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Id Ab.u .ei

The Helicopter Operations Development Plan is designed to provide
for upgrading and development of all those criteria , standards , procedures ,
systems , and regulatory activities which will allow safe, timely and eco-
nomical integration of the helicopter into all—weather operations in the
National Airspace System. It describes a five—year development program
whose objective is to improve the National Airspace System so as to enable
helicopters to employ their unique capabilities. It includes the collec-
tion of data (both near and long term) for use by the FAA arid others to
ensure full integration into the NAS of this rapidly growing segment of
aviation. These areas are covered in the plan : (1) IFR Helicopter Opera-
tions; (2) Navigation Systems Development; ( 3)  Communication Systems Devel-
opment; (4) Helicopter Air—Traffic Control; (5) Weather Environment; (6)
All—Weather Heliport Development; (7) IFR Helicopter Certification Stan-
dards; (8) Helicopter Icing Standards; (9) Helicopter Crashworthiness and
(10) Helicopter Noise Characterization . The FAA groups, other Federal
Government agencies and other organizations participating in this effort
are identif led. Program management responsibilities are addressed . A
program schedule with milestones is presented and program funding require-
ments are identif led.
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EXECUTIVE SL~.~MA~ /

PURPOSE

0u Lu19 .th~ p~~.t ~~ QW 
~~~~~ 

CV/ .)-tC~
’L a t .~e~ ..ü~ .th~ Uv~..tad S.ta-tc~

have. been 9~to~ Lruj ~ot~cc.abJ.~ aJL d va~~o~~ e~~o~ t~ ha~c bee.n w~de.t~.ta~e.n
wLthLn .the. FAA .to deve..~op and i inp wve c . W~La and p wce dw~.e~o pei~t~t~n-
~~~ -to h .. cop .te~ ope .t~~v~~. In  addLt ’n , v0J~A O u4 p / wj e ..c.~t~ ~~th hc
p o e t i..a~. to be.ne~Lt hcL~.cop ~eJL op e~W.t~O n.6 wc.’~c pLa~ned a~ cLc.rn en..to ~ ‘

d~~~vte.vtt FAA eit~~nee.~ Ln~ a.nd de.veLopm e.n.t j.vw9 ’~un.6 . Now, w~i..th .ti~
6 0/L e.CD...6.t 0~ f ll O /L C . 6 v ~~c.caJ~..t ~ ‘WWtJl A.n CA.VA~~ VLQJ A..cop.te-’L op e a~tw n.~, ~ct
~Lo de.e.me.d app ’w p~&.te .to aoUa.te a.~~ FAA devo opr ncn.t p n.oje.c~~ Lc~th.t c.d
.6pe.c~~~ caL~4 ~to he. cop-tc.n_.~ i.n.to a ~~n~g /.e p~o~~uw~. Th.L~ p .’w~~.ci~ ~~~~c.i:

1w..~ bcie.~ p kapWte.d ~o.t ~~~~ pw Qpo.6e .60 a~ .to 60c uA tnC d.~~ c_&on c’~
FAA ’.6 he~~ cop~te~ -n.oJ.a.t~.ci d eJLopme.n-t a L t~ e~ ~onIo~~ a ~~~~~ ~~j o ’
obje.c..t~ve..

OBJECTIVE

The. o i eiw2~ obj _t..Lve. o~j -th.L~s det’ el.opmen..t p~o~ t~~ .~~~~ to ~Ln~p~~~V C  tnc
N c t.~Lo tw~ A~A.opace Sy~s.tei~ .60 a-.~ .to e.n.abLc hcLLcop.t e~~ .to ~~~~~ ~the~~
~ui~qi~e capa bi t c .~o .tc .thc n~ x~J nwi~ p c-tLcaL cxte.ktt. ThL6 cbj e.c.t~vc.
~~~~~~~ .the. coUec.~t.~..on 06 da.-txz 6on. ~Uccp e~n. op c,w-t-Lon~ O~~~~ 1LL~~ C, ~..n
/t ej io.t e a.&e~~, and ~n wLe.a4 lA~ th h~L9 h .tilLt~~ .c deno Lty ~~cJ: a..o .tnc ~J c ~~~ J~-

ea,~t Con~~don..

BACKGROUN V

The. w~e. o ~ hetLcop .t e.n.~ ~cn a w.~.de. va~~e..t.y 06 app P~.ca.ti~.on.5 and ~c~i-t3:c
c.ond t.Lono ha.~ been c t ~~n~ d~wma,t~ca~Lu £n n.e.ce.n.t uc~~~; a t’~~nd

~tha.t ~.o 6on.ac.a.6 .t .to con Lwe 6c ’ n. .the 6on e e.ab.Cc 6WtW~e. TkLe.U a ’~c a
n.api~..dLy ~iww.Lrig .6e9ment o~’ .the. avi.~tti.on dws t’uj , and:

• have. become vvuj iiiipo ’z-to~n-t .to he e £e.Len-t exp.eon.a~t~i.on and
dev eJ.o pmevi.t °6 e.ne~~ y n.e.4 oWLcC.~ .~n n.eino .te and °6 ~ hon.e wtw..6;

• a~.e. ~n.e.que.n~tLy u~o ed .to ~~ppo ’tt Law en~on.cej ne.n.t, enie~~ e.vtcy
med-~.ca~ aL ’tL~~~, ~~~~~~~ .‘LeL~.e.6 and o.thei~. c~vi.L op e,ta-t.4L.o n~6;

• have 4.~~~~~~~ r~.tiy £ncii e~~e.d he. e ~c~ ertc u o~ .the. Lu.nibc~’r.
£ndu4 .t ’Ly wh~(Le n.e.duCAn~ .the ecoLo~i~caA1 darr ~~e /Le4 LLW.n9 a.o a
by-pn.o du.c.~t 06 .6O~ e. Lun b c~~n~ op eA.a~tion4; and

• have. enhanced hc aL’l. .‘uni~ p on..ta.~~o n ~ y~ .tein.6 by pkOv.ôi<.Yt9 cLty-
cen.te,&, ~Lri-te~-aL ’tpo n~t and ~ wn..t ha uL t h t ’~ aL 4C~’W~c.Ce..

Fon. .thL~ 4e.~me.n.t 06 .the c~ v.~L av~.o..tion ~y~~eni .to ope~’t a-tc. . ‘..n he rf lO4,.t
pn.odur_ tA..ve., e 66 ~c,~..e.n-t and ~a 6e mannvt p o~~LbLe., cwv~.e.n.t ~~~~~~~~~~
.ot..anda td4 , p n.oce.dwLe..6 and 4g ~.teJn~ rnu.~t be. n.e.v~ewcd and mod4Le.d on., whe.kc
nece~ oa.’t y ,  new one~o deveLoped wLt.h .the 4pe.c~’ 6~.c ~u’~te.n-t o6 O p.tAJr~A..ZAJt~
c~ v~L heL~Lcop .te~’t opeA~z..t.~Lon~ w~ J ~ie. e m ~ n~ opekatA.onaL i~vte.9M0t~42 ’n ~~~~
~the n.c.6.t °6 .the Na~t.LonaL ~Ln~ p ace Sy&tei~ ( HAS).

ix

Pi~ECLA)lNG J AJE. L LANI’~.~.LT F1L~~~
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LSSUE.S

Ce~t.t.a..Ln majon. ~~~ aeA have. be.e.n Lden.t<~ Led Ln .thLo PLan a.~ ~oc~ ion.
4t..~dy and ana.Ly4.~ a..o 6oLLowo :

• Nav~Lg a..t..Lon - The. op .t&nw~i mean.6 mw~t be de..Wtm~ned by L4 ch heL~-coptelt.4, opeAa..t.n9 beyond ithe .Une. 06 4.~.g h~t 6n.om 4.tanda.~td VHF
na vLga.tLon 4 y.6.tem6 .Lfl -the. HAS ( on. e.x~tende.d HAS), wAiL be abLe
.to lzee.p .tn.aciz 06 .theLn. cwVten-t Loca~t,~~n and p o4i.~tLo n the.m~e.Lve~o.e.n ~th.n.e.e dA~ en~.Lon4 (po .6~LbLy cL6o £n .t.irne.)  w~th n.e~ p ec..t to
.ànpof t...talvt e~ n~Jza& , ~tzy poi..n..t~, Lanthna-tk...~, e..tc. A concomAian.t
n.equL ’ie.me.n.t ~LnvoLve~ Lden.ti~6.Lea.tLo n 06 the. mean.6 06 .6uAveAJJ.an.ce.
by whLch ATC ~~U rna,~n.ta.Ln Ia nowLedg e o~ op e.~at ~n9 heLLco p te.nJ .6
Loca~tLon~o wLth.Ln the ~y.6te.m when op e.ir..at-4.n9 ou.t~ide. the. n.an9e 06
ex~6tA.ng ~‘zad.a.i~s;

• Commun..Lca.t.Lon.6 - The rne .t h o d ( . 6)  by ~~~~ Ln6on..ma.ti..on .
~~~~ conveyed

be..twe.e.n aL’L and 4w~~ace. eLemen-t~ 06 the /~y.6.te.m mw~ t be Lde.n-t~6’e.d
tthen.e the commwu c.a-t~rnu LJ.nk e.x...tend.6 be.yond the Line. c6 .6~~h.t.
The. data ~n thL~ ca.6 e. u~LL LncLade. not onLy eLe.a~ance~ , p o~LtLon
.&e.pon..t~, etc., but aLo o w.LLL LLf z eLy LnvoLve. wvLqu.e. we.a.the.~’t Ln6on.-
ma,t~on c.tLtLcaL to .oa.~e ope -ti..on.6;

