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SECTION I
BACKGROUND

The concept of ramjet propulsion dates from 1913. Forerunners
of today's ramjet propulsion designs began to appear in 1928 in Germany and
France. Research on ramjet propulsion in England and the United States was
begun during World War II. 1In the United States, this research culminated
in the production of two fully operational ramjet engines for use on two
missiles, the Bomarc and the Talos.

Since the Bomarc and Talos engines are not truly representative of
current-day ramjets and because there has been no ramjet production program
since that time, historical cost data are not available to the weapon system
planners for making projections of ramjet costs for new tactical missile
applications. Further, the limited cost data that are available on today's
development-type ramjets may not be directly applicable to production programs.

These technology type hardware costs have been further distorted
by the limited quantity of systems built. kecause of the small numbers
that have been built, most of them have been essentially "hand built",
expensive hardware. Consequently, these hardware costs are neither repre-
sentative of what could be achieved in production or consistent with the
cost level that will be required for tactical missile applications.

Prior to this study the only specifically applicable work that
had been published on ramjet cost prediction was the Booz-Allen study
performed for the Naval Weapons Center (reference 1) and more recently an
NWC Technical Memorandum by Mr. Andrew Victor (reference 2). The first
study was directed toward generating cost and reliability predictions for
two specific configurations: an integral rocket/ramjet and the Generic
Ordnance Ramjet Engine (GORJE). The second study dealt with the generation
of Cost Estimating Relationships (CERs) for a number of general ramjet
engine types based on cost data available to the Navy from a variety of
sources including proprietary production engineering cost estimates.

In recent years, mission requirements have emerged which can only
be satisfied by ramjets. To demonstrate the cost effectiveness of ramjet
powered missiles, several things must occur. First, a credible method-
ology must be available that will predict, with good accuracy, the cost of
ramjet engines over a range of sizes and for a variety of configurations.
Second, cost must be directly relatable to engine performance. Third, there
must be a concerted effort on the part of both government and industry to
investigate ways of reducing the cost of ramjets and ramjet components by
the application of low cost fabrication processes and materials. Finally,
attention must be given to the identification of ramjet life cycle cost
(LCC) factors so that methods for reducing the costs of ownership can be
developed.

This program provides considerable expansion of the ramjet costing
data base to include a broad range of ramjet engine configurations, a signi-
ficant range of engine sizes (6" to 18" diameter), and production quantities
up to 5000 units. Very little has been done in relating performance to cost
or investigating Life Cycle Costs, but it is believed this program provides
a major step in the right direction and can provide a good costing base from
which these other studies can grow.




SECTION II
PROGRAM OBJECTIVES

The primary objective of this program was twofold: 1) to develop
a methodology from which the costs of parts, sub-components, components and
sub-assemblies of ramjet engines could be accurately forecast and 2) to
develop a cost estimating handbook. The methodology had to be applicable
to a broad range of ramjet types as specified in the following statement
from the Air Force Aero Propulsion Laboratory RFP:

"The costing methodology to be developed shall be sufficiently
flexible to permit production costs to be generated for the entire
gamut of ramjet ei..gine types ranging from the simplest pitot inlet,
constant fuel flow (pressurized tank) design to the much more
complex integral rocket/ramjet design with widely variable fuel
flow (turbopump) capability."

The methodology also had to be presented in a form suitable for
use by both government and industry. Additional objectives of the method
were that the handbook permit rapid (4 hours or less) and accurate (Class 1,
+ 10 percent) cost estimates for any of the ramjets when used by a competent
(familiar with the methodology) estimator starting with a listing of the key
parameters taken from the ramjet engine drawings.

The requirement that the methodology allow the prediction of costs
down to the parts level dictated that the methodology employ a modular
costing technique. The cost of a particular ramjet assembly would then
be determined by selecting the appropriate modules, determining their fabri-
cation costs and adding the costs of assembly of the modules into a complete
ramjet system.

The modular costing approach has several advantages. First, it
provides a great deal of flexibility in being able to determine the costs
of many different configurations. It provides high visibility of costs from
the complete ramjet assembly down to the component and part level so that
the primary cost drivers in a given system can be readily identified. Finally,
the data base can be easily expanded or modified without disturbing the vali-
dity of the model or the methodology.

A secondary objective that might be considered a derivative of
the first objective was the establishment of a cost data base for ramjet
components. The paucity of data in ramjet component fabrication has made
it difficult for ramjet enthusiasts to know where to start to obtain system
costs. A comprehensive collection of cost data resulting from this program
provides an excellent starting place on which to build. Variation in
component designs from that shown in the study or disagreements with presented
cost data are minor perturbations that can be dealt with satisfactorily.
This data forms a common base from which any ramjet cost estimates can start.

A final objective of the program was to demonstrate or verify the
validity of the costing methodology. This has presented a real challenge
because there is no current production ramjet engine program on which a
hard comparison can be made. An alternate approach to methodology validity
confirmation was taken and is described in subsequent sections of the
report.




SECTION III
APPROACH

The generation of the cost methodology for ramjet engines was
carried out in the following manner. First, a study was made to determine
the overall types of configurations and arrangements of ramjet engines that
should be covered by the methodology. From this, a general description of
each ramjet type was made and the system Work Breakdown Structure (WBS) was
prepared. Next, an identification was made of the primary structural con-
figuration and component designs that would be required for each block of
the system WBS's. This task required a detailed design description of many
components including not only pictorial representations, but in many cases
a detail description of the steps in the fabrication process.

Detail estimates of the baseline set of components were generated.
The baseline components were sized to fit a nominal 15-inch diameter ramjet
to take advantage of much available cost data that had been generated by
Vought in earlier ramjet engine Design-to-Cost studies. Cost variations as
a function of size change were determined for a number of specific components
so that cost size factors could be established. Learning curves were also
established for each of the major cost elements so that a quantity adjustment
factor could be generated. o

The next major task of the program was to organize the cost data
into a handbook form that would be easy to use by a qualified estimator.
Here, the modular approach was taken to provide maximum visibility of cost
data.

The final task of the program was to exercise the methodology to
verify its validity/accuracy by making comparison with a "known" system
cost.

A more detailed description of each of the above tasks is given
in the following sections of the report.

1. RAMJET ENGINE DEFINITION

A requirement of the program was to develop a costing methodology
applicable to a large number of the ramjet engine types from simple pitot
type inlet podded engines to the more sophisticated integral rocket/ramjet
engines. In selecting the types and configurations to be included, special
emphasis was placed on those systems currently under study and development
by both the Air Force and the Navy.

