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CHAPTER T
INTRODUCTION

"Cost estimating is of prime importance
to effective planning for future trainer
acquisitions and managerial control of
current acquisitions. Of major impor-
tance are those cost estimates which
provide the basis for input to the
budget review cycle for the acquisition
of training equipment.”[1]

Cost estimating involves the process in which pro-
jections are made concerning the expenditure of effort and
the cost of materials to achieve some stated or implied
objective. Estimating the cost of flight trainers in the
NAVTRAEQUIPCEN training command presents a unique problem.
Within the training command the estimating process usually
involves judgements made by a single estimator or a team
of estimators. There is an inclination on the part of
the estimator to underestimate the scope of effort re-
quired to achieve a given objective at some future date.
This stems in part from the fact that many of the diffi-
culties associated with achieving certain objectives

are not fully understood by the estimator or estimators

due to their lack of knowledge in specific cost estimating

techniques. Other factors which increase the uncertainty

in estimating the cost of new systems are as follows:



1. Training requirements for a new system not
adequately defined. (In this case a design approach
cannot be established with reasonable confidence.)

2. Lack of data on the system being simulated.

3. Difficulty in documenting the requirement to
a degree that prevents increase in scope as one proceeds
from the time the estimate is developed until the pro ject
is implemented.

4, Problems of predicting inflation.

This research paper presents and investigates
functional cost estimating techniques applied to the
Operational Flight Trainer (OFT).

The objectives are to examine the system design
Work Breakdown Structure (WBS) of the Operational Flight
Trainer (OFT) which consists of the following elements
and to show how it can be used to estimate cost. Those
elements that cannot be given a point or interval esti-
mate will be given a methodology for establishing a
range of values.

1. Student station or trainee station

2. Instructor station or instructor display

system

3. Motion system or motion platform

4. Visual system



Byre 'Computer system software

6. Computer system hardware

7. System integration

The assumptions of this research paper are that:

1. An Operational Flight Trainer (OFT) device
will have from one to four trainee stations.

2. Each Operational Flight Trainer (OFT) device
is unique and they are not mass produced.

3. All experimental data used in this research
paper are random samples from the population being studied
and the estimators of the population possess all the de-
sirable properties such as unbiasedness, consistency,
efficiency, and sufficiency.

4, Visual system, computer software, computer
hardware system(s) and motion system(s) costs are in-
dependent of each other. In other words the approach
used to realize these subsystems in no way affects the
approach to be used to build another subsystem, so that
any approach chosen would be able to interface with the
other approaches.

5. Instructor station cost is dependent upon

student station cost and both are independent of the

other subsystems costs.



6. The more complex the system design hardware,
the higher the cost the system integration Work Breakdown
Structure (WBS) element will be. The hardware subsystem
complexity is measured by the estimated total cost of

that subsystem.



CHAPTER II
FLIGHT SIMULATOR TRAINING AND TRAINERS

Before attempting to estimate the cost of a
military flight simulator trainer, it must be defined.
Whenever a flight training situation exists, there arises
the problem of determining what trainer or combination
of trainers will best meet the needs of the users. Some-
times this problem is assumed by the sponsor as to what
is acceptable to meet the requirements. At other times
the problem of training is determined by the NAVTRAEQUIPCEN.
All of this is handled through a Military Characteristics
(MC) document [2] that identifies the source of the train-
ing requirement, provides an analysis of the training
situation, identifies and recommends instructional media,
sets forth the Integrated Logistics Support requirements,
and provides an evaluation/introduction/validation plan.

It is prepared in close coordination with the Fleet Pro ject
Team.

The trainers that are usually considered are the

Cockpit Familiarization Trainer (CFT), the Cockpit Proce-

dures Trainer (CPT) and the Operational Flight Trainer (OFT)

W



withoﬁé.visual and motion, and the Operational Flight
Trainer (OFT) with visual and motion. Figure 1 shows
that these different trainers are separated by complexity
of training tasks which in turn affects their cost. Also,
within each type of trainer there is a cost range depen-
ding upon the number and complexity of training tasks
desired.

The Cockpit Familiarization Trainer (CFT) incor-
porates facsimiles of the flight stations of a specific
aircraft. It is primarily for the use of pilots, other
flight officers and flight engineers who are transitioning
to a new type aircraft, and for refresher training for
experienced personnel. This device will normally be used
to prepare trainees for entry into an Operational Flight
Trainer (OFT) or into the aircraft. It will be used to
facilitate the learning of the location of the various
controls, instruments, switches, and lights in the cockpit
and to learn repetitive tasks such as checklists and nor-
mal and emergency operating procedures. The trainer may
also be used in the classroom as a teaching aid. The
controls, switches and instruments are not connected for
response to trainee inputs; however, all annunciator
lights are operable from the instructor's panel for

demonstration purposes.
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The Cockpit Procedures Trainer (CPT) generally
incorporates a replica of a specific aircraft flight sta-
tion and air operator/instructor station(s). It is used
by pilots and aircrewmen transitioning to a new type
aircraft, or undergoing basic training, and provides
cockpit familiarization and training in powerplant and
systems procedures of normal, alternate and emergency
types. The applicable aircraft instruments and other
indicators are activated to respond appropriately to
trainee control inputs. Exact dynamic simulation of all
functions is not required. This system is illustrated
in Figure 2.

The Operational Flight Trainer (OFT) 1is used to
teach flight crews the operational use of all controls
and instruments applicable to ground operation, takeoff,
landing, normal flight, various in-flight maneuvers,
communication/navigation procedures, emergency operations,
and such subsystems procedures as are under the control
of the personnel being trained. A generalized Operational
Flight Trainer (OFT) is illustrated in Figure 3, and an
Operational Flight Trainer (OFT) with simplified visual

is illustrated in Figure 4.
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CHAPTER III
PROBLEMS OF COST ESTIMATING

Cost estimating is divided into three different
types. [3] Type 1 is a planning estimate. This estimate is
for "out" year procurements that are used to define alter-
nate design approaches prepared as an element of a mini-
pro ject master plan. "Out" years are defined as beyond the
budget year. A mini-project master plan is a technical pro-
curemement plan which includes cost estimates, lead time,
functional baseline, etc. A Type 1 estimate utilizes a
Work Breakdown Structure (WBS) to estimate a second or third
level cost. These estimates are the estimates that are most
likely to be requested on a '"crash" basis, utilizing limited
data and may require research and development funds. Des-
pite these facts, these cost judgements may result in impor-
tant budgetary decisions. The quality of the estimate
and the technique used depend almost entirely upon the
data base available to the estimator. If the estimator
is able to draw an analysis with other systems, then the

uncertainty of the estimate is reduced. If it is a
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totall& new system the estimate may consist largely of
expert opinions, and the uncertainty of the estimate is
high.

Type 2 is a detailed estimate prepared as an
element of the project master plan. The project master
plan is a detailed technical procurement plan intended
for prosecution of an acquisition task. It serves as a
basis for NAVTRAEQUIPCEN acceptance of an acquisition
task and when coordinated and approved by the appropriate
sponsoring agency, becomes a commitment of the Center's
resources to accomplish the task. A Type 2 estimate
utilizes a Work Breakdown Structure (WBS) to estimate to
the third and fourth levels. It should not require re-
search and development, which would have been identified
in previous estimates, and is based on the best available
data backed with sound rationale.

Type 3 is a reprocurement estimate. This is an
estimate for an identical or similar device previously
procured. It may or may not utilize a Work Breakdown
Structure (WBS). This estimate utilizes the analogy
type estimating techniques with adjustment factors to
reflect the projected inflation rate. The accuracy of

this estimate should be approximately + 10 percent.[4]
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Of the three methods, Type 1 is the estimate
that creates "heartburn" for both engineers and managers.
This is due, in part, to the problems of establishing
the functional baseline. A functional baseline is the
very beginning of a requirement. It includes the MC
document and the engineer's design approach. These two
areas are sometimes hard to establish due to the training
requirements not being adequately defined, inadequate
data on the system being simulated and the requirement
scope increasing from the time the estimate is developed

until the project is implemented.



CHAPTER IV
SYSTEM DESIGN WORK BREAKDOWN STRUCTURE

A Work Breakdown Structure (WBS) is a product-
oriented family tree composed of hardware, software, ser-
vices, and other work tasks which result from pro ject
engineering efforts during the development and production of
a defense material item, and which completely defines the
pro ject/program. [5] A Work Breakdown Structure (WBS) dis-
plays and defines the product to be developed or produced
and relates the elements of work to be accomplished to each
other and to the end product.

The Work Breakdown Structure (WBS) is primarily a
cost estimating format and provides an effective and compre-
hensive approach that can closely correlate the flight
trainer (hardware, software, service, etc.) and cost. It is
so structured that it can be used to support mini-design
approaches and mini-pro ject master plans.