• ATC Pn.oce.dw ’te.4 - New ATC p n.ocedwLe~.~ may have. to be. deveLop ~ toQncomp C~4 nauLga.tLon and commwvLca.tA.on-6 capabiLLtLe..6 and heLi-
copten. cha~acte .t.cc.4 . Speci.a.L n.owte,.s and pn..ocedw’tc..6 need .to
be ~&ive.4tLga ~te.d tth en.e. Lt may be 6 ea.6~i~bLe. tc o.ch.Le.ve iinp n.ove.d
6Low 06 tka66~..c LnvoLvi..ng VTOL and CTO L a.Lkc,’~.a6t w’.ih v~Ldeiy
vaJLy ng cap abLUtiLe~ ; and Lnveot,L~a~t~.on.6 a.&e ne.e.de.d to de.te.~,imLnc
/r. e.QUAJZ.emektt6 6on. p’w.tec,ted a.Ln~p ace , ob4 tacie cLewzance., and
Land.~ng/ tatze o 66 tnLni.nia;

• UJe.at he,’~./ I c i n~ - Exp e~ie.nce. wi~th h eb.copte.n. £c.Ln~ Lo Lirr~ie.d and
need~> A.nveAtigo~tLon .~o .tha..t a 4cii~~ac..ton.y dat.a ba~6c can be de-
veLoped upon wh.Lch to 6oni~ new c t e ~’u .a . I n  addLtA.o n , wLth the
advance.nie.n.t o~ heLLcopte.’t4 i.nto “aLL-we.athvt” op vta..t.~.ovL.o , .thVLe
~~ a need to det~~mij ~e the appLicabif ity °6 p n.c4 en-t we.ciheA data
to a.U -we.a.the..t heLLcop.tvi. op e. ’zatLon.6 and , whvz.e. app&opniata , to
deveLop the mean.o ion. 4a.t.< .o~ yLng new n.equL’ieme.n.t.6; and

• Cv 6i..ca.ti.o n - M a n.e.4uLt °6 .the data p ac~ag eA deveLoped Ln the
p n.o9n.arn, new c ~~6 LcaLürn c,’zLte~ia may be. deveLoped 6o~ heLLcop-
te.n. IFR ce ~A.~a..tLon and opvi.a~tü’n. A dctQjtrnina.t.’.on mu,6t be. rr~.dc
wheihe,’t the..6e c~ Lte.n.La wilL be .&ttegn..a.te.d ~n.to e~L~t.Lnp FAR ’4 on.
whe.theit a new 4et  06 FAR ’4 app L yLng onLy to heJicop te.~~ 4houid be
A24ue.d.

TECHNICAL APPROACH

Ina4muah a~ I FR heLL~optvt ope~’ta.t.Lo n4 have been appn.oved o.nd a~n.e bei.n9
CaMA.e.d out on the ba4L~ 06 te~’t.~~ c ite~~.a and d ernon4 t&a.te.d p eit6on.rn -
anc~e~, the p~ogn.am wilL 4tn.~ve not onL y 6on. ne.oj t -te./w~ p n.oduc.L6 to .tlnp kOvc
the p -te..wvt op e~’w..t.i.on4 but aL6o wAil £nciudc e~~on..t~ .towa.td Lon9-te.~’u~’i
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pt oduc~t~ 6o~ £ u.tw~e NA.S £ntpn.oven~en..t. ALoo , a.o an .impon.tan.t b y-pn. oduc~t ,
ope.n.a-t.A..onaL 6eedba clz n.e.4 u.Ui.ng $ ‘tOm the e~pe.~Le.nce ga.Lned ~n the. newt-
teitm W.LLL p n.ov.Lde a vaLuabLe eLe.me.n.t 06 “voLLda.tLon” -to the uL~ti.rna~ten.eouU~ . Ne.wt-.tvzni pn.oduc,t.4 have be.e.n de6~.ned a.~ tho.6e .that could
po 44LbLy become availabLe by 1979 .

Si_nce the heLi.icoptvt opvutt.i..on.6 deveLopaient p n.ogn.am .~~~~ a collation 06
activLt.Le,o ~LnvoLvLng aLL 6wi c..t~.onaL axea4 06 av~ü~.t.~on , much 06 the
deveLopment wo’th ukLch .t~ bei.ng (o n. ha.6 been) cctMied out .<n othvt
ke4 ewtch and deve2opme.n~t pn.ogn.am.6 ha2 an appLic.aiLon to the £rnpkoveinen.t
06 civil h~J icoptvt op et~tttion4 . The,~e. tute. othe.n. n.e2evan.t p ’wgn.am6 be.ing
accompU..~he.d by the FAA a~ weLL a.o by NASA , VOV , and the U.S .  Coa..e~tGuivtd. CLoSe c.oo,tdinatLon will be. rna Ln.tDif led wi..th th e,6e othej r. n.eLe.van~tp kog&ai n~ to avuLd dup~~ca.t~on , to be.ne~Lt 6&om theij t n.e.ouL.t~, and to

pp teii~e.tvt them when.e appn. opt iLtte.

I t  ~~.6 aL4 o n.ecog n..Lzed tha..t muc h 06 the deveLopment wo’th widen taken ~n
thL6 p ’togn..am 6°n. the bene6Lt o6 he.LLcoptvt. opelta.tion-6 wilt be ap p€ic ablLe
to the. opeiwllon °6 othe.n. .type..6 06 o.L’tc ’ia6t ( e . g . ,  STOL and Low-~LyLng
gene~’wL av~Lat~on aL’tc~’ia6t J ;  aov~ equen~tLy the p n.oduc.to 06 thL~ pn.og n..am
will be on...Lente.d towvt d £mpn.ovei~ie.n.t 06 the NationaL AJ~ s pa ce Sy.6tern ,
g A.v~ng due. con~i..de~’tat.Lon , wheite 4en4ibte , .to the need 6on. comp P tor nA.4e
Wilk and appLication to opvtatJ~n..o 06 othvt aL’tc.n.a 6

The ovej iaLL .technic.aL appn.oach L~ depi~te.d ~.n FLgwte 1. I t  iiivoLve~4evvzal Log.Lcol 4tep.6 by wh-Lc.h the .te.chnA.cat da..ta p aclaag e.6 (to  be p iw-
duced A.n the 60km 06 n.epon.t6 ) ~~LL be. gene.n.a..ted, £nctud.< ng an i teAalive.
uaLLdat.~on p ’wce.dwte to max.~im~ze the qua. Uty and p~tactLcaLLty 06 the
.&e4 utt4:

• UtLUzLng availabLe baclzgn.owtd data and e~pe.n.ti..4e, the ope..&a-
tA.OnLlL n.equiJtement~ a~~oc~Ated ~LLtk heiicop ten. ope.n.at~.on.6 w~thi.in
the NA.S (on. ex~teiide.d NA.S ) u~LL be £nitLaLLy po 4tui.a.ted;

• 8a4 ed on the op exa~tiona1 n.eq uiiteinen.t.~, a 6 e.n..Le4 06 technLcol
e66on~t~ ~~Lt tnan..o&tte tJt e.-~.e i.ivto n.eqt~~ted i~mp’wueinen.t6 ~Ln both
aiJicn.a 6.t and gn.owtd eLeme.nt~6 06 the NAS. F i.it.e.~t , 6wtctiono~L n.e.-
qu.iJte.rne.nL.~ wilt be evoLved and then , ba.4ed on technoLogy a~~e4.6 -
men.t~, .the4e wilL be .tn.an46onj ned .ui.to 4p eci6i.c equipment, pkoc.e-
dwteA, cx~Lte~~a on. ~.ta.ndtvtd c.ha.ng e4 on. i..nnova.tion~ . Thos e
app e.Lcabte owtp wto 06 the 4econd e66onl wiLL then be impL emented
on a Li~nLted 4 caLe 6o ”t 6t~ih.t evaluatLo n , and ~ lL be .te.oted 6°~opvw_t....Lonal, technicaL and co4t/bene6Lt acceptabi..Uty;

