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PREFACE

During the 1980 Air Force Scientific Advisory Board (SAB) summer
study on long-range combat aircraft (LRCA). the issue of sizing
a new LRCA was raised and answered. That answer did not attempt,
however, to account for the possible impact of employing tanker
support. This Note, started in support of the SAB at the time of
the study, treats this issue, dealing first with missions whose
requirements are derived from the Single Integrated Operational Plan
(SIOP), and then expanding the analysis to incorporate missions
characterized by the use of LRCAs in worldwide nonnuclear conflicts.
Although the analysis was completed in the summer of 1981, it is
being published at this time because the issue of tanker support
for future LRCA fleets remains.

The results of this preliminary analysis should be of interest
to those in the Air Force directly concerned with assessing future
strategic aircraft designs and options. It was prepared under the
Project AIR FORCE research project, "Assessment of Mixed Strategic

Force Concepts for Flexible Requirements and Scenarios.”




SUMMARY

One of the issues raised in the 1980 Air Force Scientific Advisory
Board (SAB) summer study of long-ranpe combat aircraft (LRCA) was
size selection and the impact of tanker support. This Note addresses
this issue, examining two possible LRCA missions (the canonical SIOP
requirement and the use of LRCAs for worldwide force employment (WWFE)
with nonnuclear ordnance) and airframe designs specified in the SAB
study. The principal measure of merit used throughout is the LRCA
total fleet cost (development, acquisition, and 20 years of operation,
expressed in FY 1980 dollars), to include the LRCA and its tankers,
if any.

This Note takes as given the mission requirements stated in the

SAB summer study:

o Total SIOP unrefueled range equivalent to 8500 n mi maximum
cruise range at high altitude. (This range requirement is
identical with the B-1B program requirement.)

o Total WWFE mission ranges not to exceed 5000 n mi. This

range was derived from an examination of likely theaters

of employment and base availability for roundtrip missions.

o Total SIOP payload requirements at the design range of 2.5
million pounds, approximately equivalent to the B-52 fleet's
delivery capacity.

o Total WWFE payload requirements at the design range of 12.5
million pounds, again equivalent to the B-52 fleet's
capacity.

o Installed mission-specific avionics weights varying between
5000 and 15,000 1b for combat capable aircraft; tankers

are assumed not to carry mission-specific avionics.

Given these requirements, the following conclusions pertain.
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Assuming the SIOP mission requirements and a fixed maximum pav-

load per aircraft, LRCA life-cycle costs are essentially invariant tor

aircraft gross takeoff weights in excess of 250,000 1b. sSmaller air-
craft are less expensive to build and ovperate, but require greater
tanker support. In most circumstances, this added support counter-
balances any cost savings associated with smaller aircraft (see Figs.
3-6). Although larger aircraft can carry more pavioad for a given
design range, this additional capability is assumed not to be exploited
because of STOP constraints on effective payload sizing. Theretfore,
considerations other than fleet costs should determine LRCA sizing,
such as operational flexibility and the impact of tanker dependency,
total fleet sizing, basing considerations, cost per airframe, and the
use of the ‘leet in non-SIOP roles.

With SIOP requirements, it is not clear whether LRCA aircraft

should be sized to require tanker support. Tankers cannot be ruled

out on the basis of life-cycle costs, nor can theyv be readily rejected
because of other factors. No-tanker LRCA solutions lead to large
aircraft designs, i.e., aircraft with gross takeoff weights in excess
of 500,000 1b, and thus to large costs per airframe, small fleet sizes
that would be mere sensitive to attrition losses in non-S510P uses, and
so forth. Arguments against tankers--operational considerations,
survivability concerns, the fear that tankers will be diverted to
other uses (e.g., support of the tactical air forces) when nuclear

war is threatened--can be diminished through tanker fleet sizing,
design, and operational tactics. Tankers can be designed to have
survivability characteristics identical with those of combat LRCAs;

in fact, mainly for costing purposes, we assume in this studv that

the tankers are derivatives of the combat LRCA. Additional flexibility
is possible by designing the combat and tanker LRCA variants to be
interchangeable. (This Note briefly considers the advantages of
permitting rapid conversion from a combat LRCA to a tanker and vice

versa.)
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LRCA life-cycle costs are sensitive to the specified maximum

SIOP payload assumed. The costs vary from over $40 billion for the

case where the maximum payload per LRCA is 10,000 1b, to $18 billion
if payload sizing is unconstrained. These costs are also sensitive
to the total payload that the fleet must carry (specified here to be
2.5 million pounds), scaling nearly directly with this amount.
Adding the requirement that LRCA aircraft perform WWFE missions i
can modify the above observations. Three approaches toward including i

this mission have been considered:

0 Assume that the LRCA fleet is sized to meet the SIOP
requirements and examine the resulting WWFE capability
inherent in that fleet;

o Assume that two separate fleets are purchased using a
common aircraft design--one fleet meeting the SIOP
requirements and the other the WWFE needs--with total
life-cycle cost minimized; and

o  Assume that the fleet is sized to meet the greater
mission requirement but not both simultaneously, with total

life-cycle cost again minimized.

While these three approaches result in very different fleet sizes
and resulting capabilities, the consequences for aircraft design
are nearly identical.

If the WWFE mission requirements are added to those of the SIOP,

the preferred aircraft design (for minimum life-cycle cost or added

WWFE capability) shifts toward larger aircraft. How large depends on

the maximum useful payload that a WWFE aircraft is expected to carry;
for a limit of 100,000 1b, the preferred aircraft size is about

500,000 1b. Adding tankers does not alter this conclusion. Therefore,

no-tanker solutions may indeed be preferred on grounds of cost when

WWFE missions are considered. Although a case can be made for larger

fleet sizes, particularly if the fleet size is not sufficient to

support both missions simultaneously, their costs are also higher.
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The utility of tankers in support of LRCAs on WWFE missions is

inconsequential. Given the designated WWFE range (a maximum of 5000

n mi), only the smallest LRCA designs require any tanker support,
and they were not cost effective options.

Increasing the fleet size to meet WWFE mission requirements can
add tens of billions of dollars to the total LRCA fleet cost.
Nevertheless, the total fleet size would still be about the same as
the existing B-52 fleet. Thus, arms control considerations may be
small.

The above conclusions imply the following results:

o If large aircraft designs are included, the need for
tankers can be eliminated at little or no life-cycle
cost or performance degradation.

o On the other hand, if smaller aircraft are desired,
or a minimum fleet size is an important consideration,
such designs can be almost as cost-effective as no-tanker
designs.

0 Therefore, total cost is not very sensitive to the
selection of aircraft size, assuming that tanker

support is part of the overall fleet design.
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I. INTRODUCTION

One of the issues only partially addressed by the Air Force
Scientific Advisory Board (SAB) summer 1981 study on the next-generation
long-range combat aircraft (LRCA) was the optimum size of that aircraft,
given the diverse mission requirements and performance attributes
specified during the study.* The designs discussed tended to favor
sizes in excess of 500,000 1lb gross takeoff weight. These sizes were
mainly driven by the difficult mission requirements imposed on the
LRCA, e.g., a short field takeoff and landing ability, takeoff
acceleration at least equal to the B-1, the ability to perform all
missions without tanker support, and the ability to fly at high
altitude over 8500 n mi without refueling. Nevertheless, the
consensus among study participants was that smaller sizes would be
preferable were they feasible. Although recognized as relevant,
the important issues of total life-cycle costs, optimum payload sizes,
and the impact of tanker support were not covered (tankers were ruled
out because of their perceived operational disadvantages). This Note
expands on some Rand work generated at the time of the summer study
as background support for the SAB and treats these issues sufficiently
to illuminate first-order effects on aircraft size selection.

