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ABSTRACT

An avionics installation (AVSTALL) cost model developed
by ARINC Research Corporation for application to the Navstar
Global Positioning System (GPS) is described. The model
determines the aircraft-peculiar costs of installing avionics
equipment — for example, GPS user equipment — into military
aircraft. It is based on cost estimating relationships (CERs)
developed from an analysis of 51 previous Class V avionics
modifications to Air Force aircraft. The development and appli-
cation of these CERSs are explained in this report.
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1
INTRODUCTION

This report describes an avionics installation (AVSTALL) cost model developed
by ARINC Research Corporation for application to the Navstar Global Positioning
System (GPS). The model determines the aircraft-peculiar costs of installing avionics
equipment — for example, GPS user equipment — into military aircraft. It is based
on cost estimating relationships (CERs) developed from an analysis of 51 previous
Class V avionics modifications to Air Force aircraft. The development and application
of these CERs are explained in this report.

Although the AVSTALL cost model was developed for the GPS program, it is
applicable to a wide range of aircraft modifications involving avionics. Some of the
specific limitations that restrict the use of the CERs are discussed later in this report.

AVSTALL estimates the total cost of an aircraft modification through a com-
bination of generalized CERs, specialized GPS CERs, and throughputs. Only aircraft-
peculiar costs such as installation labor, Group A kits, Group A engineering, modifi-
cation prototype, testing, documentation, support equipment, and initial spares are
estimated using the basic AVSTALL CERs. Group B costs, including kits, RDT&E,
and sustain engineering, are throughputs to the basic AVSTALL. For the GPS pro-
gram, additional CERs involving aircraft-peculiar Group B development and documen-
tation were derived. These Group B relationships specifically developed for GPS are
not considered applicable to the same scope of application as the basic AVSTALL model.
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2
TECHNICAL APPROACH
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The technical approach taken in developing the AVSTALL cost model was to:
a. Define the cost elements

b. Collect historical aircraft modification data

c. Screen and normalize the data to produce a reliable data base

d. Apply one of 2 number of methods to isolate the CER inputs (regressors)
and develop the CER equatiors

e. Determine how well the CER predicted cost fits the actual data base costs.

Each of these steps are discussed below.

2.1 COST ELEMENT DEFINITION

The cost elements for AVSTALL were ideatified by starting with the Cost
Assessment Improvement Group (CAIG) cost format. This format was chosen
because it met the immediate needs of the GPS program and, by expanding its format,
cost elements could be included to support future cost and budget reporting require-
meants. Certain nonapplicable cost elements such as war reserve and facility con-
struction were dropped. Then additional subtier elements were included to meet the
most detailed of the future reporting requirements, which is the Modification Proposal
and Analysis (MPA) form. The expansion of the CAIG format to meet MPA require-
ments was limited to those cost elements contributing significantly to cost, since the
cost elements that historically coatribute a very small percentage to modification
costs did not warrant the development of CERs. The final AVSTALL cost elements
developed are presented and discussed later in this report.

2.2 DATA COLLECTION

The key to the development of any CER-based cost model is the acquisition of
an adequate data base. The AVSTALL data base is very extensive and includes tech-
nical and cost information concerning 51 previous Air Force Class V modifications.
The data base is summarized in Appendix A, The technical data were collected pri- I
marily from Time Compliance Technical Orders (TCTOs), with supplemental data !
from the MPA documentation. Most of the cost data were collected from AFLC ‘-
Forms 44, 44A, 44B, and 44C, and from the AFLC G079 computer products obtained i
at AFL Headquarters at Wright-Patterson AFB, Ohio. The data base includes both !
actual and forecasted costs. Examples of AFLC Form 44 and G079 are included in !
Appendix A.




2.3 SCREEN AND NORMALIZE DATA

Before the data base could be used to develop the CERs, each cost element of
each aircraft modification was carefully reviewed to eliminate those not representative
of the true cost of the particular modification, or which include extraordinary costs.
Examples of the type of data eliminated are the following:

a. Group A engineering costs for modification, in which AFSC developed
the Group A equipment during RDT &E and did not include the cost in the
AFLC cost reports.

b. Group A kit and installation costs for installations involving major aircraft
structural modifications not represeatative of most avionic installations.

Rt

c. Group A kit and installation costs for which insufficient technical data were
available to reliably define the installations. T

d. Cost elements in certain modifications in which the cost accounting rules
are suspected to be substantially different from most modification cost =
estimates, and which are inadequately defined. |

Once the data base was screened, the data that remained were normalized to
express the cost in the same year's dollars and to adjust Group A average unit kit §
costs and average urit installation costs for learning curve effects due to different b
quantities. To reduce the probability of error in this procedure, the normalized
quantity and base years were chosen to be representative of the majority of the modifi- |
cations in the data base. The normalized quantity was 250 units and normalized base }
year was 1977.

B

2.4 CER DEVELOPMENT

The CERs for each cost element were developed by applying one or a combina-
tion of four methods; the ARINC Research Multiple Regression Analysis (REGAN)
computer program, the company's Non-Linear Least Square Analysis (NLLSA)
computer program, and standard statistical analysis and engineering analysis 1
techniques. REGAN was used whenever possible to initially isolate the CER
regressors with the highest correlation coefficient, and to detect interdependent
regressors. The NLLSA computer program was used to find the coefficients of the
CER for the best fit when the form of the CER equation selected was nonlinear.

' %
N

As with most CER developments, the final results were derived from an
iterative process, with the objective being to drive the coefficient of determination
as high as possible. The choice of regressors was limited to those available for the
GPS program, which is in the initial stages of installation concept and support concept
definition. Emphasis was placed on the development of CERs for the Group A kit and
installation labor costs, since these costs were the most significaat of the cost ele-
ments to be included in the AVSTALL model.
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2.5 FIT CHECK AND SENSITIVITY

The coefficient of determination (Rz) is a measure of how well the CER predictions
fit the actual data. R2 values computed for each coefficient are presented later in this
report with the CER equations. In cases for which the sample size was too small to
give the coefficient of determination any statistical significance, the coefficient was
omitted. In these cases the samples were carefully selected to be representative of
a "normal" aircraft modification involving avionics. In all cases the regressors in
the CERs were varied for sensitivity, and to identify any behavior that could not be
justified from an engineering point of view,
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MODEL DESCRIPTION

3.1 GENERAL

This chapter introduces and explains the cost estimating relationships of the
AVSTALL model. AVSTALL estimates the total investment cost for a Class V air-
craft modification employing a combination of CERs and throughputs. Since the basic
AVSTALL CERs do not estimate costs for Group B equipment, additional cost relation-
ships were developed for certain Group B cost elements of the GPS program.