Eight classes of ramjet engines were defined. Three of the ramjets
are liquid fuel ramjets (LFRJ). The first one is an integral rocket/ramjet
which utilizes a single pressure chamber for both the sustainer and the
booster operation. This arrangement is particularly attractive for volume
limited applications. The second engine employs a tandem or staged booster
which is separated from the ramjet after the system reaches sustainer take-
over speeds. The third LFRJ is a podded design where the ramjet inlet,
combustor and sustainer nozzle are mounted separately from the missile
airframe. The booster may be separated after ramjet take-over or it may
remain with the missile during sustained flight. The fourth engine type is




a solid fuel ramjet (SFRJ) that utilizes a solid propellant which is burned
with ambient air. The SFRJ also employs an integral booster/combustor
pressure chamber to achieve even higher volumetric efficiency. Another
significant feature of the SFRJ is the elimination of the requirement for
fuel pumping, storage, and control. The fifth and sixth engine types are
solid fuel ducted rockets (SFDR) (integral rocket/ramjet configuration and
tandem or staged booster configuration). The SFDR which utilizes a fuel-
rich rocket exhaust mixed with additional air to achieve an afterburning
effect, offers potential advantages of high performance for low volume
engines. The seventh and eighth engine types are liquid fuel ducted rockets
(LFDR). These engines are variations of the SFDR (with IRR and staged
booster configurations also) but with liquid fuel rather than solid fuel
sustainer operation. Although this system is not currently under develcpment
by either of the services, the LFDR probably offers the highest performance
potential for a given engine volume. It does, however, require rather com-
plex fuel management systems which makes it very expensive for many missions.

The eight configurations that have beeu defined will be sufficient
to characterize any current or future ramjet engine of interest to the mili-
tary. A schematic illustration of these ramjet engines is given in Figure 1.

2. WORK BREAKDOWN STRUCTURE

A Work Breakdown Structure (WBS) was employed to segregate costs
of the ramjet engines into smaller packages so that better visibility of key
costs drivers would be possible. The usual method of constructing a WBS is
to start at the top level, in this case a ramjet engine assembly, and sub-
divide it into major sub-assemblies; then divide the sub-assemblies into
components, and so on until the smallest part is identified.

In one sense, a detailed WBS for each of the ramjet engines was
needed to establish a breakdown of the costs to a level that could be mean-
ingful to a person conducting a cost evaluation. In another sense, the WBS
had to be somewhat general because limitless configurations had to be dealt
with, and the cost methodology had to retain flexibility in regard to specific
configurations.

The original plan was to segregate costs down to the parts level
for presentation in the Cost Handbook; however, when it appeared that literally
thousands of individual data sheets would be required, a new approach was
taken. It was clear that the initial approach violated one of the program
objectives of establishing a methodology capable of being exercised by hand
and in a matter of a few hours.

The magnitude of the task is illustrated in Figure 2, which is a
schematic of a Work Breakdown Structure for the LFRJ-IRR. Several levels of
the WBS and the typical number of items at each level are shown. The numbers
at the right signify the approximate number of blocks that might appear at
each level. The product of the numbers shows that a potential of 3,000 to
over 11,000 parts would require separate cost data presentations, Other
ramjet types have as many as five sub-assemblies, Consequently, the number
of parts requiring costing would be 4,000 to 1k4,000,
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As a result, a closer evaluation of the level to which the WBS
should be made was performed. A number of things was apparent. There is a
large number of ways to design a particular element of a ramjet engine. For
example, the forward attach plate shown in the WBS could be cut from sheet
metal, stamped, forged, machined, or even cast. It could be attached by
any number of methods from bolting on to laser welding; and although certain
limitations on material choices would be expected, dozens of materials could
be used to fabricate the plate. To investigate the cost of each approach
would be a never-ending task.

A second observation revealed the specific part applied to only one
unique design, and the part may or may not apply to a slightly different
design. Another way of looking at it is in the previously discussed example, where
the flow diverter could be redesigned to change the forward attach plate to
a different arrangement, combined with another part, or perhaps even eliminated
completely.

The net result of this evaluation was that the cost breakdown
should extend only to the level where practical choices could be made by
the cost evaluator. This level turns out to be the "component" level.

The definition of component is rather broad. It varies from an
assembly of parts (like an inlet assembly) to a material (a particular kind
of booster propellant) to a complete sub-system (fuel control system). A
listing of the components is given in another section of the report.

After the decision was made to limit the WBS for each engine to the
component level, a WBS was prepared for each of the ramjet types.

The system WBS for each of the eight ramjet engines is shown in
the Cost Handbook which is published separately. An example of the type of
WBS for one of the ramjets is shown in Figure 3. Note that the WBS is
independent of a particular design. It is a general WBS for a ramjet type
rather than a specific one of a given design. This is in keeping with the
desire to make the cost methodology applicable to a large number of configu-
tations. It is equally applicable to an engine with one inlet or four inlets
or applicable to one with a chin inlet or an aft-mounted inlet. Therefore,
these are the kinds of choices that the ramjet cost analyst must make to
convert the general WBS to one for his specific design. This is accomplished
by providing as many of the basic component variations as possible so that
the cost evaluator can find a component that approximates the one for his
particular engine. The cost of that component is then assumed to be repre-
sentative for his component. As will be seen in a subsequent section,
several hundred specific components have been identified exclusive of
material choices that the cost evaluator may have for selection.

The decision to limit the detail cost breakdown to the component
level satisfied the objective of having a fast, simple approach to gener-
ating production costs for a particular engine. The WBS "Tree" in Figure 2
shows that a ramjet will be made up of 3 or 4 sub-assemblies, each having,
typically, 8-10 components, thus giving each engine anywhere from 24 to LO
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individual components. The goal established at the outset of the program
was that the methodology produced should allow the user to compute the cost
of a ramjet engine in a period of 2 to 4 hours with no more than a slide rule
or desk calculator. Allocating five minutes per calculation for each com~
ponent, this methodology falls precisely in that time range goal.

3. APPROACH TO COST METHODOLOGY DEVELOPMENT

A number of techniques is employed to generate costs of production
hardware. These range from the detail "Industrial Engineering" approach to
the "top-of-the-head" estimates of the pseudo-expert. A brief study of the
various costing methods was made to determine which was most applicable to
the situation and the needs of this program. A review of some of the standard
methods and their applicability to the program is discussed.

