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"™ 7 A program was conducted to develop a cost/benefit analysis model for use
in documenting the savings resulting from the performance of manufacturing
technology projects sponsored by the Naval Air Systems Command.

The model which has been developed satisfies the following objectives:
(a) sufficiently simple to use by personnel with no training in accounting or
economics; (b) applicable to a wide range of manufacturing technology projects
and the circumstances and environment in which their results are applied; and
(c) uses data from existing accounting systems. The model consists of two
methodologies. The first methodology, referred to as ~"Changed Price", is
applied in those instances in which the price per unit charged to the
Government is known for both the "before" and the “after" manufacturing
process. The second methodology, referred to as’"Changed Cost", is applied
in those instances in which neither the “before*“nor the’"after* unit price
can be readily identified, as in the case of producing a sheet metal skin
for an aircraft access panel.
, Step-by-step procedures and case studies are provided for both the
""Changed Price" methodology and the "Changed Cost" methodelogy.
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This document was prepared to assist Navy and contractor personnel in ;:
completing reports on cost savings obtained from the implementation of ':::‘:'
manufacturing technology (MT) projects funded by the Navy. Such reports are ?'.ig':
required by NAVMATINST 4800.360, Manufacturing Technology Program. Guidelines \
are presented for the preparation of cost savings reports, which must be ::i_
submitted annually beginning one year after project completion. The cost ":
analysis procedures contained herein were developed to satisfy the following sy
criteria: E':
e Must be sufficiently simple to permit use by personnel with no E:
training in accounting or economics. “

e Must be applicable to a wide range of MT projects and the ;:.
circumstances and environment in which their results are applied. Q::':;

® Must accurately assess cost savings using data from existing \
accounting systems maintained by government and industry.

Two separate cost savings analysis procedures are explained using an f;::
example of each. The "Changed Price"™ cost savings analysis procedure and :
format is designed for MT projects in which the unit price to the government '
is known for both the old and the new manufacturing process. The *Changed :
Cost" procedure and format is designed for MT projects in which neither the r‘-'
old nor the new unit price can be identified; consequently, changes in 7
recurring and nonrecurring manufacturing costs, both positive (additional
costs to the government) and negative (cost savings to the government) are .\
used. This second format includes recurring costs such as direct labor, ‘ﬁ‘&
materials, and utilities, and nonrecurring costs such as equipment, buildings, 8 "'
and training. The use of one or the other of these procedures will satisfy et —— ,'.,;
any conceivable MT project cost analysis requirement. e .{
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COST SAVINGS ANALYSIS GUIDELINES

1. INTRODUCTION

Cost savings reports on Navy-sponsored MT projects are required annually
by NAVMATINST 4800.360, Manufacturing Technology Program, for all completed MT
projects, with the first report on a specific project due one year after
completion of the project. Updates are to be prepared and submitted by 14
February of each year. The reports serve as a vehicle for documenting the
success of the MT Program in achieving its primary objective: 1.e., to reduce
acquisition and 1ife cycle costs of Navy weapon systems. A copy of the cost
savings report format and NAVMATINST 4800.36D0 instructions are provided in
Appendix A.

This document presents guidelines for contractors and Navy personnel to
use in analyzing and reporting cost savings obtained from the implementation
of manufacturing technology (MT) projects. The guidelines have been used to
prepare cost savings reports for five Naval Air Systems Command (NAVAIR)
funded MT projects which have been implemented by weapon system contractors
and one report on a project implemented by a Naval Air Rework Facility
(NAVAIREWORKFAC). The cost data used in the analyses were provided by the
contractors and the NAVAIREWORKFAC personnel who completed the MT projects or

implemented the results.

2. BACKGROUND

In general, MT project performing activities have fatled to plan
adequately for cost savings reporting. Because final payment on a contract is
often made a full year or more prior to the date when the first cost savings

report is due, contractors are drawn to new endeavors after a project s over,
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and cost savings analysis takes low priority. Moreover, when a project is
implemented, responsibility is generally transferred from engineering
development personnel to production personnel who may be unfamiliar with MT
Program requirements, may lack training in economic analysis, and may consider
cost analysis outside their scope of activities. With poor planning,
contractors may subsequently have difficulty in reclaiming accurate data on
costs incurred under an old process or technology. This situation has been
exacerbated by the fact that, until recently, MT project contracts contained
no cost savings analysis or reporting requirements. 1In a 1979 review of the
DoD MT Program, the General Accounting Office (GAD) emphasized that the
military services should better track the implementation of MT project results
and document program benefits.

Contractor participation in cost savings reporting is, of course, not
only desirable but essential because Navy MT project managers do not have
access to detailed manufacturing cost data. Additionally, the complexity of
military weapon system production and cost accounting has largely stymied the
use of a uniform cost reporting system. As modern naval weapon systems
contain a large number of parts, all subject to periodic engineering change
orders, savings in the production cost of a particular part are difficult to
identify by examining changes in the procurement cost of the whole weapon
system. An additional constraint has been the lack of common cost savings
analysis procedures that can be applied to widely differing types of
manufacturing technologies. To achieve timely and accurate reporting of cost
savings, 1t is necessary to (1) clarify the type and format of data needed

from contractors, and (2) institute procedures with which Navy MT Program

managers can monitor contractor compliance.
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3. COST SAVINGS ANALYSIS MODEL

A uniform framework has now been developed for analyzing and documenting
the cost savings resulting from the implementation of MY projects. Only
readily quantifiable manufacturing cost savings are measured, and the scope of
the analysis is limited to actual or planned production. The model is
flexible enough to accommodate differing manufacturing environments, yet it is
comprehensive enough to permit tabulation of accurate, supportable cost
information. It provides for two alternative cost analysis methodologies; the
methodology appropriate to an MT project is selected based on the type of cost

data available.

3.1 "Changed Price" methodology. Use of an abbreviated format for
analysis of cost savings 1s feasible when an advanced manufacturing technology
is applied to a discrete product made in quantity, such as an integrated
circuit. Where the price per unit under both the old and new manufacturing
method 1s known, it is unnecessary to detail costs and cost savings incurred
by the manufacturer. All such costs and cost savings are assumed to be
reflected in the new price charged the MNavy.

When there is a known change in a unit price resulting directly from
implementation of an MT project, an abbreviated format called Worksheet A is
used. In such cases, all capital, operating, and implementation costs are
reflected in the new price and, therefore, should not be subtracted from labor
or other savings. Based on the accuracy of available out-year procurement and
cost data, the analyst selects a time period (five years or longer) over which
to identify cost savings and calculate the return on investment (ROI). In

accordance with Navy instructions, this time period begins at the date of

contract award for the MT project.
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o Step-by-step instructions follow for performing a "Changed Price®* type G?Q

Ii analysis using the Worksheet A forms which were prepared for a sample MT '“ﬁi

W)

project. %{?

3 2%

»! :?§

b,

ll 3.1.1 *Changed Price® sample project. NAVAIR manufacturing technology -
- project A0650, "Gallium Arsenide Substrate Fabrication," was completed by :

-.' 12 .:'

o M/A-COM Gallium Arsenide Products, Inc. (Burlington, MA), in March 1982. The
new technology produces round, 3-inch diameter, gallium arsenide (GaAs) wafers
by the 1iquid encapsulated Czochralski (LEC) process in quantities sufficient

to meet the high demand for their use in advanced electronics. The small,

v,
<
.

“ irregularly shaped GaAs wafers produced by the old technology were expensive, =
;; of low purity, had low useable area, and could only be produced in small ?EE
- quantitfes. Following implementation of the new manufacturing technology, Ei;i
ii sales of process:d GaAs wafers to military equipment manufacturers increased £}
: dramatically. §§§
; The cost savings resulting from this MT project can be calculated using gsfr

"7

.l the simplified "Changed Price" method of Worksheet A, because the price of the

. product using both the old and new technologies is known. Even though the

Z;' wafers are sold to military equipment manufacturers rather than directly to

the government and value is added before a final product is delivered to the

Navy, the value added later does not negate the cost savings for the GaAs

:5 component of the weapon system. Since high quality GaAs wafers had not been
readily available in significant quantities prior to implementation of the

manufacturing technology, cost savings are based on the cost of making low

AR

quality wafers by the old method in the quantities now in demand.
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3.1.1.1 Cost savings narrative. A narrative providing basic

information on the MT project and its implementation is prepared as shown in
Figure 1. 1In the narrative, a "Background® section (Item 1) summarizes the MT
project objectives, and a "Cost Savings® section (Item 2) explains the source
of the data used and justifies any important assumptions or caveats made by

the analyst.

3.1.1.2 Table A-1. The table used to 1ist annual cost savings is shown
in Figure 2. The unit price charged to the government or to other military
equipment suppliers during the project years in which the new technology is
used are compared with the price charged under the old technology.
Specifically, the unit price under the old manufacturing technology (Item 3),
minus the unit price under the new manufacturing technology (Item 4), gives
the cost savings per unit (Item §5).

In this example, both material price savings per square inch and

processing price savings per wafer resulted. These values, multiplied

by the total raw material production and wafer production, respectively,

for a given project year (Item 6), give the cost savings for that year

(Item 7).
The rationale for key entries should be explained in footnotes to the table,

such as the footnotes for this sample project shown in Figure 3.

3.1.1.3 Data sources. The above data were obtained by contacting the
MT project contractor. Since the project contractor is usually the first
manufacturer to implement advanced manufacturing methods established by an MT
project, it serves as a primary data source. Additional firms which have

implemented the new methods may be identified through records of technology

transfer activities, such as end-of-project demonstration rosters and final
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. Former techniques of producing galltum arsenide (GaAs) e

substrates resulted in materials that varied widely in crystalline quality and
were contaminated frequently with many impurities. This MT effort was
established to achieve a manufacturing capability which would yield large
(greater than 2-inch diameter) round crystals of high purity semi-insulating
GaAs through use of the 11quid encapsulated Czochralskt (LEC) crystal growth
process.

3 )}

The project was completed in March 1982 at a cost to NAVAIR, the only
sponsor, of $520,000. The MV project contractor, M/A-COM Gallium Arsenide
Products, Inc. (Burlington, MA), began implementation of the improved process
prior to project completion. GaAs is in high demand for use in advanced
electronic communication, countermsasure, and high speed computer devices;
aerospace industry users include Raytheon, Motorola, Rockwell, Hughes,
Honeywell, WSC, and United Technology.
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. Cost savings to the government have resulted from the

'c"'l-‘-d
« S0l

following:

2N

“\

Reduyced Materigl Costs - Unprocessed GaAs wafers are now sold by N/A-CON
for $21-28 per sq. in., depending on the size of the order - a price
reduction of at least 60 percent.

P

' %

....
P

Reduced Processing Costs - Processing costs at least $1,000 per wafer
regardless of wafer size; hence, processing one 3-inch round wafer for
$1,000, which replaces (equals the surface area of) five of the old
1.5-inch D-shaped wafers costing 95,000, results in an 80 percent
processing cost savings.

LT,
ST

0
0

AN

1,

Increased Oevice Yield - With “edge effect®, a smaller fraction of the
wafer 1s lost using large round wafers than with smal) D-shaped wafers
when nominally equal total wafer areas are considered.

v" r v-
.
PN

The Worksheet A format was used to calculate the annual cost savings
because it is not necessary to factor in the capital f{nvestment in the crystal
puller and other such implementation costs to the contractor. All such costs
are reflected in the new wafer material and wafer processing prices.

The cost savings data in Table A-1 were obtained from Mr. John Vaughan,
Business Center Manager, M/A-COM, Inc. M/A-COM, Inc. 1s the major U.S.
supplier of GaAs. Although some is sold for commercial applications, most of
their GaAs production is dedicated to DoD applications. According to Mr.
vaughan, at least one-third (33 percent) of total GaAs production goes to U.S.
Navy applications, and this percentage is used for Table A-1. As noted in the
footnotes to Table A-1, the estimates of wafer material cost savings per sq.
in, wafer processing cost savings per wafer, and annual sales growth are also
conservative.
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Figure 1 - Cost Savings Narrative
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10-Year Cost Savings

WORKSHEEY A - NT PROJECT INPLEMENTATION COST SAVINGS

Iable A-) - Aneyal Cost Savines
s Mamufacture of galliium arsenide (GaAs) wafers.
- Project Unit Price T uait Price Tost Savings No. Units (To Annual Cost
Year ol ¥ 3 Now WY Por Unit 88) Procured Savings

sen 79"t0 e 80 | $70/sq. "'\r/ " ° ° °
(material cost) plus
5,000/equiv. wafere®

(processing cost)

Sep 00 to Aug 81 | 70/sq. in. plus NA 0 0 0
$,000/equiv. wafer

Sep 81 to Aug 82 | 70/3q. in. plus  [$30/sh. in.o* $40/5q. in plus [6,000 sq. in woew 3,668,000
5,000/equiv. wafer | plus 1,000/vafer 4,000/wafer + 057 wafers

Sep 82 to Aug 83 | 70/sq. in. plus 27.33/5Q. n. plus| 42.67/3q. in. 13,200 sq. in. 9,107,244
5000/equiv. wefer 1,000 safor plus 4,000/wafer]| + 1,006 wafers

Sep 83 to Ayg 4 70/3q. in. plus 25.33/3q. in. plus|ad.67/%q. In.plus| 15,950 sq. In. 9,828,487
5,000/equiv. wafer { 1,000/ mfer 4,000/wafer + 2,279 wafers

Sep 04 to Aug 83 70/sq. in. plus 25/3q. in. plus 45/3q. n. plus 24,750 sq. . 15,257,150
$,000/equiv. wafer 1,000/wafer 4,000/waler + 3,536 wafers

Sep 85 to Aug 86 70/5q. 1. plus 25/3q. in. plus 45/3q. in. plus 43,313 sq. . 26,701,008
$,000/equiv. wafer | 1,000/wafer 4,000/vater + 6,180 wafers

Sep 8¢ to Ayg 87 70/sq. in. plus 25/3q. in. plus 45/3q. . plus 75,797 sq. I, 46,722,065
5,000/equiv. wafer 1,000/vafer 4,000/vafer + 10,028 wafers

$Se0 07 to Mg 88 [ 70/sq. in. plus 25/3q. in. plus 45/3q. fn. plus [ 132,644 sq. tn. 61,764,980
5,000/equiv. wafer | 1,000/wafer 4,000/vater +10,949 wvaters

Sep 98 to Mg 89 10/3q. n, plus 25/735q. in. plus 45/3q. in. plus | 232,128 3q. in. | 143,009,760
5,000/equiv. wafer 1,000/wafer 4,000/vafer + 33,16 wafers

vV The first project year is the 12-month period following the comtract award for the WY project. ihis is
because the Mavy requires that the period used to calculate the ROI begin with the contract award date.
Figure 2 - Worksheet A
7
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AORSO (00650): 10-Year Cost Savings
WORKSHEET A (CONT.)
N * Contract award date.

