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J ABSTRACT

I An avionics installation (AVSTALL) cost model developed
by ARINC Research Corporation for application to the Nay star

f Global Positioning System (OPS) is described. The model
determines the aircraft-peculiar costs of installing avionics
equipment — for example, GPS user equipment — into military

1. aircraft . It is based on coat estimating relationships (CER8)
developed from an analysis of 51 previous Class V avionics
modifications to Air Force aircraft. The development and appli-
cation of these CERs are explained in this report.
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I NTRODUCT I ON
I

This report describes an avionic s Installation (AVSTALL) cost model developed

I by ARINC Research Corporation for application to the Navstar Global Positioning
System (GPS). The model determine s 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

I Class V avionic s modifications to Air force aircraft. The development and application
of these C ERa are explained in this report.

Although the AVSTALL cost model was developed for the GPS program, it is1 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.

I AVSTALL estimates the total cost of an aircraft modification through a com-
binatio n of generalized CERs , specialized GPS CERs , and throughputs. Only aircraft-
peculiar costs such as installation labor , Group A kits, Group A engineering, modifi-

I cation prototype, testing, documentation, support equipment, and initial spares are
estimated using the basic AVSTALL CERs . Group B coats, Including kits , RDT&E,
and sustain engineering, are throughputs to the basic AVSTALL. For the GPS pro-I 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.

I
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TECHNICAL APPROACH

The technical approach taken in developing the AVSTALL coat model was to:

I a. Define the cost elements

f b. Collect historical aircraft modification data

• 

- 

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

I d. Apply one of a number of methods to isolate the CER inputs (regressors)
- arid develop the CER equations

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

Each of these steps are discussed below.

U
2.1 COST ELEMENT DEFINITION

t The cost elements for AVSTALL were identified by starting with the Cost
Assessment Improv ement Group (CAIG ) cost format. This format was chosen
because it met the immediate needs of the OPS program and, by expand ing its format,
cost elements could be included to support futur e cost and budget reporting require-
ments. Certain nonapplicable cost elements such as war reserve and facility con-
struction were dropped. Then additional subtler elements were included to meet the

I moat detailed of the future reporting requirements, which is the Modification Proposal
I - and Analysis (MPA) form. The expansion of the CAIG format to meat MPA require-

ments was limited to those cost elements contributing significantly to cost , since the
a coat elements that historically contribute a very small percentage to modification
( costs did not warrant the development of C ERa. The final AVSTALL cost elements

- developed are presented and discussed later in this rep ort.

2.2 DATA COLLECTION

j r The key to the development of any C ER—based cost model is the acquisition of
t 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.

I The data base is summarized in Appendix A. The technical data were collected pri-
marily from Time Compliance Technical Orders (TCTO5), with supplemental data
from the MPA documentation. Most of the cost data were collected from AFLC

L 
Forms 44, 44A, 44B, and 44C, and from the AFLC G079 computer products obtained
at AFL Headquarters at Wright-Patterson AFB, Ohio. The data base Includes both
actual and forecasted costs. Examples of AFLC Form 44 and GG79 are included in
Appendix A.
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I
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 riot 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 RIYF&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 representative of most avionic instal lations.

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

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 ucit Installation costs for learning curve effects due to different
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-
cationa in the data base. The normalized quantity was 250 units and normalized base
year was 1977.

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 arid engineering analysis
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. )

As with moat 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 significant of the cost ele-
merits to be included in the AVSTALL model.

I
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2.5 FIT CHECK AND SENSITIVITY

The coefficient of determination (H2) 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

7 give the coefficient of determination any statistical significance, the coefficient was
I 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 C ERs 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

I 3.1 GENERA L

This chapter introduces and explains the cost estimating relationships of the
AVSTALL model. AVSTALL estimates the total investment cost for a Class V air-

I 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

I The expended 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 coat estimation for each cost element — throughput, basic AVSTALL
CER , or special GPS CER. Generally the basic AVSTALL CERs are designed to
handle a wider range 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.

-

~ 1 3.2. 1 Throughputs

The throughput costs are estimated outside the AVSTALL cost model and used

~
‘ in the AVSTALL as C ER 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.

