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2.1 Airframe Production CER’S
2.1.1 HTA Airframes

(U) To estimate the production costs of HTA airframes, a CER was
derived from the production cost data shown in Table II-7. These data, obtained
from the Aircraft Cost Handbook (Reference S), includes AMPR (‘“‘Aeronautical
Manufacturers’ Planning Report”) weight (also referenced to the DCPR weight,
after the “Defense Contractors’ Planning Report,” or in more recent sources as air-
frame weight), maximum speed at best altitude, maximum thrust at sea-level stan-
dard, and the airframe cumulative average production cost at production quantity
100. AMPR weight is defined in the ‘“‘Aeronautical Manufacturers’ Planning Report™
as the empty weight of the airplanes less

e wheels, brakes, tires, and tubes;

e engines;

e starter;

e cooling fluid;

e rubber or nylon fuel cells;

e instruments,

e batteries and electrical power supply and conversion equipment;
e electronic equipment;

e turret mechanism and power-operated gun mounts;

e remote fire mechanism and sighting-and-scanning equipment;
e air-conditioning units and fluid;

e auxiliary power plant unit; and

e trapped fuel and oil.

(U) The production costs in Table II-7 include

sustaining engineering, including redesign;

tooling;

quality control in support of the production of complete units;

manufacturing of all completed units, including flight test air-

frames

purchased equipment for installation into complete units;

material overhead;

e training all service personnel to operate and maintain equipment;
and

e reproduction and updating of technical data and manuals.

The cost data are expressed in millions of FY-75 dollars, and an inflation factor of
1.2526 (Reference 6) must be applied to bring costs to FY-77 dollars.

(U) The CER used to estimate HTA airframe production cost is

AFPC = KN (0.000155w 0-41350-20250.548,

where
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(U) Figure II-1. AIRFRAME PRODUCTION COST

10

(U) Table 11-8. HTA AIRFRAME PRODUCTION COST*

AIR ANV APPLICABILITY

DATA BASE

KN
VALUE

TYPE
INTERPRETATION

AIR ANV

NUMBER

CASES USED

0.682

1.166

1.0

CARGO

BOMBER

FAS

WIG(H)

AL, A'LIN),
S/L(L), S/L(S),
WIG(O), WIG(S)

AVP, S/LIV)

24

C-5A, C-124,
C-130, C-133,
C-141,NC-135

B47,8-52,
B-58, B-66

A3, A4, A5,
A-7/8, A0,
€-2C, EA 68,
F3,F4, Fa,
F.15,F -84, F-86,
F-860. F-89,
F-100, F-101,
F-102, F-104,
F-105, F-106.
F-111, S3A,
1-38

* EQUATION CITED PREVIOUSLY
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The leading coefficient of 1.2 reflects a 20 percent allowance for management,
administration, technical direction, systems engineering, and facilities utilization.
The factor 0.6 on C2 approximates the percentage of lead-payload cost equal to
the payload-related platform T&E cost; a full-payload test is not required for all
test vehicles. The factor of 0.001 on O&S costs approximates the percentage of
total system O&S costs equal to the O&S costs of the T&E program.

2.2.3 Payload T&E

(U) Payload T&E costs were estimated from the following equation:

LTE = 1.2 [Cl +PS(C2) + 0.2C3] ,
where
LTE = total payload T&E cost ($ millions),
Cl = payload hardware T&E cost ($ millions),
PS = R&D payloads required, and
C3 = follow-payload cost ($ millions).

The leading coefficient of 1.2 reflects a 20 percent allowance for management,
administration, technical direction, systems engineering, and facilities utilization.
NAVSEA and NADC provided the cost inputs (Cl, C2, and C3) for surface vehicles
and air vehicles, respectively. The last term in the equation is included to account
for the additional development effort required for application to weight-critical
ships.

2.2.4 Other T&E

(U) Other T&E (OTE) costs, in $§ millions, were estimated by

OTE = 1.2 (0.02E2).

The leading coefficient of 1.2 reflects 20 percent allowance for management, tech-
nical direction, and systems engineering. The factor 0.02 on E2 approximates the
percentage of additional facilities cost equal to the cost of T&E-related facilities
investment.
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3.5 Associated Systems

(U) Associated systems investment costs for ANVs are based on annual
refueling consumption from an UNREP unit. In this analysis, an UNREP unit has
been defined as one UNREP ship, the AOR-7.