-y ** This NT project did not affect wafer processing costs. Processing costs
-, typically remain in the range of $1,000-$10,000 per wafer, depending on
W the type of processing. The price, however, does not vary with wafer

. size; hence, processing one of the new 3-inch diameter wafers for $1,000
results in the same wafer area and yield as processing five of the old

v 1.5-1nch D-~shaped wafers for $5,000. A conservative estimste of

AR processing cost savings (based on the most inexpensive processing) fis,

h‘ therefore, 34,000 per wafer.

*on prior to Jan 82, GaAs substrate material was availadle in small
quantities for $70 per square inch. 8y Jan 82, this price was reduced to

=~ $23 per square inch for bulk orders by large Mavy contractors such as
. Raytheon and Honeywell. Given the aix of small and large orders, a
= conservative (high) estimete of the average selling price was 326 per

square inch in Jan 83 and $25 per square inch beginning in Jan 04. The
figures in this column are welighted accordingly for each project year.
s M/A~CON plans no further matertal price reductions because demand for
i GaAs wafers consistently exceeds their production capacity.

wsw® production of significant quantities of GaAs wafers began, using the new
technology, in Jan 82. Sales of I-inch GaAs wafers during Jan 82 - Dec
o 82 were 30,000 square inches. NAVAIR applications are estimated at 30
- percent of output. Sales increased approximately fifty percent during
o CY83 and another fifty percent during CYB4. Sales are projected to
‘ increase throughout the period Jan 85 - Oec 89 at a rate of fifty percent
per year, based on market studies conducted by W/A-COW. Thus, fifty
percent annual growth is a conservative rate that does not include
. potential digital applications nor the formation of new companies to make
. GaAs products.

Figure 3 - Footnotes to Worksheet A
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. report accessions, or by contacting Navy field office experts in the
technology field. 1In the case of this sample project, however, only the
original MT project contractor has implemented the new methods.
Eg Recent MT contracts contain specific requirements for MT project
l! contractors to furnish cost saving data. For older MT projects and for Navy
v weapon system manufacturers who were not involved in the original MT project,
E? it is necessary for the Navy to secure voluntary cooperation. For these older
i projects, data from manufacturers' existing accounting systems have proven
?; adequate when knowledgeable compény officials have assisted in identifying
; - data characteristics and limitations.
p’
} R 3.1.1.4 Form 2. When Table A-1 1s complete for the project years under
E > study, both gross and net total cost savings may be calculated using Form 2
ii (Figure 4). Form 2 has three basic parts.
N In the third paragraph marked "NAVAIR Investment," each year of
3 &; incremental Navy MT project funding is 1isted by fiscal year and amount. Each
: 'i year's funding is then discounted to determine its present value. This
} - present value calculation reflects the economic principle that a dollar
i received today is worth more than a dollar received ten years from today.
This is not due to inflation, but rather because the dollar, if received

. today, can be invested by the recipient to be worth more at the end of ten

years. To determine the discount factor (Item 8), subtract the current fiscal

year in which the analysis is prepared (Item 9) from the fiscal year the

(]
o

1
[}
1]
R
o .

c”
M AN

project was funded (Item 10). If the difference is a positive value, enter

“w x
D

2.7,

the corresponding value identified in the third footnote (Item 11). If the

ﬁ-' 'l
{’

difference is a negative value, enter the reciprocal of the corresponding

L
L2
N
£ L2V

P4

value (1/value) in the footnote.

A
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: NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS

FQRM 2 - PROJECT COST SAVINGS (10-Year Cost Savings)
g 1. Project Title: 6Gallium Arsenide Substrate Fadrication
by 2. Project Number: AOS50 (DNA 00650)
4 . 3. NAVAIR Investment:
. a. Current b. Fiscal |c. NAVAIR | 4. Discount| e. Present
T Fiscal Years Funding Factor Value of
Year Funded 8y FY Funding
T = | 1979 528,000 T1.689 891,792
LW Present Value of Total NAVAIR Investment |_B31.797
-
- .. ! ¢
. Aor8):
. a. Projgct |b. Recurring [c. Discougt | d. Present [e. Present (f. Present
s Year Costs/ Factor valye of Value of value of
. - Savin Recurring [Nonrecurring Annuat
. @ Costs/Savings
' 980 CHE 0
i 1981 [} o 0 17
1982 (3,668,000) 1.269 (4,654,692
1993 (0,107,246) 1.153 (9,347,652)
1984 (9,028,487) 1.048 (10,300,254)
1985 (15,257,150) 1.000 (15,257,750) (15,257,750)
1986 (26,701,08S) 0.954 (25,472,033) (25,472,035)
1987 (46,722,865) 0.867 (40,500,724) (40,508,724)
1988 (81,764,900) 0.788 (64,430,004) {64,430,004)
i L 1989 (143,009,760) .77 (102,595,358) (102,595,350)

“r

(A

bac 19 Present vaiue of Gross T0tal Costs/Cost Savings| (272,568,008)7" N\
. . Met Tota) Cost Savings® (8F - 3e): Ten-year = 3271,676,2M (18,

O]
’ ’
.

Lo Ttndicate cost savings (negative costs) on this table by enclosing in parentheses. N
A 21nclude years used to calculate ROl starting from the date of contract award. Y
° * 31¢ 4a-3a = 1, then 4c = 0.954 1If 4a-3a = 6, then 4c = 0.592 %
- . 2 . 0.867 . ? . g.m AN
. 3 ° 0.708 . 8 . 489
e & s s oM . 9 * 0.4e8 it
. N * S . 0.652 . 10 . 0.40% \
¢ - 417 costs exceed cost savings, this difference will be a negative valus.
"
y
\
P 3_ .
K 7
.. Figure 4 - Form 2-Project Cost Savings
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N In the example, 1979 minus 1985 equals -6, and the reciprocal of the
corresponding value 0.592 is 1.689.

I! Any Army or Air Force funding for the MT project may also be entered in this
N section and enclosed in brackets; but non-Navy funds should not be fncluded in
~

LN

the total (Item 12), as the total will be used later in these calculations to
n determine the return on the Navy's investment.

A second section of Form 2, marked Paragraph 4, is used to summarize the

e,
-

cost savings data developed in Table A-1 (or in the Tables 8-1 through B-5 if

the "Changed Cost" format is selected). The annual cost savings (Item 7)

a

L

< should be listed tn this summary table as recurring savings (1tem 13) and
Z:v multiplied by the appropriate discount factor (Item 14) to derive their
-

present value (Item 15).

" r-For' this MT project, discounting is factlitated by the close
correspondence between the beginning of the project year and the federal
, fiscal year. In accordance with the "Changed Price" format, no
i nonrecurring costs are considered, since the new price charged for GaAs

material by M/A-COM, Inc. is assumed to reflect any implementation costs
incurred by the company in switching to the new manufacturing
o technology. Since no nonrecurring costs or savings are relevant to the
e *Changed Price" format, zeros appear under ltem 16, and the values in
them 15 are duplicated in Item 17 and totaled as Item 18.

.

!! Throughout this table, all cost savings (negative costs) should be enclosed in
parentheses to distinguish them from additional incurred costs.

. The third section of Form 2, marked Paragraph 5, is used to derive the

ff "bottom 1ine" for the MT project. The gross total cost savings (Item 18)

. minus the total Navy investment (Item 12) equals the net total cost savings

the Navy realizes from the MT project (Item 19) over the time pertod selected

& 9
r'."' 1

for the analysis.

I
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3.1.1.5 Form 1. Essential findings from the cost savings analysis are

listed on Form 1: Project Summary, shown in Figure 5. Most entries on this
form are self-explanatory, with the exception of Items 20 to 23. Item 20 is
the payback period - the time period, beginning with the date of MT contract
award, needed for the discounted cost savings to equal the discounted Navy
investment. To calculate the payback period, start with the first year's
savings (at the top Item 17) and add the number of years' savings, and
fraction of a final year's savings, to exactly equal the value in Item 12.

investment of $892,000 (Item 12) is equivalent to the first 2 years of
[tem 17 (zero) plus 19 percent of the third year ($4,655,000 x .19).

[In the example, the payback period is 2.19 years, because the Navy ]
The ROI (1tem 21), together with the payback period, are important
measures of MT program performance. Calculation of the ROl differs from the
payback ‘period calculation in that undiscounted figures are used. The formula
is:

Undiscounted Cost Savings - Undiscounted Navy Investment
ROI = Undiscounted Navy Investment

Hence, the ROl includes only the return to the Navy and does not include any
return to the manufacturer which may accrue from manufacturer investment in
equipment or in other project implementation related items. To calculate the
ROI, add the figures in Ttem 13 and subtract the sum of item 24 (not to
include any Army or Air Force funds). Then divide this difference by the sum
of Item 24.

An estimate of additional contractor investment (Item 22) is required by
the Navy as a measure of industry participation in the MT program. This value
is the sum of undiscounted expenditures by the MT project contractor which are
over and above those expenditures covered by Navy funding. Expenditures by

other Navy weapon system manufacturers who implement the manufacturing

vy
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;,'Q - NAVAIR MANUFACTURING TECHNOLOSY PROJECT COST SAVINGS ANALYSIS
FORN 1: PROJECT SIDWARY
- 1. Prafect Jitle: Gatlium Arsenide Substrate Fabrication
.::: 2. pralect Mumber: AOSSO (OMA 00650)
. 3. Flaca) Yoar Funded: 1979 4. Total NAYAIR fending: $526.000
Eng S. Amalyais Prem, fage: Dec ™4 6. late of Previoys Submission: Wer &4
3 7. Mamm of Presarer: 0. A. Retts, AIR-5143

S. Orsanizatien lmsisssating NT: A-CG 621 11um Arsentde Products

e umm ™M 01003
- Mame & Titie of Priscies) Costact
: 4bm Yaushan (§11) 9312016 =
. . PO
9. Date of Comtract Aary: Ses 79 0. Date of Costract Complatie: Mer 82 3
~. }
. n. W: Ranufacture of smell quantities of O~ e
- . s o 1.5-1nch diameter, wafers 1n silfica vessels by the Sridgmen tech- oLy
nigue. 3
&) 2. Ww: Nenufacture of large quantities of mproved b,
i quality, circular, 3-inch dlamater, GaAs wafers 1a pyrolytic beron nitride >
(PON) vessels by the Yiquid encapsulated Crochreiski (LEC) process. £
s
.. 3. gutentsy: R
G \}\
X a. Discounted Wet Cost Savings From Iaslemsntatios of W Project Resylts: e
v '
Ten-year period following contract award (in 1988 dollars) = $271,676,277. N
i b. Non-Ouantified Benefits: g
- ® GaAs substrate materia) 1s now availadle in quantity oA
o Greatly improved and consistent wafer purity oA
o Circular GaAs wafers are adaptable to the utc-tic wafer processing W~
- equipment now used for silicon wafers e
o o The greater access to GaAs materfal and improved nu of processing .\;_-,
. means that firms can now produce more complicated electronic circuits. oA
~
c. : [y
K ‘ o The fmproved quality and avatlabiiity of GaAs at a reduced price will
permit digital and other new applications.
@ d. H .. :
. 26.3 months (2.19 years) ver [] on (equip., bidg.,
engineering)
0-Year = $33.74 i
. i $29,388,518
~ 2
'q. A -" .
,.‘ ,\-.‘.
hd .
RO

[ Sl
e

Figure 5 - Form 1: Project Summary
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et technology established by the MT project should also be included in Item 22. g‘,:
ﬁ However, capital expenditures by industry which are not essential to .E.';f'
implementation of the manufacturing technology should not be included. W :

- N

’ Z:':'_: Form 1 also provides a measure of cumulative gross savings to date (Item .:“

ot
! 23). This value is useful information because the gross total cost savings adal
]
figure (Item 18) often includes projections for future years. Item 23 is Ef;_-__*

calculated by adding the figures in Item 17, but only up to the analysis 1\.

