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EXECUTIVE SUMMARY

A. BACKGROUND AND PROBLEM: Fach year the Deputy Chief of Staff for

Research, NDevelopment and Acquisition must defend the budget submissions
for its resource requirements, The budget is prepared from information
supplied by the buying activities through data calls and planning docu-
ments. In responding to a recent data call, buying offices encountered
considerable difficulty in determining weapon system production rates and
in understanding the definitions of various production rate terms. As a
result of these difficulties, the Army Procurement Research Office was
tasked to investigate and resolve production rate determination and
definition issues,

B. OBJECTIVE. The objective of this research was to develop clear defin-
itions and procedures for determining various production rates.

C. APPROACH: After a review of field guidance, an investigation of past
and ongoing studies provided the basis for formulation of alternative
procedures and definitions., The alternative procedures and definitions
were then presented to various project offices for field validation,
This document reflects the alternatives which were judged to be the most
beneficial for field application,

D. CONCLUSIONS AND RECOMMENDATIONS. Present definitions fall short of
describing the true nature of various production rates. Alternative
definitions are proposed and optional procedures for determining various
production rates are described, The procedures include theoretical models,
data items, production rate reviews, task order contracting, and elective
scheduling, Present scheduling techniques build in large varfations in
production rates which could impact unit cost. Where circumstances permit,
it is recommended that bid and proposal preparation instructions specify
the total delivery quantity, the months in which deliveries are to be
ma?e, and a request for the offeror to propose a least cost delivery sche-
dule.
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CHAPTER 1
INTRODUCTION |
A. BACKGROUND,

Each yéar the Deputy Chief of Staff fcr Research, Devéiopment and
Acquisition (DCSRDA) must compile and submit a budget summary which des-
cribes the resource requirements for a future fiscal year. Before approval
is granted, the budget must be defended to the approving authority. If,
in the judgment of the approving authority, the budget exceeds (or falls
short of) justifiable levels, directed adjustments are ordered. Implement-
ing the directed adjustments forces DCSRDA to vary weapon system production
rates to meet desired budget levels. |

In Tate October of 1983, DCSRDA informed the U. S. Army Materiel
Command (AMC) that the Economic Production Rate Working Group had agreed

upon a new set of definitions for various production rates [9]. Based on

these new definitions, DCSRDA requested AMC provide minimum and maximum

economic production rates for 17 Army systems. AMC requested system of-
fices provide production rates, supporting justification, and constraining
component information for consideration in the FY 85 budget process.
The system offices responded, and shortly thereafter AMC forwarded the
requested rates. Upon receipt, NCSRDA implemented the per-unit-cost re-
porting of the maximum and minimum economic production rates [12].

As a resul’. of the above data call, one system office contacted the
Army Procurement Research Office (APRO) and requested a study of the deter-
mination of various production rates and related issues. Subsequent dis-

cussions between DCSRDA, AMC, and APRO revealed that many of the system
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offices experienced difficulty in answering the data call. The difficul-
ties seemed to be the result of a misunderstanding of different production
rate terms, and of formulating methodologies to arrive at each production
rate, It was the intent of this research to provide a mutual (DCSRDA, AMC
and system office) understanding of the terms and methodologies for deter-
mining per-unit-cost production rates such that budget decisions to alter
those rates will have predictable results,
B. OBJECTIVE,

The objective of this research was to develop clear definitions and
procedures for determining various production rates.

C. SCOPE AND APPROACH.

This research was conducted in two parté and addressed those systems
which were being prepared for initial pro@uction. or were executing a
production acquisition. DCSRDA, AMC, and s&stem offices participated in
this effort. A varfety of systems and s?condary items was examined,

Part "A" consisted of a review of field @uidénce for reporting differ-
ent production rétes and an fnvestigation o} ébnsumer (Army) methods for
determining quantities, culminating in a sef of temms and techniques for
determining various production rates. Producer (Industry) strategies were
also examined for meeting different production rates. The Economic Produc-
tion Rate Working Group definitions (Appendix A) were used as the starting
point for Part “A",

Part "B" involved validating the results of Part "A" by taking them to
the system offices and critically examining the degree of realism for
field application. The examination emphasizéd the consumer (Army) role in

establishing production rates, determining the availability of necessary
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data, agreeing on major influence factors, understanding the combining
methodology, assuring consistent results, and {temizing the application
constraints,

From these guidelines, eleven definitions (representing the most fre-
quently used terms) were formulated. The definitions led to a literature
search of theoretical models to establish past and present “state-of-the-
art." Discovering that the theoretical models were basically being proposed
from a "historical dollars" data base, or an examination of the man-machine
workcenter concept (with emphasis on utilization), it was decided to
take a sysfems approach; that is, view the problem as an interaction of a
number of factors. The systems approach provided the techniques to examine
the acquisition of both primary and secondary items in terms of consumer
(the Army) and producer (industry) points of view, Although the most
important point of view was the consumer, producer views were assessed to
test the appropriateness of each methodology. Four alternative méthod-
ologies were selected as having the highest notential for success: data
items, production rate reviews, task order contracting, and élective
scheduling techniques.

D. REPORT ORGANIZATION,

The above description represents the general outline of this document.
After a careful description of terms and definitions in Chapter Il, Chapter
IT1 examines four theoretical models which predict expected costs resulting
from rate variations. Chapter IV describes alternative methodologies
which were explored as possible best solutions for determining various
production rates, The last chapter summarizes the conclusions and recom-

mendations of this research,
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procurement, and production interests.

CHAPTER 11 :

TERMS AND DEFINITIONS %
£
£
In order to collect data, and assure common understanding, the terms C 3
used and their respective definitions were identified. Present terms and % ;
definitions described here represent financial interests within the Army. i i
The proposed terms and definitions attempt to ' integrate financial, % :
. i ;

A. PRESENT TERMS AND DEFINITIONS.

As of this writing, there appear to be three generally accepted sources
for production rate definitions: the Procurement Planning and Guidance

booklet [8], the Economic Production Rate Working Group paper [9, Appendix

A], and tasking documents (normally a Program Objective Memorandum, and/or
Army Materiel Plan (AMP) review) [2, 10, 11, & 12].

1. PROCUREMENT PLANNING AND PCLICY GUIDANCE. The booklet has six
terms and definitions for describing various production rates.

"a. Minimum Sustaining Rate: the minimum monthly
rate requirea to produce an item on a single-shift
basis, with an increase in unit cost no greater than
20% above that associateq with 1-8-5 operations.

b. 1-8-5 Production Rate: the maximum monthly rate
of production that can be attained efficiently by each
manufacturer on a single~-shift, eight-hour day for a
five-day workweek usirg installed production equipment,
or what can reasonably be installed during the pro-
duction leadtime.

€. 2-8-5 Production Rate: The maximum monthly pro-
duction rate that can be efficiently attained by each
manufacturer on a two-shivt, eight-hourday, five-day-
work week basis, using installed production equipment,
or what can be reasonably installed during the pro-
duction leadtime assuming an all-out effort.
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d. Maximum Production Rate with Current Tooling: for
AMP purposes, this is defined as the maximum production
rate that can be attained using installed production
equipment (and special tooling) or that can reasonably
be installed during the production leadtime, as of the
date of the AMP, assuming an all-out effort,

e, Maximum Mobilization Rate: the maximum mobilization
rate applies to ammunition only.

f. Maximum Production Rate: the maximum production rate
applies to commodities other than ammunition."

z. ECONOMIC PRODUCTION RATE WORKING GROUP, This paper (Appendix A)
has three terms and definitions for describing various levels of produc-

tion,

"a. The maximum economical rate occurs just before
the existing or planned plant capacity, tooling or
test equipment are exceeded; i.e., further increases
in quantity incur an increase in unit cost due to the
inahility to amortize further facilitation and rate
tooling costs,

b. The minimum economical rate occurs at the knee of
the curve while still making effective utilization of
existing manufacturing facilities or where further
reduction in quantity incurs an inordinate increase in
unit cost with an unacceptable return on investment,

c. The minimum sustaining production rate allows keep-
ing production 1ines open while maintaining a respon-
sive vendor/supplier base."

3. - PROGRAM OBJECTIVE MEMORANDUM/ARMY MATERIEL PLAN. Tasking documents
have four terms and definitions which describe different production rates.

"a. Minimum sustaining production rate allows keeping
production lines open while maintaining a responsive
vendor/supplier base.

b. Minimum efficient production rate occurs at the knee
of the cost/quantity curve while still making effective
utilizatiun of existing manufacturing facilities or
where further reduction in quantity incurs an inor-
dinate increase in unit cost with an unacceptable

return on investment.
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c. Maximum efficient production rate occurs before
the existing or planning plant capacity, tooling or
test equipment are exceeded where further increases
would incur an increase in unit cost,

d. Maximum production rate occurs when existing
tooling or test equipment are fully utilized."

When present terms and def1n1tions are applied to systems acquisition
or the procurement of secondary items, weaknesses and questions of validity
begin to emerge. There appear ‘to be at least three basic assumptions
which must be true for‘these definitions to be credible: a producing sup-
plier must exist, an extensive supplier data base must be available, énd
technical and anilytical skills must be accessible. The producing supplier
is necessary to provide for the collection of data dealing with 1-8-5 or
2-8-5 operations, plant capacity, effective utilization, open productioh
1ines, and responsive vgndor/supplier bases. The extensive supplier data
base {s necessary to permit the accumulation of performance measures for
future calculations., The analytical and technical skills are needed to
develop cost/quantity curves, unit cost statistics, amortization schedules,
and returns on investments necessary to validate the defined rate. When
these basic assumptions are not true, the buying offfce must define and
validate production rates before and during contract execution based on
existing circumstances. i

!

B. PROPOSED TERMS AND DEFINITIONS. '
!

A careful examination of the present terms and definitions coJld lead

one to believe that a production rate is determined after a carefullanaly-
sis of producer resources. However, discussions with Army buying dffices

and contractors revealed that production rates are determined by the




maturity of the hardware and the nature of the competition. Methods for

determining secondary item production rates were not the same as those used
for systems. In dealing with secondary items, it is possible to have
acceptahle specifications and one or more competing producers. In dealing
with systems, it is possible to have single or competing specifications and
producers. Buying offices also indicated that system production rates
ncrmally increase from zero to some agreed upon level and then decrease to
different plateaus with age, When discussing the subject of first deliv-
ary, both buying offices and contractors agreed that in most cases it was
nothing more than a best estimate. Buying offices proposed first delive
eries based on fielding strategies, or test objectives. Contractors
proposed first deliveries based on projected workloads. These facts sug-
gest a real need to adjust present definitions and add additionzl terms
(and definitions) to further explain the necessary and sufficient condi-
tions for a production rate. The proposed terms and definitions are:

1. Economic production rate: the number of units a consumer
agrees to purchase, and a producer agrees to supply during a specified
period of time, at a mutually acceptable cost.

2. Initial production: that period of time when the production
rate increases from near zero to the economic production rate.

3. Leadtime: the number of workdays from contract award to accep-
tance of the first product or service.

4. Maximum efficient production rate: that production rate which
maximizes inventory turnover, subcontracting, and fixed asset and work-

force utilizatinn,




5. Maximum production rate: that production rate which ‘can be

achieved from a prudent fixed asset investmeant.

6. Minimum efficient production rate: that production rate which
minimizes inventory turnover and subcontracting, and maximizes fixed asset
and workforce utilization.

7. Minimum sustaining production rate: that production rate
below the minimum efficient production' rate which maintains production
line operations,

8. Production rateﬁ the number of products, or services, sche-
duled for delivery on the last workday of a month, divided by the number

of workdays in that month,

9., Terminal production: that period of time when ﬁhe production
rate decreases from an existing level to zero (with acceptance 6f the
last product or service).

10. Transition production: that period of time when the production
rate increases, or decreases, from one level to another.

11. Workdays: the number of calendar days from contract award
through'the acceptance of the last product or service, less all non-work-
days (such as weekends, holidays, and scheduled shut-down periods).

These proposed definfticns were developed to include consideration of
as many basic factors as possible. They relate the timing and occurrence
of unique events which are distinguished and measurable. The assumptions
made in their formulation include:

a, Variations to a production rate can be accommodated by altering the

number of 1labor hours, workforce size, number of shifts that different

8




departments operate, volume of‘ subcontracting, and inventory levels,

b. The limits to which an economic production rate can be varied
without encountering additional fixed asset cost range from the minimum to
the maximum efficient production rates.

c. Early production contracts and their related production rates will
determine the amount of required tooling and test equipn nt,

d. Exceeding the maximum efficient_production rate will normally re-
quire additional assembly tooling, test equipment, labor hours, and may
réquire more facilities. |
The remainder of this document will use the proposed terms within tne

context of their stated definitions.
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CHAPTER III
PRODUCTION RATE MODELS

Several models have been proposed for estimating the effect of produc-
tion rate changes on unit costs. In this chapter four models are discussed
vhich are identified by the names of their pronosers, ‘Much of the material
in this chapter is taken from an earlier study [18]. Also, a more complete
reviecw of production rate research can be found there.

A. C. H. Smith [18 and 19].

C. H. Smith's model is based largely on the premise.gnat fixed overhead
is the primary explainer of cost-rate effects. Smith concluded that the
effect of inefficiencies in the use of direct lahor and materials is gener-
ally smaller over limited changes in production rates; These inefficiency
effects were 3also much more unpredictable from an outside point of view,
Asher [3] in 1956 reported evidence in tk: airframe industry of a consis-

tent and appreciable rate effect only on (he overhead cost element,

Large et al [4], found further supporting evidence in airframes. Such
findings were also supported by missile system cases. Mclintyre [17] des-
cribed the effect of adding learning curve cost behavior to linear cost-
volume-profit analysis. This is the main idea of the model recommended
here. The model is also quite similar to the Linder-Wilbourn [16] model
{discussed later) but requires fewer estimates.