~ 1 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 limit3 specified. All regressors and cost elements
are expressed in 1978 dollars (thousands) unless otherwise noted. Each C ER 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:

a. Describe the modification using the descriptors In column 1 of Table 3.
The descriptors are defined in Table 4.
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I
TABLE 1. AVSTALL COST ELEMENTS (Sheet 1 of 2)

EstImating Method 
- 

I
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 ~i1201. 1.2 Integration -

201. 1.2. 1 Aircraft Modification 1
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 11
201.3 Installation
201.3.1 Labor Cost 3
201.3. 1. 1 Aircraft Modification X
201.3. 1.2 Trainer Modification X

• 201.3.1.3 GroupBModlficatlon X
201.3.2 Material X
202. Support Investment -

202.1 Support Equipment

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _  I ’
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TABLE 1. (Sheet 2 of 2)

1 Estimating Method

Basic Special

I AVSTALL GPS
CAIG Cost Element Thruput CER CER

I 202. 1.1 Peculiar Support Equipment
202. 1.1.1 Single PSE X
202. 1. 1.2 Multiple PSE X

1 202.1.2 Common Support Equipment X

- 
202. 2 Training Equipment
202.2. 1 Mobile Training Set X
202.3 Documentation
202.3. 1 Aircraft Modification X
202.3.2 MTStrrainer/Support X

Equipment
202.3.3 Group B Modification X
202.3.4 Group B - X

1 202.4 Initial Spares
202.4. 1 Aircraft Group A Kits X
202.4.2 Group B Mod Kits X

- 202.4. 3 Group B Kits X

202.4. 4 Training Equipt/
t Support Equipt

202.4.4.1 Trainer Mod Kit X

~ [ 202,4. 4.2 Mobile Training Set X
202.4.4.3 Support Equipment

• 1 202.4.4.3.1 Peculiar Support Equipment X

202.4.4.3.2 Common Support Equipment X

I

- I
1
I 
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I
TABLE 3. COST ESTIMATING RELATIONSHIP FOR GROUP A AIRCRAFT KIT

(1977 Dollars, 250 Unit Average)

Coifflolent of CER . 4K

Constant C 0.20 0. 20 0.20 0. 20 0. 20 0.20 0.20 0.20

Mounting Shelf
Install CS0.8 0. 10 0. 10 0. 10 0.08 0. 10 0. 10 0.10 0. 10

CN° 8  0.10 0. 10 0.10 0.05 0. 10 0.10 0. 10 0. 10
( Modify CS 0.05 0.05 0.00 0.02 0.05 0. 06 0.05 0.06

I ti.U Eq. 1~ 0.04 0.04 0.02 0.015 0.04 0.04 0.04 0.04

R.looate Ct4° 8  0.20 0. 20 0.15 0.10 0.20 0. 20 0. 15 0. 20

Major Cable Run J
Install C50 5  0.15 0. 15 0.10 0. 08 0.20 0.30 0. 10 0.15
Replace CN 0 8  0. 15 0. 15 0.09 0.08 0. 20 0. 20 0. 10 0. 15

Cockpit Panel
Install CS 0.20 0.20 0. 20 0. 10 0.20 0. 20 0. 20 0. 20
Remove CS -0.10 0.10 0.08 0.04 0.10 0.10 0. 10 0.10
Relocate CS 0. 20 0.20 0.15 0.08 0.20 0.20 0. 15 0.20
RepIsce CS 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Modify CS 0.10 0.20 0. 20 0.20 0.20 0.10 0.10 0. 10

Antenna Location
Install CS 0. 80 0.60 0.30 0.20 0.40 0.40 0. 40 0.50
Remove CS 0. 10 0.10 0.46 0.04 0. 10 0. 10 0.07 0. 10
Relocate CIt 0.60 0. 80 0.30 0. 20 0. 40 0. 40 0.40 0.50
Modify CS 0.40 0.40 0.40 0. 15 0.30 0. 30 0. 27 0.30

‘Equation I: CN° (WI N)

I
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TABLE 4. DEFINITION OF AVSTALL INSTALLATiON DESCRIPTORS (Sheel 1 of 2)

I Descriptor Definition

Mounting Shelf A single shelf for mounting one or more LRUs.
Install Add a new mounting shelf to the avionics bay or interior.
Replace Remove an existing shelf and install a new one.

I Modify Modify an existing shelf by adding brackets, making cutouts,
or trimming any part of the shelf that may obstruct the
installation of an LRUI

t 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 Ib) considered a Group B equipment.
1 Install Add a new LRU with mounts to an aircraft compartment.
- Remove Remove an existing LRU from an aircraft compartment.

I 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 LRIJ 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 LRTJ5
i I Installed in two compartments.

