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ABSTRACT

This thesis discusses the acondaic effects 5f noise
abatement regulations on the helicopter industry. Increased
sanufacturing and operatingy costs fr>a noise abatement regu-
lations on Sikorsky's S-75 helicopter are estimated. The
effects on consumer utilization ar2 2lso discussed. Arn
appendix compares two ird2pendant rssearch studies that used
wveight estimating relationships and -ost estimating rela-
tiopships to estimate manaufacturing costs of the helicopter
by subsysten.

This thesis proposes that if ndise abatement requlatioms
are imposed on the helicopter industry without lue consider-
ation for future teschnological improvements, helicopter
maiaufacturers, operators >f helicoptar businessas, and

consumers of helicopter s2rvices wdould be adversaly
affected.
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I. LEIRODUCTION

A. HELICOPTER CHARACTEBRISPICS

Belicopters today are axamples of 2ngireecing excellence
and aerodynamic ingenuity. They hava a multitauils of unigque
capabilities that cannot ba duplicat2d by conventioral,
fixed-wirg airplanes. Tha2se capabilities are extremely
important for the transportation uses to which asiicopters
ars applied. To understaai more fully what makes then
unique, an understanding of their commercial applications is
important.

Aercdynamically, helicopters do 15t have a stationary
wing designed for lift charactaristizs as do coanventional
aircraft. 1Instead, rotating blades produce th:z regquired
lift that propels the aircraft. Consa2gquently, a helicopter
has the capability of da2czlerating f£:om a cruising speed
until reaching a hovering sondition. From a hover, a heli-
copter can move forward or backwaris, sidsways, up arnd down.
Thase unique flight characteristics a12lp positisn a hali-
copter for precise landings. Helicopters need snly a
landing area slightly largar than th2ir ro%or diameter +o
ensure proper clearance. Urhis verticzal landingy and takeoff
capability provides greatar flaxibility in selastion of
landing zones or haliport locations, 2specially in congested
business districts or on =s>nfinad 92il rig platfaras.

The helicopter is als> capable 5f sperations on uanpre-
pared surfaces. Other airsraft that have vertizal takeoff
capabilities incorporate high velocity fans or jats that
rejuire preparsd or heat r2sistant sirfaces. Tha ability of
the helicopter to operate from unprepared surfacas provides
an almost limitless choica for landiag sites. TIha abili:




to use unprepared surfaces is als> a2 advantage for the
helicopter during emergencies. Whil2 2n airplane needs %o
find an area that is relatively flat and clear, a2 helicopter
nesds orly a small clearicg.

The most impcrtant charactaristic 5f helicopter £1ight
is the helicopter's ability to hover. This is 2 €flight
condition in which the aircraft remains motionlsss over a
fixed position. Prom hovaring conditiors, helizopters have
proven theaselves as excellent vehiclas for searzh and
rescue.

Helicopters can not oily hover, but taxi thsaselves +¢9o
any position tha* is required. By hovar-taxiingy, an
aircraf* can position its2lf away from larger airplanes
without disrupting normal flight op2rations. DJften, heli-
copters use airport laniiag fasilitias, but hovar-taxi awvay
from and off of major taxi ways. This capability reduces
congestion and interferanc2, aiad off2rs a more iirect
service to helicopter users by bypassing crowdz1 gates.

Aerocynamically, airplanes need a continuous flow of air
over their fixed wings %0 orovide lift. Otherwise,
airplanes will experience an airflow s2paration fream <he
wing ard the wing will stall. Helicopters, on the other
hand, can fly and operate affectivaly in slow flight
reyimes. Slow flight parwits a shocrtar turning zadius, or
shorter airport approach patterns. Air +raffic controllers
can manipulate helicopters in and arourd lac-ger, more
restricted airplanes by aljusting h2licopter spsads.
Approaches “o landings bezome safer, azd helicopter pilots
have more time to correct aircraft parformances iuring
conditions of poor visibility.

Slow flying is also aivantagesus for helicopters in
agricultural spraying, police patrol or traffic control,
where close nonitoring of areas is critical.




Rotary wing aircraft are asrodynazxically less sensitive
to vwake vortex and wind sh2ar phenom2na. A helicopter's
rotors inteqrate or filter wini chanyss, thus dampening wini
changes that are fel+ on fixed wingy airplanes. Thus, heli-
copters do not need lony approach paths or line up control
as do corventional aircraft. In conjested areas, sanorter
approach paths, and approach paths with steep glide angles,
(up to 12 degreaes for helicopters vicz 3 degress for
airplanes) help reduce th2 noise footprint gensrated from
aircraft. Steeper glids angles and shorter approaches
enable helicopters to use pattarns that avoid obstructions
that otherwise limit fixel wing flight.

Perhaps the most econonxic capability of ths helicopter
is its ability to carry external loais, especially into or
away from areas that cannot be transvarsed by ground vehi-
cles. The logging industry employs h2avy lift helicopters
to remove felled trees faster than co>uld be remova4 by
truck. Other industrial ajyplications employ hesliceptecs to
1if+ heavy and outsized ejuipment suzh as anteniae angd
airconditioniny units on+d> roof tops. The extarpnal 1ifs
capability is a method by which car3y> maybe deliverad
directly to its destinatis>i, savingy time and mdney by elinmi-
pating intermediate stops and a2xtra paople from handling the
cargo.

The last characteristi: that diffarentiates helicopters
from conventional aircraft is in the variaty of landing gear
available to helicopters. Where fix23 wing aicsraf: are
restricted to wheels, ski, and floatior pontoons, smaller
helicopters can be equipp2i with skiils that absorb =sough
terrain and hard landings better. This helps prevea: fuse-
laje damage by transmittingy structural loading to the skids.

These characteristics have made the helicopter an
extremely efficient vehicla fer commzrcial and ailisary
oparations. Helicopter maaufacturars today ac2 2agaged in
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expensive and comlex eagineering rzsearch %o iaprove “hesz
characteristics. ‘

B. HELICOPTER TECHNOLOGY

The helicopter industry is a larys, competitive, and
highly diversified industry. Curcr2ntly <here ars =sighteen
helicopter manufacturers world-wida, producing forty-seven
models. Domestically, 2h2 major h2licopter manufacturers
ara: Bell Tex:tron, Boeingy Vertol, Sikocrsky, and Hughsas
Aircraft Company. Thesz z>mparnies have producad nr have in
current operation some 10,300 civilian aircraft, mostly in
service in the United Statas and Canaia. In 1331, civilian
helicooter sales by U.S. manufacturacs totalled $.76
billion, representing 1402 airframss. To=2l U.5. civii
aircraft sales (general aviation, ai:c transporta*ion, and
rotorcraft) during the sam2 period r2ached $8 biiliion, a
sales figure spread over 22,878 airframes [Ref. 1: 73).

Civil rotorcraft production for thes Zr=e world is
projecteéd to doultle by by the year 1390 [Ref. 1: 3]. If
this projection holds %ru2, total fiz2t needs for civilian

activis«y will surpass military helicooter usags, now 2sti-

ot
mated a< 20,000 airframss. Th2 pct2atial growth and
development of the helicooster industrcy by *+he “urn of <%he
century is dependent upon not 3nly taz “echnold>jzical dsvel-
opaents and 2lactronic aivances desijanzd for multi-purpose
uses and all-wea‘her capabilities, but increases in perfor-
mances such as lifting capabilities and speed.

The dollar investment in halicoptar <wechnolagy and
development has increased it even fastsr rates., Up until
1950, helicopter manufasturers had spsnt collectively $200
million on Lelicopter engineering. 3y 1979, cthat figure hal
reached $1.6 billion, and by 1979, $2 billion. By 1990,

cumulative monetary outlays for domastic helicopter R&D has

n
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been estimated to be $1) billion, an sxtramely odptizistic
forecast [Ref. 1: 2]).

The dominate civilian rotocraft has been the light,
single-ergine helicopter. Towards tas erd of tha 1960's,
turbine engines started ra2placing piston driven recipro-
cating engines. With the introductisn of the turbine
engine, the helicopter could offer a much greater thrust to
veight ratio. The market 2xperiencz2l vigorous jrow:h unti
ths 1973/74 o0il price incrazase, at which ¢ims increased
operating costs caused many opa2rators +«o curtail or shutdown
oparations, Not until 1973 dii th2 halicopter industry
rebound, when of fshore oil exploratisn added 2 azw demand,

The 1970's also introluced technd>logy dramatically new
and innovative from the 1350's. Th2 n2wer mod2ls wers more
streamlined, with fuselags designs vary similar to
airplanes. Many of the nszwer, mediuw sized helicoprers
incorporated retractabls landing gszac that furthsr reduced
drag, increased airspeeds, and savad fuel., Helicop<ter manu-~
facturers stressed “echnological advances in blade
construction ard dzsigr %> eliainate blad2 nois2 and vibra-
tion, fcr greater passengar comfort and reducei aetal
fatigue. The developmen+s incorporaz=2d in +oday's fleet of
nciern helicopters have a jreat inflisnce on performance,
safety, and cost. The principal t2chndlogical izvelopments
that have mad2 the helicopter zsompatitive with conventional,
fixed wing aircraft are:

1. Aerodynamic¢ - The gr2atest ta2chnallogical breaxthroughs
have been in blade and fuselag: designs that have

reduced dra increxsed eeds, reduced vibrations
and increasey fuel afficfgncy.' ’

2. Sonposite un%iﬁi
T i

g srestet el

Ney capysite gaterials, prcvide
i ty 'n 3322’ 'g
is is espec e
v

gn and protaction,

u n tha £o>tor head and hub
assenbly, where §° but stroajyar materials can
replace older and h vier comp>nents. Helicopter
we.ghts have continuad t3 decr2ase, and aguigped with
mor2 power ful enginas, offar aa airframe fhat 1is more
productive.

11
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Ergine Performance - Turbine sn;inei, surcan®ly
repiacing older and less powarful piston anginés, are
des rablg because th3y are mor2 fuel effiziént, reli-
able, weigh orsepover

1
ess, a1l for ths same h
2

Electronics gnd Avispics - _Iaprovem2nts ip the 2lec-
trgnlcs £ield have 1ffected maiy ystgns in
he icopters.  Improvaments in 1ivigation and comauni-
cation have significantl zngtaved the helicopter's
gpi%i%yatgegéy ?thl?u aé i;u aifaggugate}y, I ere very
i v n ipe-yf-sight signals tran-
sngttes % rgund ga:ilz;zes :annotgbe.regegved, In
the near future, 2ll navigatioa for ships and aircraft
vill be directed from satellitas, increasing <he
erformance of helicopters as they travel esitended
istances over water or_ terrain, away from normal
means of reception. Pilot workioags will be reduced
with *he integration of new z-onirols, displays, ard
computers. Prcceluras once performed manaally, such
as cglculatxgn of fual consumption or_center 5¢
3rav ty loadings, will b2 autdpatically caicula%ed.
opputers will help free the pilot from nasn-flight

i related duties, Coasequantly, oilots can spepd their
: time more efriciently g payiny <closer actzn*ion to

: aircraft performanc2 and procelires. Computers will
| no+ on;g aid the gzlat in monitgripg aircraft perfor-
\ marce, but instantly provide valuable data concerning
i weather, dangerous #ind shears, or obstructions to
fl:qht. Thrdugh the2 use of c)Pwrputers, Instantanecus
and accurate data can be retrlaved_an& agalzsad, and
1 precauytions taken t> ensure thz safe conduct 5f heli-

copter operations.

; 5. Reliability and Safaty - Helico>ptars %oday are .
] . designed by manufactulers to b2 2s safe a3 possible.

. Modern ¢ockpits hous2 comfortable sea*s with bex<er
! visibility and simiplified controls. Back-up systsas
tc replace failed cdaponznts f major systesms ate
standard on many corporate and commercial aodais. .
Passenger comfolt ail safety have been improved with
bette=z sound proof;ni,and rejus23 vibraxida., Th2 cost
per seat mile for h3licopter flights is b2ing lowerad
as more people fly in _helicoptars and helicopter effi-
ciency increases., TIydav, helicopters are competing

s

R % N ¢

for more air routas by offeriny i broader application
of transportation na22ds.