This Note concentrates on SIOP-like mission requirements--8500
n mi high altitude equivalent range, with an aircraft fleet sized to
carry a total weapon payload of approximately 2.5 million pounds.*
Other missions, e.g., World-Wide Force Employment (WWFE), require less
range or do not have well-rationalized weapon payload requirements,
leaving the SIOP missions as those that determine aircraft design
requirements. Nevertheless, these "other" missions can influence the

vehicle design and are treated in some detail.

*
Time and study manpower forced many relevant cuestions to remain
only partially answered.

+In this Note we use the expressions '"SIOP" and "SIOP-like'" to
describe generic missions requiring equivalent high altitude flight
ranges in excess of 8500 n mi and weapon payloads that in general are
carried internally, thereby limiting the maximum payload that any
aircraft can effectively deliver.




Some caveats are in order. First, the depth of analysis contained
here does not warrant firm conclusions. These results should be viewed
as illustrative, a guide for future work. Second, the results apply
only to conventional aircraft; that is, aircraft with lift-to~drag
ratios, structural weight fractions, and flight envelopes that are
characteristic of current aircraft. No novel designs were considered.
And, finallv, the results are believed to be sensitive to some of the
mission requirements that we have taken as given. Longer ranges
or greater payload requirements might have altered our conclusions.

The principal measure of merit used throughout titis Note is
the LRCA fleet life-cycle cost (development, acquisition, and 20 years
operation, expressed in FY 1980 dollars). The mission of prime concern
is the SIOP, defined in terms of equivalent high altitude range (in
excess of 8500 n mi) and total mission pavioad (2.5 million pounds).
The principal results relate to thig mission, but the implications
of other missions (termed "WWFE" and characterized bv range requirements
of 5000 n mi) are included.

This Note is organized in the following way. Secction 11 discusses
the range/payvload equations (with and without tankers) appropriate
for SIOP-like missions. Section III describes the range shorttfalls for
the SIOP mission given specific airframe designs and mission-specific
payload weights. Section IV translates these designs into total
life-cycle costs, still concentrating on the S10P-like mission
requirements. That section presents our observations about preferred
sizes for LRCA if the SIOP were the only mission to be considered.
Finally, Sec. V discusses the impact of the WWEE mission on the
above observations.

The appendix presents details of the cost estimates upon which

the cost estimating relationships used for the analysis were based.
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II. RANGE/PAYLOAD EQUATIONS WITH AND WITHOUT REFUELING

In this section we develop some of the equations needed for
calculations of the range/payload capabilities of alternative LRCA
designs, different avionic system weights, and gross aircraft
weights. We examine both the unrefueled ranges and the ranges
obtainable with inflight refueling. In subsequent sections of this
Note we apply these equations to the problem of selecting the appropriate

size and payload-carrying capacity of the next-generation LRCA.

BREGUET RANGE EQUATION

The widely used Breguet range equation closely approximates
precise performance estimates of real aircraft. The following is

one form for that equation:

Yo (1)

R=Klog Vo= +w
e a p

where R is the aircraft maximum unrefueled range (n mi), K is the

Breguet range factor (n mi), W, represents the aircraft gross takeoff

G
weight, we represents the aircraft empty weight (less mission-specific
avionics), wa is the aircraft mission-specific avionics weight, and

wp is the payload weight. A slightly more detailed expression for

this equation is obtained by substituting the product v(L/D)/c for K,
where v is the aircraft cruise velocity, L/D is the lift-to-drag

ratio for the aircraft at cruise conditions, and ¢ is the engine-specific
fuel consumption. Figure 1 contains estimates of K and the ratio

we/wG as a function of WG. Two different estimates of the empty weight
fraction are shown. One is based on inputs from John Cunningham,

a contributor to the SAB summer study. The other is based on detailed

aircraft design calculations provided to the SAB summer study by

*
AFSC/ASD. We will display our principal results using both estimates,

*

The ASD calculations were based on computer designs of aircraft
having the desired mission characteristics. Because of the sensitivity
of the designs to these characteristics and the lack of time to explore
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because we believe that they tend to bound the likely outcomes of de-
*
tailed aircraft design studies,

Because K and We are functions of W,, only three independent

G)
factors dictate the maximum unrefueled range--gross weight, mission-
specific avionics weight, and payload size. In the following we will
generally fix the avionics weight, and vary widely both the gross

weight and the payload size.

RANGE ENHANCEMENT: A SINGLE DEDICATED TANKER

Equation (1) is a specific solution to a more general equation:

W(r) = W, exp (- ) (2)

Pl la

where r is the range flown and W(r) is the aircraft gross weight at
range r. The total weight of the fuel burned at range r is simply

the initial gross weight minus the weight at range r. If we designate
AFb as the weight of fuel burned, then

AFb = wG [l - exp (—

)] ()

Assuming that the aircraft at takeoff is fully loaded, AFb is also

the maximum fuel that can be loaded into the LRCA at any range r.

mim

We state without proof that optimum refueling is obtained by fully
loading the bomber during air refueling, assuming sufficient tanker

fuel is available. Thus AFb also represents the amount of fuel that

the many possible variations in aircraft designs that would affect
the weights, ASD's results were not used by the SAB for tradeoff
considerations.

*We have taken these design curves as given. Substantial changes
in their magnitude or slope could yield different results. In general,
these curves tend to favor larger aircraft.

tUnder some reasogable conditions, LRCAs might leave their bases B
not fully loaded (e.g., if insufficient runway length was available i
for a fully fueled LRCA to take off). 1In such circumstances the i

N AR o e - TThT
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the LRCA would receive from the tanker at range r if the tanker had
that amount of fuel to offload. We also note that if refueling
occurred at range r, and the LRCA was fully loaded, then r would
also represent the total range enhancement from that refueling.

In this Note we assume that the LRCA will be configured as a
tanker as well as a combat aircraft. By assumption, the mission
payload and mission-specific avionics are removed from the tanker
variant, and extra fuel is added.* Furthermore, we assume that
the tanker and the combat aircraft to be refueled fly the "buddy"
system, i.e., they depart from the same base at the same time and
fly in formation until the refueling point is reached. We assume
that after refueling the tanker proceeds to a forward recovery
base located within s miles from t' : refueling point (s is a parameter
to be specified later). The amount of fuel available for oryfloading

into the combat aircraft, defined as AFa, is simply

)

where the last term in the equation represents the minimum tanker

v

A = - J 2
OF_(r) = W(r) - W, pr(

gross weight required at range r for the tanker to be able to tly
s miles to the recovery base.
We state without proof that the optimum increase in range for

the LRCA is obtained if the refuerling occurs when AFl(r) - AFb(r).

initial unrefueled range R would become

where AF is the weight of the tuel offloaded at takeoft. All the
remaining equations are unaltered.

*

The total performance would be slightly worse it the avionics
were not removed, but the trends of the results would remain un-
altered.

+ . . ]
The proof is straightforward and is presented in Ref. 1.
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If Arl denotes this range,
I A W
Voo ) e (- ) () (2
K K W K

or

2 (5

Since the LRCA is completely refueled at Ar Ar. represents the

1’ 1
*
maximum increase in range obtained with the aid of a single tanker.

RANGE ENHANCEMENT: MULTIPLE TANKERS PER BOMBER

An added increase in the LRCA range can be obtained by using
two or more tankers. Assuming the same buddy tactics as above, we
can rewrite Eq. (3) for the LRCA to account for a prior refueling.

Assume a3 single prior complete refueling at Ar Then

1°

r - Ar1
AFb(r > Arl) = WG 1 - exp (T-——7(-— (6)

Equation (4) still applies to the second tanker. Furthermore, the
optimum refueling point still occurs when the fuel availatle to be

offloaded exactly equals the fuel needed to fill the LRCA. Thus
Ar, Ar Ar W
1 - exp {- = Jexp = exp (- _2)_ (-5 exp i)
P K ' K W K

where Ar2 is the new total range augmentation obtained by two re-

fuelings. Solving for Ar,,

<5

*
It is worth noting that the range augmentations are entirely

independent of the LRCA payload or mission avionics weights. The
reason for this nonintuitive result is that the tanker does not
carry either the payload or mission-specific avionics.

