraft maintenance system.
' Its guiding philosophy and structure represent a
dlstlllanon of their World War Il experience and an

! the Soviet economy and armed forces organization.
' The system is consistent with the Soviet maintenance
philosophy for most other maJor equipment and
reflects the view that any major conflict would
probably be brief but intense. In short, the Soviets are
oomfortable with the system and find that it works well

m pcacctlmc D .'_ 3,5; . | .

Consequently, we expect the Soviets to continue to
modify their military aircraft maintenance system only

these minor alterations, probably as a response to the
increasing mechanical and electronic complexity of
military aircraft. One is a slight loosening of the stnct

- spccmllzatlon of maintenance pcrsonnel they are

beginning to emphasize the cross-training of techni-
cians in at least two separate tasks. The other change is

© | an increase in the amount and sophistication of test

- and repair equipment located in regimental mainte-

~ ' nance components, We believe that the system will

3
|
i

' accommodate both changcs slowly and wnthout spccml
dlfﬁculty I:I 5: ! 'i;" '
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norms, the assembly-line handling of major repair
tasks, and the use of large inventories of aircraft and
'spare components to offsct limited ability at the unit
level for complex repair work—the system capitalizes
‘'on the production capablllty of the Soviet aviation
‘industry while minimizing the impact of quality-
‘control problems. Finally, the highly structured nature
of the system is well adapted to the stringent require-
ments of Soviet military and economic planning.
.Accordingly, we believe it unlikely that the Soviets
‘could achieve their defense objectives I'or alrcraf tatan

a reciabl lowcr cost ,
pp‘ y [ ] :
lt lS impossible to predlct whether the system would
‘function successfully in a conflict with either NATOor
Chinese forces. We believe, however, that it would

incrementally. They appear to be contemplating two of prove adequate—if the fighting followed the short,

intense scenarios anucnpatcd by the Soviets. The

Soviets are probably aware that, during actual hostil-
ities. maintenance norms could be greatly relaxed and
thet, at least initially, the maintenance pipelines from
air regiments to overhaul plants could be reversed, with
many aircraft and engines en route to the overhaul
plant being redirected back to line units. D
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Spccnal problcms are, mvolvcd m &stlma tu:g the annual
* cost of maintaining a mﬂntary aircraft in accord with

. the Soviet system described in the tcxt. The Soviet air
: forces are closemouthed about: thclr operatmg costs
and budget and their mamtenancc phnlos0phy, operat-
ing practices,’ ‘aircraft mventory. and maintenance
organization differ enough from those of the US or

' NATO armed forces;to make Western analogucs of

. | timited value T
-, |:|{i SEEREE

i [
I i i

1 Wc know, however, from analysm of Sovnet mlhtary
maintenance practlcw for major equipment other than
© - { aircraft that there are strong parallels between mili-
© MY L tary and civilian proccdures and accounting methods.
+{+ +The data further suggcst that the economic structure
1. :of the military alrcraft mamtcnancc systcm in the
S Soviet Union is snmllar to that ol' civil aviation, and
"1 7 that fundamental oost-estnmatmg relationships
i" : (CERs) valid in the civilian sector may also hold for
 the military. Consequently, we believe that the kinds of
e operating cost plannmg factors used by civil
41 b aviation—which we know—-jarc also used by the Sovnct
‘| air forces IRt I
R -'3(‘;’§‘.!‘_-;;‘.! S
Our mcthodologlcal approach to est:matmg the annua.
- cost of maintenance for Soviet military aircraft is to
use Soviet civil aviation analogucs—adjustcd to reflect
' mlhtary operating ratcs and equlpmcnt-to approxi-
- | mate the life-cycle cost’ planmng factors probably |
employed by the armed forces. We denvcd the civilian
planning factors primarily from data and formulas
available in texts and handbooks on the economics of
Soviet aviation and havc checked thcm against the
limited amount of economic intelligence available on
Soviet military aircraft maintenance. Thns approach
involves translating the CERs used by civ:han plan-
ners, in their estimates of amortization, routine repair,
and tcchmcal servicing costs, into similar equanons
that military planner‘s might use. D ‘*I | i
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Thns appmach has an advantage over mcthooologles
based on Western analogues: it mirrors the way in
which the Soviet military probably estimates its own
aircraft maintenance costs and should yicld estimates.
that reflect Soviet equlpmcnt characteristics, oper-

atmg ratw. and mamtenanoe pracuccs |
; i : |

s . l ,
' . '
|

Assumptions f

Although the military, according to Soviet financial
definitions, is in the “nonproductive” sector of the
economy, we believe its cost structure for aircraft
maintenance to be similar to that of civil aviation
enterprises. Accordingly its method of planning and
accounting for mamtcnance costs should also be like
that of civil avnatlon -