Helicopters are abls t5 fly in almost all condi+ions of

ipslement weather, except {cing and ssvere “urbulence. The
helicop+er can achieve this, and 2t speeds compestitive with

fixed wing aircraft ¢f tha sam2 weight and sizs. Becausa
the helicop“er has the capability of 1laading at heliports

,_1 located closer to commercial areas, the *time saved by using
- helicopters is a competitive tradesff to the faster speeds
> of conventional aircraft. Helicopters today, given medium

range capability and passanger loaiinjy, can maintain cruise
4 speeds at 150 aph, vith iicreases in performances beinyg
’ deaonstrated by newer darivative alrcraft every iay.

i 13




Future rotorcraft technology does not diffsr greatly
from current, conventional designs. Large helicopters will
evantually accomodate 2 hundrel or md>re passengars ard
service air routes at madium distancss of 100-3)) nmiles,
directly competing vith fixed wing carriers in high density
. locations (Ref. 1: IV-1].

Smaller to medium siz2 helicopters may see azrodynamic
changes with the elimination of tha tail rotor as an anti-
torque device. New technijues are b2ing tasted that not
orly eliminate this tail c>tor, but increase halicopter
speeds substantially.

. The Tilt Rotor is sach a rsw class of hkelicopter. The

: Tilt Rotor aircraft will position i¢s rotors *2 various
overhead and forward positions, d=2peziding on thz desi-ed
aircraft attitude. Higher spea2ds will be obtained wizhous

- sacrificing the vertical taikeoff ani landing characteristics

! 0of a conventional helicoptar,

The X-Wing cotorcraf+ is anothsr hslicopter variant,

} , intended for high speeds without sacrcificing vertical take-
offs ard landings. The niae is 32riva23 from *hz shape of

ths2 wing, which when viaw2l from dirsctly overh=2ad ani when
i+ is no+ spinning, forms an "X"., DJice the aircraft is
airborne, the spinning X-Wing will b2 locked iat> place and
functior as an airfoil for forward flight.

A “hird innovative airframe currantly beingy tested is
th2 ABC concept, or Advanc2d Blade Concept. I: is designed
very similarly to a conventional hzlicopter, exsept that
instead of one rotor attazhed to tha 3ain mast, there are
tw>. The two ro*ors countarrotate arsund *he aasc, effec-
tively neutralizing the stalling proparty a blade encourters
vhen rotating to the trailing sid=2 >f the rotatioral path.
Ths ABC concept is design231 to5 havs an advancin3y biade on
botk sides of the aircraft, with *h2 stalling blades on the
trailirg sides featherel %> reducs irag. Another advantage

T T e T A A A, ot ot -
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of the coaxial rotor systas is that a tall rotor is rot
ctejuired to compensate for main rotor torque. The ABC is
capable of speeds comparable to> €ixel wing aircraf:, at
altitudes ir excess of 24,000 faet, 2nd stiil perform take-
offs and laniings vertizally. Prototype ABC aircraft have
been test flown by military anl NASA pilots, but the
aircraft is still in its acperimental stage.

The future of rotorsraft developaznt is not only
designed arounl flights at faster sp2231s and higher alti-

tules. New design featuras also str2ss applications towards

heavy l1ift helicopters, with gross waights exceeding 300,000
pounds. The commercial applications of heavy lift helicop-
ters are many and varied, but the kay to heavy lifc
development is the propulsion componasats, (enginas, dr-ive
trains and rotors) and thair influanc2 on halizopter perfor-
mance.

These nev derivatives are the next generatiosn of
vertical taksoff and landiag (VTOL) aircraft. +itch
continued urban developlént anl tha aigh coste >f ajirpert
construction and locatisn, helicopta:s will play ar ever
increasing role in commuczar and amediim range traasportaion.

C. COHBERCIAL APPLICATION AND MARKETIS

Commercially, rotorzraft prcduction is one 2f %the
fastest growing sectors iy salass and productios in the avia-
tion industry vorld-wide. By 1990, -ivil rotorcraft
production is expected ¢o axceai $3 billion per year, or 17%
of all civil aviation proiuction [Raf. 1: 70]. Prom 1960
thcough 1970, civilian helicopter production output doubled,
anl is expected to doubles a1gain in ta2 1980°s. By 1990,
ovar 20% of all dollar a2xpandituras f>r aircraft purchacses
will be for helicopter or V¥TOL airsraft. This growth, feor
tha most part, has been sparrel by tachnical braakthroughs
sentiored in the previous sections.

15




Bell Textron Corporatisn has doainated helicepter
production since the 1960'3, and still aaintains itself as a
market leader. Other domestic manufacturers that share 4in
helicopter production are the 3o0eing-Vertol Company, Hughes
Aircraft, and Sikorsky. Tlhese domes:ic producers actively
coapete for foreign markets with ovarseas corns>rtiuas such
as Westland-Engl ish, Aecrospatiale~Praach, and
Agqusta-Italian. In these countrias, tha rotorcraft industry
i35 heavily subsidized thr>agh governaent procuremert, and
aircraft models are tailorad to ma3at commercial and military
applications. U.S. manufactursrs, 51 the other hand, are
able to meet expanding ani profitabl: market damands by
designirg and producing various molels of helicopters to
aes*t the requirements damanded by ths different users. The
European manufacturers proiuce a higily competitive and
efficient aircraft, but 51 a magnitule one-*enth that of
U.5. production.

The helicopter of t>day perforas a number 3f diverse ani
importar* aigssions. As a vehicle for public ssrvice, the
helicopter has been employ2d as an arbulance %2 reducs
transit times from accilent sites to hospi*als. Helicopters
arz alsc used for public 3afety, such as traffic control ani
rescue missions. Helicoptars are c=oastantly being called
upon for transportation dicing perisis of natural disasters
ard relief.

The helicopter 1s als> usel by private corporations to
transport technitions, support equipaant, and parscnnel ¢o
anl froa offshore oil rigs and drilliig platforas. a3 oil
coapanies expard their axploration farther and further
off shore, ther® will be a1 increassi demand for helicopters
t0 meet longer flight timss and heaviar payloais.
Helicopters have successfilly withst>54d extreme teaperature
variations, from North Ser oil exploration to Psrsian Gulf
opsratiors. In the Gulf >f Mexico t>3ay, there are 847

16
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helicopters supporting 137 mobile irilling rige, 992 multi-
vell production glatforas, and 117 m>res under construction
{Ref. 1: SS1).

Petroleum Helicopter Iacorporatel, (PHI) flys cver 1000
flight hours par day from its fleet >f 400 helicopters to
oil rigs in the North Atlantic, South Aamerica, the Gulf of
Mexico, and Africa. More time and ad>ney is saved by oil
coapanies using helicopters for persoancel transfars than
whan slower surface vaessals are eaploysd. Steady grcwth in
this market can be seen with the aver increasingy demands £or
enargy.

Forestry, logging, 2n3l agricultaural spraying are other
diverse and useful applications for a2licopters.

Helicopters aza capable of penatratiig terrain too remote or
roagh for land vehicles or conventioaal aircraft. Helos can
also be refuelad from trucks driven t> the periphery of
urprepared fields, eliminating transit times %5 and from
airports. This wmeans that the helicopter is akle %> remain
onstation longer periods of time, 2conomically sovering amsre
ar2a in shorter periods >f time, and maximizing aircraft
usage.

The economic uses of a121licopter applications are
numaerous. Traasportation 5f large, outsized car3yo or of
comnmuters for in%ercity sacrvice is baing handled more effi-
ciantly today by rotary wing aircraft. Helicopters arte not
ch2ap to maintain and sperate, and like other high perfor-
naarce machines, must be maintained anl inspectel often. 1In
tha long run, >perating co>3ts and aaiatenance costs far
exceed the acquisition zosts. The helicopter is designed
around a cosplex mechanisam of interralated dynasic coapo-
neuts, soae vorking in hacsony, and >thers in ospposition to
sach other. These componaants aust m22t high talerances for
spsed, temperatures, ani 3arability. Aas helicopter tech-
nology advances vith inidustry demsani, mores effizient
coaponernts will be Qdevelop24d.
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Unfortunately for the UJ.S. helicopter industry, aa ervi-
ronmental noise regulation that is baing drafted by ths FAd
could hirder future growth and salas in this macrket. New
regulations designed to limit helicopter noises are being
considered. The industry feels that noise regulations will
slow helicopter growth. Trhe industry is working with the
FPAAL to identify methods t> record h2licopt<r noises and
establish noise limits that do not j2apordize tha growth in
helicopter sales. The next chapter will introdace the Fad's
current position on roise abat2ment, and the industry's
position +towards these issues.

13
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IX. NOLSE ARATRUEEL IF IHE AIBCBAXT INDRUSIRI

d. PAA REGULATION OF THE AIRCRAPT IYDUSTRY ON NOISE
ABATENENT

In 1968, the PAA was first chargad by public law nuaber
90-411 (later in 1972 with public lav nuaber 95-574) to
rejulate aircraft design and eguipmeat for noisa reduction
purposes. This was known 3s the Nois2 Control Act of 1972,
anl the FAA preoscribed stairdacds £o5r the aeasuraament,
con+rol, and abatemernt of aircraft n>ise. 1In essence, the
mandate by Congress to th2 PAA was disigned to promote an
environment that would be free of ndise tha% 4Jeopardized <h2
health ard velfare of citizens.

To establish accurate critsria 2131 noise levals for- the
aircraf+t industry at that time, th2 FAA worked in clcse
connecticn with the Secretary >£ ITraispor+ta*tion and *he
Environmental Protection Ajerncy. Th3ir object was to ensura
that regulations placed 71 +he industry would be realistic
and obtalinable. It is important to aote that during this
early time period, 1968-72, Congressional direction focused
primarily on the larger anl more noisy fixed-wingy aircratf:.
Little 2ttention was paid to the helicopter indastry and its
noise generating problems, mainly b3acause helisopters were
largely being operated in areas away from urban developsent.

The FAA first set about to develop an acoustical tech-
nology that could be ussd to amsasur? aircraf® asise during
different flight regimes. This measiced data then had to be
quantified and determinations made as to what types of
noises vere dangersus, fro>s vhat areas of the aircraf*: vere
ths noises generated, and the 3xpectzd costs associated with
reiucing the noise levels., The aircraft industry vas very
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large at that time, and ths PAA, NASA, and industry engi-
nears spent more than $200 million t> Zmprove the nyiss
characteristics of commercial and private aircrat:.
Interestingly, over S50% of this amouat was subsiidized by the
0.5. government for the inlustry's rasearch ani 3Jevslopment
efforts {Ref, 2: 6-1]. Tha research required t> find and
isplement more effective adise contr>l technology was
extremely expensive. Unlike the rotary wing iniustry, wvhera
noises are generated throuyh a number 5f aircraft compo-
nents, the noises generat2l from fix231 wing airsraft wers
primarily generated froa tneir powarful je* engines.
Developing technology that would surpress engin2 noisss
alone would bring fixed wiang aircraf: within FAA prescribed
linits,

In contrast ¢> fixed wing research ard devalopaer:
funding, funding for helisopter nois2 reduction tachnoloay
has been extremely small [Ref. 2: 5-2]. This is inconsis-
tent with the helicopter's complex nd>ise problea ari was
ovarlooked for years partly becaus2 tharTe wera a2 experts in
helicopter acoustic technology. Th2s2 shortcoaings loft tha
injustry ill prepared £5r 10ise abatamen“ rules as imposed
on the ccmmercial airlines and the private industry. The
FAA fouré that regulating r1elicopter nsises woulil be amuch
more ccaplex. As will be a2xplained later, *he PAA and heli-
ccoter manufacturers set apout to work together to establish
noise rules that were, for helicoptar nanufacturcers, econoa-
ically reasonable and tachnologically practicable.