3.2 COST ESTIMATING RELATIONSHIPS

The expanded CAIG cost element structure used in AVSTALL is presented in
Table 1. The additional subtier cost elements (fourth and fifth indenture) are used to
break out the cost separately for aircraft modification, Class 1 trainer, mobile train-
ing sets, support equipment, Group B equipment, and software. Also noted in Table 1
is the method of cost estimation for each cost element ~ throughput, basic AVSTALL
CER, or special GPS CER. Generally the basic AVSTALL CERs are designed to
handle a wider raange of aircraft installation types, whereas the special GPS CERs
are applicable primarily to systems similar to GPS. These three sources of cost
estimation are discussed separately below.

3.2.1 Throughputs

The throughput costs are estimated outside the AVSTALL cost model and used
in the AVSTALL as CER regressors and to complete the aircraft modification esti-
mate. The most prominent throughput is the Group B kit cost which, in case of GPS,
accounts for more than 50 percent of the total aircraft modification cost.

3.2.2 AVSTALL Cost Estimating Relationships

The cost relationships employed by AVSTALL are summarized in Table 2. The
CERs are valid within the range limits specified. All regressors and cost elements
are expressed in 1978 dollars (thousands) unless otherwise noted. Each CER is
discussed below.

3.2,2,1 Aircraft Group A Kit Cost (201.1.1.1)

The average unit cost of the Group A kit for aircraft modification can be found
using the estimating values in Table 3. To estimate the kit cost, proceed as follows:

BN BTN ot gy Wi T L . it

a. Describe the modification using the descriptors in column 1 of Table 3. ;
The descriptors are defined in Table 4.




TABLE 1. AVSTALL COST ELEMENTS (Sheet 1 of 2)

Estimating Method
Basic Special
AVSTALL GPS
CAIG Cost Element Thruput CER CER
100. RDT&E X
200. Investment
201. System Investment
201.1 Group A
201.1.1 Kits
201.1.1.1 Aircraft Mod Kit X
201.1.1.2 Trainer Mod Kit X
201.1.1.3 Group B Mod Kit X
1201.1.2 Integration
201.1.2.1 Aircraft Modification
201.1.2.1.1 Engineering X
201.1.2.1.2 Prototype X
201.1.2.1.3 Test X
201.1.2.1.4 Software X
201.1.2.2 Trainer Modification X
201.1.2.3 Group B Modification X
201.2 Group B
201.2.1 Kits X
201.2.2 Sustained Engineering X
201.3 Installation
201.3.1 Labor Cost
201.3.1.1 Aircraft Modification X
201.3.1.2 Trainer Modification X
201.3.1.3 Group B Modification X
201.3.2 Material X
| 202. Support Investment
202.1 Support Equipment
f
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TABLE 1. (Sheet 2 of 2)

Y

§
§
l Estimating Method 1
Basic Special
l AVSTALL GPS
CAIG Cost Element Thruput CER CER
202.1.1 Peculiar Support Equipment
s l 202.1.1.1  Single PSE X
202.1.1.2 Multiple PSE X
l 202.1.2 Common Support Equipment X
202.2 Training Equipment
I 202.2. 1 Mobile Training Set X
202.3 Documentation
’ 202.3.1 Aircraft Modification X
202.3.2 MTS/Trainer/Support X
Equipment
i 202.3.3 Group B Modification X
202.3.4 Group B . X
l 202.4 Initial Spares
202.4.1 Aircraft Group A Kits X
l 202.4.2 Group B Mod Kits X
i 202.4.3 Group B Kits X
[ 202.4.4 Training Equipt/
Support Equipt R
202.4.4.1 Trainer Mod Kit X
[ 202,4.4.2 Mobile Training Set X ‘
202.4.4.3 Support Equipment |
[ [ 202.4.4.3.1 Peculiar Support Equipment X
3 202.4.4.3.2 Common Support Equipment X ;
[ :
i
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TABLE 3. COST ESTIMATING RELATIONSHIP FOR GROUP A AIRCRAFT KIT ;
(1977 Dollars, 250 Unit Average) ] ’
Coefticient of CER, $K
. " ]
3 i y’ '
& o &~ ¥V e |
= & & S £ i .
& j £ -y f
QQ G4 A% v v g' $ & ;
nstallation &y f AN 73 g I/ j ¥ ] l
Descriptors, & DY, QJ véf K & & & [
Constant c 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 {
Mounting Shelf ] {
Install con®8 | o.10 0.10 0.10 0.08 0.10 0.10 0.10 0.10 f
Replace cN%® | o.10 0.10 0.10 0.05 0.10 0.10 0.10 0.10 {
/ Modify CcN 0.05 0.05 0.08 0.02 0.05 0.06 0.05 0.05 J
LRU
Install Eq. 1* [ 0.04 0.04 0.02 0.015 0.04 0.04 0.04 0.04 1
Relocate cN®8 | o.20 0.20 0.15 0.10 0.20 0.20 0.15 0.20 |
Major Cable Run ] |
Install en®5 | o.15 0.15 0.10 0.08 0.20 0.30 0.10 0.15 i
Replace cn®® | o5 0.15 0.09 0.08 0.20 0.20 0.10 0.15 e
Cockpit Panel ] |
i Install cN 0.20 0.20 0.20 0.10 0.20 0.20 0.20 0.20 }
Remove CN 0.10 0.10 0.08 0.04 0.10 0.10 0.10 0.10 ‘
Relocate CN 0.20 0.20 0.15 0.08 0.20 0.20 0.15 0.20 I g
Replace CN 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 5 |
Modify cN 0.10 0.20 0.10 0.10 0.10 0.10 0.10 0.10 ‘
Aantenna Location
Install cN 0.60 0.60 0.30 0.20 0.40 0.40 0.40 0.50 -’
Remove CN 0.10 0.10 0.05 0.04 0.10 0.10 0.07 0.10
Relocate CN 0.60 0.60 0.30 0.20 0.40 0.40 0.40 0.50
Modity CN 0.40 0.40 0.40 0.15 0.30 0.30 0.27 0.30 ‘}
0.6 ;
*Equation 1: CN °~ (W/N) }
| ]
]
o
12 !
54
i
‘ | |
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{
‘f TABLE 4. DEFINITION OF AVSTALL INSTALLATION DESCRIPTORS (Sheel 1 of 2)
l
} l Descriptor Definition
? Mounting Shelf A single shelf for mounting one or more LRUs.
i l Install Add a new mounting shelf to the avionics bay or interior.
I_} Replace Remove an existing shelf and install a new one.
l Modify Modify an existing shelf by adding brackets, making cutouts,
or trimming any part of the shelf that may obstruct the
s installation of an LRU.
i Relocate Remove shelf and install in a different location, usually
: to make room for LRU installations.
Remove Remove shelf from the aircraft, usually done in conjunction
with the permanent removal of LRUs.
LRU An avionics unit ( >1 1b) considered a Group B equipment.
Install Add a new LRU with mounts to an aircraft compartment,
Remove Remove an existing LRU from an aircraft compartment.
Relocate Remove an LRU and install it in a different location in the