Remove Remove a cable run, usually done in conjunction with
I 

- 
. removing LRUs.

I - Replace Remove an existing cable and Install a new cable, taking
• advantage of -the old cable clamps and bulk head holes.

I i

I 13

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -

- 4 - - .-~~~~~-ç *‘lI, -. C
- .~.- - 5-



I
TABLE 4. (Sheet 2 of 2)

Descriptor Definition I
Cockpit Panel An avionic control and/or display panel in the crew area.

Install Add a panel to an available cockpit location. 1
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.

Antenna Location A location on the aircraft exterior prepared for quick
Installation of an antenna.

Install Modify an aircraft sldn panel, and Install necessary doublers
and mounting hardware to accommodate an antenna. IRemove Remove an antenna and replace with a cover panel.

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

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

~nterina J
Replace Remove an antenna and install a new one, using the same

antenna mount and connectors.

I 
- I

— 
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I
b. Set the number of actions, N, In column 2 equal to the number of time.

the descriptor is used, I. e., the number of antennas installed. - 
C

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

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

I Light attack and observation/attack: A-37, OV-1O
Light observatIon: 0-2

J Bomber: B-52
Medium-large transport: C-5, C-130, T-43

Small transport: C-140, C-12
5- Helicopter: HH—53, H—3

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

I 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.

1 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,
I and is based on the quantity of trainers and the trainer development cost. The equation
I is for the total kit cost for all trainers for a particular aircraft type. The AVSTALL

data base did not just ify 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)

J 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

I

I 
H
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where I
Constant = 100 for fighters , bombers, and heavy attack aircraft

= 80 for helicopter s 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.

3.2.2. 4 Prototype Cost (20L 1.2. 1.2) 3
The prototype cost equals the averag e Group B common unit cost plus the first

unit costs of the aircraft-peculiar Group B, Group A kit, and installation labor.

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. I

3.2.2. 6 Trainer Modification Engineering (201. 1.2. 2)

The Class 1 traIner modification engineering cost is determined from the ‘I
equation in Table 2. This cost is a function of Group A engineering coat and Group A
average unit cost.

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
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 coat, the
number of actions for each installation descriptor are entered into the term in the
second column along with the appropriate aircraft coefficient , and the n the terms are
summed to find the averag e 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 labor cost the - -
appropriate depot lal or rate Is applied.

3.2.2. 8 Trainer Mod Installation Cost (201. 3. 1. 2)

The equation for estimating the unit installation cost of a Class 1 trainer modifi-
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.

I
- 
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a
I

I
TABLE 5. COST ESTIMATING RELATIONSHIP FOR INSTALLATION HOURS C

(250 Unit Average) - 
I -

Co moteat ~~ CER , Haurs

M 
_ __ _ _ _ _

Mountleg Shelf

‘- 
luetsU CM°~~ 8 8 6 6 8 8 6 8

Remove CN0 9  2 2 2 2 2 2 2 2
Relocate CN0 9  9 9 7 7 9 9 7 9
Replace CN0 9  8 8 6 6 8 8 6 8 - -

ModIfy CM 11 11 3 3 U 11 3 11

Install Eq. 1’ 8 8 5.2 4 7 6 6 6
Remove CM 1 1 1 1 1 1 1 1
R.lo*at. CM 0 9  50 50 32 26 43 37 37 3?
Replace CM 3 3 3 3 3 3 3 3