As a2 regulatory agency, “he FAA had insufficient data to
establish guidelines for ha2licopter a1oise abateasnt rules.
In 1975, the PAA proceelal with ths l1avelopment >f noise
cectification requlations. During the next four years, the
PAL and the helicopter inlustry heli 1 series of eleven
mestings. In these mestiiys, sach sile tried to learn the
others' concerns and arrive at som2 autual resdlution. The
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me2tings vere also designal to improve the FAA's datz base
on helicopter roise. Unfrrtunately, “he irnformation *that
was generated from these aeceting was of limited value irn
establishing a set of standards becaise of each manufactur-
er's varying techniques of data aczuaulation ani
correlation.

In 1978, the PAA enter2d a rulsaiking cyclzs which culei-
nated in 1979 with its proposel helicopter noise
certification standards, antitlad: Notice of Proposed Rule
Making (NPRY) number 79-13. The indistry immediately set
about to evaluate the prcposals. In January of 1980, the
helicopter industry responied with a2 i2tailed 213 extansive
suamary ¢f the economic ani developaz2ntal impact of the
NPRM, 1In effect, the industry repli2i tha%+ the FAA's regu-
lations as setforth in NPRY 79-13 we:-2 highly rastrictive
ani, if the proposed rules wera to b2 anforced oy law, woull
rejuire manufacturers t> iavest keavily in research and new
technology.

From January 1980 uatil %hs £all >f tha+ y=2ar, thes FAA
dil not —espond %o the iajustry's cliims. 1In 21 attempt *o
bring the FAA clcser to tha industry's needs, ths ICAD
Conmittee on Aircraft Noisa, Workingy Sroup B, (CAN/WG/B)
recommended to the PAA 2 32t of prop>sals that hopefully
wounld bring closer “ogethar “h2 requirsments of the FAA with
th2 technologizal skills and desirss of the indastry. The
CAN/WG/B also recommanded that the FAA 3elay implementation
of the rule until more data could b2 accumulat23 and
evaluated.

The CAN/WG/B's recommendations proposed to ths PAA did
opan a negotiating door between injustry and government. I*
wvas nov clear to industry, comprisad of the thirteen major
helicopter and engine manafacturers, that they should
atteapt to provide more coaplete ecdondmic data 52 just how
severely the hel icopter inlustry woull be affect2d by noise
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rules imposed by the FAA. The FAA i1 tura wantad =s
complete a stuly as possible for prroar rule making. This
thesis will evaluate the 3zonomic sost considerations
affecting one manufacturer, Sikorsky, 2nd the production of
its medium sized, commercial helicopter, the S-76. 1In ¢this

report, cost constraints t> manufazturers and opesratcrs of

4 ths S-76 will be evaluatel undar coalitions of ndsise
regulations.

v The S-76 is Sikorsky's newest hslicopter for the commer-

! cial and industrial markets. [t is 2 highly coapetitive and
% advanced helicopter, desigyaed for opa2ration well intc %he

\ 213+ certury, If the FAA imposes strict noise rsquireaments
i . on the helicopter industry, Sikorsky will be faced with
major redesign problems anl expensiv2: retoolingy costs. 1In
an attempt to 2stimate th2 costs t> 5ikorsky with its
praduction of the S-76, anl +*hz eff=-ts these costs will

] have on marke* sales, a careful analysis of mador S-76
gircraf+ components and th2ir cost:z #ill be mala., A relz-
tiorship exists between aiccraft component weignt angd
maaufaczuring costs, and tais relatisnship will be studied
to estimea*e what additional costs woild be incurred by

f Sikorsky if forced to ra2dasign tha s-75.

i B. SOURCES OF HELICOPTER NOISE

As mentioned earlier, helicoptar acoustic tachnalogy is
considerably more complax than that >f fixed wiag aircraft.
Ths interactions of varioas ncise 3212rating araas makes
. noise abatement rules difficult to Jaantify and regulate.
Uniike a conventional airolane that sroduces niyise through
&7 iz3 pover plants, the hslizopter gaanarates tonal signatures
' from areas other thar its a2ngines. Areas of the helicopter
that are major producers of noise ara:

1. The Main Rotor. Trha main rotocs are the aost signifi-
cant contributors t> helicoptar noise., The main

22
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rotors act as l*ftln; surfaces, and produse a periodic
and random fliapping ind slappia; noise as blailes
conge zte for va:*stlons n lrais and stressas,
gn satuires are jov bs ng teste to da*;eace this
o se, such as reducing roto: £aidii, expaad
ia es' chorﬂ chan ng the nunber Of b aﬂes, al*er*ng
. b 322 g ani varyxn tor sgeeas. These
lg igati avolve 1 ohg p=r 5ds _of developaent,
~ nce ll rcvelents aust be =valyated against heli-
' ‘ copter perforlanca 31d life zyzle costing.

. ’ 2. The Tai or, Lik2 ¢ths in rotor of conventiorall
i sty 163 %eg opters, the ta?i rators are substantgal !

qene ators of noise, but of a 11fferent pitch and
qng i The tail cotor rotstas puch faster than the
. in rota p:o nci:g i ighar ang na rower b nd of
ntefacts with distarbe

-gnes. T e ta1 rotf
rflows from the maln zotor, fur»her distarbing and
*ncroasigg the genefation of ndise. The tail rotor is
cornecte ts the maln transmission through a series of
gears and n;tian asseablies that produsze a high
pitched, vhinn ng rasoiution,

Trans ission Area. fostera incor 0’352 various
gear oxes an transn systems that lirect povwsr
rom the enqznes to the rotor blades. These transnls-
si % ng have th2ir g ear- rat;:a that
produce dz erent ha;uon cs, u:ua of a verg
g*tch. These high pitch toa2s ars ext'eualg ama 1n
0 unpro*ected e2rs, esp ec*all; to peopla who operata
around helicopters E:r extende perzods of time
without protection iavices.

. 4. Power Plants, sha tarkbine engines used on todag s
hejiicopters produse various “onpfessor £on2s an
exhust noises, The 10re £0u=' a1l the ergire, the .
noiser the heiricopter will bs, Surpressing sngine
noise alsne will 21ininate only one area »f helico ter
noise. A3 can pe s322n, thec-s 1s an Znterralaticas
of many components, iynanzcally in opposition to eac
cther, and operatiny at crizical ¢olerancas.
probl2a 3f guieting helicopter ndises :Is t=chn1c#lly 3
very difficulit one.

: These noises have bzeil a major ciasideration ¢ the
‘< helicopter iadus<ry, primarily as hzlicopters bagin coamuter
services o urban areas. 8y nature, the helicodter is a low

w
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flyer and therefore closer to the aulible rangs of people.
Heliports have traditionally been located closer to downtown
areas and closer to whers people live ard conduct business.
Tha tradeoff, paradoxically, is that the halicaster is
'_ éﬂ; fulfilling a more efficient servics by bringing comnuters
closer %t¢ business centers, while at the same time, anrnoying
! ) ) those people who have to> w>rk nearby.
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Through comparative tast studias, it has bean found “ha*
the noise footprint of a halicopter iuring apprrach,
landing, takeoff and departure, is considerably less intense
than that of most airplanas. Helicopter noise is iimited ¢
a smaller regiosn than that of an airslane, €for two primary
reasons. PFirst, the helizop%er is saaller than the larger
airplanes and secondly, a helicoptar's approach and dapar-
ture flight path is stespar {Ref. 3: IV-15].

Helicopter noise signatures arve comparable t> other loud
noises generated through normal evaryday traffic found in
metropolitan cities. Souil levels ar2 measured in decibels,
relative %o a sound pressure lavel thar is being us2i as a
reference. Th2 annoyance >f a sound is caused by the sound
prassure ard tonal qualitias, juratisn, aad rapiliity. The
ear is considerably morz sa2nsitive t> sounds ceatered arouni
a frequency of 1000 cycles per sec>ni than soundis of equiva-
lent pressures but of a lower frequ2acy. Tonal gualitias
also affect sound annoyancz2, like th:s whianing of pure tonss
emitted from tail rotors. A wide b2iil of noiss of a2quiva-
lent pressurs centered 2r>and a purs “one may n>: be
uncomfortable. Wwhat is unsomfortablz and annoying is *“ke
duration of thes noise and the rapii rise ir sound pressurss
irstead ¢f gradual rises.

Orne cf the areas of gr2ates% consern for “h2 FAA and tha
helicopter indus+try was agreeing upon 2 s+tandari for heli-
copter noise measurement. For vehicl2 noise emission, an
Bffective Perceived Noise (EPN3B) was used. It provided a
measure cf certain charactaristics of noise, namely the
presence of tones and duration. A mijcr 3rawback to using
EPNJdE as a measurement, was that EPN3IB instruments are
extremely expensive, costiag upwaris t> $5000. A cheaper
alternative, but less accurate, was 1 noise laval measuring
scale that corrects noise levels for daytime/righttime roiss
events (LDn). The LDn scale is mors 2nvironmentally
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oriented, and takes noises that arz =213itted, 2ni corrects

tham for 1)
noises occurred [Ref. 2: 1-1],

the nuaber of noises aal 2)

the tines the

Despite the high cost of mzasuringy noise using EZPNdB
criteria, the FAA and the helicoptar industry sa2l2cted this

measurement as their stanijard for 12ise review.
selected as an environmental ra2spons2 standard, 12

The LDn was

d2rivativsa

of dB(A) measurements ussl by comminaities for many years to

measure vehicular noises.

Consequantly,

a mi

x of two

measurirg standards will b2 used by th2 FAA when theay

conduct their noise testiny and evalauation on helicopters.

Quantifying roises by the use of =2lsctronic

erirg machines is the szi2

jata ga+th-

1tific and ad>re +echnical

approach. The subjective approach t> measuring noise and
arnoyances is not easy to guantify, but the subjzctive
attributes cannot be ovarlo>oked wh2n consideringy noiss stan-
dards. Examples of subjective at<ributzss are:

1. How_do people feel about_+hs nzcessity andrso:z prevenz-
avility of noises? 2eople may £2el hostils if <heir
concerns Scor noisa aba“ement ac2 being :gno:ei.

2. Are people aware of the imgortaace and valus 3% heli=~

ter activity, particularly a1s helicopters peczform

11c services L-lated to siving lives? As the
Eub ic beccmes more awar2 of hzlicopter lmportance,

s fact could reliave the aporahension about heli-
copter noise.

3. The_ activity and/or time of 3ay that an i{adiviguzl
hears a noise is als) impor+an:, _Ax individua] Is
more easily disturb2l or arnd>y23 if the ndise :is
generated at right, >r durinjy s2-iods outside of
normal daily routines.

4. THere is strong aporehansioan =ssoglit=d with heli-

copter nol se. BY. people ars f=arfu helicoptar
nozses because helizdpters fly lower t5 the g-ould and
roduce sounds unlika other vehicles. Halicoptars
ave been associate]l with search and rescue sgarvices,
and this causes anxiaty and f2ar among civilians.,

The £light profiles th2 FaAA and

ths

indus=

ry us2d <o

measure helicopter noises were reqular helicoptar flight

rejimes.

Testing was conlacted duriay %akeoffs,

fly overs,

and approach sequences, aai analys23i 2according to aircraft ‘

o —




catagories. There are six helicoptsr classifications, based
primarily on seating capazity, numbsc, type and horsepower
of engines used, and acgyuisition costs. The six classifica-
tions are:

Category 1. 2 to 5 seats; 150 to 3)) hp; piston single
enjyine

Category 2. S to 7 seats; 350 to 550 hp; “urbinz single
engine (light)

Category 3. 6 to 14 seats; 800 to 3)J0 hp; turbine single

eryine (heavy)

Category 4. 6 to 14 seats; 80) to 1300 hp; turbine twin
| engire (light)

Category 5. 15 %o 28 seatss; 2500 to 3200 hp; tucbine twin
. 1 enyine (medium)

’ Category 6. wmore than 40 seats; mors than 4000 hp; turbins

é ) twin engine (h2avy)

: Within <hese six catagories fall a3ll civilian halicop-

? ) ters. The S-76 helicopter is 2 catajyory four i1f:-crafi. wich

j ' a seating capacity of fourteen peopls and equipped with two
‘ engines. The £1ight profiles measur22 by the FAA are

recorded from three microohones, 1ocata2d on leval ground in
a straight line and arranjyed parpendizalar *to the £flight

CARARES Lt e

path. The distarnce betwean each microphone is 150 ae<srs,

anl the helicopters are flown >ver ths center aicrophone
during each of the requir2l flight profiles. The ndise

. generated by the helicoptars is pick23d up by “he micro-
o phones, and processed electronically to provids 2 noise

4. level in EPNdB and dB(A). The data is then graphed by

frequency and amplitude 23ainst time, and corrscted to
filter out other noises or deviations from non-€flight
related interferences. Tiis racordiag technique has been




deterained by *he PAA and the industry to be the bes%t aré
most accurate method for racorliing ha2licopters luring the
three flight regimes.