Both dnrcct and mfcrcnual cvndcncc supports this

assumpuon. | 1 ;‘ :

. Mlhtary and cwnl aviation have vmually the same
maintenance requirements and practices in the
USSR. Their. maintenance organizations have par-
allel structures and a common maintenance philos-

: ophy. Only the operating rates, times before overhaul .

' (TBOs), and service lives appear to differ, and then

mainly as functions of equipment differences.

le Military and civil aviation often share anrﬁcld and

¢ overhaul facilities.

-« Many military aircraft models and engmw (pamcu-

1 larly in the transport category) are |dcnt|cal to those

. used by civil aviation. l‘

;s The Soviet military reports its operatmg costs for

' individual aircraft in the same fashion as does civil
aviation. These costs are of similar orders of magni-
. tude and are the same for like-model aircraft.
~ | S L
| |

.
"
|'{'
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L i® reas of operations and
.+ .- maintenance—vehicles, land arms, and POL—the:
' military uses an approach ncarly identical to that of
'i /' icivilian'enterprises.| R (RIS Log i
! i», Sales of Soviet military aircraft to other countries
!, | include recommendations for niaintenance planning
., ||| that are similar to those used by the Soviets for

“* 1| nonmilitary aircraft. | | S (I
o The Soviets, whether by intent or by bureaucratic
inértia.:$trongly favor standardization of equipment
',/ and procedures throughout their economy. Our
research in cther ficlds strongly indicates that =
military and civilian planners are usually guided by a
common sct of norms, especially for maintenance )
br?Ce'ddrcs and accounting practices.| | . ! L
e |

Xéaihs; our assumption it can be argued that the
military and civilian aircraft fleets differ significantly.
A large portion of the military flect—fighters and

. are purely nuilitary, have weapons, and have more

. -+ sophisticated avionics than civil aircraft. Although

these are valid considerations, we believe that the

. manufacturing cost basis of the Soviet planning . -

o equations adequately reflects such differences because

©+ ; aircraft cost reflects technical complexity.[ ] .

nov b i L | ‘ >

" Two limitations of our methodology must be noted.

' First, it calculates life-cycle costs and therefore is not

!, necessarily a good approximator of the actual servicing

I i costs of a given aircraft in a given year. Second, it

i ¢ yields budget planning costs rather than historical,

. i costs; it will, therefore, tend to overlook temporary

* + problems or deviations from trends and will indicate

, . aggregate maintenance costs better than the costs fora

i  particular aircraft model or a“ipdrticular aspect of i ‘
. military aviation.[ 1" - | . e
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Cost Categories | | ‘igj ST

; ~ Soviet economists and aviation authorities identify six

' categories of aircraft operating expense: = 1
P P IR

. o Fuels and lubricants. R R I

e Amortization (that is, dcprqciation) of aircra[t and
i engines. S A S A
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" bombers particularly—have missions and designs that .

| S ; -
| ; i
o Routine repair and technical servicing of aircraft and
"'engines. | - ! 5 ‘ P
o Wages of personnel. | 3
» Social security deductions. . ) e
o Airfield o;Terations. |- '[ !l- o
' }‘ . . L | i :
! ! | : : ; o '
Two of these items are relevant for estimating the cost

|

of military aircraft maintenance. These are amortiza-'

tion and routine repair and technical servicing.!'tl ’
i R b a
The other cost categories-!—-f uels and lubricantg. .
wages, social security deductions, and airficld | |
operations—are less relevant to maintenance expense |
because they deal predominantly with operational, as
opposed to repair, items. In addition, these constitute |
areas which, for intclligenéc purposes, require scparate
cost estimates. ’ f [
o] -
Amortization b
The Soviets define amortization in a manner quite |
different from that normally used by Westcrn econo-
mists and accountants. In Soviet finance, the term |
refers to the'initial cost (or wholesale valuation when
new) of an item of fixed productive capital plus the
cumulative ¢ost of major overhauls performed during -
its service life and minus its salvage valuc at retirc- '
ment. It is usually expressed through a “straight line”
calculation on an hourly or yearly basis.‘D ' ‘