SRy

preparation date. Since the sum is a gross savings value, it is not necessary

-

to subtract the Navy investment. R
- e
In the example the preparation date is December 1984 and the project i

- years run from September to August, therefore the gross savings to date ﬁ
< are the discounted savings in years 1982-1984 plus four months of those Bat

in 1985. This equals $29,388,515 (%24,302,598 + $5,085,917).

» DY
s :’;\*
3.1.1.6 NAVMATINST 4800.36D form. A second summary form is prepared as "‘”"S'
o, '1\'-'
i shown in Figure 6. Where Form 1 was designed specifically to summarize data '-,_
. generated by the cost savings analysis procedures presented in this report, ;‘:;ij
e Figure 6 s required by NAVMATINST 4800.360. Since Figure 6 may have a 3{;53
. separate distribution, there are some redundant items in the two summary RN
forms. The format and instructions for data entries for Figure 6 are f-f'_‘:
= \*;".
TN contained in Appendix A. D
) n;"t:
Sy
= s
3.1.2 Additional "Changed Price" sample project. An additional sample R
B cost savings report, prepared for a NAVAIR MT project using the "Changed
- Price” format, is included in Appendix 8. d
.."' ~.
~ DA
;" N
R 3.2 "Changed Cost" methodology. An alternate format is used when the -
- \.'
¢! price change that resulted from implementation of MT project results in the ~’7
:;. manufacturing of a Navy procured component is not known. Such inability to .jx
3
é 14 e
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MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS REPORT

j R4 , ) e &1
-, . - ¢
Y ﬁ& (ONA 00850) 1S,
2. s R
o Gallium Arsenide Substrate Fabrication =
W, .
K¢ 2. PERID COVERED: 3
Sep 19 - Dec 84 P'"}
2 B
. A APPLICATION: 3
W7, Inplenenting activities: LY
Y e W/A-CON Gallium Arsenide Products e
=t South Avenue —
Surlington, MA 01803 -
. LA
- Camﬂuu applications: NN
. Gaks is in high demsnd for use in advanced electronic LSRR
. . communication, countermeasure, and high speed computer devices. LYAN
¢ Aerospace industry users include Raytheon, Motorola, Rockwe)), S
A Hughes, Honeywe1l, MSC, and United Technology. AN
. R,
0 8. ~ NAVAIR NT Project Cost S
o Over 98 million - Contractor investment in capital equipment, real ALY
property, and engtneering. N
.--' "\x
6. COST SAVINGS:
- o 10-Year (Sep 79 - Aug 89) = $271,676,277 (1983 dollars). A
® Supporting back-up date is presented in the following pages. RN
vl
7. ACTIONS I*&! OR RECOMNENOED AS A RESULT OF THE mz*‘l
i Major military equipment manufacturers are purchasing gallium arsenide
~ substrate meterial. The quantities used will increase as new n
* applications are developed. No further action is required to accrve S
benefits because the market is acquainted with the improved quality and :\- >
- availability, and reduced price of this product. _
‘.. IR
e N
S
?.
Gl .
Figure 6 - NAVMATINST 4800.36D Report Format . o
.
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readily identify a price differential is common with aircraft components,
where cost performance reports available to the Navy fail to disaggregate the
component price from the aircraft subsystem price. For example, the Navy
knows the price of an F-14 and of every major F-14 subassembly, but not the
price of a particular sheet metal access door which may have a reduced
fabrication cost due to an MT project. In such cases, gross cost savings to
the Navy can be determined only by identifying changed costs, i.e.,
identifying all labor, equipment, and material cost savings and then
subtracting all project implementation costs to the manufacturer. The
cooperation of the manufacturer is essential to obtaining detailed data on
capital and operating costs and cost savings which accrue over the time period
selected for the anatysis.

Worksheet B provides the format for this more detailed cost analysis.
Step-by-step instructions follow for performing a "Changed Cost" type analysis

using the Worksheet B forms which were completed for a sample MT project.

3.2.1 "Changed Cost" sample project. NAVAIR manufacturing technology

project A1349, "Precision Robotic Technology," was completed and implemented
on an assembly line by Grumman Aerospace Corporation (Bethpage, N.Y.) in
January 1984. The new manufacturing technology uses an automated robotic cell
to drill and trim contoured aluminum airframe parts, such as skin sections and
access panels, without templates to guide tooling. The old technology
involved manual drilling and trimming using hand tools, a labor-intensive
operation producing parts of varying quality. After a demonstration
production run in January 1983, Grumman officials decided to install a

complete robotic cell and to implement the new technology for production of

naval afrcraft.




, 3

g ‘el
2 3

* The cost savings resulting from this MT project cannot be calculated by ;;;
u the abbreviated Worksheet A method because the sheet metal detail parts worked :

. are subcomponents of larger aircraft assemblies, and the unit price charged to :E:

::_: the government under the old or new manufacturing technology cannot be '{‘E

N accurately determined. Therefore, Worksheet B is used to analyze cost changes ::5
in the switch to the new technology. ;q:Z
S

3.2.1.1 (Cost savings narrative. Figure 7 is a narrative with the same ‘:::

? form and function as described in Section 3.1.1.1. $.:.j

7 i

" 3.2.1.2 Recurring costs. Recurring costs are costs such as labor, '
materials, and utilities, which are incurred in every project year. Recurring ;-_;f:

costs and cost savings are listed on Tables B-1 and B-2, as shown in Figure -;\

e e,

i 8. Table B-1 is used for recurring labor, and Table B-2 for materials and 7‘

. utilities. Here again, cost savings (negative costs) are enclosed in I;::.

: parentheses to distinguish them from costs.
A1) changes in the amount of labor, including maintenance and other :':'

g labor either newly incurred or saved, is listed (Item 25) and assigned an :

E j annual quantity of hours (Item 26). For MT projects where entries on Tables ?{*
i w B-1 and B-2 vary from year to year, it may be necessary to prepare a separate
copy of this worksheet for each project year. Figure 8 is the verstion -.".;
, - completed for the second project year (Item 27). As in the Worksheet A
;i “ format, the first project year must begin at the MT contract award date. =
E E‘ Productivity factors (Item 28) may be identified for one or more project :‘:
E . years if justified by manufacturer supplied data. This factor allows for E,:
. E increases in worker productivity as they become more familiar with the new -\.
X %
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A1349 (ONA 83249)

fackaround. Labor has been identified as a major cost driver in the
manufacture of naval aircraft. Labor costs represent two-thirds of current
airframe construction costs, with 70 percent of the labor cost related to
structure fabrication. The efficiency of machining operations has been much
improved through the use of numerical positfon and adaptive feed controls.
Little progress has been made, however, in improving such basic labor
intensive operations as sub-assembly drilling, trimeing, forming, and
deburring, or in controlling variable quality in these operations.

The integration of industrial robots into airframe structure fabrication
may offer opportunities for eliminating these manual tasks while improving
quality control and reducing material waste. Under a3 NAVAIR manufacturing
technology (MT) project, Grumman Aerospace Corporation has designed,
demonstrated, and implemented an automated robotic cell for drilling and
trimming contoured sheet metal airframe parts, such as skin sections and
access panels, without the nesd for templates to guide the tooling. The cell
that Grummen installed in their production facility went on-line in June
1984. Full-scale production with the robotic cell began in August 1984, with
60 parts programmed for rodotic machining at the end of 1984.

Cost Savings. Oata on robotic cell labor and material requirements were
obtained during a Janvary 1983 demonstration production run lasting ten and
one-half hours in which 63 contoured sheet metal detatl parts such as panels,
doors, and skia sections were drilled and routed by the demonstration cell.
Comparable data on manual drilling and trimming were obtained from a Grusman
study. Receipt of more accurate data from Grumman, based upon their
experience with the production cell, is presently pending.

Cost elements included in the cost savings calculations presented on the
following pages are as follows:

Annual automsted and menual drill/trim labor costs

Annual automated cell maintenance labor cost

Annual automated and menual drill bit and router cutter costs
Grumman robotic cell capital cost

Afterform Orilling/Trimming Factility capital fmprovement costs
Cell operator training costs

part digitizing labor costs

The basis for the calculations {s explained in footnotes to the tadles.

The cost analysis focused on the cost of employing a production cell
rather than on the cost of the demonstration cell. Hence, engineering
development costs are not treated, and they are assumed to have been covered
by the inftial NAVAIR investment. Actually, the robotic cell was designed
prior to Navy funding, which was used primarily for financing system
integration. Also, no learning curve was factored into the calculations; a
learning curve is implicit in the increasing number of parts produced each
year by the single robotic cell.

Calculation of ten-year cost savings required the projection of cost
savings for 20 part copies per year to the 1992 project year. This
corresponds to aircraft projected to be delivered to the government in FY
1993. Current NAVAIR aircraft procurement plans forecast aircraft
acquisitions only to FY 1989. It was considered reasonadle, howsver, to
assume production of 20 copies of the digitized atrcraft parts for an
additional four years.

The development of off-1ine teaching is expected to increase cost savings
beyond the level estimated in this analysis. Presently, parts must be
digitized on the identical robotic cell that is used to dril) and trim the
parts, theredy significantly reducing the machine-time available for
production. Grusman officials are optimistic that a part digitizing technique
similar to that used on numerical control devices will be feasidle.

Cost savings calculations, based upon available data, for the ten-year
period after contract award are presented on the following pages.

Figure 7 - Cost Savings Narrative
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Beturrise Costs:

Jan 85 Revision

T, -

4

(Project Year 2:

WORKSHEET § - WT PROJECT INPLENENTATION COSTS AND COST SAVINGS @

Oct 93-Sep M4)*

O Labor Categories

Ladbor Nrs.
{+ or -}

mtiv'ty

Nourly
Rate

Overhead

uur Cost "r

riller/Trimmer (24 parts x 20
copies x 31.9 nin/part)**

Rebotic Cel) Operator (24
parts x 20 coples x 0.4
ain/part) 25

Robetic Coll Maintemance
(Y hr/N,000 hrs)

(included (13,204)
9" G)
included) 3,5%

(255) 1.00 1.7
28 29
3. N (included)

' Total Annual Additional Labor Cost Incurred By, or Lador Cost Saved 8y (in parens) New Technology __ (9,646)
(Project Year 2:

t §3-Sep 84)

Sescription of Items

Quantity

“Uti1itles, Templatas™ v+

Manual Router Cutters

(480 parts at 2 parts/cutter)
Nanual Orill Bits

{400 parts at 12 parts/dit)
fRebet Cutters (480 parts at
16 parts/cutter)

Robet Orill Bits (400 parts
at 2V parts/bit)

0
240
©0
»
23

Cost of
+

(1.10)revee
(2.79)
10.92

1.40

Hand1ing
| Cost (o or -) |
0
0
0
0
0

Cost per

AR s'-.,.

Tota) Anmual Additional 00C Incurred 8y, or OBC Saved Sy (in parens) New Technology (150)

Total Anneal Recurring Costs or Cost Savings (Enter for applicadle project
years on Form 2, columm 4.)

&

Figure 8 - Worksheet B ~ Tables B-1 and B-2
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technology. Of course, increases in productivity could also have occurred

over the same time period if the old technology had been retained.

The next entries on Table B-1 are the hourly rate (Item 29) assigned to
the labor category and an overhead factor (Item 30). If the overhead rate is
proprietary information, enter the total burdened rate in Item 29. The annual
labor cost or cost savings is calculated by multiplying the values in Items
26, 28, 29, and 30, and entering the product in the last column (Item 31).

The sum of the itemized annual costs in this column, treating cost savings as
a negative value when performing addition, is the total annual labor cost or
cost saving (Item 32).

In the example, production of a given number of parts over the project

year by the new manufacturing method, when compared with the higher

labor hours which would have been required to make the same number of
parts by the old method, results in over $9,646 in gross labor savings.

Recurring costs other than labor are similarly Tisted in Table B-2 and
the itemized annual costs totaled (Item 33}. Since the number of parts vary
from year to year in this example, separate copies of the recurring cost
tables must be prepared for each project year. The data used to prepare these
tables were obtained from the MT project contractor and attached to the cost
savings report as addenda, which are included as Figures 9, 10, and 11. The
total annual costs or cost savings for Table B-1 (Item 32) and Table B-2 (Item

33) are added and entered on the bottom of the page (Item 34). Key entries on

these tables are explained in footnotes as shown in Figure 12.

3.2.1.3 Nonrecurring costs. Nonrecurring costs are defined here as

costs which may be incurred in more than one project year, but are unlike cost
items such as labor, materials, and utilities, which must be incurred in every

productive project year. Nonrecurring costs and cost savings are listed on

Tables B-3 and B-4 as shown in Figure 13,
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ATJA9 (DNA 83249): Jan 85 Revision

ADDENOUM 1 TO WORKSHEET 8

- A P
£Y 1985 £ 1906 Y1987  EY 1900 EY. 190y

F-14 24(2) 24(2) 12(2) 12(2) (2)
A-6E &(1) 0 0 ] 0
c-2 8(1) a(1) (1) 0 [}
EA-68 6(1) 6(1) 6(1) (V) (1)
E-2C 6(1) 6(1) 6(1) 6(1) 6(1)
TGTAL 56 49 38 20 40
PRODUCT 10N
(inc. spares)

Mote: The figure in parentheses indicates the estimated number of spares which Grumman will produce in addition
to the procurement quantity.

Source: Agrospace Datly, February 13, 1984, p. 245.