C. ERTP REGULATIONS

The helicopter industry rescgnizas +hat “he FAA is
charged by Congress ‘o rejulats heli-opter reoisa. 1In
carrying out this mardate, the PAA 3 limited t> a degree in
design and implementation 2 f ragulations becausa they are
regquired to consider 1) all relevant iata 2) ascertain that
the proposals are economically reasonzble and t2chnologi-
cally practicable and 3) iaclule tha public in rulemaking
activities (Ref. 2: 2-1). The helicop-er irdustry is trying
to protect its2lf by supolying as auch pertinent ecarnomic
and technological data to the PAA to justify its position
that helicopter technolagy is already at a very high state
of develcpmernt. If strict noise abatamart regulations ara
to be Imposed, the cost t> marufactucars “o redesiga and
praoduce quieter Lelicopters would bz rsstrictiva. 1In
response to the FAA, *¢hs ii1dustry has proposed 1ajo- racoa-
mendations that +the FAd raview beforz i+t draf*s roise rules.

The indus+ry has recommended ¢that the FAA astablish aa
interim limit that is thr22 EPYAB above *he limits already
proposed. This new limit would be phrased in ovar a tan yesar
time period for new proijuction, new design, and derivative
aircraft. The industry has also p-opdosed tha“ ssrtain
aircraft be excluded from 10is3 rules, such as helicopters
employed in agricul*ure, fize fightiaz, external loagd
carrying operations, and ramote area spera*ions [ Ref. 2:
7-1]. The industry feels that aircraft used in these capac-
ities take them cutside populated ar2as where arises would
be an annoyance. Helicoptars involvad in *hese missions ars
usaally more powerful and thus mor2 noisy. Impo>sing roise
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ruies or these heliccpters would not osnly be iaprac:ical;
but could impose an additisnal cost t> operators that would
preclude them frcm using ha2licopter services.

These recoamendatioas by the ipdustry wvere c-onsidered
essential if helicopter praduction 21d technology were ¢o
keep pace with ccamercial lemand. Consequently, econoai-
ctlly reasonable and techislogically practicable became a
standard of measurement that had to> b2 developsi arnd applied
to all helicopters affectal by a nosisea rule. A projectipn
of over $2.2 billion in halicopter i2a2nd has baen fore-
casted by the indastry by the year 2339, ard an improper or
pramatu-e regulia*ory rule could havs dzvastating afiects on
tha market.

Many helicop*ers nov in productiosn 4o rno* meet =he FAA's
proposed requlations. Teshnologically, +*omorrow's helicop-
ters will be designed arouid faster soeeds and heavier
paylocads. YNPRM 79-13 does not allow £or acoustic growth as
helicopter speeds increass. A zul2 that dces ndt compensate
for faster speeds or Incrsases in 3Jross weight could impact
future growth.

The phrase, "Economically Rfeasscabls ard T2chneclogically
Practicatle® must be carefilly intarpre+ed and satisfactory
for each party before any noise regula+ion can be amean-
ingful. 1If thare is disajreement 52 the interpretatior as
set forth by the PAA, then there will be continuing disa-
gr2ement on behalf of the industry.

The industry feels that a regulation that satisfies ERTP
should establish a nois2 limit for fiture, newly designed
airframes. These noise lavels shoull be based >0 curcten+,
ccamercially successful mddels, 2ni 2t the sam2 time not
penalize manufac+urers for uncertainties in future designms.
A regulation that satisfias ERI'P should not liait manufac-
turers from developing aoraz productive models for <he
future.




e ————
<

The difficul+y in establishipg these requiramentcs is
that sufficient economic and techni=il analyses have no+«
been performed. Noise levals >f cur-an® generation helicop-
ters first have to be conductel bsfor2 ERTP reguiresments can
be defined. Once analyses on currea: helicopters have been
completed, the information will help 2stablish juidelines
from which all helicopters may be evaluated. Ragulations
that are based on incomplate or insufficient data rur a high
risk of doing 2conomic hara to the iidustry.

The term derivative halicopter has been mentioned previ-
ously, ard should be mora2 accurately 3zfined. Derivative
models are those that are levelopeld using commda tschrology
ani designs of prior, usually highly successful modeils.
Derivatives are desigpnatel by alphabatical nomenclature,
such as model H-1E, H-1L, and H~-1N. Thae fu-ther 3own ihe
alphabet, the more curr2nt the amoda2l. The ERTP recomamenda-
tis>ns mer*ioned above relaite to surrant halicopters only.
Tha industry f2els that na2«# desigrs ani derivative hLelicnp-
ters must also have ERTP analyses. I[f current ERTP
regquia*icns set noise limits so low as to "absorb all of thsa
available ¢technology", razifacturers face a 4difficult sitna-~
tisn in planning for derivative moials.

There is a necessity azong *+he ha2licopter aanufac*urers
tc be able to accurately predict th2 noise levels of new
design and derivative ha2lizopters. If a regulaticn noise
1iait is set too low, whil2 at ths sime time ¢a2chnolegy £or
roise improvement has n>t been fouad, helicopter manufac-
turers will have an extreamaly difficult time me2%ting
certification standards foc their anaw p-oduction models. 4as
a result, nev designs and lerivativa aircraft production
aigjkht have to be delayed uitil acoustic technolagy can catch
up to the standards as setforth by taa rules. It is very
importart that noise rules be astablished that are compa-
table with 1) the accuracy of helicopter acoustic dasign,
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2) uncertainties found in certification testing, ani 3) a
growth in allowable noi;e for derivative helicopters.

Figure 2.1 graphically represents the FPAA's proposaed
noise limits for helicopters, plott2l against halicopcer
gross weight. The chart 7sas taker from the Helicopter
Manufacturer's Economic Iapact Assassa2nt of PAA Proposed
Helicopter Certification Ns>ise Rulas, (NPRM 79-13) of
December, 1980. The limit lipas astiblish a bsachmark froa
which variations in helicopter noises can be measured. The
liaits are constant at 85, 86, and 87 EP¥AB for helicopters
with gross veights below 1764 pounis. The liaits are also
constant at 105, 106, and 107 EPNAB for gross saighkts above
175,400 pounds. The limits were joia2d by a straight-line
variatior when plotted against gross wzight on a2 logari«hmic
scile (Ref. 2: 8.1-1].

" The FAA has proposed that a halizopter may have a
recorded noise level tha:t 2xceeds on2 cr aver twd of its
benchmarks limits and still pass. Hd>wever, ths noise level
for any single flight coriition may not exceed a1 limit by
mor2 than two 1B. -"Additis>nally, <h2 FAA has stated that <=he
sua of noise levels for any two conlitions by a helicopter
cannot be more than thr=22 1B greatst than its limit.
Overall, *he average of th2 noise lavels for tha three
flight cenditions must be 2qual t> 5- below the average of
the limits as established in the FAA's formula Ia Figure
2.1. The noise limits for the S-75 aircraft have been
coaputed using the FAA's formula and a gross weight of
10,300 pounds. As can be seer, th2 1%ise levels for the
three flight regimes fall alony tha2 FAA's straighet line for
noise limits. _

Helicopter derivatives generally increase in noise with
increases in gqross weight. NPRM 79-13 allcws for a three 48
growth per doubling of gross weight, which is cocsiderably
less than the acoustic siyaatures recd>rded by the helicopter
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inlustry in recent testiny. As gross weighi doubled on scme
nclels vkhose noise vas equal to tha Limit, their 4B signa-
tures incr2asel by as much as tan 1B, The PAA had developed
ts three dB growth margin using 2irc-raft weight as the
major parameter, wvhen ia actuality, aelicop*er noise tends
tc follow disc loading 2ni rotor diaastar size ‘Ref. 2:
i 8.2-2]. Rarely are helicopters desiyned by diffsrent manu-
facturers with the same diazmetar or 1isc loading. The
industry's position is that test data cannot b2 accurately
measured in increments >f >ne 1B. TIi¢ industry has recom-
mended that flight regimes be separat231 by a €5ur and not
on2, dB width. From testiaig already cocaple*ed on eight of
twenty-five helicopters, (that margiaally met oniy one or
two fligkt profiles) it is speculatel that a majority of the
helicopters will be above the limit for one or a1>re condi-
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i ' tions. Sikorsky has pr=2dizted that if restrictive noise
rules are imposed without aodif icatisns £or Jerivative
growth, cne billion dollars irn revanu2 £-om th2 S-76 will b2
lost to that company alsn2 over a t21 year perisl from
1981-1990. Devoicted in Taole I ara the effects of an
acoustic regulation on th2 new design helicopter macket

against i1os* revenues iuriag *his pariosd. This table
displays cost and revenue lata obtain2d from helicopter
companies and represents their best 2s+“imates of potential
lost revenues from helicopter sales, i{f the FAA's noise
Tules go into effect in 1995, Lost ct2venue froa sales of
the S-76 helicopter are estimated at 31 billion 3during this
ten year period (Ref. 2: 8.1-103. I1 Chap*er III, this
large revenue loss will bs discussai.

To date, there is n> predictiva analysis within reason-
able accuracy for new aircraft desiyns to be ERTP. The
graater the uncertainty a helicopter aanufacturar has with
noise abatement regulations on new o5r derivativa aoldels, %he
more flexible he has to ba with his jesigns. If strict
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noise regulations are imposed, designs for nev helicopters
say require a2 technology >f such advanced state as to zake
producticn of the helicoptar too 2xpansive or iapossible
[Ref. &: 33). '

The industy has summarized its position for a valid BRTP
aralysis of the FAA's NPRY 79-13. 1Ia brief, th2 suaaary
requested that there be n>{ se mseasaraazents established on
current helicopters. It also requestal that thare be a
pradictive capability availabla t5 tas2 industry, wvwith an
accuracy consistent with the limits 2s set forth by the FAA.

As c¢f this writing, “hase requir2aents have no*% been
met. Of twenty-five U.S. commercial halicopters affected
only eight had fully complied with FAA measuresm2at stan-

: dards. Data for the remalaing helicopters has been
: insufficient or nonexistant. The iadustry fesls that all

{ aircraft from this group shoull be fharoughly tasted before
noise rules are imposed on the industry.

*The second requirem2at had no* ba2en me+ due to the inac-
curacy of current predictiva methois. This meaas that
better design technology #ill be n22124 %5 offset uncertair-

+ias in anaylses and testings. Any unc2rtaintiss in designs
l will delay the introductis>a of new h2licop“ers untili heli-

copter technology catches up with 32sign requiraaents.

! As can be seen, noise con%trol f»>c helicopters is in a

% developmental state. R2s2arch to Juiet helicopters has not
been as intensively supported 5y ths xovernment as it was ia
noise cortrol for the fix21 wing inlistry. The helicop*er

r; injustry is not rrepared as of this writing to 12e% the

L strict noise limits that are proposed, without significant
i*ﬂ. economic reevaluation and/osr breakthrsughs in halicopser

- . aerod ynamics.