The notion of including the cost of capital (and,
sometimes, medium) repair as a component of amorti-
zation of capital cquipment follows dircctly from '
Marxian and Soviet economic theory regarding fixed
productive capital. According to this theory, the value
of working capital stock is gradually transferred in
discrete, homogencous units to the final product or
output during the production process. Working capital
stock can regain some of this “lost value,” however,
through periodic overhauls, which give it a longer
service life and, consequently, greater productivity.
Thus, when Sovict planners figure the dcepreciation of
an item of fixed productive capital, they lump togcther
its initial wholesale price and its lifc-cycle cost of

. . . ’ . !
capital and rpedmm rcpmr]. El ! i
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PA cmltan enterprtse 'in the Sovret economy calculates

amortrzation costs on an annual basrs for all equipment
in its capital stock n and deposits in the State Bank
payments equal to those costs, Cost planners base their

" calculations on official tables and norms for service
. lives and on amortlzatlon rates publtshed in profes-

sional handbooks. The enterprise wnll later usea .

s portion of: the fund created by, these payments to

finance overhauls. as they become needed, and the

' remamder to purchase new. ttems of replacement

capital equtpment Thls process constitutes the “repro-

. duction™ or “renovation” of the ﬁxed capital of the
‘ enterprtse. The amortization payments made on a
' given item should reflect the lifetime, cost of overhaul-

ing and eventually replacing it. If they do not, the

, : enterprise will be in financial trouble with both its
AR current accounts and its ﬁve-year plan D
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y The portion of amortization ol‘ an atrcraf t devoted to
| overhaul includes all costs allocable to capital repair."?

Because capital repair of aircraft is performed at the

i | factory or a special repair plant, overhaul charges

include the costs of replacement parts, labor, shop
matertals. transportatton. and plant overhead |:|

4|[.

: Rormue Reparr and Teclmiccl Serviews

The category of routine repatr and technical servrcmg

- for an aircraft covers the costs ol' current repair, |
technical servicing, tnspectton. and mdmtenance up

f through medtum repalr—m other words. all mainte-

i nance services except capital repmr. Expenses include

the cost of replacement parts, special tools and testing
instrumentation, and maintcnance materials. These

_costs are usually incurred at the anrﬁeld rather than at

A

, . R % | ‘ i
The Soviets usually do not plan routine repanr and
technical servicing costs on a per-atrcraf t basis.

_ Moreover, because such work generally is performed
at the atrﬁeld rather than at separate repair enter-

" prises, the costs of pérsonnel and of operating the |
facilities are not included in this category. Thus, the
cost of routlne repalr and technlcal servlclng covers

arepatrplant.1:|1 SIS TR
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" There are strong lndlcatlons that the mllltary also amortizes at

" least some of its‘capital stock—lncludlng an'craﬂ and other weapon
) systems—in peacetime.
.2 For most items other t

alreraft-—-vehiclea and englneerlng
for example—overhaul is usually defined to include
The general procedure for celeulntlng amortization
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equipment,

medium repair.
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only direct, matertal expens figured as an average for
the Iatrcrat‘t fleet.| ' i : :
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Estlmatlng Model

Symbols 1; !
The aircraft maintenance cost esttmatmg model em-
ploys a number of symbols to represent different
variables. For convenience, the dcfinitions of these
symbols will be grouped into three categories: exoge-
nous variables (values that are derived from data and
analysis outside of the model and may, therefore, be

taken as given), endogenous variables (values from the

Derlvatlon of the

- data and equations of the model), and parameters

(constant values given by the Soviets to define certain
fi undamental cost relattonshtps) D ’

- The symbols are as l'ollows-

|

Exogenously Derlved Variables

P denotes the manufacturer s pnce (wholesale
 price to the military) of an aircraft or engine.
This price can be given in rubles or m

equtvalent dollars. ;i
l | ||
L denotes the service life of an aircraft or _
engme, given in operating hours or years. An
item is written of [ for salvage value at the
exptratlton of its servrce lnfe. o

11 R denotes the resurs or TBO of an anrcraft or
1" engine, always given in operattng hoursor

years of service. When an item reaches the

. endofi nts resurs, it is shlpped to a plant for

, vcapttal repair. |

l' :
n !
!