Figure 9 - Addendum 1 to Worksheet B

":\' 'l'

.
.
1
e

s

* -
=" .
e e
Py




7l

Ty =
L AC

ATIA9 (ONA 83249): Jan 85 Revision

Ve

ADDENDUM 2 to WORKSHEET B

PP A

§ - Part Woles Total Brili/Trin
Stze Inches Time
Routed Anin) |
210 s 3.2
v 1%0 3.4
168 30.0
a0 174 30.4
3 02 19.7

Ala_d A

o s M e
4

Average Manual Orill « Trim Yime Per Part: n.e

EA R o it R
.

- Figure 10 - Addendum 2 to Worksheet B
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A1349 (ONA 83249): Jan 85 Revision

ADDENOUN 3 TO WORKSHEET §

fiohotic Cell Qemonstration Run on Alustnum Atrcraft Parts

Figure 11 - Addendum 3 to Worksheet B

Total Digitize ortil/Trim

Part Mo Work Part Holes Inches Tiee Time Quantity

‘ Sta. Size Routed (Wrs.) (Min.) Processed
A51818007-)1 0. 1 3 32 1.5 10.2 10.1 20
AS1820168-11 . 4 € \)) 106.5 1.3 10.1 4
AS1010019-1) N0. 3 [ 4 79.0 6.1 5.9 20
AS51820013-11 NO. 2 € 4 126.0 6.8 1.3 [ ]

Average Digitize Time: 9.4 hours
Average Robot Orill & Trim Time Per Part: 8.4 minutes
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AL I -1 & B-; )
e
*Since the contract award date wes 27 Sep 82, project years run from
, October to the following September. DBue to the 10 to 12 month lead time R
K between the afterfors drilling/trimming operation and atrcraft delivery,
- the Oct 83 to Sep 84 project year corresponds to FY8S on Addendum 1, the
Oct 84 to Sep 83 project year corresponds to FY86, etc.
. **A computer run of candidate aluminue parts for Grumman-produced aircraft
. identified an approximate total of 2,450 parts, although not all parts
i have 3 configuration suited to robotic drilling and trimming. Grummen
has estimated that a ainimum of 1,000 different parts can be programmed
in one year (2 shifts, 6 days per week) {f the rodot ts used only to B
~ digitize and no parts are produced. Oue to unavoidable structural .
e variations between presumably similar robot arms, Grumman must digitize -_'.~:
-, and produce parts on the same robot. From June through December 1984, .
Grumman digitized 60 parts and fabricated an average of 20 copies of each P
part. 1In a 1S Janvary 1985 telecon, Nr. Jerry MHalpers projected that e
e Grusman wil) digitize an additional 100 parts each ysar and make 20 NG
P copies of each part in the rodot's repertory. Addendum ' shows annval ol
a procursments of more than enough aircraft to provide the 20 coples. R
Since implementation of the robotic cell did not bagin uatil June 1904, “oema
only 24 parts are indicated for the Oct 83 to Sep 84 project ysar. The "
- "01d® and “new" production times per parts are taken from Addenda 2 and B
. 3, respectively. Py
‘ ] 1'-}-(
»- - “**Rather than use proprietary Grumman labor rates, AIR-52411 identified a N
1984 average burdened hourly rate for three msjor naval afrcraft ol
- manufacturers of $51.78. Consequently, a burdened standard labor hour in ro&
* the second project year (10/83 - 09/84) costs $51.70, and a burdened Py
i overtime labor hour at time and one-half costs about $61.19. The $53.11 b
hourly rate used in Table 8-1 for labor under the new technology over the i
course of project year 2 was weighted to include some labor at the e
overtime rate; it reflects Grumman's plens to operate the robottc cell A
o~ for 2 shifts plus 600 hours per year overtime, or 4240 hours per year. Sow
e NAVAIR's forward pricing agreement with Grumsan calls for a yearly By
o, increase in the durdened labor rates of 6 percent. wa
oo
wweRit is presently estimated that the cost of electricity and other X
utilities 1s about the same using either manufacturing method. The cost =
. . of templates used in the ®01d* method also roughly balances the cost of
- the part holding fixtures used in the "new® technology. Grummen is now gl
: working on simplifying the modification of part holding fixtures. This .
would bring additional cost savings. g;_
.= AN
N swwwtManual cutter and drill bit costs wers obtained from Grumman. Robotic _\": \
-~ cutter and drill bit costs are based on prices quoted by industrial el
- equipment suppliers for average annual bulk quantities. L)

‘I
ALP

Figure 12 - Footnotes to Worksheet B
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A1349 (DMA $3263): Jan 85 Revision e :,‘ '}
Besrecurring Costs: (o) A
-3 - . W
¥
o
Preject Year Bescription of Item Cost of 0iscount P.¥. of P.V. of P.V. of Net ('\'f.
1964 Srummen Rebetlc Coll® xR B i e R E a1 ,'::-\,,
1904 inforced Concrete Pad: rod
38>':o x 40 x12° 35) ¢ | r.00 39) .o 2,008 a222 o
1904 Ar Conditioned Computer 41 ]
Shack 1,000 1.048 1,048 28 (1)
1904-1992 Afterform Orilling/Trimming
Factlity Suilding™ 37)° 8 o {40)o | °
Tota) Present Value of Net Tota) Present Value of Net
: lnvestment for sach Project Year: Project Year: wmx.m:
1983 1900
:m 012.:2: 1909 0
%3 1990 [}
1986 @ 0 " 0
19897 [} 1992 0
froject vear Description of Item 1021( c:st Quantity o:scmt P.v; of Sost
19041989 Training of Asst. Robotic 18,566 1.% ll.ﬂ%
Operator/Prograsmer and 1.000 .
(10 weeks) .
1904-1992 0igitizing of Parts*™™* $3.1V/he 1.049 RO
to 84.65/hr 452,079 to 0.538 407,317 ._*_'-_
:oul Present Value of Costs Tota) Present Value of Costs - '
uua;m. m{.;g_m: L!LMLWJML-———‘ ples A
1904 20,069 1909 47,906
1965 70,141 1990 46,174
1996 53,519 1991 44,440
9e? 51,55 1992 42,009

.Figure 13 - Tables B-3 and B-4 (Nonrecurring Costs)




Table B-3 s used to account for contractor investment costs such as
equipment, buildings, and other facilities. However, long term capita) costs
incurred by a Navy weapon system manufacturer which are not directly related
to implcmentation and operation of the new manufacturing technology are not to
be accounted for.

In the example, Grumman purchased an ASEA robot for the purpose of

modifying it to perform an MT project related function, a legitimate MT

project implementation cost which appears in Table B-3.

Also, Navy MT project funding should be assumed to cover all the costs of the
original MT project completed by the contractor under contract to the Navy MT
Office.

Prior to MT project completion, Grumman expended some of its own

resources for the laboratory scale demonstration of the manufacturing

technology which were in addition to the amount of the Navy MT project
funding, an expense which should be considered unrelated to the scope of

a cost savings analysis.

Using Table B-3, investment costs are itemized (Item 35), and the
project year in which they are incurred (1tem 36) is identified. The
acquisition cost of each item is specified (Item 37) and muitiplied by the
appropriate discount factor (Item 38) to give the present value of the
investment (Item 39).

Where the investments have a longer economic life span than their
operating period specified in the cost savings analysis, i1t is necessary to
adjust Item 39 to reflect a terminal value for the investment. NAVFAC
publication P-442, Economic Analysis Handbook, provides the following economic

1ife guidelines:

ADP Equipment..........ciiiieirienvenncnsacnncsons 8 years
Permanent Buildings........ciiviiiiirirnnnonnnns 25 years
Semipermanent Buildings, non-wood................. 25 years
Semipermanent Buildings, wood..................... 20 years
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Temporary or Rehabilitated Buildings.............. 15 years
Operating Equipment.........cciiivnriiiirrennnns, 10 years
L1 TN I -3 25 years

Use of an accelerated depreciation schedule is not recommended because it may
result in an unrealistically low short term ROI, and also it is not applicable
to organic MNavy activities.

"In the example, the robotic cell (Item 35) was purchased for $470,000.
Although this piece of operating equipment has an economic 1ife of 10
years, this cost savings analysis covers a period of time within which
the equipment is used for only 9 years - from October 1983 to September
1992. Consequently, the cell will have a terminal value in FY92 of
one~tenth of its purchase price, or $47,000. The 7-year discount factor
from FY92 to FY85, the year this sample analysis was prepared, is 0.538
(Item 11), giving a discounted terminal value (Item 40) of $25,286.

This value (Item 40) is then subtracted from the discounted investment
(Item 39) to give the discounted net investment (Iltem 41). Similar
operations were performed for the concrete pad, with an economic life of

| 25 years, and the computer shack, with a 1ife of 15 years.

A generic formula for this calculation {is:

Item 37 value Discount

Item 40 = Economic Life X (Econ. Life - Yrs. Used) x Factor

The net investment entries (Item 41) are summarized in the spaces provided
(Item 42) according to the project year the cost was incurred.

Table 8-4 is used for listing training and other miscellaneous
nonrecurring costs or cost savings items which do not have a terminal value.
[ 1n the example, the 10-week training program (Item 43) took place within1

portions of 2 project years, and therefore 2 separate discount factors
were applied to portions of the $18,566 cost. Also, in order for the
robotic cell to drill and trim aircraft parts, each part must be

programmed, or digitized. This one-time cost was incurred over a number
of project years, each with different hourly rates and discount factors,

Lpnd the entry on Table B-4 is a summary of the part digitizing schedule.
The discounted cost entries (Item 44) are summarized in the spaces provided

(Item 45) according to the project year the costs were incurred. Footnotes to

Tables B-3 and B-4, including the digitizing schedule referenced above, are

prepared as shown in Figure 14.
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A1349 (ORA 83249): Jan 85 Revision

WORKSHEET @ (CONT.)

Iable 8-) + p=$ (Cont,)

The Grummen Robotic Cel) cost includes the Node) IRD-60 robot, DEC 11/34
winicomputer, Mode) S-1 contrellier and related hardware, work statioms,
Rockwell Model 21LD00YC drill and Mode! ERN2489 router units, Accu-lube
Node)l L3-10-150-3 lubrication unit, automatic too! cowpler system, wrist
and base brakes, base mount and tracks, and pneumatic and electrical
facilities. The cost associated with medifying part helding fixtures is
dealt with in a footnote to Table 8-2.

Use of the robotic cell saves about 10 parcent of the floor space
required for msnual operations. Oue to disruptions that occurred during
implementation (laying the concrete pad and instaliing equipment),
however, no cost savings are claimed.

**s  The digitizing cost of the annual number of parts to De digitized has

been individually discounted for sach year as follows:

IJ.IHJ-LIM Laber  Qiscoust

froject Yr, Ny Parts fost factor
1904 24 9.4 hrs. 3. 1.040 12,587
1983 m $.4 hrs. 56.30 1.000 50,743
1906 100 9.4 hrs. 59.68 0.95¢ 53,519
1967 100 9.4 hrs. 63.20 0.967 $1,55%6
1908 100 9.4 hrs. 67.06 0.788 49,673
1989 100 9.4 hrs. 7.08 0.71M7 47,908
1990 100 9.4 hrs, 75.34 0.652 46,174
1M 100 9.4 hrs. 79.8% 0.592 44,040
1992 100 9.4 hrs. 84.85 0.538 _42.000
Total Discounten Digitizing Cost 407,317

fo

Figure 14 - Footnotes to Tables B-3 and B-4
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:E Figure 15 is the final form in the Worksheet B format. Where Table B-3 %‘
“ was used to 1ist assets which are newly acquired by a manufacturer, Figure 15 '::
) ' js used to 1ist any assets which are transferred within the manufacturer's ;.
% % organization. Blank A (Item 46) may be used to enter the discounted value of S
‘ any existing manufacturer assets (as opposed to new capital investments) which z
R - were not utilized under the conventional manufacturing technology, but are
.- committed to use in production under the new technology. Blank B (Item 47) ‘.’\
i may be used to enter as a negative value (cost savings) the discounted value ;'.‘:*
7 of any assets which were utilized under the old technology, but are now
_, available for uses unrelated to the MT project or for other disposal. These :_,
i d two values (Items 46 and 47) are added, and then divided by the number of :
project years used in the cost savings analysis (Item 48) to derive an annual ;\
present value of existing assets (Item 49). 3
: 3.2.1.4 Nonrecurring cost summary. Table B-5 (Figure 15), is used to E
ECJ o summarize the nonrecurring costs and cost savings which were developed in the E‘
P i previous section., The project year costs from Table B-3 (Item 42) are -
; transferred to the first row (Item 50) of Table B-5; the costs from Table B-4
E ZZE (Item 45) are transferred to the second row (Item 51); and the value in Blank ‘
ii. - D (Item 49) is entered for each project year on the third row (Item 52). The ,
T costs assigned to each project year are then totaled (ltem 53). If the number
E’ 3 of project years exceeds the seven spaces provided on Table B-5, additional \
g = tables may be used (Figure 16). ) =~
'j : ::\-
: \. 3.2.1.5 Form 2. When Tables B-1 through B-5 are complete for the E
i ‘[f project years under study, both gross and net cost savings may be calculated .n
using Form 2, included as Figure 17. Completion of Form 2 under the "Changed ;::l:

P

R
v 390 Ok




iy e a'a8ls’ - MR TR

s
¥
S,

X

- i_;.-'.
Y
AYIS (WA §3249): Jan 05 Revisien ik
‘ " WORKSHEET & (CONT. ) :
. . LS
‘ -~ Present Value of Existing Assets Project Duration (Years) .,
_ Newly Committed to Production(+) NA (M) Used in Calculations — ) R
Lo<. Present Value of Disposed Assets Annual Present value of Existing i
.. From 014 NT (Enter as a N A Assets ((A+8)/C) ' ‘ o
. T segative valve) @ i
.
. .w A i.~.
; g - o
: .- n:\\'
' -"_ :n.
bl 32}
' |~ l Project Years =
h ' AR EE RS 190 | 1900 19%0 e
» ~; X
SN Total P.V. of Net Investment By Yea 50 R
ros Cost Incurred (from Table 8-3) 412,329 0 0 0 0 0 0 Sd
A Tota) P.V. of Other Noarscurring Costs/ g
PN Cost Savings Oy Year Cost Incurred 20.069] 70,741 | s3.519 | S1.556 | 49,673 [ 42,908 | 46,174 A
I i (from Table 8-4) '
r Annua) Present Value of Existi N
. Assets (Enter Value 0) 0 0 0 o 0 o 0 :
S Present Value of Nonrecurring Costs 70,001 | 53,519 | 51,556 | 49,673 | 47.90¢ | e6.17e "
:. “ (Enter on Form 2, Columm 4e.) ha:
d AL
- Source of Cost Savings Oata: _Masual WV: A Grusman time and motion study provided the data 1n Addendus 2,
!. g
I -
) '-:‘
O . DMMMIMMMW—_ .
P _~{
¢ 4 “
¥ T
P . . ol
. Figure 15 - Table B-5, Summary of Nonrecurring Costs/Savings
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i ! A1349 (DNA 83249): Jan 85 Revision
oo WORKSHEET B (CONT.)
: . Present Value of Existing Assets Project Duration (Years)
.o Newly Committed to Productionb(e) __ __ (A) Used in Calculations (¢)
oo Present Value of Disposed Assets Annual Present Value of Existing
From 014 WT7 (Enter as a ()] Assots ((A+8)/C)
P negative value)
:' -
o
"
[
i - Tahle 8-S - Summary of Monrecyrring Costs/Savings (Comt.)
e .- Project Years
ol 1w | 12 w_ | e 1._ “_ _
M Total P.V. of Wet Investmest By Year
L .. Cost Incurred (from Table 8-3) 0 0
i Total P.V. of Other Noarecurring Costs/
Cost Savings 8y Year Cost Incurred 44,440( 42,009
. (from Table 8-4)
i_'- e Annual Present Value of Existing
S Assets (Enter Value D) o 0
rey -
e Present Value of Nonrecurring Costs W, 00| 42,908
3 (Enter on Form 2, Column 4e.)
le i Source of Cost Savings Oata: _(Continued frog srevious padel A study of this MU profect is presentiy betng
) - .
P.. '_, ‘nl Inl! I!! !‘!nl!‘i!

M
£

Figure 16 - Table B-5, Summary of Nonrecurring Costs/Savings (Cont.)
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e NAVALIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS ._3'.,-_
RN

EQRN 2 - PROJECT COST SAVINGS (10-Year Cost Savings) ~n
= ]
~ 1. » Title: Precision Robotic Technology L
2. Profect Nusber: A1349 (DNA 83249) s

2 ;
3. NAVAIR Investment: N
- RERN
a. Current b. Fiscal c. NAVAIR d. Discount| e. Present S

V) Fiscal Years Funding Factor Value of ,‘.:_-\
"y Year Funded 8y FY Funding A
— ——— e ——————————————— | n. -

u - {385 982 50,000 T.269 824,850 DI
St

b Present Value of Tota) NAVAIR Investment 824,850
a. 1 ings'_(from T
i Worksheet A or B): -

a. Proj,ct b. Recurring |c. Mscougt d. Present |e. Present [f. Present .'-.
- Year Costs/ Factor Value of Value of value of s
b Savings Recurring recurring Annual o
- Costs/ s/ Costs/Savings Y
- Savings 54 ngs DA
.
1983 0 0 (\ / [1] 0 BN
1984 (9,804) 1.048 (10,2715) 492,398 462,123 ';\
i 1985 (50,429) 1.000 (58,429) 70,141 n,n2 i
- 1986 (107,812) 0.954 (102,662) 53,519 (49,143)
* 1987 (162,476) 0.867 {140,867) 51,556 (9%,31))
1988 (223,52%) 0.790 (176,138) 49,673 (126,465)
- 1989 (291,100) 0.1M7 (208,19) 47,906 (160,013)
NS 1990 (366,016) 0.652 (238,642) 46,174 (192,468)
N4 199) (448,89)) 0.592 (265,743) 44,440 (221,303)
. 1992 (537,873) 0.538 (2089,376) 42,809 (246,567)
Present Value of Gross Total Costs/Cost Savings (592,235)
L 5. Met Total Cost Savings® (4 - Je): Ten-year « -3232,815
VIndicate cost savings (negative costs) on this table by enclosing in parentheses.
2include years used to calculate ROU starting from the date of contract award.
. 31 42-3a = 1, then 4c = 0.954 If 4a-3a = 6, then 4¢ = 0.592
- . 2 *  0.867 . ? *  0.538
, - . 3 = 0.788 . 8 *  0.489
‘. . 4 . ¢. 1M . 9 . 0.445
' H * 0.652 . 10 * 0.405
.. Y1t costs exceed cost savings, this difference will be a negative value.
L]
v _
L
]

N Figure 17 - Form 2 -~ Project Cost Savings N

Y ' : .":.
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Cost" format is identical to the "Changed Price" format (Figure 4), except

that nonrecurring costs or cost savings are entered (Item 54). Since these
values have already been discounted, they are tranferred directly from Table

B-5 (Item 53).
3.2.1.6 Form 1. After gross and net cost savings are calculated, a
copy of Form 1 is completed (Figure 18). In this example, the payback period

exceeds 10 years.

3.2.1.7 NAVMATINST 4800.36D form. A standard Navy summary form was

prepared for this sample project, as shown in Figure 19.

3.2.2 Additional "Changed Cost" sample project. An additional sample

cost savings report, prepared for a NAVAIR MT project using the *Changed Cost"

format, is included in Appendix C.

4. RECOMMENDATIONS

By using set formats for cost savings analysis of MT projects (Appendix
D contains reproducible formats), the government and weapon system contractors
will have a common understanding of the type of data needed for accurate
analysis. If project personnel are acquainted with data requirements early in
a project, they will be able to collect cost data on both the conventional and
advanced manufacturing technologies. After a change in production methods, it
Js difficult for manufacturers to reconstruct costs under the old technology.

Although the model formats proposed here may need modification or may
not be useable for some MT projects, the type of data and explanatory

information shown in the sample analyses will be needed for all projects.
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o NAVAIR MAMUFACTURING TECHMOLOGY PROJECT COST SAVINGS ANALYSIS w
p ‘ar v, " .
} FORM ): PROJECT SUWNARY o,
. 4
b 1.  Proigct Title: Precision Rodotic Technology )
b 2. Project Number: AIJ49 (DNA 83249) : "
b -y
3. Eisca) Year Funded: 1982 4. Tota) NAVAIR Funding: $650.000 ™
- T
L 5.  Analysis Prep. Date: Dec 84 6. Prov A : Jan o4 =
o 7.  Nems of Prepargr: R. A. Retta, AIR-5143
- 8.  Orgapization [splementing M7: Grumman Aerospace Corp.
o~ Bethpage, New York 11714 S
- 50,8
- Name & Title of Principa) Contact: Arwand Small, Group Head, i
Advanced Fabrication Systems
-7 9. Date of Contract Mward: 27 Sep 82 10. Qate of Contract Completion: Jan 84
. 1. @Grief Description of Conventional NY: Manual drilling and routing of aluminum
aircraft detail parts using templates and hand held tools.
- 12, sriet 1 ¢ : Automated driliing and routing of alustnum
i aircraft detatl parts usmg 4 computer guided rodbotic cell consisting of 3
track mounted robotic arm that moves betwesn four work stations. No templates
N are needed to guide the tooling.
o 3. Qutoyts:
'}- a. O N rom lemen

Ten year period following contract award (in 1985 dollars) = $232,615.
] b. Non-Quantified Bemetits:

[} production of consistently high quality parts.
[ Reduced rework and part deterioration.
. [ Increased availability of aircraft to the Government.
y o Reduced training and turnover of skilled workers.
: [ Improved working conditions and safety.
' c. 1 i £
!‘ o Improved cost savings from use of off-line digitizing.
g d. Paydack Period: e. Aggitions) Contractor [nyestment;
In excess of ten years $477,000, plus engineering development
costs
i f. Retyrn v : g. O 1gtivi vin
10-Year ROI = 0.51 None
— Figure 18 - Form 1: Project Summary
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A1349 (DNA 83249) ':r
K .? 2. T\f: Tl
. Precision Robotic Technology DA Y
S

: 3 ]
-3 p 82 - Jan 65 4

N 3

4, Af.!*lﬂenﬂ= N
np lement ing activities: !

o Grummen Aerospace Corporation

= Sethpage, WY 11714 A
-‘ “‘,' \-
.- Candidate applications include: A
X o F-4 A
e A-S€ .h“_
L. o C-2 o
y o EA-68 P
L o E-2¢ P
3 5. MIAL CosTIMumnel: -2
B, <. s 3650, - NAVAIR NT project cost.
-~ ¢ Contractor investment was $477,000 for capital equipment and real AN
. 7l property improvemsnts, plus an unspecified amount of enginesring B
- - development costs. s
. . 6. COST 5%[&: :-"..
5 ¢ T10-Year (Oct 82 - Sep 92) = -3232,615 (1985 dollars)* Tas
i o Supporting back-up data for these cost savings figures are on the 4
) following pages ]
3 - \.
DR 1. A%MWMMW=
. e uction scale Implomentation of the manufacturing technology "
- developed in this project began in August 1984 on sheet metal parts. RS
- The project results have deen disseminated, and a February 1984 end-of - RN
- project demonstration was heavily attended. Implementation by Grumman Y
! of the precision robotic technalogy on the fadrication of composite Sy
i parts is currently under study. WMo further sction is necessary. _
e e *This figure reflects the met cost savinfs to MAVAIR from SO
. implementation of the Grumman robotic cel) in sheet metal part .
¢ production only. The gross savings for the same period are $592,235. e
b v, Additional, and roughly equivalent, gross cost savings are expected to Rk
> '3 accrue from implementation in composite part production. -
(R
~ L
L W
n" '...‘ . -
g Figure 19 - NAVMATINST 4800.360 Report Format
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Furthermore, these procedures use data typically found in manufacturers'

accounting systems, they are applicable to a wide range of MT projects
including those of other SYSCOMs and military services, and minimal training
in accounting or cost analysis is needed to prepare reports.

The procedures for cost savings analysis of Navy MT projects suggested
in this document provide a basis for issuing guidelines to clarify contractor
reporting requirements. Clear guidelines will ease the problem of obtaining
data from contractors. When a reporting format and guidelines are finalized,
a copy should be distributed to each contractor several months before the
annual cost savings report is due. Navy MT Office personnel should
participate in the reporting process by responding to questions from
contractors, reviewing draft reports, and ensuring that the reports are
entered into the appropriate Navy management information systems.

In addition, new contracts now require that the contractor furnish data
on the cost of a unit of production under both the old and new manufacturing
technology. Appropriate safeguards will maintain the confidentiality of
proprietary information. Navy personnel should be designated to scrutinize
new contracts to ensure that contractor reporting requirements are clearly
identified.

This requirement has been drafted in the form of a DD Form 1423,
Contract Data Requirements List (CORL). The DD Form 1664, Data Item
Description, referenced in the CDRL contains requirements which are based upon
the guidelines recommended in this document. Both draft forms are contained

in Appendix E. In addition, a cost savings data collection task has been

a_r v
POt P N

XA

drafted for future inclusion in all NAVAIR MT project work statements.

W
‘l

l.

Adoption of both documents will greatly facilitate cost savings reporting.
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NAVMATINST 4800.360

20 July 1979

FORMAT AND INSTRUCTIONS FOR
MANUFACTURING TECHNGLOGY PROJECT
COST SAVINGS REPORT

MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS REPORT

PROJECT NO. (1)
PROJECT TITLE (2)
PERIOD COVERED (3)
APPLICATION (4)

TOTAL COST INCURRED (5)

COST SAVINGS (6)

1. Project No. Insert the project identification number assigned.

2. Project Title. Enter the title of the project exactly as stated on the
approved Project Proposal Brief Form (NAVMAT 4800/2).

3. Period Covered. Insert the dates of the period covered by the report. If
final report, so state.

4. Application. List the name and address of the Government installation
and/or the contractor facility where the project's results are being applied
to effect cost savings, and describe the specific applications.

5. Total Cost Incurred. Provide the detailed cost related to the application
of the project results with supporting back-up data. Include all project
funding, required implementation costs, capital investments required, training

costs, etc.

6. Cost Savings. Provide detailed cost savings resulting from the
application of the project with supporting back-up data.