In the following chaptar, an 2conoaic analysis to deter-
mine cost estinates to tha industry with noise regulations
has been prepared. The chipter illiustrates cos:s to
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helicopter manufacturers if expensiv: redesigns have =0 be
initiated to mee* noise rajulations. The chapter also
st1dies vhat effects operating costs and price changes would
have on the 3emand facel by tha helizopter indaustry ard

users.
10 .
ﬁ/ f‘..ﬂ
Fivover
e /‘
//
%0 // /
0
1,000 10,000 100,000 500,000
Grom Weight, Lbs
— 1 ¢
1,000 10,000 100,000
Grom Weight, (Kg)
Formula used by the FAA to calculate noise limits.
176,370
- =00
105 1010910 g, wt
S-76 aircraft tested at a gross weight of 10,300 lbs.
TAKE OFF LIMIT APPROACH LIMIT FLYOVER LIMIT

93.7 94.7 92.7

Pijure 2.1 Formula Used by the PAAL to Calculate Noise Limits.




TABLE I
Bconomic Impact of Failucs to Pass Production ¥oise Rules

1981 - 1990
COMPANY MODELS POTENTIAL LOST REVENUE
! Aerospatiale 315, 350, 355, $300M
} 365N, 332
‘ Agusta A-109 S00Mm
Bell 206, 206L, 205, 212 5400M
! 412, 222, 214, 214sT
*, Boeing 234LR, 234UT, 107 343M
i MBB 105, 117 100M
Sikorsky s-76 1000M
i
!' Westland WG-30 S30M
{ HELICOPTER MANUFACTURERS' ECONOMIC IMPACT ASSESSMENT OF FAA PROPOSED
CERTIFICATION NOISE RULES NPRM  79-13
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IITI. ECONQUIC EVALUATION DF THE HELICOPTER INOUSTRY JUNDER
NPRM 79-13

A. COST ESTIBATING RELATIONSHRIPS

As mentioned earlier, the 5-76 was selected is a model
aircraf+ because of its alvanczd tachnolongical de2sign and
popularity as an offshore 3il company transport and ccrcpo-
rata helicopter. To bet+«ar understail what challenges thsz
industry faces with noise abatament rules, a more thorcugh
unlerstanding of the costs irvolved in designiny, produciag,
and operating a helicopter is needai.

The helicopter cost 311 weighkt 11ta generat2d for <*his
Teport vas collected from a2 number of different sources.
Weight data for the S-76 was collect2] freom the Sikorsky
Helicopter Plant in Stratfsrd, Connec*icut. Cos% estimating
relaticnships (CERs), w2r2 ¢akan froa Science Applicaticrns,
Inc., a private contractiay £irm bas21 irn Les Angel2as, and
£rom a Bell/North Texas State University s+tudy zonducted in
1978. Using hzlicop*er sys+tems w2ights ané production guan-
tity as Independent variables, helicopier syst21s costs *“¢
tha manufacturer can be estimated.

Accurate cost data from Sikorsky could not be obtaired,
du2 to the proprietary nature >f “he 3ata. This drawback
liai+ts +he study to a degr2e. Att2mpts have bssn made %o
coapensate for factors influenzing aanufacturing costs.
Thase factors include: 1) an accurata productisn quantisy
of S-76 aircraft manufactured 5y Sikorsky, 2) an inflation
injex to adjust prices in 1982 dollars, 3) the amortization
of cesearch and development costs, 311 4) <the acceptance of
"learning curve" iaprovsm21its in production *o help reduce
costs [(Ref. 5: 3-8). L2araing curve thaory states that as
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the quantity of items proiuced increasss, the sosts associ-
atad with th2 prcduction iacreases.

For analysis, the S-75 was brokzn down int> twalve
subsysters as described by Dr. Micha2l Beltramd :in his
research for NASA, "Paramstric Stuly of Helicopter Aircraft
Systems Costs and Weights", These twzlve areas wers
selected for commonality >f aircraft function and correspond
closely to the standard w2ight groups as definai ip Milicary
Standard 1374, The twelv2 catagoriss, <heir weights,
pro>duction guantity, cost formulas, 2nd an index to adjust
Dr. Beltramo®'s 1978 costs into 1982 =3sts, are listad in
Table II. A brief description of th: “welve subsystems is
listed below, and an explanation of adow Dr. Beltramo derived
his cos* es<imating equatisas is found in Appeniix a,
Section A.

1. Malnp Ro%drs ard Hsal Assembly. The main rot
ccmposed of four titanium spars, eack with a
=veg tapered +ip to reluc2 siress anrd n>ise,
hea assembly is a >ne _pi=ce alumlrum hub with
tomer+tic_ bearings. BifIlar vibration absorber
damgen blade foiczs and spinils z2ssembliss jel
tla W

2. Teall Rotcrsz The tail -otors (2 are spaller in
laie s:im:

than the main rotsrs, but basizilly Inac
components.,

rND (s}
IO W Iy
ADd o<

[l D
Q b orprdis

eés =2 +*he heal, ard ares insluded in this

3. uselage. rhe fuselyge %
Encludgs doors anz v%gdou
and windscreens.

4., Landing Gear. _ Th2 $-76 uses 3 r

gacr system, whkich 3 hyiraulica

anding gear structure is comp>s

dra braces, wheels, brakes, aiad
systen.

5. mhe opulsion systaa. UThe propulsion

p: P }vi {nta two catgg gies. by
gory ls .wo anyines that upglg +<he
-3 S‘

[

al“c*aft. These ar3 Allison 250 t
tr-cally started fro>a a battary and empl
stag e‘ t=ifugal comprgssoc sici-on. A
assocl a 'Eardu £e ar ncla 3

second iatagorge S tne trans-zsszon and g

[P
N MWD
oD =)

[*]

assembliss. Rai1 gear box connec*s
turbo-shif gginas to"<he maia rotor,
a} rotor gear boxes, plus a
dTive shafts.

5. ligh rols, 1i t ols for the S-76
znc u&e a?i contro og 1g:on he ockpgt 1 5] ‘he main

i
r
i
o

sonrec+<ing




rotoT servos. his includes tha cyclic, zcllective
ard ztuider pedaf S3ntrols f5r 2 4l pilo g £

7. Instrumepts._ The 1nst§uments pcavide ba-'g po itering
ara warnlng functioas or saf2 helicopter £ligh<t an
eng ne o erat on. Tae basic lnstrunent pac kage ir *he

6 inc 2 des cocxpxt indicatarcs a& warning lights,
1l assoc ate "black boxes" f£or e ec*ron“ sighals,
av monjtoripgg dev ~as or a Jual piloted aircrafe,
it g devi f Jual loted £
This ve ght des not include iastruments £3r f1light
congi ions during Instruaent ua*aorologz;al
Cern ons, (IMCJ, which 1is sptional eQquipment.

[o 7]

8. Hydrauljcs.,  Hydraulic syste .2 _helic *er are
Zeﬁ p:iaarilyy+o pdver l ?fz cont*afg
landluq ge nd 31 sonme noiels, cargo v*nches. The
sys*a- lu&es pumps reservolts accumulators,
ters, valves, na11 ol ani miscellapsous =L{por+

equipment The 5-75 uses au back-up, iiep+=ica
byéraullc systems, powered f:am pumps driven” by the
main gear box.

9. Electrigal., ,The slscstrica 2m Sy i2s war to
%e vargous ipstrumants ané lg tS Wi g %n th g S- ;6.

The basic S-76 rejuires DC p:war only, that can
fulfill sterter and jyenerator power. The S-76 has
dual engine mountad 200 amper2 starter gen2rators
each being capa ble >f pcwering all equipment shouia
ore engine fa2l, A =evente=n =mpere-hou' nickel-
cadmiun ba*tery is also stapjacd eguipment. There s
aiso a connection on the hell copter for =2xternal DC
power.

10. Avionics. This subsystzm is onz of +he m»3st “achni-
cally advanc=d systzas found i1 the aircrafc tcuay,
Consequenuly mosSt avionics ars +rea%ted as op+tional

Emant. Be enilng on missis>n requiceasa*s and

e/dual pil cted iircrat:, 2viorics equipment can
becomn extremel 2xpa2nsive. The basic avidnics
package in the 5-76 includes iistruments for headlnq
teference and airgraft atitituds. The avisnics packag
used £or +his study included o012 VHF %Tanscsivel wis
artenna =nd cockpit /cabip irtarcom systam, NoQ navi-
gational qg peent was inciulei in the weight cf the
avionics subsystanm.

11. _Furnishings and = gulpmcnt. Liks the avionics gackaqe
designed £or operafor prafersnces, extra furnishirngs
ana €équipment can b2 ome extrelely expersive. Basic
zurnlshzngs and ejuipment inclade seat covers, rtugs,

trobe lights, miscallaneous acsessories such as
ashtra; and othar inci ie Sals that complate the
aircraft’ empty weight of 3 >5unds.

12. ghouse assembl Inhouse assamgl{ gclui s ail
la t he manufa:turea rajulire 9. bring_the major
coa onents of the halicopter igts> a finish3d produc:.
It includes no* only installatian and chezckout but

quality control.

The twelve subsystems cover all racurring production and
subcontracted costs. Additionally. :hese formulas can be
applied to any helicopter airframe. W#hen combinad with $=7§
veight and production 3ata and totallad, they estimate +he
costs to Sikorsky to produce the $-75.
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PABLE II

Cost Estiaating Ejuations

SYSTEM WEIGHT  EQUATION COSTS (S)
Main Rotor & Head 1009  C= -12,928+101wg~-0740 55,669
Tail Rotors 77 o= lo2wg™-0740 5,287
Fuselage 1531 C= 860W'84BQ"286 93,584
Landing Gear 370 o= 84wg " 2L7® 3,709
Propulsion -.2345
a) power plant 572 C= -17,709+1219W0 0740 181,285
b) drive system 983  C= 19,946+83W 0 " 73,197
Flight Controls 245 o= 1sewg 8% 23,671
Instruments 62 C= 125WQ.'0896 4,780
Hydraulics 100  c= 9lwg *08% 5,636
Electrical 286  c= 143wg 0896 25,330
Avionics 74 c= 6847+125wg " 0%% 12,576
Furnishing & Equip 424 c= soun "08% 18,119
Inhouse Assembly C= 5,325 | 11
-.3959
. c.-c.| ©
i=1 i 73
j= (4,%a,7,10) 192,658

Total Costs to Sikorsky 701,501
Deflator Index to Adjust for 1982 Prices 1982 94.4

1977 62.2 x 1.52
Total Costs 1982 Dollars 1,064,657

W=weight
Q=210

Cost Equations Borrowed from Beltramo'’s Study
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B. HELICOPTER INDUSTRY'S TOST ESTIMATES UNDER NOISE
REGULATIONS

Derivative helicopter jrowth includes increases in gross
weight to absorb new systz2ms and 23uipment, and to> increase
payload and productivity. Normal 3cowth ir available heli-
copter power allows for ta2 growth in gross weijht, while
maintaining perfcrmance. As operators of halicopters such
as “he S-76 become more confident in th2 airfraas, s0 too
does Sikorsky in its desijya. Derivatives can b2 oroduced
with little significant structural caanges. 1If, howevar,

critical dynamic componznt systems have tn be remodslszd

(1Y

because ¢f the noise ruling, th2z zz313aic Zmpact

31
3

.