Beginning with production planning of a system prior to the start of
actual productinn, a total quantity of  units will be bought. What is
the estimated cost per unit if the system is procured unifurmly over 5]

years? What if it is procured uniformly over T, years?

10
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The variable costs y for xth unit are given by:
ys= ax‘b. adb>0,
where a is the first unit cost, and b 1s the slope of the cost improvement
curve. If the acquisition period is Ty years, then the annual production
rate is Q/T1. The annual fixed costs allocable to the program are constant
.and denoted by F. Then the cost of production in year one is given by the
. following equation:
. N
c(1) = (z ax ®) +F.
k=1
In general, the cost of production in year n is given by
nQ/T1 .
Cm) = (D ax ) #F.
1 ?
Then the average cost per unit in year n is given by .
s S
C;n) . cn) .
1 .
The total cost (TC) cf the system is approximated by ‘
Q
=b
ax"v dx + T, F
1
f = (a/(1-b)) Qb + TrF
0o Q Q
This model is useful for estimating the average unit cost differences ol
for procuring the sane total quantity under different rates. An accurate o
cost projection depends on a reasonably constant annual fixed cost allo- e
A
cable to the program and on the ability to reasonably estimate this fixed ;‘N//
o
11 N
1
v
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cost, It is easy to modify the model to accommodate fixed costs that
change from year to year provided these can be estimated. Likewise a
s]ighf modification is required to deal with those cases where substantial
production experience is acquired for units not sold to the analyzing
buyer (e.g., Foreign Military Sales). Discount factors can also be incor-
porited as needed. C. H., Smith [19] grovides illustrative examples of
the use of this model.

B. Linde. and Wilbourn [16].

iLinder and Wilbourn presented a theoretical model analyzing the effect
of production rate on recurring missile ccsts. They assumed that the
production facilities are fixed. Their modeling was based on an analysis
of the behavior of direct and indirect costs under a rate change, They
reasoned that a higher rate reduces the direct fixed cost per unit, Fur-
ther, a higher production rate would lead to a smaller percentage increase
in indirect costs than in direct costs. Therefore, they reasoned, a lower
overhead rate should be appiied to direct costs. Both of these factors
work toward lower unit costs when a higher rate exists, Therefore, Linder
and Wilbourn concluded, that all else being equal, the cost improvement
curve for high rate would lie below that for low rate.

The researchers then gquestioned the impact of a rate change on the
cost improvement curve slope. - They suggested the two fattors below.

1. Variabie direct costs become a larger portion of total direct
costs at higher rates.

2. Indirect costs are reduced at a lower rate as direct costs fall,
The net effect on the slope depends on the relative amounts of direct and

indirect costs per unit and the proportion of each regarcded as fixed or

12
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variable, Linder and Wilbourn assumed that the effects of wage mix and
materials are of secondary importance and supportive of the principal
effects described. These areas were therefo:e not treated in the model. -

In their first of two models, Linder and Wilbourn represented the unit
recurring cost URCj as a prdduct of direct costs and an indirect factor.
The significant terms were defined as follows:

axib 2 varfable direct cost of urit i,

R = annual production rate,
k3 tkg = "semi-fixed" unit direct cost,
R
B = total direct charges on other business,

and a, b; ki, k2, k3, k4 are constants.
Then the recurring cost eqhation is

URC; = (axib + k3/R + kg) [kl/(ainb + k3 + kg R4B) + kp + 1],

Linder and Wilbourn applied their modei using a set of parameter values
felt to be typical for a missile program. They found a relatively small
rate effect. For their parameters a doubling of the rate from 500 to 1000 -
rer year reduced the cost of the 1000th unit by 5.6%.

The model described above assumed a constant production rate throughout
the year. This means that adjustments for increased efficiency due to
learning are made by reducing the level of resources used during the
year. Thus, the model ignored the costs of moves such as reducing employ-
ment., Linder and Wilbourn proposed a second model which assumed production
is scheduled over a year in a way that keeps the rate of resource use
constant, In this approach the instantaneous production rate constantly

changes. This model is given by the following equation:

13
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b k3 + Lkg Ky -
URC1 " ax1 (1 $ cnccccee ) ( ------ ‘-------.- ...... -w kz + 1)’
Zaxb zaxb+k3+Lk4+B
1 i
1 i

where L 1s the lot size (corresponds to R {n the earlier model).
Linder and Wilbourn reported that the fiEst model was easier to use and
was often a yseful approximation of thé second.

Linder And Wilbourn reached several conclusions from analysis of their
models., First, they concluded doub]ing the production rate lowered the
average unit cost about 3-7% for the range of rates and quantities they
examined, They reported this difference tended to be greater for larger
cumulative quantities. Further, they concluded that rate changes had only
a slight effect on the unit cost improvement curve slope. Finally, they
found that the observed effects were relatively 1hsensit1ve to changes in
most of the parameter values. In fact one can observe from thefr sensitivity
analysis that variations in the learning curve slope have by far the great-
est impact on costs. .The only other parameter that shows appreciable
sensitivity in the regions they tested is B, the total direct charges on
other business.

Linder and Wilbourn focused their paper and their example on a hypothe-
tical missile program. The model itself, however, is independent of
program type. To apply the model one needs to be able to estimate cost
behavior via the parameters described earlier. These parameters are not
specific to any specifal type program. Their estimation requires an under-
standing of the rate responsiveness of individual cost categories such

as "semi-fixed" direct costs.

14




Possible shortcomings in the model are now described. First, the rate
effect is independent of the current rate position relative to an optimal

or standard rate. The model does not permit incorporating any breaks in

the cost functions. These breaks could exist at rates for which a major

change in the production process occurred (such as another shift). They
assume the facilities are fixed, and yet coét savings accrue for all rate
increases without 1im‘t. The Linder and Wilbourn model also does not deal
with the issue of discounting costs. |

C. L. L. Smith [20] and Bemis [5].

L. L. Smith in his doctoral dissertation analyzed three procrams for
which a larger number of data values were available due to long production
perfods. He fitted a regression model to the data for each case using
measures of race and direct labor hours. His model had the form:

Yy = B (X14) By (X24) B2 where

Yy = the unit average direct labor hours required per pound
of airframe in lot i

X135 = measure of cumulative production which is one-half the ith
lot size plus the total production of all prior lots

X2i§ = the lot i production rate
and By, By, and By are the model parameters to be determined by a least-
squares fit., Smith applied ¥he regression to the F-4, F-102 and KC-135A
programs. Where the data pe*mitted, he applied the model separately tn
fabrication and assembly laboé hours, Smith compared the model above with
a reduced model which did not \contain the production rate term. The rate
term was found to be an important contributor to the explanatory values

for cases with similar production quantities and rates. Therefore, Smith

15
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did not believe any process averaging parameter values across programs

would create a reliable general cost model, He ndted the wide variation

in parameter values for cases with similar production quantities and rates.

In the case of the F-4, the predictive ability was greatly enhanced by

using the rate termm. For test purposes Smith uséd»limited parts of the
data bases to predict future labor hours. While, for example, the reduced

model might have a 12-15% prediction error, the,fuil model might be only

2-3% in error. The predictive ability of the other two programs was not

so convincing; however, it improved by use of the ful1‘mode1.

Recent masters theses by Air Force Institgte of Technology students
have applied and evaluated Smith's model on other programs. One thesis
applied the model to avionfcs programs, and one to aircraft engines.
These works and the programs covered are identified below:

(1) Congleton and Kinton (6): T38/F-5
(2) Stevens and Thomerson (21): ARC-164 radio, Computer
Data Converter
(3) Crozier and McGann (7): J-79 engines , TF-41, F-100.
The above theses tend to supoort the conclusions of Smith, Estimates
for some programs, however, benefit much more than others from adding .
the production rate terms.

The Smith model is a lngical tool to use when a lengthy production
history for a given program is available. Use of the model is, of course,
limited to the particular program to which the regression «:'atfon is
applied. The approach offers no general help for the problem of under-
standing rate effects prior to actually experiencing a lengthy production

history with a wide range of rates. Moreover, estimating the effect of

16




rate on direct labor hours may ]éave one far short of understanding the
effect on unit cost. This result arises from the fact that wage related
costs are affected oy rate changes due to factors such as shift premiums
and overtime,

Bemis [5] took the L. L. Smith approach but used the dependent variable
in the regression model to actually predict unit costs rather than labor
hours.

D. Balut [4].

Balut's model was designed to assist the Office of the Secretary of
Defense in estimating the cost effect of program rate changes as part of
the deveiopment and review of the Five Year Defense Plan. His model also
focuses on the fixed overhead forms by the program. The first step in
applying the model is the calculation of cost using a standard learning
curve function. Then an adjustment for rates is made according to the

following relationship:

Fi = PR 91?5?- + (1 - PR)
i g, NEW
where
i = lot number
Fi = the factor used to adjust the estimate for lot i
that was derived from standard learning curve
considerations
0101d = the quantity in lot i in the basic service program
QiNew = the new quantity for lot i

P = fraction of price due to overhead

=
11

fraction of overhead fixed in the short-term

b = a regression parameter

17




Balut applies his model to aircraft, but it ‘should be more widely
applicable if appropriate values of PR and the exponent b can be determined
based on available data.

E. EVALUATION.

An eValuation of these four models suggests a need for greater consid-
eration of the issues raised by Lawrence and Zanakis [15]. That is, it
would appear that minimum thought has been devoted to such variables as
workforce size, overtime and undertime, backlogs and inventories, and
outside 6ontracting. Also, most learning curve effects are experienced
during initial production when established time standards are a goal.
Oncé time standards are reached, the measurement of learning effects cannot
be accurately measured. In additibn, the search for historical cost statis-
tics, which are composed of the desired elements, can be ditfficult to match
by “similar" brogram or contractor. Although these factors together
degrade the integ~ity of model results, the models themselves can be
applied under the appropriate conditions with a high degree of confidence.

The methods explored in the next chpter offer some alternative solutions.

18
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CHAPTER 1V
ALTERNATIVE METHODOLOGIES

After attempting to apply the models of the previous chapter to the
data call requirements for the participating project offices, APRO dis-
covered two major problems. The values of some variabies were difficult to
determine, and the modeis did not appear to fit the particular situations.
The situations ranged from early initial production to developrent of
modified production hardware., Thorefore, other means had to be developed
to answer current and future data call requirements. Data items, Produc-
tion Rate Reviews, task order contracting, and elective scheduling techni-
ques were found to be some of the better alternatives for determining
economic productivn rates, different levels of production, and values for
model variables. The delivery schedule derivation (Appendix D) employed in
the task order éontracts, the Production Rate Review, and the elective
scheduling technique were products of this research.

A. DATA ITEMS,

To determine production rates in conjunction with ongoing contracting
efforts, data items represent one of tﬁe least expensive methods available. =
A data item is a contract device to collect information from a contractor
(DFARS 27.410-6). However, the decision 10 use diata items must be made
during the preparation of the statement of work. When the decision to use
a data item is made, a second decision to use an available or unique data
item must also be made.

Of the available thirty-eight data items dealing with the subject




of procuction, four address the concept of a production plan. Two of the

four data items are product-unique. Of the two remaining data items (DI-P-
3460 and DI-P-1612), only one requires the producer to document any varia-
tion of the contracted de?ivgry schedule.

Data item DI-P-1612 has sixteen subjects to be documented in the speci-
fied production plan., Two of the subjects are Production Delivery Capabil-
ity and Alternate Production Delivery Schedules. Production Delijvery
Capability requires a contractor to "...delineate the lowest and highest
delivery rates which are sustainable for a minimum of one year." Alterna-
tive Production Delivery Schedules require a contractor to "“... delineate
the slowest, fastest, and most economical (lowest cost to the Government)
monthly delivery schedules from contract award thru final delivery."

Discussions with a project officer who had placed DI-P-1612 on contract
revealed a less than favorable contractor response. The contractor failed
to meet the requirements set forth in the data item. In context, the
contractor stated in his production plan under the above named sections
that he was unable to determine the required production rates. Careful
analysis of the contractor's maturity with the system showed:

1. the contractor had produced ten production units when the data
item was placed on contract,

2. the data item does not provide for consideration of production rate
movement from an existing capability to a higher or lower capability, and

3. the data item constrains the contractor to define these rates in
terms of existing resources (suggesting gross contractor inefficiencies

or only lower rates are possible).
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These conclusions could make one believé that the requirements were unreal-
istic and could not be honestly answered.

A second prcject office, which had placed DI-P-3460 on contract, used
the statement of work to explore variations in production rate. In cddi-
tion to full rate (100%) production, the production plan was to address 60
and 40 per cent delivery rates, Also, a sensitivity analysis was to be
accomplished through a range of 15% above and 15% below each production
level (i.e., 100% +15%, 60% + 15%, and 40% + 15%). The results of this
effort are not yet available, but it does appears to have been applied too
early since this was a full scale development contract.

As an alternative to available data items, unique data items offer a
desirable, but long-term, solution to the production rate probl.m. The
unique data item can be prepared to meet the special conditior; of the
procurement and is free of the burdens of listing various rela’2d facts
and equipment. The two major disadvantages are (1) securing approval for
use, and (2) being able to carefully word the requirements such that they
are realistic and not beyond system maturity.