same vicinity or compartment, usually to make room for
an additional LRU,

Replace Remove an LRU from its mounting or rack and install
another LRU using the same mounting and connectors.

Major Cable Run| A bundle of wires from one compartment to another,
traversing two or more bulk heads.
. Install Add a cable run, usually to connect two or more new LRUs
é installed in two compartments.
| Remove Remove a cable run, usually done in conjunction with
removing LRUs.
Replace Remove an existing cable and install a new cable, taking

advantage of the old cable clamps and bulk head holes.
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TABLE 4. (Sheet 2 of 2)

Antenna Location
Install

Remove
Relocate

Modify

lAntenna
Replace

Descriptor Definition

Cockpit Panel An avionic control and/or display panel in the crew area.
Install Add a panel to an available cockpit location.
Remove Remove a panel and replace with a blank panel.
Relocate Remove an existing panel and install in an available location,

usually to make room for a new panel.
Replace Remove a panel and install a new panel in the same location,
taking advantage of most of the old wiring. .

Modify Remove a panel that is to be modified (actual panel modi-

fication expense is separately estimated), and replace the
modified panel with little or no change to the existing
wiring.

A location on the aircraft exterior prepared for quick
installation of an antenna,

Modify an aircraft skin panel, and install necessary doublers
and mounting hardware to accommodate an antenna,

Remove an antenna and replace with a cover panel.

Remove an antenna and mounting hardware, install cover
panel, modify a different skin panel, and install antenna
mount,

Perform minor modifications to an existing antenna location,
such as adding a doubler or replacing a mount to accommodate
a new antenna,

Remove an antenna and install a new one, using the same
antenna mount and connectors,

J
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b. Set the number of actions, N, in column 2 equal to the number of times
the descriptor is used, i.e., the number of antennas installed.

c. Locate the coefficient, C, in columns 3 through 8 corresponding to the
aircraft type. Typical aircraft types in each category are:

Fighter and fighter bomber: F-4, FB-111, F-16
Heavy attack: A-7, A-10

Light attack and observation/attack:  A-37, OV-10

Light observation: 0-2

Bomber: B-52

Medium-large transport: Cc-5, C-130, T-43
Small transport: C-140, C-12
Helicopter: HH-53, H-3

d. Compute the term in column 2 using the N and C values selected for each
installation descriptor.

e. Sum the non-zero terms in column 2, yielding the average unit kit cost.

Once the average unit kit cost is computed, a learning curve adjustment can
be applied to match the actual kit quantity. A learning curve of 90 percent is recom-
mended based on guidelines-in the NASA Technical Memorandum, Guidelines for
Application of Learning/Cost Improvement Curves, TM X-64968.

3.2.2.2 Trainer Mod Kit Cost (201. 1. 1.2)

The estimating equation for Class 1 trainer mod kit cost is shown in Table 2,
and is based on the quantity of trainers and the trainer development cost. The equation
is for the total kit cost for all trainers for a particular aircraft type. The AVSTALL
data base did not justify the application of a learning curve for the trainer quantities
represented.

3.2.2.3 Aircraft Group A Kit Engineering (201.1.2.1.1)

The cost relationship for Group A engineering is based on the average unit cost
of the Group A kit for 250 units. The relationship varies with aircraft type, and is
expressed as:

Group A Engineering Cost = Constant x Group A Average Unit Cost

S AR

.

b




where

Constant = 100 for fighters, bombers, and heavy attack aircraft
= 80 for helicopters and medium/large transports
= 70 for light attack aircraft and small transports
= 50 for light observation aircraft

The AVSTALL data base cannot support application of the cost relationship beyond
the narrow Group A first unit costs noted in Table 2.

ol et aw e L

3.2.2.4 Prototype Cost (201:1.2.1.2)

The prototype cost equals the average Group B common unit cost plus the first
unit costs of the aircraft-peculiar Group B, Group A kit, and installation labor.

L

3.2.2,5 Test Cost (201.1.2.1.3)

Prototype test and kit proof cost is found using the equation given in Table 2.
Test cost is a function of the Group B average unit cost and Group A average unit cost
for 250 units. This cost does not include additional testing for new or modified
Group B equipment.