R S TN 2 i i SRS A S T
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Equation (7) can be rewritten to portray Ar, seolely as a tfunction of

‘ Arl ary I
exp (akm ) } f exXp ( k”) (8)

By a similar procedure we can derive expressions for range on-
hancements from three or more tankers. If we specity that Ar is the
: n

total range obtained by using n tankers and the buddv svstem,

Ar |
L T e
[y K
L+ \i(, uXP (}\)

Tactics other than the buddy svstem could further increase the
total range obtained from retueling. In particular, basing tankers
at forward locations and not requiring them to {lv as far as the
combat aircraft before the optimum refueling point would make additional
fuel available to the LRCA and increase its total range potential.
Operationally, such tactics add problems (c.p., in mating aireratt)
not existing in the buddy system, therebv increasing the probability
of less than perfect use of the tanker inventory. It is bevond the
scope of this Note to explore such factors or to specity which scot

of tactics would be preterred.

RANGE_ENMANCEMENT: _TWO 1,RCAS PER TANKER
It tfrequently occurs that the desired total mission range is
greater than the maximum unretueled range of the aircraft, but sub-

stantially less than the range obtainable with a single optimum




refueling from a dedicated tanker. Under such circumstances, one
tanker might be capable of supporting two or more LRCAs, refueling
first one, then the next, and so forth. Since multiple refuelings
cannot occur simultaneously, the tanker must fly some distance

between refueling points. The variable t is defined to be the total
range flown by the tanker from the termination of one refueling to the
termination of the next. If we assume that two combat aircraft and

one tanker fly the buddy system, and that the refueling is accomplished

so that both combat aircraft obtain the same range augmentation, then

the following formula pertains:

. 3 (10)
Ar.,, = K log —
4 1/2 “e )
2 4 e exp (S + t)
WG, K
where Arl/., is the range augmentation cach aircraft receives. Ary/o

is obviously the range at which the first aircraft is retucled,

A\r\/,, + t is the range at which the second airceratt is refuacled.
-Uthvr assumpt ions about retueling, e.g., the second retueling
exact Iy fills the second combat aiveratt or the tuel loaded ioto cach
aircratt is the same, prodoce sltightly ditterent ranpge aougmentarions
and retueling distances.  In general, the equal range aupmentation
assunption used to derive Eq. (1) leads to the smallest estimate
of average augmentation, but the largest range enhancement tor the

first aircratt.

We will now combine the above cquations and Fiy., 1 to determine
the number of tankers per combat aircratt regoired to support the
assumed STOP mission.,  Table 1 shows the various maximam range
augmentat ions obtainable with tanker support as o tunction of the

*
aircraft gross weight, Figure 2 plots maximum range vs. aross weipht

In the catceulations in Table 1, we assume that all recovery
distances are tihe sawe, regardless of where the last refueling occurs.

M;"—mw*"“ g -
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Table 1

MAXIMUM RANGE ENHANCEMENT (n mi)?
(SAB Curves)

Alrcraft Gross Weight (K 1b)
Range - —_—

Enhancement 200 300 400 500 600
ST 0 1808 1902 1985 2063 2149
Arl 3178 3325 3454 3578 3717
ar, 4888 5117 5319 5512 5729

aRange between refuelings (t) = 1000 n mi; tanker
recovery range (s) = 1000 n mi.

where zero, one, and two retuelings are ineluded for comparison, as
well as the total weight devoted to mission-specitic items (avionics
and pavload). Obviously, retueling can significauntlv enhance the
ranze/pavioad performance tor aircratt of all sizes.

Still at issue is how manv tankers are needed overall to support

the STOP mission protile.  Because the required range is an vxpected

Uhviou@lvl.l]ﬁx'hssuhption is overly skmpliSFYZ, even if;nﬁﬁ?%kcall}
convenient. 11 we imposed the more geuneral condition that tanker
recovery distances are a function, £(r), of LRCA range at last refuel-
ing, thea v osatisties (Yor a single retueling) the following vquation:

N
Ar ¢ f (.\1 I‘)
Y ex - - -2 Y e =) -1 =0
- UXp ( K ) \\'(‘ L\(D( K )

)

This equation requires numerical solution sxcept for simple expres-
stons for 1{'r). Estimates of r(r) are heavily dependent on planning
assumpt ions, available recovery bases, initial bomber/tanker alert
bases, the routes flown, ete., and are bevond the scope of this

study. 7




average, with a substantial variation about that average for indivi-
dual bomber routes, we will define our tanker requirements to meet

an average requirement. The derivation of the real requircment rests
on detailed mission plans, c¢learly bevond the scope of this Note.
Therefore, we approximate this requirement by the following relation.

[f & equals the ratio of tankers to bombers,

5 (AR/A - ) AR A
0.5 (LR/ rl/_) Y T/
SR o= AT,
o= Jdos i o e, AR o< la (b
Ary - Jrl/z /2 - - 1
AR - qu]_l
(n = 1) +) Ar < Ar < Ar , and n > 1
LI =T n-1 - — 'n

where AR is the diftference (shortfall) between the desired mission
range and the maximum unrefueled range of the combat aircratet, and

Arl. Arg, and Arl/) are given in Ygs. (5), (9), and (10).
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I11.  MISSION RANGE SHORTFALLS VS. AIRCRAFT GROSS WEIGHT

In this and the next section we examine the intercontinencal
nuclear strike missions--the SI10OP and sloP-derivatives--since these
missions appear to have the strongest influence on alreraft sizing
and tanker requirements. WWFE mission requirements will be introduced
in a later section where we discuss the impact of diverse mission
requirements on a single aircraft buy,

lable 2 displavs the maximum unretfueled range as a function of
aireraft gross weight, using the SAB designs. As already indicated in
Fig. 2, large (i.e., heavy) aircraft carrving small pavloads can {lv
8500 n mi and bevond without retfucling; smaller aircraft or aircrart
with very large pavloads cannot. Range shortfalls are the differences
between these values and 8500 n mi.  Using these shortfall data, the
range enhancement values in Table 1, and Eq. (11), we can caleulate

the number orf tankers per combat aircraft needed for SIOP mission

Table 2

MAXIMUM UNREFUELED RANGE

(n mi) (SAB Design Data)

Total Avionics |  Adrcraft Gross Weight (K 1b)

and Payload

Weight (K 1b) 200 300 400 500 600 1
15 7105 8003 8624 9131 9627
25 6123 7277 8040 8638 9195 j
35 5226 6597 7486 8166 8779 ]
45 4400 5958 6959 7712 8377
55 3635 5356 6457 7278 7990
65

2923% 4786 5977 6860 7615

NOTE: Shading indicates cases where refueling is un-
necessary.

Must be refucled before the optimum relfueling point
(3178 n mi).
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Table 3

TANKER/BOMBER RATIU REQUIRED FUR 8500 N MI MISSION RANGLES

(SAB Desipn Data)

Total Avionics o adrerartt Gross Weipht (Ko1b)
and Payload )
Weight (K 1b) 200 300 400 500 HOO

p—
W
Aa
Nej

.13 - - -

25 71 .32 .12 -- -=
35 1.06 .91 .26 .08 -

4 .73 .39 .19 03

I~
wn w
—
(o2 BV IR V]

5 9 .94 .52 .30 12
6> 2.68 1.22 .68 .39 L2

Avionics welights are expected to be between 000 nd Pyt thy

depending on assumptions about clectronic counternedasures (Fe)
requirenents, the need tor active Jdetense onboard the (RO ot
By specitying the avionic s weight (whivhh would presumable apply ror
all aireratte sizvs),* we o can obtain the pavioad weicht por TRCA vs.
tanker requirement.  These relationshins are used in See. IV, where

we caloulate total Tife-cvele costs as g tunction of aireratt and

pavivad weight.