E denotes the ‘number of enmne beds onan
" aircraft—thus the number of engines that
" will ha‘ve to be maintained. !E

i T denotes the annual flying tlme of a military

| ; aircraft, given in hours. It includes all'time

' | spent in Night, whether productive (mission-
" related) or nonproductive (associated with

! i amtenance. testing, or famtlta ‘ization).
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e )l denotes the penodlc or the hfeume amoru-
1l | zation (or amortizauon rate) of an airérm
or engine; it can be given in rubles or in .-

, ‘equlvalent dollars. . - - 1 ,]; o
i P | LR
N denotee the number of eapntal reparrs per-
.-formed on an aircraft or engmle dunng its

eervrcellfe o L
i3
|

h‘ P l i% 1 .
0 denotes the annual operatmg rate of an; ‘
| arrcral't or engine, glven in hoursl. '
‘ i { -l 5.-.'§li>. l' p ! l j
C denotee the plerrodlc or the lifetime oost ol'
" one type of maintenance (cither overhaul or
routine repair and technical servrcmg) l‘or an
i aircraft or engine, glven in rubles or m %
{i equlvalent dollars. [ :' BN
ITC denotes the total cost—-elther penodlc or
i - lifetime—of all maintenance (that is, both
" routine and capital repair) perl‘ormed on
. an aircraft and its engine(s), given m Do
"+ rubles ort in equwalent dollars D

L 1 l‘
ol I R
Perameters{f 1‘, ;‘ L
den : l ! | !
| ‘Ic denotes the fac(or used by the Sovrets to i
! determine the cost of a single capital repair:,
0.3 for engines, 0.25 for 2- to S-ton aircraft,
: 0.165 for 5~ to 10-ton aircraft, 0.135 for 10-
" to 30-ton aircraft, angl 0.115 for mrcrul‘t ol'
: morethanJOtons :'} CAEL M L
: ot l | E Lo ' llli l !
ol .,,;m denotes the Sovxets factor for routme repair
: :] and technical servicing, equal t0 0.25 (on the
. | average) for anrcral‘t and englnes [ l
~‘ j_»l e A
. {i.0 denotes the Sovnets l'actor l'or operauon of |
1! | enginesonthe gmunddunnzsemclng.equal

| " | 5 to 1.02 for alrplanes and l 03 for helicopters.

. : [
(| . [

_ets to adjust the manufacturer’s cost of an
‘aircraft or engine to reflect subtraction of
salvage value (about S pereent of lmtial eost)

|
|
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| | denotee the factor—o 9S—used by thelsovn-.
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In addmon to these symbols, superscnpts and suh-
scripts are used. The superscrlpts indicate the time
interval in which or for which a value is expressed The
subscripts indicate which part of the mamtenanee
program value rel'ere to. { L ],:

Capmrl Repair 1
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Supemrlpts

h denotes that the value is gnven in hours or per
hour. 2 I

i
l i

1 denotee an aggregate. lxl‘etnme value, '
| I 1
y denotes that the value is given in years or per
year. (s) ;

Subscripts
a denotes that the value is given for an aircraft’

(airframe, avionics, aud weaponry), exclu-
swe of engme(s). i 1 _

e denotes that the value is ngen for an engine. .

k denotes that the value is glven for capital
reparr (overhaul)

m denotes that the value is for routine repair
and technical servncmg : :

1

The Sovicts estimate the cost of a capntnl repair (o bea
fixed proportion of the wholesale price of the item :
being repaired. For an aircraft or an engine, the cost of
one capital repalr can be expressed in gencral terms as
kP. If the item is overhauled N times during its service

life, then the lll‘e-cycle cost of capital repairis |

L ; i 13
! : } o ii

The value l'or k is given in hauubooks on avnauon'

eoonomm The value for N can be eomputed as|

‘ ; |l
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; LandR are sct by the manul'acturar. We know that
: cwnl alrcral‘t usually undcrgo capltal rcpalr three to

. aircraft usually have shorter semce lives than civil
" aircraft and consequently, fewcr requnred overhauls