The Work Breakdown Structure (WBS) is developed
downward from the prime objective, the trainer system which
is level one, to successfully lower levels until manageable

units for planning and control are derived. The Work



Breakdown Structure (WBS) element is a discrete portion
of a Work Breakdown Structure (WBS). It may be either
an identifiable product, set of data or a service.

By this process the subsystems and components
which comprise the total system may be identified. 1In
the initial stages of development the availability of
information may limit the structure to only the second
or third levels. As the design becomes better defined
the structure may be expanded to the fourth, f£ifth or
even sixth level. In general, high cost or high risk
device programs should be expanded to lower levels than
other work tasks.

Figure 5 represents the system design Work
Breakdown Structure (WBS) for an Operational Flight

Trainer (OFT) with motion and visual systems. The

16

system design level of the Work Breakdown Structure (WBS)

represents the "heart" of training system cost estimation.
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CHAPTER V

COST ESTIMATING TECHNIQUE APPLIED
TO THE MAJOR ELEMENTS OF THE

SYSTEM DESIGN

The Work Breakdown Structure (WBS) elements and
levels which have been identified in Chapter IV will now
be examined as to what cost estimating techniques were

applied.

The Trainee Station

Beginning with the trainee station, it was thought
that the number of instruments specified would be a good
indicator of cost. Unfortunately, the exact number of in-
struments is not always given in the contract performance
specification.

An example of a performance specification language
would be that "Instruments and controls used in the flight
and ground situation, which the trainer is intended to
simulate, shall be synthetically activated to meet specified
performance requirements, and designed in accordance with
MIL-I-82356.[¢] Also of interest is that the number of
instruments proposed for the same training device differ

considerably.

18
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Example: For one flight simulator contractor A
proposed 39 instruments, contractor B proposed 24 instru-
ments and contractor C proposed 44 instruments.

However, upon examining eight different contractor
proposals a cost estimating relationship was established on
the number of trainee stations and material cost. The data
are given in Table 1. All cost estimates are normalized to

the fiscal year 1976 as a base year.

TABLE 1

COST ESTIMATING RELATIONSHIP TRAINEE STATION

Number Of Material Cost
Trainee Normalized To
Contractor Stations Fiscal Year 1975
X, Pk
L _—
A 2 $115,346
B 2 $167,742
2 4 $428,491
D 1 130,855
E 1 $155,957
F 1 $188,551
G 1 $ 56,092
H 2 $299,597

The linear regression equaticn of y on x is:

P
-

Y = a + " bx (Equation
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Using the data from Table 2 and the slope equation
shown below, the following computation can be made:
b = BT i s e B AR B (1 L (Z X)ZJ (Equation 2)
For the data in Table 2'the slope can be computed as:
b = 94824.63
Also, the intercept can be computed as:
a =y -bx (Equation 3)
a = 26885;76
The regression equation for trainee station material cost

then becomes:

v 26885.76 + 94824.63 x (Equation 4)
The author recognizes that the intercept of the trainee
station sample regression equation does not go through
the origin. This is due to the high correlation coeffi-
cient percentage of equation 4 and the assumption that
the number of trainee stations will be from one to £four.
The correlation coefficient can be determined for the
following expression:

G nz xy = (2x) (Zv)

i PR O AR 1.

oot s SN B I (o < 00 S R ) & il
(Equation 5)

Using Table 2 data and equation 5, the linear correla-

tion coefficient is computed as
A

P ok U



TABLE 2

SUMS REQUIRED FOR REGRESSTON COMPUTATION OF STUDENT STATION

X Y Xy ¥ Y2 (xty) (x+y)?
2 115,346 230,692 4 1.330469972E10 115,348 1.33051611E10
2 167,742 335,484 4 2.813737856E10 167,744 2,813804954E10
1 428,491 1,713,964 16 1.836045371E11 428,495 1.83607965E11
1 130,855 130,855 1 1.712303103E10 130,856 1.72329274E10
1 155,957 155,957 1 2.432258585E10 155,958 2.432289776E10
1 188,551 188,551 1 3.55514796E10 188,552 3.55518567E10
1 56,092 56,092 1 3.146312464E9 56,093 3.146424649E9
2 299,597 599,194 | 8.975836241E10 299,599 8.97595608E10
14 1,542,631 3,410,789 32 3.949483867E11 1,542,645 31.949552083E11

n = B pairs of observations, &Ixy = 3,410,789, Xyz = 3.949483867E11

Ix = 14 . D% 3d : X = 1.7

Ly = 1,542,631 . y = 192828.875

12
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A hypothesis test was performed to determine if
there was a correlation in the bivariate population.
'Sihce the sample size n is less than 30, the "t" statistic
used to test the null hypothesis that there is no correla-
tion is as follows:
=y [:n-Z)/(l—rZ):ll/2 (Equation 6)

which is distributed as £ if the null hypothesis is

-2
true.

Applying the test to the above data with a equal
0.05, the null hypothesis Ho : ¥r = 0 would be accepted if
-2.447 < t6 < 2.447. The value of r obtained is

EA=N0 a3 [(8-2)/(1--.6889)]1”2 = 3.,645.

Since 3.645 is larger than 2.447 the null hypo-
thesis is rejected and the alternate hypothesis is
accepted. The value of r is not the result of chance
variation. It is significant.

The variance and the standard deviation of the
regression is next estimated to determine how good the
regression cost estimating model is as a predictive
device. The estimate of the variance is:
, I (y-y))?

% = ) (Equation 7)
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Using the computed data from Table 3

= 500779221 .3

22378.09691

Q
Il

To determine the sampling error in the estimated
slope b the unbiased estimation of the variance b must be

determined by the equation:

2
28 ny ¢
o} = (Equation 8)
2x° - [(sx)°/n]

Again, using data from Table 2 and o =
2
94 = 66,770,562.84
95 = s W32

If the population slope B is zero then the sample
regression equation is of no value as a predictive device.

To £find the 95 percent confidence interval for the
population slope B, formulate the null hypothesis that the
slope is zero. The test is to be performed with a equal to

0.05.



COMPUTATION OF THE ESTIMATE OF STANDARD DEVIATION
OF REGRESSTION

Observed Values

Trainee Stations

Material Cost

I

X
115,346

167,742
428,491
130,855
1995957
188,551

56,092

299,597

1,542,631

TABLE 3

Computed

Material Cost

Yo

216,535.0333
2165535 .0333
406,184.3
121,710.4
121,710.4
121,710.4
121,710.4

216,535.0333

1,542,631

Y—YC

-101,189.0333

- 48,793.0333
22,306.7
9,144.6
34,246.6
66,840.6
- 65,618.4

83,061.9067

(v-v_)°
1.023922046E10
2380760099
49758864 .9
83623709.16
1172829612
4467665808
4305774419

6899290312

.0001

3.004675328E10

X4
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For a small sample, less than 30, the student t

test is used.

e (Equation 9)

%%

At the 95 percent level of confidence the critical value for
the student t test with n-2 degrees of freedom is + 2.447.

From previous computed data

t = 94824.63 - 0
Bl 532

11.60

which is greater than 2.447. Thus, it is concluded that the
difference between the estimated slope and a hypothetical
population slope cannot be explained by chance variation
alone, and the null hypothesis is re jected at the 5 percent

level of significance. The conclusion suggests that Hl is

true and that the sample regression equation should not be
discarded. It can be used for predictive purposes.

The 95 percent confidence interval for B, the hypo-
thetical population slope is

b + 2.447 (cb) or

74829.39 < B < 114819.87
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It was decided that the sample linear regression equation

could be used to predict the mean of y on x, (“yx) for a

' new observation of v, (y), given the value of x. To
develop the confidence interval for Hyx the unbiased
estimate of the variance of Y, must be computed from the

following equation:
2

g =

- )= [1/n + [(x-i)z/z & i)zjj (Equation 10)
c

(cy_x
Each given value of x must be computed separately
from previous data to form Table 4. For X to equal one
student station, the computation would be

oy = 10007.7891

c
Then when x equals one; i.e., the cost for one trainee

station, is to be computed the prediction equation would
be

Ve 26885.76667 + 94824.6333(1) = 121710.4 or

121710, and finally,

Yo X tn-2;a/2°yc

97221 < < 146199
Hyx

= 121710 + 2.447 (10007.7891)

Table 4 is the computation of 95 percent confidence
interval for true regression line for trainee stations
material cost. It gives the estimated material cost for

one, two, three, and four trainee stations.



A graphic display of material cost versus number
of trainee stations is shown in Figure 6.

Additional cost data with remarks are shown in
Table 5.