• The FAA’4 CH- 53 Pn.og n.a.m at NAFEC wiLt be utilized .ui the newt-
te.,’un 6on. .the4 e. te4t4 ; a 4econd oiwta6t wiLL be u4ed A.n the
Long -.te.n~ p~to g~am. FL.Lglvt te..6t4 wiLt aL4 o be conduried u.Wtg
op eJiolional heLLcopte~~ o.44i..gned to -the FAA, and , whe.n.e ~e.a.o~bLe ,
tho.6e 06 con ’rneJ tcial ope,’ta.ton.~ ;
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• The .te2~t ke4ut.t~ wiLt .~ndica.te that the e.quiprne.n-t, pn.oce.dwte.,
e..tc. e~Lthe1t i4 vaLid on. ha~ ~honlcoming~ . 16 the. .te~t ke..6uL-t6
a.?te good , the 4ub j e.c..t 06 -tu e. evat ua.tion wiLt be 6on.wa.~.de.d

to the op e~.ati ng activAiLe..6 06 the FAA a.~ a p n.odu.ct
06 the. p n.ogn.am. Tho 4 e. A.~teJn.6 which a..&e not vaLidated wiLL be.
ke.c.yc.Led to the. op vwJio naL n.~~ ui.xerne.n~t~ pIw-~ e 6on. kea4 l. e6~ rne.nt.
16 minon. kevi4iovus/ modi6i.ca.tLo n4 would n.eme.dy the ~hon...t~om.Lng.6
de tecte.d i.n the te.~t.6, -the .~tem WAIL be. chang ed and n.ei6.6ue.d
6o~ n.e-.te4.t £n the. 6Li~h-t vali4atio n pn.og~’tam. 16 the ilem
majon. de6i.ciencie.6 not ~~vLa Yt ng n.e42.6ue, the £tem (tog c..then.
w.L.th the .te.o.t ke4uLt6 ) WALL be. .‘te.pon..te.d upo n, and the. da..ta
pac hag e will be 6o ’u~~n.ded a.~ a ~.m.oduc.t ke6tecting the nega.tive
a6.6e4.6nlenl; and