The total mission-specitic avionics weights mav scale slicht 1y
with size, depending on the nature ot the FCM o emploved and the

.
sealing of radar cross-section Cand other chservables) with sire.
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The principal remaining unspeciticd variable needed to calculate
the required aircratt buy is the total payload necessary for mission
accomplishment.  Unfortunately, no definite missio a requirement exists
that would poermit specitving this variable. Theretore, as in the SAB
studyv, we will specify a value that has at least a reasonable rationale:
the total pavioad must be sutticient to replace the aping B=52 fleet--
namely, 2.5 million pounds. The total aircraft buy is scaled to exceed
this requirement by 20 percent, to account for replacement spdres,

training, and other odds and ends. It Q is the total aircrafe buy,

NN i
Q= 1,201 4+ ) (=2 x 10 (1)

Table 4 shows Q for the assumptions listed. For a tixed aircratt gross
weight. Q decreases with increasing aireraft pavioad. Thus larger
pavieads lead to smaller agircraft buvs and, at tixed gross weights,
lower total costs, Similarly, at constant pavloads per LRCA, increas-
ing aircratt gross weipght again reduces the tetal buv., However, the
least —cost solution cannot be determined until the relative costs
botween aircratt sizes are specitied.

’

Table 4

TOTAL ATRCRAFT BUY:  SIOP-L1IKE MISSIONS
(Avionics Weight = 15 K 1b)

(SAB \\.'L"le“ll[ Fraction Curve)

Lf_»_;r\vi_r}'_r_df_tw Gross Weight (K 1b) _17 Minimum Buy
Payload (K 1b) 200 300 400 500 600 (no tankers)
T T T T NI T TS T 300 0 300 T 00 T
20 308 225 188 le2 150 150
30 254 173 139 119 103 100
a4 224 145 114 97 84 75
H0 220 13y 1o 84 72 L

NOTE:  Shading indicates cases without tankers,

. , - - d
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The appendix describes in some detail the aircraft cost relation-
ships, including development, acquisition, and total support cost for
major aircraft parts. Despite the numerous relationships involved in
this detail, verv good agreement with overall aircraft life-cvele
costs can be obtained by using the following simple formula

I 7 -
Cost (8M) = 37.4s(.-ww'r)o'"“’*(Q)O"“73 (1)

where AFWT is the aircratt empty weight (in thousands of pounds) less
the engine and avionics weight. This equation excludes pavioad costs
and includes only 5000 1b of avionic "black boxes." Table 5 displavs
the lite-cvele costs tor the entire torce for the conditions pertaining

’

to Table 4.

lable 5

LRCA LIFE-CYCLE COSTS VS. GROSS WEIGHT AND DESTIGN PAYLOAD
(Costs in yB 1980)

e e e m il f D o ok e e e e e e o e

Alrcraft Gross Weight (K 1b)

Design Pavload

(K 1b) 200 300 400 500 600
10 41.85 43.15 44.38 46.02 50.43
20 28.91 28.54 29.15 29.139 30.45
30 25.13 23.57 23,450 23.48 23.16
40 22.93 20.73 20.25 20.23 19.97
50 22,71 19.47 18.55 18.22 17.85

Figures 3 through 6 graph these life-cycle costs under difterent
assumptions about the aircraft design curves (SAB vs. ASD) and mission-

specific avionics weight (5 vs. 15 K 1b). Several observations are

worth noting.
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First, if the aircratt must vperate without tanker suppurt,
larger aircraft are the most cost-etftfective, so long as there is no
upper limit on total payload size. For a given aircraft payload, the
optimum (unrefueled) size falls along the dashed curves in the figures.
Obviously, these sizes are the smallest possible consistent with the
capability to fly 8500 n mi. Other considerations, e.g., basing, can
influence the choice of sizing, but in general aircratt with gross
weights greater than 500,000 1b will be preferred. This observation
agrees closely with the SAB summer studv.

Second, tanker support permits smaller aircratt designs that are
nearly equal in cost to larger designs. If the cost and tanker require-
ment estimates are accurate, aircraft as small as 300,000 1b may be
considered cost-effective. This is particularly true if the weapon
payload is constrained to 30,000 1b or less--~a reasonable constraint
when weapon delivery mission planning is considered.

Finally, assuming the SAB design curve, using tankers is frequently
the cost-effective solution, although the difference between cases with
and without tankers is generally not very large, and the result is
sensitive to maximum aircraft payload. Obviously, this last observation
ignores operational considerations that might increase both the number

of tankers needed or the cost of tanker support.

R i i oo™ — =TT - - =
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V. IMPACT OF OTHER LRCA MISSIONS ON SIZING

The previous sections examined SIOP-like mission requirements.
However, LRCA are expected to perform other missions, in particular,
a WWFE mission where the aircraft must be able to flv 5000 n mi round
trip.*

Multimission requirements can be treated in several wavs, with
potentially different implications for LRCA sizing. First, it can be
assumed that the fleet of SIOP-specified aircratt will also carry out
the WWFE missions. In this case, we need to determine the capacity ol

thhe SIOP fleet to perform WWFE missions, and then to judge the implica-

ticns of that performance level on aircrart size scelection.  Sccond, it
can be assumed that additional aircraft must be acquired to perform

the WWFE role. Two variants are worth considering: one where the
entire WWFE mission must be accomplished by tne additional aircraft,
i.e., no SIOP aircraft can be used; the other where only enough aircraft
are added to make the SIOP fleet capable of performing the WWFE mission.
For these two variants it is reasonable to specify a total WWFE payload
to be delivered, calculate the joint costs of the two aircraft acquisi-
tions, and seek to minimize the total life-cvele costs.  In all cases
we need to address the question of maximum usable pavioad per aircraft

in the WWFE mission and the implications uvf tanker support.

IMPACT OF UNREFUELED WWFE MISSIONS ON LRCA SIZING

We start with the assumption of no refueling on WWFE missions.
Breguet's equations can be applied to 5000 n mi missions as well as
8500 n mi missions. Using the SAB weight fractions and 15,000 1b ot
(installed) avionics, Table 6 prescents the maximum range obtainable ror
a specified payload size and aircraft gross weight. The shaded arca

points out all payload-gross weight combinations that can pertorm

We will require that the full pavload be carried the entire
5000 n mi, since sometimes the munitions might not be delivered and
(for cost reasons) should be recovered. Dropping the pavload halfway
would add about 200 n mi to the mission radius.




table o

MANTMUM UNREPUTLED RANGEL

(n mi) (SAB Nircrart Desiens)

Alreratt Gross Weight (K 1b)

Pavioad Weight eI L B e
(K 1b) 200 300 400 500 600
S S e e e e e
20 5226 6597 7486 8166 8779

30 3635 5356 6457 7278 7990

60 2256 4245 5517 6457 7257

80 1038 3240 4652 5693 6561

100 0 2321 3852 4978 5909

NOTE: Shading indicates cases where tankers are not
needed.

5000 n mi missions without retfueling. Figure 7 replots these data,
showing the maximum payload weight that can be carried 5000 n mi as
a function ot aircraft gross takeotft weight. Clearly, larpye aircraft

can transport veryv large payloads.