The average manufacturing labor and engineering
hours were computed on an extremely small sample size
to develop a 95 percent and 80 percent confidence in-
terval for the population mean. Letting s equal the
sample standard deviation, n the sample size, x the
sample mean, o the type 1 error probability, and 1 - «
the confidence interval, the following statistics may

be used:

U

I
fietl
(E L
nmMs

4!
Using the student's t-distribution for sample size less
than 30 when the population variance is unknown, the
confidence interval for p would be:

X +

X e (s/~/n)

From Table 5 the following manufacturing labor data were

computed

x1
|

4,310.2
S = 26532

25l

4 i
(x; - %)°] / (n - 1) ]* (Equation 11)
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t 40025 = 2+776

s/A/n = 1,132.1565
X (2.5776) (15132 .1565)

1160 = < 7,453

The 95 percent confidence interval for the manu-
facturing labor manhours population mean pu would be
somewhere between 1,167 and 7,453 per training station.
From Table 5 the following engineering manhour data

were computed:

X = 13,674

S =R L8
n — 3 SR
tz;.lo = 1.886
s/A/n = 4,689

x + (1.886) (4,689)

4,830: < . <22,517

The 80 percent confidence interval for the
engineering labor manhours population mean p would lie
somewhere between 4,830 and 22,517. Since the sample
size is small and dispersion of the data is so great,

only an 80 percent confidence interval could be realized.
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TABLE 4

COMPUTATION OF 95 PERCENT CONFIDENCE INTERVAL FOR TRUE
REGRESSION LINE FOR TRAINEE STATIONS MATERIAL COST

- X gx—i)z iZg

745" .5625 10,007.789
«25 .0625 8, Ll . 325
1.25 1.5625 12,920.000
2.25 5,0625 20,015.578

the number of trainee stations

the standard error of > 45

the material cost estimate of the trainee station(s)

Ye

121,730
216,535
311,359

406,184

(0]
v, *+ 2.447 (°y,)

97,221---146,199
196,540---236,530
298,439---342,974

357,206---455,162

62

-
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Fig. 6. Material Cost vs. Trainee Station



TABLE 5

TRATNEE STATI1ON

Fiscal Year 1976

Contractor Device Material Cost Remarks
A Weapon System $115,346 Two Trainee Stations (One Trainee Sta-
Trainer tion Gunner, One Trainee Station Pilot)
B Operational $167,742 Two Trainee Stations (Each has Pilot
Flight Trainer and Copilot)
Total Cost Material, Engineering and
Labor: $442,330
& Operational $428,491 Four Trainee Stations (Each has Pilol
Flight Trainer and Copilot)
D Operational $130,855 One Trainee Station (Pilot and Copilot)
Flight Trainer Engineering Manhour Estimate: 11,199
Labor Manhour Estimate: 6,847
E Operational $155,957 One Trainee Station (Pilot and Copilot)
Flight Trainer Engineering Manhour Estimate: 22,745
Labor Manhour Estimate: 6,684
F Operational $188,551 One Trainee Station (Pilot and Copilot)
Flight Trainer Engineering Manhour EslLimate: 7,077
Labor Manhour Estimate: 3,774
G Operat ional $299,597 One Trainee Station (Pilot and Copilot)

Flight Trainer

Material Cost: $109,193

Labor Manhour Estimate: 3,485

One Trainee Station Sensorj; 22
Instruments

Material Cost: $190,404

Labor Manhour Estimate: 761

1L



The Instructor Station

Using data from seven different contractor pro-
posals, the following cost estimating relationship was
established on the trainee station material cost and
the instructor station material cost. The data are
given in Table 6. All cost data have been normalized
to the fiscal year 1976 for a base year. Using Equa-
tion 1 and data from Table 7, the regression model for

instructor station material cost becomes:

32

= -21464.42819 + .4961663989 x (Equation 12)

The linear correlation using equation 5 and
the same data become ﬁ; = r = .,9468

To test for correlation in the bivariate popula-
tion using the same statistical method for instructor
station that was used in testing trainee station with «

equal 0.05, the null hypothesis Ho: r = 0 would be

accepted if -2.571 < t5 < 2.571. The value of r is

obtained using equation 6 and is
t = .9468 [(7-2)/(1—.89643)]%
t = 6.57849

At the 95 percent confidence interval the null hypo-

thesis (Ho) is rejected. The value of r is not the re-

sult of chance variation and is significant.
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TABLE 6

COST ESTIMATING RELATIONSHIP INSTRUCTOR
- DISPLAY SYSTEM (NORMALIZED TO FISCAL YEAR 1976)

Material Cost Material Cost
Contractor of Student Station of Instructor Station
A $115,346 $ 21,108
B $428,491 $196,072
G $167,742 $103,003
D $130,855 $ 42,748
E $155,957 $ 30,776
F $ 56,092 $ 13,063
G $299,597 $114,828

The standard deviation of this regression model
is computed next to determine if it is a good predictive
tool.

Using equation 7 and the data in Table 7 the
following computations are made

2 = sEalgasLEaD D
“yx

g 23,537.17

yx

Again, to determine the sampling error in the estimated

slope b of the regression model, the unbiased estimator



TABLE 7

COMPUTATION OF THE ESTIMATED STANDARD DEVIATION
INSTRUCTOR STATION REGRESSTON MODEL

Observed Values

Calculated
Student Instructor Instructor
Station Station Station
Material Cost Material Cost Material Cost
X Y Y (y-y )2
115,346 21,108 35,766.38126 214,868,141.2
428,491 196,072 191,138.4082 24,340,327.64
167,742 103,003 61,763'.51589 1., 700;695,;050,
130,855 42,748 43,461 .42594 508,976 .5692
155,957 30,776 55,916.19488 632,029,398.6
56,092 13,063 6,366.537457 44,842,610.59
299,597 114,828 127,185.5364 152,708,706.4
1,354,080 521,598 521,598.0000 2,769,993,211.

PE
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of the variance b must be determined by equation 8.
Using data from Table 7 and the standard deviation

(oyx) of this regression model the following results

were obtained

.0056841552

Q
AN
I

.0753933369

Q
o'
i

The following is the test on the population
slope B at the 95 percent confidence interval. Let
@ equal 0.05 and formulate the null hypothesis that
the population slope B is zero. The alternate hypo-
thesis is that B does not equal zero.

Since this is a small sample of seven observa-
tions, the student t distribution is used. At the 95
percent confidence interval the critical value with
five degrees of freedom is 2.571.

b-B
E = ~— '= 6,081

b

The result is two and one-half times the critical
value for the 95 percent confidence interval. The
difference between the estimated slope and a hypo-
thetical population slope cannot be explained by

chance variation, and the null hypothesis is re jected
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at the five percent level of significance. It could
even be rejected at the one percent level of signifi-
cance since the critical value for 99 percent confi-
dence interval is 4.032. This conclusion suggests
that Hl’ the alternate hypothesis, is true; and that
this sample regression equation should not be discarded,
but used as a predictive aid in determining the material
cost of instructor stations. The 95 percent confidence
interval for B is

DA 25518 O or

b
S <L BLSE W BY
Table 8 was computed using the unbiased estimate
of the variance of Ve to show the 95 percent confidence
interval of prediction for material cost of instructor
station. The computation for equation 10 is
5 i (x-i)2

o = 55399642.2' [ — +
Yo 7  9.746367191E10

A graphic display of instructor station(s) material

cost versus trainee station material cost is shown in

Figure 7. Additional cost data with remarks are shown

in Table 9.

The average manufacturing labor and engineering

hours were computed using the same statistical method
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TABLE 8
COMPUTATION OF 95 PERCENT CONFIDENCE INTERVAL FOR
TRUE REGRESSION LINE FOR INSTRUCTOR STATION MATERIAL COST

Esltimated
Instructor

Estimated
Student

Number Of Station Station
Student Material Material
Stations Cost Cost
X X-X ) Y Yo sha2N B e )
> s e % r Ye
1 121 710 - 30 190 Jt B I 38,921 Y25 059 i 5D 091
2 2165535 23,095 9,065 85,973 62,667 - 109,279
3 3131359 117,919 L2557 133 ;023 100,685 - 165,356
q 106, 184 212,744 18,341 180,070 132,915 ~ 227225

L5



INSTRUCTOR STATION(S) COST

200K

175K

150K

125K

100K

15K

50K

25K

Note:s The author recognizes that the intercept e
of the trainee station sample regression equation

does not go through the origin. This is due to the /////
assumption that the instructor station material cost
is dependent upon the student or trainee station
having a material cost that would not go below or
above that which is stated in Table 6. Also, this
intercept regression model correlation coefficient
of equation 12 is .9468.