D L 5‘: ; Iﬁf

alrcraft or enginc as the sum of its initial cost (less

_salvage value at the end of its service hfe) and the
-lifetime cost pl' capital repanrs pcrl'ormcd on n -l
Thcrcl‘orc. I ] *
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Because paymcnts are madc annually. thc yearly |
amomzauon rate for an aircraft or engine can be
expressed as | ; gt .
! l| || ‘ '
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lf the service llfe is not specified in years, it can be
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opcratmg rate, or , ‘
T l |
L® I s
=
i bl l
l [ o “ . , x :
- For aircraft, thc opcratlng rate is equal to the annual
~ flying time. For engines, however, the operative rate
. also includes on-ground runmng dunng mamtcnancc.

thcadjustmcnt is |

L=

i
‘l
ll
“'l ll
. [ i
" 0,-07‘: _ll *5;{ BRI
‘ ! |» .'t"i : ‘ :

ln their cost calculauons. thc Sovncts makc an 8dJUSl-

> ment to include nonproductlve flying hours (training
. and the like). Our independent estimates of T include

thcsc. and no such adjustmcm nocd bc madc here.

Thus. the annual port|0n of thc amoruzatlon paymcnt

" foran mrcraft oran englnc dcvolcd to capltal rcpmr is
gwcn as ‘ o ; 52 C . i . §
NkP 3 o D
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Rontiue Repair and Technical Service
The cost of routine repair and technical servicing.is not -
part of the amortization rate. The Soviets estimate this
“cost for engines and aircraft by a very ‘intricate

j calculatlon. expressing it as a function of annual
;Aoperatxng rate, technical complexity of work involved,

' types of personnel performing the work, and wage rates
.of those personnel Unfortunately, we lack access to

. the{handbooks that provide the formulas and factors

| l'or such a calculation. |: [

All |s not lost, howcvcr. because for planmng purposes
thc Sovnets have a second way of expressing the annual
and hourly cost of routine repair and technical

_ l servicing: as a functlon of other aviation costs. There

| are‘probably two reasons for the snmplcr method: first, ‘

' the'overcomplex naturc of the calculation via the

“complete formula and, second, the uncertainties in-
volvcd in predicting the kinds and quantity of current
repalr that will be required. In addmon, Sovict

' accountants appear to prefer to monitor these costs on
 a fleet basis rathér than an item basis, perhaps because
~of the difficulties involved in fully allocating all
expcndltum to nndmdual nerm D h

| found by dividing the service lnl'c in hours by thc annual IR

In any case, we clan determine from Sovu:t texts on

- aviation economics that during the l960s and 1970s

“routine repair and technical scrvicing ‘costs have been
equal to a slightly declining fraction (currently about

25 percent) of annual amortization costs. Moreover,
tables of historical data for certain aircraft models do
exist. Comparison of the relation of routine repair and
technical servicing costs to amortization cost for a
selected group of aircraft models used by both civil
aviation and the military indicates that the national
figures seem to be accurate estimates for individual

airaral'l. D 5

Given all this, we can express the annual cost of routine
repair and technical servicing for an aircraft or cngine
as a function of the relevant annual amortization rate.
Thus, l
|
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sP+ NkP
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" ) To:al cuneunce Costs
5 To this point we have followed thc convcntlons of

| Soviet accounting in keeping scparate the costs for an
i 'aircraft and its engine(s). In practice, howcver. the' |

f 'annual cost of maintaining the complete system is the
g » isum:of the cost of maintaining the aircralt and thnt of
. mamtammg its cngmc(s) Thatis,, © " - L

S Py
,5!; [! e C
:

"TC’-(C{,+C,{,,)+E(C{,+C’) Fi

'I I
v whcrc E is the numbcr of mstallcd engmw (equal to

" .engine beds) on the alrcral‘t Thns can be expresscd in
" morccomplcxformas , 1 13 R !

