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I.
This study of costs for avionics for civil use of the Global Position—

ing System (GPS), performed for the FAA Office of Systems Engineering Man —

1 agement (OSEM), was based on a uniform approach to cost estimating with the
assistance of a pricing model .

The system evaluated is the military-developed “ZI, set with appropriate
ow packaging modifications to meet the requirements of air carrier avionics

standards and the less stringent environmental and packaging requirements
of general aviation. -

The adaptation of the “Z” set for civil applications of GPS has resulted
- in a navigation system that will provide accurate position information to

I aircraft in flight as well as the capability equivalent to an area naviga—
tion ( RNAV ) system.

The civil GPS system requires a receiver, control and display unit,

• antenna, and a preamplifier. High-performance aircraft would probably
have one set of each installed in conventional locations within the air

- . frame if redundancy is not required. Low-performance aircraft would prob-
ably use a combined antenna-preamplifier package, with the receiver

- remotely mounted and the control in the console of the aircraft. The

- 
expected costs of the avionics required by each of the three civil aviation
communities -— the air carriers, high-performance general aviation, and

• - low-performance general aviation -- are shown in Table S—l. The costs are
in 1977 dollars, without inflation, and based on annual production quanti-

- ties of 1000 units.
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Table S-i. ACQUISITION COST OF GPS AVIONICS

Cost (in Dollars) by User Category

Equipment
Air High-Performance Low-Performance

Carrier General Aviation General Aviation

Receiver 9,812 12,756 2,746

Control and Display 1,300 1,690 724

Preamplifier 727 945 
150

Antenna 230 299 J

Total Cost 12,069 15,690 3,620
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- CHAPTER ONE —

INTRODUCTION

1
- 

1.1 BACKGROUND

- The Global Positioning System (GPS) is being developed for the mili-
tary to provide, from a satellite—based positioning information system, —

- accurate worldwide navigation capability that should meet or exceed the
standards for navigating in the National Air Space (NAS).

As part of the ongoing program of the Federal Aviation Administration
(FAA) to review new candidates for navigation, the Office of Systems Engi—

- neering Management (OSEM) is examining the GPS concept and has tasked ARINC
Research Corporation , under contract DOT-FA76WPu-3788, to develop probable

I;~ I - costs of civil GPS avionics.

This study addressed only issues relating to the economic feasibility
of a civil GPS concept by developing expected costs of avionics required
for its operation.

1.2 PROJECT OVERVIEW

The objective of the analysis is to develop an independent assessment
of the cost of avionics required to implement the GPS concept in the civil

- 
community on the basis of designs being developed for the military. To
meet this objective, it has been necessary to analyze the various types of

- GPS avionics equipments being developed, identify the military—peculiar
tactical requirements (e.g., anti)atn protection), and eliminate, where pos-

- sible, military—peculiar capabilities that would not be required in civil

- 
applications. Further, the accuracies available from the GPS concept in
many cases far exceed those necessary in today ’s civil air traffic control
(ATC) and probably will not be required in near future ATC improvements.
Therefore, a reduction in performance specifications of GPS avionics is

- possible, which should decrease the cost of civil equipments.

ARINC Research Corporation is developing the cost of civil GPS avionics
- using both the traditional method of cost estimating and by application of a

commercially available pricing model. This report presents the cost esti-
- mating method, the constraints applied to ensure uniformity in the devel-

opment of avionics costs, and the results of the application of the pricing
model.

L 
1-1 
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1.3 ORGANIZATION OF THE REPORT

The four chapters of this report address the techniques used in esti-
mating the costs of system designs of the concept evaluated and give the
results of applying the pricing model.

Chapter Two identifies the pricing model used in the study and discus-
ses the parametric data required to execute the model.

Chapter Three is devoted to the evaluation of the systems and the costs
of the avionics required for implementing each system.

Chapter Four presents the results of the evaluation and the expected 
S

cost of avionics required for system operation for each of the user
communities.

Appendix A lists the input parameters used by the pricing model.

1—2
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- CHAPTER TWO

P R I C I N G  METHOD AND TUE PRICE MODEL

1.
The equipment  costs  deve loped in  th i s  s tudy  w i l l  prov ide a bas i s  to:

I contparinuj various concept s  intended to improve naviga t ion  a ccu r a c y  in the
next ~;one t at ton o I ATt.’ systems . C a r e f u l  development or  these  data is an
essent ia l  s tep ii: the o v e r a l l  analysis of the a l t e r n a t i v es .  This chapter

I ~tdd tesses  the method used in the study an .) desc r ibes  the model chosen for
cost e s t i mat i ng  and eva lua t ion.

2. 1 cos-r ESTIMATIN G METHOD

The model chosen for equi }’mellt pr ic inq  • the RCA Programmed R ev i ew  ot

I information to: Costinq and E v a l u a t i o n  (PRICE),  r e q u i r e s  a set of parametric
data inputs that  m ope tly dot t no the module , or system • to be pt-i cod. The
mode l was chosen because of i t s  wide acet’pt a::ce by branches of the Federal

- 

I O ve: nment  as a coulput e u—based p: tc t ::~t model - Of the many input parameters
req uired , the most crit i ca l c o st — d : i v i n ~ ones are the we igh t , volume , 51 :uc—
t ui- a l —e l e c t r o n i c  divi  sion , m an u fac t u r  tn q  complexi t  ics, and markups to t  over  —

head , L ;~~A , and p ro f i t  • S ince m a nu t a c tu r  I ::q complex t t i ~ ‘S v a r y  among manu—

I f a c t  ure  rs iii d i t to  tent fields (e . • , a v ion ics  for ARI N C c l a s - ;  or ~ieneial
av tat ton class equipments)  , a deta i led c-haract or i .~at ion ot cacti m an u f a c t u re r
e xpt ’ c ted t o  p r o d u ce  avionic equl pme’n t ;; n t ’ Cu ’ 55 a t y

ARINC Research has studied the m a n ufa c t u r i ng  c o ml ’i extt  los 01 several
— 

key m a n u fac t u re  is ot avion r cs by thoroughly review t nq e x i s t  i nq av i o n i cs
making visits and col l e ct in q  data at v a r i o u s  S1V 101U~~ 5 p lants , and frequent I

I oxerc  is ing the PRICE model to es tabl ish  t ilt ’ sons! I t v i  t i t ’s ot the parametric
• data .  To ensure accuracy in e x i s t  I nq character i .~at ions of equipment , al l

modules of a specific item of avionics w er e  measured and wei ghed. The p r o c —

I ess was repeated on enouqh types  of a v :on t c s  t o  ensure a s ta t  t s t  ical ly
sufficient sample.