Unique and standard data items are relatively inaxpensive and can pro-
vide useful, as well as undesirable, results. They provide for the collec-
tion of data on current production operations, and they can force -a
contractor to ana132e production activities to meet present and future
requirements, Standard data items appear to produce less than desired
responses when ;hey are applied at an inappropriate time. Except for
product-unique data items, vocabularies used to describe information

requirements are usually "text-book" and general; this usuage often
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misleads the respondent. A more detailed study of the correlation between
data item results and the requirements vocahulary might prove to be most
enlightening.

8. PRODUCTION RATE REVIEW.

The Production Rate Review was an alternative developed for determining
various production rates. The thruSt of this approach is to send a small
group of government specialists to the contractor's final assembly facility
and conduct an investigation of his operations. The government group would
be managed by a director and divided into three small teams (Production
Processes, Contracts and Agreements, and Business and Financial). Each
team would conduct a separate subject-area investigation. The Production
Rate Review concept was formulated on the hasis of an accelerated three day
visit as outlined in Appendix B. The underlying objective of this investi-
gation is to collect information and data in sufficient detail to permit
calculation of desired production rates,

After the introductions and presentations of the Entry Brief, the
director would request a plant tour. During the tour, team members would
direct their attention toward the administration and control of the con-
tractor's production operatiohs. Of particular interest to the Production
Processes team would be identification of primary assemilies (those assem-
blies that provide the "back-bone" to which other detail part; and sub-
assemblies are added), the general flow of materials, locations of
subassembly and final assembly operations, and contractor fechniques for
maintaining status aqd location datz on each production lot. The Contracts

and Agreements team members would be alert for the functional support
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supplied by the contractor's Purchasing. Subcontracting, and Industrial
Re1ationsvdepartments. The Business and Financial team would concentrate

on accounting, finance, and marketing functions. At the end of the tour,

each team would independently begin to collect specific performance statis-

_tics based on a conceptual production operations model shown in Figure 4-1.
The Production Processes team would begin its detail investigation
with the shipping function and work backwards toward the fabrication func-
tion as shown in Figure 4-1, In each functional area, the team would
formulate and define time standards, number of parallel processors, and
other data nécessary for rate calculations,
~ The Contracts and Agreements team would begin its detail investigation
with the purchasing functions. The objective of these examinations would
be to sample and develop a distribution of time standards for the flow of
standafd items and (subcontracted) products into the output of the produc-
tion process. These time standards would have to include: quantity deter-
mination, order placement, leadtimes, vendor fabrication, delivery time,
receiving inspection, and transportation to the assembly point. With
completion of the purchasing and subcontracting functions (at the end of
the second day), the remainder of the review would be devoted to collecting
statistics and data on the labor force and related labor-management agree-
ments.
The Financial and Business team would begin its investigation with an
analysis of the accounting function. Within the accounting function,
percentages of competing sales would have to be determined, as well as a

breakdown of operating expenses for the project office product. Interviews
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and diséussions with the financial and marketing functions would also have
to be conducted to accumulate an information base from which advanced
planning could be projected.

With the completion of the Production Rate Review, requifed production
rates could be determined. This informatfon could also serve as the basis

for simdlét‘on models to analyze sensitivity and variability character-

istics of contractor processes. A Production Operations simulation could

be constructed from information and time standards collected by the Produc-

tion Rate Review team,

A review of this nature was recently executed by AMC and a project of-
fice. Their experience has shown that such a review requifed approximately
75 han-days to complete. Seventeen people collected data for about two and
one-half weeks and fourteen people reduced the data over an additional two
and one-half week period., The results provided a minimum sustaining pro-
duction.rate and an expected per unit cost.

A Production Rate Review was proposed to a project off%ce as a solution
for determining an economic phoductfon rate. Because thegidea of varying
produdtfon rates had not been a major consideration (Beyond data item
1evei) in earlier project office statement of work preparation, and it
would fake approximately two years to integrate a Production Rate Review
requirement into the next contract buy, any current effort would be an
over and above cost to the present contract. The project office was just
completing its first initfal production contract and project officials
could not justify the additional cost. Early planning decisions and cost

versus worth of collected data Ted to the decision to seek out other
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alternatives.

C. TASK ORDER CONTRACTING.

To determine economic production rates independent of ongoing:efforts,
the task order contract offers one of the best solutions. The task order
contract provides the means for the preparer to carefully define controlled
conditions, collect cost data on different prbduction rates, and forecast
intermediate production rate costs. This alternative was proposed. and
favorably received by a project office. Working with the project office,
APRO developed a statement of work to measure the cost effects of different
scheduling techniques and rates of production. The statement of work was
submitted throﬁgh the project office to the contractor with a requast for
bid.

1. Sta*ement of Work. Two statements of work were prepared (Appendix
C). In general, the statements of work tasked the contractor to conduct
a cost analysis and prepare cost estimates for producing missiles based
on five predetermined delivery schedules, each of which had been divided
into six different purchases., After determining the cost estimates, the
contractor was tasked to analyze the delivery schedulez and rearrange the
monthly deliveries to exhibit the best delivery schedule. The third task
required the contractor to prepare cost estimates for each purchase of the
five proposed delivery schedules.

The difference between the two statements of work centered around the
level of detail in describing the cost estimates, One statemeni of work
(Appendix C, page C-7) required one estimate for each purchase of each

delivery schedule, The second statement of work required that each cost
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estimate be broken down into six factors - direct lahor (less overtime),
overtime, material (less subcontracting and inventory), subcontracting,
inventory (or holding), and overhead.

2. Predetermined Delivery Schedules. 1In formulating the delivery
schedules, it was observed that calendar years repeat themselves exactly
every twenty-eight years (see Appendix D, Table D-2). It was also
observed that the number of non-weekend days in any month was deter-

© mined by the number of calendar days and the week day of the first

day (Table 4-1). Noting that the number of non-weekend days varied

TABLE 4-1: Non-Weekend Days Per Month

MONTH WEEK DAY OF 1st
LENGTH

Su Mo Tu We Th Fr Sa

28 20 20 20 20 20 20 20

29 20 21 21 21 21 21 20

30 21 22 22 22 2 21 20

31 22 23 23 23 22 21 2

VPO ZMr O
V<O

from 20 to 23 days, some means had to be developed to reduce the nonweekend
days to work days,

Based on a telephone survey of five government contractors, holidays
and scheduled shut-down periods totaled from nine to 22 ncnweekend days
per calendar year. Two contractors had a scheduled ten day (non-weekend)

shut-down period each year. One contractor had seven holidays and two
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others had twelve. Based on these results, it was decided that actual
work days fdr any contractor had to be determined by an inguiry of that
contractor, |

After securing the holiday/shut-down schedule from the participating
contractor, an analysis was made of the project office planned delivery
schedule. Production rates for ihe last purchase and the next two purchasés
were plotted in Figure 4-2 for analysis. The analysis showed tﬁat the
average daily production rate for the last buy was 10.6 units, the next
buy was to have a 21.9 average daily production rate, and the second buy
would have a 20.2 average dailf.production rate. The jump from 10.6 to
21.9 and the variation of monthly average daily production rates appeared

excessive and could result in higher costs. It was then decided to develop

unique delivery schedules for this effort,

units/work-day 26. 8 !
251 '
|
| |
i I
! i
| . 18.1
151 13. '
! }
| NEXT BUY i 2ND BUY
[
?
S 17.3 : ;
| LAST BUY i !
! . P - o . )
5 15 25
months

FIGURE 4-2: Project Office Planned Production Rates




The project office had formulated deployment levels, the total purchése
quantity and the duration of the procurement., The project office had
30,026 missiles io procure during the next 71 months, and the 71 menths
was to be broken up into six individual contracted buys.

From these guidelines, APRQ developed five different delivery schedules,
The Schedules were entitled "Total,” "75 Pér Cent," “Cut-Back," "25 Per
Cent” and "Minimum." The "Total" delivery schedule represented a procure-
ment of 30,026 missiles during a 71 months period which would be achieved
through six contracted buys. The "75 Per Cent" delivery schedule repre-
sented a procurement of 22,520 missiles. The “Cut-Back" delivery repre-
sented a production rate with an imaginary future funding reduction. A
7,506 missile procurement was proposed as the "25 Per Cent" delivery sche-
dule., The minimum production rate was arbitrarily set at two missiles per
work day as the "Minimum" delivery schedule. Each schedule employed a
transition period to move the contractor's past producfion capability to a
new production rate, Learning curve and “ramp" transition production
rates were evaluated, and the "ramp" method was selected {see Appendix D
for calculation techniques). The "Cut-Back" schedule transitioned to a
steady-state production rate for two buys and then transitioned to a lower
steady-state production rate for the last two buys.

To examine the cost effects of variation in monthly average daily
production rates, five scheduling techniques were employed. They were
called "Project Management Office (PMO)," “Government (GTB,“ "Contractor
(XR)," “Five Per Cent (5%)," and “"Fifteen Per Cent (15%)." The assumption

that there were 21 work days in every calendar month was the basis for PMO
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scheduling. Reducing the monthly non-weekend days by the number of Federal
holidays determined GT scheduling. Scheduling based on the contractor's
actual work days are labeled XR {n Figure 4-3. Scheduling based on the
contractor's actual work days with an induced variation of plus and minus
five per cent was used for 5% scheduling. The same basis as 5% scheduling,
except the induced variation was plus and minus fifteen per cent was used
for 15% scheduling. Uniform rate increases and decreases were used for
all scheduling techniques. The predetermined production rates and schedul-
ing techniques are shown in Figure 4-3. The “spikes" near the beginning
of GT and PMO scheduling were caused by a fifteen-day contractor shut-down
period,

Submitting the statements of work to the contractor with an invitation
for bid proved to be not cost‘effective. llowever, an examination of the
timing (the contractor was in the early stages of initial production)
revealed that task ordering methods could be best applied later in a later
production phase.

D. ELECTIVE SCHEDULING.

When examining the participating project office's delivery schedule
(Figure 4-2), a question was raised concerning the scheduling practices
employed by other project and buying offices. Were other buying activities
“building in" large production rate variations resulting from similar
scheduiing practices, variations which could force the contractor into
higher cost operations (such as overtime, additional shifts, or conversely
idle capacity, 1lay-offs, etc.) for varying lengths of time? These

variations could result in the contractor passing along those high costs
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to the government. These questions suggested APRO should conduct a Survéy
of the results of other project and buying office scheduling practices.
The survey was to determine if the same scheduling practices were
being used by other buyiﬁg activities. Six product delivery schedules
were examined from different buying commands. Systems and secondary itans'
were examined, Average daily production rate varied from as low as 2.8 to
as high as 624.0 units, The results of the survey are shown in Figure 4-4,
Variations in production rates were very high (Figure 4-4), Secondary
ftems seem to have smaller variations, but the larger quantities suggest
machine intensive operations, and hence greater contractor difficulty in
meeting the changing fates. The only possible recourse for the contractor
appears to be “"rate leveling" (produce equa1 numbers, with some deliveries
late and some early), or "advance production® (producing all units and
shipping on schedule). Both of these methods are risky, and under certain
conditions, one could be considered illegal. The project systems have
significant variations in production rate. Some of this variation can be
explained. The two largest variations (2785.9% and 1356.8%) are based on
annual production rates. This fact does not really alter the increased
workload that was placed on the contractdr. or the fact that the contractor
agreed to meet these requirements, The system contractor' seems to be

faced with the same problems as the secondary item producer, and can respond

to the problem in much the same way. \

This problem has been recognized by the Congress, and included in the
FY 1985 Defense Approp~iations Act was a clause which directed buying

offices to provide the offeror an opportunity to propose quantities which

32




RRTE
]
1 I e
15) L [96.9%
[ t{
!
| L]
1
31
]
!
| LoT
o e e e o e s e o o o e
3 9
(a) SYSTEM A
RATE
|
Y
25 I
|
| 27as, 9%
! I
.
128 |
| : L.
;]
[
1 LoT
L e e S e S St s
s 9
(c) SYSTEM B
RATE
!
604
-
| |
| 1336, 8%
i —
10, |
1 !
o
! ;
|
L 1 Lot
D St S D D et
S 9
(@) SYSBTEM C

FIGURE 4-4; Survey of

33

S, Sy .
o e i A i
R S Cn ;

. “\‘
Sl
_ . . L . Lt o

6201 *
§
] 162. 3%
!
{

300)
]
:
|
| Lor
O o o wnmn oo w2 e o e e o e

S 9

(b) SBECONDARY ITEM A

a“ﬂ_r— 1

| 478, 5%

: R

Lar
B e s et ST S
S 9
{(d) BECONDARY ITEM B

RATE

N S B

110.7%

il

n
>
- - o - - - -

LOT
BT T it oo TS
S 9
(f} SECONDARY ITEM C

Production Rate Variations




would be more economical to the government. However, careful examination
of this option suggests that it is not necessarily a solution. From the
potential producer's point of view, what is the incentive? If the offeror
does not ‘meet .all of the bid (or proposal) preparation instructions to the
letter, the buying office could judge the submission non-responsive. To
propose an alternative delivery schedule suggests returning to the original
facts and figures and sorting out opportunities for cost reduction. The
result is a second proposal at a reduced cost to the gnvernment, reduced
contractor sales dollars and reduced contractor profits. Again, hevond a
comp .titive cost position and fear of disqualification from the potential
producer's point of view, what is the incentive?