1d associ-

W

at2d risks shouldered by “1e manufactirzer and u
would be high.

in

2

"

-

s aliks,
There are three major subsyst2ms “hat arce principal
genera*tors of noise in th2 helicopt=r. The thrz2 areas are:
1) the power plant, 2) th2 transmission and gear box arsas,

ani 3) the -otcrs. Noraal derivaziv2 grow+sh has histori-
cally been baszd on producrion modais ctha%t wer2 profitablz
sellers. Derivatives ar= angianeer2d from new t2chnology
tha* makes the aircraft fly faster, -arIy more 2arcgs/
passengers, and overall b2 more pradactiva. Any cors<raints

i
placed on normal derivativa growth dzprives +he manufacturer

of opportunities *o sustaia produc ircraft design 1ife

cr
.Jn
< g
Ww
P

anl recoup original RED costs. Dearivative models snsure
long prcduc*ion *imes and the ability 5f “hz manufacturer &>
realize a profit on his investaent. YNew helicopter growth
cannot be launched without profits f-om derivative wmodels.
Sikersky is very concarned aboat the impact noise rules
would have on the sales of its new aircframe. T> quiet +he
S=76 helicopter, ongineazs can look at *“he thrsz major areas

of noise as areas for radssign and a>difica<ioa.
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The first area, the e213yine, is tachnically 2 problenm
faced by the Allison Coapany, since thesy are praducers of
th2 power plants that driva ¢hs S-75. Engine noise is
primarily distributed around compr2ssor tones, coambus%ted
fusl, and exhaust gases. E£ngines ars designed ts mzet
coapresscer and turbine sp22ds that will producs the energy
rejuired to power the siz2 and weight of the aiccraft.
Derivative helicopters will be desigied to fly faster arnd
carry heavier loads, thus relying on 2ngines *hat are
stronger and more reliabls, but with as little 3dditional

- engine weight as possible. To meet :“hese new ca2quirements,

ar uprating of existing enyine perforaance will be rneeded.
Adiitional power estimatisas vary froa 18-22.5%, which wouil
increase engine shaf+ horsapowsr £ron 650 %0 795 shp. This
increase, according to engine jesigears, is beyond the
growth potential and tschadlogy now in producrion (Ref. 4:
3,331.

Newer and more quiet 3nginzs will be c=squirzl o driva
nevw tracsmissions and gszar boxzs. TIransmissions and gear
boxes will have *o be modified =50 aczomoda*te th2 more
powerfuli enginss. Sikorsgy has estimated *hat changes in-
gear box ra*ios and drive systzms would have 49 be upratad
from 9-11%, to stay withia derivativ:z grow+th and noise
linits., Radesigring transmissions 311 gear bcxas would be 2
very ccstly undertaking, since special tools and castings
would have to be redesigna2i as well.

The area g2nerating tha grzatest noise in halicopter
flight is the helicopter's rotd>r blaizs. To rziuce blade
~lap and flap, engineers have sugg2s:2d several alterna-
tives, One alternative is %c jacr2ase rotor spasd. If %he
rotor speed is to be decrzaised withoit decreasing rotor
efficiency, there has to b2 a corrasponding incresase in the
lifting surface. This cax be accomplished by saveral
met hods. One method is to> incr=zas2 the blade's chord. A
second method would be to incrazase ta2 number 5>f blades.
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If engineers attack th2 noise problem by changing the
nuaber c¢f blades, this would requirs that a new mast, cotor
head ané assembly, and soatrol levacs be designesd. When the
blade tip speed is reducel, nrew transmissicn arnd gear box
speeds are required. The interactioa of many dynaric compo-
nents associated with halicoptar flight will eventually lead
*0 the redesigning of not one systam, but several.

The rotor system is uaique in that ¢he most iramatic
techrological changes havs, in recent years, +aken place
with this component. Sikorsky us2s a compositzs blade that
reluces maintenance costs and adds a substantial life expec-
tancy tc the blade, which is currently rated at+t 11,7590
flight hcurs. Each blale weighs 175 pounds ard costs
approximately S40,000 to 3ikorsky to> produce. T5 reduce
ncise through *he addition of an axtra blade, cr from
increasinrqg *he blade's chocd, (%o accomodate slower tip
spa2eds without sasrificing performan:zs) would involve vede-
siyring several major and 2xpeasivs components,

As can*be seen, designing and manufacturing helicopter
componen*s Is a very expeasive procass and involves years
for development and testiiy. Jdncs thase ideas are <rans-
fermed into components and produc=23, th2 costs iavclved in
owning, cperating, and maintaiaiang sich eguipment are alsc
affected.

C. OPERATING COSTS UNDER NPRM 79-13

Operating costs vary consiieradly with the type of oper-
a*ion, the geographical ar2a flowa ia, and the annual hourly
aircraf* utilization. These factors affect depreciation and
insurance rates, as well a3 maintanaice costs and aircrew
salaries. Direct operatinjy costs ar2 tangibla and 2asily
recorded. Indirect costs - or thi>ss costs ass>ciated with
operation of the business not 3irectly related t> operation
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of the aircraft - such as rent, utilities, traiiing, admin-
istrative services, managa2ment and >varhead, gsnarally -angs
from 50-200 percent of iiract operating costs, dspending on
services provided and busiiess operations (Ref. 6: 1].

These expenses, plus profit, shoull b2 considered by a heli-
copter operator when deterwining ha2licopter costs, because
of their economic impact 2a business operations.

The cost items associated with a capital invastment can
be very broad and expensiva. In thz offshore oil explcra-
tion ard drilling industry, maintainingy aircraft is even
more costly.

For the sake of contizuity, th2 3-76 will be used as arn
example aircraft for the £ollowing brsakdown of an opera-
tor's costs. When flying to the oil rigs, “wo piiots
operate *+ha 5-76 as an adljitional asisure cof safsty. Crew
costs, ircluding fringe banefits, zould r=zach $30,000 per
year, per pilot [Ref. 6: 2)]. If ths pilots fly 800 hours
per yea:-, this eguates to crew costs >f $75.00 par £ligh*
hour. Urnder NPRM 79-13, ther= would bz no change in the
pilot requirement, and costs > ths >perator would be unaf-
fected by roise rules.

Fuel consump+=ion by tha2 S$-75 duriag normal cruise coadi-
tions is approximately 600 pounds par hour or approximately
ninsty U.S. gallons. J2t fuel is just 2about as expegsive as
gasolire, and if calculat2i a%t $1.2) psr gallon, this =quals
about $108.00 per hour in fuel costs. Other fusls 2apnpd
lubricants, such as hydraalic £luid, “ransmission, ard gear
box oils, are usually estimated at sa2ven percent of the
fu2l costs. The total cost of fusl and oil to sperata the
S=76 per hour would bhe absat $116.

Insurance costs to sparate offshore oil helicopzer
services fluctuate with aicrcraft moials, the safety £aa“ures
installed, pllot experianca, and hours flown per year.
Insurance on the aircraft {tself is calcula+ed on a four
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percent flyaway price of the aircraf:., Four percen is
Sikorsky's estimate for fuselage damage and liability
coverage. A fully equipp2i S-76, with instrumeats ani
safety equipment for over water flights, ccsts approximately
$2,202,130 [Ref. 6: 2} Pour percent of this figure equals
$88,085 per year, and althoughk this figure would not be
directly changed 3due to NPRM 73-13, aircraft that did not
meat NPRM 79~13 could not be certifizi by the FAA acd there-
fore insurable. 1Insuranc2 rates would change, however, on
any model that incorporat2i new engiasa2ring designs to quie*
th2 helicopter, thereby making the aircraf* morz expensive
to replace or £ix if damagad.

Mairtenance of the aircraft is on2 of the most expensive
ongoing operatinc costs involvad in h2licopter oparatiosms.
Maintenance labor rates par aircraft are explainad 2s
marhours required per £flight hour of sscvice. 3killed
meckanic labor alone, exclusive of asvarhead, is computed on
an average of $13.00 per hour, with four manhours per flight
hour required for S-76 sparatisn [Ref. 6: 3].  This equatas
to $52.00 for iabor per £fligh* hour. As with any new 3esign
or engireering change, a2czhanics must raintain their profi-
ciancy by learning new systems and aaintenance tachrigues.
Th2re would be an addi®ioaal cost t> the operats>rs in
training mechanics cr any new maint2i:ance technigues thas
resulted from 2ngineering redesign. Such cos%s would
include a mechanic's time awvay from ilirect airzraft main%e-
nance, lost flight *imes 31e t> lonjyar aircraf: turnarournd
periods, additional purchases of sp2:ial tools, technical
manuals, or direct factory supervisisn until private coapa- .
niss could sustain levels where thair own mechanics could
handle +he new techniques. The transition perisd associated
with the introduction of 1 new pieca 5f equipment, or aethod
of maintaining a piece of 2quipment, would have a less
costly impact on flight oparations if the changes are
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forseen 2nd mechanics trained prior t> actual airframe
modifications.

The overhaul and/or r23lacsment :imes on the majcr
coaponents (main, intermediate and tail rotor gear boxes,
plus mair rotor head asseablies) and the hydraulic systenms,
ar? based or an hourly useage rate from 1800 ¢5> 3000 flight
hours, depending on aircraft system and componant. As part
of a contract service fros Sikorsky, 3 parts exchange
pragram amortizes these costs at $53.00 per flight hour
(Ref. 6: 3]. It would be very difficzul: to evaluate *he
cost of overhauling new 23juipment designed *o rsduce noise,
but it Ig a safe assumptiosn that witi the introiucticn of
new equipment, inspections and overhaul time periods could
be higker than normal.

The main and tail rot>: blades wd>uld be +he major cocmpo-
neats most likely affecteil by nois2 rules, A sst of main
blades ccsts $164,000 t> a1 operatoar, and $48,330 for tail
rotor blades. These bladas have a lifs expectancy cf 11,750
flight hours, during which tim2 only ainor rewsrk is
expected, such as replacea2n* >f the tip caps or leading
edjye abrasicn strips. These cos*s ars 2stimatsl at one half
tha inizial cost 2f the blades, or $3.30 per flight hour,
given that *he blade survives its 2xpa2cted 1ifs cycle.

Other aircraf: parts and spares, computed for anr instru-
ment equipped aircraft, ars estimat2l a+ $32.00 per flight
hour. This additional amount is n22i2d to replace minor
avionics equipment, cleaniag £2es, rC2pair parts, and other
necessary maintenance reqaira2ments. The cost t> 243 iastru-
ment and survival equipament in th2 S-75 is approximately
$543,830, the difference between tha selling price of
$2,202,130 and the basic, off-the-proiuction liase,
$1,658,300.
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The overnaul period f£or engine pacformance is 1500 hours
of operation. Additional improveman:s by the Allisorn
Coapany have led to increases in the hours betwesn overhaul
periods, from 1500 to 350) hours. DTiis will reduce opera-
tors expenses for major enjine overhauls, but the opsrator
is still faced with minor sverhauls and inspectiosrns at other
intervals, such as inspections at 17530 hours of the turbine
anl exhaust areas. For op2rating =2xpanses, overhaul costs
that include par+ts and lab>r, are appro>ximated by Allison at
$90.00 per flight hour [(R3f. 6: 3].

If the engine has to b2 redesignzd <o meet n9ise limits
or increases in power t> 3drive new transmissions and drive
systems, “hese modifications would hava a proportional
increase in overhaul costs and tiaiaj. Even if new engines
with an increased capacity in shaft aorsepower 2f 18 o 22.5
percent added ten percent aore weigh: to the engirne, (a
roagh estimate from a NASA enginsar) this would increase
engine costs from $181,285 *to $366,275, accozding t> Dr.
Beltramc's cost egquations.

w

The S~76 is a very moisrn and tschaologically dssigred
aircraf+t. 1In resale markat value, taz S-76 is expected %o
retain one~half %o two-thirds of its original vailue after
ten years of service. For depreciation computations, a
twenty-five percent residual value -an be computad over the
same time period [Ref. 5: 4]« Deprasiation of the 5-76
alone would then be the td>tal zost of *the airfraame,

$2,202,130, divided over 2 ten year pariod with a twanty-
five percent residual valiz. TIhis 23juates to i yearly
dapreciation value of $165, 160. Any addi+ional costs to the
aircraf+, to meet NPRM 79-13 standaris, would iacrease the
value of %“he aircraf¢, inzreasing oparator®s deprecia+ion

. over the useful life of tha2 aircraft.
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In Table ITII, the dirszt operatiag costs per fligh= hour
for opecators of the 5~76 are suamarixzad [Ref. 6: 8]. I+t is
a breakdcwn of all costs associatel with helicopter opera-
tions as estimated before noise moiifications 224
redesigning take place. TIable IV is a projectisa of
insreased costs as a result of new d22signs on rotar blades,
¥ engines, and trarnsamission areas on a dsrivative aircraft.