I - The rest: I t s  were comp iled and s t ot e d  in AR1NC Research dat a f i b s and

— 

used in estimating the cost of t h e avionics consider ed  in th i s  study .

S
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2 . 2 ~I1E PRI Ct-: r-IumEl ,

PRICE is a computer ized parame t : ic cost —mode l ing  tt -cl m i q u u - tevc 1o~- u - i
by RCA . It estimates development and ~~: oduct ion ~~~ ~st on t lie has i s  0

phys r c a  1 and economic descr 1 pt o t s  of  t h e  s y st  onu s u -va  I sat  ~ ‘1 . I t  c o mp a re s
new equ r i-mont s to ana logout ;  h t s r  or tes w i t h  eItq ’ i t  r c al  dat a bases - P R I C E
ef f i c i c nt  ly  S tot es , i ct  r eve;; , and uses l i i  st ol ica 1 i i i  f o r m a t  ion . i t  f t -ct  i vu’
use o f u -np r ii cal dat  a a t  lows c lass  r f y r ~~~~ new i de,:s I ’v r u  1 at liii ; them t o past
- t n t  lay  oc c u rr e n c e s .  The method l’iov ides  t h e  means ot  u - d u c t  ny t ’Iflj - I r i ca l
data  to a ow pr inc ipal  var  i a b lu  t h a t  can be ad u~~t ed t or the economic and
tech nolog ical d i f f e ren c e s  o t  the speci t ic  s y s t e m .

2 . 2 . 1  Mode l I np u t  Data

The mode l require s up to -10 p ir am et r l  c da t a i n p u t s  descr  t h i n g  the ph ys—

j ica l  and economic c h a r a c t e r i s t i c s  of the ;;vstem or subassembly to be evalu-
at e d .  When o p e r a t e d  in the subassembly mode , t h e  mo,lt-  I r eq u i r e s  similar in—

~
-
~~~

t 5  fo r a l l  subassemb l it ’s and p t o \ ’i d e s  the means t o n  t m u  t e s t  and inte—
- n r  it m o n t  of the sys tem.  In general , t he lo t  t or  mode WO ;; emp loyed for u 11 the
cost e s t i m a t e s  in t h i s  study .

The phy s ical descr iptors  i n c l u de d such key f eat u r e s  as we i g ht  of st r t i c —
u n ’  and e lect  t o n i c s , packauj ing  d e ns i t i e s , volumes , quat i t  i t i e s  to he pro—

duced , m a n u f a c t u r i n g  comp I e x i t  ies , and do;; i q n r equ i r emen t s .  Si lice the  mode l
is structured to provide a cos t—p er—pou nd  based on d e n s i ti e s  and complexi-
t ies • an a c c u r a t e  determinat  ion of t i l t ’ probable we i ght and volume of the
subassembly be ing  evaluated is e s s en t i a l .

The economic descr i pt  o t s  include suc h f e a t  t i l e s  as y e ar  ot  ~~ ~ duct  t o r t ,
esca I a t  i c-n ; t o t e s  , e n g i n e e r i ng  schedu les , product ion schedu les , ari d monta ~~u ’—
ment r equ i red during development and produc t ion . Schedu le s  ntis t be c a r efu l l
sob oct ed because the f i n a l  cos ts  developed b t h e  mode l are  , t t t o  ct e~ b y the
complexity of a product and the t ime allowed for i t s  development  and p r o -
duction . Other costs , such as those for management , toolin g , or t e s t  equip-
ment , have been nor mal ized to the RCA data bank and are al te red  t h r o u g h
s e n s i t i v i ty  analyses  and adapta t ion  to s p e c i f i c  m a n u f a c t u r e r s .

j The ke input  parameters are l i s ted  in Table 2 _ i  ~~ t h e  fo rm at used
throughout  the s t u d . Abbreviat ions and acronyms used are de f ined  to pro-
v m d e  an insight into the parametric data employed by the model. Appendix
A provides a complete  l i s t  of input  parameters used by the mode l .

2.2 .2 Model O u t p u t  Data

The RCA PRICE model p e r f o r m s  a ser ies  of e v alu a t i o n s  based on the i n —
put parame t i c  data and p r o vid e s  cos t s  as a function of the element  s asso—
ci ated  wi th t ’n ;g i n t e e t i n g  and m a n u f a c t u r i n g  f o r  both deve lopment  and produ ct ion
of a ;;v;; t u ’nII o r subassembly. Eng ineer in g  costs i n c l u d e  t hi’ cost of d r a f t i n g ,
design , system management , pro jec t  management , and dot a documentat ton re—

qui red during sys t em development ar -id p r o d u c t  r ent . The cost ore p resettled
t o :  the  e n t i r e  p roduc t ion  q u a n t i ty  f o r  the development ,urd p: ‘duct t o n i  pe t  rod

L -- 
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Table 2 - 1.  KEY PRICE PHYS ICAL AND ECONOMIC DESCRIPT ORS

Description

QTY Total quantity to be produced

I WI’ Weight of assembly (subassembly) in pounds

VOL Volume of assembly (subassembly) in cubic feet

WS Weight of structure (nonelect ronic) of assembly in pounds

~ MCPLXS Manufacturing complexity toy structure

NEWST Percent of new design required for structure

MCPLXE Manufacturing complexity for electronics

NEWEL Percent of new design required for electronics

CMPNTS Number of electronic components

E~MPLX Engineering complexity of assembly (subassembly)

• 
PRMTH Product ion period in months

LCIJRVE Production learning curve

ECNE Engineering change orders for electronics , in I ercent

• ECNS Engineering change orders for Structure , in percent

YEAR Year of technology (usual start of design/production)

ESC Escalation rate in percent

PROJCT Degree of project management support during engineering

DATA Degree of data requirements

TLGTST Degree of special tools and test equipment required for development

PLTFM Factor for reliability testing, specification severity

SYSTEM Degree of system engineering required

4 PPROJ Degree of project management support during production

PDATA Degree of data required du;-ing production

J PTLGTS Degree of special tools and test equipment required for production

1.
I

2 - h
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on the basis ot the data i nput i ’ at a t rn ’t o r  set and include t h e  o t t  oct  01 i n —
I lot  ion (esca l at ion ) . M anuf a i ’ tu r  i tu g is conco t ued primarily w i I t i  t l i t ’  