(U) Associated systems costs are derived as an annual cost for each
ANYV having an at-sea refueling requirement. This includes all surface ANVs except
the LCAC and LCPC, which are carried by a host ship. The associated systems
investment calculation is based on the annual usage by an ANV of the UNREP unit
annual fuel capacity. The following CER is used:

IASOC = 0.85AV(D3) (D5 + D6) <—S—2-) %}
SI 30
where

IASOC = associated systems investment cost ($ millions),

AV = average number of vehicles operated,

D3 = annual operating time per vehicle (hr),

DS = fuel per operating hour per vehicle (tonnes),

D6 = fuel per operating hour per payload (tonnes),

S2 = UNRERP unit investment cost ($ millions),

S1 = UNRERP unit capacity (tonnes/year), and
LO&S = length of O&S period (years, normally 15).

The factor 0.85 reflects the assumed percentage of annual refuelings that take place
at sea and for which ANVs must bear the UNREP unit investment burden. The
LO&S reflects the 15-year period of operations for which the ANVs are responsible;
it is divided by 30 to reflect the 30-year service life of the UNREP unit, 15 years
more than required by the ANVs. Thus, the ANVs are only charged for that portion
of IASOC that will be utilized over the 15-year period.

4. OPERATIONS AND SUPPORT

(U) The major elements of O&S costs are shown in Figure III-1. The
definitions of these elements and the appropriate CERs are discussed in the fol-
lowing sections.
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4.1.2 Temporary Additional Duty

(U) The TAD cost element represents the cost, in $ million, associated
with the temporary assignment of vehicle personnel away from the vehicle for
training, administrative, or other purposes. Based on the NARM, an average of $40
per person was selected as the representative annual TAD cost. An additional
assumption made was that 65 percent of the total crew would be expected to be
assigned to TAD. Thus, the resulting equation becomes

VOY

TAD =
106

[0.65(40)] (DI + D2).

Including TAD money in the LCC is an attempt at completeness rather than abso-
lute precision since its impact on LCC is negligible. In fact, TAD costs are less than
| percent of the total personnel costs.

4.2 Operations

(U) This element is defined to include part of the direct costs associa-
ted with operating a vehicle.* Included are the costs of utilities, repair parts, other
vehicle consumables, and training expendable ordnance as defined below.

(U) Utilities costs include the cost of energy used to power a vehicle
that is not provided by the vehicle itself. For example, surface vehicles require
utilities from shore facilities when not underway.

(U) The repair parts cost includes the cost of repair parts used in the
organizational maintenance of the vehicle. Repair parts are those individual parts
used for equipment repair and not themselves repairable.

(U) Supplies include consumable and equipage items of a general
nature, e.g., janitorial supplies, office material, personnel support supplies, medical
and dental material, etc., that are not directly related to the support of specific
equipment or vehicle systems.

(U) Training expendable ordnance cost includes the cost of the ex-
pendable ordnance, ammunition, pyrotechnics, missiles, ballistic weapons, guided
weapons, torpedoes, mines, depth charges, sonobuoys, etc., used by the vehicle in
training exercises.

(U) With the exception of training ordnance costs, the operating costs
were derived from NARM data and correlated according to average vehicle cost,
light-vehicle weight, monthly operating hours, type of power (nuclear or non-
nuclear), and type of vehicle (aircraft or surface ship). The training ordnance costs

Energy, which is also a direct operating cost, is treated as a separate cost element and is discussed in Section
4 .4 of this chapter.
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(U) The CER for maintenance was derived from NARM data using the
same vehicle-related parameters as the operations CER plus an additional cost
factor to represent any weekly additional maintenance hours required to perform
deferred maintenance. Additional maintenance hours arise for certain of the ANV
surface vehicles where manning levels were considered insufficient to provide the
estimated required organizational-level maintenance. The methodology by which
these additional maintenance man-hours were estimated is discussed in Chapter VI
of Volume 2.

(U) The CER for ANV maintenance is

MTC = voyE77 0298, -0.214 1y, | 1)) 10.633

103
(&7
(+ HO-100y 187B5q 155A7 4 0.525]
.4,\%7},, "
where ~
MTC = maintenance cost ($ millions), and
El

weekly additional maintenance man-hours.

4.4 Energy

(U) The energy cost element includes the annual cost of fuel, nuclear
or fossil, consumed by an ANV, including the fuel consumed by any subvehicles.
Since the cost of such fuel is an increasingly important operational consideration
for the Navy, vehicle fuel consumption and operating profiles have received con-
siderable attention in the ANVCE Project.