• The. technicaL data pa cl’...agc.6 wilt be. tn..an..omLtte.d to the app& c p /LLa te
ac v-L..tie..o 60k co n.o.tde1’wtio n a~ the ba4 i..o 60k ‘teg uLatio n~6 , 4-tatld -
~~~~ c~ILe~~a, ~~~ The n.e4 uL-t.6 06 all .ta.o~.o wilL be .<..VL.te-
gn.c..te.d and will n.e6Le.c.t the op e.’ta.tLo vzaL. expenience gain ed dw~ing
the. Pn. ogn.anl.

SCHE VULE

Majo n. adtiv..L.tieh cite. deptc.ted i..n F .~.gwte 2. TheA e. a-n.e e.~pand ed upon .Ln
the. Technical App itoach Sec.tLon o6 the. HeLLcopte n. Ope,w.tiono Ve.v etop ment
PLan.

PROGRAM MANAGEMENT

The. ove.n.all rrkzno..geme.n~t °6 the p .’wgn.am will be. cw~..nied cut by the Hell-
cop Wi.. P iwgn..anl O 66 ~cce , ARV- 706. The. Pn.og-’tani wilt utilize. a ma.tnix manage-
ment app ~’wach whe.n.ein vaniou.4 6unc~ti.Dnol SR1?S and NAFEC gf lD up .6 L L ~lt manag e
4peci6ie pwject~/ta~ ..~, dn.awLng on 4p cc.i6.Lca.Uy quol.L~ ee.d p e./z.4onnet and
6acit~Ltie~o a~ nece~o4 axy 65’wm FAA, VOV , NASA, NOAA, TSC, USCG and A..ndLL4tky.
F~guke 3 iUu4taate.4 the HeLLc.op.teit. Opeito...tLor~ VeveLopment PLan manag e-
ment on.~anization.

FU N V I NG RE Q UI REME N TS

To to.t p~’wg- ’tam 6unding kequi.-telnen.tA a-n.e. p n.eoe.n.ted beLow ( F Y  $ 0 0 0 ) :

197 8 1979 19~ 0 1 9 8 1  1 9 8 2  1983

TOTAL.S 780 1 , 850 3 , 680 3,605 3,355 1 , 000
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1.0 In t roduct ion

1.1 Helico pter Problem

1.1.1 Need for Helico pter Evolves

Developmen t and exploitation of energy resources in remote and offshore
areas requires the operational flexibility of the modern hel icopt er . A
similar requirement also exists in such areas as alternative priority
t ranspor tat ion in conges ted met ro areas , metro law enforcement , emerge n cy
medical airlif t and disaster relief . In addition , the use of the
helicop ter can reduce the ecological impact of timber harvesting oper-
ations .

Commercial recogni tion of the various needs for the flexibility and
versatili ty of the helicopter have caused the helicopter industry to be
the fastes t growing segment of the aviation industry . In 1976 the
helicopter indus try recorded an 18 percen t growth . More specificall y
this growth is attributable to strong social and economic factors and
significant adva ncement in helicopter technology . Major factors
stimulating this growth are : the ever—increasing demand for energy ;
resource ea)p lora t ion and developmen t , par t icularly in remo te and
undeveloped areas; the recognition of the enormous fixed capital
investments required to augment and expand other modes of transportation;
and finally , a growing awareness of the uniq ue capabilities of the
helicop ter as they pertain to fulfilling a wide variety of society ’s
fu ture transportation needs. Concurrently, improvements in techr~o logy
have produced a helicop ter wh ich is now very capable of entering into
the Ins trument Flight Rules (IFR) arena . This capability and other
improved performance and opera t ing charac teris t ics make it an ex t remely
competitive alternative to other modes of transportation .

1.1.2 The Na tional Airspace System (NAS) Helicopter Problem

Current naviga tion aids , radar coverage , and communication systems are
more effec tive with altitude and thus , more compatible with high perfor m-
ance aircraf t. When conditions allow , execu tive and commercial transpcrt
airplanes avoid mos t of the severe weather at hig h al titudes where they
are able to max imize range and true airspeed . In contrast , sev e re
weather conditions generally dic tate that helicopter and light fixed wing
aircraf t fly below the weather. At the lowe r altitudes , the helicopter
can achieve maximum speed and in some cases use that speed to fly around
locally severe wea ther conditions . As ide from weather considerations ,
the max imum speed of a helicop ter is typically limited by “blade s tall”
or some similar high speed ro tor charac teristics. Above some given low
altitude , this max imum speed decreases as altitude increases . Obviously,
the higher al titude increases helicopter trip time and decreases
produc tivity.

1—1 
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Another difference between helicop ter and airplane operations involves
icing condi tions . Helicopters are typicall y unable to fly up and out of
icing . If anything , they would fly down and out , and in extreme cond i-
tion they might land in a farmers field .

On the approach to a landing, the airplane and helicopter are more ob-
viously differen t. The helicopter does not need the runway and all the
facili ties of an airport serving fixed—wing aircraft . It similarly does
not need the same ATC constraints developed for airp lanes in the terminal
area . The need to operate from heliports plus the ability to fly
ver t ically, hover , etc. , define one of the major candidate areas for
invest igation .

Figures 4 and 5 exp lore and illustrate the Line of Sight (LOS) com-
munications and navigation problems which evolve when the helicopter is
operated so as to take advantage of helicopter capability while con-
duc ting required remote and offshore operations.

In summary , many helicopter op erations require that the aircraft be oper-
ated at altitudes which are considered very low by comparison to most
airplane standards. The ATC system was not designed for IFR operations
a t these altitudes and current experience has confirmed the need to pro-
vide low al titude coverage to more fully accommodate helicopters.

1.1.3 Airwor thiness Criteria Problem

A t present no definitive standard exists for the certification of hell—
cop ters for operation in the IMC environment. Current certification is
based on a doc ument which has come to be known as the “Interim Ai r—
worthiness Criteria for Helicopter Instrument Flight ”. This document was
developed in abo ut 1960 and allows helicopters to be certified for IFR
opera t ions , bu t in many areas these criteria are inadequate and man-
ufac turers are required to demonstrate comp liance with FAA requirements
by demons tra t ing “equivalent safe ty”.

The curren t interim standard has not been substantiall y up dated since the
early 60’s and has been the subjec t of cri t icism by the industry as not
representing the minimum criteria and as not being realistic based on
curren t technology . Improvements in basic helicopter stability charac-
teris tics and related stability augmentation concepts have afforded an
increas ed capability for helicopters to expand into the INC env i ronmen t.
Control systems and disp lay technology have advanced to the point that
applicat ion of the “in terim standard ” in its current format is somewhat
difficult to apply, and when warran ted , there are no exp lic it provisions
for providing compensating credits for tradeoffs between control automa-
tion and display sophistication .

Crashwo rthiness and icing standards are generally treated the same way .
Helicop ters are asked to provide “equivalen t safety ”. The solu tion is
the same as for the ATC problem . The rei sted FAR ’s must be developed or
modified to specifically detail helicopter criteria in every relevant
area.

1—3
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1.1.4 The Systems In tegra t ion  Problem

The par t s  of the problem which f a l l  under a i rwor th ines s  address the air-
craf t itself while other parts of the problem involve providing an
adequate operational environment for the vehicle . The need to achieve a
timely and optimum resolution of all parts of the problem in turn
dictates that the helicopter—related FAA activities be combined and
treated as a classic system integration effort.

The dec isions to implement developments from this program , and dec isions
regarding the manner in which they may be implemented , must be made sub-
sequently and separately when consideration Is given to other factors
such as administration policy, the budge t , manpowe r , or need f or spec if ic
types of serv ice , etc.

Because of this circ umstance , this program must proceed to address tech-
nical problems and seek solutions which have potential for being inte-
gra ted Into an improved National Airspace System while related implemen-
tation decisions are made separately .

1.2 Program Objectives

The overall objective of this development program is to improve the
National Airspace System so as to enable helicopters to emp loy the ir
unique capabilities to the maximum practical extent. This objective
includes the collection of data for helicopter operations offshore , in
remo te areas , and In areas with high traffic density such as the North-
east Corridor.

Specific objectives of the development plan are to define those equip-
men ts , helicopter characteristics and operational procedures  which will
yield :

• Navigation and communication systems which support operations to
remote sites , offshore oil rigs , city center—to—city center , and
airpor t—to—city center within the NAS—ATC system .

• ATC procedures and practices for IFR—ATC operations to remote
sites , offshore oil rigs , city center—to—city center , and
airport—to—city center within the NAS—ATC system .

• Low altitude weather forecast of potential hazardous icing con—
dittons as well as improved reporting of weather enroute and at
remote sites.

• Heliport design criteria which will allow the maximum safe
reduc tion in visibility minima under obscured conditions.

1-5
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• Helicopter certification criteria and certification procedures
which in tu rn  will

— allow sa fe  all w e a t h e r  opera t ions  in the NAS environment

— provide fo r  improved c ra shwor th iness  of civil  he l i cop te r s

— min imize  the  p o t e n t i a l  nega t ive  impact  of he l i cop te r  noise on
he l i cop te r  crews , passengers , and opera t iona l  p rocedures .  5-

1.3 Critical Issues

As the Helicopter  Opera t ions  Development Plan proceeds , ce r t a in  c r i t ica l
issues must be considered :

• Should present VOR/DME— TACAN Navi ga t ion  Aids (NAVA IDS) be extended
to cover the proposed helicopter operating areas (i.e. locating
NAVA IDS on Texas Towers) or , should newly available over—the—
horizon navigation systems such as LORAN—C , OMEGA/VLF, Inertial
Navi ga t ion  and , when avai lable , GPS , be in t eg ra t ed  into the
present  Na t iona l  Airspace System? Each approach o f f e r s  uni que
capabilities , conceivably, a combination may offer the optimum
solution .

• Should the present VHF and UHF ai r—ground communication system
with i ts Line—Of—Si ght  (LOS) l imitat ion be extended by “bru te
force ” to cover the proposed helicopter operating areas , or should
an alternate technique such as HF, VLF, satellite , etc., be
imp lemented and overlaid onto , and made par t  of , the  present  corn—
snunications sys tem?

• An assessment of benef i t s  and costs of alternative solutions is
necessary to support decisions fo r  select ion of the most  cost
effec tive Co iunication/Nav igation Sys tems which will enhance
f l ight s a f e t y .

• Based upon the navigat ion and the communication systems selected ,
what ATC procedure changes must be developed to e l iminate  any un-
necessary spacing constraints and allow a minimum descent alti-
tude (MDA) of 200 feet and a minimuum enroute altitud e (MEA) of
500 feet above obstacles.

• There is a need for prompt determination of those parameters ,
functions and definitions describing the basic certification re-
qu irements for reliable and effective helicopter icing protection
systems. This information is needed to provide for the issuance
of an interim standard (as soon as practicable) that provides
guidance for test , evaluation and reliability criteria for heli-
cop ter operation in icing conditions.

1—6
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• Should the present system of Federal Aviation Regulation (FAR) be
mod ified so as to fully integrate specific consideration of the
helicop ter in each revised documen t , or should all helicopter
criteria be grouped under a new and separate series of FAR’s?

1.4 Program Technical Approach

The Helicopter Operations Development Plan is founded upon the recogni-