~~~

duc t ion ot a i t y st  em , but i t  01 ito i n c  h ttuteti cost s tot  I’tt )t ot y~~’t’ development
and speci a tools ot t i’s t equipment t h at  might be requt t ~ ut ~tttt I IN ~levt ’ I
ment - As i n  the u ’OSt’ 01 emil k ti t ’ t~ I 1 I I i J  , t hi’ out put cost s or e t or the i ’ i t t  ii. -
produ ction quant i t.y wi th  appropr iat e ’ osca I at iou .

Put juN prog r am execut i r n , the mode l I I t ’u l U t ’ I l t  ly  compares schedules

~he’tis i titus, and othe r key input par am~’t t ’ i  s with hi slot- it -a l  u hui t a in I hu e RCA
data banks . Abnormal inputs , such as too short development pet i odit , a t e
fl agged  and brought t o the att ent ton ot t hue oi~o t at i t t

The output data sheet contains a ll  the inf ormation useui as the irala—
met r ic input to the mode l it at  so provides key parameters tt ; it ’ ul in (tie com-
puter evaluation for  comparison with empirical data sets  and mathematical
pat l ot u s  from t it t ’ RCA library to  monitor the rearu on ab lt ’uess i t t  the t-trsul ts.
(-‘A ut ol ly, the output data sheet provides the expou ’tt ’ut cost estimated by the
prot) ram, bounded by approximately two— sigma leve l—o t —colt t i deuce’ costs. The
t ’Olt t t dence intervals • at though available from t he  mode l r-esul I ;; , ar ’ omit ted
f rom t h is  study to keep it s imilar  ( C )  othe r e~-onomi c analysis r e ’~’ot t s used
r u t  the  eva luat ion of future ATC a! te u n a t  I vi’s. A Ot g ‘y of a t y~ ii i~~ h nitrite I
ou tpu t  data sheet is provided in 141*’twl ix A.

H
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I
The mil i tary—deve lop ed  tilobal h’ on ; t t i on ing  System may he t h e ’ basis t or

- worldwide (Tut ut-u’ air n a v ig a t i o n . Pet ; tu 1f l  goals  for ( lie most n oj r l u t  sticated

• v e t s  t ou t; of GPS require three—dimen sional  acc r tu ~ rc i ’:; m o . u s u i e u l  in meters.
However , the civil aviat ion community has no t or o s e e a b l t r  requirements for

- th is  d eg re e ’ of accur a c y  t o t  en rout e ,itiil t e t -m i n a  1 tru e - In add i t  ion  • t he
alt  it i rule  information used i i i  c i v i l  a i r  t r a f f i c  cut ut  t o t  i t ;  d er i ve d  I rom
pressure a I t  imeters which , a lthough  lent ;  a c c ur at e  at h igher  altitudes , i i i —
u l t C O t t ’ uniform i e l . ut  j’~’e alt itudes t o n  a l l  a i r c r a f t  in thu’ same plessult ’ ii ’—

ion. Conversion to ~i d i f fer e n t  at titude report trig sy st  em would r e q t u i  i t ’

all users ot the at  zspace to convert simult ,uieous ly - This study r ecoqu i mt’;;

that civil air it-atfic control does not r- equi r e  the  three—dimensional  accu—
- racy possible with the ’ proposed GPS ; c i v i l  a i r - c r a f t  t yp ica l ly  do not engage

• in high speed maneuvers standard for the  military . As a r e su l t  • it has beeuu
(‘t i Sti  j h l t ’ to select  a t 1’S d en t  gut  m it t - u’ ap p r op r i a t e  for clvi  1 aviat iou

The design which best meets the rieu’d:; of the civil community , p r o v i din g

~x sit ion inq accuracies  comparable to today ’ :; ground—based systems ( e . g . ,
VORJ DME ) but on a worldwid e basis and incor ~~tr a t t n q RNAV capabil i t y , is the
medium—dynamic system r eferred to as the “Z” set - This set , design ed  for-

I n o n — t a c t  i cat cargo aircraft and t ac t i cal  bombers and tankers , h~ s been u ’ho~ t ’ii
for cos t comparison for  c i v i l  appli cat ions.  The s i u m a l  t o u t n a t  , s ign al  .r c—
quis it ion , and frequency convert ;  i out t echut  i quo:; , a;; Wi ’ 1 1 a:; dot a ~‘rocess i rug

- and display , have been r e t  .t i ned w i t h o u t  modi f i cat ion t e~ assure t lie sami’ pet —

formance as w i l l  be p r o v i d e d  by th e’ or i q i uial eqtflprnu ’ti t . I’ ackag i iN t t ’clin I u~ t ie’5

and environmental conside t at l outs h ave been alto i t ’d to t e l  let -I t ht’ PattiCtIl.U

I requirements of the commercial at r ~‘a r r  ier s  and u b t ’u re r , i  I ovA .it tou t . This
chapter describes the packag m u )  design modi I i  cat tout: ; and develops the cost
of CPS avionics by appl i ca t ion of t h e ’ pr i ci nul model.