Industrial Engineering Approach - This technique, sometimes
referred to as a "grass-roots" or "building-block" approach is based on
establishing a Work Breakdown Structure or hierarchical tree of work elements
which can be individually analyzed and estimated in detail. The estimates
include every element of work associated with the production of that part
and includes everything from buying the raw material to crating and shipping
the final product. The total cost of the system is computed by summing the
costs of each sub-element of the WBS along with whatever additional costs
are required to assemble sub-elements into the final product.

For a given design, this approach is obviously the most accurate
approach to cost estimation. For general usage, however, where specific
designs are not available, the procedure does not have much significance and
the estimates could be misleading. Within certain ground rules assumed for
this program, the "Industrial Engineering'" approach has been used extensively
and essentially forms the backbone of the cost methodology developed. This
will be discussed later.

Analogy Approach - This technique involves the direct comparison
of the product in question to something already built and for which cost
data exist. The costs are estimated on the basis of similarity to the
product in existence. This approach has some good and bad features that
should be noted. If the two products are very similar, then the production
costs should be very accurately predicted. One must guard against automati-
cally assuming the two production situations will be identical, however.
For instance a labor strike, a materials shortage, a reorganization of a
company, development of a new process or piece of equipment are examples of
factors that can influence the final cost of a product and possibly distort
the projected cost of a similar product. The analogy approach is, however,
a valuable approach and has been employed extensively in the development of
the cost methodology for this program.

Statistical Approach - This method requires large amounts of
historical data. It is similar to the analogy approach in that it predicts
cost on the basis of product similarity. The historical data base is
statistically analyzed, by regression analysis methods or other mathematical




techniques, to produce cost as a function of some key parameter such as weight,
size or performance level. These are generally referred to as CER's (Cost
Estimating Relationships) and can be further used to investigate cost sensiti-
vity. In one sense, the statistical approach is an improvement on the analogy
approach because it tends to "Wash Out" or desensitize the cost to special
factors such as those mentioned previously. One thing that tends to make it
less accurate, however, is that it averages many designs into one composite
design which may or may not be truly representative of the design in question.
However, the technique is a valuable tool and was used a limited amount in
this program.

"Expert-Opinion" Approach - This approach is a great simplification
of the Industrial Engineering approach. It has been given many nicknames
such as "SWAG", "Ball park" or "Top-of-the-head" estimating, but basically
consists of an estimate by a person or persons having experience and knowledge
of the costs of similar products. The cost estimate is generally arrived at
with minimum or no formal cost breakdown. Buffalano, reference (15), describes
a variation of this approach. It utilizes a group of "experts" making inde-
pendent estimaies which are statistically analyzed using a "Delphi" technique
developed by the Rand Corporation. The results are then given to the evalu-
ators to judge their own estimate in light of the analysis. The estimating
procedure is repeated a second time and the results analyzed again. The
technique has been used by NASA-Goddard and found to be relatively simple to
use and effective. The general Expert-Opinion approach has been considered
in this program to be a "last resort". In a few instances where neither
specific cost data nor a specific design was available, the Expert-Opinion
approach was the only way to obtain a cost estimate. In those instances the
opinions were generally the result of a consultation with several knowledge-
able people to accomplish, informally, the same kind of iterative process
that the NASA estimators above employed.

The basic requirements of the Cost Methodology for this program
were that it be fast (goal of four hours or less for a complete system
estimate), accurate (goal of * 10 percent), and simple (capable of being
worked with slide rule or desk calculator). In order for the methodology
to work for a variety of ramjet engine designs, it had to be flexible in
order to permit cost evaluators to use their own cost data where desired.

The final approach to the development of the methodology utilizes
all of the previously described approaches. The basic structure of the
methodology and the bulk of the cost estimates were obtained using the de-
tailed "Industrial Engineering" approach while a few of the components were
obtained by "Statistical"” and "Expert-Opinion" approaches. The basis for
computing the cost of any given ramjet is predicated on its "analogy" or
similarity to the components that are described and listed in the Cost
Handbook.

The methodology centers on the selection and the manipulation of

cost data for key components that have application to a variety of ramjet H
engines. A baseline set of components was defined and detail estimates of
the cost elements of each component were made to arrive at a baseline cost
for that component. Cost adjustment factors were produced that would allow
the estimator to make corrections for size, quantity or production rate
variation between the baseline and his situation.

10




To arrive at a cost for a given design, the estimator must break
his system down into sub-assemblies and components in accordance with the
suggested WBS for his particular type of ramjet. He selects components from
the cost handbook that are similar in function and construction details.

Cost data in the handbook is recorded on special computation forms provided

and the cost data is "adjusted" in accordance with specific instructions to
allow for variances from the baseline component. The adjusted cost of each
component is recorded on a cost summary sheet where the estimator can compute
the cost of the major sub-assemblies and the complete ramjet system. The
system WBS provides a convenient checklist to prevent the user from overlooking
certain cost elements of a particular ramjet. The methodology is set up to
allow the user to simply fill in the blanks on certain data sheets to arrive

at the complete system cost.

Flexibility is a key feature of the methodology. For example,

if the cost estimator has some "hard" cost data on a particular component
or sub-assembly, he is free to insert that cost data in the proper slot and
ignore the corresponding cost estimate in the handbook. The total system
cost is still a summation of the cost elements in the WBS and can include
independent estimates as easily as those estimates in the handbook. This
assumes that the estimator is substituting cost data that is truly inter-
changeable. The net result is an estimate in which the estimator can place
even higher confidence.

The cost data in the handbook is considered to be very accurate
for the baseline components; therefore, if the subject component is very
similar in construction, the cost projection should also be accurate. If
the subject component has some unique features or requirements that distin-
guish it from the baseline component, a cost difference would be expected.
The methodology has been constructed to allow adjustments in the baseline
cost data to compensate for design differences. In many cases it is not
always straightforward as to what impact the design difference may have on
component cost. It will be a matter of practical judgment.

L. BASELINE SYSTEM DESCRIPTION

The methodology described in the previous section requires the
establishment of a complete set of ramjet components applicable to all of the
ramjet types defined for the program. This has been done by reviewing all of
the past and current ramjet programs to determine the configurations and
characteristics that are prominent among the designs. For example, most of
the work today is oriented toward air-launched ramjet missiles which, because
of the weight and volume restraints, are predominantly integral/rocket/ramjet
configurations. Information gathered from these programs shows the components
that make up the integral rocket/ramjet have broad application to a large
number of engines under development by both the Air Force and the Navy.