7. Actions Taken or Recommended as a Result of the Project. State what

actions have been taken or are required to accrue the benefits of this
project. Include recommendations for other commands/services application of

this project.
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MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS REPORT

1. PROJECT NO.:
A0D475 (DNA 00475)

2. PROJECT TITLE:
Fine Blanking for Fluidic Circuits

3. PERIOD COVERED:
Jun 78 - Dec 89

4. APPLICATION:
Implementing activities:
o Garrett Pneumatic Systems Division
1300 W. Warner Road
Tempe, AZ 85282

Candidate applications include:
® AV-8B gun drive
® F/A-18 environmental control system
e F/A-18 auxiliary power turbine inlet guide vane control
o Sidewinder (AIM-9M) and Maverick missiles

5. TOTAL COST INCURRED:
e $234,000 - NAVAIR MT project cost.
e Contractor costs not available.

6. COST SAVINGS:
® 12-Year (Jun 78 - May 90) = $820,715 (1985 dollars)

7. ACTIONS TAKEN OR RECOMMENDED AS A RESULT OF THE PROJECT:

Implementation of the manufacturing technology established in this

project was begun in 1981, with production of limited quantities

beginning in January 1983. The project results have been disseminated

and there is potential for implementation by the other military

services. Significant cost savings are expected to accrue beginning in
1987 and 1988 with the production of fluidic circuits for use in large
numbers of Maverick and Sidewinder missiles. Implementation is also
planned for the Air Force Maverick missile, and Garrett is actively
marketing fluidic circuits. No further action is necessary.
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NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS
FORM 1: PROJECT SUMMARY

Project Title: Fine Blanking for Fluidic Circutts

Project Number: AO0475 (DNA 00475)

Fiscal Year Funded: 1978 4. Total NAVAIR Funding: $234,000
Analysis Prep. Date: Aug 85 6. Date of Previous Submission: Dec 84

Name of Preparer: Brian Scolpino

Organization Implementing MT: Garrett Pneumatic Systems Division
1300 W. Warner Road
Tempe, AZ 85282

Name & Title of Principal Contact: James Roundy (602) 893-5799

Date of Contract Award: Jun 78 10. Date of Contract Completion: Oec 80

Brief Description of Conventional MT: Close tolerance photochemical etching
of fluidic laminates.

Brief Description of Advanced MT: Fine blanking and precision stamping
produces high quality, mass productble laminates for fluidic circuits.

OQutputs:
a. Discounted Net Cost Savings From Implementation of MT Project Results:

Twelve-year period following contract award (in 1985 dollars) = $820,715.
b. Non-Quantified Benefits:

e Improvement in circuit performance by a factor of 10

e Production of a laminate suited to automated assembly

e Demonstration of a new method for making high precision parts which can
be applied to other products

e Increased availability of fluidic circuits

o Increased weapon system reliability

c¢. Additional Benefits Anticipated In Future:

e Greatly expanded scope of fluidic circuit applications, including
substitution for some electronic circuits.

d. Payback Period: e. Additional Contractor Investment:
10 years, 2 months (10.19 Information not available
years)

f. Return On Investment: g. Discounted Cumulative Gross Savings
12-Year ROI = 6.43 to Date:

$57,468
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v A0475 (DNA 00475) b
' =53

o 74
u COST SAVINGS NARRATIVE
N

b "p‘
;x BACKGROUND. When used aboard military aircraft and missiles, fluidic ,
N circuits perform many of the same functions as electronic circuits, but are o
practically impervious to shock, heat, and electromagnetic pulse (EMP). o

R Former production methods for the manufacture of fluidic laminates, which are ¥
o assembled in stacks to produce fluidic circuits, required photochemical o

etching with the attendant requirements for very close control of acid

v, concentration, bath time, and metal type and thickness. This MT project was
O funded to establish precision stamping and fine blanking processes as
T alternative means of consistently mass producing high quality, low cost
— fluidic laminates with consistent and repeatable performance characteristics
. for use in fluidic control systems.

l-l
.

B AT

PR v oefe et

'y %y - RPN
3 ) A

S0y

The project was completed in December 1980 at a cost to NAVAIR, the sole
sponsor, of $234,000. The MT project contractor, Garrett Pneumatic Systems
Division (Garrett Corp., Phoenix, AZ), began implementation of the fine
’ blanking and precision stamping processes for manufacture of significant
- quantities of thier fluidic circuits in January 1983. Since precision

S stamping provides similar results at a somewhat lower cost than fine blanking,
only the precision stamping process shall be used by Garrett for NAVIAR
. applications, and this process shall be used in conjunction with a high
.i production rate automatic circuit assembly method (funded by NAVAIR as MT
Project A0652) which has entered implementation at Garrett facilities. F4

AN

|

o I

L ) 5 . .
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.

.
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v
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q

MRSy Applications for fine blanked or precision stamped fluidic circuits have ]
SR been 1imited to date to the F/A-18 environmental control system for N
b electronics cooling, the F/A-18 auxiliary power turbine inlet guide vane v
. controls, and Sidewinder and Maverick missiles. Full qualification of the
- Maverick missile and design qualification of the Sidewinder missile is
expected by the end of this fiscal year, and production quatification of
, . Sidewinder is expected by the end of FY86. Beginning in FY87, fluidic systems
. will become an increasingly common component of missiles.

COST SAVINGS. Conventional manufacturing methods have been adequate for the S

' & Timited quantity and variety of fluidic circuits required for military o)
o applications. With the increased demand for these devices resulting from T
) their qualification for aircraft and missile applications, however, -
o significant cost savings are anticipated from the use of the improved <
N production methods. o

) The Worksheet A format was used to calculate annual cost savings because
v detajled data on recurring and nonrecurring costs are not presently available <
- from Garrett. Garrett's position is that their current contractual Y

committments do not provide funding for the data collection and analysis -
o necessary to complete the more detailed (Worksheet B) cost savings analysis o

format. Hence, it is not presently possible to independently conform "
Garrett's estimate of unit cost savings. ik
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A0A75 (DNA 00475)

The Cost Savings Per Unit figures in Tables A-1 are Garrett's estimated
unit cost savings to the Navy which can be directly attributed to this MT
project. They represent cost savings per unit over a 12-month period in which
circuit production times have been averaged to reflect varying laminate
production times. The unit cost savings estimates are conservative as they do
not account for inflation nor for new applications which are likely to develop
beyond the F/A-18, Sidewinder and Maverick circuit procurement gquantities
identified in Addendum 1. The procurement quantities idendified in Addendum 1
reflect NAVAIR applications for Garrett Corp. fluidic circuits which are
presently under contract or under negotiation with prime contractors. The
cost savings data in Tables A-1 were obtained from Mr. James Roundy,
Manugacturing Technology Office, and Mr. Lawrence E. Scheer, formerly of the
Manufacturing Technology Office, Garrett Pneumatic Systems Division.

The Garrett Manufacturing Technology Office is supportive of NAVIAR'Ss
interest in obtaining more detailed recurring and nonrecurring cost
information, but suggests that such efforts could best be addressed by a
separate program or contract. According to the project manager, current data
on labor hours for cleaning, assembling, brazing, and other production steps
are not consistent; and it was necessary for him to weight and interpret the
data to obtain the estimates listed in Addendum 1 and used in Tables A-1. As
full scale implementation of the new production method gets underway, however,
more data on capital and labor costs directly attributable to project
impiementation should become available.

Cost savings based upon available data for the twelve-year period after
contract award are presented on the following pages.
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FORM 2 - PROJECT COST SAVINGS (12-Year Cost Savings)

Y
Ef 1 Project Title: Fine Blanking for Fluidic Circuits ™
B A

2. Project Number: A0475 (DNA 0047) N

3. NAVAIR Investment:

)l
I.&\%
. .-!‘
- a. Current b. Fiscal c. NAVAIR d. Discount] e. Present .ﬁ:¢
| Fiscal Years Funding Factor Value of e
Year Funded By FY Funding :
" 1985 1978 234,000 1.859 435,006 '
Z o
Present Value of Total NAVAIR Investment |_ 435,006 :\-_:-
4. Summary of Implementation & Operating Costs and Cost Savings!(from Worksheet :fii
A or B): O
N e
a. Projsct b. Recurring |c. Discougt d. Present |e. Present |f. Present S
o Year Costs/ Factor Value of Value of Value of S
- Savings Recurring |[Nonrecurring Annual :;i:,
- Costs/ Costs/ Costs/Savings Q%}
Savings Savings RS
! 1979 0 0 0 0 0 -
' 1980 0 0 0 0 0 g
- 1981 0 0 0 0 0 AN
= 1982 0 0 0 0 0 o
- 1983 (6,930) 1.153 (7,990) 0 (7,990) 5;\
. 1984 (23,375) 1.048 (24,497) 0 (24,497) ﬁq;
ﬁj 1985 (22,935) 1.000 (22,935) 0 (22,935) I
-3 1986 (8,580) 0.954 (8,185) 0 (8,185) s
1987 (38,720) 0.867 (33,570) 0 (33,570) o
. 1988 (296,120) 0.788 (233,343) 0 (233,343) e
. 1989 (762,630) 0.7117 (546,806) 0 (546,806) S
a 1990 (580,360) 0.652 (378,395) 0 (378,395) o
% Present Value of Gross Total Costs/Cost Savings| (1,255,721) s
b)) N
* 5. Net Total Cost Savings4(4f - 3e): Twelve-year = $820,715 N
. 1 1Indicate cost savings (negative costs) by enclosing in parentheses. £;~
~3 2 Include years used to calculate ROI starting from the contract award date. e
L 3 1f 4a-3a = 1, then 4c = 0.954 If 4a-3a = 6, then 4c = 0.592 p
. o 2 . 0.867 y 7 " 0.538 AN
T y 3 . 0.788 . 8 . 0.489 I
- . 4 * 0.7 "9 " 0.445 R
- A " 0.652 0 *  0.405 5y
' ti 4 1f costs exceed cost savings, this difference will be a negative value. S
s
B e o e e o o LN e e




s

L2 PP

54 2 . XL il 1.2 T Wl v v TR PO } A e o b . B - <9 2 , &y 3
Y .-..,.. Ef -thuh. RN ..................\!L 2 Nf\dhnﬂ-ﬂ-.-\\%wu-, ..-2.-1\.-.-.«.).”. AN CRNE £ SREN ..\....‘...\. _L e Y - \n\...-n..s\..%\ A '

A q DD ..n.oﬂ.&-,o-

e, ERAT 2" TRVORSRIENT LSRN JTANAGHOAT  RRARal KR ARARRE - ST LR N

*338p paeme 30BIJU0D Y3 YjTa utleq IO Oyl 93BINd1Ed 03 pesn potaed ayj ey} saainbea Laen ayj 9snedeq
ST styl -399foad IW °oYj) J0J paeme 3I09BIUOD 8Y3 Julmo(103 potasd Yjuow-zT aYyy St awdf 3dafoad 3satl 9yl 1

098°Z s ss VRa VNa 06 X®R 03 §8 unr
0S6°Y 06 ss VRa vNa €8 A®R 03 8§ unr
0S6*Y 06 ss (L1 vaa 89 A®H 03 7§ unt
0s6'y 06 sS \ L L 78 A®R 03 9§ unt
0S6°Y 06 ss vaa VRa 98 X®R 03 $§ unr
oLv's vst sS VRa 1L S8 A®H 03 ¥§ unr
sov's 1t ss VRa vRa V8 A®R 03 T§ unt
Sov'e ¥¥xx€9 ss x¥xVRQ vRa T8 A®R 03 7§ unt ©
@
0 0 0 L VRa 78 AR 03 T§ unt
0 0 0 VR VRa T8 A®R 03 08 unr -
0 0 0 VN VRa 08 AoR 03 67 Un[ ”
Y,
0 0 0 VR x¥VRa 6L k%R 03 8 unr 0
’ I — S *
[~ SJuUTA®S | peandoad (ed | 3Ivun Jed IR #oN IN P10 :
4800 TenUUy ol) S3TUn °ON [sButaes 380) #91ad 3tun | 29tad ITUn Huoou 3oefoagd

SONIAVS 1S0D ROILVINGWIIIWI 1L03rodd 1IN - V JIANSHEOM

.“i

sSutaes 380D Jeex-Z1 :(SLY00 VRA) SLYOV R

m.u

DO - B N SRR OGO BERPCRIIER  EOCRIEE R RN S G 3 BERCC R - # S

e e A I~ VWP I



Fd el e o R 1y * e ’ hte .... e .«..... s ... m& Ot A R
4 & v ’ Y Pl .n‘......-‘ e .