V

(.1 AVIONICS COST DEVEI ,t)PMENT , l i t  h t—PER1- ’ )RMANCR AIR CRAFT

The avionics t - equ i  re d  by hi gh—per formance  ,u i u t - r a f t  us i ng i ; p ~; a~; t hit ’

* — navigation system consist ot an antenna , preamp i i t  ie i  , i ee e i Vi ’ i , and u ’out t o  1
and indicator pane I (as shown In Fj u i u t t ’  t — 1> - The .iu it  e t i r uo  i n  assume d t ~r Lit ’

similar to that deVe Loped f o r  t it il it a t y  app ! t ea t  iou w ith  unit cost ;; es t imated
for to rul e product ion quail t it i vs . The u n i t  —ct ~ ; I est iniate I ot I hue antenna

1-1

I 
—— --~‘ -~~~~~~~ - -~~~~~~~ -

- - -  -~~~~~~~ - - -~~~~~~~~~~ 



-~ — - -—  — ‘ - ------ --~~----—‘--- 1 ” ~

; 
I

ANTENNA

I RECEIVER

PREAMPLIFIER

Figure 3-1 . Cd’S AVIONICS FOR Hfl;H-I’ERI-’ORMANCE AIRCRAFT

was based on data contained in the critical design review* documentation
presented to SAMSO and extrapolated to production quantities by application
of a 0.88 learning curve. The costs of the remaining avionics of the GPS
system were estimated by the pricing model with parametric data inputs to
the model obtained from details in the critica l design review report and
information provided by the engineering departments of SAMSO and Magnavox .

3.1.1 GPS Receiver

The adaptation of the “Z” set to air carrier use requires a standard
1/2 ATR short ARINC specification enclosure to house the eleven printed
circuit boards and the RF assembly. Inputs to the receiver and outputs to
the control and display device would be through a rear-mounted DPX connector.
The boards constitute the receiver signal conditioning , the data processor ,
and the power supply with appropriate regulators. For evaluation purposes,
none of the boards was redesigned or changed in physical appearance. How—
ever, the board-mounting techn ique and board-interconnect configuration were
modified to reflect the standard practice of the airline industry . Conipo —
nent parts used in air carrier avionics meet the temperature requirements of
military standards, although unpressurized operation at h igh  altitudes is not
mandatory . The resultant repackaged GPS receiver is less shock-proof than
the original “Z” set counterpart , but still will meet all the applicable

— environmental requirements of RTCA Document DO—160.

*NAVSTAR - ; J o bal P os i t i on in u ;  Sr j s t em  Phase I U ser bquipJnent, Sot 2 , Critical
~~s i q n  Review , 13 December 1977; Maqnavox APD , General Dynamics.

3-2
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Table 3— 1 presents the physical  and economic descriptors of the GPS
receiver. Critical parameters , such as the electronic and s t ruc tura l  corn-
p l ex i t y  data , were derived by f i r s t  reconstructing the mil i tary version of
the “Z” set in PRICE te rminolog y and exercis ing the mode l to obtain the cost
data presented in the critical design review document. The key parameters
of the “Z” set were then compared wi th empi r i cal RCA da ta f iles to identi f y
the degree of higher  or lower complexity than those in the files. RCA data
and ARINC Research data on air carrier avionics manufacturing complexities
were also compared to i d e n t i f y the variation w it h  empir ical  data.  As a
f i n a l  st ep ,  ARIN C Research data were accordingly  modi f ied  where more complex
m a n u f a c t u r i n g  practices were i d e n t i f ied  throuqh the comparison of the “ Z ”
set- and empirical data. Economic descriptors used in the analysis are those
which  have been doveloped in past applications of the PRICE model to air
carrier type avionics manufacturing.

Product ion quantities per m anufacturer wet-c set at 3000 units over a
three-year  period to maintain a consistent base for  comparison w i t h  other
cost u’stimates developed for the FAA in the evaluation of alternatives.
Thes -’ quantities were considered s u ff i c i e n t  to complete the production

4 
l e a r n i n g  curve and amort ize  deve lopment aiid s t a r t — u p  costs. The results  of
the analysis are presented in 1977 dollars with zero i n f l a t i o n  over the

[. period of development and manufacturing.

- - Table 3—2 summarizes the PRICE outputs by subassembly costs for devel—
o~*nent and production and gives cumulative costs. The osc i l lator module is

~

-urnsjdered a t r u r t - hasi ’ i tem  arid um ot  s i m h j e ( - t  to un autu fac tu re r ’ S development
cost ;; . The last equipment  e n t r y ,  Test and i n t e g r a t i o n , is  a mandatory input
wh eur a system cost is d.’v e l oj - e ut  by subassemb li~’n. Test and Integration
acc o u n ts  for the final assembly of r u n i t , mach in ing  of i n t e r f a c e  componcuits ,
providing of power connect ions , al iqnmeuit  and t U n i n g  of  e l e c t r i c al subsys-
tems, and the perfonnance of the f i n a l  f uu r c t i o u . -u l t e st  of t hu e systejul .
(So ftw i t~~~’ deve’lopmu’nt and l r t - u r c ’: ;no? -  proqr~-rrn mi nq , ne cu’t-e ;.lry fo t -  the  ~ PS re ’—
-

~~

‘ t vers , a re not included in the ’ costs developed in t i t u s  s t u d y .  ) T$tc’ f act  o r y
ci’ i t ; t h e ’ cost of m a n u f a c t u r i n g  w i t h  appropriate  G~ A and p r o f i t  i n c lu d e d ;

i t  I t ;  t h e  expected selling p r i ce  t o  a i t  carriers and distributors. The
:;el llntj ( l i s t )  pr ice  i t ;  the normal cost to owners of private ai rcr - a tt buying
l i m i t e d  q u a n t i t ie s  of I ts - pu-oduct .

i. ~ ~ (PS Control  and

- - The control and disp lay u n i t  recommended fc~r a i r  c a r r i e r  appl ica t ion
is func t iona l ly  ident ical  and physically similar to the u n i t  developed for
military applications. Packaging requirements have h,’.’n modi f ied  to r e f l e c t
the norma l practice of a i r  c a r r i e r  avionics m a n u f a c t u r i n g . The u n i t  con-
sists of eight 7-segment LEDs , two S X 7 dot m a t r i x  LEDs, 10 waypoint number
readouts ( i n c l u d i n g  0 for pr -esent p o s i t i o n ) ,  keyboard for  da ta entry , rotary
data selector switch , and mi ; ;~- ;’ I loneous neu -ouiui , r  t y  cent t e l  and indic4or
func t ions .  Four p r i n t e d  u ’i ~u -ut t boards inc luded  in  t he  h ou sin g  provide the
necessary dr ivers , cli  ~h ’ 1 . ly;;  , ce r t i t  t c i  , power u ogu lot i on , and i n t e r f ace  w i t h
the receiver. The u n i t  I ;  de s ign e d  for mount m g  in  a prominent  location on
the forward pedestal of a i i  i ’ i h u t  clot -k .  -