The Vought-developed ALVRJ (Air Launched, Low Volume Ramjet)
ramjet engine has proved to be an invaluable source of information for this

program.




The ALVRJ program, which dates back to 1968, has been the source
of considerable ramjet technology development with many Design-to-Cost studies
being conducted along the way. The ALVRJ system employs a liquid fuel inte-
gral rocket/ramjet propulsion system that is nominally 15 inches in diameter.
The air induction system employs four concentric, 2-dimensional aft-mounted
inlets. These supply air to the combustor chamber following burn-out of
the booster and subsequent ejection of the boost nozzle and chamber port
covers.

A more complete description of the ALVRJ ramjet and related systems
can be found in reference (3). Figure L4 shows an inboard profile of the
ALVRJ system. Although the ALVRJ system has not reached production status,
there is an accumulation of cost data on the six prototype systems that were
fabricated (five of which have been successfully flight tested) and many
alternate component designs made in Vought's extensive Design-to-Cost program.
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FIGURE 4 ALVRJ INBOARD PROFILE

The Baseline System for the Cost Methodology is built around many
of the components present in the ALVRJ system in order to take maximum ad-
vantage of a data base which is believed to be accurate, very broad (covers
a number of manufacturing methods and materials), and applicable to a large
number of other ramjet configurations. Because the ALVRJ system utilizes a
15-inch diameter engine, (which is within the 6-inch to 18-inch diameter
range selected for the study) and much of the cost data in the handbook are
derived from that system, the baseline components are sized to a nominal
15-inch diameter engine.
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Components required for other ramjet configurations not present
in the ALVRJ or not part of one of the ALVRJ-related Design-to~Cost studies
were also defined. Conceptual definitions were generated and sketches were
made in order that detail estimates could be made. In order to be consis-
tent with the Baseline System ground-rules, they were also sized to a nominal
15-inch diameter engine. A matrix of components and ramjet engines was
constructed to make sure that all primary components of interest had been
included in the Baseline System.

Minor design variations of the prominent configurations are also
considered. For instance, the ALVRJ system employs U4 aft-mounted 2-D inlets;
but the methodology is constructed in such a manner that if the cost estimator
has only one or two aft-mounted 2-D inlets, proper adjustments can be made
without invalidating the handbook cost data.

Additional configurations are also included in the Baseline System
listing. In all, there are eight basic choices of inlet designs exclusive
of material choice. Costs are projected for each of these designs -- thereby
giving the user of the methodology a large number of inlets from which to
select. Component choices were limited to current state-of-the-art designs.
No attempt has been made to select a "best" or lowest cost design in the
selection of components -- although many concepts do reflect low cost fabri-~
cation techniques. The components are all scalable up or down and are
applicable to the full range of sizes specified for the program. Again,
it might be observed that some of the component designs or fabrication pro-
cessess may not be the best design for a particular size. It is conceivable
that a smaller engine might be designed in such a way that standard tubing
or other materials configurations could be employed in place of rolled,
welded and machined materials and thereby save on production costs. In this
regard, the baseline components listing might have included a description of
components uniquely suitable to the smaller engine sizes; however, the con-
straint of time and money did not allow this to be explored fully. This is
an area which could be done during a subsequent program.

One of the drawbacks to having a set of designs for the baseline is
the possibility that the ramjet in question may have a component to be priced
and there is not an equivalent design in the baseline data bank. This
situation can be handled in one of two ways. The first option is to obtain
a detail engineering estimate of the fabrication cost by qualified estimators
familiar with manufacturing processes, tooling and materials costs. The
second option is to find one or more components in the data bank that have
similar characteristics and employ similar manufacturing processes and attempt
to assign some degree of design complexity to the components of interest
relative to the component in the data bank. This is the "Engineering Judgment"
approach. Although it is a rough approximation, a simple parts-count
comparison of the two components might be a first step in approximation of
the relative cost of the two components. Provisions are made in the method-
ology for adjusting the cost whatever the reason might be for the needed
adjustment.

13




Illustrations of many of the key components are shown in the
following figures. Figure 5 shows eight basic inlet types -- four of which
are typically aft-mounted and the other four are nose or chin inlets. Figure
6 illustrates some of the other air induction system components included in
the data base, including some of the fairings and covers that go with the
baseline inlets. TFigure 7 shows only a few of the combustor chamber assemblies
for the liquid fuel ramjet, solid fuel ramjet and ducted rocket. Note the
three main types of construction: roll and weld, machined forging with shear
spun case, and deep draw. Figure 8 illustrates the booster and sustainer
nozzle concepts that are included. Figure 9 shows some of the booster and
combustor miscellaneous hardware and options. Figure 10 shows the fuel tank
configurations ard some of the other fuel systems hardware. Figure 11 gives
schematic drawings of four of the fuel control systems included irn the data
bank. The schematics illustrate the simplest to the most complex design for
fuel controls. Figure 12 shows some of the miscellaneous hardware associated
with the liquid fuel systems.

In all, there are over 125 specific components listed in the base-
line components list. When the various options of construction materials,
propellant formulations, and levels of design complexity are included, well
over 300 basic choices are available to the cost estimator to find a match
for his ramjet system. The key to using the methodology rests with the
number and variety of component options that form the data base. If the
baseline components adequately cover the field of choices, then the method-
ology will have accomplished the goals of the program. If there are vacancies
in the data, they can be filled by simply adding the component configurations
that are missing.

Table 1 gives a listing of all of the components in the Baseline
Data. The alpha-numeric identification listed provides a key which is
helpful in the assembly and application of the methodology. More complete
descriptions and sketches of the components are presented in the cost handbook.

5. COMPONENT COST GENERATION

Projecting the cost of manufacturing any product is a hazardous
business. Special situations and circumstances will cause one to challenge
any set of cost figures that are reported. It is not expected that the meth-
odology or the cost handbook generated under this program will prove to be
an exception to that rule. For that reason, the assumptions used in gener-
ating costs for this program are carefully delireated in order that the
reader may understand what the numbers represent and how they were obtained.
Then, if he wants to meke different assumptions, he is better equipped to
use and/or modify the cost figures for his specific purposes.

Production costs here and in the cost handbook represent the
selling price to the government by a prime contractor. The price includes
all materials, sub-systems and services that are purchased or sub-contracted
plus the prime contractor's costs and fee. Costs are production costs and
do not include design or development costs. A detailed description of the
labor rates, departmental overheads, burdens, and other factors will be
described in later sections of the report.