*B

oy
*D
// *E
/7 A
gk
//
50K 100K 150K 200K 250K 300K 350K 400K 450K
TRAINEE STATIONS COST
* = Contractor

Fig. 7. Instructor Station Material Cost vs. Trainee Station Material Cost
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TABLE 9

INSTRUCTOR STATION

Device

Fiscal Year 1976

Contractor Material Cost Remarks
A Weapon System $ 21,108 Console, panel assembly, keyboard, card
Trainer gate assembly, headset. One instructor
station pilot, one instructor station
gunner .
B Operational $103,003 Remarks similar to Contractor A. Two
Flight Trainer instructor stations.
2 C Operational $196,072 Number of CRT's (6), number of display
Flight Trainer generators, mini or micro computer re-
quired for the system, color or mono-
chrome sofltware for the system, number of
consoles, number of refresh memories, re-
cord and playback capabilities, keyboard.
One instructor station.
D Operational $ 42,748 CRT, display processor, function genera-
Flight Trainer tor, character generator, refresh memory,
keyboard, frame.
E Operational $ 30,776 CRT, refresh memory, character generator,

Flight Trainer

micro processor, display controller,

vector position circle generator, key-

board, frame. Engineering Manhour

Estimate: 4,222

Manufacluring Labor Manhour Estimate:
1,438

6t



TABLE 9 - Continued

Fiscal Year 1976

Contractor Device Material Cost Remarks
G Operational $ 13,063 One instructor station. Parameters
Flight Trainer similar to Contractor C,
H Weapon System $114,828 Three instructor stations. Operational

Trainer

Flight Trainer instructor station CRT
keyboard.

oy
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for the trainee station. This time 90 percent and 95
percent confidence intervals were computed on the po-
pulation mean p for the manufacturing labor and the
engineering manhours. Since the sample sizes were
less than 30 the student's t distribution was used.

The manufacturing labor manhours were computed as

X = 1329.34
s '= 426,51
n-= 3

8/A/n = 246,25

X + t.gq95,, (8/A/D)

X + 4.303 (246.25)

269 < p < 2389

The 95 percent confidence interval for manu-
facturing labor manhours population mean p would be
between 269 and 2389 for cost estimating purposes.

The engineering manhours were computed as

XK= 2009
s =19 701 .77
n=>5
s/A/n = 801.3
X + t g50,4 (8/A/R) or
X + 2.132 (801.3)

198 < y < 3616
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The 90 percent conifidence interval for en-
gineering manhours population mean p would be between

198 and 3616.

The Motion System

Motion systems are used with Operational Flight
Trainers to add propriceptor cues to students when per-
forming certain training maneuvers. Some of the pro-
priceptor cues that a motion system adds to an Operational
Flight Trainer are skids, slips, banks, turns, climbs,
dives, accelerations, transitions, vibrations, and air-
craft touchdowns. There are other characteristics,
depending upon the specific aircraft for which the
Operational Flight Trainer is being designed. The
motion system is illustrated in Figure 8. Using data
from eleven different Operational Flight Trainers and
four different sources, a cost estimating relationship
was established on the motion system total cost and
certain characteristics of the motion system. The
stepwise linear regression model from the BMD[ 7 |
package was employed to determine this relationship.
The first computer run used dummy variables identi-

fying the contractors. By using the dummy variable,




198/
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differences inherent in a particular company were
masked out (i.e., the difference in labor rates or the
differénce in raw material cost, etc.). The linear
correlation of this run was 99 percent.
The computer data runs are listed in Appendix A.
The equation for the cost of motion systems using the
dummy variables are:
y, = 693.56 - 153.82(DEGFRE) + 1.00(TOTWT)
- 2.59(YAW) + 1.92(VERTCL)
+ 3.99(LATRAL) + 2.61(1LONG)
+ Contractor Data (Equation 13)

Contractor data are

Contractor Data
T == 1946170
J =222
K 95.89
L 00.00

All cost data are in thousands of dollars and
normalized to fiscal year 1976 base year.

Table 10 describes variables and the data range
that can be used in this cost estimating relationship

(CER) model for motion systems.
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TABLE 10

DATA FOR MOTION SYSTEM CER MODEL

Variable Definition Data Range
DEGFRE Degrees of Freedom* 3 2056
TOTWT Total Weight in Thousands
of Pounds 12K to 47K
VERTCL Vertical Excursion in 0" to 96"
Inches
PITCH Pitch Excursion in 2 =
Degrees 307 sto~58
YAW Yaw Excursion in o =
Degrees 18" to 66
LATRAL Lateral Excursion in
Inches 0” o 967
LONG Longitudinal Excursion
in Inches 0" to 104"

*The six degrees of freedom for a motion platform
are pitch, roll, yaw, vertical, lateral, and
longitudinal.

The standard error of the estimate of this CER
model is 5.38.

A second cost estimating relationship model was
developed not using the dummy variables. The linear cor-
relation on this model is .9482. This computer data run
is also listed in Appendix A. The equation for this cost

estimating relationship model is:



46
yC = - 103.70 + 9,01L(TOTWT) + 3.25(PITCH)
+ .56(VERTCL) (Equation 14)
From Table 10, the total weight, pitch and verti-
cal excursions can be employed to calculate the range for
cost estimating. It is interesting to note that total
weight, pitch and vertical excursions affect the price of
motion system platforms. This particular CER model has an
advantage over the first in that the cost estimator would
not have prior knowledge as to which contractor would be
bidding. The first CER model has the advantage of evaluat-
ing a contractor's cost proposal when contractors are

known.

Computer Hardware System

For the computer hardware the following approach
and assumptions were made. The baseline system would con-
sist of one CPU with memory and all peripherals in the
small (midi) size computer range to support a one trainee
station without visual, motion and radio navigation. This
Operational Flight Trainer (OFT) would be a low perfor-
mance trainer. If visual is required, only one trainee
station and one instructor station would be configured for
a fixed wing Operational Flight Trainer (OFT). A second
CPU would be required to interface and service the visual

system. The cost of the second CPU with memory and
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peripherals is provided for in the flow diagram depicted
in Figure 9. Without visual, one CPU can service up to
two trainee stations. If there are three or four trainee
stations another CPU of the same type would be required
with memory and peripherals. Figure 9, Flow Diagram for
Determining Total Cost of Computer(s) Hardware, is used to
determine the total computer hardware cost beginning with
the baseline cost of $100,000. All computer hardware data
includes engineering, manufacturing labor, material, over-
head, general, and administrative costs. Computer hard-
ware data were examined on the basis of low cost (LC),
high cost (HC) and most likely cost (MLC) for each deci-

sion factor within the computer hardware flow diagram.[8 ]

Expected cost (EC) was computed from the equation:

LC + 4(MILC) + HC
6

The variance (02) would be computed from the equation as:

EE = (Equation 15)

2 8= HC 2
i T

Table 11 gives the complete listing of the computer

(Equation 16)

hardware decision factors, variances and cost data.



Expected
Factors Cost (EC)

Base Line
Computer
Hardware
Cost

High Per-
formance

Radio
Naviga-
tion Capa-
bility

Motion
System

Visual
System

Two
Trainee
Stations

Three
Trainee
Stations

Four
Trainee
Stations

108 .3K

20K

125K

26 .6K

151.6K

42 .5K

135K

180K

TABLE 11

. Low
Varlgnce Gbet
(o) (LC)
69 .4K 100K
L1 +1R 10K
.694K 10K
1 S 2 20K
625K 100K
56..25K 25K
136 .1K 100K
100K 150K

COMPUTER HARDWARE COST DATA
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Most
Likely High
Cost Cost
(MLC) (HC)
100K 150K
20K 30K

125K 15K

25K 40K

140K 250K
40K 70K

135K 170K
180K 210K
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Visual Systems

Visual systems fall into two ma jor categories.
They are camera/modelboard and computer image generators
(CIG's). Camera/modelboard visual system is one which
utilizes a television camera which is "flown'" over a scale
model representing a portion of real-world terrain. The
television scene, thus, generated is then presented to
the trainee on a suitable display. The display is general-
ly comprised of a television tube with suitable optics to
create a real-world perspective.

A computer generated imagery (CGI) visual system
replaces the television camera and modelboard of the
camera model system with a digital environment stored in
the computer as a group of surfaces comprising terrain and
cultural objects. Through digital computations the en-
vironment is processed to create a scene on the trainee's
display.

The flow diagram for estimating the cost of visual
system is shown in Figure 10.[ 9] Only one trainee station
and one instructor station will be used when estimating
the cost of a visual system. The visual system cost in-
cludes engineering, manufacturing labor, material, over-
head, general, and administrative expenses. Visual systems
cost data were analyzed by the same method used in deter-
mining computer hardware data. Equations 15 and 16 were

used to develop Table 12, Visual System Cost Data.
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Compo-
nents

Computer
Image
Generator

(Day/Dusk/

Night)
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Calligraphic

Base Cost

Each
Display
Channel

Each
Displav
Unit

Each
Data Base

Installa-
tion and
Checkout

TARLE 12 - Continued
Most

: 2 Low Likely High
Expected Var‘znc_ Cost Cost Cost
Cost (EC) (o) (6D (MIC) (HC)
9COK 250 TIg IR 600K 800K 1,600K
221 .6K 625K 200K 300K 350K
60K 1L s K 50K 60K 70K
S3.3R X77.7K 20K 50K 100K
250K B I 1 61 0 B ¢ 150K 250K 330K
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Computer Software

The function of the Operational Flight Trainer
(OFT) computer program is to simulate the aircraft en-
gines, aircraft systems, communication/navigation systems,
flight control systems, media, sound, and control the mo-
tion system. The Operational Flight Trainer (OFT) compu-
ter program also interfaces with the visual system; moni-
tors the instructor display station; solves the aero
equations for that particular aircraft; monitors the
performance of students; and generally controls, through
the instructor station, the testing of students.