3.2.2.6 Trainer Modification Engineering (201. 1. 2.2)

The Class 1 trainer modification engineering cost is determined from the
equation in Table 2, This cost is a function of Group A engineering cost and Group A
average unit cost,

it e e e

3.2.2.7 Aircraft Installation Labor Cost (201.3.1.1)

The man-hours required to install the Group A and B kits are found in the same ‘ i
manner as the Group A kit cost. The terms of the estimating equation and coefficients <

are presented in Table 5 and described in Table 4. As for the Group A kit cost, the
number of actions for each installation descriptor are entered into the term in the
second column along with the appropriate aircraft coefficient, and then the terms are
summed to find the average unit man-hours for 250 units. A learning curve adjustment
is required for the particular quantity desired. A learning rate of 80% is recommended
based on the guideline in the NASA Technical Memorandum, Guidelines for Application
of Learning/Cost Improvement Curves, TM X-64968, For installation Iabor cost the
appropriate depot labor rate is applied.

3.2.2.8 Trainer Mod Installation Cost (201.3.1.2)

\

cation is presented in Table 2 and is a function of the trainer modification development
cost. The resulting estimate is for the labor cost of modifying one trainer.

The equation for estimating the unit installation cost of a Class 1 trainer modifi- l || 4
1 i
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TABLE 5. COST ESTIMATING RELATIONSHIP FOR INSTALLATION HOURS
(250 Unit Average)

Coefficient of CER, Hours

s i i &
ST i P
o ¢ ! £ & ¥ & &
Installation s ‘f a qg & f f N $
Desoriptars, N 7 4 A VR VL TV
Mounting Shelf
Install on%-? 8 8 6 ] 8 8 6 8
Remove cn%? 2 2 2 2 2 2 2 2
Relocate cN%-? 9 9 7 7 9 9 7 9
Replace cn®? 8 8 ) 6 8 8 8 8
Modity cN 1 1 3 3 n n 3 n
LRU
Tnstall Eq. 1* 8 8 5.2 4 7 [} 8 6
Remove CN 1 1 1 1 1 1 1
Relocate cN? | so 50 32 26 43 37 37 37
Replace CN 3 3 3 3 3 3 3 3
Major Cable Run
Install cn®3 | 30 30 10 ) 35 25 20 25
Remove N7 | n n 3 3 1 u 1 1
Replace cn%8 | s 22 10 8 40 30 25 25
Cockpit Panel
Install cN3 | e 69 59 10 69 6 89 69
Remove CN 1 1 1 1 1 1 1 1
Relocate on%5 | 29 29 20 5 29 29 29 29
Replace CN 10 10 3 3 10 10 5 10
Modity cN s 5 5 5 5 5 5
Anteana Location
Install o7 | 30 30 30 10 30 30 30 30
Remove cN%? 8 8 8 4 8 8 8 8
Relooate on7 | 35 38 38 12 38 38 38 35
Modity N7 | 15 15 15 8 15 15 15 15
Replace Aateana CN 2 2 2 1 2 2 2 2
«Bquation 1: COV/10% -8
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3.2.2.9 Support Equipment Cost (202.1.1.1, 202.1.1.2, 202.1.2)

The equations for estimating the costs of single and multiple peculiar support
equipment and common support equipment is a function of aircraft quantity and Group B
average unit cost. Care must be taken that the Group B unit cost used as a regressor
is only that of the Group B requiring the purchase of additional support equipment.

3.2.2.10 Mobile Training Set (202.2.1)

The cost of mobile training set (MTS) is the sum of the Group A first unit cost,
the common Group B average unit cost, and the aircraft-peculiar Group B first unit
cost.

3.2.2.11 Documentation (202.3.1, 202.3.2)

The estimating equations for documentation are shown in Table 2. The cost of
Group A documentation is a function of the Group A development cost and the Group A
average unit cost. The development cost used as a regressor includes the Group A
engineering, prototype and test costs. The cost of support and training equipment docu-
mentation is a gradually decreasing percentage of the engineering cost for that equip-
ment. In both cases, the data include engineering, technical, and management data.

3.2.2.12 Initial Spares (202.4.1, 202.4.4.1, 202.4.4.2, 202.4.4.3.1, and
202.4.4.3.2

The cost of initial spares was found to be a percentage of the corresponding kit
cost. Since the percentage is assigned through a policy decision, a statistical analysis
to develop a CER is less meaningful. The percentages presented in Table 2 are repre-
sentative of the most often used percentages in the AVSTALL data bank. A few per-
centages derived from the data bank vary considerably from those values, but no
explanation could be found to justify the variation. For the Group A and trainer mod
kit spares, the AVSTALL data showed an increased percentage of spares for low air-
craft mod quantities. This variation was included in the formation of the spares
equation. The resulting spares estimates include both initial investment and expense
spares.

3.2.3 Special GPS Cost Estimating Relationships

The special GPS CERs noted in Table 1 are not considered part of the AVSTALL
cost model. These relationships have a narrower scope of application than those
developed for AVSTALL, and are generally considered adequate only for avionics
similar to GPS. Each of the cost relationships is discussed below.

3.2.3.1 RDT&E Cost (100)

For the GPS program the research, development, test and evaluation cost
attributable to particular aircraft types includes the development of aircraft-peculiar
Group B equipment to support GPS. This equipmeat includes the flexible modular
interface (FMI) unit required for every aircraft, and the aircraft-peculiar control
display unit (CDU) required for aircraft in which the GPS common CDU or a modifi-
cation to existing aircraft CDU is not adequate for the GPS installation. To develop

18
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an estimating relationship, the AVSTALL data base was reviewed for similar
developments with a Group B first unit cost of up to $30,000. Then a simple ratio
was generated to find the RDT&E cost. This relationship is:

RDT&E Cost = 42.54 (Sum of aircraft-peculiar Group B first unit costs)

3.2.3.2 Group B Modification Eggneering Cost (201.1.2.3)

The engineering cost to modify existing aircraft CDUs to accommodate GPS is
found using the same relationship as for the aircraft-peculiar Group B development
cost. This relationship is:

CDU Mod Engineering Cost = 42.54 (Mod kit first unit cost)

3.2.3.3 Sustained Engineering Cost (201. 2, 2)

Sustained engineering cost is that of retaining the GPS user equipment contractor
for production engineering support. This support includes engineering changes, docu-
mentation changes, and system engineering support of aircraft modifications. The
cost is allotted as 5 percent of the Group B kit cost (Cost Element 201. 2. 1).