There is an alternative which would enhance the competitive process
and reduce the variations 1in production rate (which could conceivably
reduce costs). The bid or proposal preparation instructions can specify
the delivery quantity and the period of time in which deliveries would be
made. The offerors can be instructed to propose a least cost delivery
schedule that is within the specified time period and includes the total
quantity. |

This elective scheduling procedure would relieve the buying office
from placing unrealistic production requirements on a contractor, and
provide the contractor with the opportunity of matching his known opera-
ticnal capability to that of the buying office. It would also seem reason-
able to expect a higher probability of successfully meeting the final
contract delivery objectives. However, the government would still bhe

responsible for establishing the purchase quantity and the delivery time
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period, but it would not have to define spacific quantities for each
month. The procedure is very simple and could be applied to many secondary
jtems, as weil as initial production for major systems, and it could even

he used in sole source procurements.
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CHAPTER V .
CONCLUSIONS AND RECOMMENDATIONS |

Determining economic production .rates and possible variations is an i
art and a science that demands considerable study. The concentration of ) ;
this study has been upon the definitions, models and methodologies‘ of
determining production rates. The conclusfons and recommendations of this
study are pased on guidance documents, discussions with government and
industry officials, and an analytical investigation of contracting and
management alternatives.

Present definitions appear to be an outgrowth of an understanding of
contractor operations. They relate to efficiency and capacity of installed
production equipment and special tooling when operated on one or two shifts, P
eight hours a day, and within five-day work-weeks, With the introduction
of new DCSRDA definitions, there is an éttempt to establish a relationship
between production rate and cost. From the research of this study, there
seems to be a cost to establish a production rate, and a cost to maintain
a production rate, The cost of establishing a production rate includes
preparing the design for production release, planning the production opera-
tions, determining the required tooling, buying the materials to construct -
the tooling and products, arranging the facilities, and balancing the
operations through the inftial production period until the desired rate is
achieved. The cost of maintaining a production rate includes the materials, ;

labor, and overhead costs that are necessary to sustain steady-state pro-

duction operations. Once the desired rate (sometimes called the economic
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production rate) has been reached, it is possible that by changing the
volume of contracting out, the amount of overtime, the number of shifts,

/ and the workforce size, one can increase or decrease the production rate

within some limits. What these limits are, and what are the costs asso-
ciated with them dare tne yuewiiuins CCSROA is asking the buying offices.
The present definitions by themselves do not convey this message; however,
the proposed definitions presented here describe the true nature of produc-

. tion rates. These proposed definitions should be adopted and published in
current planning and guidance documents, |

There are many theoretical models which can be useful in computing

cost estimates of cranges in production rates. Most of these models require
some type of data base to support the calculations. The data bases must

normally contain measures of a contractor's operations or some characteris-

A
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tics of the product being produced. These measures are often ‘overhead,

fixed costs, direct and indirect labor, and pounds of product. More often

L Y

than not, it is also desirahle to have the contractor's “learning" rate or

slope to permit production cost calculations. The strength of these models

~a

is their ability to foreccst costs of known products having accessible
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data bases.
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To collect the data for model calculations or to answer DCSRDA data
calls, four major methodologies are available - data items, production
rate reviews, task order contracting, and elective scheduling techniques.
Data items are inexpensive, but must be carefully applied such that mutually
(Army and contractor) understood information will be supplied. The produc-

A tion rate review is fast and would appear to he most accurate, but should
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be integrated into the contract's statement of work for cost control.
Task order contracting provides the greatest independence, versatility,
and control for determining the cost of production rate variations. Eln~c-
tive scheduling offers the highest potential savings for the Army. When
contracting conditions permit, bid and proposal instructions could specify
the total delivery quantity and the months in which deliveries are to be
made. The offerors would then propose a least cost delivery schedule.
Elective scheduling techriques should be tested for both major systems and

secondary items.
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ECONOMICAL PRODUCTION RATES - DEFINITION

’

An eccacmical production rttc;ts on§ vhiéh.-nkca effactive and
eCficleat utilization of existing sanufacturing plant and facillities.
Generally speaking, the higher the rate, the lowver thc.unit peoduetiéa.
cost. Higher rates esable {adustrial producers to: (1) spread t.i.xod'

;_;::_-.nos;a._s:pqginlly overhead L{tems, over larger agumbers of units and/or
(2) use more efficient peoducﬁion techaiques and procezses that are
econoalcally viable only at hi;hch'prodnetica rates and nnd;r the
expectation of stable predictable business contisuing at high rates in

the future.

Economical production rates can be plotted by deriving uait ec<:

versus quantity curves as depicted in Figure 1. The planned or

prograced production rate for a given commodity should fall is the
econonicsl range betwveen points 1 an& 2; a3 close to potn£ 1asts

saffordable but no lower thas point 2.

Raage of Ecczomical
Production - Rate
X | \
Uoit Point ! {
' 3 | |
Cest | ‘
! j
- Point .
NU 8 v
Y ' Poiat
: '.
Quensit
- T a2
- FIGURE 1

N
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At the upper end of the unit cost versus quantity curve, occurs the
aixisua econosical production rate, point 1. Next below i3 the minipua
economical production rate, point 2. At the lover end of the curve,

occurs the ninimum sustaining sate, polnt 3. These pofnts are further

defined as follows:

- com——— . — -l eI o gePn

Petrnt 1. The maxizus econczical rate occurs Just defore tme
er{sting or plhnned plant ecapacity, tooling or test equipaent are
exceeded; {.e., further fncrease i{n quantity fmcurs an }nercasc in

unit cost due to the Lnabdility to amortize further facillization and

rate tooling costs.

Point 2. The minimum econocmical rate occurs at the kuee of the
curve vhile still making effective utilization of existing
panufacturing facilitiss or where further reduction in quantity

tacurs an {nordinate Lncrease in uait cost with an ucacceptable

return on {nvestaent.

fotat 3. The siaimus sustaining producélon rate allovs keeping
peo‘ﬁctioa lines open while maintatining a responsive
vendor/supplier base. This rate can frequently be equated to

' ;atntatnln; a vara production base. AThe aininua sustaining cate {3

not the nininua econbnical productiocn rate and should be used

”

iptrtnsly oa a short term basis until an econozical productioan rate

can be restored.
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An economical rate for many coczodities is one at vﬁich the
tacilitylté operating noainally on 2 one-shift ba;ia. hoveve;, prograas
can be structured to accocaodate different basga.(such as a two-shirt
operat;on). The nominal one-shift loading also accocmodates surge and
gobilization requirements by 1n;feasln; zanloading. The availlﬁility of

' sanpover in requisite numbers and skill levels, the existence of other
* plant loading, such as other 3ysteas produécd at the same cost eentcr;

— ‘- jod  the TIpLUTlity of the fndustrial base including suppliers and

vendors are other factors 4o be coasidered. .

It may be expediunt to produce some subsystems or equipments such:
as those common to a anumber of systems, at a high or ﬁreniua rate to
achieve an efficieat ocutput on the entire system. Conversely, soae

systezms are intrinsically of so high unit cost as to preclude

establiishing an efficient rate for cary cocaponeat ite=s.

An econoaical production profile Cor the FYDP makes use of
prograned tacilization and rate tooling augmentations which are to
.1ncécase capacity in the ocutysars. The planned econorical rate ezploys
\ progr;nad incraases in plant capacity that are cost beneficial, 1.2.,

i\
‘ {ncrecente]l facilization costs result i{n substantial return on

{nvestceat. The economical procuction rate and procurezent profile for

4 . '
the planned {nventory quantity should be determined no later than the

start of engilneering cevelopment.

g
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APPENDIX C

TASK ORDER STATEMENTS OF WORK

1. With Cost Factors

2. Without Cost Factors
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STATEMENT OF WORK

CONTENTS
subject page
wmnv.ll...l.I.I....l'l...lll..'.lllll.“x
Tm!m-....----ov----o.--o--u..-.-o--.u.-o1
PREDETERMINED DELIVERY S8CHEDULES.....2v0:..3

1. 0. MMMARY. The Project Office, with collaboration from the
Army Procuresent Research Office, is investigating the cost sen-
sitivity of manufacturing nmissiles at different production rates.
To accomplish ¢this investigation, five predetermined delivery
schedules (see paragraph 3.0) have been constructed to serve as
the standard for collecting the desired cost data. Each schedule
has been partitionad into six discrete pgurchases. Each hypotheti-
cal purchase will be wmade twenty—-one months before the first
delivery. To assure no production breaks, the second purchase
will be made slaven months after the first, and each of the four
remaining purchases will be sequentially made at twelve month
intervals. From these predetermined delivery schedules, the
contractor shall prepare cost estimates for each purchase in
terms of the present business envirornment. The contractor shall
also analyze each purchase, rearrange the distribution of mis-
siles into a least cost delivery schedule, and prepare correspon-
ding cost estimates. The Project Office and the Army Procurement
Research Office shill snelyze the results to assist in the pre-
paration of budgess, Justifications, and special studies, The
results shall not be used for source selection.

2.0. TABKING. This effort shall have three general tasks. Task
One involves developing cost estimates for a set of five prede-
termined delivery scheduls Task Two involves the definition of
a set of five least cost delivery schadulen for a specific quan—
tity of wmissiles. Task Three is the development of the cost
estimates resulting from the least cost delivery schedules de-
fined in Task Two.

g.1.1. TABK ONE. The contractor shall develop cost estimates
for manufacturing all-up-round missiles at production rates
established by the five predetermined delivery schedules in para-
graph 3.0. The contractor ghall devalop cost estimates for each
of the six purchases of each predetermined delivery schedule in
paragraph 3.08. Each cost estimate shall have six factors: di-~
rect labor (less overtime), overtime, material (less subcontra-
cting and inventory), subcontracting, inventory (or holding), and
overhead.

2.1.2. Quantities scheduled for delivery in a particular month
shall ba considered as accepted F.0.B. at the point of origin on
the last working day of the month. ARAll cost estimate factors
shall be specified in discounted constant year (March, 198%5)
dollars at a ten per cent rate. The sum of the six factors shall
equal the total cost of esach purchase.
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2.1.3. The contractor shall document and report the six cost
factors for each purchase of each predetermined delivery sche-
dule. The documenting format shall be determined by the contrac-
tor, but a clear relationship shall be maintained between the six
factors, ®ach purchase, and each predetermined delivery schedule.
2.2.1. TABK TWO. The contractor shall analyze the monthly
delivery quantities of sach purchase of each predetermined deli-
very schedule .n paragraph 3.0. The contractor shall increase o
decrease the quantity of missiles scheduled for delivery during a
particular month to define a set of least cost delivery sche-
dules.

2.2.2. Quantities scheduled for delivery in a particular month
shall be considered as accepted F.0.B. at the point of origin on
the last working day of the month. Each least cost delivery
schedule shall be partitioned into six purchases corresponding to
the six purchases of the predetermined delivery schedules in
paragraph 3.0. The first purchase of each least cost delivery
schedules shall be considered a transition purchase from the
currant contractual production rate to a new level of production.
The fourth purchase of the "Cut-Back" least cost delivery sche-
dule shall be considered a transition purchase from the twelve
missile per day average oroduction rate of purchase three (and
two), to the production rate of purchase five (and six). The
quantity for the "Total Buy" least cost delivery schedule shall
not exceed 28,800 missiles. The quantity for the "73%X" least cost
delivery schedule shall not exceed 22,308 missiles. The quantity
for the “"Cut-Back" least cost delivery schedule shall not exceed
16,208 missiles. The quantity for the "25%" least cost delivery
schedule shall not exceed 9,400 missiles. The quantity for the
"Minimum" least cost delivery schedule shall not exceed 4,300
missiles. The number of months in a purchase shall not be in-
creased or decreased, and the chronology shall not be altered.
2.2.3. The contractor shall also develop the least cost "award"
leadcime (the length of time, in months, from a purchase to the
delivery of the first lot) for each of the six purchases of each
of the five least cost delivery schedules.

2.2. 4, The contractor shall document and resort a least cost
"award” leadtime and monthly delivery quantities for each pur-—
chase of each of the five least cost delivery schedules. The

documenting format shall be determinaed by the contractori howe-

ver, a clear relationship betweem leadtime, month, year, quanti-

ty, purchase, and schedule title shall be maintained.
2.3.1. TABK THREE. The contractor shall develop cost sstimates
for producing the five least rost delivery schedules defined in

paragraph 2.2.1. The contractor shall prepare cost estimates
for each purchase of each least cost delivery schedule defined in
paragraph 2.2.1. Each cost estimate shall have six factors:

direct labor (less overtime), overtime, material (less subcontra-
cting and inventory), subcontracting, inventory (or holding), and
overhead.

a. 3. 2. Quantities scheduled for delivery in a particular month
shall be considered as accepted F.0.B. at the point of origin on
the last working day of the month. All coat estimate factors
shall be specified in discounted constant year (March, 1398%)
dollars at a ten per cent rate. The sum of the six factors shall

}
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equal the total cost of esach purchase of each least cost delivery
schedule.

2.3.3. The contractor shall document and report six cost factors
for each purchase of sach least cost delivery schedule defined in
paragraph 2.2.1. The documenting format shall be determined by
the contractor, but a clear relationship between each purchase of
each least cost delivery schedule and the six factors shall be

maintained.

3.8. PREDETERMINED DELIVERY SCHEDULES. There are five predeter-
mined delivery schedules which have bheen entitled: Total Buy,
79%, Cut—-Back, 235% and Minimum, Each predetermined delivery
schedule has bean partitioned into six purchases. Each pur-
chase is representative of a "contract award" and has an awavd
leadtime of twanty—-one months.