It shouws higher operating -ost using 2djusted figurss from

Table III and veight and sost jata f-om Table II. The deri-

vative fiqures were best 2stimates darived froam Sikorsky

pubiications and cost 3ata generated from helicopter manu- ;

facturers producing commerzial helicopters of similar design
' and weigh* *o that of the $-76, as raported to the IACO
Committee on Aircraf:t N>is2 (CAN) W>:king Group B, in May of
g 1982, Table IV is a projaction of wha*t operators may have
to face in increased costs, if Sikarsky and other helicoper
é manufacturers have to redssign for nodise abatzaznt rulas.

| D. ELASTICITY EFFECT OF NDISE RULES TO MANUPACTURERS AND
3 ( OPERATORS

3 To adalyse more fully the 2ffects noise rulzs would have
on manufacturers apd oparators, it is Important to under-
stand how responsive thas? markets ar2 %o chanjy2s. Since

x rev regulations would undsabtly rais2 manufacturers and

operators' cos*s, these costs woull in 4urn havzs %0 bde 7
absorbed by consumers. Th2 important sconomic juestion hers
is how will helicopter >parators ra2spond to increased costs
of helicopters? This question deals wi+h demand and price
elasticity and must be carafully stuiiad to evaluate it
g impact on the amarkat.

Giver an increase in costs to Sikorsky, what would be
their change in revenue from a decc2ase in sales? Revenue
is rela*ed ¢o> the elasticity of damani for the product.

us
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Blasticity is related 2o the presenca »>f substitutes <5r <he
product and is defined as the percantage change irn guantiey
divided by *he percentage chanjye in price. Unfrrtunately,
it is difficult to measur2 the elasticity ¢f salas <0 heli-
copter operators because they only purchase helicopters in
orier to provide services to others, just as buses are
ccamonly produced for and purchasel >y bus companies. What
matters is the elasticity >f helicopter services to the
coasumers of the services as discuss2i in Chaptzr II; ie.
luaber, ¢il, executive traasportatisa, etc. Therefore,
thare are several relevant demand curves here. The subs+i-
tution possibili*ies will be discusssi below o provide son2
qualitative idea of the elastizity. ’

The elasticity of a product m2asures the change in
prices for a change in i23and. As m2ntioned earlier, <+khe
forestry industry uses heavy-lift he2licopters ts remove
felled trees from remota iceas otharsis2 unaccessible by
logging trucks. The tradsd>ff for th2 companiss in using
helicop%ers is the rapiiity with which helicoptars can
remove lcgs without having logging c>apanies invast ex+-a
money cornstructing accessible roads for logging trucks. Ths
lumber companies are weighirg the valuz of fastar and expen-
sive helicopter services 1jainst slowa2r trucks which cequirz
new roads.

Similarily, oil companies sstimat2 the econdomic value of
£lying crews and supplies to o0il rigys instead of using
slower, surface vessels. The opportanity cost t3 fly a
nuaber of worksrs to oil rigs at cn2 time is lower because
cr2ws can be changed in a fraction 2f “he time it would *take
ships to complete the transfer. For a2xaample, if an oil rig
is located sixty miles offshor2, it =5uld be ssrviced by an
S-76 helicopter carryingy twelva passangers in about <+hirty
misutes. The round trip would last about one hour a4+ a cost
of $1000. 1 surface vess2l making teanty knots and carrying
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twalve passengers woull make the roaad «cip in abou+ six
hours. If the cost *o opacrate ths surface vess2l is only
$100 per hour, this would aquel a $6)0 cost, but the «:rip
has taken a longer period of time, with a high loss in
production for the crews and the 5il cs>mpany. A thres hour
transit for tvelve passenjyars at, for exaample, $15.00 2n
hour, equals $540 in wages lost froam produc+ion. Total
costs for the movement >f crews by sicface ship equals
$1140. On “he other hand, the helicop*er cos%+ $1000 per
hour plus the lost wages £or twelv2 J>assengers (at the sase
vaje scale) for +hirty mainntes, or $3J0.00, for a total cost
to the compary in rental aad lost production of $51090.

This simple example d2aonstrates the savings oil compa-
rias enjoy from utilizing helicoptars instead of slcwer,
surface ships.

There is also a large lemand for 2xecutive and commuter
halicopter services. Ia this srviroiasnt, transit times
betweer business dis*rizts and 2izpocts can be shor-ened by
using helicoptercs as shuttles. Intecrcity services via heli-
copters have been int-odusad in sevaral areas within <he
United States, the most extensive ba2ing the Sat Jose,
Oakland, and San Francisco commuter rou%es. As helicopter
costs rise, th2 m'we likesly exacutivas will *ake ground
transpertation, which is much cheapsr. Usually, only a faw
exacutives “ravel togeth2r, so even though their salaries
ar2 higher, there is likely to be mor2 substitution than inp
th2 oil exampla.

Wher noise abatement ragualtions for the heslicopter
iniustry eventually becom2 lawv and aanafacturers are
rejuired to engineer their helicoptars to be mor2 quie+,
what will be the burden of these chaiges? The answer to
this question will depend upon a nuabar of factors. Pirse,
how responsive to a price change ar2 hslicopter osperators?
That is, if manufacturers incraase thair orices on
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helicopters and pass this increase o0at> users, will users
look elsewhere for other maans of transportatisn? 1If
coasumers of helicopter sacvices d> a>t respond to increases
passed on to them, then market demandl for helicopters as a
| means of transportation Is said to b2 inelastic and unres-
i P ponsive to price increases., But, if 31 price riss is passed
l " to operators and they stop purchasiny helicopters as *heir
‘ customers turn elsewhers £or substitutzs, then the demand
! ; for helicopters btecomes elas*tic., TPhis is the opara<or's g
| signal to the manufacturer that halicopter cpesrations have ;
become too expensive and 2ltercativa neans of “ransportation
have been fcund by the ultimate consiam=r,
The impact of these hiyher costs %> operators and
customers can he reflectel in a1 numbzr of ways. If
customers can find cheaper substitut2s than helicopters,

than increased costs wiil irive tham to subs*itutes.
Op2raters must determinz hdw rfar 21 a2 customer's demand
curve he can raise pricas before customers search for alter-

i

rnatives. Because each ca*ago:cy of zastomer has its own

: dezarnd curve, the elasticity for halicopters usage varies

‘ and is difficult to estimate. If customers carnot £ind
substitutes that give thea as much atility as hslicopters,

evan with the extra costs, then customars will 2lact teo

atsorb these costs.

Graphically, the costs effacts of noise controsl regqgula-
tisons in the form 5f incrsased expenses are displayed in
Fijure 3.1. The initial aarket equilibrium is at E, with
ths quarntity so0ld, 210 units, This was abcut Sikorsky's
annual S-76 production. The price o9f 2ach S-76 to the oper-
J(; ator was estimated 2t $2.2 million. An apprcximate 22%

i increase (as estimated by 3ikorsky ii their report to the
Economics Subgroup of the IACO Comaittee in May, 1982) woulld
increase this cost to $2.53 million “Ref. 4: 33]. If regu-
lations increase costs to the manufacturer by 223 per

4
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aircraf+z, vhat might be th2 effect s>n the number of aircrafs
sold? Two hundred ten helicopters at $2.2 ailiion approxi-
mates 2 $462 million busiisss annually. If S-75 sales were
to slip by fifty-ssven aircraft per ysar, this would be
reflected in a $125.4 million annual 1loss. Ext2nding this
anaual loss through the ra2levent tia2 period, 1381-1990,
(like Sikorsky has predicted in Tabls I) then a $1 billion
loss in $S-76 sales could be realizzd. The drep in sales
from 210 to 153 aircraft caflects an ancual decrease of
twenty-five parcent, and is characterized by % =,25. The
market elasticity, (given®2f =.22) >£2& . af -2 = 1,136
indicates *hat Sikorsky's 2s+imate o>f a $1 billior loss in
reasonable, since this is 1 relativaly low elasticity.

From my talks with marketing analysts at Sikosrsky they
tend to agree with this approach “2 a12licopter sales. They
feal tha+t +he initial cost of a helizop*er to a user is noz
th2 mos= important economi: considaration faciny a user.

Tha initial outlay fer th2 purchass >f a helicooter is tied
to the ccst of borrowiny mopey. Th2 major 2cond>mic probliem
facing operators is *he ra2turn oparitors 2xpect to recsive
from helicopter operations. The cost 5£ helicooter u+iliza-
+ion o +the osperator, accordiny +> Sikorsky, should be
or2-half to two-thirds of his gross taverues. Anaually,
cparators try to meet in jross rev2ni2s the purchase price
cf their helicop*ers. Fro>a Table III, the operating
expenses per hour for $-75 usage has been costed at $789 for
1000 hours of f£f1ight time. At this rites, operators should
be charging (at one-half) 31184 <o (1t “wo-thirils) $1318 %o
customers per flight hour {f they 2xpect to reach this
revenue objective., These fiqures rzpr2sent 2 higk hourly
cost for helicopter operations, but tha utili+y and diversi-
fication of helicopters have made th2a indespensibls modes
of transportation.
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There are several lassons to bs learned from demand and
price elasticity. Markstinag predictisns have t> be
extremely accurate when thay forcast market reaztions <o
g . price changes. Care must be fd>llow2l 5 read clearly
signals given by users as to whethar sr not opesrators would
accept increases in helicoater costs. If these market
{ sijnals ave misinterpretei, manufacturars couli wini up
J ‘ bearing the sntire burden >f incr=asz=d costs.

PABLE III
Summary of Direct Oparating Costs per Flight Hour

ANNUAL UTILIZATION - HOURS

FLIGHT OPERATIONS 1000 1400 1800 2200

Crew Costs 75.00 75.00  75.00 75.00
. Fuel and Oils 96.30 96.30 96.30 96.30
! Insurance 88.09 62.92 48.94 40.04

Total w1t Operations 259.39 234.22 220.24 211.34

s MAINTENANCE

Labor 82.0u 52.00 S2.00 §2.00
Overhauls 50.00 50.00 50.00 50.00
. Rotor Blades 9.00 3.00 9.00 9.00
Parts & Repair 32.00 32.00 32.00 32.00
Engines 90.00 90.00 90.00 90.00
Total Maintenance 233.00 233.00 233.00 233.00
DEPRECIATION 165.16 117.97 91.76 75.07
OVERHEAD 131.71 117.04 109.00 103.88

TOTAL ESTIMATED

o DIRECT QOST OF
R OPERATION 789.26 702.23 654.24 623.29
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TABLE IV

Comparison of S~76 Costs Befors and After NPRM 79-13

Unit Costs ($)

Operating Costs
a) crew

b) fuel & oil
¢) insurance

d) depreciation
e) maintenance
f) spares

Overhead

Total Hourly
Operating Costs

BASELINE/1000hrs DERIVATIVE $CHANGE
2,203,130 2,643,556 20
75.00 75.00 -
96.30 97.26 1
88.09 88.97 6
165.16 198.27 20
233.00 257.40 10
32.00 47.00 46
131.71 152.78 9
9l6.68 16

789.26
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FPigure 2.1 Pric2 and Demani Elasticities.
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ARPENDIZ 3
A COMPARISON POR ESTIMATING HBLICOPTER PRODUCTION COSTS

A. THE BELTRAMO STUDY

The Eeltramo study, cd>aductad fr-om 1978-80, was a study
sponsored by the National Aeronautics and Spaca
Adainistration to deteraias cacurringy wveight sstimating
relatiorships (WERs) and cdst 2stimating relationships
(CERs) for helicopters 1%t the systams leval. Dr. Bel:tramo's
weight estimating relationships were dsveloped through
statistical analyses. He 23xamined hzlicopter subsystenms?
weights to dstermine *hz2ir relationships to design 2nd
per formance characteristizs. Dr. Baltramo fcuni that mcst
helicopter subsystem's weijh*ts could be accurataly evalua+ted
using one or two performance variablzs, which besst descoibe
; th2 functional and statistical qualities of the systenm.

' Cnce acctra“e weigh*t estimating relationship £ormulas had
bean derived, Dr. Beltramd> could usa this weight and oroduc-

C——taya

tion quar+ity as parameters fer his z2s* estimating
equatiors.