E .
1— 1
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Table 3-2. GPS RECEIVE R , HIGH PERFORMANCE AIRC RAFT

- (1977 DOLLARS)

Cost Factors

Equipment
Development Production Total

(Dollars/Unit) (Dollars/Unit) (Dollars)

1 Processor Card 60.87 834.62 895

EPROM Card 70.57 1,015.69 1,086

j Receiver I/O 41.78 406.78 449
l Memory Control 51.95 545.77 598

Receiver Baseband 73.06 1,119.55 1,193

Receiver Control 39.97 384.69 425

- C/A Coder 51.48 538.06 590

CDI) Interface 35.09 271.25 306

1*’/IF Module 81.69 1,149.73 1, 231

J Synthesizer 63.89 591.32 655

RF Assembly 67.09 632.37 699

Power Supply 17.35 223.75 241
• Oscillator — 225.00 225

- - Enclosure and Chassis 17.36 875.54 893

Test and Integration 9.64 316.63 326

Factor Price 9 , 812

I - Distributor Markup 2,944

- List Price 12,756

1~~~

Table 3—3 presents the physical and economic descriptors required by
- 

the PRICE model for evaluation of the control and display unit. The same
I procedure as used for the GPS receiver has been followed in developing

critical parametric data for the unit . Enclosure and chassis data were
• . developed from information for similar control units documented in ARINC

- 
Research data banks.

* 
Table 3-4 gives the results of the PRICE evaluation . Production

I quantities are consistent with the assumption that only one unit will be
required with each receiver. The factory price and list price data show
the expected cost to multiple and single unit buyers.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - •
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Table 3-4. GPS CONTROL AND DISPLAY , HIGH PERFORMANCE
- 

AIRCRAFT (1977 DOLLARS)
S .

Cost Factors
- Equipment 

Development Production Total
• (Dollars/Unit) (Dollars/Unit) (Dollars)

- Regulator 2.70 95.43 98 - 

-

Display Board 23.35 190.73 214

Driver Board 19.24 181.62 201

• Control Board 35.69 282.41 318

- Enclosure and Chassis 9.64 392.62 402

Test and Integration 1.75 64.86 67

- Factory Sell Price 1,300
- Distributor Mark up 390

- 
List I’rice 1,690

3.1.3 GPS Prean~p1ifier

I - 
The preamplifier required for GPS operation is a remotely mounted

(at antenna), RFI—sealed, low-noise-figure device with band-pass cavity
- - f i l t e r s  and an active gain stage. The unit receives power for the active

elements through the rf cables from the GPS receiver. The PRICE parametric
data descriptors class the unit as predominantly a structural deviec , and
it has been evaluated as a single assembly. Economic parameters used are
the same as those applied to the receiver and control assemblies.. The- results of the PRICE analysis of the preamplifier for production quantities
of 3000 units are given in the summary table of the GPS avionics system

- cost.

3.1.4 Cost Summ~~~~

I The cost of avionics required by high-performance aircraft for- implementation of the GPS navigation system is given in Table 3-S. The
cost factors shown are the total development dollars for each piece of

I avionics and the per unit product ion costs of the equipment as computed by
• the PRICE model. The “Total’ column gives the production cost and develop-

ment cost amortized over 3000 units of production. The factory price is
the expected cost of a single (non-redundant ) system purchased by an air
carrier or distributors. The list price includes a mark-up for distribution
and is the expected cost to single aircraft owners requi r ing  h igh—performance
avionics.

- 
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Tdble 3-5. GPS AV ION ICS , HIGH PERFORMANCE AIRCRA FT ,
SINGLE SYSTEM

Cost Factors

Equipment Development* Production Total
(Dollars) (Dollars/Unit) (L)ollaLs/tlni t)

Receiver 1,998,000 9,131 ‘),8l2

Control and Display 277,139 1,208 1 , ~00

Preamplifier 170,597 671 727

Antenna 75 ,000 20~ 230

Factory Sell Pr ice 12,069

Distributor Markup 3,~ 2 1

List Price lS ,b90

*Development costs assumed amortized over 3000-unit production
quantity.

3.2 AVIONICS COST DEVELOPME NT , LOW-PERFORMANCE AIRCRAFT

The avionics required by low-performance aircraft using GPS as the
navigation system consist of an antenna wi th  ou i lt - in  preairq-t l i f i e r , a
remotely mounted receiver, and a console mounted control and display panel
as shown in Figure 3-2. The performance of the GPS system installed in
this class of aircraft is expected to be similar to that considered for
high-performance aircraft. In order to maintain the same performance
standards , the schematic designs used for high-performance avionics were
retained for this class of avionics , al though cons iderable redesign in
packaging of subassemblies and assemblies was necessary to reflect the
packag ing practices of the general aviation manufacturers. This sect ion
presents the cost development of the receiver and display unit s as est i-
mated by the PRICE model. The cost of the antenna with built-in preampli-
fier was adapted from data on a recently developed combined antenna-RF unit
for general aviation aircraft. The cost of the L-band antenna preamplifier
is expected to be similar to what is presented in this report.

3.2.1 GPS Receiver

The GPS receiver expected to be used by single and light twin eng ine
aircraft contains all the electronics required for signal acquisition , fre—
quency conversion , data processing, power supplies , and information genera-
tion to drive the display unit. The electronics will be mounted on plug-in
printed circuit cards and arranged to perform the rece i ve t IF functions ,
processing , frequency synthesizing , and power supply regulation . Six plug-in
cards in addition to the enclosed HF module are envisioned to p er fo rm all

3-8
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the funct ions  detailed for the high—performance t ece i v e t .  Hccat tua ’  ..‘t lowe r- shock and v ibra t ion requirements for  qencral  a v i at  ion av ion i cs  the  cards ~sui
be larger and can accommodate more functions per card than t h e i r  h i g h —
performance equivalents .  A lower cost osci l lator  w i l l  hi’ used , w h i c h  meet s- the s t ab i l i ty  requirements of ~;PS osc i l l a to rs, but not the  e r iv i t o u m e ru t  a t
requirements of high—pe rformance units. The pa¼ -kaq m g  of t he  r ece i ve r u s— un re s t r i c ted , t y p i c a l  of the enclosures and the  pr act ice of l p ( 4 r l c t a l  av t a t  ion
manufacturers.