3.1. PURCHAEBE ONE. Awarded Feburary, 198S5.

DELIVERIES
PRI TSRS IS AT ILTALS AT ST AL AT NL TSI AT LTSRS EATAIL IR L LY
® BOUND = SCHEDULE QUANTITIES »

Lo 22 ad 2 22 22 s 22 a2 e el ot 2lag 2ot il 2222 te)

#® TARBET ¢ TOTAL | 7S PER I CUT- | 23 PER | MIN~ »
# DATE 1 BUY ! CENT | BACK | CENT | IMUM +«
HEmsmsemean § + + + + »
#+ DEC 86 : 246 | 239 | 238 i 225 | 228 »
% JAN 87 1 314 | 297 | 237 1 264 | 251 »
« FEB 87 309 | 283 | 270 | 238 | 219 »
® MAR 87 351 | 316 | 294 | 247 | 219 »
* APR 87 345 | 304 | 278 | e21 | 188 »
* MAY a7 1 339 1| 292 | 261 | 177 | 159 »
# JUN 87 1 384 | 323 | 284 | 202 | 153 »
* JUL 87 395 | 326 | 281 | 187 1 132 »
® AUB 87 ¢+ 388 | 313 | 265 1. 164 | 185 =
#* SEP 87 » 398 | 315 | e62 |- 138 ) 84 »
« OCT 87 428 | 333 | 272 1 142 | €6 =
BRBRR R BRBRRBARRBERRRRRERPRBEBRARRRRRRERBBRRRRRRRRERER
- SUM # 3897 | 3343 | 2989 | 2217 | 1796 »

Lo s c a2 222222ttt el ol et 222Xl

58




3.2. PURCHABE TWO. ARAwarded March, 1986.

DELIVERIES
Lo 22 s sttt o 2 22222 a2ttt a2t a2 2l Xl
# BOUND » SCHEDULE QUANTITIES S
Lo a2 222 22 2222222222222 22T RS R S S S 222yt
# TARGET : TOTAL | 79 PER | CUT- | 25 PER | MIN- =
# DATE 1 BUY I CENT 1+ BACK | CENT | IMUM =
H DB WA § == = e o o o = + L *
#* NOV 87 379 | 289 | 232 | 189 | 38 =
* DEC 87 1 339 | 259 | 207 | 98 | 38 »
* JAN 88 : 339 | 305 | 244 | 115 | 43 =
# FEB 88 : 419 | 320 | 256 | 121 1 42 =
* MAR 88 : 459 | 350 | 281 | 133 | 46 *
# APR 88 : 3939 | 35 1 244 | 115 | 40 %
* MAY 88 : 419 | 320 | 236 | 121 | 42 =
# JUN 88 : 439 | 333 | 268 | 127 1 44 »
» JUL 88 1 3399 | 305 i 244 | 115 | 40 =
# RAUG 88 459 | 350 | 281 | 133 | 46 »
*» SEP 88 : 413 320 | 2%6 | 121 1 42 »
* QCT 88 : 419 i 320 | 236 | 121 | 42 =
(A2 2L A 2222222 2222222222222 XXX 22X X222ttt}
* SUM = 4548 | 3778 ) 3025 | 1429 | 496 *»

a2 2222 222 22 Xt a2 Xt 2 S Y 2as L)

3.3. PURCHRSE THREE. ARwarded March, 1987.

DELIVERIEC
L2 s 2 A Rl S a2l 22222222t 22 222 X 222222l ]
* BOUND = SCHEDULE QUANTITIES ' »
(2 AR 22 RS 22 XX RS2 L2 A2 2222 sttt sl 2t 2
* TRRGET : TOTAL | 75 PER | CUT- | 25 PER | MIN- »
* DATE 3 BUY I CENT | BACK | CENT 1 IMUM =
$EEDNNMTE e - dp - - Lt + *
* NOV 88 : 413 | 3285 | 252 | 133 | 42 =
» DEC &8 : 413 | 320 | 252 | 78 | 30 =
* JAN 89 : 413 | 320 | 252 | 139 | 44 =
* FEB 89 : 413 289 1| 252 | 98 | 38 =
* MAR 89 413 | 350 | 252 | 152 | 48 =
* APR 89 : 413 | 305 | 252 | 93 | 36 =
* MAY 89 : 413 | 335 | 252 | 146 | 46 =
* JUN 89 : 413 ) 335 | as2 | 108 | 42 »
» JUL 89 : 413 305 | 25 | 133 | 42 =
* AUG 89 413 | 350 | 252 | 113 | 44 »
*» SEP 89 : 413 | 305 i 252 | 133 42 »
#» OCT 89 : 413 | 230 | a2sa | 168 | 42 =
LA A a2 2 22 a2 22222 S RS R YRS S22 2 2 LYY
*  SUM # 4956 | 3749 | 3024 | 1434 | 496 »

b A AL R LR LIRSS 2RSS LS SIS RS ST LY 2L
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3. 4.

LK R BE JE IR 2R I B I N

PURCHRASE FOUR. Awarded March, 1988.
DELIVERIES

T T T T I e Ty Y T T T T
# BOUND # SCHEDULE QUANTITIES *
T Y e YTy T X T B gy R Y Y s s ST
#* TARGET ¢ TOTAL | 7S PER | CUT- | 25 PER | MIN~ =»
DARTE : BUY I CENT | BACK | CENT | IMUM +«
= =3 o o s o a a + + ——
NOV 89 : 399 | 320 | 239 | 119 | 48 =
DEC 89 : 399 | 217 1 176 | 119 | 26 »
JAN 90 : 439 | 352 | 252 | 119 | 51
FEB 9@ 1 379 | 289 | 324 | 119 | 34 =
MAR 90 1 439 | 352 | 241 | 119 | S1  »
APR 90 419 | a9 | 214 | 119 | 34 »
MAY 90 : 439 | 3%2 | a3a | 119 | 51 =
JUN 9@ 1 419 | 304 | 215 | 119 | 36 »
JUL 90 1 419 | 336 | 210 | 119 | 48 »
AUG 99 1 459 | 333 | 224 | 119 1| 39 »
SEP 90 379 | 304 | 180 | 119 | 44 »
OCT 90 : 439 | 333 | 213 | 119 1. 39 »
E S T T R Y T TR R T EE T Y P T
* SUM = 5028 | 3781 | 2618 | 1428 | 499 »

b2 222 22 2 2Lt 22 Al sttt ittt it et DY

PURCHASE FIVE. Awarded March, 1989.

DELIVERIES
(2222222t ittt 2l
# BOUND = SCHEDULE QUANTITIES »
EL i a2 2Rl at Ry 2 22222 2222Z2%22.2
# TARGET ¢ TOTAL 1| 75 PER | CUT- | 25 PER | MIN- =
# DATE : BUY ! CENT | BRCK | CENT | IMUM *»
HBERT DR 3 - -+ -+ +* + »
* NOV 90 3 419 | 352 | ige | 115 1 41 =
#» DEC 99 : 284 | 194 | 135 | 115 1 41 »
* JAN 91 : 461 | 383 1 198 | 127 | A1 =
# FEB 91 : 379 | 239 | 180 | 109 | 41 =
# MAR 21 : 440 | 368 189 | 121 | 41 »
* APR 91 : 398 | 272 | 189 127 | 41 »
# MAY 91 : 461 | 385 | 198 | 127 | 41 =
* JUN 91 : 379 1 259 | 18e | 115 1 41 =
*» JUL 91 @ 461 | 385 | 198 1| 127 1 41 »
* AUG 91 : 417 | 285 | 198 1 127 | 41 »
* SEP 91 413 | 350 i 180 1 115 | 41 =
# 0CT 91 : 436 | 238 | 207 i 127 | 41 =
L2222 2222222 IS 2 Y2l sty LY )
* SUM » 4554 1 3730 | 2232 | 1452 | 492 =

k2 AL 222222t 222 222222t 222 e T ]
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PURCHRSE SIX. Awarded March, 199@.

S DELIVERIES
IS EIT SR L SIS IS SR LSS ES LT EEEES T LT 22T
* BOUND = SCHEDULE QUANTITIES *
36 9 2 I 3 W I3 I I I W W I I I A I W WP I I I I I AN I
# TARGET : TOTAL | 7S PER | CUT- | 25 PER | MIN~ =*
#* DATE : BUY I CENT | BACK | CENT | IMUM =
FESRIEID_ Y e —————— o o s e s v e e o s e e s i e e e e s e o e o o e *
# NQV 91 : 436 | 215 i 186 1 115 | 38 =
# DEC 91 : 271 } 315 186 | 88 1 42 *
* JAN 92 : 505 | 313 | 186 | 133 | L4 »
* FEB 92 : 339 | 315 | 186 i 109 | 38 =
# MRR 392 : 503 | 215 | 186 | 123 1 44 =
* APR 92 : 356 | 3L ) 186 | 115 | 44 »
* MAY 92 4359 | 315 | 186 | 121 | 49 *
* JUN 92 : 373 | 315 | 186 | ize | 44 ®
# JUL 92 : 505 | 315 | 186 | 133 | 44 »
* AUG 92 3 356 | 315 | 186 | 115 | 42 #
* SEP 92 : 462 | 315 | 186 | 127 | 42
* OCT 92 : 373 ! 315 186 | 128 |- 42 »
363 I Sk 3 3 I B I I W I I I I I I I I I I A I I A 1S 26 I I W W AR
* SUM = 4960 | 3780 | 2232 | i429 | S04 =

33 F I I I I I I I I I A He W Fe I AE I I A W I I I I H 3R eI I I E I I N
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subject page
SUMMARY. cccvecnsnacnscssncscscassonosnanascal

TRSKING. v eevescccncasvesacssonncsonnsnssasasosnl

PREDETERMINED DELIVERY SCHEDULES....20002..3

1.0. SUMMARY., The Project Office, with collaboration from the
Army Procurement Research Office, is investigating the cost sen-
sitivity of manufacturing missiles at differant production rates,
To accomplish this i1nvestigatiorn, five predetermired delivery
schedules (see paragraph 3,Q2) have been constructed to serve as
the standard for collecting the daesired cost data. Each schedule
has been partiticned into six diccrete purchases. Each hypotheti-
cal purchase will be made twerty-crne mornths before the first
delivery.,. To assure no production breaks, the secand purchase
will be made eleven months after the first, and each of the four
remaining purchases will be sequentially made at twelve mcnth

intervals. From these predetermined delivery schedules, the
contractor shall prepare cost estimates for each purchase in
terms of the present business envirornment. The contractar shall

also analyze esach purchase, rearrange the distribution of nis-
siles into a least cost delivery schedule, arnd prepare correspon—
ding cost estimates. The Project Office and the Army Procurement
Research Office shall analyze the results to assist in the pre-
paration of budgets, Jjustifications, anrd special studies. The
results shall not be used for source selection.

2.9. TRABKINGB. This effort shall have three general tasks. Task
One involves developing cost estimates for a set of five prede~
termined delivery schedules, Task Two involves the definition of
a set of five least cost delivery schedules for a specific quan-—
tity of missiles. Tatk Three is the development of the cost
estimates resulting from the least cost delivery schedules de-~
fined in Task Two.

2.1. 1. TAS8K ONE. The contractor shall develop cost estimates
for manufacturing all-up-round missiles at production rates:
established by the five predetermined delivery schedules in para-—
graph 3.9. The contractor shall develop cost estimates for each
of the six purchases of each predetermined delivery schedule in
paragraph 3.0. 2.1.2. Quantities scheduled for delivery in a
particular month shall be considered as accepted F.0.B. at ¢the
point of origin on the last working day of the month. All cost
estimates shall be specified in discounted constant year (March,
1985) dollars at a ten per cent rate.

2.1. 3. The contractor shall documernt and report the six cost
estimates for each predetermined delivery schedule in. paragraph
3.0. The documenting format shall be determined by the contrac-
tor, but a clear relaticnship betweerr each predeternined deli-
very schedule and the six cost estimates shall be maintairned.
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2.2.1. TASK TwWO. The contractor shall analyze the monthly
delivery quantities of each purchase of each predetermined deli-
very schedule in paragraph 3.0. The contractor shall increase or
decrease the quantity of missiles scheduled for delivery duiring a
particular month to define a set of least cost delivery sche-
dules. : ’

2.2.2. Quantities scheduled for delivery in a particular month
shall be considered as accepted F.0.B. at the point of origin on
the last working day of the month. Each least cost delivery
schedule shall be partitioned into siu purchases corresponding to
the six purchases of the predetermined delivery schedules in
paragraph 3.0. The first purchase of each least cost delivery
schedules shall be consicered a transition purchase from the
current contractual production rate to a new level of production.
The fourth purchase of the "Cut-Back" least cost delivery sche-
dule shall be considered a transition purchase from the twelve
missile per day average production rate of purchase three (and
two), tc the production rate of purchass five (and six). The
quantity for the "Total Buy" least cost delivery schedule shall
not exceed 28,800 missiles. The quantity for the “75%" least cost
delivery schedule shall not exceed 22,300 missiles. The quantity
for the "Cut-Back" least cost delivery schedule shall not exceed
16,200 missiles. The quantity for the "25%" least cost delivery
schedule shall not exceed 9,400 missiles. The quantity for the
"Minimum" least cost delivery schedule shall not exceed 4,300
missiles. The number of months in a purchase shall not be in-
creased or decreased, and the chronology shall not be altered.
2.2. 3. The contractor shall also develop the least cost “"award”
leadtime (the length of time, in months, from a purchase to the
delivery of the first lot) for each of the six purchases of each
of the five least cost delivery schedules.

2.2 4. The contractor shall document and report a least cost
"award" leadtime and monthly delivery quantities for sach pur-—
chase of the five least cost delivery schedules. The docu-

menting format shall be determined by the contractori however, a
clear relationship betweem leadtime, month, year, quantity, pur-
chase, and schedule title shall be maintained.