tion of three fac ts:

• The helicopter possesses a number of characteristics which make it
uniquely different from other conventional aircraft.

• The characterisitics of the NAS , as related to all—weather oper-
ations are currently more favorable to the flight charac teristics
of the airplane.

• It is appropriate for the FAA to consider modif ying the ATC system
and related certification regulations to specifically recognize
the helicopter’s special characteristics and to additionally
expand the NAS so that the helicopter can operate more efficient-
ly.

The technical approach embodied in the program primarily involves
investigations into:

• Suitable long range naviga tion and commun ications coverage fo r  low
altitude operations under ATC within the NAS .

• Suitable ATC proced ures for use with current and future improved
communications and navigation systems .

• Specific FAA certification criteria and the means of compliance
for demonstrating that a given helicopter (with included equip-
ment) is suitable for all—weather operations.

• Specif ic certification criteria against which to design and dem-
onstrate all—weather heliports .

The program is organized to produce near—term , inter im products which
will be used to accomplish improvements in present helicopter operations.
Such improvements will be given priority when they offer an increase in
safety or an increase in operational utility . A NAFEC flight program and
an IFR handling qualities criteria review are two such near term pro-
grams. Near— term programs are defined as those programs which will
yield produc ts by 1979.

The results of longer term program tasks will be integrated with the near
term products as they become available. All products will be presented
in the form of reports based upon review and analysis of flight experi-
ence or based upon analytical studies .

1—7
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1.5 Program Structure

1.5.1 General

This plan provides the focus for a coordinated FAA helicopter research
and development (R&D) effort. The plan addresses the need for helicopter
research in support of present and projected requirements through 1983
and encompasses those technologies which are the development responsi-
bility of SRDS. The program is structured to provide concurrent devel-
opment in ten discrete areas , under two major subdivis ions:

• NAS Improvements

— Helicopter IFR Operations Model Development

— Navigation System Development

— Communica tions Sys tem Development

— Helicopter Air Traffic Control

— All—Weather Heliport

• Airworthiness Criteria (Documentation and Procedures)

— IFR Helicopter  Cer t i f i ca t ion

— Helicopter  Icing Standards

— Helicopter Crashworthiness

— Helicop ter Noise Charac ter ization

1.5.2 Sys tems App roach

The systems approach is reflected in Figure 6 which is an expansion of
Figure 1 to emphasize the development and utilization of a data base re-
ferred to in Figure 6 as the “Current” and “Projected” Helicopter Oper-
ations Model. When developed , this model will provide the common or cen-
tral point from which all unique requirements can be deve: ped . That is,
communications system requirements and navigation system requirements
will be developed from a common statement of operational need (derived
from the model) for current or projected helicopter operations. This
approach will provide maximum opportunity for all program elements to
quickly and efficiently evolve synergistic improvements.

1—9



This operations model will be developed for the four areas in civil
helicopter aviation which are emerging as requiring advanced opera-
tional concepts for all—weather operations:

• To offshore oil rigs

• From major airport to large hub city centers

• From city center to city center

• i-ow level/overland/remote site to remote site

In all of these areas , there are short—term and a long—term operational
requirements .

1.6 Inte~~ g~ncy Participation

In order to keep costs at an absolute minimum , this pr ogram plan is
pred ica ted upon max imum utilization of fac ili t ies and ongoing and planned
R&D eff orts of other Government agencies. In support of this effort , the
following assumptions are made:

• Wherever possible, j o in t  programs will be initiated where common
objectives are indicated in order to preclude costly duplication
of efforts and facilities .

• Because established program objectives share a common or related
interest with other Government agency projects , the program plan
does not anticipate the establishment of any additional FAA
facilities other than test aircraft.

• Effective time scheduling will be based upon availability of
Government facilities such as NASA/DOD/NRC , etc. Therefore ,
advanced detailed coordination with these facilities will carry a
high priority for action .

• That a Government a).rcraft (hel icopter)  wil l  be available fo r  tes-
ting . NASA and the Army have test a i r c r a f t  on hand . NAE has a
fl ight simulator. The Air Force and Navy have suitable aircraft
for tes ting presen tly in their inventory . All of these sources
should receive consideration in satisf ying this requirement.

• That the FAA will be able to capitalize on test programs of other
agencies b y establishing and supporting a free flow of interagency
tes t information .

NASA—Anes has recently been designated as Lead Center for NASA’s helicop-
ter research programs. It is expected that close coordination with NASA
will be effected in all areas of research in order to maximize joint
agency e f f o r t s .  The FAA’s Fli ght Simulation Branch located at Ames would
play a part in both coordination and imp lementation of this plan .

1—10



It would be presumptuous to delineate specif ic  f ac i l i t i es  requirements of
other governmental agencies without taking into consideration their
program requirements and the time phasing of those f a c i l i t i e s  relat ive to
their programs . To def ine  a specif ic facility at this junc ture would
also constrain the f l ex ib i l i ty  that is essential in accomplishment of the
program objectives . Facilities u t i l iza t ion will be the subject  of inter-
agency program negotiation.

However , it would be fruitful to define in general term s fac i l i t i es  re-
quirements relative to the major goals defined in the plan. A listing of
these facilities by goal giving the location and major agency of interest
is presented in Table I.

1.7 Major Milestones

The major milestones of all program elements are summarized in Figure 7.
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GOAL FACILITY AGENCY

IMC Bell 205 Flight Simulation NAE (Canada)
Variable Stability

Flight Simulator for NASA—Ames
Advanced Aircraft (FSAA)

Vertical Motion Simulator NASA—Ames

ICE Lewis Icing Tunnel NASA—Lewis

7 x 10 Wind Tunnel NASA-Ames

Ottawa Spray Rig NRC

CH—47 Spray Aircraft U.S. Army

40 x 80 .7thd Tunnel NASA-Ames

UH—1H Icing Test Aircraft U.S. Army

CRASHWORTHINESS Lunar Lander Crash Test NASA-Lang ley
Facility

NOISE Psychoacoustic Facility NASA—Lang ley

HELICOPTER Test Aircraft FAA/NASA/USAF/USN
OPERATION S

ATC Real Time ATC Simulator NAFEC/NASA-Ames
and Langley

COMMUNICATIONS None Required Other Than
Aircraft

HELIPORT Test Facilities Navy—Lakehurst
Navy—Patuxent
NAFEC
NASA-Ames
DOT of Illinois

WEATHER UH-1H Icing Test Aircraft U.S. Army
ENVIRONMENT 

WC—l30 Weather Aircraft U.S. Air Force

Wind Shear Simulation NASA—Ames
Facilities

Lockheed Electra Weather NOAA
Aircraft

Climatic Data Bank of NOAA
National Climatic Center

TABLE I. CANDIDATE INTERAGENCY FACILITIES
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2.0 Helicopter Operations Development Plan Description

2.1 Helicopter IFR Operat ions (Model) Development

An operations model of current  and potential IMC helicopter operations is
essential to the accura te  d e f i n i t i o n  of a he l i cop t e r—capab le  ATC sys-
tem . Such a model is also required  to def ine  many of the man—machine
task relationships involved in the revision and expansion of aircraft and
a i r c r a f t  sub—system airworthiness c r i te r ia . In a p rac t ica l  sense , a
model of this type is required to suppor t  the  ~system s concept ” used to
coordinate the various research and analysis efforts. The model envi-
sioned will initially be synthesized from current data and operational
experience. Flight evaluation experience , developed via NAFEC flight
programs and related NASA—DOD—USCG flight programs are , in fact , a very
important element in the verification of the evolving operations model .
These programs additionally form a feedback loop in an integration
process used in the f inal phases to validate concepts before significant
long term ATC system changes are implemented .

2.1.1 Objective

The objective of the operations model development effort is to sub-
stantially increase general knowled ge and document how civil helicopters
are being used and how they will be used in the future . A greater under—
standing of the above will prov ide a common starting point from which
all subsystem development efforts nay be initiated . This model will be
con tinually improved as more detailed studies of communications , nav iga-
tion and aircraft airworthiness are pursued . In the long term , the oper-
ational model will insure a consistent , balanced treatment of the system
integration aspects of the overall program .

2.1.2 Major Task

Initial tasks can be characterized as providing the FAA ’s opera ting
services with a data bank to assist in the decis ion—making process of
issuing or denying requests from helicopter operators. This data bank
must Include: technical information on operational performance of
various navigation systems to augment the conventional VOR/DME system;
information relative to the existence or nonexistence of adequate
communication capability (HF and/or VHF) in those geograph ical areas of
concern ; and the detailed information relative to establishing ATC
proced ures and developing appropriate route structures .

2.1.2.1 Near Term Tasks

• Task A — Near Term Test Vehicle. Utilize CH—53 helicopter with
the necessary avionics and data collection and recording devices.

• Task B — Conduct Shakedown and Preliminary Data Collection
Flights. Check out instrumentation and all airborne data systems .

•1 
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• Task C — Conduct Navigat ion  Sys tem(s)  Evalua t ion .  Evalua te  the
operat ional performance , reliabililty, and accuracies of LORAN—C ,
OMEGA , and VOR—DME navigation systems for enroute , approach
and departure .

• Task D — Communications Feasibility Evaluations. Determine ex-
istence or nonexistence of adequate HF and VHF communications
signals in those areas of concern .

• Task E — Evaluate Airborne Radar. Determine the app licability of
airborne weather pulsed radar (with gro und mapp ing modes)  as a
nav iga tional a id dur ing all phases of hel icop ter f l ight opera-
tions , including enroute , approach , landing and departure.

• Task F — Radar Beacon Application Evaluation. Evaluate the re-
quirement for the app lication of radar beacons and other means
of target enhancement to provide for a more positive identifica-
tion and acquisition of the intended point of landing .

• Task C — Determine Requirements for Obstacle Clearance Surfaces
and Protected Airspace. Collect data to be app lied in the devel-
opment of obstacle clearance criteria for IFR helicopter opera—
tions and determination of requirements for protected airspace
for enroute , approach , and missed approach procedures.

• Task H — Investigate New ATC Concepts. Provide for the inclusion
of all those ingredients necessary for the development of ATC
proced ures , incl uding the techn ique for structuring routes and
prov id ing for the establishment of adequate instrument approach
pro cedures , incl uding airbor ne rada r approaches , if necessary.

• Task I — Determine Pilot/Helicopter Interface Requirements
Affec tir~g Takeoff and Landing Minima. Assess the effect of pilot 

—

workload factors , f l i gh t techn ical errors , and navigation systems
accuracies on required landing and takeoff minima .