The size of the computer program must first be
estimated before a cost evaluation can be determined.
The program task was tallied for nine Operational Flight
Trainer. (OFT) computer software systems. From this data
a sample mean - of 35,177 computer word size, and a
sample standard deviation Og of 9,156 was computed. In
the sample the minimum and maximum program sizes were
21,792 and 46,994. The 99 percent confidence interval
for estimating the hypothetical population mean p using
the student t distribution was

24,938 < p < 45,417

The Operational Flight Trainers (OFT's) used in
these data samples included a visual system and a motion

system. The flow diagram in Figure 11 and the sample



56

statistical mean shows the procedure for determining the
expected computer program size for an Operational Flight
Trainer (OFT). The flow diagram estimates one trainee
station program size equal to 35,177. The flow diagram
subtracts from the program size if the visual system is
not included. The sample mean by for the visual system
interface program was computed at 4,213 with a sample
standard deviation 0 of 2,473. The visual system data
base cost was computed in the visual system section. The
flow diagram also subtracts from the program size if the
motion system is not included. The sample mean uz for
the motion system is 782 with a standard deviation -8

of 359. When estimating for two to four trainee stations,
the result of one trainee station will be multiplied.
The result will be multiplied by two if two trainee
stations, by three if three trainee stations and by four
if four trainee stations. Only one trainee station will
be configured with a visual system. The total program
size is converted to a cost estimate by using equation
22. Equation 22 cost estimates include all programming
activities such as program design, program coding, pro-

gram testing or checkout, and program documentation.
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Costing and Pricing An Operational

Flight Trainer System Design

The following procedures are to be used in costing
and pricing out the Operational Flight Trainer (OFT) system
design element of the Work Breakdown Structure (WBS).[10]
From the previous functional cost estimating techniques
the decision-maker must determine the most feasible tech-
nical approaches that may be used to realize each subsys-
tem. Probabilities are then assigned to each approach
according to the likelihood of that approach actually
being taken.

Trainee station(s) and instructor station(s)
material costs would be derived from Table 8 or from
equation 4 and equation 12. Equation 19 combines both
the trainee and instructor stations cost since the instruc-
tor station material cost is dependent upon the material
cost of the student station:

cs, ;= [[[(ENij) (E) (1 +0H)] (1 +G)] (1L +P)] +

[[Lery ) (v (1) (1 + oH)] (1 + G)]
(1 +P)] + [[(MAij) (L +6)] (1 + P)]
(Equation 17)
where

BSti. is the cost of trainee station{(s) i using approach

gis
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ENij is the engineering hours for Work Breaakdown
Structure (WBS) element i using approach j.

For trainee station use computed data at end of
trainee station section. For instructor station use com-
puted data at end of instructor station section.

MFij is the manufacturing hours for either trainee sta-
tion or instructor station i using approach j.
‘Trainee station will use computed data at the end

of trainee station section. Instructor station will use

computed data at end of section on instructor station.

N is the number of trainee stations or instructor
stations to be manufactured.

MA. . is the material cost for subsystem i using approach
1T

When computing for trainee station use either
equation 4 or Table 8. Instructor station will use

equation 12 or Table 8.

E is the engineering labor rate. Use Table 13.

M is the manufacturing labor rate. Use Table 13.

OH is the appropriate overhead rate. Use Table 13.

G is the general and administrative rate. Use
Table 13.

2 is an estimate of the contractor profit rate

(Usually 10 percent). This variable to be left
out when computing cost variable for system

integration.
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TABLE 13
LABOR RATE COST DATA FOR

FISCAL YEAR 1976[11]

Engineering Labor Rate 825
Engineering Overhead 110%
Manufacturing Labor Rate 5280
Manufacturing Overhead 150%
General and Administrative

Rate 16%
Profit Cost Type 7% - 10%
Profit Fixed Price 12% - 15%
Profit Other Than

Fixed Price 9% - 12%
CI;y = [[[(ENij) (E) (1 +OH)] (L +6G6)] (0 +P)] +

[[[(MFiJ.) (N) (M) (1 + 0H)] (1 + G)]
(1 +P)] + [[(MAij) (1 +6)] (1 + P)]
(Equation 18)
(@ LRy is the cost of instructor station(s) 1 using
approach j.
The combined student and instructor station cost

is CTij = CS (Equation 19)

B s PR

1] 1]

CT e is the total combined cost of student station and
instructor station i using approach j.

If P variable is left out CTij would be cost

without profit variable.
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The total cost of motion systems would be resolved

from the below equation:

CMij = (Number of Trainee Stations) (MSCij)
(1 ) (Equation 20)
CMij is the total cost of motion system i using approach
e
MSCij is the cost of a single motion system i using
approach j.

This cost includes engineering, manufacturing
labor, material, overhead cost, general, and administra-
tive expenses and can be computed from equation 14.

The cost of computer hardware would be determined

from the below equation:

CCy 4 = ECHijj il iy (Equation 21)

where

CCij is the total cost with manufacturing profit added
of the computer hardware system(s) i using
approach j.

CHij is the cost of computer hardware system(s) 1

using approach j.
This cost includes engineering, manufacturing
labor, material, overhead cost, general, and administra-

tive expenses and can be computed from Figure 9.
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The cost of computer software can be determined
from the below equation:
CP, ; = [[(x) (PI; ;) (E) (1 + OH)] (1 + G)]
(1 + P) ] (Equation 22)
where

P is the cost of computer(s) software i using
approach j.

X is a variable use in calibrating the number of
trainers. If one trainer is configured, X will
equal .9. If two or three trainers are confi-
gured, then X will equal 0.75. If four trainers
are configured, X would equal .60.

P is the computer(s) software program size i using

'J
Lo

approach j, which would be estimated from Figure
lll
The visual system cost would be computed from the

below equation:

= LAy + Equation 23
CX;5 = (CVy4) (1 +) (Equati )
where

CXij is the cost of visual system i using approach j.
CVij is the cost of visual system i using approach j.

This cost includes engineering, manufacturing
labor, material, overhead cost, general and administra-

tive expenses, and can be computed from Figure 10.
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System integration cost is to be computed accord-

ing to the following procedure: [12]

System Integration _ [Visual System] [.15]
Cost = Total Cost A
+
Motion System
I:Total Cost ] [.10]
+

Trainee Station &
[Instructor Station] [.10]
Total Cost

-+

[Computer Hardware]
Total, Cost

[Fa15]
(Equation 24)

'I'rainee station and instructor station total costs
are equations 17, 18 and 19 without the profit variable.
Motion system(s) total cost is equation 20 without the
profit variable. Computer hardware total cost is deter-
mined from Figure 9. The visual system total cost is CV
and is derived from Figure 11.

The system integration percentage factors for the
fourth level Work Breakdown Structure (WBS) elements can

be determined by using the technique of weighting ob jec-

tives as described in Chapter 6 of Introduction To Opera-

tion Research by C. W. Churchman, R. L. Ackoff, and




A 64

E. L. Arnoff. Each project or system engineer at the
NAVTRAEQUIPCEN would, in making his own estimate, estab-
lish the relative values (weights) to each fourth level
Work Breakdown Structure (WBS) element and from these
values decide what percentage to be used in estimating

system integration cost.



CHAPTER VI
INFILATION FORECASTING AS APPLIED TO

OPERATIONAL FLIGHT TRAINERS

Inflationary forecasting as applied to Operational
Flight Trainers (OFT's) for fiscal year 1976 were predeter-
mined by the memorandum from the Director of Procurement
Services Department of the Naval Training Equipment Center
dated 15 March 1976.[13] The 1976 fiscal year was from
1 July 1975 calendar year to 30 June 1976 calendar year.
From 1 July 1976 calendar year to 30 September 1976 calendar
year a new fiscal year reporting system was established
within the U. S. Government. This short time period was
recorded as fiscal year 197T.

The 1977 fiscal year was from 1 October 1976 to
30 September 1977. All preceding fiscal years are now
recorded from 1 October to 30 September. The escalation
factors for labor and material for FY77 is 10 percent.
Fiscal year 1978 escalation factors for labor and material
are 7.0 percent. All fiscal years preceding 1978 will be
6.5 percent. Overhead and G&A rates would increase at

approximately 2.0 percent per year.[14]
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Table 14 was developed using data from the re-

ferenced Director of Procurement Services memorandum.