(U) For surface vehicles, fuel consumption was determined from the
speed/time profiles and fuel consumption characteristics of the individual vehicles.
Illustrative charts of the technique used are shown in Figure I1I-2. Peacetime speed/
time profiles were derived for each vehicle to reflect the expected vehicle opera-
tional usage. From the characteristic fuel consumption/speed characteristic and the
speed/time profile, it is possible to estimate the average platform fuel-usage rate
(or average reactor power for nuclear-powered vehicles). The subvehicle fuel con-
sumption must then be added to this platform fuel consumption. For purposes of
the ANVCE Project, the only subvehicles that were considered to expend signif-
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(U) The factor 0.85 approximates the percentage of total operating
hours for which there is an at-sea refueling requirement. The UNREP unit annual
0&S cost was given in the NARM to be $15.029 million (FY 77); the UNREP unit
capacity was derived to be 206,62l tonnes per year.

5. RESIDUAL VALUE

(U) Residual values are seldom treated in systems analyses within the
Department of Defense, primarily because many studies involve only competing
systems with nearly equal lifetimes. That is not the case in the ANVCE Project.
Conventional displacement ships have expected lifetimes as long as 30 years; aircraft
have service lifetimes of about 15 years; advanced naval vehicles such as the SES and
hydrofoil have lifetimes of about 20 years.

(U) Residual values of the platform only, i.e., the vehicle without the
payload, are calculated and subtracted from the total of other 15-year systems costs.
A 15-year period was selected because 15 years is the shortest service life of any
ANV point design. The method by which these residual values are calculated is
taken from principles of accounting. The declining balance method most closely
approximates the decline in value of capital assets that are not worn out at the end
of a nominal service life but are capable of being restored, modernized, and/or
converted to other uses. A good reason for using the declining balance method is
that platforms reaching their final years of nominal life are sometimes employed in
a standby or other secondary gtatus.

(U) With the declining balance method, a given rate is applied each
year to the unamortized cost (i.e., that portion of original cost not already written
off). The rate is sometimes expressed as a multiple of the straight-line rate. For
example, a vehicle with an estimated life of 20 years and zero salvage value has a
straight-line rate of 5 percent per year (100 percent/20 years); the double declining
balance method applied a rate, r, of 10 percent for that asset. Unlike the other
methods of depreciation, the declining balance method does not write off all the
original cost of the vehicle but instead subjects its value to an exponential decline.
The residual value equation is VOY

2. R4

RES VALUE = PPE (I - ﬁ) ,
where RES VALUE is the residual value at end of operating period ($ millions),
and B2 is the service life (years) and R4 is the number of vehicles to be acquired.

(U) Using this method in the context of 15-year systems costs, even
vehicles having a 15-year service life will be estimated to have a residual value.
Vehicles having a service life longer than 15 years will have a larger residual value.
No vehicles are now assigned a shorter service life than IS years, but if a shorter life
is assigned, a reacquisition would have to be made to fulfill the mission requirement
over the 15-year period selected for costing.
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(U) For the surface combatants as a whole, and within each design
group, the R&D plus investment costs are quite close, the total spread being approx-
imately 20 percent. The differences among the LCCs are principally related to the
O&S costs, and the principal differences in the O&S costs result from the energy
costs.

(U) For the air combatants, however, the major difference among
the LCCs results from the R&D plus investment costs, which are dependent on the
size of each of the point designs. It is also worth noting that the energy costs are a
much less significant factor for the air combatants than for the surface combatants.

4. SELECTED ASSESSMENTS

(U) The previous sections in this chapter presented the direct results
of computing the platform, vehicle, and LCCs for the ANVCE point designs. This
section discusses a few of the observations made in the ANVCE Project with respect
to the cost of these advanced naval vehicles, particularly the cost of speed, the po-
tential for cost reduction, and the cost of lightweight, nuclear propulsion (LWNP).

4.1 Cost of Speed

(U) Higher speed has an impact on the cost of ANVs in the cost of
lighter-weight structures, the cost of the dynamic-lift systems (for cushion and
foil vehicles), the cost of the higher installed power, and the cost of increased fuel
consumption. The first three items affect the cost of the platform; the energy cost
and the platform cost affect the LCC.

(U) Figure 1V-27 presents the platform cost and LCC as a function of
design speed for the surface combatants. The implication is that the major cost
increase occurs as the design speed is increased above 30 kt. The envelope of the
ANVCE cost estimates shows the cost curve, which appears to flatten out with
increasing design speed; however, for each concept (ACV, hydrofoil, etc.), a cost-
speed relationship would show a rapidly increasing cost as speed is increased.

(U) Note also on Figure 1V-27 the inclusion of a high-L/B SES design.
This design is a 3600-tonne, 50-kt vehicle postulated as a lower speed and lower
cost alternative to the SES 3 (Volume 2). As shown, the platform cost and LCC
were indeed lower; the platform cost is lower primarily because of the reduced pro-
pulsion cost and the LCC is lower primarily because of the lower platform cost and
lower energy cost.