• Task J — Assess Pilot/Crew Workload. Includ e quantitative as-
sessmen t of p ilot/crew workload in performing Tasks C through F
above , suitable for certification criteria.

• Task K — Initial Qperational Model Development. Compile , analyze
and model the performance characteristics of modern helicopters
in conjunction with the characteristics of their operational
profiles , current and future .

• Task L — Define Other Areas of Concern. Identify those other
a r eas of concern that may be associated with helicopter flig ht
operations as those operations mig ht Impact on safety and en—
vironmental factors.

2-2
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2 . 1 . 2 . 2  Long Term Tasks

• Task A — Long Term Test Vehicle. Obtain a long term test
helicopter which has long range and adequate size . Equip the
helicopter with the necessary avionics and data collection and re—
cording devices.

• Task B — Flight Evaluations. Conduct evaluations in all regions
of CONUS involv ing commun ica t ions , navigation , approach and
landing , and ATC proced ures .

• Task C — Operational Model. Comp lete the developmen t of a model
with performance characteristics of modern helicopters .

• Task D — MLS Evaluation. Evaluate MLS as an aid to unique heli-
cop ter approaches , landings and departures.

2.1.3 Techn ical Approach

The technical approach to the Helicopter IFR Operations effort will use ,
as a bas is , the evolutionary development of an Operations Model . This
o -?rations model will include such parameters as helicopter mission re-
qu i rements , f l i ght cha rac t e r i s t i c s, man—machine—task  relationships ,
equipment configurations and weather environment . The model will be em-
pirically developed ; (1) by analyzing the results of industry—user data
surveys and , (2) as the result of FAA feedback information . A near—term
and a long— term flight program will allow certain equipment and ATC
proced ures to be evaluated . The results of these and other evaluations
will aid in the definition of practical near and long term flight
prof iles and ATC scenarios (see Figure 6).

2.1.3.1 Operations Model

The Operations Model when developed will contain a series of operational
profiles , predict I~ow helicopters will be flown , and include character—
istic data on vehicle/subsystems and operational attributes/limitations .
This model will be supported by an intensive near—term data acquisition—
compilation effort and a long—term refinements effort incorporating the
results of FAA and other flight evaluations . The Model will be published
as a collection of synoptic profiles—scenarios for the common use of all
of the study efforts of Sections 2.2 through 2.10 as well as the FAA
flight program. The FAA flight program will effectively be charged with
continually evaluating and validating certain aspects of the model .

Five generalized operational profiles can be visualized as important to
this effort. Each of the generalized profiles represent a discrete
segment (or satellite operations model) in the development of the total
helicopter operations model. The following profiles are considered to
require advanced operational concepts for satisfactory all—weather
operations :

2—3
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• Offshore Operations. Oil and gas exp lora tion and production in
waters  o f f  the Un ited States coas tline is cur ren tly the
principal factor responsible for the greatest increase in
helicopter flight operations .

These helicopter operations serve three basic requirements: (1)
the movement of personnel on a regular  s h i f t  change basis ; (2)
rap id log istic suppor t for  the h ighl y expensive drilling rigs ; and
(3) emergency and medical evacuation services. The flight prof ile
of the helicopter from landside to the offshore platform is
uni que .

The helicopter may be required to fly at altitudes as low as 500
fee t  abov e sea level , In ins t rument  condit ions , along the en t i re
route from landside to the offshore drilling rig. The pilot may
then be required to execute a descent and approach to land on the
off—shore platform (helipad). In addition , restrictions to
visib ility such as sea fog are prevalen t and , in some areas , icing
and lack of a horizon at night make it mandatory to establish the
capab ility of civil helicopters to operate under instrument flight
condi t ions .

— Near—term operatioi. ~.l approaches will use VOR— DME, NDB ’s and
marker beacons where available. Limited use of airborne radar
for off set approaches to breakout and landing is underway . See
Figures 8 and 9 for current offshore prof iles.

— Opera tions off the coast of New Jersey call for 14 p la tforms
with 72 to 144 da ily helicopter operations through 1979. The
Pacific coast and Gulf of Alaska operations will be less
intense than the Atlantic. However , the requirement for IFR
operations is just as important , due to weather conditions that
are prevalent in those areas. It is expected that if explora—
t ions in these areas result  in the discovery of s i gn i f i c an t  oil
and gas deposit s, the numbe r of dr illing rigs and da ily heli—
copter  opera t ions  could mult iply by a factor of 3; and actual
energy fuel product ion could continue f o r  20 to 30 years ,
depending on the size of the deposits and the rate of produc-
tion . It is also expected that the logistics support during
this entire period would continue to be provided by helicopter
operations.

— To support IFR helicopter flight operation s between landside
heliports and offshore land ing platform s, the Air Traffic Con-
trol system will require the following capabilities : (1) ac-
curate navigation ; (2) reliable communications ; and (3)
specific control procedures . Though the capability to navigate
to specified accuracies and the ability to control aircraft are
important , the capability to communicate control instructions
and to exchange pertinent flight data (aircraft position ,
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altitude , expected/ac tual departure and arrival times , weather ,
etc.) remains the most important ingredient of the ATC system .
It is essential  that  the cont ro l le r  be able to communicate w i t h
the hel icop ter wh ile enro ute to and on board the o f f s h ore
platform . This is necessary so that the controlling facility
may issue approach , enroute , descent or departure clearances
to other aircraft using the sane routes and terminal areas.
Routes must be established , based on enroute naviga t ion  aids ,
between landside and o f f s h o r e  l and ing /a r r iva l  sites . Descent ,
arr ival , and depar ture procedures based on appropriate landing
aids must be established that will ensure that separation is
maintained between arriving and departing aircraf t , fo r
accomoda ting initial assignment of cruise altitudes , and
requests for changes in a l t i t u d e  while enroute.

• Remote and Major Ai rpor t  to Dc~wntown Area Opera t ions .  A need to
develop the capab ility fo r  heli~opter all—weather flight oper-
ations exists , not only in offshore operations but also in remote
areas of the CONU S and in high—dens ity areas (such as the
Northeas t  C o r r i d o r ) .  More impor t an t ly ,  the he l icopte r  must be
accep ted as par t of the comp lex ATC system available today . The
primary requirement at major airports is establishment of a capa-
bility for independent approach , land ing, an~ takeo f f  procedures.

— To realize the max imum advan tage of the hel icop ter ’s slow speed
approach capabi l i ty  requires an independent , high angle , all—
weather landing system . As with short takeoff and landing
(STOL) vehicles and other aircraft capable of slow speed
approaches ,limiting the length of the common path will help
volume product iv i ty  of successive approaches . Developing
close—in helicop ter approach fixes would be a logical first
step in crea ting a h igh volume helicopter approach system .
Independen t approach paths to a close—in fix are desirable (but
not always possible since interaction may occur with conven-
tional aircraft). An important goal is to design multi—
directional approach paths so that there is a continuous
flow— through capability to allow for over and under interaction
between hel icopters  and conventional aircraft.

— Further development is required for helicopter standard oper-
ating procedures at airports . For example , if visibility al-
lows contact with the touchdown point ; flare , touchdown and
roll out away from the touchdown point will allow higher lan-
ding rates .

— While development of helicopter IFR airport procedures is
important , an enhanced all—weather capability for downtown and
suburban heliport feeder points is required to insure total
system reliabilty .

2—7
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• City Center—to—City Center Operations. The inherent flexibilty of
the hel icop ter coup led with its increas ing size and speed make
it an ideal vehicle to provide a complete point—to—point air serv-
ice. Unlike the airplane , the helicopter is not restricted to
airport operations and , depend ing on demand , can provide direct
City Center— to—City Center service . Additionally, the large
helicopter  has the capabi l i ty  to be a pr imary  airport feeder vehi-
cle. As such , it requires consideration for a priority indepen-
dent approach to fulfill its objective .

— Route Structure , communications , optimum operating altitude ,
noise reduction , IFR and crashworthiness certification are
factors to be defined to evaluate the feasibility of these
operations.

• Low Level/Overland/Remote to Remote Site Operations. Helicopters
are ideally suited for and ever more extensively employed in re-
mote site, overland operations involving geological exploration
and survey , lumber ing, search and rescue , agricultural spraying ,
log istics suppor t , and med ical evacuation missions. These oper-
ations are typical ly flown at low altitudes where communications
and access to navigation aids are often unavailable . Program re-
search similar to that required for offshore helicopter operations
is needed to mee t the demand bro ught about by increased activity
in remote area helicopter  operations .

• Other Operations. Although military helicopter operations include
a risk factor expected in these type operations , there is a
similarity of end products in that a mission completed is no dif-
ferent than the on—t ime regularity required of commercial avi-
ation ; therefore , a thorough anal ysis of compat ibility between
civil and military concepts , techn iques , and procedures is a
natura l  area for  research to consider all pos s ib i l i t i e s .

— In add it ion , a variety of helicopter operations outside of the
oil r ig,  major airpor t , and city center—to—city center warrant
consideration . Agriculture , spec ial app lications , and indus-
trial applications need a similar detailed analysis and
development .

2.1.3.2 Flight Program

The Helicopter IFR Operations effort requires a dedicated flight test
program to properly evaluate cand idate systems and procedures . Specific
f l ight tes ts  must  be designed to closely emula te  the stated operational
profiles and thereby assure acquisition of all data necssary to accom-
plish the flight tasks set forth in Section 2.1.2. The f li g ht tes t
program will be augmented by appropriate special facilities testing and
simula ti ons designed to specifically evaluate hardware/software items and
by developmen t of any required operational procedures necessary to assure
f l i g ht  s a f e t y .
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The flight program will consist of near and long term efforts as shown in
Figure 10. The near and long term efforts will require different test
vehicles and will incorporate related data previously developed by
mili ta r y ,  industry and other civil agencies.

2.1.3.3 Near Term Test Aircraft

A CH—53 helicopter was obtained through a working arrangement with NASA
and is being utilized in the near term flight test program currently
underway at NAFEC , Atlant ic City. Avionics necessary to acquire and re-
cord all data required for test objectives were identified . Since