Case 1:_Total Fleet Sized ror SIOP Mission Only

Under the assumption that the LRCA acquisition derived in Sec. 1V
is rixed, we may indicate the impact of WWFE missions on LRCA siuze
selection in two wavs. First, we can rule out all aircratt incapable
of carrving a minimum-sized payvload 5000 n mi without retfueling.
From the prior section and Fig. 7 it is clear that small WWFE mission
payvloads (e.g., 20,000 1b or less) will have little etffect on LRUA
size selection, because cost-effective gross takeoff weights permit
payloads larger than the maximum. On the other hand, large payloads
(e.p., more than 50,0C0 1b) could intluence that selection.  Figures
8 and 9 are copies of Figs. 3 and 4, where we have added as a minimum
WWFE pavload restriction the requirement that these pavloads not be
less than those selected tor the SIOP mission. The consequence ot

this assumed limit is to remove very small aircraft carrving large

pavloads as LRCA options.
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Second, weovan caloulate the total pavload taat can be carried

by thie STOP tleet to 5000 nomi. I owe place no Timit on the payload

tieit a osingle LRCA carries on a WWFD mission, sllowing it to carry tihe
caximum possibley then we can multiply the flect Slee in dabic 4 (scaled
down to aceount tor maintenance, trainine, eto.) by the maximum pavioead
por gircratt in Fig. 7 to obtaln total maximum paviead capacity.

Piloare U ocrossplots that total with the lTite-cvele costs ot the acqui-
sitivon.  Largser aircratt desiyns produce greater WWEFE payload capacity,
with greater or lesser lite-cvele tTorce costs depending on the size of
the ST0Y pavioad. Certaia observations rollow: 1) 11 mininun cost is
the prime driver, sclect the biggest SIOP payload that can usciully

be emploved, and tase wnatever WWFE payload capacity this implices.

[his lTeads to the scelection of large aircraft if large SIOP pavloads
are permitted and smaller aircratt i0 only small pavloads are permitted.
(2 For tixed LRUA wross welghts, the total WWEE pavioad srows almost
lincarly with total life-cvele forcee costs.  (3) If the resulting WWEFE
pavivad is judeed inadequate, then additional pavload can be obtained
only by adding more aircraft., Since total WWFE pavload scales directly
with aircrart acquisition so long as aireraft gross takeoff weight is
aeld rixed, the added costs of more pavload can be read directly otff
Fig. 10.

The above assumes no constraints on WWFE aircraft usable pavload
weight. For a variety of reasons this assumption can be challenged.
Figure 11 plots total lire-cvele cost versus WWFE total pavload, where
no LRCA 1s permitted to carry more than 100,000 1b of pavload. For
large LRCA STOP pavloads, total life-cvele costs are still minimized
by selection of large aircraft designs, but bevond the limit implied
bv the 100,000 Ib pavioad restriction, total WWFE paviead capability
is reduced rather than enhanced. Therefore, the motivation for sclect-

ing the larger aircraft is diminished bevond this limit.

Case 2: Total Fleet Sized To Satisfy Both SIOP and WWFE Missions
To size the fleet requirements for the WWFE mission, we need to

specify a total pavload capacity requirement. Lacking a firm mission-
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derived requirement, we assume that the LRCA {lect must be able to

carry 125 million pounds on 5000 n mi high altitude missions, o

e

number used in the SAB study.

There are two conditions where the LRCA fleet onn satisty both
the STOP and WWFE missions. [t can satisty both simultancousiy,
thereby requiring a fleet sized by the sum o the requircments taor
both missions. Or it can satistyv cach mission sceparately but not
simultancousiv, requiring the tleet to be sized by the Parger wision
requirement . Table 7 portravs the total LRCA acquisition needed i
the tleet must perform both missions simultancousiv=-—the 1irst con-
dition., VFigure 12 displayvs the resulting tieet Tite=cvele costs,

Two observations are worth noting. First, adding the WWFL mission s
a simultancous requirement sharply incereases the total Tive—-coode
custs beyond those of the SToP mission alone.  Sceond, the preterred

afreratt size definitely moves toward aircratt sizes larcer Chan

would have been selected for SIVP missions alone.  Tnis latter point
needs o caveat, however:  maximum osable pavload restrictions can

placve an upper Tindt on the desired sise.

Table 7

DRUA ACDUISTTTON STZE J0IND STOPWWEE BEY

TRCA Gross Takeol! weisht (2 10
LRCA stor T o

O SO0 SO 0

Pasloead K10 | .\_’u.(” ] ,_i“,”,, uu ....... 0o R
(v 1174 722 543 Y Al
(4H0)

20 970 350 396 313 i
( 300)

30 916 498 347 270 218
(253)

W 486 470 R 248 199
(234)

0 893 458 309 235 (222

NOTEST  Avienics Welght = 15 K 1hs () = Limit of 100,000
coror AWWED pavlaoad.

Like the STOP mission pavioad requirement, these numbers
retlect current 8-52 capabilitics.

L—mzz-—' SRS S S , : o - d
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Fig. 12--LRCA 1ife-cycle costs vs gross
weight: Joint SIOP/WWFE buy




The second condition--cach mission requirement must be satistied
separately but not simultancously--calls for a comparison of the fleet
sizes tor the separate missions, with the largest requirement sizing
the tleet. Figure 13 plots the resulting life-cvele cost.  The SIoP
mission reguirements dominate if the maximum SIOP payload is small,
Otherwise, and tfor most vehicle sizes and payloads of interest, the
WWEE mission requirements dominate.  As above, adding the WWFE mission

increases the motivation for selecting larger aircraft.

IMPACT OF WWEE REFUELING O LRCA SLZE SELECT[ON

We now turn briefly to the question of how the use of tankers
alters the above observations.  As Table 6 makes clear, only small
aircratt require any degree of range extension, and then only it they
carry large pavioads. Nevertheless, all aircraft can increase their
payload capacity with refueling, thereby reducing the overall fleet
size requirements or, if the tleet size is tixed, increasing the
pavload delivery potential.

Rathier than employ the buddy svstem (used for the SI10P refueling
caleulations), we assume a filling-station tactic. (The appropriate
range extension cquations tor this refueling tactic are derived in
Ref. 1.) This tactic assumes that the tanker flics forward with the
first LRCA, refueling it at a distance r. Then it loiters at this
range, refueling subscquent LRCA until the available fuel is exhausted.
The tanker then flies v miles back to its original base. We assume
that the equivalent (and alwavs equal) distance flown between retuelings
is t. Under these conditions, cvach combat aircratt will be able to

enhance its range Sr n mi, where

n-1 , ., n-1 > n-|
Z il o -1 2: i i
P + (\IJ + 4 \f e ol 4 () - P + E 1x:]
v
i) ’ i i
SR B B e L A i S SN S : o
TR o W ‘!
Al }‘
“A W
G

e T e s e T - S e e St S ST > I i
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Fig. 13--LRCA life-cycle costs vs gross weight:
Fleet sized for largest requirement




t . . . .
where X = exp (— 7‘)And n is the number of combat aircratt one tanker

supports. Figure 14 shows how Sr varies as a function of n.  Curves
for two aircraft gross weights--200 K 1b and 600 K lb--bound the
pertformance for the sizes considered here, It tollows from the tigure
that, for the range penalty per refueling assumed, o single tanker can
provide multiple LRCA with small range enhancements.

From our previous work it is ovbvious that these small range on-
hancements can be used to offload fucl trom the LRCA, thereby allow-
ing a larger pavload. Counterbalancing this is the need to oxtract
aircratt from the LRCA fleet to act as tankers. Figure 15 plots the
pavload per LRCA obtained by emploving tankers in the illing station
tactic. Also shown is the average payload over all aircratt (LRCA
plus tankers). The increase in average pavlead means that more total
pavload can be carried for a given fleet size if some LRCA are recon-
figured as tankers than if the LRCA must perform the misston without
refueling. For the two aircraft sizes shown, the optimum LRCA/tanker
ratio is two. However, it is also important to note that the actual
pavlivad carried on a combat mission grows soabstantiable, reintredo in,

concerns about what constitutes a reasonable Himit on (U~ masimur,

Figure 1n plots the maxinum averase pastend wito o oo N
function of the LRCA gross takeots woeight. Do Dedea Dnocne o
the impact on that average D the FRON pavioad i Ticiood oo 0
1bh,  Assuming this Timit, aiverart abouve ahout  sobigobie T e o 0,
full advantuage of the cains inherent in tanker oapport, ana i o

above 470,000 1b would not benetit at all.