2.3. 1. TABK THREE. The contractor shall develop cost estimates
for producing the five least cost delivery schedules defined in
paragraph 2.2.1. The contractor shall prepare cost estimates
for each purchase of each least cost delivery schedule defined in
paragraph 2.2.1.

2.3.2. Quantities scheduled for celivery in a particular month
shall be considered as accepted F.0.B. at the point of origin on
the last working day of the month. RAll cost estimates shall be
specified in discounted constant year (March, 19835) dollars at a
ten per cent rate.

2.3. 3. The contractor shall document and report six cost esti-
mates for each least cost delivery schedule defined in paragraph
2.2.1. The documenting format shall be determined by the contra-
ctor, but a clear relationship between each cost estimate, pur-=
chase and each least cost delivery schedule shall be maintained.

3.0, PREDETERMINED DELIVERY SCHEDULES. There are five predeter-
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mined delivery schedules which have been entatled: Total
75%, Cut-Back, &235% and Minimum. Each predetermired del
schedule has been partitioned i1nto six purchases. Each

chase® is representative of a "contract award” and has an

leadtime of twenty-one months.
3.1. PURCHAEE ONE. Awarded Feburary, 1985.

: DELIVERIES
TR R T R R T R T R AR I TR YT NIRRT Y T
# BOUND SCHEDULE QUANTITIES #*
R Y Y Y YIS R T TSI ST YRR
# TRARGET : TOTAL | 75 PER I CUT- | 253 PER | MIN-
# DATE 1 BUY I CENT I BRCK | CENT | IMUM =
*--------’ ———————— o i o . e e 2 A e e oy g e i e e o n o e G e e o »
# DEC 86 246 | 239 | 235 | 225 | 220 »
# JAN 87 : 314 | 297 | 287 | c64s | aS51 =
#» FEB 87 1 309 | 285 | 279 | 238 | 219 »
# MAR 87 1 331 | 316 | 294 | 247 | 219 =
* APR 87 343 | 394 | 278 | 221 | 188 =
# MAY 87 1 339 | 292 | 261 | 177 1 159 =
#+ JUN 87 1 384 | 323 | 284 | 2ea | 153 =
#* JUL 87 1 395 | 326 | 281 i 187 i 132 »
* AUG 87 : 388 | 313 ! 2635 | 164 | 105 =
* SEP 87 1 398 1 315 | eee | 15e | 84 »
#» OCT 87 1 428 | 333 | 272 | 142 | 66 =
22T IR SIS S ST ATR LSS ILLL ST FLYLI AL R LY T TN
* SUM = 3897 | 3343 | 2989 | 2217 1 1796 =

L2222 sl 2233222222222 2 2222222222222 il Ly ]

3.2. PURCHRAZE TWO. Awarded March, 1386,

DELIVERIES
(2222222222222 22222 2 RS T2 X222 RS S-S RS R S Y Y T Y ]
#+ BOUND # SCHEDULE QUANTITIES *
2222222 T 2222222222222 S LS R T L RS2SR 2 L L )
# TARGET 3 TOTAL | 75 PER | CUT- | 25 PER | MIN- =»
# DATE : BUY ! CENT | BACK | CENT | IMuM =
HER BV IR 5 = = = o e e o o v e — - v ot v e e it = P e e i s e o »
#+ NOV 87 : 279 i 289 |1 232 1 19039 | 28 «
# DEC 87 : 339 | 259 | 207 | 98 | 28 =
# JAN 88 3 399 | 308 | 244 | 115 | 40 =
+ FEB 88 i 419 | 320 | 256 | 1e1 1 42 =
# MAR 88 459 | 350 | 281 | 133 1 45 #
* APR 88 : 359 | 205 | 244 | 115 40 »
*+ MAY 88 1 419 | 320 | 2%5 | 121 1 42 »
* JUN 88 439 | 33% | 268 | 127 1 44 =
* JUL 88 : 393 | 305 | 244 | 115 | 4Q =
*+ AUG 88 : 453 | 350 . 281 | 133 | 4w »
# SEP a8 : 413 | 323 | 256 | 121 | HLe =
# OCT 88 419 | 320 | 256 | 121 1 42 =
L2 222222 22 222222222222 LY R LR R LR YRR P LY PR Y
»* SUM #4948 | 3778 I 3025 | 1423 | 496 »

L2 d A s s Al Sl 2L 2R RS2 RS S E 2RSSR RSS2SR X222 RS R TR 2 Y S

Buy,
ivery

pur-
award
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3.3. PURCHASE THREE. Awarded March, 1987.

DELIVERIES

2222222222222 2222222222222 YR Y22 T TRty y-2 2 YY)
# BOUND « SCHEDULE QUANTITIES »
BB RERRUNRRRRRRRRR RN R ERRE SRR NERNEEEEHNEESN
» TARGET 1 TOTAL | 7S PER | CUT- | 25 PER | MIN- =«
# DATE : BUY I CENT 1| BACK | CENT | IMuM =
Smn= =y — + + + *»
* NOV 88 : 413 | 305 | 2%2 | 133 1 42 =
« DEC 88 1 413 | 320 | 2%s2 | 78 | 30 »
» JAN 89 : 413 320 | 2s2 | 139 | 44 »
® FEB 89 : 413 | 289 | 252 1 98 i 38 »
# MAR 89 : 413 | 350 | 2s2 | 152 | 48 =
# APR 89 : 413 | 305 | 252 | .93 | 36 =
» MAY 89 3 413 | 335 | 252 | 146 | 46 w
: # JUN 89 : 413 | 335 | 252 | 188 | 42 =
* JUL 89 1 413 | 305 | 252 | 133 | 42 =
* AUG 89 1 413 | 350 | 252 | 113 1 VO
* SEP 89 413 | 305 | 2s2 | 133 | 42 =
» OCT 89 : 413 | 230 1 252 | 108 | 42 =
(22222 2222222222 2222 22T R YT R ey syt ety Ry
# SUM # 4956 | 3749 | 3024 | 1434 | 496 =

LA d A dd s sl el sl s d sl Lol s a2l st al syl t)

3.4. PURCHASE FOUR. Awarded March, 1988,

DEL IVERIES
LA A A A A sl A2 il Rl Yot 2l a2 22 eZd Rt
# BOUND = SCHEDULE QUANTITIES *
RRRRBRSBRRBRRRERRERS RSB RRBBRRRRDRERRRRBRREN RN RERRR
# TARGET : TOTAL | 73 PER | CUT- | 25 PER | MIN- »
# DRTE 11 BUY I CENT | BRCK | CENT | IMUM =
#m= mm g - + + + »
# NQV 89 : 399 | 320 i 239 1 119 | 46 »
# DEC 89 : 399 | 217 | 176 | 119 1 26 »
* JAN 90 : 439 1+ 332 | 252 | 119 | S »
# FEB 9@ : 379 | 289 | 324 I, 119 | 34 =
* MAR 9@ : 439 | 352 | 241 | 119 1 S1 =
* APR 9@ 3 419 | 289 i 214 | 119 | 34 »
* MAY 9@ : 439 | 352 | a23e | 119 | S1 o«
#* JUN 9@ 3 419 1 304 | 213 | 119 | 36 »
* JUL 9@ : 419 | 336 | 218 | 119 1| 48 =
* AUG 99 459 | 333 | 224 | 119 | 39 =
# SEP 90 : 379 | 304 | 180 | 119 | 44 w
#» OCT 90 1 439 | 333 | 213 | 119 | 39 »
bt A g A A2 A3 A el s s Tttt t 222l
» SumM « 35028 1+ 3781 | 2618 | 1428 | 499 =

badad s 222 2 A2 2222222 TSI AT S ST R 2 2L 2L SN2
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3. 3.

3.6.

PURCHABE FIVE. ARwarded March, 1989.

DEL IVERIES
SRR I 0 S0 I 0003 000000 00 S0 S 300 30 3 30903 300 00 0 00 00 0 0
® BOUND » SCHEDULE QUANTITIES »

Lad o aaa ol ol dd d el ol sl sl oot sl il og sttt il ottty

LR N EEE RN E NI

* TARGET 1 TOTAL | 7S PER | CUT~ | 25 PER | MIN-

® DATE 1 BUY I CENT 1 BRCK | CENT | ImMum

» ey + + + +*

* NOV 90 : 419 | 35¢ | 180 1 115 1 41

*+ DEC 90 284 | 194 | 135 | 113 I 41

® JAN 91 3 461 | 385 1 198 | 127 | 41

« FEB 91 379 1 239 | 180 | 109 | A1

* MAR 91 1 449 | 388 | 189 | 121 ) 41

* APR 91 398 | e7re | 189 | 127 | 41

» MAY 91 3 461 | 3835 | 198 1| 127 | L1

®* JUN 91 3 379 | 259 | i8e | 115 1 41

* JUL 91 461 | 3835 ¢ 198 | 127 1 L2

® AUG 91 417 1 283 | 198 1 127 | 41

» BEP S1 3 419 | 3% | 180 | 118 | 41

* OCT 91 436 | 298 | 207 | 127 | 41

Lo o g a0l dd s ol 2l el dl ot a2l ot ittt 2ttty
» SUM # ASSA | 3790 | 2232 | 1452 | 492 »

Lo s sl s ol los td sl el ol e st ittt ot el a2ttty

PURCHABE S8IX. Awarded March, 1990.

DELIVERIES
R BRR BB BT BRI RTG530 309 230 200300 08 2 4 30 3530 30 3 4 30 04
# BOUND += : SCHEDULE QUANTITIES »
RRRBRR BB TSI D 355302030 39000 304505030 363000 4 A 362 2 %
* TARGET : TOTAL | 73 PER | CUT- | 23 PER | MIN- »
# DRTE : BUY | CENT | BACK | CENT i IMUM =
» + +* + + -
# NOV 91 3 436 | 315 | 186 | 115 | 38 =
#* DEC 91 1 271 | 313 1 186 | a8 | 42 »
#* JAN 92 1 305 | 315 | 186 | 133 | 44 =
* FEB 92 1 339 | 315 | 186 | 109 | 38 «»
* MAR 92 505 | 313 | 186 | 133 | 44 =
* APR 92 1 336 | 315 | 186 ! 115 ) 44 =
® MAY 92 13 4359 | 315 | 185 121 1 49 »
#* JUN 92 3 373 | 3135 | 186 | 120 | 44 »
* JUL 92 1 305 1 315 | 186 i 133 | 44 =
* AUG 92 356 | 315 | 186 I 115 | 42 =
* SEP 92 1 482 1 315 | 186 | 127 | 42 =
#* OCT 92 373 | 3135 186 | 120 | 42 =
LAl el s s ol 2 S22 22 a2 2 2RSS LTI AL L SN Y S ALY
» SUM =» 4960 | 3780 | 2232 | 1429 | S04 =

RBERBBRBRRBRBRRBRRRRBRRRRRRBRRRSRRRRRRRRRRRERRRRRERRE AR
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INTRODUCTION.

The formulation and solution of a delivery schedule involves answering
some very basic questions, fitting those answers to a specific producer,
and working out the detail delivery quantities. 1lhese three procedures are
described here as Defining Parameters, Establishing Work-Days, and Deter-
mining the Delivery Scheduie; Within each procedure is a general solution
which outlires the_assumptfons and derivation Qf the analytical equations,
and an illustrative example to demonstrate the practical application. A
method for determining-initial production delivery quantities is also pro-

vided.

" D.1. Defining Parameters. The first step in developing a plan to conduct
a major system acquisifion, is to investigate and define two general para-
meters., How many items are to be purchased, and at what time should they
be purchased. With the determination of the purchase quantity, different
contracting events must be carefully qualified and designated.

D.1.1. General Solution,

D.1.1.1. Determine N, the total number of units tb be pur:hased during the
life of the project, o

D.1.1.2. Establish ta,:q target month and year for award of the first
production contract,

D.1.1.3. Set ty, a target month and year for delivéry of the first
initial production lot.

D.1.1.4. Select t., a target month and year for delivery of the last
initial production lot.

D.1.1.5, Choose t4, a target month and year for delivery of the last

production lot,
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D.1.1.6. Summarizing the results: N units are to be bought and delivered
during ty through tq. Production deliveries will begin at tp, and initial
production will end with delivery of the lot at t.. Figure D-1 shows the

time based position of the defined contract events.

Produce N Units

Contract Initial
Award Production

cctavnvacwscnnewnsw bosnvacvvsace cocetocsccescccnn --u—---o--------ooo--“-’T1me
ta ty te tyq

Figure D-1: Project Execution Time Line

D.1.2. ITlustrative Example.

D.1.2.1 Following discussion with the notential tester, potential user,
and other missile project office officials; and, totaling their antici-
pated requirements, the total number of missiles to purchase is set at
40,000,

D.1.2.2. Considering the present missile's technology maturity, how well
full scale development testing has bheen going, and the expected time
necessary to prepare and negotiate a sole source contract, establish a target
contract award date of November 1985,

D.1.2.3. Judging the leadtimes of various materials and electronic compon-
ents, and contractor discussions of integration time periods, set the last
contractor work-day of July in 1987 as the delivery date for the first
initial production lot.

D.1.2.4. Since most initial production periods for other missile systems

have varied from ten to thirty-two months, and this missile has high
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congressional attention, select the last contractor work-day in November
of 1988 as the delivery date of the last initial production lot.