several systems are scheduled for evaluation , the total effort is being
cond ucted in phases . Phase I configuration is as listed below .

CH—53 PHASE I Av ionics Configuration
SINGLE SYSTEMS

VHF Communica t i ons  Ir ansceive r
HF Communications Transceiver
ADF
DME
RCA PRIMUS 40 (or PRIMU S 50) w e a t h e r / g r o u n d  mapp ing radar  or
Bend ix RDR—1400 weather/ground mapp ing radar

DUAL SYSTEMS

VHF Communi ca tions Tra nsce iver
Radar Al timeters
VOR/DME
ATC Transponders with Mode C capability
ADI and HSI d isp lays
Sperry HELCIS fligh t director system
Collins NCS—31 RNAV and communications control system

Dual stability augmentation systems (SAS) are available , how-
ever , approach/nav iga tion coup ling is not available .

Potential additonal systems for incorporation in follow—on phases of
f l ig ht test evaluations are defined below .

CH—53 PHASE II Avionics Systems Changes
ADDITIONAL SYSTEMS

RCA color a i rborne radar
Bend ix color airborne radar
TACAN/RNA V
Teledyne TDL—424 LORAN—C receiver
VLF/OMEGA receiver
MLS receiver
ARINC NET
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The CH—53 will be equipped with a digital data recording and handling
package wh ich will prov ide for  rap id re tr ieval and analys is of techn ical
information . The following will be recorded :

• Ai rc ra f t  pos i t ion  determined by nav iga t ion  system under evaluation

• Cross—track  and a long—track  e r rors

• Aircraft altitud e determined by radar  al time ter

• Navigation system signal—to—noise ratios , computed navigation
values , equipment performance state

• Time

• Airborne  radar  data b y photograp hs of CRT disp lay

• Weather envi ronment  ( including Sea State)

• Pilot comments

Reduct ion and analysis of all data (electronic , p ho tograp hic and manual )
will req ui re developm en t o sof tware techniques tha t will give consider-
ation to a “quick look” capability. Analysis must consider , quantita-
tively and qualitatively, the val id ity of tes t procedur es , equipment
cond itions , and address certification and regulation aspects.

2 . 1 . 3 . 4  Long Term Test A i r c r a f t

A test aircraft is required for the long term program. This test air-
craft is required for technological , operational and procedural verifica-
tion. Considering the expense of research and testing which must be
don e , an aircraf t wi th a larg e useful  pay load is necessary in order to
suppor t the myriad of essen tial tes t equ ipmen t and personnel .

In view of identified test requirements , objec tives , and goals , the
minimum essen tial techn ical and opera t ional aircraf t req ui remen ts ar e as
follows :

• MULTI—ENGINE. At least two engines are essential for offshore
operations to increase safety during over water Instrument
Meterological Conditions (INC) and heavy load operations .

• CAPACITY AND VERSATILITY TO ACCO?~1ODATE:

— Data Acquisition Systems — The actual hardware used to collect
and process test data.



— Red undan t Disp l~ y — To evaluate the safety benefits of having
two complete sets of instruments and controls for an aircraft
with two pilots. To compare data on a particular test from dif-
ferent sources of collection . To test different types of
navi gat ion  or other  equipment to determine which actually works
best in the environment being tested .

— Nav igation — Space f o r  var ious types of nav igat ion equipment ,
such as LORAN , OMEGA , INS , RNAV , et c .

— Communication — Capac it y for special test equipment in addition
to normally required eugipment .

— Stability Augmentation — Improves data acquisition , red uces
pilot workload and fat igue , and greatly enhances the safety of
IFR flight.

— Radar — Color d i sp lay  d i g i t a l  radar  sys tems wi l l  be eva lua ted
when available .

• SUSTAINED OVERWATER OPERATIONS OF NOT LESS THAN 5 HOURS DURATION.
One test o~jective calls for c-”~munications that support low alti-
tude f l i ght operations out to 300 miles off the coast. This dis-
tance plus the IFR fuel reserve requirement result in the p lann ing
f igu re  of 5 hours. This requirement also means t ha t  the  test air-
craf t must be able to carry test equipment and personnel in ad-
dition to auxiliary fuel tanks necessary for the 5 hour endurance .

Line support includ ing some minor maintenance will be accomplished by
NAFEC personnel. Major maintenance will be done under agreement with
another facility established for handling such maintenance .

2.1.3.5 Model Becomes Data Base

As the result of analysis of sufficient flight test data , it is expected
that  a data base will be provided to the operating services of the FAA
that will allow for the establishment of certification criteria and de-
velopmen t of opera tional procedures concern ing helicopter IFR operations
in offshore , remo te , and high traffic density areas. This data base
would be provided in repor t  form designed to be most useful in the de-
terminat ion of the fol lowing :

• Navigation system accuracies to maintain a flight path of ±~ ~either side of a designated centerline (route), to offshore dis-
tances of up to 300 NM, with 95 percent reliability.

• Accuracy and reliability of all systems and subsystems to meet the
certif ication requirements of Advisory Circular 90—45A .
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• Accuracy and reliability of airborne weather/ground mapp ing pulsed
radar , in terms of the existing criteria for enroute navigation
and published approach procedures , as well as for  es tabl ish ing
criteria for developing new procedures .

• VHF and HF communication coverage plots will be constructed and
presented for each area of concern . The establishment of positive
air traffic control procedures is predicated on reliable air/
ground/ a ir commun ica tions ( to d istances of up to 300 NM o f f s h o r e
and to a minimum descent altitude of 200 feet).

• The es tabl i shment  of a baseline for  Terminal Ins t rument  Procedures
(TERPS) criteria for helicopters.

• Pilot workload (cockpit) and flight technical error (FTE) during
all phas es of f l igh t in o f f s h o r e, remo te , and high traffic density
areas.

2.1.4 Near—Term Decision Points and Program Management

The near— term decision points for the Helicopter IFR Operations Program
are shown in Table II. The Program Management will be as set forth in
Section 4. The program scheoule for the Helicopt~ IFR Operations
Program is outlined in Figure 11.

2.1.5 Funding Requirements

Helicopter IFR Operations Development Program Funding Requirements
(FY , $000):

1978 1979 1980 1981 1982 1983

Total 300 500 700 350 350 250

2— 13
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2.2 Helicopter Navigation System Development

For the purpose of th is plan , navigation system development for heli-
copters includes the development of systems , procedures and criteria for
aircraf t guidance dur ing all modes of f l ight , including enroute , non—
precision terminal maneuvering , and prec ision approach .

The current NAS is based upon the use of VOR/DME Navigation Aids with a
nominal range of 50.nautical miles. ATC proced ures require an aircraft
to u t i l i z e  these aids to naviga te  the air route structure while con-
trolled in the NAS. The line—of—sight recept ion characteristics of
VHF/UHF signals will preclude the use of these established NAVAIDS for
off—shore low altitude helicopter operations . Other remote operations
involve inadequate numbers of transmitters and/or poor coverage due to
terrain features . City center—to—city center operations may involve
temporary NAVAID signal loss due to low altitude terrain masking . The
actual  degree of inadequacy of VOR/DME cove rage is dependen t  upon the
f l i ght p r o f i l e  required (see Section 2 . 1 ) .

2.2.1 Objective

The objective of the Hel icopter  Navigat ion System Development e f f o r t  is
to evaluate and def ine  navigation systems fo r  u t i l i z a t i o n  in low—level
helicopter operations within the NAS , and to evaluate and define approach
and landing systems suitable for precision guidance in the t.lirminal
areas.

2.2.2 Important Considerations

The present ATC sys tem has been developed pr imar ily for overland U.S.
operat ions with an assumption that a Navigational Aid (and poss ibl y a
prec ision land ing syst em) would be ava ilable at pr inc ipal way points and
f l ight termination points . Line—of—sight limitations of existing NAVAIDS
do not meet the requirements for accurate navigation of a low flying
helicopter in off—shore or remote site operations and sometimes in high
density traffic areas.

Further consideration must be given to the determination of what
add itional navigation systems might be necessary to safely operate the
helicop ter in high density traffic areas in the enroute , terminal and
approach modes. Fligh t exper ience and general data are required to allow
assessment , in conjuction with similar information of alternate
navigation systems , of the MLS and Airborne Radar Approach roles in
helicopter IFR operations .

2.2.3 Issues

As the Helicopter Navigation System Development effort proceeds , rela ted
critical issues must be identified and addressed . Three of these issues
are discussed below.
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2.2.3.1 Critical Issues

• Should present VOR/DME Navigation Aids (NAVA IDS) be extended
to cover the proposed helicopter operating areas (e.g., l o c a t i n g
NAVA IDS on Texas Towers) or , should newly ava i l ab le  ove r—the—
hor izon nav iga tion sys tems such as LORM~—C , OMEGA/VLF, Inertial
Navigation , and when ava ilable , GPS , be integrated into the
present Nav igation System. Each app roach  o f f e r s  u n i q u e  capabil-
ities or , conce ivabl y ,  a combination may offer the optimum
solution .

2.2.3.2 Significant Issues

• De te rmina t i on  of MLS and Airborne Radar Approach app licability
to IFR h e l i c o p t e r  opera t ions  and impact on ATC p r o c e d u r e s .

• Cost—effectiveness of alternative solutions. An assessment of
benef its and costs is necessary to support a dec i s ion  f o r  the
selection of the most suitable Nav igation System which will —

enhance f l ight safety.

2.2.4 Major Tasks

The following tasks will  be repeated fo r  near and long term e f f o r t s :

• Task A — Study Requi rements .  Def ine  the t echn ica l  and opera t iona l
requi rements  f o r  nav iga t ion  systems which can provide accurate
nav igation for low altitude helicopter operations out to 300
nautical miles offshore , for remote site operations and for high
density traffic operations in enroute , terminal and approach
modes. Performa nce characteristics related to propagation anoma—
lies , reliability and availability and impact on current ATC
proced ures and equipment will be examined to establish new
criteria and comp liance with currentl y applicable criteria.

• Task B — Specify Equipment. Based upon the requirements
developed above and test evaluations of navigation systems,
spec if y equipment which will meet requirements for all modes
of  helicopter operations.

• Task C — Evalua te  Opera t iona l  C a p a b i l i t y.  Demons t r a t e , eva lua te
and ver if y total system capability to accurately perform naviga-
tion tasks and define imp l e m e n t a t i o n  c r i t e r i a  to sui t  he l i cop t e r
app lications .

2 . 2 . 5  Techn ical App roach

The technical approach to the Helicopter Navigation System Development
effort is two phase in nature : near term and long term.
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Near term effort will consist of:

• Evaluation of the following systems to determine  thei r  s u i t a b i l i t y
for low level helicopter operations and to collect data for use in
develop ing term inal approach proced ures and defining airspace re-
quirements.

— ILS , VOR—DME ,and NDB Sys tems

— Loran—C (Teledyne TDL—424, TDL—711) Systems

— OMEGA/VLF (GNS—SOO ) Systems

— Airborne Digital Radar (RCA Primus 50, Bendix RDR—1400) Systems

— Microwave Land ing Systems

• Coordination with USCG , user groups , and related programs . The
USCG is operating an H—3 Helicopter recording LORAN—C data in a