Ay \ Ay 4 PPN S e
.N.vrv.- % . \-\P\- f’uv-! L . et - ...A- e e )

*93ep pIBMB 308Ba3U0D aY3 Y3tm utrleq 10¥ 2y3z 2j3eIndfed o3 pasn poraad ayjz jeyy saarnboa Laey oy3 asneoaq
sY styl -3I09foad IN 9Y3 203 pasme 30BI3U02 3Y3 3uimorT0j potaed yjuow-zZT 9ay3 sy aesf jo9foad 3s8at13 oYy 1

005261 00S°¢€ 11 VRa VRa 06 AeR 03 68 unf
0£9°102 999'¢ sS VNG VRa 68 AR 03 88 unf
SETI‘LY LS8 ss VNQ VRa 88 ASH 03 (8§ unf
ooz‘z oy SS VKA VRa (8 X®H 03 9§ unf
00z‘t oy SS VRa VRa 98 AR 03 G§ unf
09s‘01 z61 119 VNa VRa S8 AeR 03 ¥yg unf
099°11 rAYA sS VRa VRa ¥8 AeR 03 €8 unf
Sov‘e »x%¥x€9 SS »xxVRQ vRa t8 AeR 03 T8 unp ~
[sa]
0 0 0 VR VRa ¢8 Aej o3 g unf
0 0 ] VR VRa 18 A€R 03 08 ung
o 0 0 VR VRa 08 A€ 03 ¢/ unf
o o 0 VN ¥xVNQ 61 ke 03 X8 unp o
e
) sTUTAES peanlsoad (o4 Itun aeg IR MON IR P10 <
3800 Tenuuy 0l) s3jtun ‘OoN |sSutaes 3809 997ad 3tun | 99134 Itun ﬁuoﬁu 39e(oag ,

XSO

8

suotjedtTdde JopuIMepPIS J03J 83TNOATO OTPINTA :390103d IH Aq PO3JoejJV Be31 JO UO{3d1I983Q

SSUTABS 380) [enuuy - (-V d14Vd

e

)

K

SORIAVS 1S0D ROILVINARZIAWI LDAL0¥d IW - V 1IFHSXEOM

"o .

s3utaes 3800 Jeax-z1 :(SLY00 VRA) SLvOV

BAREN

o

E
v

ol ﬁ .........,... .. . n, .— R ...i ,... r.L...L i..‘. . L_ ....A AL oy, AR A

' o,




o e e

-
b

MY P NN e X e~ 19 =N ISR 1 SAPINOMT N SIS 15 SRR * v » PRIl I
R _“anc..s..sh.s.. W A Wl m, e DRNRRTNON] DRI, WPRENE ' | e ol IO RN

*33ep paBME 3IOBIJUOD Y3 Y3ta uteq IoM ayj 23eindted o3} pasn poraad ayj vyl saainbaa AAej 8yl asnedaq
ST STYl -3I99foad JW 3Yyj3 303 paeme 3IDeIJUO0? ayj SutmorT1o3l potaad yjuow-z1 3ay3 st a8ak 3o9foad 3sarj a9yl

000°¢ SS VRa VRa 06 A€l 03 68 unf

000°S8€

oTt1‘ol SS VRa VNa L)

050°9SS

SS VRaQ VRa 88 AEW 03 [§ unf

SE0' vy LEV'Y

VRaQ

VNa L8 KeR 03 9§ unf

sS

0LS°1E vLs

(114 A | 9z sS VRa ) VRaQ 98 AeR 03 G§ unf

VRa S8 AeR 03 ¥§ unf .

SS VRa

S06°€ T

VRQ VRa v8 AeR 03 €8 unf '

§S

(1) § 0 4 xxxx¥

03

VRa

»xxVRA

0

o3

VR

VNG

03

VN VRa

¥ 0 0 0 VR VRa 08 A€ 03 6 unr 5

' 0 0 0 R xxVRQ 6L K®R 03 ¥@7 Unr

—  BJUIASBS poandoagd (eq 3Tuq] Jed IR MR IR P10
3803 Tenuuy ol) S3Tun °‘ON |sSutraes 380) 931ad 3Tun | ®91ad 3tun Hu¢0u 399foad :

suotjedirdde NOTIGABH 303 83TNIATD OTPINTd :39010ad IN Aq Pe3oejjJVv We3l 3O uo{ldiaoseq

SIUTAES 380D [enUUY — T-V T1GVi .

SONIAVS 1S0D ROILVINIWATAWI 1D3rOo¥d IR - V 13IHSAHOM

s3utAes 3800 3eax-z1 :(SLY00 VNQ) SLYOV



-
"
e

NN Y

-

PAAMAP I el Sl S Sl St Sl i A

A0475 (DNA 00475): 12-Year Cost Savings

* The contract for the MT project was awarded in June 1978, thus each
project year dates from June. The project results were not implemented
and no auditable cost savings accrued until January 1983.

** The data are not available (DNA). Garrett Corporation furnished cost
data in the form of cost savings per fluidic circuit only. Reliable
data on unit prices under the conventional manufacturing technology are
presently unavailable from Garrett as explained in the Cost Savings
Narrative.

*** The data are not available (DNA). Garrett Corporation is unwilling to
quote the unit price under the new manufacturing technology at this
time.

*x%x Since the project years used for Table A-1 run from June to May, while
annual unit procurement figures (provided in Addendum 1) correspond to
the calendar year, the figures in the "No. Units Procured" column have
been adjusted to correspond to the June to May project year:

Calendar Year Totals Project Year Equivalent
F/A=18
1979 0 0
1980 0 0
1981 0 0
1982 0 0
1983 150 63
1984 200 m
1985 90 154
1986 90 90 _
1987 90 90 e
1988 90 90 A
1989 90 90 e
1990 0 52 o
SN
Sidewinder B
1979 0 0 o
1980 0 0 .
1981 0 0 S
1982 0 0 ™
1983 150 63
1984 300 212 N
1985 40 192 RN
1986 40 40 S
1987 40 40 Iy
1988 2,000 857 "
1989 6,000 3,666 3
1990 0 3,500 RN
B-9 B
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AD475 (DNA 00475): 12-Year Cost Savings R

B Maverick _ T

. 1979 0 0
Y 1980 0 0
- 1981 0 0
1982 0 0
[ | 1983 0 0
o 1984 100 42
1985 30 N
1986 20 26
1987 1,350 574
1988 8,760 4,437
- 1989 12,000 10,110
S 1990 0 7,000
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ADDENDUM 1

FINE BLANKING OR PRECISION STAMPING APPLICATIONS UNDER CONTRACT
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= A0475 (DNA 00475): 12-Year Cost Savings N
;‘b:’"
'ﬁ ADDENDUM 1 P&y
Fine Blanking or Precision Stamping Applications Under Contract* : ",{;
% 33
b R
SYSTEM COMPONENT  UNIT MT  ANNUAL MT ot
APPLICATION cY QUANTITY QUANTITY SAVINGS  SAVINGS ($) R
K3
A
F-18 1983 150 150 55 8,250 VO-d
1984 200 200 55 11,000 R
1985 90 90 55 4,950 s
1986 90 90 55 4,950 s
- 1987 90 90 55 4,950 b
R 1988 90 90 55 4,950 NS
~ 1989 90 90 55 4,950 e
s SIDEWINDER 1983 15 150 55 8,250 f:
NG : 1984 150 300 55 16,500 s
1985 20 40 55 2,200
- 1986 20 40 55 2,200 R
o) 1987 20 40 55 2,200 R
- 1988 1,000 2,000 55 110,000 N
. 1989 3,000 6,000 55 330,000 g
. MAVERICK 1983 0 0 NA 0 =
1984 25 100 55 5,500 ok
1985 7 30 55 1,650 )
1986 5 20 55 1,100 b
1987 340 1,350 55 14,250 o
5 1988 2,200 8,760 55 481,800 o~
, 1989 3,000 12,000 55 660,000
TOTAL 1983 225 300 16,500
1984 315 600 33,000
1985 " 160 8,800
L 1986 15 160 8,250
- 1987 450 1,480 81,400
1988 3,290 10,850 596,750
1989 6,090 18,090 994,950

*These data were furnished by Mr. James Roundy, Manufacturing Technology

::Z: Office, and Mr. Lawrence E. Scheer, formerly of the Manufacturing Technology -:l::.
- Office, Garrett Pneumatic Systems Division, in August and November 1984. The ::;\-;
production and cost savings figures for 1985-89 were revised by Mr. Roundy in e

E June 1985 based on conservative projections. :;:4
'
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MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS REPORT

1. PROJECT NO.:
A0703 (DNA 00703)

2. PROJECT TITLE:
Critical Aircraft Bearing Refurbishment

3. PERIOD COVERED:
Aug 80-Jan 85

4. APPLICATION:
Implementing activities:
o NAVAIREWORKFAC-North Island (Code 341)
Building 341
San Diego, CA 92135

Candidate applications include:
e J52, TF34, J719, and LM2500 engine bearings.
o H-46 helicopter swashplate bearings.

5. TOTAL COST INCURRED:
e $240,000 - NAVAIR MT project cost.
e- Capital equipment costs are not yet available.

6. COST SAVINGS:
¢ S5-Year (Sep 80-Aug 85) = -$300,077 (1985 dollars)
o 10-Year (Sep 80-Aug 90) = $7,483,655 (1985 dollars)
e Supporting back-up data for these cost savings figures are on the
following pages.

7. ACTIONS TAKEN OR RECOMMENDED AS A RESULT OF THE PROJECT:
Implementation of the manufacturing technology developed in this
project began in December 1982 with refurbishment of J52 engine
bearings. Dissemination of project results will occur principally by
means of a technical manual to update bearing rework procedures. The
manual will be published concurrent with the FY85 completion of NAVAIR
MT project A1447 (DNA 83347), Bearing Diagnostics and Refurbishment.

?ar;1ers which have delayed accrual of the benefits of this project
nclude:
e Acquiring additional funding for capital equipment and supplies
purchases.
o Qualification of bearings (in addition to 152 bearings) for
refurbishment.
® NAVAIR approval for publication of an updated Aviation Supply
Office (ASQO) Field Instruction (FASOINST 4030.5) which
identifies 192 bearing refurbishment candidates and directs
shipment of these used bearings to North Island.
o Revision of the National Stock Number (NSN) Maintenance and
Repair (M&R) codes to change bearings from consumable to
repairable.
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12.

13.

NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS
FORM 1: PROJECT SUMMARY

Project Title: Critical Aircraft Bearing Refurbishment
Project Number: A0703 (DNA 00703)

Fiscal Year Funded: 1980 4. Total NAVAIR Funding: $240,000
Analysis Prep. Date: Dec 84 6. Date of Previous Submission: None

Name of Preparer: R. A. Retta, AIR-5143

Organization Implementing MT: NAVAIREWORKFAC-North Island (Code 341)
Bldg 341
San Diego, CA 92135

Name & Title of Principal Contact: Gary Kuhiman, Bearing Section Chief

Date of Contract Award: Aug 80 10. Date of Contract Completion: Sep 82

Brief Description of Conventional MT: O0ld bearings, including expensive jet
engine mainshaft bearings, were disposed of as scrap. Replacements were new
bearings procured from bearing manufacturers.

Brief Description of Advanced MT: Salvageable used bearings are cleaned,
inspected, reground, replated, outfitted with new balls or rollers,
reassembled, adjusted to blueprint specifications, tested,and shipped back to
the rework depots.

Qutputs:
a. Discounted Net Cost Savings From Implementation of MT Project Results:

Five years following contract award (in 1985 dollars) =-$300,077.
Ten years following contract award (in 1985 dollars) = $7,483,655.

b. Non-Quantified Benefits:
e Reduced supply problems from long lead times in the bearing industry.
o Improved management of strategic materials in short supply by
eliminating material waste.

c. Additional Benefits Anticipated In Future:

® Additiona) bearings qualified for rework.

d. Payback Period: e. Additional Contractor Investment:
5 years, 3 months (5.23 None to date
years)
f. Return On Investment: g. Discounted Cumylative Gross Savings
5-Year ROI = -0.68 o Date:

10-Year ROI = 43.81 $42,685
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A0703 (DNA 00703)
COST SAVINGS NARRATIVE

Background. As a result of NAVAIR MT project A0703 (DNA 00703),
*Critical Aircraft Bearing Refurbishment," production processes have been
developed for refurbishing used, rejected rolling element bearings used in gas
turbine engines, transmissions, and gear trains for Navy aircraft and some
ships. Presently, many expensive, critical, rolling element bearings are
scrapped by aircraft maintenance and overhaul facilities because of
nonconformance to dimensional tolerances and defect limits. This has caused
two problems: (1) supply problems due to long lead times within the bearing
industry; and (2) increasing costs due to the dramatic rise in the purchase
price of bearings in recent years.

This MT project developed equipment and procedures for rebuilding used or
rejected bearings to a serviceable condition. A first phase in the NAVAIR
bearing refurbishment effort, it was completed in September 1982 with a total
cost to the government of $240,000.

As a result of this project, many tons of critical, short-supply bearings
will be salvaged for reuse. The Naval Air Rework Facility-North Island (San
Diego, CA) completed the MT project and will take the lead in bearing
refurbishment for NAVAIR. The other rework depots will ship used bearings to
North Island, and refurbished bearings will be returned to the depots.

Since project completion, North Island has refurbished over 100 )52 engine
No. 1 mainshaft bearings. Refurbishment of additional bearings by North
Island awaits additional funding for capital equipment purchases,
qualification of the additional bearings for refurbishment, NAVAIR approval
for publication of an updated Aviation Supply Office (ASO) Field Instruction
(FASOINST 4030.5) which identifies 192 bearing refurbishment candidates and
directs shipment of these used bearings to North Island, and a revision of the
National Stock Number (NSN) Maintenance and Repair (M&R) codes to change the
classification of bearings from “consumable," to "repairable." Refurbished
TF34, J52, J79, and LM2500 engine mainshaft bearings are presently in the
prototype phase and the TF34, J79, and J52 No. 4, 4 1/2, and 6 bearings have
successfully completed engine tests.