Case 1: Total Fleet Sized for SI1UP Mission Unly

We have repeated the calculations of Figs. 10 and "1 to ~how hos

the improved pavload capability atfects the total WWEE pavioad apacite,
Figures 17 and 18 display the new data, Careful comparison ot these

figures and the prior ones indicates the smaller vehicles show the

kA\dditinn;n] caleulations indicate that better pertormance can be
obtained by a pre- and puststrike retfueling. A 200,000 1b LRCA can
deliver (fleet-wide average) 34.7 K 1bh, an increase of nearly » K o Ib
above the prestrike retucling only case.  Nevertheless, the pavioad
limit effects in Fig. 16 still apply.
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fleet life-cycie costs ($8 1980)
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Fig. 17--LRCA life-cycle costs vs total WWFE mission
payload (with tanker support) and gross weight:

SIOP missions only
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fleet life-cycle costs (SB 1930)

Total

All options carry 2.5 M lb pay'aad on SI0P missions
Avionics weight = 15 K Ib
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Fig. 18--LRCA life-cycle costs vs total WWFE mission
payload (with tanker support) and gross weight:
SIOP missions only and LRCA payload limit
set at 100,000 1b
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Cost estimates for cach design were made by Rand at roree Tevols
ot 100, 2000 and 400 primary authorized airerart (PAA, the number on
aircratt available tor the mission),  An ailowance ot 20 percent ter
training, depot maintenance pipeline, and peavetime attrition rescrve
alreratt brought total procurement requirements tor those torce leveis
to 120, 2400 and W80 inventory airceratt.  The tull cost estimates are
presented in Fables A=l throush A=5. Costs show cvonomies o scale
both -or greater size and wreater quantities.  he predominant cost-
quant ity scaling is in procuarement costs (and in amortization of devel -
obment costs over Larver quantitices), but thero are dise solie cost-
Gquant ity et ficicncies in operating cost categories, such as replenish-
ment spares.  No ospecitic costs tor addine tanker capabilities to the
aircrart have been added, as we belicve such costs to be within the
uncertainty level of the estimates.  Nor have anv costs of mission
ordnaincee (other than tor training) or other pavioad been included.

Fhe costs o additional avionics or defensive missiles bevond the
hasceline 10,000 1Th of installed avionics have also been excluded.
Pt is as=umed that they would be cqual tor all desions,

The CER used in the analvsis was derived from the total cost

"point" estimates by fitting an cquativn to the points (using feast

squares and the logarithmic Torm of the cquation):

~)
e
~I
o &

. Hbba .
(9]

<

TCOST = 37.43 AFWNT

where TCOST is total development, procurement, and 20-vear operating

cost in mitlions of 1980 dollars: AFWTD is airtrame empty weight,
. , X . % X 3 L
exclusive of engines and avionics:;  and @ is total gquantity ot inventory

N

Alrframe cmpty weipght is detined as the weight of the airveratt
without tuel, ordnance, or crew.  The airtrame weight detinition we
use here (empty weight Jess engines and avionies) ditters from "air-
frame unit weight' used in contract cost reporting., which also excludes
the weight of trapped tuel and oil, armament, instruments, auxiliary
nower units, ind several other items of installed equipment (sce AFSCPy
AJLCP BOO=-15).  The latter detinition is the one used for the weight
variable in the airtrame cost estimating mode!l we used.  We assumed
that our AFWT variable was about 10 percent preater than aivtrame
unit weight,




Table A-2

COST ESTIMATES FOR LRCA #1--110,000 LB
ATRFRAME WEIGHT, 200,000 68 (GTOW

(SM 1980)
120 A/C 240 A/C 480 A/C
Cost Element (100 PAA) (200 PAA) (400 PAN)
DEVELUPMENT
Airframe 1609
Engines 415
Avionics 1078
Other 248
Total Development 3350 3350 3350
PROCUREMENT
Airframe 4499 6932 10754
Engines 657 1145 1993
Avionics 1193 2266 4306
Flyaway (subtotal) 6349 10343 17053
Peculiar support 483 786 1296
Initial spares 381 621 1023
Total Production 7212 11750 14372
Total Acquisition 10563 15100 227202
20-YR 0&S ($ million)
TOTAL 20-YR OPERATIONS 7108 13521 26096
TOTAL 20-YR COST 17671 28620 48819

ANNUAL 0&S (S thousand/PAA)

Personnel related 1408 1408 1408
Replenishment spares 438 343 A
Base material 186 186 186
POL 421 421 Gl
Depot maintenance 660 660 n6 ()
Class IV modifications 343 280 D30
Common support equipment 83 67 V)
Training ordnance 15 15 15

Total annual 0&S 3554 3380 62
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Table a=3

COST ESTIMATES FUR LRCA #2--150,000 LB
AIRFRAME WFTCHT, 300,000 1B CTOW

(SM 1980)

120 A/C 2400 A/C

- Cost Flement flpp,rﬁé)ﬁg._fgpp.Pﬁﬁjﬁ,
DEVELOPMENT

Alrframe 2004

Engines 542

Avionics 1078

Other 290

Total Development 3914 3914
PROC 'REMENT

Airframe 5710 8826

Engines 874 1522

Avionics 1193 2266
Flyawayv (subtotal) 7777 12614

Peculiar support 591 959

Initial spares Le7 757
Total Production 8835 14330
Total Acquisition 12749 18243
20-YR O&S (S million)

TOTAL 20-YR OPERATIONS 8034 15276
TOTAL 2u-YR COST 20782 33520

ANNUAL 0&S (S thousand/PAA)

Personnel related 14673 1463
Replenishment spares 438 339
Base material 208 208
POL 631 631
Depot maintoenance 740 740
Class TV moditfications 420 bon |
Common support equipment 101 2
Training ordnance 15 15
Total annual 04LS 2017 3819

I -

480 A/C

_ (400 PAA)

3914

13730
2650
47306

Jan3
280
208
631
740
280

67
IH
I6R4
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Table A-4

COST ESTIMATES FOR LRCA #3--175,000 LB
ATRFRAME WEIGHT, 400,000 LB GTOW

(SM 1980)
120 A/C 240 A/C 480 A/C
Cost_Element (100 PAA) (200 PAA) (400 PAA)

DEVELOPMENT

Airframe 2236

Engines 650

Avionics 1078

Other 317

Total Development 4281 4281 4281
PROCUREMENT

Airframe 6429 9953 15505

Engines 1075 1871 3238

Avionics 1193 2266 4306

Flyaway (subtotal) 8697 14090 23049

Peculiar support 661 1071 1752

Initial spares 522 845 1383

Fotal Production 9880 16006 26184
Total Acquisition 14161 20287 30465
20-YR 0&S (§ million)

TOTAL 20-YR OPERATIONS 8887 16925 32682
TOTAL 20-YR COST 23048 37212 63147

SNNUAL 0&S (S thousand/PAA)

Personnel related 1516 1516 1516
Replenishment sparces 436 335 275
Base material 231 231 231
POL 842 842 842
Depot maintenance 820 820 820
Class IV moditications 470 381 311
Common support equipment 113 92 75
Training ordnance 15 15 L5

Total annual 0&S 44473 4231 4085
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Table A-5

COST ESTIMATES FOR LRCA #4--215,000 LB
ATRFRAME WELGHT, 500,000 LB GTOW

(SM 1980)

120 a/cC 240 A/C 480 A/C
Cost Element (100 PAA) (200 PAA) (400 PaA)