Iv-24
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4.2 Cost Reduction Options

(U) As stated in Section | of this chapter, the major contributors to
surface platform costs were hull structure (Group 1), propulsion (Group 2), and
auxiliary systems (Group 5). Two analyses were performed to determine the poten-
tial for reducing Group 1 costs; the first dealt with the issue of hull fabrication in a
shipyard vs. an aerospace plant, the second dealt with aluminum vs. steel hulls.

(U) One thesis about the cost of advanced surface vehicles is that
the costs could be significantly reduced if the hull were fabricated in a shipyard,
aerospace plant costs supposedly being higher because of the construction methods
and standards required in the aerospace industry. To examine this thesis, the 50-kt
SES was costed using two different Group | coefficients. The first Group | coeffi-
cient (KN = 5.59) was derived from hydrofoil and SES cost data from aerospace
companies (Appendix A) and was used for the SES 3; the second Group 1 coefficient
(KN = 2.19) was derived from data on planing boat fabrication costs in small boat-
yards (Appendix A).

(U) The cost estimates using the two approaches are given in Table
IV-6. As indicated, the difference in the Group | costs is approximately $18 million,
which leads to an estimated 16 percent lower cost for Groups | through 7 when
constructed in a shipyard instead of an aerospace company. The A costs, enclosed
in parentheses, may be artifices of the CERs, i.e., the Group 8, Group 9, profit,
and NAVSEA factors are determined by the Group I-7 cost and not by the type
of platform or where (how) it is constructed. Nonetheless, whether the potential
cost saving is $18 million or $80 million, further exploration of the construction
alternatives appears warranted. (Note that the high-performance craft of other
nations are built in shipyards, and as indicated in Section 1 of this chapter, they
appear to be less expensive per tonne that U.S.-blilt, high-performance platforms.)

(U) The second factor examined was whether the use of a steel or
aluminum structure would have a significant impact on cost. To resolve this issue an
analysis was performed using the SWA 4, an aluminum-hulled design of 3408 tonnes.
The steel version developed had a full-load displacement of 3925 tonnes with the
same payload and range as the aluminum version. This comparison is shown in
Table IV-7. In this case, the potential cost reduction is about $9 million, or approx-
imately 10 percent. Therefore, it appears that in designing SWATH (small-water-
plane-area, twin-hull)-type platforms the use of aluminum rather than steel hulls
should be considered.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

(U) This chapter highlights some of the findings and conclusions
reached with respect to estimating the acquisition and LCCs of the ANVCE point
designs and provides some general recommendations for future cost analysis efforts.

1. FINDINGS AND CONCLUSIONS

(U) Confidence in the estimates of platform acquisition and life-cycle
0O&S costs of any vehicle is dependent upon the quality of the CERs and whether
they appropriately reflect the essential features of the candidate designs. In some
areas, a CER could not be developed because of the confusion and misinformation
regarding the cost data bases available. Experience gained in the ANVCE Project
indicates that the true costs (either acquisition or life cycle) of vheicles to the
government are generally not known either inside the U.S. Navy or in industry.

(U) Among the surface vehicles, the platform CERs were based on the
SWBS groups and for Groups | through 7 attempted to relate the cost group and
the essential features of each subsystem. More than 50 percent of the total plat-
form acquisition cost, however, is in Groups 8 and 9 and the various NAVSEA
planning factors, which are dependent on the Group I-7 costs. Thus, the unique
features of each platform had a less direct effect on total cost than was expected.

(U) For surface vehicles, the driving parameters in platform acquisition
costs are the hull structure cost (Group 1), the propulsion cost (Group 2), and the
auxiliary system cost (Group 5). The relative importance (in terms of cost) of each
group is a function of the particular concept. For example, for the hydrofoil the
Group 5 cost (which includes the lift system) is the dominant cost term, whereas
for the advanced technology monohull, the Group 2 cost (propulsion system) is
the main cost factor.

(U) Platform acquisition cost and energy costs are the two principal
elements of LCC which reflect the platform-unique differences. Where platform and
combat suite costs are nearly the same, the major LCC differences are in energy
costs. Most of the major CERs used for estimating O&S costs do not depend pri-
marily on platform-unique features, but rather, are based on the cost of the plat-
form as an input. For example, the maintenance cost is a function of vehicle cost,
manning, and vehicle weight. Thus, potential hydrofoil LCC savings through use of
titanium foils (with reduced maintenance) as opposed to steel foils are not reflected
in the LCC model; in fact, the estimated maintenance costs with titanium foils are
higher because of the increased platform cost of a hydrofoil designed with titanium
foils.
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