- Table 3—6 gives the physica l and economic ,l~ sct i ~‘t ors ;.t the ~1’S
tect ’ 1 ver .  Cr 1 tical parameters , such as t’ lect i-on i c and ot t lt ct  s t a t  comp lex it y
data , were developed in comparison w i t h  RCA t’mp i t i ca l dat  a and w i t  Ii AR IN C
Research data f i l e s  for  t y p i ca l  gene ral  av ia t  ton ..iv t o n i c s , and a p p t o p t - i a t  e
correct ive  upgrad ing  was applied to  reflect the  d e q r t -t - o t c o m p lex i t y  asso—

4 • c jated with ;ps - The economic des1- r i  ~‘t or
-s used in t he  ana l v t ;  ~~t ; are t i s ’s t ’

that  havl - been deve 1 ope;l I ri past ap p l i cat i o ns  of t i t i ’ PR ICE tuode 1 t or t h i s
class of avionics manufacturing .

The resul ts  of the PRICE anal y o u  of the I ow— ~’er formart1 - .- ~1’S tec ’ I

• ar-c shown in Table 1— 7 . The development cost a i-c shown t .. ’t -a c tr  n~~dul t ’
and have been amortized eve r- a product ion quant  i t  y of ~00I~ ur n i t s .  The

• osc i l l a to r  is considered to be an ou t s id e—purcha sed  item , not t i’qut r ir)q

development. Test and integration coot s reflect the  cxper to ’ of  t m a t  as-
sembly and factory t e s t i n g  of t h e  complet ed  ‘S t ect ’ vet . The I act ot-y si ’ I I

• . p r i ce  is the cost to di s tr ibutors  handling the  I ’t odu ct  . A t y p t  cal  di st r hut -
tor  markup of 1 Ou) pet-cent has been app l i ed  to the  SI ’ I 1 pr cc t o  cot m a t  t ’ t h e
l i s t  p r i ce , which p r i vat e  a ircra f t  owners would pay f o r  a dPS r i s - ,’ i u-e r -

1— ’)

- ~~ -~~~~~ - -  - flt ~~~Ct~~~~~~~~~~~:
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l000 4000 tt ’ ’ O  ‘ 00~ 4~~~0 4000

w-r ~~~4 ’ 4  O t - ) 0 . t - . l t~~4H 4$ 
- 

4 4 . 0

VOL 3. 02 4 0 .02 4 ~.02 4 0. - ‘ -
. 4 - 0 . 000 00’-

— — — — 0 . 1 0 . I 0 . 0 0 -  4 . 0

MCI’LXS —  — — 4.  4 2 1  4 .  4 2 1  4 .  % 2 t  4 . t~8

NIWST — — — — - - 1 0 - I 0 .

McPL.XE ~~ . 03 4’ t-  - 2’)-) - ~~ t~~ t- - 0 4 -. 
“ - 7 t 4 —

NFWFL 1 1. 1 1 0.7 0. - 0. —

CMPNTS 22$ t$ 2’) - 2 t~ lOt - $1 ~1 — 
-

EcMPLX 1.0 1.’ 1. 0 0 . -4 0 . 0 - 0. 4 0 . 4

4,. u4’ 44- It. 1~ It. 44— I(.

LcURVE 0. $tO. O~ 44t ’. 0. $tO 0.  s - ”  0 . 4)4- ” 0 . $t’’- 0 $t- ’- 0.

0 .0 ’ -  0. 0~ 0. 0~ 0. L ”~~~~~~~~~~~ ’ 0. 0~ 0~ 0 0 -  —

— — — — 0 .  0 - 00’- 0. 0 0 -

YF.AR I-) ’ - — 1- ’  - l~ 
- - 1— ~”7 1’~ t -~ 

- - r - ~
0 0 0 0 0 0 0

r RCvOT 0. ~ o. o. o. i 0 . 0. 0~ 4 0 .  
—

DATA 0. 3 0. t 0 - 4 0. 4 0 . 4 0 . 4 0 - 4 0 . 4

TI 0-TO T 0. 2  0 . 2  0 . 2  tL2  0 2  0 2  0 . 2

PLTF M 1. t 1 .1 1. t t 4 ’  t t -  1.1’ 1. 4’ 1.~
O Y O T F M  0. 4 0 . 4 0 . 4 0. 4 0. 4 0 3 0. 3 0. 4

I’ I’R~~’ 0. 4 0. 4 0. 0. 0 . 0. t ~~ . 0

I DATA 0. 4 0. 1 0 - . 1 0 . 0 . 4 0. 3 0. 3

PTLOTS (t . 2 0. 2 0.  2 0 . 2  ‘ .2 0 2  0. 2 0 _ _
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Table 3-7. GPS RECEIVER , LOW-PERFORMANCE AIRCRAFT
- 

(1977 DOLLARS)

Cost Factors

Equ ipment Development Production Total
‘ 4- (D o l l a r s/ U n i t)  (D o l l a r s/U n i t )  (Do l l a r s )

I Recelver  2 1.98 109.37 131

Processor #1 55.07 232 . 45 287

Processor *2 23.38 137 .38 161

Processor #3 23.38 137.38 lt- l

I Synthes izer  13.30 144 .59 158

- HF Module 11.21 78.81 90

Oscillator — 118.57 119

I Power Supply 3.61 54.2 1 58

Enclosure and Chass is 1.12 110 .2 9 111

I - Test and Integrat ion 2 .4 ’)  94 . 5 9  ‘17

Factory Sel l  Price 1 ,373

Distributor Markup 1 ,373

Li.st Price 2 , 74 t—

- 3. .~.2 dPS Control and Display

The control and d isplay u n i t  recommended for t he  low—pe r formance
general aviation aircra ft is functionally identical to that described in
Sect io n 3.1.2 , but the packaging and quality of components is c o n s i s t e n t

I 
with the practice of the general aviation manutacturers. The uni t  would
be designed to be ins ta l led  in the f l ight console of a i rcraft for easy
access and readability. Electronics required for lamp drivers , di splay s,
input data processing , power regulation , and interface wi th  t he  receive r
would be housed in the un i t .