MajorCable Rue
lestali CN° 5  30 30 10 6 35 35 20 25
Remove CN0 

~ 11 11 3 3 11 11 11 U
Replace CNLS 25 22 10 6 40 80 25 25

CocI~~t Panel
CN

~~~ 
69 69 59 10 69 69 69 69

Ilalooate CNLS 29 29 20 5 29 29 29 29
Replace CM 10 10 3 3 10 10 5 to
ModIfy CM 3 5 5 5 5 5 5 5

Asteena Location
Install CML? 30 30 30 10 30 30 30 30
Remove CN° 8 8 8 4 8 8 8 8
R.lonet. CN 7 35 35 35 12 35 85 35 35
Modify CR°’7 15 15 15 8 15 15 25 25

RSplaO. Ast.eea CM 2 2 2 1 2 2 2 2

~5~~~~oe 1~ Cf rJ/l6)° N0
~~

~ 
I

I

: 1

I
I~~~

_ _ 
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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 supp ort equipment is a functio n 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 addIt ional 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, I -

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
engineer ing, prototype and test costs. The cost of support and training equipment docu-
mentation Is a gradua lly 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 percentag es presented in Table 2 are repre-
sentative of the most often used percenta ges in the AVSTALL data bank. A few per-
centages derived from the data bank var y considerabl y from those values, but no
explanation could be found to justify the variation. For the Group A and tra iner 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 ‘1equation. The resulting spares estimates include both initial investment and expense
spares.

3.2.3 Special GPS Cost Estimatin g Relationships

The special GPS C ERg note d in Table 1 are not considered part of the AVSTALL
cost model. These relationshi ps have a narrower scope of application than those
developed for .AVSTALL , and are generall y considered adequate only for avionics
similar to GPS. Eac h of the cost relationships is discussed below.

3.2.3.1 RDT&E Cost (100)

For the GPS prog ram the research , development , test and evaluation cost
attributable to particular aircraft type s include s the development of aircraft-p eculiar
Group B equipment to support GPS. This equipment includes the flexIble modular
interface (FM I) unit requir ed for every aircraft , and the aircraft- peculiar control
display unit (CDU) require d 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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I

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:

I RDT&E Cost = 42. 54 (Sum of aircraft-peculiar Group B first unit costs)

r 3.2.3.2 Group B Modification Engineering 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

1 cost. This relationship is:

J 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 deternilned through review of three previous Group B developments for Class V
modifications. The resultitig equation is presented below.

I

D , = B’ (0.75 e~~b”300° + 0. 25)B D

where

[ DB, = data cost

I 
Bb = aircraft-peculiar Group B development cost.

3.2.3.5 Group B Initial Spares Cost (202.4.2 and 202.4.3 )

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

1
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I
1 4

MODEL APPL ICATION

- 4.1 GENERAL

11 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

I 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
I development program. It should be computer—mec hanized to allow initial tradeoff

studies and to easily revise the cost estimate as the input values change. In the case
- I 

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 CEBs 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
I 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

J of GPS user equipment into a fighter type aircraft . An aircraft quantity of 400 was
I designated, and 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
I 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.

I 
-

I-
I
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j

4.3.1 ~ flut Parameters

Each of the AVSTALL cost elements was r’wiewed for the impact of particular
input parameters, and the total modification impact was calculated. The results of
this study are presented below.

Modification Cost I -

L Input Parameter Impact (Pct. )

Aircraft Quantities 82.7 1 -

Learning Rate for Avionics Manufacturing 50.4
GPS Group B Common Kit Cost 46. 0 3Modification 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 1
C lass 1 Trainer Quantity 0.9
MTS Quantity 0.8 1
GPS Group B. Mod Kit Cost 0.5

4.3.2 Cost Elements I

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 determ ining 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 Inc luded.

Cost Element Total Impact J
Imp act on Total on Mod\

Cost Element Mod Cost (%) Cost (%)

201.2.1 GPSGroupBKits 49.7 70.4
(Common and AIrcraft-Peculiar)

201.3. 1. 1 Aircraft Installation Labor 11.6 11. 6

202.4.2 GPS GroupBSpares 9.9 9.9 1
201. 1. 1. 1 Group A Aircraft Kits 7. 7 15. 1

100 RDT&E (Aircraft—Peculiar 4.5 7. 7 JGroup B Engineering)

I
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‘I

-

-

Cost Element Total Impact
Impact on Total on Mod

t Cost Element Mod Cost ~~) Cost ~~) 
-~ 

-

202.3.4 Group B Documentation 3.2 3.2

I (Aircraft-Peculiar Group B)

202.3.1 Group A Documentation 2.2 2.2

L 
[ 202. 1.1. 1 Single Peculiar SE 2.1 2 .3

202. 1.2 Common SE 2. 1 2.4

1. 201. 1.2. 1.1 Group A Aircraft Engineering 1.8 7.0

1 
201. 1.2.2 Clas s 1 Trainer Engineering 1.5 3.0

202.3. 2 MTS/Trainer/SE Documentation 0.6 0.6

I 
- 201.1. 1.3 Group B Mod Kits 0.2 - 0.5

I

I

I

L
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APPENDIX A

SUMMARY OF AVSTALL DATA BASE

-1. Modification/Cost Data Documentation . . .  A-3
- Examples of Aircraft Modification Cost Reports . . . . . . . . . . . A—13

- I G079 Modification Cost and Schedule Summary A—21
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