Cost Savings. Rework of the J52 No. 1 bearing began in December 1982,
and continues. The schedule for rework of additional bearings is presently
uncertain. The cost savings analysis is based on an assumption that North
Island can begin refurbishment of the annual quantities of J52, TF34, J79, and
LM2500 engine bearings, and H-46 helicopter swashplate bearings identified in
Addendum 1 in FY86. North Island has experienced an unexpected delay in
obtaining NAVAIR approval of the new field instruction and M&R codes, and
funding problems have delayed acquisition of the necessary equipment and
supplies. 1In the event of further delays, the commencement of full production
and the accrual of major cost savings may be set back again. The annual
quantity estimates are consfidered conservative, assuming full production.
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A0703 (DNA 00703)

Cost savings are achieved as a result of the low cost of labor and
replacement parts needed to refurbish used bearings as compared to the high
cost of procuring new bearings. North Island has found the labor cost of
refurbishing various bearings to be constant; rework cost variations between
bearings are related principally to the number of replaceable parts, as
identified in Addendum 1. Significantly greater cost savings per unit may be
achieved because over one-half of the rework labor time identified in this
analysis is required for grinding and replating outer and inner bearing
surfaces; initial results suggest that this rework step may be unnecessary for
a significant, but as yet unidentified, percentage of used bearings.

A second, three-year long MT project, A1447 (DNA 83347), began in FY 1983
and will further advance the tLevel Il refurbishment techniques, develop
additional Level III regrinding techniques, and produce a generic manual on
bearing rework procedures.

Project cost savings calculations for the five year and ten year periods
after contract award are presented on the following pages.
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Hﬂ NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS =~
!':::::
i’ FORM 2 - PROJECT COST SAVINGS (10-Year Cost Savings) wi
.;'_:;

= 10
5: 1. Project Title: Critical Aircraft Bearing Refurbishment Bt
; 'J.- g
2. Project Number: A0703 (DNA 00703) g
¥
ﬂ 3.  NAVAIR Investment: 0
“g..

'E a. Current b. Fiscal [c. NAVAIR | d. Discount| e. Present i
’ Fiscal Years Funding Factor Value of o33
Year Funded By FY Funding 3
R 7985 7980 240,000 1,534 368,160
, <
NG
=~ e
“w a—
: Present Value of Total NAVAIR Investment 368,160 );j
ooy
4., Summary of Implementation & Operating Costs and Cost Savings1 (from 5*}

- Worksheet A or B): 2
a. Projsct b. Recurring |c. Discougt d. Present |e. Present |f. Present ~{ﬁ

s Year Costs/ Factor Value of Value of Value of ih_
s Savings Recurring |[Nonrecurring Annual ~
) Costs/ Costs/ Costs/Savings v
. Savings savings oo
i 1981 0 1.395 0 0 0 o
1982 0 1.269 0 0 0 )

- 1983 (15,147) 1.153 (17,464) 11,530 (5,934) }j}
- 1984 (22,950) 1.048 (24,052) 0 (24,052) Lty
N 1985 (38,097) 1.000 (38,097) 0 (38,097) €§;
. 1986 (2,135,810) 0.954 (2,037,563) | 712,520 (1,325,043) =
Fj 1987 (2,135,810) 0.867 (1,851,747) 0 (1,851,747) Y
e 1988 (2,135,810) 0.788 (1,683,018) 0 (1,683,018) N
, 1989 {2,135,810) 0.7 (1,531,376) 0 (1,531,376) :xi
3 1990 (2,135,810) 0.652 (1,392,548) 0 (1,392,548) ::if
| Present Value of Gross Total Costs/Cost Savings | (7,851,815) o)
< 5. Net Tota) Cost Savings? (4f - 3e): Ten-year = $7,483,655 5:
'_-, -_\\
) lindicate cost savings (negative costs) on this table by enclosing in parentheses. Z;:
- 21nclude years used to calculate ROl starting from the date of contract award. A
b 31f 4a-3a = 1, then 4c = 0.954 If 4a-3a = 6, then 4c = 0.592 Y
. ? . 0.867 . 1 . 0.538 .

. 3 " 0.788 » 8 " 0.489

) . 4 " 0.7M? * 9 . 0.445 NS
" 5 .’ 0.652 . 10 y 0.405 N

4lf costs exceed cost savings, this difference will be a negative value. “s
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:3 A0703 (DNA 00703): 10-Year Cost Savings

WORKSHEET B (CONT.)

Table B-1 & B-2 (Cont.)

Bearings which are candidates for Level Il rework are listed in this
column instead of labor categories. Labor categories are not relevant
because the NAVAIRWORKFAC North Island Bearing Shop charges NAVAIR a
flat hourly rate (see Table B-1, Footnote 4) for all work performed in
the shop.

Level 1I bearing rework consists of the following steps for each
bearing:

1. Cleaning and visual inspection 12 min.

2. Disassembly and reassembiy 36 min.

3. Grinding and replating outside diameters (0Ds) and
inside diameters (IDs) 96 min.

4. Stripping and replating retainers 18 min.

5. Bearing handling, packing, and shipping 18 min.

TOTAL 180 min. (3.0

hrs.)

The 12 minutes allotted for Step 1 includes the time required to inspect
bearings that are found to be unsalvageable. From 10 to 70 percent of
bearings entering the shop are salvageable; the median recovery rate is
estimated to be 40 percent. The Step 3 labor time is conservative as it
assumes that all bearing ODs and IDs must be ground and replated;
experience to date shows this to be not always necessary, but too few
bearings have been processed for statistical analysis. The only other
Level 1I rework recurring cost is for replacement of new rolling elements

(the old elements cannot be repaired); this part cost appears in Table B-2.

The initial lower worker effectiveness is covered by a one-time fee
charged by the Bearing Shop for each new bearing which is a candidate
for rework. This fee covers machine setup costs, including the full
cost of learning how to rework the new bearing. Since Bearing Shop
workers are presently fully experienced with all bearing machining
techniques, no significant learning curve is presently anticipated.
The one-time fee appears in Table B-4.

The NAVAIREWORKFAC North Island Bearing Shop charges a flat rate of $50
per hour. This includes:

Wages
Materials
Utilities
Overhead
G&A.

The average price of a roller is $9.00; the average price of a ball is
$3.00.
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(6)

(n

These new bearing purchase prices are listed here since they represent
the cost savings from bearings which can be refurbished, and need no
longer be purchased. They are based on FYB83 Navy contract procurement
data, not the Master Component Repair List (MCRL). In recent years,
the prices for bearings have increased dramatically (a H-46 swashplate
bearing has risen from $500 in 1971 to $6300 in 1984 and a J79 No. 2
mainshaft bearing from $300 to $1420) but are expected to increase in
future years at a rate no greater that that of Level Il rework costs.

Were all bearings of a given type salvageable, substantial costs would
be avoided in the form of hundreds of labor hours for procurement and
supply. Since an estimated 60 percent of bearings of a given type
cannot be refurbished and must be procured, however, bids must still be
processed and bearings stocked, and negligible handling cost savings
are anticipated.
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A0703 (DNA 00703): 10-Year Cost Savings

WORKSHEET B (CONT.)

Table B-3 & B-4 (Cont.)

M

(2)

The Bearing Shop has identified purchase of capital equipment jtems
valuated at $770,000 as necessary for full scale refurbishing
operations. A 1986 expansion in the number and variety of bearings to
be reworked is contingent upon FYB6 special funding for these items.
The following special tools and test equipment are presently in use at
the Bearing Shop and pre-date funding of A0703 (DNA 00703):

Roller bearing disassembly/reassembly press

Ball bearing disassembly/reassembly press

Roller drop gauge

Tang pincer

Deriveting tool

Small roller bearing disassembly press

Speed lathe plus centering cone set.

Other equipment was purchased using MT project funds.

The Bearing Shop charges a one-time set-up fee of $10,000 per bearing.
This fee covers the measurement of rolling elements to derive a
statistical size range, retooling, and initial (learning) production
inefficiences (learning curve).
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MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS REPORT

PROJECT NO.:

PROJECT TITLE:

PERIOD COVERED:

: !
APPLICATION: e

4.
Implementing activities:
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- 5%
¥ Candidate applications include: ‘
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: 5. JOTAL COST INCURRED: ;;
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6.

COST_SAVINGS:
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- 7. ACTIONS TAKEN OR RECOMMENDED AS A RESULT OF THE PROJECT:
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9.

11. Brief Description of Conventional MT:
12.
13.
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NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS

FORM 1: PROJECT SUMMARY

Project Title:
Project Number:

Fiscal Year Funded:

Analysis Prep. Date:

Name of Preparer:

Organization Implementing MT:

Name & Title of Principal Contact:

Date of Contract Award:

Brief Description of Advanced MT:

Outputs:

4.
6.

10.

Total NAVAIR Funding:

Date of Previous Submission:

Date of Contract Completion:

—

a. Discounted Net Cost Savings From Implementation of MT Project Results:

b. Non-Quantified Benefits:

c. Additional Benefits Anticipated In Future:

d. Payback Period:

f. Return On Investment:

-]

Additional Contractor Investment:

Discounted Cumulative Gross Savings
to Date:
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NAVAIR MANUFACTURING TECHNOLOGY PROJECT COST SAVINGS ANALYSIS

FORM 2 - PROJECT COST SAVINGS

1. Project Title:
2. Project Number:

3. NAVAIR Investment:

a. Current
Fiscal

Year

b. Fiscal
Years
Funded

By FY

€. NAVAIR
Funding

d. Discount] e.
Factor

Present
Value of
Funding

4,
A or B):

Present Value of Total NAVAIR Investment

Summary of Implementation & Operating Costs and Cost Savingsl (from Worksheet

a. Projsct
Year

b. Recurring
Costs/
Savings

c. Discougt
Factor

d. Present

Value of
Recurring
Costs/
Savings

e. Present
Value of
Nonrecurring
Costs/
Savings

f. Present
Value of
Annual

Costs/Savings

19
19
19
19
19

Present Value of Gross Total Costs/Cost Savings

5. Net Total Cost Savings? (4f-3e):

Tindicate cost savings (negative costs) on this table by enclosing in parenthékes.
Include years used to calculate ROI starting from the date of contract award.

31f 4a-3a = 1, then 4c = 0.954 If 4a-3a = 6, then 4c = 0.592
. 2 " 0.867 " 7 " 0.538
" 3 " 0.788 " 8 " 0.489
" 4 * 0.1 . 9 " 0.445
. 5 " 0.652 " 10 " 0.405

4 1f costs exceed cost savings, this difference will be a negative value.
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DATA ITEM DESCRIPTION P YoueEs o
ﬁ V. TIvL® . T
. Final Report NSA DI-A-5030B -
rﬁaaw% skl S—— W
Ny 1976 Pebruary 14 ':.‘%
h To summarize in one document, all work AN mBILITY by
performed under the contract and to present &:,
complete fiscal data for the contract. NSA - R =
6. DOC REQUIRRD &
W “,!'f,
ey
) S. APPROVAL LIMITAVION :.‘)‘).
g e
T AP PLICATIOW Y ARAEL ATIOHNES 2]
To apprise the Government in a compre- _
.P_: hensive finalized document of the r.q“i.it. e RErSREncEs (ndsien oo sied &-‘,7
requirements specified under the contract. L AT . pEN
. 3‘:
Companion Data Item Descriptions are: N
- DI-A-5000 Man Hours Expenditure Chart
- DI-A-5001 Funds Expenditure Chart :
DI-A-5003 Funds Expenditure Report X
< v\')ﬂ
. ::.f\.
' i MEI. NUMSERS .';_
10. PREP ARATION INGTAUE TIONS \
'f' 1. The Final Report shall clearly summarize all work performed {
o under the contract and shall contain the following information: o
. a. Table of Contents . 2\
. b. Brief summary of all work done, including that yielding ;i-lf'
negative results or positive results not used. All information shall .-';.(
= be referenced to the appropriate Progress Report, or section of the <o
= Final Report, where the subject is discussed in detail. ‘:‘,
AL
. c. The body of thec report shall describe all work ’
b accomplished, including, as applicable, theoretical studies, exper-
imental work, mechanical design, theory of operation, test procedures, e
test results, and those drawings, charts, graphs, illustrations, or Ay
- other expository material needed to clarify the presentation. It e
shall also include all fiscal and planning data prepared in o
accordance with the companion data item descriptions. >
< d. When test equipment has been designed and constructed -
W, for use on this contract, a listing of all such equipment is to be hoM
included. This listing shall include all associated drawings and w
A lists. It shall be referenced in the report and is to be included hX
be as an appendix thereto. ),
P e
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DATA ITEM DI-A-50308_ CONTINUED

o

e. Conclusions, recommendations and proposals.

4 f. An appendix of all expository materials not necessarily %
- included in the text of the report, which shall be identified by il
appropriate titles and symbols on the face, if feasible, if not, 1

LR ! upon the back thereof. —
> 2. The report shall be prepared as follows: ‘J'é\;
“ .’

W a. It shall be typewritten and is to be duplicated in non- 23
< fading ink on 8" x 10 1/2" or 8 1/°" x 11" paper and suitably bound e
between durable covers. S

A b. The data indicated below shall be contained on the title oy
n page in a 3 1/2" x 1 1/2" rectangle located three inches from top -_"C::-
of the page and two and onc-half inches from its unfastened edge: s

: "
-‘ (1) Type of roport, final. ‘:-.
(2) Purchase description title.

~ (3) Contract number. Ef'
N . “l.,\,.:
(4) Dates of the reporting period. L34

-
-

.
’ L]

Security classification, distribution limitation markings and other

necessary information shall also be included on the title page. - s
: 2U.3. GOVERNMENT PRINTING OFFICE: 1976-803-708/3087 : ;
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