3.2.3.4 Group B Documentation Cost (202.3.3 and 202.3.4)

The cost of aircraft-peculiar Group B documentation is found using an estimating
relationship based on the Group B engineering cost. Basic coefficients of the equation
were determined through review of three previous Group B developments for Class V
modifications. The resulting equation is presented below.

Bb /3000

Dg, = Bp, (0.75 e + 0.25)

B'

where

D

B data cost

Bb aircraft-peculiar Group B development cost.

3.2.3.5 Group B Initial Spares Cost (202.4.2 and 202.4.3)

Group B initial spares cost is estimated using 20 percent of the Group B kit
cost (Cost Element 201. 2. 1) and is represeatative of previous Group B procurements.

e
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4
MODEL APPLICATION

4.1 GENERAL

To employ the AVSTALL cost model properly and effectively, it is important to
understand its characteristics and the importance of the cost elements in the overall
estimation of Class V aircraft modifications. In this section the intended application
and management of AVSTALL is discussed, together with the impact of individual cost
elements on a typical aircraft modification involving avionics.

4.2 MANAGEMENT

The AVSTALL cost model is intended for use at the outset of a Class V avionic
development program. It should be computer-mechanized to allow initial tradeoff
studies and to easily revise the cost estimate as the input values change. In the case
of GPS, AVSTALL is used with a generalized cost program (GENCOST) developed by
ARINC Research Corporation. As the development program matures and reliable
cost estimates can be developed from contractor proposals, individual AVSTALL cost
elements can be replaced with throughput values. Since some AVSTALL CERs are
dependent on the results of other AVSTALL CERs, refining a cost element estimate
improves the model's accuracy by more than that single element's contribution. As
an example, supplying the Group A engineering cost will impact the Group A data CER
and improve the data estimate., Through this process, the AVSTALL cost estimate
can evolve and mature with a development program.

4.3 AVSTALL CHARACTERISTIC BEHAVIOR

The aircraft modification cost was studied to determine its sensitivity to the
input parameters and cost elements of AVSTALL. The results of this study are useful
in pointing out areas in which cost tradeoff analyses would be particularly beneficial.
To perform the study, a typical aircraft modification was assumed — the installation
of GPS user equipment into a fighter type aircraft. An aircraft quaatity of 400 was
designated, aand the quantity of Class 1 trainers and MTS was taken as being typical
of the ratio of training equipment to aircraft quantity of fighter aircraft. Naturally
the percent impact of the cost elements and input parameters may change considerably
for different aircraft modification cases. The one selected is considered typical of the
type of modification that AVSTALL was designed to handle.




4.3.1 Input Parameters

|
f Each of the AVSTALL cost elements was reviewed for the impact of particular
J input parameters, and the total modification impact was calculated. The results of

| this study are presented below.

Modification Cost
F' Input Parameter Impact (Pct.)
\ Aircraft Quantities 82,7
Learning Rate for Avionics Manufacturing 50,4
GPS Group B Common Kit Cost 46,0
Modification Actions (Total) 26.7
GPS Group B Aircraft-Peculiar Kit Cost 24.4
Installation Labor Rates 11.8
Learning Rate for Installation 11.6
Learning Rate for Group A Kit Assembly 8.5 j
Class 1 Trainer Quantity 0.9
MTS Quantity 0.8 ]
GPS Group B Mod Kit Cost 0.5
4.3.2 Cost Elements ‘

The aircraft modification cost was reviewed for its sensitivity to each of the
AVSTALL cost elements. The effect on the overall modification cost includes that
of the cost element alone and its effect on other cost elements by acting as a CER
regressor. For example, the Group A kit development cost is used as a regressor
in determining the Group A documentation cost. The results of this review are pre~
sented below. Cost elements with less than 0.5 percent total impact on modification
cost were not included.

-

Sd

Cost Element Total Impact ]
Impact on Total on Mod|
Cost Element Mod Cost (%) Cost (%) ]
201.2.1 GPS Group B Kits 49,7 70.4
(Common and Aircraft-Peculiar)
201.3.1.1 Aircraft Installation Labor 11.6 11.6 ]
202.4.2 GPS Group B Spares 9.9 9.9 l
201.1.1.1 Group A Aircraft Kits 7.7 15.1
100 RDT&E (Aircraft-Peculiar 4,5 7.7 ‘
Group B Engineering)
- 1
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Cost Element

202.3.4 Group B Documentation
(Aircraft-Peculiar Group B)

202.3.1 Group A Documentation
202.1.1.1 Single Peculiar SE

202.1.2 Common SE

201.1.2.1.1 Group A Aircraft Engineering
201.1.2.2 Class 1 Trainer Engineering
202.3.2 MTS/Trainer/SE Documentation
201.1.1.3 Group B Mod Kits

Cost Element Total Impact
Impact on Total on Mod
Mod Cost (%) Cost (%)
3.2 3.2
2.2 2.2
2.1 2.3
2.1 2.4
1.8 7.0
1.5 3.0
0.6 0.6
0.2 0.5

A R A A o o B




’.‘1

\ '

<o

T L T

APPENDIX A
SUMMARY OF AVSTALL DATA BASE *

MOdmcation/COSt Data Documentaﬁon . . . . . . . 0 . . . . . . A'3
Examples of Aircraft Modification Cost Reports . . . . . . . . . . . A-13
G079 Modification Cost and Schedule Summary . . . . . . . . . . . A-21