D.1.2.5. Checking with other missile project offices reveals that pro-
duction rates vary from 150 to 1800 units per month. 3ubtracting 20% of
the total buy for initial production, and dividing the remainder by 800
missiles per month, yields an approximate 40 month steady-state production
period after jnitia] production, Therefore, set the last contractor work-
day in March of 1992 as the delivery day for the last production lot.
D.1.2.6. Summarizing i~ terms of Figure D-1:

N = 40,000 missiles

ta = Nov 85
tp = Jul 87
te = Nov 88
tg = Mar 92

D.2. Establishing Work-Days. With the determination of the total number

of units to be purchased and target dates for significant events, the
establishment of a contractor's work-day schedule is necessary to con-
trol the production rate and set monthly delivery quantities. To control
the production rate from ty (Jul 87) through tq (Nov 92), contractor holidays
and scheduled shut-down perinds must be deducted from the non-weekend days
for each month.

D.2.1. General Solution,

D.2.1.1. Contact the sole source contractor and determine the holidays (hi)
and scheduled shut-down periods (s;) from ty, thrcugh ty. Also, determine if
it is the contractor's policy that if a holiday occurs on a weekend it is

observed on the nearest non-weekend day.
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D.2.1.2.

Using the data collected from the contractor (in paragrabh D.2.1.1)

and Ta>le D-2, construct a contractor project workday schedule {see Table

D-1). Wnere Wj = 15 - (wj + hj + sj) for i ranging from b through d.

Table D-1: Contractor Project Work-Cay Schedule

I I | T 1 | |

month, i b b+l c-1 c i c+l d-1 d
calendar days, 15 | 1 | Tps Tea1!l ¢ | Teal Tg-1 | 14
weekend days,w; Wh | Whael Weoll We | Wesl wd-1 | wq |
‘holidays, hj Ry | hh+l he-1] he | he+l hd-1 | hg
shut-down days,sj | Sy | Sh+i Sc-1l Sc | Sc+1 Sd-1 | Sd
work-days, Wi Wo T Wpat 1o TWeql We T Wegyloo.] Wy | W

D.2.2.

D.2.2.1.

the cont
a.

b.

I1lustration Example.

The following holidays and shut-down periods were secured from
ractor:
New Year's Day (1 January)
Gnod Friday (third Friday in April)
Memorial Day (28 May)
Labor Day (3 September)
Independence Nay (4 July)
Thanksgiving Day
day after Thanksgiving Day
Christmas Eve (24 December)
Christmas Day (25 Decemher)

New Year's Eve (31 December)
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k. Two week shut down period {last full week in July plus all or a
part week in August

1. Holidays occurring on weekend days are observed on the nearest non-
weekend day
0.2.2.2. From Table D-2 construct a workday schedule (Table D-3). From
Table D-2 locate the desired year and month, sum the non-weekend (Wk)
and weekend (wi) days and record it in the calendar days square of Table
D-3. Observe the weekend days (wi) in Table D-2 and record that value in
the corresponding square of Table D-3. Distribute the holidays and shut-
down periods into the appropriate squares of Table D-3. Sum the shut-
downs, holidays and weekend days, subtract that sum from the calendar

days, and enter the resulting workdays in the appropriate month of Table

0-3.
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TABLLE D-2+ MONTHLY Wk AND wi FOR A 280 YEAR PERIOD

Tk kkdhkhkhkhkhkhkhkhkkhkhkhkhhkhkhhkhhkkkhkhkkhkkhhkhrkhhkkhkhhkhhhkkkhkkhbhhhkhkhkrhkkkkkkrihik
*fEAR: 1652, 1980, 2003, 2036, 2064, 2092, 2120, 2148, 2176, 2204*
*MON:  JAN FEB MAR  APR  MAY JUN JUL AUG SEP OCT NOV DEC *
*1st:  Tu Fr Sa Tu Th Su Tu Fr Mo We S&a Mo *
*wk 23 21 21 22 22 21 23 21 22 23 20 23 *
*wi: 3 8 10 8 9 9 g 10 8 8 10 8 *
khkhkxhhkdhkdkhkhhkhkhkhhkhkhkhhkhkhhkhkhkAkhkhhhkhkrhkhrkkAhhkhkhkkkhhkhkkhkhhkkkhkhkhkkkhrhkhkkihkk
*YEAK: 1953, 1981, 2009, 2037, 2065, 2093, 2121, 2149, 2177, 2205*
*M0N:  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *

*Ist: TIn Su Su ‘le Frr Mo Ve Sa Tu Th Su Tu =*
WK 22 2n 2 22 21 22 23 21 22 22 21 23 *
i 3 8 9 3 10 8 8§ 10 8 9 9 8 *

ek e dr e e de ke de g d dede ke de ok g e kX dok de ok e de ke ke e de g e e e ek ek e de e ok e de & e ke e ke e vk ok e de ek ke ek ke ke e

*YcAR: 19%4, 1982, 2010, 2038, 2066, 2094, 2122, 2150, 2178, 2206*
*MON:  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Fr Mo Mo Th Sa TJu Th Su We Fr Mo We *
*yre s 71 20 23 27 21 22 22 22 22 21 22 23 *
Wi 10 f ] 3 10 8 9 9 8 10 8 g *
k* rhkkkhkhkhkhhbhkhkkdrhhhhkkhkohkhRhkrhkkhkkhkkhhkhkrhkhkhkhkkkkkhkkrhkikhkirkrhkkkhkhkkkk
“TeAR: 19%5, 1933, 2011, 2039, 2067, 2095, 2123, 2151, 2179, 2207*
*MIN: JAN FER MAR  APR  MAY JUN JUL AUG SEP OCT NOV DEC *
*1or: Sa Tu Tu Fr Su e Fr Mo Th Sa Tu Th *
LT 21 20) 23 21 27 22 21 23 22 21 22 22 *
e 10 b 8 9 9 3 10 8 8 10 8 9 =*
I de i de d ki ke kodede ko deokode e de g de e dode ok ke k4 de e e A e Kok e e dede ik ke de ek ke ke e e de ok ke e de de e dr e ke de e de ek
“(TAR: 1956, 1984, 2012, 2040, 2068, 2096, 2124, 2152, 2180, 2208*
*MON:  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
f1av Sy We Th Su Tu Fr Su We Sa Mo Th Sa *
Yy 27 21 22 21 23 21 22 23 20 22 22 21 *
‘wi 9 ] 9 9 8 9 9 8 10 8 8 10 =~
-~'kkkk****)k*****&k**{k*************************************k*****
R 1987, 1985, 201, 2041, 2069, 2097, 2125, 2153, 2181, 2209*
*MONT JAN FEF MAR APR MAY JUN JUL AUG SEP OCT NOV DFC *
Flar:s Tu Fr r Mo Ve Sa Mo Th Su Tu Fr Su *
ek 2 Zn 21 22 23 20 23 22 21 23 21 22 *
S 3 8 10 8 8 10 8 9 9 8 9 9 =*
LEE S AR AR S S SN SER DS R N RN TR LR R R R R R b R b R g g e L R s o g
“(rAP: 1358, 1986, 2014, 2042, 2070, 2098, 2126, 2154, 2182, 2210*
“MON:  JAN FEB MAR  APR  MAY JUN JuL AUG SEP OCT NOV DEC *
It We Sa Sa Tu Th Su Tu Fr Mo We Sa Mo *
*e 23 Al 21 22 22 21 23 21 27 23 20 23 *
hTANS ! 8 10 8 9 9 3 10 8 8 10 8 =*
kdhkbdkhdkdhhhrhkhhhkrhhkhrdhhhhkhkhhkhkhdhhhkhohkodhhkhhhhkrrhhikdhhktiihhhiis
TEAR: 14959, 1987, 2015, 2043, 2071, 2099, 2127, 2155, 2183, 2211*
PV AN FER MAR O APR O OMAY  JUN JUL AUG SEP OCT NOV DEC *
st Th N Si We Fr Mo We Sa Tu Th Su Tu *
*wk 2¢ 2n 2/ 22 21 27 23 21 22 22 21 23 *
i 9 8 q 3 10 3 8 10 8 9 9 8 *

*1k*kkk***k**k*****************************************************

WOTE: Wk = Non-Weekend days, and wi = Weekend days
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TABLE D-2: MONTHLY Wk AND wi FOR A 280 YEAR PERIOD (Cont'd)
J e e e de e g de e do de K de e e g e qe R de K o e ok R Ao e oA e e de v de de K Je ok do o e de At e de e e e de ek de K K de ok ek ke ke ke ke e
*YEAR: 1960, 1988, 2016, 2044, 2072, 2100, 2128, 2156, 2184, 2212*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: Fr Mo Tu Fr Su We Fr Mo Th Sa Tu Th *
*Wk: 21 21 23 21 22 22 21 23 22 21 22 22 +*
Wi 10 8 8 9 9 8 10 8 8 10 8 9 *
e de Je e Je Je e e de K Jede e de A g de K de o de o de e e dode e Je e dede dede dedede de e A de e & dede e Rk de K de e e de e de ke ke dede ke de ek
*YEAR: 1961, 1989, 2017, 2045, 2073, 2101, 2129, 2157, 2185, 2213*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Su We We Sa Mo Th Sa Tu Fr Su We Fr *
*Wk 22 20 23 20 23 22 21 23 21 22 22 21 *
*wi: 9 8 8 10 8 8 10 8 9 9 8 10 *
k22222222222 2 2322222 X233 IETL L LLLILILLIILELL LS IR ST L LT
*YEAR: 1962, 1990, 2018, 2046, 2074, 2162, 2130, 2158, 2186, 2214*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*Ist: Mo Th Th Su Tu Fr Su We Sa Mo Th Sa *
*Wk: 23 20 22 21 23 21 22 23 20 23 22 21 ~*
*wi 8 8 9 9 8 9 9 8 10 8 8 10 *
E2 222 2222232222222 RS S TR FLSL LTSI LIS LILLL LT L LR L LR L 2T
*VEAR: 1963, 1991, 2019, 2047, 2075, 2103, 2131, 2159, 2187, 2215*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: Tu Fr Fr Mo We Sa Mo Th Su Tu Fr Su *
*Wk: 23 20 21 22 23 20 23 22 21 23 21 22 «
*wi e 8 8 10 8 8 10 8 9 9 8 9 g =
*******************************************************************
*YEAR: 1964, 1992, 2020, 2048, 2076, 2104, 2132, 2160, 2183, 2°16*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: We Sa Su We Fr Mo We Sa Tu Th Su Tu =*
*Wk: 23 20 22 22 21 22 23 21 22 22 21 23 =*
*wi: 8 9 9 8 10 8 8 10 8 9 9 g *
o de e 9t de e de Jede e do K e o dr I de S g de sk A & e A e o e de Je ke o e e 90 de o de e de d e de e A de e de e dede ek ke de dede K dede e e
*YEAR: 1965, 1993, 2021, 2049, 2077, 2105, 2133, 2161, 2189, 2217+
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*Ist: Fr Mo Mo Th Sa Tu Th Su We Fr Mo WHWe =*
*Wk: 21 20 23 22 21 22 22 22 22 21 22 23 «*
*wi: 10 8 8 8 10 8 9 9 8 10 8 8 *
hhhkhhdkhhhhhhhhikkhhrtidhriihwihidddhiiiidhidkidhiiiiihikiihiiiiirt
*YEAR: 1966, 1994, 2022, 2050, 2078, 2106, 2134, 2162, 2190, 2218*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*Ist: Sa Tu Tu Fr Su We Fr Mo Th Sa Tu Th *
*wk: 21 20 23 21 22 22 21 23 22 21 22 22 +*
*wi: 10 8 8 9 9 8 10 8 8 10 8 9 *
******************************************************************k
*YEAR: 1967, 1995, 2023, 2051, 2079, 2107, 2135, 2163, 2191, 2219*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Su We We Sa Mo Tn Sa Tu Fr Su We Fr *
*Wk: 22 20 23 20 23 22 21 23 21 22 22 21 ~*
*wi: 9 8 8 10 8 8 10 8 9 9 8 10 «