14
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TABLE 1
RAMJET COMPONENT MATRIX

AIR INDUCTION SYSTEM COMPONENTS
A-1 INLET ASSEMBLIES

A-1-1 2-D AFT INLET ASSEMBLY - CAST CONSTRUCTION
2 2-D AFT INLET ASSEMBLY - SHEET METAL CONSTRUCTION :
3 AXISYMMETRIC AFT INLET ASSEMBLY - CAST CONSTRUCTION
4 AXISYMMETRIC AFT INLET ASSEMBLY - SHEET METAL CONSTRUCTION 8
5 CHIN INLET ASSEMBLY - CAST/SHEET METAL CONSTRUCTION
6 CHIN INLET ASSEMBLY - SHEET METAL CONSTRUCTION
7 AXISYMMETRIC PODDED INLET ASSEMBLY - CAST/SHEET METAL CONSTRUCTION
8 PITOT PODDED INLET ASSEMBLY - SHEET METAL CONSTRUCTION
T
1
2
3
T

AFT FAIRINGS ,
2-D AFT INLET AFT FAIRING |
AXISYMMETRIC AFT INLET AFT FAIRING %
CHIN INLET AFT FAIRING
SIDE FAIRINGS
A-3-1 2-D AFT INLET SIDE FAIRING
A-3-2 AXISYMMETRIC AFT INLET SIDE FAIRING
A-4 POD ATTACH FAIRING
A-5 INLET OPTIONS
A-5-1 2-D INLET COVER
A-5-2 AXISYMMETRIC INLET COVER
A-5-3 CHIN INLET COVER
A-5-4 AIRFOIL TYPE AERODYNAMIC GRID-2D
A-5-5 AIRFOIL TYPE AERODYNAMIC GRID-CIRCULAR
~ BOOSTER/COMBUSTOR SYSTEM COMPONENTS
: B-1 COMBUSTOR CHAMBER ASSEMBLY (INTEGRAL OR NON-INTEGRAL DESIGN)
E B-1-1 CHAMBER FOR AFT INLET DESIGN (LFRJ)
B-1-1-1 ROLL AND WELD CONSTRUCTION
B-1-1-2 DEEP DRAW CONSTRUCTION
B-1-1-3 MACHINED & SHEAR SPUN CONSTRUCTION
B-1-2 CHAMBER FOR CHIN INLET DESIGN (LFRJ)
B-1-2-1 ROLL AND WELD CONSTRUCTION
B-1-2-2 DEEP DRAW CONSTRUCTION
B-1-2-3 MACHINED & SHEAR SPUN CONSTRUCTION
-3 CHAMBER FOR PODDED DESIGN (LFRJ) ROLL & WELD CONSTRUCTION
-4 CHAMBER FOR AFT INLET DESIGN (SFRJ)

>>>H>J'>>>>>>

T

e e

B-1
B-1
4-1 ROLL AND WELD CONSTRUCTION
4-2 DEEP DRAW CONSTRUCTION
4-3 MACHINED AND SHEAR SPUN CONSTRUCTION
! B-1 HAMBER FOR AFT INLET DESIGN (SFDR OR LFDR)

1 ROLL AND WELD CONSTRUCTION

2 DEEP DRAW CONSTRUCTION

-3 MACHINED AND SHEAR SPUN CONSTRUCTION

CHAMBER ASSEMBLY (FOR NON-INTEGRAL BOOSTER ONLY)
TAGED (SEPARABLE)

T ROLL AND WELD CONSTRUCTION

2 DEEP DRAW CONSTRUCTION
B-2-2 NON-STAGED

B-2 BOO

o=
o=
5
B-2
ol s
-

NN
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TABLE 1 (CONT.)

B-2-2-1 ROLL AND WELD CONSTRUCTION
B-2-2-2 DEEP DRAW CONSTRUCTION
B-3 SUSTAINER NOZZLE ASSEMBLY
B-3-1 SILICA PHENOLIC INSERT
B-3-2 METALLIC/SILICA PHENOLIC
B-4 SUSTAINER IGNITER ASSEMBLY
B-4-1 LIQUID FUEL RAMJET IGNITER
B-4-1-1 EXTERNALLY LOCATED
B-4-1-2 INTERNALLY LOCATED
B-4-2 SOLID DUCTED ROCKET IGNITER
B-5 BOOSTER IGNITER ASSEMBLY
B-5-1 HEAD END IGNITER
B-5-2 NOZZLE MOUNTED IGNITER H
B-6 BOOSTER PROPELLANT
B-6-1 PROPELLANT FOR INTEGRAL BOOSTER (SFRJ)
B-6-1-1 HTPB (HIGH SMOKE AND LOW SMOKE) {
B-6-1-2 CTPB (HIGH SMOKE AND LOW SMOKE) ‘
B-6-2 PROPELLANT FOR INTEGRAL BOOSTER (LFRJ, SFDR, LFDR)
B-6-2-1 HTPB (HIGH SMOKE AND LOW SMOKE)
B-6-2-2 CTPB (HIGH SMOKE AND LOW SMOKE)
B-6-3 PROPELLANT FOR NON-INTEGRAL BOOSTER
B-6-3-1 HTPB (HIGH SMOKE AND LOW SMOKE)
B-6-3-2 CTPB (HIGH SMOKE AND LOW SMOKE)
B-7 BOOSTER NOZZLE ASSEMBLY
B-7-1 NOZZLE FOR INTEGRAL DESIGN
1-1 SILICA PHENOLIC/GRAPHITE
1-2 SILICA PHENOLIC/METAL/GRAPHITE #1
1-3 SILICA PHENOLIC/METAL/GRAPHITE #2
1-4 INTEGRAL DESIGN - CONSUMABLE BOOSTER NOZZLE
NOZZLE FOR NON-INTEGRAL BOOSTER
7-2-1 SILICA PHENOLIC/METAL/GRAPHITE
7-2-2 CONSUMABLE BOOSTER NOZZLE
B-8 BOOSTER NOZZLE RETENTION ASSEMBLY (INTEGRAL)
B-8-1 BOOSTER NOZZLE RETENTION ASSEMBLY (INTEGRAL) t
B-8-2 BOOSTER NOZZLE ATTACK CLAMP ASSEMBLY (INTEGRAL) =
B-9 BOOSTER ATTACH CLAMP ASSEMBLY (NON-INTEGRAL) -
B-10 DOME PORT COVER
B-11 CASE PORT COVER
B-1
B-1

7-
7-
7-
7-

B-
B-
B-
B
B-7-
B-
B-

-12 AFT SHROUD (NON-INTEGRAL BOOSTER)
-13 BOOSTER/COMBUSTOR OPTIONS
13-1 FIXED LAUNCH RAIL |1
3-2 EXTERNAL FOLDING LAUNCH LUG }
3 FOLDING LAUNCH LUG/SWAY BRACE/FAIRING SUPPORT
360° & 180° SWAY BRACE OR SUPPORT
THERMAL INSULATION FOR IRR (LFRJ OR DR)
5-1 PTV VENTED b
5-2 SRL VENTED
-5-3 CONTINUOUS
THERMAL INSULATION (SFRJ)
6-1 VENTED
6-2 CONTINUOUS
STRONGBACK
IGNITER SAFE/ARM ASSEMBLY

B-
B-1
B-1
B-1
B-1

3-
3-
3-
B-13-
B-13-
B-13
B-13-
B-13-
B-13-
3=
3=

4
5
1
1
1
6
1
1
7
8

B-1
B-1
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: TABLE 1 (CONT.)