A AP . 7

X (9L Aen)| (H/9zZsH) sisuteal I sserd
X X (9L Len) (H/9zSH) 3Jexdayy
veLzd 8L1z-2S-41 (96ST d0d) WOOIVSAV
X X (9L Ken) (YT11-94) asuyell I SSerd
X (9L Aen) (VIT1-84) SIW
X X x| x (9L Kew) (YTITI1-94) 3geadary
¥8LZd | T1.9-V(€) TTT-dT] WODLVSAV
X X x| x (9L Aen) (SET-DM) IFexoIyy
veLza umouyun WODLVSJAV
X X (9L Kew) (ds€T-03) 1geIoITY
x X (9L Kew) (rS€T-08) 3gexoayy
X X (9¢ Kew) (HGET-03) 33eIdITV
X X (9L Kew) (95€T-04) 3Jex0ITV
X X (9¢ 4&en) (05ET-03) IJexdary
X (9¢ Kew) (¥SET-0d) 3IJexdITVY
X X X (9¢ Xew)| (1T¥ SET-03) 3JeI0ITV
veLza 3up WODINSAV
X L TRA (1Y) | viti-6a ‘n/ozsa ‘se1-ou/od
WOJLVSaV
m |32 #a w__m 2 kogo) =] el Bl m huuwm_w :_N.%.:: 9(qng/oNNL
THEEE & S HEHHEE
ﬂ. = O v b 0 Wl o W w» L
w) rrf m.o Wl | ™ k.
m m m olw | »

NOILVLNINNOOA VLIVA LSOO/NOILVIIJIdON

e —— -.‘S‘i

A-3

ok

L 5o R

T <l




L B B B R I e T e T O I I
X (3un) (dLe-31 IFRIOITY
Nup 8ZS-8LE-LT S19p1000Y TOUURYD-TITNH
X | x X (8L 1nr) | (SET-08/M/03) 3IJeIDIATVY
OT0061 €9L-SET-O1 sIepI009Y TOUURYD-TITNN
X (yL des) (Tv1-0) (g dp) sis desy uoyavls
X X (9L des) (Tv1-0) asuyeil I SSeD
X (ve des) (IvT-2) IouyTRi], I SSPTD
X X| X X (LL320v2) (TvT-D) IFexdITY
X | (¢L300L1) (Tv1-0) IFeILITY
X| X (9¢ des) (191-0) 3JVIOITY
x| x (yL des) (Tv1-0) IJeI0ITY
X go6zda | OLPT-TPI-OT SUHV/SNI
X (3un) (ap-a) 33eI01TV
LeLza 88S-av-at 103eubyseq 39bael 0O-3
X (>un) (ST-d4 1/3) . ajexoayy
“yun VEL-VST-AT wo3sAs Hutuxey sanjxedeq
X (8L ) (LET-0A) 3JRI0ITY
08624 €L6-ALET-OT PUUSIUY WOOLVSAV
|3 |83 kEpovep3|B|a|B| 2] (@ (yeaoaV) o(qns/P1IL
81919 sn_mzmm AEIERE w "IN DOW OLOL
glolo al ©jg°f B|B|B|B
g <! I o I Y ) Y
g S o|w
B

NOILVINAINNOOd VLIVA LSOD/NOILVOIJIdON

A-4

Bf s AT TR




R S

;
X (9L 22q) (ay-d) SIH
X (9, 29q) (ay-~-d) jusudinba 3xoddng
X (9L 2%q) (ay-a) g dnoxo
X (9¢ 2®q) (ap-a) sIfuUn [OI3U0D
X (9¢ o%q) (ap-d) ()
X (9¢ 2%q) (ay-d) 10TV
x| x X (9¢ o9q) (ay-a) 3Jex0ITY
Lr6za 9z9-ay-dt ANL FAVE
X ¢ (8L Tnr) (aL-v) 3Jex03TY
15624 0Z8~-aL-VT ANKEd 3AVd
x| x (8, des) (OES-HH) JeI0ITY
96624 DIVN-YUN N1 3AVd
x| x{x]x]x|x x| x (9L xew) | (oe1-D) (uoyydo oyuebio) 3IJeIdXTY
X x| x (9L a%W) (0eT-0) (uoyado(MI¥) IFeidITY
ve6zd £¥6-0£T-01 *(TET-NUY) VOO
X (9L 1nr) (TvT-0) Iouterl 1 SSeTD
x| x (9L 1Nr) (Tv1-0) 33ex0ITV
Run Nun - Sd9 WVISAVN
Qi3 |3 l=rlbolvweiH] BB ]H] B ] (91eQ (JyeI0a1y) 09fqng/o1IIL
81919 %n—mmmmmm RERE m N PoH )
glolo] of ©g“| 8|8 B |8
g <A S R N Y
g m o|w
NOLLVININNOOd VLVd LSOO/NOILVOIAIdON

A-§




} l l l ‘-J Py sy f— 1‘J s e

‘I3Y30 yoes 03 puodsaxIod JOU Op SBUTT Yoesd UOo sIaqumu OLIL Pue SISqUNU POH 930N
gLLLzd 16S-av-d1
vLLLZd S95-av-4t
LLLza ST9-Op-a1 Ivd LAATYH
X! X X (8L 1INr) (aL-v) (buywoy xepei) 3IFeXOITY
60824 09L-aL-NT Ivd JIATY
X X (8L Aen) (TYT-D). 3JeIdITY
gzz991T| STST-VIvT-O1 3
PIS-TPT-01 zepey atqexado J07Td
X (>un) (attt-4a) 3JeIDATV
Nun Nun MOVL FAVd
X (9L 2%q) (Ov-a) SIH
X (9L 23q) (Ov-ay) juswdynbs 3x0ddng
X (9L 22q) (ov-2) g dnoxd
b4 (>tun) (ov-4) »ST-OSY
X (9L o°q) (ov-2d) S3yun [OX3UO0D
X. (9L -0°q) (Ob-au) NWI
X (9L 220q) (op-2d) T0T-NdV
x| x X (9L o®q) (ov-a) 3JexdITVY
: L16zd | L99-0(¥) ¥-at MOVL FAV4
*y i .
m m m m m Jm w_mm mm m m m o (ere@ (yexoa1Vy) 109fqng /oL
t
ﬂmmOOOGWG mWWMuzooz OLOL
[ -
?1 (3 Fi*518]18]°
& B