Table 3—8 presents the physical and economic descr i p to rs  required by

I the PRICE model for evaluation of the contro l and d isp lay  u n i t .  The same
procedure as used for the receiver has been followed in developing critical
parametric data for- the unit. Enclosure and chassis data were developed
from information related to s imi la r  u n i t s  documented in AR INC Research data
banks.

• _

• The results of the evaluation appear in Table 3-9 . Production quan-
t i t i e s  are based on the assumption that only one unit  wi l l .  he i-equired w i t h• • each receiver. The list price shown includes the normal markup for distri-
bution and is the expected cost to sing le aircraft owners.

- 

3—li
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Fj bh- 3-8. PARAME-rE R VALUES FOR CONT~~)L kND DISPLAY .
l O W -  PERFO RMANCE A X RCRAF 1~

3000 3000 3000 3000 3000

W~F 0 .233  0 .234 0 234 0 234 1.785

VOL 0.008 0.003 0 .003 0 .003 0.082

WS — — — — 1.785

MCPLXS - - - -. 4 .833

NEWST — - - - 0.8

MCPLX E 5.288 6 .023  5.967 6.471 —

NEWEL 0 .3  1 1 - 1 -

CMPNTS 
- 

6 19 42 41 -

EC14PLX 0.4 0.9 0 .7 1.0 0 9

PRMTH 36 36 3t, 36 36

LCURVE 0.865 0.865 0.865 0.865 0.865

ECNE 0.01 0.05 0.05 0.06 —

ECNS - - - - 0.0S

YEAR 1977 1977 1977 1977 1977

ESC 
— 

0 0 0 0 0

PROO CT 0 .3  0 .3  0 .3  0 .3  0 . 3

DATA 0 .3  0 .3  0 .3 0 .3  0.3

TIATST 0 . 2  0 . 2  0.2 0 . 2  0 .2

- 
PLTFM 1.6 1.6 1.6 1.6 1.6

SYSTEM 0.3 0.3  0 .3  0 .3  0 .3

PPROJ 
- 

0.3  0.3 0 .3  0 .3  0 .3

POATA 0 .3  0 . 3  0 .3  0 .3  0 . 3

Pric~rs 0 .2  0.2 0 .2  0 .2 0 . 2

3—12
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Table 3-9. CONTROL AND DISPLAY , LOW-PERFORMANC E
AIRORAFT (1977 DOLLARS)

Cost Factors

Equipment Development Production Total

________________________ 

(Dol lars/Uni t)  (Dollars /Unit)  (Dollars)

Regulator 1.76 25 .28  27

Display Board 16.60 48.77 65

Driver Board 13.60 46.53 60

Control Board 19.94 71.29 91

Enclosure and Chassis 4.84 85.00 90

Test and Integration 0.76 28.05 29

Factory Sell Price 362

Distributor Markup 362

List Price 724

3 . 2 . 3  Cost Summary

The cost of avionics required by low-performance aircraft  for imple-
mentation of the GPS navigation system is presented in Table 3-10. Total
development costs, unit production costs, and factory sell prices with
development amortized over the 3000-unit production quantity are shown for
the three subsystems making up the GPS concept. The list price of $3,620
per aircraft is the expected acquisition cost to single and light twin
engine aircraft owners to obtain the navigational capability defined by
the military “Z” set.

Table 3-10. GPS AVIONICS. LOW-PERFORMANCE AIRCRAFT ,
SINGLE SYSTEM

Cost Factors

Equipment Development5 Production Total
(Dollars) (Dollars/Unit) (Dollars/Unit)

Receiver 461,362 1,218 1,373

Control and Display 172,505 305 362

Mtenna with 15 ,000 70 75
Preamplifier

Factory Sell Price 1,810

Distributor Markup 1,810

List Price 3,620

5Devi.lopment costs asatmted amortized over 3000—unit production
quantity.

A
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CHAPTER FOUR

RESULTS OF EVALUATION

- 4 -

The study has developed costs of avionics based on a uniform approach
to estimating costs with the assistance of a pricing model. The data used

I in exercising the model were developed through detailed analyses of systems
of several leading avionics manufacturers producing either high-performance

- aircraft equipment or low—performance aircraft equipment and modified to
reflect the increasing complexities expected from introduction of a sophis-
ticated new concept like the Global Positioning System. This chapter sum-
marizes the results of the evaluation of the GPS concept for the two classes
of civil aviation users, high performance and low performance.

a

• - 4.1 CONCEPT EVALUATED

The adaptation of the military-developed “Z” set as a candidate for

- civil application of GPS has resulted in a navigation system that will pro-
j vide accurate positioning information to aircraft in flight as well as the
5. capability equivalent to an area navigation (RNAV) system. The RNAV func-

tion is made possible by the system’s capability to provide waypoint inputs

~ 
from the control panel and use microprocessors in the control and display
unit to interact with the positioning information accumulated by the re-
ceiver. Although this feature adds to the cost of the system, the benefits
derived could overshadow those costs, especially when compared with the cost
of an existing RNAV system dependent on ground-generated positioning infor—
ination. The design evaluated in this study was intentionally proportioned
between the receiver and control units to provide an insight into the cost

F of GPS if RNAV capability was not required. The receiver would remain
- unchanged if the same level of accuracy and performance as the “Z” set

provides is desired. The control and display unit would be greatly sim-
plified because only display drivers and receiver interface electronics
would be required.

C

4.2 COST DATA OF CONCEPT EVALUATED

The avionics costs developed by application of the pricing model are
summarized in Table 4—1. The values indicate the probable selling price
per item of avionics to the air carriers and to high-performance and

47
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Table 4—i . ACQUISITION COST OF GPS AVIONICS

Cost (in Dollars) by User Category

Equipment
Air High-Performance Low-Performance

Carrier General Aviation General Aviation

Receiver 9,812 12,756 2,746

Control and Display 1,300 1,690 724

Preamplifier 727 945 
150

Antenna 230 299 !