SUSTAINER FUEL SYSTEM (LIQUID)
C-1 SUSTAINER FUEL - LFRJ
E C-1-1 JP-5
C-1-2 SHELLDYNE
C-1-3 TH DIMER
C-1-4 SI-80
C-2 SUSTAINER FUEL - LFDR
| C-2-1 UDMH
; C-2-2 HYDRAZINE
|

C-2-3 MMH
C-3 SUSTAINER OXIDIZER - LFDR
| C-3-1 IRFNA
g C-3-2 NITROGEN TETROXIDE
g C-4 FUEL TANK - LFRJ
C-4-1 FUEL TANK WITH STANDPIPE AND FULL BLADDER
‘ C-4-1-1 ROLL AND WELD CONSTRUCTION
’ C-4-1-2 DEEP DRAW CONSTRUCTION
C-4-1-3 MACHINED FORGING WITH ROLL AND WELD CASE CONSTRUCTION
C-4-1-4 MACHINED AND SHEAR SPUN CONSTRUCTION
t C-4-2 FUEL TANK WITH HALF ROLLING DIAPHRAGM
C-5 FUEL/OXIDIZER TANKS (LFDR) (REFER TO FUEL TANK SECTION C-4)
L C-6 FUEL MANAGEMENT SYSTEM (LFRJ)
C-6-1 FUEL DELIVERY SYSTEM
C-6-1-1 TURBOPUMP
| C-6-1-2 SOLID PROPELLANT GAS GENERATOR
| © C-6-2 FUEL CONTROL SYSTEM
| C-6-2-1 SINGLE AND MULTIPLE DISCRETE FUEL FLOW RATE CONTROL
| C-6-2-2 PNEUMATIC ALTITUDE SCHEDULED FUEL CONTROL
C-6-2-3 FUEL/AIR RATIO CONTROL WITH PRESSURE RECOVERY AND MN LIMITERS
ANAGEMENT SYSTEM (LFDR)
ANIFOLDS AND INJECTORS

EL M
EL M
1 WALL MOUNTED INJECTORS IN INLET PADS
2
3

C-7 FUEL
C-8 FUEL
C-8-
C~8-2 WALL MOUNTED INJECTORS AROUND INLET DUCT
C~8-3 INTERNAL STREAM INJECTORS

C-8-4 INTERNAL STREAM INJECTOR FOR PODDED RAMJET
C-9 FUEL MANAGEMENT SYSTEM COMPARTMENT

C-10 GAS GENERATOR - LFDR

C-11 GAS GENERATOR NOZZLE - LFDR

C-12 RAM AIR TURBINE SCOOP
C-13 FUEL SYSTEM OPTIONS

C-13-1 FUEL TANK FIXED LAUNCH RAIL

C-13-2 FUEL TANK EXTERNAL FOLDING LAUNCH LUG

C-13-3 SUBMERGED FOLDING LAUNCH LUG AND TANK SWAY BRACE

C-13-4 FMS COMPARTMENT SUBMERGED FOLDING LAUNCH LUG

C-13-5 FUEL TANK FOLDING LAUNCH LUG/SWAY BRACE/FAIRING SUPPORT
C-13-6 360° & 180° SWAY BRACE OR SUPPORT

C-13-7 FUEL TANK STRONGBACK

C-13-8 PODDED ENGINE MOUNT LUG

C-13-9 EXTERNAL INSULATION

: C-13-10 WIRING & PLUMBING TUNNEL

E SUSTAINER FUEL SYSTEM (SOLID)
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TABLE 1 (CONT.)

D-1 FUEL - SFDR
D-1-1 60% MAGNESIUM (CAST)
C-1-2 60% MAGNESIUM (PRESSED)
D-2 FUEL - SFRJ
D-2-1 UT-18818 (LOW SMOKE)
D-2-2 UT-146949 (HIGH SMOKE)
D-3 GAS GENERATOR CHAMBER ASSEMBLY (SFDR)
D-3-1 ROLL AND WELD CONSTRUCTION
D-3-2 DEEP DRAW CONSTRUCTION
D-3-3 MACHINED AND SHEAR SPUN CONSTRUCTION
D-4 SOLID DUCTED ROCKET NOZZLE ASSEMBLY
D-5 SOLID DUCTED ROCKET SYSTEM OPTIONS
D-5-1 FIXED LAUNCH RAIL
D-5-2 EXTERNAL FOLDING LAUNCH LUG
D-5-3 FOLDING LAUNCH LUG/SWAY BRACE/FAIRING SUPPORT
D-5-4 360° & 180° SWAY BRACE OR SUPPORT
D-5-5 STRONGBACK
FINAL ASSEMBLY
E-1 LIQUID FUEL RAMJET - INTEGRAL ROCKET - RAMJET
E-2 LIQUID FUEL RAMJET - STAGED BOOSTER
E-3 LIQUID FUEL RAMJET - PODDED
E-4 SOLID FUEL RAMJET - INTEGRAL ROCKET - RAMJET
E-5 SOLID FUEL DUCTED ROCKET - INTEGRAL ROCKET - RAMJET
E-6 SOLID FUEL DUCTED ROCKET - STAGED BOOSTER
E-7 LIQUID FUEL DUCTED ROCKET - INTEGRAL ROCKET - RAMJET
E-8 LIQUID FUEL DUCTED ROCKET - STAGED BOOSTER
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The nature of the product implies that the contractor will be a
major aerospace manufacturer. Ramjet engines are not in the same category
of manufacturing as turbine engines; therefore, it cannot be automatically
assumed that the prime contractor would be limited to companies which have
specialized turbine-engine manufacturing facilities. Ramjets, by their very
nature, are fairly simple devices which are capable of manufacture by
almost any airframe, engine or propulsion system company.