TABLE 14

INFLATIONARY INDEX

Fiscal Year Labor and Material Overhead G&A

1976 1.0 1.0
(Base)

1977 1.1 1.02
1978 1417 1.04
1979 125 1.06
1980 133 1.08
1981 1.42 1.10
1982 1:51 1.12
1983 1.61 1.14
1984 ) P B ) M
1985 1.83 1.19

The application of forecasting inflation using
Table 14 would be to take the material cost for trainee
station from either equation 4 or Table 4 and pro ject
it to fiscal year 1985 by multiplying it by 1.83. Example
would be the material cost inflationary forecast for three
trainee stations in fiscal year 1985 using equation 4.

[26885.76 + 94824.63(3)] (1.83) = $569,799
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Using Table 13 data and forecasting for inflation

to fiscal year 1985,

Engineering Labor Rate $8:25 (1.85) = $15:26
Engineering Overhead 1,10 (1.19) = 130%
Manufacturing Labor

Rate $5.30 (1.85) = $9/80
Manufacturing Overhead I%5 (1199 =< 1L78%
General and Adminis-

trative Rate oo U PP e [ o I B — (gl 0 -4

Using equation 17, trainee station engineering
and manufacturing data from Chapter V and a profit fixed
price of 15 percent, the estimated average cost for
three trainee stations in fiscal year 1985 would be
s =il if (13,6740 i (1526) 8 (2Ra) | (129 ) (1.15) ] +

[[(4,310) (3) (9.8) (2.78)] (1.19) (1.15)] +
(569,788 {1,197 (115 ]

CcS = $1,918,614



CHAPTER VII

CONCLUSIONS

This research paper has presented and explained
functional cost estimating techniques that apply to the
system design Work Breakdown Structure (WBS) of an Opera-
tional Flight Trainer (OFT). The system design work
breakdown elements that this paper directed itself to
were as follows:

1. Trainee Stations

24 Instructor Stations

3. Motion System

4, Visual System

5. Computer System Hardware

6. Computer System Software

7. System Integration

The methods used in this paper to determine the
functional cost estimating techniques were as follows:

1. Linear regression analysis of sample data.

2. ZLinear multivariate analysis of sample data.

3. Measure of central tendency and dispersion

of sample data.

68
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4. Test of significance for small univariate
samples using student's t distribution.

5. Estimating the confidence limits for hypo-
thetical population mean py from a small sample using
student's t distribution.

6. Naval Training Equipment Center "expert"
opinion on estimating low cost, most likely cost and high
cost on computer hardware and visual systems selections.

The functional cost estimating technique developed
in this research paper have not yet been practically
applied to real problems. Current methods at the Naval
Training Equipment Center rely on previous cost experience
and intuition. The methods presented here will add sub-
stance to cost verification that 1is not dependent upon
personal experience.

The results of this research paper are that a
cost/price for each Work Breakdown Structure (WBS) element
can be made separately and appraised, or totalled into
the system design Work Breakdown Structure (WBS) element
and evaluated. Also, inflationary cost can be examined
and judged from fiscal year to fiscal year using data in
Chapter VI. If time had permitted, further area of re-

search would have been to develop an interactive computer
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program that would accept additional data and integrate
each cost/price estimating technique into total cost/
price system for an Operational Flight Trainer (OFT).

The author acknowledges that data in Table 8
assumes that the variance for student station material
cost does not effect the variances for instructor station
material cost. Future work in this area would include
combining the two variances for determining a much
broader confidence interval for instructor station material
cost. Future effort would also include examining other
CER's on Operational Flight Trainers (OFT's) that would
provide a refinement in estimating cost. This would in-
clude such factors as physical descriptions (weight and
size), specifications and reliability factors, quantities
(prototype and production), performance schedules
(engineering and production), design inventory, cost/
quantity relationship (learning curve), and integration
and test requirements. The output of this proposed model
could then provide empirical values, schedule effects
(engineering/production interaction), integration and test
costs (all Work Breakdown Structure (WBS) levels) and
many other areas that could provide a detail model rela-

tionship of each functional area.



APPENDIX A

COMPUTER DATA RUN FOR MOTION SYSTEM USING

STEPWISE LINEAR REGRESSION MODEL
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STEP HUNBFR 9
VARTARLF FNTERED 11

HULTIPLE R 6.9909
STD. FRRUR NOF EST, .1827
AHALYSIS NF VARIANCE
DF UM OF SOUAR
RFGRESS10H 9 180379.,680
RFSTDUAL 1 28,914

VARTABLES 'N EQUATIOM

VARTARBLF COEFFICIENT

(CONSTAMT 693,56645

DEGFRE 2 ~153,820M7
TOTWY L 1,008%0
YAW 7 -2.597h7
VERTCL & 1,923%7
LATRAL 9 3,9946R1
LONG 10 2,613B8p
11 -19,70343

12 95,89183

13 ~-T72,227K0

~LEVEL NR TOLFRANCE INSUFFIEIFENT FUR PURTHER CUNPUTATIQM

AT0, ERRNR

)
8,10043
0,34451
0.32B14
0,19566
0.30223
0,355a7
7,04028
14,671553
6,90094%

ES MEAN SOUARP
200424178
28.974

F T0 REMOVE

B6O,6277
08,5693
62,6695
96,6226
174.8795
53,0371
T:8325
42,7180
Y07.04n7

—————— — —

NNV VNNV
- ———— - ———

F RATIO
671,732

VARTARL

PAYLD
PITCH
ROLL

F

3
3

VARTARLES NOT IN EQUATINN

PARTIAL CNRR, TOLERANCE
)1,00567 0,0173
1.00%46 0,06027
1.00563 Vel1050

F TU ENTFR

n,n000 (2)
0,0000 (2)
N.0000 (2)
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Y TABLE

13

VAR ABI £

EHIERPD

TOHIWT h
VERTCI

(]
)
2
LATRAL 9
OFGIRE 2
YAW 1
LONG Yo

1

9

REMOVED

MULTIPLE

0.,9070
0,9316
0,7450
0.9%924
0,966)
0.9948
0,9956
0.9993
0.9999

RSO

NyN2J6
n,R679
N,"94¢6
0,771
n,73%8
N,78%
n,"911)
N,79R%
n,99%8

INCREAST
IN R%Q

0,02246
0,043
00,0267
0.,0129%
0,0267
0,0%58
0,003
0.00173
0,001%

F VALUE 10
ENTER LR REMOVE

41,7359
2,7442
1.7732
00,0048
2,014

21443791
0.5191

10,9185
T.8325

HUMDFR QF

VONOAdIEN—

THDEPENDFNT
VARTARLES tucLbpri

£8



LIST OF RESIDUALS

CASE
IUMBER

—_—

—_0 O O VS WN -

Y
X( 1)

36,0000
268,0000
327,0000
2728.,0000
149,0000
327,0000
238,0000
149,0000
4T76,0000
595,0000
357.0000

Y
COMPLITFD

403,9070
214,1237
389,A055
P40, 4909
15Y,v9n7
840,75%0
18,6774
23n0.38A8
G10,75%4
558.9591
331,48374

RFSTDUAL

~-17.9070
54,8763
v56;6055
-2.4989
~2,1907
~13,71320
52,3326
5,2446
39,0403
23,4426

X1 &)

33,9800
10,n000
A2,A000
12,4200
15,0000
29,0000
12,%000
12,0000
47,0000
47,0000
24,0000

X({ 8)

69,0000
68,0000
55,0000
240,0000
0,0000
66,0000
60,0000
84,0000
60,0000
26,0000
75,0000

Xt 5)

50,0000
58,0000
50,0000
30,0000
37,0000
56,0000
44,0000
35,0000
36,0000
36,0Q00
55,0000



PLOT OF RFSTDOALS (Y-0X15)

PLOT OF RESINUALS (Y2AX]S) :
VS, VAR [AHLE 2 (X-h¥is)

{
VS, VARTARLF 3 (X=AX]S) 21

PR

3,000 1.612 LI P20 4,037 5.449 6on6)
3,306 3908 E eI 5,143 5,155

D R R R R R R I R L L A R AL )

7.000 9.6%3 12.306 16,949 17,612 20,2654
n,327 10,780 134633 L1h.2BA 1R,"737

. - g
SeesBoetecctotolrocrressreniuancosencsstonetotarvacae

-

~B1,19 -1],39

e 8 e liel @ et e

-67,48 ~AT . 4R

2 i e ® e ® w e e
T R T L R T TR T T T

-~33,5A8 -%3,58

B B B R B S e . . S e W P PO O e P e~ o ol T . ey A SR

-39,67 19,617

-2%,17 -25,71

=11.87 -11,87

1 \

2,04

13,94

te fw Sy S Sy Sa s Sy Ve Ve Be he s tu by By Ve Ve Se Ve e Sy Yy Ne Ve te e

b e '@ o 0.9 & e B Weie e W6 e NleRE N Y

13.94

29,83 ?29.89

43,73 w3, 15

1
1
......'......O.-Onlt..a-:cln.o.o...........".......
7.0M 9,653 12.39 14,957 17,612 20,245
n,%27 In, 280 13,030 1A.284 18,710

T L e e e e R A A A A R

V, 000 .61 & 224 A _RYY S.h49 .