‘E'[ "‘,

|
m(sP +N k,PJ)) +

X uT

N.kJ’e N m(sP+ N,k,p,)
( M L’ :

D

o We have not included thc cost of rcplaccmcnt cngmcs
. within the expression for total aircraft maintenance.
. . :Both the Soviet and the US military cost planners

‘consider this to be an investment item, not a mainte-
_nance expense. Although a typical Soviet aircraft may
_require five or more cngmm for each of its engine beds

".over the duration of its service life, only one engine per

!
B

“engine bed will be maintained at any one time, and our
cost estimating equauons rcﬂect this. |:|

"'”:" [o4s ;
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Adapting tbe Maodel to Mmtan Amtlon

b
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; | "The above modcl is valid for alrcral't in Sovnet cwnl

avmlon. but it is written in terms that can also be .
applied tto armed forces aircraft. Such an apphcahon
requlrcs appropriate values for the cxogenous variables
P, L R,E,and T. These variables can be valucd only
through mdcpcndcnt mtclllgcnce analys:s
1 l ' i o
Thc value for P, the manufacturcr s pncc of the |
aircraft or engine, can be chosen in cither of two ways
the average unit price for the year of production or the
cumulative average unit price over the entire produc-
" tion run. The Soviets themselves opt for the former, at
. least in‘theory, thus allowing economies of scale and

T |
1 {
I

sccms to bc a realistic procedure
. ] . x

i
.

' learmnz to influence mamtcnancamts over time. This

_ the basis|

L , s

The Soviet value for P is in rubles, but for purposes of -
sizing Soviet expenditures relative to those of the
United States, we can use an equivalent dollar cost. If:
the ruble-dollar ratio between product costs on both
sides is properly constructed, use of a dollar value for P
in the maintenance CERs should yicld a cost estimate ;
that approxlmately reflects the expense which the US
armed forces would incur if they maintained the :
aircraft and engine(s) according to Soviet practice and
spccnﬁcatnons. but in this coumry D ;

The service life (L) and TBO (R) of an engine or
aircraft must be determined for each aircraft model on

nfortunately, our dafa are spotty intcrms-

0 fnodels and years, and we must make a number

of analytical judgments in assigning service lives and
TBOs to Soviet military aircraft and engines. In
general our research indicates that military aircraft
have shorter service lives than civil aircraft and that
fewer capital repairs—at shorter intervals—are per-
formed. This is clearly an area requiring additional
research. (Appendix B presents our estimates of
service lives, TBOs, and operating rates for military

aircraft typcs )‘:I

The number of installed engines (E) is easily deter-
mined from technical analysis. It may be cons:dcrcd
completely accurate ! ; i
: 1
A more serious considcration affecting the cost of
maintenance of a given aircraft is whether spare
engines (ovcr and above those installed) should be
counted in the estimating equations. We believe they
should not, because they receive only limited mamlcn-
ance and because the Soviets would not begin to
amortize a spare for capnlal repair unul it actually

camc mto scrvnoc. g ; H

Thc annua fime (T) must be calculated from

data gnven

In general, to calculate 7 Tor a gIven aIrCrart ToaeT T
a given role we divide the total flying time logged by a'
military air unit by the total aircraft inventory credited
to it. Consequently, T should account for all opcratmg'
hours cxccpt those rclatmg to servncmg T

| ' i :
t 1 1
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e must be supphed from other analysm E__“| , |

Cost Estlmatlng Relationships
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. Wc assume that thc cost cstnmatmg modcl and thc For some Sov:ct military atrcraft. our only data are the

assocna:::l parameters valid for Soviet ¢ivil aviation are pnce of the alrcral't and the number of its engines. In
also valid for'the military. We'have exammed them ‘this case we can use a generalized version of the CER,
closely for intuitive reasonableness and for © | 'with typical instead of specific values for Nand L.
comparabnlny—wnth known practices and factors in (This “shorthand™ form of the calculatlon may some-
other areas of Soviet maintenance cost estimation and times be useful even when we do posscss a complete set

with US practices and factors. We have found no | of values. )I‘:| B | | Co
notable inconsistencies and no mdlcatlon that the usc | } l o
of the civilian-derived model yiclds results that are ’Thus, if an airframe is assumed to be overhauled four
. | qualitatively or quantltatwely out of lme w:th other ~ times and have a lll'e of 15 years and an engine to be
T data. B[] CL AR g ‘overhauled twice:and have a life of five years," the

| R | CER may be rewrittenas | : l: o
Wc feel that the weakest pomts ll‘l tlus estlmatmg | | | ! : - i

system are not the model and its parameters, but | 3 | Cy=(0 333 k,+ 0 01 58) P, +0. 1975 El’

rather the values for the exogenous variables wh:ch E |
o i H {

o ‘, | T In an even more generallzcd form, using an average
b oo value for the capital repair factor {or airframes, an