DEVELOPMENT

Airframe 2584

Engines 743

Avionics 1078

Other 353

Total Development 4763 4763 4767
PROCUREMENT

Alrframe 7534 11690 18242

Engines 1256 2187 3808

Avionics 1193 2266 4306
Flyaway (subtotal) 9983 16143 26356

Peculiar support 759 1227 2003

Initial spares 599 969 1581
Total Production 11341 18338 29940
Total Acquisition 16103 23101 34703
20-YR 0&S ($ million)

TOTAL 20-YR OPERATIONS 9796 18661 36034
TOTAL 20-YR COST 25900 41762 70737

ANNUAL 0&S ($ thousand/PAA)

Personnel related 1575 1575 1575
Replenishment spares 435 330 268
Base material 253 253 253
POL 1052 1052 1052
Depot maintenance 900 900 900
Class IV modifications 540 436 156
Common support equipment 130 105 86
Training ordnance 15 15 15

Total annual 06&S 4898 4665 450,




aircratt purchased. The equation gencrates estimates within 3 percent

of the values in Tables A-2 through A=5 and can be used to extrapolate
those results to other sizes and quantities of aircratft as long as the
extrapolation is not too far outside the runge of the baseline points.
But the equation is not a general application CER and should only be
used in the context to which it was applied here.

The exponent on the quantity variable in the total cost CER is
equivalent to an 83 percent "learning" rate in the common log-lincar

cumulative average cost formulation often used as the model of produc-

KN
~

tion cost learning effects. Because a modest change in that rate can
have a dramatic effect on estimated costs at quantities of interest
(100 or more), it appears to be a quite sensitive component of the
CER. Two points should be noted on this subject: (1) The derivation
of the CER does not support a change in one of the voefficients of

the equation without changes in the others; and (2) the relative costs
of the alternatives compared with one another in this analvsis are

not very sensitive to the cost-quantity coefficient, The first point
arises because the CER is derived from point estimates at production
quantities of from 120 to 480 aircraft. One cannot change one of rhe
coefficients in the equation without affecting the others unless the
point estimates are disregarded. The "learning' rate in the total
cost CER is a composite rate derived from fitting the equation to the
points and is conceptually quite different from the production cost
learning phenomenon.

The production cost estimiates included in the baseline cases were
computed using average learning curve slopes tor the various components
of the aircraft. Different assumptions could result in significant
changes in the production cost estimates and some change in the com-
pusite slope (and other coefficients) of the total cost CER.  However,
for the payloads and missions compared in the aircratt size and tanker
support analyses, the ratio of fleet sizes for smallest to larpest

aircraft was never more than 4:15 and in most cases 1t was nearcer 2:1

b T

An 83 percent rate (or slope) means that averape unit costs are
reduced by 17 percent tor ecach doubling in quantity. The exponent,
b, is related to the slope, s, bv b = log s/log 2.

T e SRS S el i




(see Tables 4 and 7). Since the learning rate represents the eftect

of doubling in the production quantity, it is clear that a very sizable
change in that rate would be needed to affect the comparative costs ot
the largest and smallest fleets required to perform any of the missions
examined. Hence, the conclusions of the analysis as to aircraft size
and tanker support would not be significantly changed by changes in

the learning curves.,

Alrframe weight rather than aircraft gross weight was chosen as
the size variable in the CER. The airframe weight to uross welght
ratios used in the baseline designs were generally greater than those
taken from the curves used in the analysis (sece Fig. 1). Airframce
weight, however, is a more important variable than gross weight in
most of the CERs used to compute the baseline estimates; and a doubling
of the gross weight for a given airframe weight would, in fact, add
less than 10 percent to our estimated total costs. Hence the total
vost CER was formulated, for simplicity, using airframe weight alonc

as the measure of size.

DEVELOPMENT AND PROCUREMIINT COSTS

Airframe Costs
All airframe development and procurement cost estimiates were

generated by use of the DAPCA model,(z) which incorporates parametric
equations developed at Rand in 1975.(;) The cquations are basced on a
sample of aircraft with first flight dates ranging from 1953 to 1470
(the F-14 is the most recent aircraft in the sample).  Thov are widelv
used in the Air Force and industry cost analvsis community, and there
is a consensus that they produce somewhat low estimates for new air-
craft. To counter this possible bias, we adjusted the model's results

for some of the cost elements using a set of factors provided to us
%*

by Aeronautical Systems Division. The tactors reflect recent ASD

experience--particularly the last B-1 Independent Cost Analvsis.

*
Informal correspondence with Mr. John D. S. Gibson, ASD/ACCX,

July 1980.
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Engines
Engline cost estimates were based on cost data on the General
Electric FIOI=-GE-10] engine originally developed tor the B-1 aircratt.

Both development and production cost estimates were scaled (exponen-

0

w
tially) on engine dry thrust. An additional 7.5 percent was added

to production costs and $144 million to development costs tor a

"simple" atfterburner. These figures are halt what we would estimate

tor tull afterburners. The learning curve slope tor production cost

was 87 percent, and 25 percent whole spare engines were added to basic
inventory aircralft requirements. Hence, the average unit cost ripures
shown in Tables 2 through 4 include whole spare engines (i.c., 5 vngines
per aircraft).

The cost estimates for the engines assume a new engine development
program but one that is not tou technologically ambitious An alter-
native, particularly for engines at the lower end of the range, would
be to buv current ensines oftf the sheltf.  In that case, considerable
savings could be gained, depending upon how many engines had already
been produced and thus how tfar down the production cost learning
curve the buv for the LRCA program would be. However, congine costs
constitute a smaller fraction ot total costs for the smaller airvratt
than they do for the larger versions. Hence, using off-the-shelrt
engines has little impact on the question of aircraft size or tanker

support preterences.

Avienics

The avionics suite for the LRCA aircraft was defined tor purposces
of this study only in terms of its overall size--5,000 1b of uninstall-
cd avionics, 10,000 b installed. The only substantial avionics cost
data basce available to us at the time of the study consisted of suite
and system data for several combat and tighter aircratt (ranging from
the A=4M to the FB-111A, the latter being the only strategic aircratt

in the data base). A series of suite production cost CERs based on

e e
The scaling exponents tor development and production costs were

taken from engine cost estimating equations in Ret. 4




these data was ;111\11,\';'_ud,( V) and suite welpght (uninstalled) and date

ot tirst tlight were found to be moderatety useful characteristic. ror
deriving cost estimates when details of the avionics svstems composing
the suites were ankiown.  Qur LRCA suite production cost estimates
were based generally on those results.  The data showed that lareer
avionics suites tended to have higher costs per peound than Jdid sooeiier
ones, but the LRCA suite, at 5,000 1b, was almost twice as laree as
any ot those in the data basce. [t scemed unwise to extrapolate that
trend so far cutside the range or the data and so instead we used g
linear extrapolation (i.e., the cost per pound figure for the LRUCA
was S2,000 at 120 units, which was about equal to that rTor the farger
suites in the data base). A 9> percent learning curve slope was
assumed.

Fhe development cost of an avionics suite consists primarily or
the development costs of the individual avionics svstems that compose
it.  The combat airveraft avionics data base was used to derive a
development cost CER for avionics syvstems based on their unit produc-
tion costs. The LRCA avienies production estimate, however, was tor
the suite rather than for its components,  To estimate the production
costs ot the svstems in the LRCA sulte, we allocated the suite cost
amony a4 os=et oo Al systems (based ona mean weight ot 122 b tor the
svatems in the data base) and assumed o weight distribution and cost
por pound scaling relationship like those observed in the data basce.
fhis provided us with a basis tor the LRCA avionics development cost
estimate, but it is clear from the number of assumptions that had to be
made that the estimate is subject to a good deal orf uncertainty.  How-
ever, since the same suite was assumed for all four aireratt desiuns,
and avionics development costs were a relatively small component ot
total costs, even large changes in the estimate would not greatldy
intlaeace the overall conclusions of the study.