Dr. Beliramo's WERs 21l CERs w2rz developed using cost
ard performance data he hai gather2d from marufacturers, thes
Department of Defense, anl subcensrcactors. Although he

based scme of his CERs on inhouse proiuction ani others on
subcontracted costs, this 31id not siynificantly al%er his

.

1

ovarall cost estimates. B8y using cost data froas one

;:f supplier in the industry, Dr. Beltcamn> produced CERS <hat
; gave reasonable estimates 2venthough they werz based on
C heuristic rather than statistical reasoning. Dr. Beltramo
» also assigned confidence values to his data t> indicate how

reliable he estimted his sources, an31 *o help users of his
equaticns recognize areas wherz errscs may ariss,
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CERs ar= useful to maaufacturers in tha%¢ thszy can more
accurately predict recurring produc+ion costs and their
impact or alternative desiyns, iabor, materials used, and
technology. Unlike his w2ight data, Dr. Beltraaos's cost
data had to be adjusted for cost =2l=2a12nts applicabls o som2
of his twelve systems and not others [Ref. 5: 3-8].
Examples of such elements are the o3t of research and
development, engineering, and toolinjy. These zosts had to
be amortized over certain productisa areas and ast others.
Other indirect cost element s that hail to be considered were
learrirg curve adjustmen4s and inflation.

The Beltramo study intiudei 211 zos<s %0 th2 marufac-
turer for inhouse productiosn, subcontracted costs, and
inhouse assembly cos*s. Inhouse proiuc+ion el2asrnts
included: fabrication, 2pnp3ineering, to51ling and rawvw mater-
ials. Ccs*s that were subcontract2d wsre for outsiie
prdduc+icn and purchased 23juipment. Inhouse assambly costs
inclu@ed: quality control, minpor a2ni major asszably, 2ri
were handled by a separa+«2 equatiosn. Here, Dr. Bel:iramo
subtracted from “he manufactursr's :td>tal cost itzms that
were subcon*racted. The items not pr>duced at 2 manufactur-
er's plant (such as aircraift enginss, certain avionics
equipment, and landing jear), io not rspresent a produc+ion
cos“« t¢ the manufacturer, but an ass:zmbly cost, that when
adied to product ion, give the total sost of a halicopter to
th2 manufactursr.

The Bel:iramo study was an indepty study to =ost out che
helicopter by subsystems. His work aas proven to be of
value tc NASA and other enjyinears working with 12sign paranm-
etars of weight and perforaance whan costs were no%+ kpown
and had to be estimated.
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B. THE BELL/NORTH TEIAS ST ATE S200X

In 1978, a research stadent at North Texas State,
Charles F. Biamerle, workaz1 in conjunstion with Bell
Helicopter's engineer, Johany J. Gilliland, to 3esvelicp a
statistical model that wouald ascuratzly estimate the racurc-
ring costs of five major subsystems comprising a helicopter.
The study was conducted t3 show that 2 aanufacturer's recur-
ring costs could be statistically 2valuated using production
quantity, weights, and performance variables. S+tatiszical
parametric analysis had bazome popular and was 2 derivative
of various cost approaches usei within *he Deparimen% of
Defense for the rast twenty-five yaars.

The Bell/NTS study 1il1 not at+t2md>% +0 analyss the tectal
recurring costs of helizopter production to marufacturers.
Rather, i¢ was a statistizal evaluation to help enginesrs
more accurately predict costs from d2sign parama3ters. The
study z2ralysed the major subsystems from which sufficient
technical data was available. Fiva2 subsystems vere évalu-
atad - =he airframe, (excladirny th2 landing gez:, 2
nonrecurring cos% item subcontrac<24 cut by Bell) rcotors,
drive system, power plants, (excluding “he engines) and
elactrical. The Bell/NTS study estinatad thact with these
five catagories, eighty-niae parcent >f a helicopter's total
recurring costs were involved Ref. 7: 10). Th: s+tudy is
importan*t in that it will give an altsrnative costing
approach +*o the equations l1evelopsdi by Dr. Beltraamo.
Ccaparirg the two studias will help 2n2lyse: 1) what
parameters the developers belisved t> bs crucial, 2) how
these factors were inteyrated into system's analyses, and 3)
a comparison of *+he results with 3 csritical evaluation.

Accurate cost estimations for ai-craf+t subsysteas are
impor+ant and necassary focr manufactirers *o know for a
nuaber of reasons. Accurate costs will halp tha
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manufacturer determine whather or not their product will be
econcaical to produce. Production z>3ts will help “he mark-
eting department deterain2 pricing policiess arnd anticipated
consumer demand.

According to the authors, the cost data gensrated from
this study was compared ajiinst the average costs of heli-

‘! copters during several proluction ruas. Cost flucuta<ions
between the Bell /NTS study and actual production costs were
slight, varying between three to £iv2 percent above or bslow
actual costs.

The physical and performance variables consider2d in the
study were: weight, sizs, speed, ranjye, thrust, torgque, RPH,
ard the quan+tity of airsraft produczi. This last parametar
was used as a benchmark £>¢c learning cirve improvements.
Table V Zllustra+es the five major sabsystems ussd in the

! Bell/NTS study, and a da2scription of tha variables used.

C. COMPARING THE TWO STUDIES

The f£iadings frem the two studies revealed cost esiima- i
tiops that have been analysed diffarezrtly but draw close ﬁ
estimaticns in three catajyories - th2 airframe, rotor, and
elactrical systenms.

In coaparison with tha Beltramd> u>del, a ¢dst breakdown
of these five subsystems accounted £or sixty-six percent of T
th2 recurring costs +c Sikorsky. ($335,059 divided by
$510,507). The $510,507 figurz is 12rived by subtracting
the cost of the engines %o Sikorsky, $181,285, and the cost
of the landing gear, $9707, £from thes t>-al cost, 3701,501.

- Tha $335,059 is a total of the five subsystems froam Dr.
s Beltramo's study as indicated in Tablas V.
- ) When the Bell/NTS stuiy analysed the electrical

subsystem, they used performance and gquantity variables.
However, *he two studies' formulas rzvealed very close cos:
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TABLE V

Cost Estimating Equations froa the Bell/NPS Study

AIRFRAME SUBSYSTEM
A= 6932.34xq " 20298y - 85684, .67466
-.5 - 3
CEIL ‘1836RPM 2945
ROTOR SUBSYSTEM

- .95
1217RWT 95723

R= 136.4489xQ
DRIVE SUBSYSTEM

D= .003544xg"* 12227pp-3793
ypl-1014L . o -.46598

I3
RPM'Q' 752

PROPULSION SUBSYSTEM
.11696PWT1.61657V°L—.82732

P= 2956.038xQ

. -.455
NE 58026TECH 45546

ELECTRICAL SUBSYSTEM
-.08139ROC-.60499HP.78978RPM.71886

E= 30.514xQ
where :

Q= unit quanity (210 units)

MGWT= max gross wt. (10,300 lbs)

ROC= rate of climb (1350 ft/min)

CEIL= service ceiling (15,000 £t)

RPM= takeoff max engine RPM (6016 rpm)
RWT= rotor subsystm wt. (1089 lbs)

HP= takeoff horsepower (1300 shp total)
VT= main rotor tip speed (293 rpm)
TECH= technological factor (year 1979)

BELL/NTS  BELTRAMO
246,870  236,197%
57,316 60,956
1,764 73,197
6,596 181,285

2
37,827 37,906

PWT= propulsion subsystem wt. (exclud. engines 97 lbs)

VOL= airframe volume (1083 cubic ft.)
NE= number of engines (2)

1. AIRFRAME SUBSYSTEM COSTS (Beltramo)

Fuselage 93,584
Flt Controls 23,671
Instruments 4,780
Hydraulics 5,636
Furn/Equip 18,119
Inhouse Ass 20 ,407

Total 236,197
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ELECTRICAL SUBSYSTEM

Electrical
Avionics

Total

25,330
12,576
37,906
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estimations, once the avisnics cecsts from the Baltramo 2o0iel
vas added to its electrical costs.

In the rotor system, the cost astimations froa <he twd
studies were once again vacy close, $57,316 for the Bell/NTS
and $60,956 for Dr. Beltramo. Each study usel production
quantity and wveight as their dapendant and indapendent vari-

, ables, thereby keeping ths parameters consistent. One
possible explanation for the diffarsns2s in pricss could be
that Bell us2d a model hslicopter that had had a large and

‘ successful productior run. This factor could lovwar manuafac-

| turing ccsts as lsarring carve theosry took effect. Bell
could also have enjoyed discounts froa larger purchases of
raw materials., Additionally, technslogy on tha Bell

! products was older than *that used >n the newer, S-76 model.

Sr . ———
a

Comparing *he airframs subsection from the Bz1ll/NTS
{ study or to ths Beltramd> study is aoce difficult for several
reasons. First, the bell/NTS study 1s2d4 aircraf:t gross
weight ard several performince variaslss in its caicula-
tiors, whereas the Beltram> study 15249 only subsystem weight
ani production quantity. DIThe 8ell/NIS study to>k moce
performance variables ict> consideratisn, which could have

o A -
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added costing error or costing not associated with airframe
_ praoduction as a subsystazm. On the othsr hand, “hese fac+ors
| - may have been necessary to adequatsly =2xplain tas high
dejree ¢of technology associated with this complicated
system. To bring the Beltramo cost 103el into 1 coaparativs
range with the Bell/NTS stady, sevaral airframe related
subsystems' costs were 1d1ad to tha airframe cost. These

- related costs, (flight controls, iast-uments, hydraalics,
a furnishing and equipment, and inhoasa assembly) are orisentel
- . more towards per formance variables aal bring tha Beltzamo

costs closer in line with the Bell/NIS study.
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Perhaps the greatest surprise noticed whan comparing
ths two studies arose in the Bell/NTS cost analysis of the
drive system. The drivs system, as stated earlizr, is a
very complex and expensiva subsystam >f any helicopter.
Consequently, the very low cost fijur2 associata2] with the
Bell/NTS stuly causes contarn. The performance parameters
that the study used seem to correlats well with drive train
anl engine performance - 12, horseposar, RPN, rotor tip
speed, and technclogy, but the low =ost figure lerived froa
this formula could not rejresent the cost of sach a major
subsystem to the manufacturer.

The propulsion subsystaa'’s estimates of the Bell/NTS
study did not include costing for th2 power plants them-
selves. The reason for this is that =2ngines for the Bell
anl sikorsky helicopters are purchased from outside manufac-
+turers and represent a sudcontractiny cost, not 2 production
cost.

The grive aand propulsisn subsyst:as were included bus
noct compared by <the Beltramo moiel f>r «wo reasons. First,
wher comparing the costs between th2 *wo =2qua<idas, such 2
large divergence resulted that a comparison was unrealistic.
Secondly, the Bell/RTS stuly eliminatsd +the cost 2f the
engyines and costed out instead that sar%t of tha fusa2lage
that suppor*s the enginss (+he nacslles). For the Beltramo
study, engine nacelle weight was included in ths weigh* of
the fuselage., It was further assumzel that the Bell/NTS
stady included in its breakdown of th2 five maj>r subsystaas
costs for inhouse assembly. Sizce Bz2ll estimated tha+ thasa

ive subsystems accounta2d for 2ighty-1ine perceat of “he
recurring costs, inhouse assembly is assumed <> be computed
in each formula.




D. CONCLUSIONS

The Bell/NTS study was an attempt to broadsn cos:tinag
parameters by incorporatiay performaice, weight, and gquan-
tity data to hel icopter subsystems. In three of tha
Bell/NTS's subsystems, th2 estimatingy aquations drew close

_ estimates to *he Beltramo model. In the remaipning two

! subsystems, results froa the cost 271a+ions froam the
Bell/NTS study could not b2 generat21 with a c2asonable
amount of confidence. This was from the fact that many of

. the parameters used by tha Bell/NTS study were parformarnce

‘ parameters, that added a2 ia2gre2 of cdaplexity +o the

! weight-to-cost estimates. 1In Bell/NTS's attempt ¢o quantify

costs too accurately, they may have nislead ¢henselves wi¢h

> - .
a

: extraneous variables that only complica2ted theic data.
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