: equation valid as a crude estimator of maintcnance
| . o costs for any military aircraft may be written as

The algebra:c model presented above can be used to
_ construct a set of cost estimating relationships for the | TCY=0.07 125 P,+0.1975EP, IJ:]

" The first term in the expresslon calculates mamte-
. nance costs for the airframe, avionics, and fixed

maintenance of the varinus types and models of Soviet

military aircraft. Substltutmg the values for the fixed

parameters into the equation on page 16, and reducing,

the following gcnerallzed cost estimating relatlonshlp  These values are hypothetical and do not necessarily represent our
can be wntten P Ry best estimates.

[ v S ‘ . ‘
t ‘ i :' . . . i
I |

7Co (lZSNk +023,5)P+ o |

0.375N,.+0.2375 PI | l ‘ , - ‘
Ly e. l ‘ . : ) . , B ;

" weaponry, while the second does the same for the ' ; !

" engine(s). Although the CER is written to estimate
- annual costs, it can be used to comptite hourly expenses

if the appropriate substntutlons are made. Values for P,
L, E,and Nare known or casily derived for the

_ particular model alrcraft whose maintenance costs are

to be estimated. The value for the paramcter k for

' alrl'ramcs is given by wclght class |;| . !

" In fact, we have been a’ le to duplicate reported mllltary operating . , :

. costs for specific aircraft (lncluding l'lghten) wlth estimates l'rom

.;ourCERsl:. L | : ‘_ |

P |
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Alr" an‘l‘ype } Forceor i " :° | Annual . | Airframe ' ! Engine !
: : Service . .. ! " Flying Time | T ‘ ’
i S T S (Hours) ¢ Time Before Service Life Time Before  :  Service
i : ‘ i P }‘ P -{ . Overhaul - - ., g Overhaul i Life ;
. o sy -
I [N ' ' |
Do | v S -, Hours Years Hours Years Hours Ycars = Hours Years
Fighter/interceptor, Frontal (nctical) |00h1 Frontal 400 6.7 ©1,600- 12-18 250 34 ;. 500- 6.7
o % fighter-bomber,and - Aviation, . ! Aviation, {2000 | * L 700
medium-range bomber Air Defense Forces , 150 in PVOand L | f i

Pt lmcrmednate-ranze
'} o bomber '

Long Range Avia- -
tion and Navy '

100;

6-7

1,600- 12-15
2,000 |

250 34

500-
700

6-7

© (et) i

| Long-range bomber |

Long Range Avia-

tionand Navy = |~

120

5,000

6-7

15,000 15-20

2,000

6,000

6-10

_ Long-range bomber
_ (turboprop) :

Long Range Avia-
tion and Navy _

1220

!

5,000

67

15,000 15-20

2,000

6,000

6-10

; Antisubmarine

Navy

220

5,000

6-7

15,000 15-20

2,000 34

6,000

6-10

: . . warfare/seaplane P : -
':* * Reconnaissance or Frontal Aviation  100in Frontal Norms are same as for like-model aircraft in other roles.
' "1+ early warning aircraft and Air Defense _ Aviatlon, i ) ‘
o R P Forces 220in PVO ‘ L ‘
y i, Trainer All? - 160 . Norms are same s for combat or transport variant.
; '17 * Fixed-wing transport _ All . | 600+ 5,000 67 15,000 1520 2000 3.4 - 6000 6-10
L .. . Rotary-wingaircrat | I | | 1220 ' 2,000 6-7 8,000 15 600- 3-4 2000 79
‘ L (transport) : All 0 . ' 1,000 )
1 1 Rotary-winn aircral  All | 150-220 2000 67 - 8000 1S 600- 3-4 2000 79
‘ ! é I E (combat/ﬂmuh) Vo ’ ' ' : “m
x ; " [ ¥ Estimated values are approximated for typical aircraft of a given ? ; i
! S ! type or role. Specific models may have TBO: nnd service lives that E i i
b ti o differ from these estimates. - \ i i
( i1"i L *The category “all” includes Mllltury Tnmpon Aviation, Ground i | i
i .. | Forces, and Strategic Rocket Forces. in addition to the clements _ :
! Imenlioned above. ' ! | 5 . ‘ ; . : ! i
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