NOILVININNOOd VIVA LS0J/NOIILVIOIAIdON

A-68




e R ORI . 2 3

g™

*I9Yljo yoes 03 ﬂ:&mﬂthO 30U Op SUTl Yoed UO sSI2qUMU (OLIL pue SaI9qUNU PO :9JO0Ns
Xt X (9L o°q) (ov-2m) uoyado 1030eI3U0)
X X| X (9L 2°q) (ov-2d) uot3do uoTIRIBTEIOV
X X| x (9L 2eq) (Op-2) uoyado g do uorlonpoig
X (8L Tnr) (ov-ad) 330V
tocza | 699-o(3) p-at (SZT-OIV/NY) OmEusL
X (3un) (sT-a1/3) 33eI0IFY
Xun 00L-¥ST-4aT (sMax)
8JejIeM OTUOXJIOSITT TedfFIoe]
X X (8L TNC) (ov-a) IFeIoITY
X X (8L TOr) - (ap-d) IFeIOITY
(otpey
SSL~b-aT ®0T10A ®anoes g6T1-0Sv)
Lveta ZES-aAY-at FONTTIS IS
X (8L tvr) (vr-a) pPoITRIOX-UON
X (8L Tor) (v-a) ' pexyeyou
X (8L TnC) (v-a) Ivd IIATY II eseyd
X X (8L or) (v-a) sioutesy I SSRTD
b 4 X X (8L 1nr) (v-a) (9v-wTv) sis uxem aepey
X (8L 1Tnr) ( (TT®) v-a) 3DV
g oLLLeza | zs9-o(W)v-at (P,3U0D) IVE IIATY
2 oX 09 <)
m m m mmmm_mm m m m m m .uu.«mw.. 5289“_.5 | ofqng/e1NL
g|lolo]| of “fg°f e|e|e |88
1NEN IEHHEE
g 3
B

b ] [as5s] [Eomenen] L ] —— ] T |

R |

NOILVININNOO0d VLIVA LSOJ/NOILVOIJIdON -




] -V ———— ==y

.

R IR EEE=m———— e ——

X (LL bnwy) (9v-4) (WiVH) sasyouney gII-NVI
X (L bny) (9v-a) | ded juyagyers yoeqherg pud
X (L Bny) (ov-a) uoTIRT[LISUT HISA
X (LL Bnv) (9v-a) S 103 uor3do
X (LL bov) (Op-a, v 203 uorado
X (LL Bny) (ov-a) € x0y uoyado
SIN-6L-NLEA/N
X (LL des) (ovp-a) | jyuey Te9-009
X (LL des) (ov-a) (3s) veET-WMVY
X (L des) (9¥-3) (3S) -¥z€ -WSY
X (LL des) (9v-a) IoyouUNe] V/V08-NV1
X (L des) (ov-a) SSO01 ¥9Z-9SV
X (LL des) (9v-d) |baoea exemazog uoyzexbeauy %
SOTUOTAY OxejaeM d2o1d <
X (LL des) (ov-a) : 8€-udV/NV
X (LL des) (9v-4) v dnoxo ‘gy-zy sxoold
. ot B . X | (eL o) (9v-a) ‘ 3FeIoITV
; ovLza yun | TISVIM CTIN
X (8L tor) (01-A0) ; . 3FOIDITY
svezd aun - (LZT-NaV) STI/MOA
m 2 m m & m_wmmmmm M m m M ( Maﬂa”. .ﬁao“.uaﬁ 100lqng/op1L
2l3lo]| of “jgefeje|8|8]|8
o B 0 LR RHERE
g g g G i
NOILVININNOOd V.LVd 1S00/NOILVOIAIdQON




AT 2

e il il & - |

gyeza sem Aysnoyasad °aN poWs {

X (3un) (z-0) 3FeIoaTV
yun Ryun (LZT-M¥) STI/NOA
X (8¢ TOr) (=€ -HD) 3gexoayy |
SYozZds 0v9-€E-HT (LZT-MNY) STI/I0A
X (8¢ uer) (ov-a4) SIN
X X (8L uer) (Ov-aM) I9UTRI] I SSeTD
X 3 X (8L uer) (Ov-a4) IFeI0ATY
X X (8¢ uer) (v-d) ~ xeuteay I SSeLD
X X x " (8¢ ver)| (2/a/2v-a) 3FeaoaTY
: 8y8zd 9S0T-p-a1 (LZT-N¥V) STI/H0A 8
X (3un) (Le-3/%) Jeutell I SSelD P &
4 1
X x X (8¢ INr) (Lg-2) 3FeI0ITVY <
X X ({:TAR LTY) (LE-N)  3FeIdITY
syezd ZYS-ELE-LT (LZT-MV) STI/¥O0A
X X (8¢ 1nr) (ogT1-D) 3JeIOATY
es0Ts9|  0Z6-0€T-O1 juemeoetrdey PuusjuUVY JHN
x (9¢ o®q) (op-an) (@ dnoxo) sz1-OIv
(Py3u0)) (SZY-UMN/NY) Oawas |
oalalsl= g |m]m] ] (eyeq@ (yeaoayv) afqng/e1iL
81918 “n_wzwmmo S151% m IN PoW o1 2
THHEE S EHE e
ARERARBEHHEHE ot
5 g E
iy

NOILVINANNOOd VIVA LS0D/NOILVOIJIJON

4 ¥
s




D D MR R R\ R M

.. )

X (>tun) (4€-HH) 33ex01TV
Nun LLS-d (H) €-HT sks AaV V68-NIV/NY
X (8¢ Tnr)|  (F/WITT-A) asuyery I sserd
X X (8¢ bny)| (F/NTTT-d) IFeroITV
vzezd €L6-TTT-4dT (S61€ 40F) ¥aAL 8ZT-OdV/NV
X X (8L 1nr) (av-4a) IFexdav
zs6zd xun 69-¥'TV/NY
X X (8L bny) (VIT1-643) 3jexoayy
: ts6zd | 89TT-TTIT-4T A WO T9-WIV/NV
X (3un) (VITT-64) _dynbg. 330ddng
X X (8L Tnr) (VITT-€4) Jeuyeil I sSeld
X b (8L bny): (VIT1-4943) 3IJexdITV
09624 |0L9-(€) TTT=-41 LET-OIN/NN
X (8L 1nr) Jeuyeil I SFRTD
-— (R/925-9) IJeIdITV
gz62d Run skg buyureM Trel LZT-OTV/NV
X X X (8L 1Inr) (H/925-9) (SZST 4J0d) 3IFeIdIATV
Gzszd 6€0Z-2S-91 «JONS. WOZ NIV ZZT-OTV/NV
ol s l=>loolvobs] a2 =] =] (erq) (yyeaoayy) welqns/e1NL
819183 mg_mwmwwm S15 185 | mow - o108
Sl5(ol SFeeefel|le|s |8
9 of 12| |22 2|2
g ° aOlw W
|