kkkhhhkhhkkhhhhhihkhkihhkhhkkkhkhhhhhkhhthhkhhkrkkdhrrhhkhkhrhxhkhrhkhirhddki

NOTE: Wk = Non-Wezkend days, and wi = Weekend days
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TABLE D-2: MONTHLY WK AND wi FOR A 280 YEA" PERIOD (Cont'd)
2332222322223 22222222 AL LR LLFLL LTINS LLLLEL L BTS2 2244 2 4 4
*YEAR: 1968, 1996, 2024, 2052, 2080, 2108, 2136, 2154, 2192, 2220*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: Mo Th Fr Mo We Sa Mo Th Su Tu Fr Su *
*Wk 23 21 21 22 23 20 23 22 21 23 21 22 ~*
*wi: 8 8 10 8 8 10 8 9 9 8 9 9 *
¢ Jo Je Je Je e e de Je Je e Jo e de A e e e de Ao de e i dede de de do e de i de I e - ¢ e de e de e de e de v e dede e e e de ke de ek de ke ke ke ok dekdededeok ok
*YEAR: 1969, 1997, 2025, 2053, 2081, 2109, 2137, 2165, 2193, 2221*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT MOV DEC *
*1st: We Sa Sa Tu Th su Tu Fr Mo We Sa Mo *
*Wk 23 20 21 22 22 21 23 21 22 23 20 23 ~*
*wi 8 8 16 3 9 9 8 10 8 8 10 8 *
Fhkkdkdedkddhkdehh ik hkkhhkhkhkhhhhkkhhhhhkhkihkhkkhikhdikihhdkkikhkkiikk
*YEAR: 1970, 1998, 2026, 2054, 2082, 2110, 2138, 2166, 2194, 2222*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Th Su Su We Fr Mo We Sa Tu Th Su Tu *
*Wk: 22 20 22 22 2 22 23 21 22 22 21 23 *
*wi: 9 8 9 8§ 10 8 8 10 8 9 9 8 *
Je Je e Jr e e I Je Je e Jo e e Je e de e e e de e I ode e e e e e e X e de g de e de e e e I o de de Jo e de K Je e e de de e e do e ek de e kk
*YEAR: 1371, 1999, 2027, 2055, 2083, 2111, 2139, 2167, 2195, 2223*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Fr Mo Mo Th Sa Tu Th Su We Fr Mo HWe *
*Wk: 21 20 23 22 21 22 22 22 2?22 21 22 23 *
*wi: 10 8 8 8 10 8 9 9 8 10 8 g *
ik hhhkhhhhhihkhihkkRhhhkkrhhhhkhkihhhhkhkdkhhhhrhrhrhRkihihihkd kit
*YEAR: 1972, 2000, 2028, 2056, 2084, 2112, 2140, 2168, 2196, 2224*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*lst: Sa Tu We Sa Mo Th Sa Tu Fr Su We Fr *
*Wk 2 21 21 23 20 23 22 21 23 21 22 2 21 *
i 10 8 8 10 8 8 10 8 9 9 8 10 ~*
Je e e de Je e e e Je Je e e e dode Jo e dede Ko e e dede Fe e de e de dodeJe de de do de e dede dede o do g dedode Kk de e KKk dede ke kA Kokkdedk ki
*YEAR: 1973, 2001, 2029, 2057, 2085, 2113, 2041, 2169, 2197, 2225*
*MON: JAN FEB MAR APR MAY JUN JUL AuG SEP OCT NOV DEC *
*lst: Mo Th Th Su Tu Fr Su We Sa Mo Th Sa *
*Wk 23 20 22 21 23 21 22 23 20 23 22 21 ~*
*wi 8 8 9 9 8 9 ) 8 10 8 8 10 *
e vl e Je e Je Je e e e e o e e e e o e e e de K Je g do o de e g de de de dedede g de g e do ok A e devede de dedede kA e dede ke de ke ek ke ek ok ke
*YEAR: 1974, 2002, 2030, 2058, 2086, 2114, 2142, 2170, 2198, 2226*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*Ist: Tu Fr Fr Mo We Sa Mo Th Sy Tu Fr Su *
*Wk : 23 20 21 22 23 20 23 22 21 23 21 22 ~=*
*wi 8 8 10 8 8 10 8 9 9 8 9 9 =
ddedededehdddhhhkkf ki hkdehiehhdikkdhkhkhhhhkhihkhixkhhhhhhhkiidhkhdihikiiih
*YEAR: 1975, 2003, 2031, 2059, 2087, 2115, 2143, 2171, 2199, 2227*
*MON: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: We Sa Sa Tu Th Su Tu Fr Mo Ve Sa Mo *
*Wk 23 20 21 22 22 21 23 21 22 23 20 23 *
*wi: 8 8 10 8 9 -9 8 10 8 8 10 8 *

dkhhkkkhhhhhhkd kRl hhkrkhhkrkrikhhkikhkrkrrkhhhhkkhhhihkihhhihhikrkikhhx

NOTE: Wk = Non-Weekend days, and wi = Weekend days
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TABLE D-2: MONTHLY WK AND wi FOR A 290 YEAR PERICD (Cont'd)
(2222222322222 X2 22223 222X 2222222 2222222222222 XRSS YRR DL L2
*YEAR: 1976, 2004, 2032, 2060, 2088, 2116, 2144, 2172, 2200, 2228+
*MON:  JAN  FEB MAR  APR MY JUN JUL AUG SEP OCT MOV DEC *
*1st: Th Su Mo Th Sa Tu Th Su We Fr Yo We *
*Wk: 22 20 23 22 21 22 22 22 22 21 22 23 *
*Wi: 9 9 8 ) 10 8 9 9 8 10 3 R *
(222232222 R R TR R FTRE RS R LR E R LT TR L TR AR 2 2
*(EAR: 1977, 2005, 2033, 2061, 2084, 2117, 2145, 2173, 2201, 2229+
*MON: JAN FER  MAR APR  MAY JuN JbL AUG SEP OCT NOV DFC *
*1st: Sa Tu Tu Fr Su We Fr Mo Th Sa () Th *
*Wk: 21 20 23 21 22 22 21 23 22 21 72 22
*wi: 10 8 8 9 9 8 10 8 R 10 8 9
2222223222222 822222232222 32X2 2222233222222 322l X2 223 X3RS R 2222 2]
*YEAR: 1978, 2006, 2034, 2062, 2090, 2118, 2146, 2174, 2202, 2230*
*MON: JAN FEB  MAR APR  HMAY JUN JUL AUG SFEP OCT NOV DOFC *
*1st: Su We We Sa Mo Th Sa Tu Fr Su We Fr
Wk 22 20 23 20 23 22 21 23 21 22 22 21 »
*wi: 9 8 8 10 8 8 10 8 9 9 8 10 ~»
2222222222222 F22X2X222222 2222232222222 22222222222 YR XL R 23
*YEAR: 1979, 2007, 2035, 2063, 2091, 2119, 2147, 2175, 2203, 2231+
*MON: JAN FEB MAR APP MAY JUN JUL AUG SEP OCT NOV DEC *
*1st: Mo Th Th Su Tu Fr Su We Sa Mo Th Sa *
*Wk 23 20 22 21 23 21 22 23 20 23 22 21 +
*wi: 8 8 9 9 8 9 9 8 10 8 8 10 =

AR S et s iRt s st st sl s s sttt s 222222222 L)

NOTE: Wk = Non-Weekend days, and wi = Weekend days
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D.3. Setting The Delivery Schedule, .The final ohjective is tn cevelop 2

delivery schedule which exhibits a production ra*e similar to that in
Figure -2, That is, the production rate increases at a4 linear rate and
A PRODUCT ION
RATE «— steady-state

R | 4

Figure D-2: Ideal Production Rate

levels off at a constant economic production rate {R). From the calcula-
tions of Wj in Table D-1, it can be observed that delivery quantities
per month will only be constant if the work-days per month are constant.
D.3.1 General Solution,
D.3.1.1 Since the production rate is the number of uaits produced divided
by the time consumed in their production, the producf of the production
rate and time equals units. And, the sum of units produced duriﬁg initial
and steady-state production must equal the total number of units to he pro-
duced. Therefore, with reference to Figure D-2:
N - 0.5R Lte - th] + R Lty - tesq], but
tte - tpl = i Wi (which is the number of work-days in initial

_ production) and
i=t
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(g - teeil = :E: W: (which is the number of work-days in steady-
state production). Hence,

i=c+l
c d
No= 0.5R z Wi +R z W;, and
i=b izc+l
N
N 2 emececceccccccoecceemceaanen
d d
. (1)
i=b i=c+l]

Equation (1) states that the (steady-state) economic production rate (R)
equals the total purchase quantity divided by the sum of one-half the work-
days in initial production and the work-days. after initial production.

D.3.1.2. To compute the changing production rates for initial production,

consider the linear behavior of production rate in Figure D-3. Assuming
that no finished units have been produced before month b, and rate increases

linearly from zero to R during initial production. Then the average daily

PRODUCT ION '
RATE Month
| b+l

Ryt — = |

WORK-DAYS

0.5Wy Wy

Figure D-3: Average Daily Production Rate for Month b,

production rates for months b (Figure D-2) through ¢ Aare determined by:
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R,
c
2
i=b
_ 0.5Wh+3 + Wps2 + Wpap + Wy
: Rb#a 2 eeesscccccccrccssnccccacnns .
/ <
) ‘ ‘:E W;
— ‘ i=b
_;;; c-2
. 0.5Wcop + 2 Wy
’<f {2b
. Rea] = =evcecccccnccncencaa. R, and
c
2 W
i=b
c-1
0.5Wc + 2 Wy
i=b
Re = ==eccccccaccaaaa.R
c
:E: W;
1=b 80
- N o T T
nd - o -~

Rt S Rl ! -- -

P

0.5Wy,
Ry = wwccecececcee. R,
C
:E: W
i=b
0.5Wp+) + Wy
.Rb+l ® emsmsccccccces »
c

0.5Wh+2 + Wpep + Wp
Rb+2 3 ecccceccrcscvconscce .-




D.3.2.

0.3.2.1.

C

2

W;
¢ i=b

@ aTe"s "8 & A e e s e e e e

From these solutions for production rate, the delivery quantities for each
month of initial production can he determined.

[Tlustrative Example.

Combining the results of paragraph D.1.2.6. and Table D-3 with

equation (1) provide the steady-state production rate:

17 16 + 21 + 22+ 19 + 20 + 20 + 21 + 23 + 20 + 21 +
22 + 15 + 18 + 21 + 21 + 20

337 work-days

d
2“i=

19
20

+21 + 20+ 23 +19 +22+22+ 14+ 19 +
i=c+] +22+20+ 18 + 23 +22 +22+ 20 + 22+
21 + 14 + 20 + 19 + 23 + 20 + 18 + 22 + 20 +
21 + 21 + 22 +20 +14 + 20 + 20 + 23 + 19 +
19 + 22 + 20 + 22
= 808 work-days
N = 40,000 units
R = 40,000 = 40.9626 units
. + work -day
D.3.2.2. For the initial production period:
0.5(17) \
Ry = ===vwcee- R = 1.0332 units |
337 work day |
0.5(16) + 17 '\
Rh+] = ====ce-cmeceann R = 3.0388 units
337 work-day
0.5(21) + 16 + 17
Rp+2 = ==eemcmmmeaa vnn e R = 5.2875 units
277 work-day
81
/ T T ___4-»—‘\\ R .




...........................

0.5(21) + 296
Rea] = =-mmocmmccece- R = 37.2553 units
337 work -day

0.5(20) + 317
Re = mememccecaccan. R = 39.7471 units
337 work -day
From these calculations, the monthly delivery quantities (gj) can be

determined as shown in Table D-4, By carefully adding the monthly

Tahle D-4: Monthly Delivery Quantities

Month 7-87 [8-87 |5-87 |10-87 [11-87 T1¢2-87 11-88 [2-88 |3-88 | 4-88
Quantity | 18 49 111 | 174 197 255 304 371 468 459
Month 5-88 16-88 |7-88 |8-88 |9-88 }10-88 {11-88 |12-88 }1-89 | 2-89
Quantity | 535 | 618 | 455 | 582 729 782 795 778 1860 819
Month -89 14-89 [5-89 |6-89 |/-89 8-89 1 9-89 [10-89 [11-89)12-89
Quantity | 942 | 778 | 901 | 901 573 778 819 | 901 819 737
Month 1-90 12-90 [3-90 [4-90 |5-90 | 6-90 | 7-90 | 8-90 | 9-90|10-90
Quantity | 947 | 901 { 901 | 819 901 860 | 573 819 778] 942
Month 11-9Gj12-90]1-91 |2-91 [3-91 4-91 | 5-91 | 6-91 | 7-91| 8-91
Quantity | 819 | 737 | 901 | 819 860 860 901 819 573] 819
Month -91 110-91}11-91112-%91 1-92 2-92 1 3-92 :

Quantity 819 1942 778 778 | 901 819 901

deliveries of Table D-4, altotal of 39,990 missiles have been scheduled
for delivery, The ten missile difference (40,000 - 39,990) is the result
of round-off error. The round-off error may be reduced by evenly distri-
buting the ten missiles over the delivery scheduie. To determine where to
place the ten missiles, an analysis must be mada to establish where the
error occurred (initial or steady-state production). Adding the delivery
quentities for initial production (July 87 through November 88) yields

6,902 missiles. Then using part of the equation (1) which defined R:
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0.5R Ltc - tp] = O.5R Z Wi

H

0.5 (40.9626) (337)

6,902 missiles.

i

Adding the delivery quantities for steady-state production yields 33,088

missiles. Then using the other part of the equation wnich defined R:

d
R Ltgq - tc+1] = R W;
j=

4 ..9626 (808)

33,048 missiles

Therefore, the round-off e--~or occurred in steady-state production,

To determine where (i steady-state production) the ten missiles should
be placed rcquires an analysis of: the number of workdays (Wj), their
frequency (fi), and a comparison of actual production rate (rj), and steady-

state production rate as shown in Table D-5.

Table D-5: Production Rate Analysis

fy aj Wi ri R-rj i + 1
N
3 573 14 40.9286 0.0341 41.0
2 737 18 40,9444 0.0182 41.0
6 778 19 40,9474 0.0153 41.0
11 819 20 40,95 0.0126 41.0
4 860 21 40.9524 0.0102 41.0
10 901 22 40.9545 0.0081 41.0
4 942 23 40.9565 0.0061 41.0
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Table D-5 indicates that if the delivery quantitj for any month is increas:d
by one missile, the production rate increases to 41 missiles per work-day.
However, to increase the delivery quantity of each mcnth hy one missile
would require 40 missiles (the sum of f;) and only ten are available.
Therefore, because there are ten wpnths having 22 work-days, select those
months to have 902 missiles delivered (note: coﬁsideration was given to
placing the missiles such that the change in variation from R‘was minimized,
but the solution would yield months with the same number of work-days having
different delivery quantities).

Because of the deterministic nature of the previous derivation, the
programming and operation of thfs methodology on a "personal" size computer
would appear to be the next logical step. - Also, there could be an appli-
cation for the "learning" curve function when computing inirial production
delivery quantities., Preliminary analysis indicates that round-off error

could be corrected through use of the "learning" curve function.
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