Most aerospace companies have a myriad of special fabrication
equipment and capabilities; therefore, it is difficult to project the dif-
ference in manufacturing cost between company "A" and company "B". 1In
order that the program not bog down in trying to establish which company
is best equipped to manufacture which component, the manufacturing capabilities
of the Vought Corporation are assumed "representative" of the aerospace
industry. This assumption permits the cost estimating for this program to be
done in the same way Vought estimates any other production job.

These basic ground-rules were used to estimate costs for the base-
line components reported here and in the cost handbook. Detail estimates
on those components that Vought normally manufactures were obtained from
qualified departmental estimating specialists who, in most cases, had exper-
ience on the ALVRJ program.

Estimates for special hardware or materials such as castings or
forgings that are produced by specialty firms were obtained from vendors or
from standard costins - “talogues and price lists.

Costs for subcontracted services such as propellant loading of
boosters, solid propellant gas generators, solid fuel ramjets and solid
ducted rockets were obtained through subcontracts. Costs for these services
for a range of sizes and quantities were subcontracted to Chemical Systems
Division of United Technologies (Sunnyvale) and Rocketdyne Division of
Rockwell International (McGregor).

Cost estimates for special equipment or systems that would not
typically be manufactured by Vought were obtained through direct contact
with potential vendors, from prior cost quotes on similar programs, and from
personal contact with individuals having experience in the areas in question.
These are discussed later in the appropriate areas.

The following sections will describe the detail procedures and
assumptions that were used to generate costs that are presented.

a. Production Cost Elements

There are many people and organizations involved in the manufscture
and delivery of a product like a ramjet engine. Each person and organization
has a specific function to perform to insure that the delivered product meets
the requirements of the customer, but the costs for each function are accumu-
lated and charged in different ways. In setting up a cost prediction methodology
these elements of cost must be taken into account and their sensitivity to
program variables must be determined.
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In a broad sense, costs can be categorized by Direct and Indirect
and by Recurring and Non-Recurring. A general matrix of major cost elements

. within these categories can be illustrated in the following figure.
DIRECT INDIRECT
o Design o Labor Overhead
NON-RECURRING o Development o Material Overhead
o Test o General and
o Production Tooling Administrative
o Manufacturing Labor o Labor Overhead
RECURRING o Materials o Material Overhead
o Support Services c G&A

FIGURE 13 COST ELEMENT MATRIX

Direct costs are those costs which are uniquely and specifically
associated with the product being manufactured. Indirect costs are those
general costs associated with the company's doing business and are shared by
all programs as a percentage of some element or elements of the program's
direct costs.

In developing a methodology for predicting production costs of
ramjets all elements of cost must be considered; however, only a few of
them have major significance. These are production tooling, manufacturing
labor and materials. Note that the tooling costs are in the non-recurring
category whereas the labor and materials are recurring. The approach to
estimating each of these three elements of cost is discussed in the following
sections. The application of the appropriate percentage factors for the
other cost elements (both direct and indirect) is also discussed in the
section on dollarizing the estimates.

A summary of all of the cost estimates for the baseline components
is included in Appendix 1. The tables in Appendix 1 are separated into
components typically manufactured by the prime engine contractor (Tables 1-1,
1-2, and 1-3 for the three main structuralmaterials); components and services
that would typically be subcontracted such as thermal insulation and booster
propellant loading (Table 1-U4); and finally, those components that would
typically be purchased like fuel controls, igniters and pumps (Table 1-5).

(1) Manufacturing Laebor Estimating

The methodology developed for this program was designed to handle
both non-recurring and recurring costs asscciated with the fabrication of
every component, sub-component and part defined in the baseline system.
Recurring costs are those incurred by all departments for their repetitive
and sustaining effort associated with and in support of the serial manufacture
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of a part. Non-recurring costs are those incurred only once during the
manufacturing cycle and are associated with program costs rather than part
cost. Figure 1L illustrates the recurring cost breakdown.

RECURRING COST OF PART
1

INDIRECT DIRECT
— e e r
P | (i

Labor Overhead | Labor l
Material Overhead h

Factory Fabrication Production
General & Administrative

Quality Control Support

. Tooling

Mfg. Engineering

FIGURE 14 RECURRING COST BREAKDOWN

Factory fabrication labor is the direct effort required to transform
production raw material into the final part or component. The cost estimating
technique used at Vought utilizes Industrial Engineering standard equations
to calculate the pure labor standard hours associated with the detail fabrica-
tion operations performed in the manufacture and/or assembly of a part. These
standard hours not only account for the basic work content of a task but allow
for other elements which are part of factory labor such as fatigue, waiting
time for tools and materials, attention to personal needs, etc. Figure 15
depicts the Vought "Standard Hour".

PERSONAL DELAYS

UNAVOIDABLE DELAYS

FATIGUE TOTAL STANDARD
HOUR CONTENT
BASIC
WORK
CONTENT

(SETUP & RUN TIME)

FIGURE 15 ELEMENTS OF FACTORY LABOR
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The Industrial Engineering time standards at Vought were developed
by Industrial Engineers through repetitive "stop watch" observation of indi-
vidual elements required in machining, forming, assembly and checkout
operations. This standard hour data system has been used in manufacturing
for approximately twenty (20) years and is updated continuously for the effect
of new equipment and techniques. The Industrial Engineering standards repre-
sent "ideal" elemental times expended in the performance of these operations.
These "ideal" elemental times involve the actual time measurement of a defined
task performed by a qualified operator working at a normal performance level
in accordance with a specified method. When these "ideal'" elemental times
are related to the job level an overall allowance factor (15%) is added for
personal, fatigue and delay time.

Standard hours at Vought represent pure labor only plus 15% for
allowances. In projecting standard hours, Vought has derived from its shop
history, factors for each group of operations to predict unit #1 production
costs. These factors determined by the relationship of standard hours to
actual hours, at Vought, are called realization rates. For this program the
following #1 realization rates were used:

Operation Realization @ #1
Machine Shop 1T5%
Sheet Metal 17.5%
Welding 12.0%
Bonding 12.0%
Assembly 12.0%
Paint 10.0%

The marhours for unit number one would be computed using the
relationship

Standard Hours
Realization Rate °

Actual Hours No. 1 =

Every operation is normally estimated by set-up time which is the
time associated with placing the work piece in a tool and making the proper
adjustment prior to the operation and by operating time which is the actual
cutting or drilling operation associated with each work piece. Set-up time
is normally prorated over a number of units being worked. In this program
the lot size has been assumed to be five units.