Additional development costs, tor training and support cquipment,
were estimiated ot 8 percent of combined airvtframe, cengine, and avionics
development costs. Procurement ol support equipment, training equip-
ment and services, and technical data was estimated at 7.6 percent of

tlvaway costs and initial spare parts cost was estinated at 6 percent

ot tlvaway,




ANNUAL OPERATING AND SUPPORT CUSTS

The LRCA forces were assumed to operate in peacetime like the
current force of B-32s, and therefore most of our operating cost
estimate is based on cost and manning tactors tor B=-52G/H aircratt

. oA . . L (6) -
in the USAF Planning Factors Guide. The factors were changed to

1980 dollars, where necessary, and adjusted for known (or postulated)
differcences among the aircraft types. Most of the operatine cost
clements show economies of scale with aircraft size (e.g., personncel
requirements for the largest alrerdatt were not greatlv difierent ron
those tor the smaller oues).  Sowme of the clements-—primarils tihose
based wholly or in part on procurement costs——also show coeonomies o
scale with force size (e.g., replenishment spares, moditications, greund

support cquipment).

Personnel Costs

Fable A-6 shows the componcents of the manpower requirements
estimates for the smallest of the LRCA designs and the largest in
comparison with average B-52G/H manning., B-52 Primary Program Element
strencths wore, excent for maintenance personne!, considered appropri-
ate ror all tour LRCA cases.  Avionics maintenance personned reguive-
ments were doubled to retlect the assumed greatoer nunber and comples-
ity of avionics svstems in the LRCAL Ficeld maintenance reguirenents
were svaled up in proportion to ditferences in the airtrame depot
maintenance estimates.  Support regquivements (base operating support
medical, and training) were based on support personmel tactors
customarily used for SAC activities. The annual cost factors apniicd
to the manpower estimates included pav and allowvances, medical support,
miscel lancous O&M (BOS non-pav), permanent change ot station travel,

and annualized acquisition and training costs.




Table a-b
PERSONNEL REQUIREMENTS PLER PAA ALRCRAFT

Category B-52 LRCA #1 LRCA =4

Orticers

ANircrew H.45 6.45 6.4
Other Direct 3,47 3.47 3,47
Support .31 .35 LAl
Total 10.23 10.27 10.33
Alrmen
Alrerew 1.29 1.29 1.29
Avionics Mto .16 15.00 15.00
Field Hee 7.6 6.00 15.00
Ory. Mt U 10.00 10.00
Other Direoet 1h.73 16.773 16.73
Suppuort b BY 7.84% 9.04
Total 48,78 56,86 67.06
Civilians
Other Direct .60 .60 .60
Support 1.71 1.95 2024
Total 2.31 2.55 2. 8%
Total Personnel 6bl.32 69.68 830,23

Replenishment Spares

Replenishment spares cost estinates were derived trom oo set ol

. . . . . .
estimat ing cquations developed at Rand. Sepatate oot fote,

uscd Yor airtrames, eongines, and avionies, and tor orotal o inventors
Spares (pedvet ime operating stock) and “trae’ replenishment. oy
total replenishment spares cost oestimates include both the cost
true replenishment (replacement of condesned parts) and, in addiciony
the cost o of inventory requiresents not covered Svoinitial spares.,
tnitial spares funding covers oniv the cost of requirenents tor U
Yirst two vears of an item's operational Tite in the inventoryg

after that time, further inventory buildup as well as true veplenish-

ment reqguirements are funded under the replenishment spares budeet
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feweto, e mned the Sparcs cost CEE to ostinat e total inventory
recairenont s, dednored the o o percent ot tivaway) indtial o spares
catimiate g and gmert Lood the pemgdning inventory requirements over the
vceosuried JU=vear operational Tite o the LRCA torve. That cost o was

Aot tne o s entimated v othe trace replenishment ChRs to obtain

rotet ol At Daaros cosl cntimate ST of the caloulation
woobn e - 0 ot that cons lderable coononies ol sed e
e EUr. e o D or o e e lmpided,

Tabtle ;\—7

REPLENTSHMENT SPARNS COST COMPUTATION FOR LRCA <4 (500,000 1LB)

(si1980)

Catewors 100 PAA 200 DAA SO0 PAA

[aventory sSpares

Alrframe 276 354 457
Engines 64 124 2al
Avionics 478 821 1409
Total 818 1299 2108
Less Initial Spares -599 ~969 -1581

Balance 219 330 527

Annual Inventorv Cost

(20-year amortization) 11 17 b
Annual True Replenishment 33 49 81

Total Replenishment Spares 44 66 107

Annual Cost per PAA .435 . 330 .268
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Depot Maintenance
Depot maintenance cost estimates were based on preltiminare 00—

Cadsoor USAT depot maintenance cost o data Tor o current s tere o i

analvsis was completed subsequent to this study and i publisted s

NAles wol'c Lade Dor i rir e oo e e,
avionics. Mhe airtrame estinates inclade girirame row e ol sir e,

component tepair, and the engine oot inates inc i e enpine overigd

and engine aceessory and component repair.,
Alrtrame rewori and component repddr oot wore o=ttt

S300,000 annual cost per inventory alreratt for o toce ot g b pir-

crarft and scased in proportion to gross weisht tor the otaor i gttt
P ine overhau! and component repalr costs were estinotod or 57 om0

annua iy per installed cogine for the largest airorsot and sesled on

casine thrust for the otners,  Avionics oo
estimated at S35 per pound o1 tuninstalled) avionics, or o tetal or
SS200000 annually per faventory airerait. Table A-8 summarizes the

Jepol maintenance costoestinates and converts them to cost/PAA figures.

Table A=%

DEPOT MAINTENANCL CosT ESTIMATES
(SK 1980)

Category LRCA 1 LRCA #2 LRCA =3 LRCA #4

Cost per inventory aircraft
Al rframe 120 180 240 300

Fngines 12 19 25 31
Avionics 4520 420 42 420

Total 552 619 685 751

Cost per PAA 660 740 820 900
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Base Matoriad and pJl

Base muterial costs were basced on B=52G/H tactors (System/General
Support Material) in et oo They were scaled for the LRCA estimates
coowroperiion to o depot maintenance costs.  Average annual B-52G/H

depot Saratenan ¢ costs were $432,000 (at nominal 350 fh/year) per

AN, e e miiterial costs were 527,000 per PAAL The LRCA esti-

Tate o sinewnn Lnotab e A=2 through A=5 were derived from these values.
JUL L osEs ter the 500,000 1b LRCA were estimated on the basis
ot consnmption rate for tihat aircraft of about 70 percent of

tne orate listed o AVP 173-13 for the B-32H (3349 gal/hr). Consumption
rates tor the other desivns were scaled in proportion to gross weight.,
Actnal rate would depend very much upon the amount of low altitude
flving training that was done as well as fuel economies achieved
through new engine designs and better aerodynamics. The flving hour
rated used for the POL cost estimates was 370 fh/PAA (including allow-
ance tor some support and training aircraft flying). The fuel cost

factor for 1980 was given as $1.18/gal.

Other Operating Cests

Both Class TV modifications cost and common support equipment
cost were estimated as a proportion of flvaway cost. The factor for
modifications of .0065 (including spares) was taken from AFP 173-13.
The common support equipment factor was .0015, plus 4 percent for
spares. The factors arc multiplied by average flvaway cost per
PAA to provide the annual cost/PAA estimates.

The annual cost of training ordnance for B-52 aircraft as shown
in AFP 173-13 is approximately $14,000 per PAA.  We assumed $15,000
for the LRCA aircraft. This would not include the ceost of large
missiles, such as Short Range Attack Missile or Air Launched Cruise

Missile, expended in training.
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