NOILVINIWNOOd V.LVA LSOJ/NOILVOIJIdON -

A-10

. &




x (8L o) (aE-HO) agezoapV
6v8T4d 00L-€-HY| oTped Wi 2Z9 WA
X (8L Inr) (H/9z5-4) 3JexoaTw
566za Z10Z-zS-91 BUTMOTA 0-3 TST-OSV/NV
X 8.» uer) (av-d) IoutRIy
b ¢ X (8L uer) - (2p=-d) IJeI0ITVY
teeza L8S~-TP-AT sisqng xepwd 0g-XdV/NV
X (8L xeR) | (3/a/0v-24/43) 3IJeI0ATY
yun | Aun NVOVL STT-NMV/NY
X (>tun) (se1-2) IJRIOATVY
Nun TY0T-SET-OT NVONL STT-NMV/NV
X (orun) (aL-v) ageoary
xun 908-0L~V1 NVYOVL BTT-NUV/NV
wlo]l|a|=> o= | W] w ] (orea) | (exoayy) ofqug/ennL
18| | RRESEE S| 85| mom|  osos
J mlolo] o “g~°l 8|8 B
® > 3 & RIR| R m N
5 m (ol W)

NOILVINIWNNOOAd VLVA LS0O/NOILVOIIdON

— G G G e

Yo T e A A D T

A-11/A-12




P p— -

\

EXAMPLES OF AIRCRAFT MODIFICATION COST REPORTS
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CLASS V MODIFICATION PROTISAL AND ANALYSIS (MPA) SULIMARY oct. 26, 1977
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capabilities by inscalling dual imercial systems (INS), am attitude heading reference system,
(AHR3) and a new Navigation Select Pansl. The dual IN has beem configured as complecely
redundant "stand alous” systems. The failure of cne systam will affecc che ocher system
ot sny sircraft sub-system depemdent upon signal inputs from iner systems. The INS
selected for this program is basically am ARINC 361 (Carousel IVE) system and can be iater-
changed between different types of aircraft similarly equipped. The ANRS provides a back-up
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41, At ey Reg
Ses Block 48 continuation sheec
42. Glfect of NModifi on Per Ch istics and on Other Relatcd Contiguration Changes
3 Wich the exception of a possible wieght reduction in the avionics bay aresa, thers is no (
1 known or anticipated effect on performance characteristics as a result of this wodificacion. A
43. impast on Salety
Nona (
44, Impest of the Modificstion on Life Support S 7&aui or its Interfaces 1
T8, Tmpiicstons Tor Persannel Sub-Syrmms O
None :
i
48. Logistics Support Camability e : : i
s & Logistics Support Required ([ Yes [JNo ﬁ:mnm.m:‘ummuu::’wmm
See Block 48 continuation shest
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47. AFSC/AFLC Responeibilities -
See Block 48 comtinuation sheet

48. Remerics
See attached remsrks comiusction sheat - ]

(485, Rocommaendations of INIaONg AGUWEY | . . . oo ..
Sea Block 48 comtinustion sheet
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AGE REQUIRING PROCULTAENT
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2. s £GE (PECULIAR-SINGLE APPLICATION)
’ 3 7 FY76] 10 ] [T.00
’ {
' &
L ss. ] AGE (PECULIAR-MULTIPLE APPLICATION)
‘ ‘
|
se. AGE (COMMON) ; T}
: ]
1

A

and on separate competitive contracts. The INS comtractor i ‘

(Delco Electronics) is the integratiom comeractor. Aircraft Serial No. 65-269 is che proto- | |

type aircraft and the ANRS wes furaished ss GFE. Prototyping began in March 1976, Flight
une 1976. Kit proofing will be in Jan 1977. i

Installation will begin in May 1977 aad will be accomplisbed during the PDM cycle and a drop-: }

s h A

| R

: This $722K is for one "A" kit, cos "B" kit, and cost to procotype sodification onf
one aircraft.

: Testing will be accomplished in accordance vith MAC test project l-31-75.
41: Data costs figures include both emgineering snd handbook data require-

s Iasstallacion cost computed im FY7S hourly labor rates ($20.00 depot).
s $143,200 {s for 2 sets INS LRD and 2 sets of ANRS LRU's to comstruct 2 hot beach
up ssnintensnce trainers. '
: Rationale for RIV is addressed in Block 46 of AFLC/AFSC Form 4b.
s Tem (10) sets of field AGE are required (6 COMUS, 2 Offshore plus ;
3 .

Block 37: These fixtures are required at 6 COWUS and 2 Offshore bases.
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are required.
A Forual Engiseering Chamge Propossl (ECP) outlining simulator requirements will be required.
Costing {aforsacion coutaised herein vill chaags when formsl ECP is received. The study amd
G079 will cthem be sdjuscted to reflect actual costs and schedules.
*Raginesriag includes two (2) esch procotype, (Escalated per LGIN request).
mumwm(cmu-:wummuemu
siace GVR requiremsnt cammot be defissd umtil recaipt of ECP for Missiom Flight Simulator is
accomplished.
Iastallacion cost estimates based om FY 7S labor rates.
AR 19-1 end 19-2 have besn cousidersd sad saviroumeatal conditioms are not effected
Two quarcers Aduiaiscrscive lesd time for comtraet sward amd thres quarters Production
lead time.
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CLASS V MOOIFICATION PROPOSAL AND ANALYSIS (MPA) DEVELOPMENT, TESTING AND ACQUISITION
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