Other operations associated with the fabrication of the parts and
sub-components include cleaning, chemical and heat treat, coating, plating;
horing or sandblasting are signified as processing costs. Processing labor
is generally estimated as a percentage of the shop labor. In this program,
processing cost is assumed to be 12 percent.

The total manhours for unit number one is determined by the formula:

s/u o/T ,
Actual _)|(std. Hrs.) 1 Processing %
Hours S [%ESE‘EEEET‘ + (std. Hrs.) Realization x(8/U+0/T) 100

Setup + Operating Time Umit 1

(s/u + o/T)
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To illustrate how the estimate of standard hours was used to estimate
manufacturing labor costs on this program, the following example is provided.

Figure 16 shows a sketch of a 2-dimensional aft inlet assembly

(component A-1-2). A listing of the components

parts is shown on the figure.

Detail estimates were made on each part and sub-component assembly for every
operation associated with the fabrication of the c.mponent.

2-D AFT INLET ASSEMBLY
SIIEET METAL CONSTRUCTION

FLANGE

FLANGE

FAIRING INTERFACE

FWD SUPPORT

BODY

FLOOR

SPLITTER

FWD RAMP

DIVERTER

DIVERTER

SUBFLOOR

FOOT

FAIRING CLIP

RIB

AFT FLANGE

BASE FLANGE

ROSS

HELICOIL INSERTS (NOT SHOWN
AFT FAIRING ATTACH HARDWARE
(NOT SHOWN)

INLET INSTALLATION HARDWARE
(NOT SHOWN)

FIGURE 16 2-D AFT INLET ASSEMBLY - SHEET

METAL CONSTRUCTION

To show the magnitude of the estimating job, Figure 17 illustrates
the amount of work associated with generation of the machining operation
estimates for one of the sub-component operations. A summary of the complete
standard hour estimates is shown in Table 2. Note that the hours are divided
into set-up and operating time foi each of the four different shop operations.
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The total machine shop hours at unit No. 1 are estimated to be:

(L2.42) i =
L__E-_3+(55'2h9ﬂ T5 X (1.12) = 407.89

Similarly, the sheet metal shop hours at unit No. 1 are calculated:

(

&§§§g§+(11.920ﬂ-—3%§- x (1.12) =.83.48
The weld shop hours are calculated:

[2-3-;5&%;«(23.389)]——%5 x (1.12) = 224,62
And finally the component assembly hours:

(9, (1.10)| -2 (1.0) =

(g) s T x (1.0) = 11.77

The total shop manhours for fabrication of the first inlet assembly
is the sum of these four shop estimates; i.e., T27.76 manhours. These hours
were based on four inlet assemblies per engine; therefore, the manhours per
inlet would be 181.9k.

Appendix 1 gives a complete listing of the total production manhours
at unit number one for every component that was estimated in the program.

Developing estimates of factory labor hours at specified units of
production other than #1 unit is accomplished by the application of an historically
developed improvement curve sloped to the #1 unit costs. These improvement
curves are derived through detail analysis of shop production cost data and
include allowances for such things as operator familiarity with the job, engi-
neering changes, lot size changes, tool adjustments, give and receive instruc-
tions and work stoppages due to part shortages. This projection of standard
hours is illustrated on a log-log graph showing a cumulative average cost
curve in Figure 18.

Below is a summary of the cost improvement curves used in developing
the methodology for this program.

Units Improvement Slopes
1-5 85%
6-100 80%
101-600 88%
601-2000 95%
2001&Sub. 98%




Hours

Inprovement curve slope

Cum Average cost

Std. Hr. Content

EESSEUEEEIEENEEEENNEEEIEUENNENENENNEENNN NN EENEEECEINEEEUSSAEEENNNEsEENENNEsREESEsERSREsRESES

Number of Units —

FIGURE 18 CUM AVERAGE COST

Cost estimating relationships have been developed in this program
to estimate the labor hours for recurring support labor functions, i.e.,
quality control, tooling, manufacturing engineering, and graphic services.
These sustaining support costs are incurred to maintain the normal production
run. The activities required to support production may be briefly described
as: maintain engineering drawings, perform material reviews, maintain pro-
duction planning papers and quality control visual checklists, maintain the
tools to include rework and replacement, provide blueprints to all work
stations, perform receiving inspection of material, and process control and
inspection of parts. For this program these support services were estimated
at 30% of shop labor for inspection and quality assurance and 12% of shop
labor for manufacturing engineering support. These manhours are assumed to
be at a different labor rate than the manufacturing shop hours and are,
therefore, dollarized separately. This is discussed in a later section of
the report.

(2) Material Estimating

There are several major categories of materials cost that must be
estimated. In broadly defined categories, these include:

(1) Raw materials
(2) Purchased parts
(3) Purchased labor (subcontracted services)
(4) oOther (such as low cost purchased parts and shop supplies)
35
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Raw Materials - Raw materials include all of the basic materials
that are purchased in sheet form, bar form, billets, castings, extrusions,
etc., that have to be further worked into the proper configuration required
by the end product. Most of the material costs for this program are raw
materials and are based on a per pound or per square foot basis. Since the
materials will be cut or worked in the shop, there will be the need for
additional material to allow for cut-off allowances, scrap, defective and
spoiled material. This is handled by the employment of utilization factors.
Utilization factors vary for the type of material and even how the material
is used in the manufacturing process. The utilization factor is normally
expressed as a percentage and is simply added to the basic materials esti-
mate. For example, if a material estimate is ten pounds, the cost per pound
is $5 per pound and the utilization factor is 20 percent. The total cost
estimate would then be [ (10) x ($5) 1x (1.20) = $60.

Purchased Parts - Purchased parts are those materials that are
obtained from vendors in the form ready for use in the assembly operation
without additional machining, heat treating or other processing. Examples
of these are pumps, motors, control systems, computers, and fuel tank
bladders. These are individually estimated by the materials estimator and
costs are identified for each of these components. A similar utilization
factor is employed for these components to account for breakage, repair or
replacement.

Purchased Labor - Purchased labor or subcontracted services are
also considered as a materials cost since they are administered through
subcontracts or purchase orders in much the same way as raw materials and
other services required in the manufacture of a product. The subcontracted
services are normally those tasks which the company cannot do itself because
of lack of experience or facilities, o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>