3, \ne .78 4.9V $.14) - PO &

nel

1
1

—
« '®'0'0'e 8 ' et *'e'e's'e'e ‘e S'e‘e B & ‘s 29 '® 'P'S'e'e 'e® e ‘e ‘e ‘e ‘e ‘e ‘e ‘e

-
Fiale 2.0 9.0 @ 0.sid 8 e &8
P P TR L LR R T D T

c8



PLIT OF wr s 100ALS

(v-nxfs) PLOT OF PESINUALS (YZAXIS)
VS. VArTAD| L 4 (X-Axts)

VS, VARTARLF 5 (X3AXIS)

-
~
T S
-~

10,700 17.551 25.102 12.65) 40,204 47,75%
13,776 21.321 28,878 36,429 43,900

L R R R R N R R R R SRR S

30,000 35,714 41,429 47,143 52,847 58,57)
32,857 IA,571 44,286 5n0.n0N 35,74

. .
»
L R R N R RN B SN

~81,19 -91,39

TR N RS FL A AW R ST mmmTS ® B S e B e Bre m T mew. w @

SR -AT,44

~53,5R -%3,59

-39 .07 -19,61

=23,71°

~11.87 <11,07

—
—

2004

2,04

1594

15.94

27,05 29,85

[
S 16 "8 ' '8 '8 70 '6 0 ‘#1087 ¢ ‘0 10.°0/%5 ‘0’6 7S Y0 9 "0 '8 20 6 'S T8 e ‘o ‘e 'e & ‘el ta piteie Yo

“-te e e
S e e e e - oo o

a1, 7% 43,7%

' ® 99 'S © B'OG O S'G°S 5°'0 VG P G O 0 'D'S’'® ' © 0 ©'0°s8's S'ea B ' 0'® o ® u''e e's
-

R i T T R S T E Tt T i O S Pmee gt o e
AW ,000 AS, 114 $1,429 Al.1A) “2.0%7 S8,571,,4
312, R85 n,s1 44 ,78h $a,nnn 85,714 k

SIS 008t EesesasaNsatisstsassssntonsasctoscsoasen
19,000 17.551 2%.102 12 .8%) 4N, 204 “
V). 178 cl M} *a.078 160.427 43,909

.
0]

s
w
»

A% e e e Byl Gl BBALe e e Sl slele el e end. SlskelelelehalisiteNaliateiensleswilelleolke ishielsie e
%8 4 e Se Sy e Sy g Sy Ny Sy e e Sy e te Yy Sy Vet Sy T e tn Ty By Te By Se ety T e te Ve e $0 Ve Se e Yo Ve te Se Yo Se Ty Se e Ny te e te Sy Yl
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PLOT OF RESTUIALS (Y-AXTS) ,; PLOT OF RESINLALS (Y-AXI1S) A
VS. VAP ABIE 6 (x-nyts) AT VS, VARTARLF 7 (X=AxIS) .o
26,000 33,755 41.%0 49,265 57.020 64 ,17%,"5 0.000 14,2006 28.57) 42,847 17,143 TLe429,,
29,878 37.613 “h.308 53,143 60.878 oo 7,041 214429 35,714 50,000 64,280 I
.-tt..'-.--n.o--o‘.l‘.o.nl.cnll'-u.’o...!'-l‘.ll..‘o.l.‘- .’o l-"ll.l'..l.l.."cl-.....-!.!:IIQ.OC.'O.'...QCO-O.D-‘O..IO .’l
-3,00 , 1 AR ~3,00 , \ 5]
. ‘ ..n . l 'l‘

. 4 - oo

. o’- .- _a’

. l’l ! "
2,40 3% ~2,40 , G
. l:' . ::

. . . e

L I:l . .u‘

. . » b
Sl P o T 3
. .:- . .00

¢ e . l‘

. .:. . :.I

¢ . ' )
“1422 Ten a2 b
H .

\ .2 . .l‘

. e . .1;

¢ ve: . p‘

L o . .‘
~0.6) 1 e T 1 o
L .:o . _n:

¢ . . .

‘ ot : ot

» 1: . ;‘
0,03 , Wzl 1 i -0,03 | 1 1 1 )
. o:n .l .-‘

. 1 . . ‘ -

. l:l .l -l;

. .. . I‘

0.5%6 Sy 0.56 ok
. l:. . ‘O‘

. L . ll

. 1 o Al o

. ‘ Q.I . l ‘-‘

1elS o N 79 1 [ Al
. .:' . 0‘

. 0: L) l;

. \ o . 1 .h

. l: . .!l

1?3 o . 8713 & o h
. ': . ..i

. ': . .

. -: . .l‘

. .2 . b

)l‘~ . LB ;.’~ - .‘
. ':. . LR

. . . ve

. .. . .

. | S . v ; b 5
....'.......'.'.....‘-.4......‘..................... .: ;.....--.'.-.c;o.to..ool--...--..o.-...-.oo.-t.---. e
26,000 Yy, 788 1 hn 49,249 $7.020 &4, 71% 5 0,000 164,206 20,57 42,817 7,142 T1.629,%
29,8718 Yy7.61) A%, IND 1314 fO.RR . 7,140 21,429 31,714 S0,.~0n b4, PRA e
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PLOT OF RESTODALS (Y=Ax]S)

PLOY OF RESINLALS (Y-AX]S)

% )

VS, VAR[ABIE 8 (xX-Axls) e VS, VARIARLF a (X=AX]S) e
0,000 19.592 37,184 LLO AL TA.367 97,750, 0,000 197,572 39,1084 58,7758 78,367 971.9%%,
9.7 29.3n8 L8.900 60,57) RB.161 d 2,794 29,368 48,940 bR, B8R, 161 208

=3,00

=2.,40

ot 15

0,63

-0,0)

1.15

173

2.4

s .
L L I R R RN R RN PR N NN S N I R L R R N N N R R R R ]

’

.
o5 s .
. 1 .: "3000 . ..;
. 1 ..n . 1 -a;
. o . Wb
. l’l ’ -‘
; 7 . o4
. v ~2.40 . .t
- o2 . ot
’ o2 . a‘
. (5 . a‘
L L] ’ -‘
. . "l.ﬂl . t‘
. o . Wl
. o . :ol
2 v . g‘
. .’. . -‘
\ e -1,22 . _n‘
. .:' . ..‘
\) " B !i
. e . ol
. AT . ol
el c: ‘0'63 ll .o‘
» o:- n 'ol
b .2 ; ;‘
e l: . "‘
$ o . . e
. 1 1 1 v -0,03 |, 1 ? it
b/ .’0 . .o‘
. 2 . ;E
. . . .
. o3 0,94, s
. b4 . ..‘
\, L) . -
. 1 o:' . 1 .‘
. 1 o . 1 o9
. o 1.13 , Wb
. ] . oh
: .s . A
. 1 L3 . 1 ok
. v . o
. oo 1.7% , .
. o} . ob
. . . .
. ., . "‘
. .3 b i
. . 2,34 of
. v . o
. .: . :‘
. or . ot
' ) .2 . : ; L
D R N R R R R R e O N . D I N S S S, -
n,000 12.5%72 . 184 SA. 7Y LRI L T8N 0,0n0 19.592 39.184 58,7178 T8 ,3A7 7.9%9,%
9,174 29,38y 4. MO AB.5T71 UL L | >% N, 794 27,388 48,%0 6A,5 N 88,160 s}
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PLUT NF RESTDUALS (Y=-AX1S) % PLOT UF RESIDPUALS (Y=AXIS) o b
VS, VARJABLE 10 (x-Axls) i VS, CNHPUTEN ¥ (X2AX13) W
n,n00 21,224 42,440 63,6173 84.898  10A,122,% 148,816 219,076 330,936 421,977 513,037 604,117,

10.612 31,887 93,061 74,206 93.510
LR B B B A A R L B B D BT R B B R B N B B B L B R B B L BB B L B

1

194 (V44 285,408 376,407 467,127 : S!l.’O?
00!.o;.al‘vv'!:l..'u-0llll.-n.l."l'a‘00.!0'...!.0.

=3,00 1

-3,00

1 1

2440 «2,40

-1.Al

-1,81

1,22 -l,22

B N B Ve Ny By Ry by R, Ny Ny g Ve Ny YT, b Y N,

-0,6) 1\

~0,0%

113

R mle se a'ete et e e te e e e ' e ' 'e ‘e e ‘e ' ‘e ‘e ‘e ‘e ‘e "e ‘e ‘e ‘e ‘mtetete e

W e e R e W e . W W B e W W W W W ...