Total Cost 12,069 15,690 3,620

low-performance general aviation aircraft owners. Appropriate markups
for distribution have been included on the basis of known or expected
practices of the avionics manufacturers. All costs are based on the 1977
dollar without inflation. Potential variability in costs exists as a
function of the production volume dictated by user demand. However, the
costs of alternatives can be compared because the cost of GPS avionics was
evaluated with a uniform production quantity used in other studies per-
formed by ARINC Research for the FAA .

4—2
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- APPENDIX A
..

- RCA PRICE MODEL INP(TT PARAMETERS

I. 
- 

-

a .
The appendix presents a listing of the input parameters used by the —- - RCA PRICE model. Figure A-i shows a typical input worksheet; Figure A-2

shows an example of a typical model output data sheet.
‘C  —

Ia.

C-
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PRICE System r
~~~~~~% 11 Government and

- Input Worksheet U~~~~~~~ MU Commerc ial Systems

Hem Date
&~‘P~oM C5~~~ -

OTY PROT OS WT VOL MODE

General 3000 3 •~~0I /
OTYS YS NIECE INTEGS AMU ITF - -- AMULTU -

/ .3 .3 ?380o0 J3~ O0O

I -— WS MCP LS S PRODS NEWSI DE ,RP~Mechan i call
Structural .ool ~.2 0 0 0

USEVOI MCPI ~j  PHUDt Ni . 1  L D[S HP(

Electronics .99 S.S’17 0 1.0 2.
PWR CM PI-iT- CMPIU PO H f A . CMPEFF

C.o 57 o 0

I ENMTI- S ENM —- INMI Ill EcMP~ • PRNF

- 
Engineenng 

/ / 2  /. ~

• • PRMTi-4 ~ l’RM -’ LL&J -~.l F 1 ’  EINS - I
Production Ia .S’~5 .0, .o~

- I WS BVCOST L ( UHs~ -. - i s
Purchased Item 

- - I F f ~ I’

- - 
(Mode3) - 

~~y - I :,i

- WS ~~~~ ~ MLPL~~ - 
- 

- - 
- 

~~~~ 
•

• . GFE ~~~~~~~~ 
- 

~ -~~~

(Mode 4)

- MCONS1 MEAP W EC~ T A A C S I  M W .  ‘O - - o ~~

4 • Additional Data
(Modes9&1O) 

-

I — YEAR ESC PROJCT D A T A  TIGIST

Global /977 o .54- .3
PLTFM SY STEM PPROJ POATA PTIGTS

i I.-, .3 .5• .5- .3

— 

— 
Notes:

S - - -

1. _ _  _ _ _ _ _ _ _ _  

- 
-

GC l595 vis

- Figure A-i . TYPICAL INPUT WORKSHEET
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F-POCES :o~ EF-FOM

IIIP IJ T L 1ATA 
-

ELEC TROnIC- :
IJ:EVOL ,:i. -

~
-
~~i’ r-1iT F-L:- : E 8. 817 FPOI’E ii . li i’ ’) f -4E1,1EL 1 .0 ( 1 11 tIE PPE 2 1:1 1: 1:1

PbIF 6. 011 0 CMF-M T - 5?. CP1PIt’ 0. 000 F IdFFA C 0. 001) CM FEFF 0. 0011

EMG INEERIHG
EHMTH~ 1. 0 ENMTH~ 

- 12. 0 ENt-ITHT 14 .  0 ECMFt X 1. 000 PPNF 0.300

FROIILICT Ion - -

F-PMTH 12. 0 PPMTt4F 4:~ 0 LCUFV E 0.2-65 ECHE 0. 010 ECH 0. 010

GLOEAL
lEAP 1977. E:S C ci . u :io-~ F-F-oJ’: T 0. 500 LI9TA 0.50(1 TL’~T T  0. :~ iii1

- - PLAT FM 1 • 70’) TEM i:. 3 1:10 ~~PF-D J 0. s’:s o ~-t ’ATA 0.5 00 FTL~~T - €‘ . 3€,

PRO’~~ AM CO :T LIEVELOFI-1EMT PRODUC T I ON TOTAL C a.: T
EN’ I F4EEP I r4’~ 40475. 4-33 . 4 ’:’908.

DE: 1G1-l 134 :150. 1467. 135517.
YSTE M - 5461. 0. 5461.

PROJ f-1’~MT 9441. 74544. $~ 9~:5.
IJA TA 2565. 309(1 . 5655.

SU} TOTAL~~ENG~ 191992 . 795-34 . 271525.

MAN UF AC TUPINI3
PPODLICTION 0. 2870753. 2870753.
PROTOTYP E 18737. 0. 18737.
TOO L—T E- :T El? 3A9 .  9677?. 97745.

SUMOTAL .:MFG” 197116 . 29675:30. 29872:35.

TOTAL COST - 211697. 3047064. 3258761.

VOL 0 .014 A- ,- C a - :T 956.92 TOTAL AV PPOD CO~.T 11115.69 LCUF YE 0.
0.601 E€-NE 0. 010 ECIt 1,. 010 DESF— F- E Ci . 159 t,E:F-F- 0.

!1ECH- - :TF-IJCT
1.15 0. € 101 bI~ CF 0.069 MEC ID 0. 00(1 PRODS- ~5.525 MCFL: : 6.200

- ELECTRONICS
ME 0.600 I.IECF 42. 088 ‘:wir’ 0. 0(10 FFODE 4.84? M’:FL>~E :~ E:l 7
PI.IF 6. 000 CNFI-4 T 5” . Fl.IPFAC 0.565 (~1PEFF ~: 5511

:- C HE DIlL ES
Ett’- ITH:- 1.001’ EI-IMTHF 12. 01,,:, EHI-1THI 14. 1’l’l’ E’:- MF-L:-~ 1 • IT,’),.’ PPHF ‘:i.
PF-t-1TH:- 12. 00’) PRt-1THF 4:3. €10 1) AV ER. PROP F-ATE F-ER MONTH 8 3 . 33 3

co :T  FTAl 4 ’~E DEVELOFNEI-~T ppoDIJl:TICI-l TOTAL COST
FROM 192431. 269~~0$7. 238845$.
CEfI1EP 2116°?. 3047064 . 325$7t1.
TO 237871. 3459016.

Figure A-2. TYPICAL MODEL OUTPUT DATA SHEET
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