1.7%

.
.
.
:
.
.
~0,¢13 :l
.
.
.
.
.

2434 2,38

2l @ sl eie $.g e el e s e
e Ye %e Vs te Vet Ve tatyte s tatg ety ety Nty te tete Ve Ve Se by Ve be e Ve e Ve S

N _ 1 1

P T SR O W Sy PSSP S PP P PP TR TS S X RSN SRR R R R
0n,.nun 21,224 A2.440 (AFLEA 84,090 106 ,12>
10,012 J1.8V) “3.0n10 TA 20 95.%10

.
.
.
-

l.-o-lo...ogl'..-"oll!oo..o'!nccp'no-o....'.-Oo-....
. 1«0, 816 219,876 3.9 421,971 513,087 604,117
’ 194, 344 20% 404 Yih 4wl “671,527 $3%,.%87 =

WEP= G RS
SEmL e e . mie. e
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JMDO2R ~ STFPWISE REGRESSIUN = REVISED MARCH 37, 1973
IEALTH SCIENCES COMPUTING FACYUITY, yUCLA

RODLEM CODF MofLon
'INBER NF CASFS 11
UMDER NP ORIGIMAL VARIABLEDY 10
UNBER NF VARTABLES ADDKD 0
ITAL NUMRER NF VARIABLES 10
UMBER NF SUB-PRUBLEMS 1

HE VARTARLE FORMAT IS lFhkensIF5,2)

VARIARLE NEAN STANDARD DEVIATINN
{ 319.09082 134,3183)
DEGFRE 2 5.54%48% 1.03572
PAYLD 3 14,08000 5.41521
TOTWT 4 24,68)81 13.83760
PITCH 5 47,90909 9,6897)
ROLL 6 42.90009 10,%9674
YAW 7 44,18181 22.65309
VERTCL 8 79.361363 58,46240
LATRAL 9 96,90%09 73.02252
LONG 10 66,63435 37,43061

06



COVARTAMCE MATRIX

AR TARLE
MUMBER

1
2
3
4
5
6
7
8
9

-

1(

1

18n4n,075

610245
1.073

473,75\
0.860
29,324

1685,725
5.357
~0.203
191,479

2754409
6,058
1,983
R,320

93,891

161.909
71,655
2:.136

~2,370
76,691
112,291

2209,219
13,09
4.840
"'30.98‘0
159,61A7
196,618
513,163

222.963
-8,318
'1100608
'l2°ounl
~-)186,364
~112,164
‘7090072
3417.,854

843,900
o AL
~80,40R
~66,434
-312,5%09
129,709
-841,180
4107,4633
5332,7289

10

1526,5135
33,318
16,948

1n5,9A9
290,443
3319,3h4
743,071
27n09,854
~B83],A15
14n1,053

16



ODRRELATION MATRIX

\RIABLF 1 2 3 4 5 4 7 8 9 ' 10

"UNBFR
1 1,000 0.4R) N.651 0.907 N 212 0s114 ~N,069 0.028 0,086 0,304
2 1,040 n.153 ND.374 n,AB8" 0.697 NeS3N -0.137 ~0,153 0,899
3 1,000 0,803 n,N30 0,037 0,039 ~0.349 -0,204 0,102
4 1.000 NeN62 ~0,018 «N,099 ~0.149 ~0,n66 0,205
3 {,no00 0,747 0,727 +0.329 ~0,442 0,801
6 1,000 0,819 +0,181 ~0,16AR 0,8%6
7 1,000 -0.533 ~0,%09 0,076
B 1.000 0,762 0,274
9 1,000 -0,304
10 1,000

Z6



X EXAMPLE OF [NPUT FOR STEPHISE RECRESSTON TO DETERIMITNE

80 COLUMH ALL PURPOSE WORKSUEEY (Acy punch) MOTION SYSTEM COST WITHOUT USTHG DIMMY VAR IARLES

CHET GEM 30000 () 74,

S waien wer e YROGAAN: STEPWISE REGRESSION  reochAwM®: . rtheewo. Loor 1 parg: 10 Feluuary 1977
(OLUMN HUMAT R ' Ll 0 0N A B A BN LA CNCN U A R RS KRS LRd L LA DA '|L.‘: SRR REN B S0 ALY Bl AT RS KPS R SRR NEd AL RRS R0 MR KU0 CR N 1R n‘u PO TS KT ET0 X0 E2F BT B N Y GRS BN N ENT EXT1 O YY) AN GO CRR] NN O CENY OIS CRCE EEEY Sl A BN SRR B
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SUB-PRUNLM 1

DEPENUFNTY VAP JADLE \
HAXTHUM NUMBER OF STinr4 20
F-LEVEL FUR IncLUSIOn 0,500000
F-LEVEL FUR DELEYTION 05,100000
TOLERANCE LEVEL 0,0M1000
STEP MUMHFR 1
VARTAALF FNYERED 4
MULTIPLE ® 8.7°070
STO, FRROAR NF EST, 59,4309
AHALYS TS NF VARLANCT
nf Ut NF SOUARFS HEAN SOUARP
RFGRESSIOUN 1 14R406,0h0 148406,040
RFSTDUAL 9 320N02,574 3555,842
" .
VARTARUEY TN EQuUATION 4
VARTANLY COEFFICIENT  &TD, ERRNR F 10 REHNVE :
.
(CunSTAnT 101,79945 ) :
1UTwY “ n,anno 1.3627) Al,?)'l') (2)
.
.
L
.
.
.
.
STEP nunBre 2
VARTAALE FNYERED 8
MULTIPLE ® 0.9270
S10, FRRUP DF EST, ShL Y628
ALIALYSIS NF VARIANCE
0¥ fUN NE SOUARFS NEAN SOUARR
RFGRESSION 2 153384,2% T&6R2,125
RESIDUAL ] 27044438 1IN0, 545
.
VARTABLEY TN EQUATION 3
VARTANLF COEFFICIENT  STD, ERRNR T T0 RFMNOVE :
.
teomsrany 65,226A2 ) :
LLAA A ) 4 D 086R7 1.34300 43,3237 (2) ,
viRTrL n,38%%0 0,31807 Los0AY (2)
.
.

F RATID
A 1Y

VARIARLF

NERFRE
PAYLD
PITCH
rROLL
YAY
VERICL
LATRAL
LONG

DO N> A a.N

F RATIO
22,6M)

VARITANLYF

PLAFRE
PAYLD
rrecn
FOnL

YA
LATRAL
LOvG 1

DO4~N>>IrwNV

VARTARLFS NOY IM FQUATINN

PARYIAL CNRR, TOLPRANCE F Y0 EMTFR
0.36738 0,860) 1.20% (7)
~0,30841 0,394 N, A40Y (2)
n.36973 0.9961 1.266% (2)
n,30788 0,9997 D,AITT (2)
0.04984 0,9902 06,0199 (2)
0.39%1 0.9717 L4867 (2)
0.346432 0.9937 1.0917 (2)
n.286832 0,9501 0, TL44 (?)

VARIARLFS NOT IN FQUAT DY

PARYIAL CDRR, TULFRANCE F T ENTFR
n.A6104 0.853% 1,498 (2)
-n,181V1A 0.3007 0,243 (2)
oS s 0,87146 Y.39% (2)
n.a218n V,9n52 1.%1% (1)
n.1%&1Nn U.6R08 1.0041 (1)
=n.13211 0,0680 N.13R) (2)
n.46330 0.8690 1.%102 (2)

1745)



STEP MUMBFR 3

VARTANLE FNTERED 5
\WLTIPLE R 0.9482
"TO. FRROR NF EST, 50,2948
\HALYS 1S NF VARIANCE
DF U DF SOUAR
REGRESS 1ON 3 162205,370
RFS1DUAL 7 102037,254

VARTABCEN IN EOQUAYTIONM

VARTARLF COEFFICIeMT $TD, ERRNR
(CONSTANT -103,70335 ) :
TUTHT 4 9.01672 1.17872
PITCH ] 3,24981 1.,76250
VERTCL B 0.56133 0.,294R7

EVEL NR TNLFRANCE INSUFPICIFNT FOR FURTHE

FS MEAN SOUARF
54068.457
2600,465

£ 10 REMOVE

58,5166 (2)
3,3998 (?)
3,6240 (?)

R COMPUTATIUN

F RATID
20,792

VARIARLE

NEGFRE
PAYLD
ROLL

YAW
LATRAL
LONG 1

SN WN

VARITARLES NOT IN EQUATINN

PARTJAL CORR,

0.04760
~0.,097453
,-0.00399
"0009007

0.,21044

0.,02755

TOLERANCE

0.4039
0,2907
0.4344
0.3371
0,0501
0,3326

F TO ENTFR

ND,0]130
0n,n57%
0,000}
n,n49)
n,%006
0,0046

— o~~~
NN NNN

- — — — —
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MNARY TADIE
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