manner compat ible with the FAA tests. The FAA and USCG data must
be merged where possible. Helicopter operators are currentl y
using airborne radar as an approach aid for low visibility/ceiling
opera tions a t of fshore  oil platforms . Effectiveness of this
technique should be recorded to supplement FAA flight test data.
Rela ted programs such as the Microwave Landing System and the
Systems Test and Evaluation Program (STEP) will produce other data
which may be utilized .

Long term effort will consist of:

The long term program will define , verify and establish navigation sys-
tems design and implementation criteria in support of helicopter off-
shore , remo te and h igh density area operations and for integration of new
navigation systems into the current HAS.

2.2.5.1 Data A~ uisition

As a subset of the above efforts , da ta for  the fol lowing e f f o r ts mus t be
collec ted , analyzed , and reported .

• For VOR/D?~ Airborne System.

— Determine station(s) availability for off—shore operations and
derive LOS limit.

— ?~ asure signal quality at low flying altitudes (1000 feet to
surface).

— Derive signal availability/statistics for above item .

— Analyze su i tab i l i ty  of in te r face  between VOR/DME and
LORAN—C/VLF/OMECA at LOS limi t s .
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— Conduct analysis of l o c a t i n g  VOR/DME—TACAN Systems on Texas
Towers , oil p l a t f o r m s , et c. , to suppor t  ope ra t ions  out  to 300
nautical miles.

— Draft recommendation for expanding implement ation of VOR/DME
systems , if app l icable.

• For LORAN—C Airborne System

— Determine level of repeatable accuracy out tO 300 n a u t i c a l  miles
flying at various altitudes between 1000 feet and the surface.

— Determine sunrise and sunset effects as related to above item .

— Meas ure signal quality at low flying altitudes (1000 feet to
surface).

— Develop and t es t  coo rd ina t e  conversion system to provide
bearing/distance to way points .

— Define airborne antenna and antenna locat ion r e q u i r e m e n t s.

— Determine suitable levels of hardware sophistication , cost , re—
liability, and maintair ..bility.

— Determine rotor modulation effects.

— Establish pilot workload f a c t o r s.

— Develop and recommend TERPS with LORAN—C .

— Evaluate d i sp lay  and ins t rument  alarm i n d i c a t o r s .
• Loss of s t a t i o n ( s ) .
• Recovery of station(s).

• Hardware f a i l u r e  (au tomat i c  and m a n u a l ) .

— Determine installation requirements.

— Est imate  pilot  t ra in ing requirements .

— Recommend c e r t i f i c a t i o n  r equ i r emen t s .

— Define ground monitor system requirements .

— Prepare and repor t recommended guidel ines for  FAA imp lementat iin
of LORAN—C for use by helicop ters.

• For VLF/OMEGA Airborne System.

— Determine level of repeatable accuracy out to 300 nautical miles
flying at variable altitudes between 1000 feet and the surface .
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— Determine sunrise and sunset effects as related to above item .

— Measure signal quality at low flying altitudes (1000 feet to
surface).

— Conduct signal reliability tests and derive availability
statistics.

— Develop and test coordinate conversion systems to provide dis-
tance/bearing to waypoints.

— Define airborne antenna characteristics and siting requirements.

— Determine rotor modulation effects.

— Evaluate disp lay and instrument alarm indicators .

• Loss of station(s).

• Recovery of s t a t i o n ( s ) .
• Hardware failure (automatic and manual) .

— Determine suitable level of hardware so~~’istication , cost , re-
liab ility and maintainability .

— Establish pilot workload factors.

— Determine installation requirements .

— Estimate p ilot training requirements.

— Recommend certification reguirements.

— Define requirements for station signal quality monitor .

— Prepare and report guidelines for FAA implementation of OMEGA
for  use by helicopters.

• For Global Positioning System (GPS) — —— A Long Term Effort

— Determine suitability of integral rotor antenna to receive
satellite radiated signals .

— Conduct signal reliability tests and derive availability
statistics.

— Develop and test coordinate conversion system to provide dis-
tance/bearing to waypoints .

— Determine  ro to r  modulation effects with practical airborne
antenna installations .
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— Eval ua te disp lay and instrument alarm indicators:
• Loss of station(s).

• Recovery of s t a t i o n ( s ) .
• Hardware failure (automatic and manual).

— Determine suitability of hardware sophistication , cost , re-
liability and maintainability.

— Establish installation requirements .

— Establish pilot workload factors.

— Define TERPS with GPS.

— Estimate pilot training requirements .

— Recommend certification requirements .

— Define station signal quality monitor requirements.

— Prepare and report guidelines for FAA implementation of GPS for
use by helicopters .

• For Airborne Radar Approach (ABA ).

— Establish target detection capability and resolution .

— Def ine disp lay luminosity.

— Evaluate display controls (weather vs ARA modes).

— Evaluate radar stabililzation requirements.

— Es tablish coverage requ iremen ts , i.e. distance (minimum and max-
imum) and ang le f o r :
• Weather mode .
• ABA mode .

— Determine potential for beacon/ARA radar signal interference.

— Evaluate corner reflectors as target indicators.

— Evalua te  Luneberg lens as target  indica tor  and s ignal  modulator
for use as precision approach aid .

— Determine antenna and radome siting requirements.

— Evaluate display and instrument alarm indicators .

• Rain cells.

• Minimuum range (1800 ft.).
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— Determine  ro to r  m o d u l a t i o n  e f f e c t s .

— Develop and recommend TERPS w i th  ABA.

— Evaluate pilot workload factors.

— Determine installation requirements.

— Estimate operator/p ilot training requirements .

— Recommend certification requirements.

— Evaluate beacon coding/performance.

• For MLS

— Determine suitable level of hardware sophistication , perf orm-
ance , cos t, reliability and maintainability.

— Determine coverage requirements in azimuth , rang e , altitude.

— Evaluate  i n t e r f a c e  with AFCS.

— Define minimum requirements for offset path computations .

— Determine requirements for platform stability and orientation .

— Determine potential for airborne radar interference.

— Determine antenna siting (ground and airborne) requirements.

— Evaluate display/instrumentation requirements.

— Evaluate cockpit workload factors.

— Determine airborne installation requirements.

— Determine potential for rotor interference.

— Develop and test integration with RNAV.

— Define data link requirements for helicopters .

— Prepare and report guidelines for implementation of MLS for use
by helicopters.

2.2.6 Candida te Aids to Navigation

A brief description of the aids to navigation under consideration in the
Helicopter Operations Development Plan follows .
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The six currently operating radio navigation systems are:

• LORAN—A (not a candidate due to imminent phase—out)

• LORAN—C

• OMEGA! VLF

• VHF O m n i d i r e c t i o n a l  Range (VOR) — Dis t ance  Measur ing  Eq u i p m e n t
(DME)/Tac tical Air Navigation (TACAN)

• Non—directional Radio Beacons (NDB)

• Instrument Landing System (ILS)

Add itionally, two developmental systems are :

• Microwave Landing Sys tem (MLS )

• Navigation System Using Time and Ranging — Global Positioning Sys-
tem (NAVSTAR —GPS)

2.2.6.1 LORAN—A

LORAN—A was developed during WW II to prov ide a long range rad io nav iga-
tion capability. It was adopted by civil maritime users for navigation
and position location and by civil intercontinental air carriers to bound
the error of self—contained systems . LORAN—A is a pulsed hyperbolic
rad io navigation system operating in the 1800—2000 KHz band . The
ground wave range is 600—800 NM over seawater and depends upon station
power. The sky wave extends the range to 1500 NM. Predictable accuracy
varies from 1—2 NIl (2drins ) using the ground wave , and 6—7 NM using the
sky wave. The LORAN—A chains are being phased out with operations
sch eduled to end by mid—1980.

2.2.6.2 LORAN—C

LORAN—C was developed to provide DOD with a radio navigation capability
hav ing longer range and much greater accuracy than LORAN—A . It was sub-
sequently selected as the U.S. provided radio—navigation system for civil
mar ine use in the Coastal and Confluence Zone (CCZ). LORAN—C is a
pulsed , hyperbol ic system operating in the 90—110 KHz band . Ground wave
range is typ ically 600—1400 NM over seawater. Predictable position ac-
curacy is at least 0.25 NM (2drms ) in defined ground wave coverage areas
when using automatic receivers of current design . The repeatable ac-
curacy is 50—300 feet. A typical LORAN—C display unit is presented in
Figure 12.

When the LORAN—C system becomes fully operational it early 1980, its
signals will cover not only the CCZ and other waterways but also two—
th irds of the land area of the contiguous 48 states . It is anticipated
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that LORAN—C will be used increasingly to provide position information
over land. To extend coverage to the entire 48 states will require three
to five midcontinent stations. For near—term coverage see Figure 13. A
joint program with the IJSCC has been established to evaluate the suita-
bil ity of LORAN—C for use by helicopters on the experimental Northeast
Corridor RNAV routes. Continued and expanded joint programs with the
USCG will be carried out to evaluate the suitability of LORAN—C for use
by hel icopters in other areas. If studies indicate LORAN—C is an
acceptabl e common system rep lacement for aviation , the following actions
would be necessary .

• Insure adeq uate signal coverage.

• Obtain national/international agreement for its use .

• Change operating procedures establishing area navigation routes
based upon use of the hyperbol ic system .

2.2.6.3 OMEGA/VLF

The OMEGA system has been developed and is being implemented by the Navy
with Coast Gu~~d assistance and the participation of several partne r
nations. Its purpose is to provide a world—wide position determination
system and aid to navigation for civil and military air and marine users .
OMEGA is a VLF (10—14 KHz), CW , phase comparison , c i r cu lar  or hyperb olic
system . VLP propagation characteristics are such that eight transmitting
stat ions can provide worldwide signal coverage. The design predictable
accuracy of the system is 2—3 NIl (2 drms) and depends on geographic loca-
tion , stat ion pairs used , propaga tion corrections , and time of day . The
des ign repeatable accuracy is 1—2 NM (2 drms). Greater accuracies are
possible through the use of fixed monitor stations to broadcast local
corrections on a real—time continuous basis. The l a t t e r  is an ex t ens ion
of the basic OMEGA system called “differential ” OMEGA and exists only in
alternative , experimental forms , and is in the developmental stage .

Seven of a p lanned e ight  permanent  s t a t i o n s  are present l y t r a n s m i t t i n g
and are located as shown in Figure 14. The eighth station is expected to
be comple ted in late 1980.

While system design accuracy is satisfactory for oceanic and high—seas
naviga tion , it cannot meet the accuracy required for aircraft flying over
land in some parts of U.S. Airspace. While ambiguity and limitations of
signa l lane width can be solved by using multip le f r e q uency r ece ivers ,
such receivers are more complex than sing le frequency receivers and costs
are propor tionately higher.

In add ition to OMEGA transmissions in the VLF range , there are a number
of Navy communications transmitters operating in the 14—30 KRz range . To
accomp lish their communications mission the VLF transmitters emit a phase
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P RE FE RRE DLOCATION STATION S

Bermuda A , C , D, F

Boston , MA C , D. F. H
Eglin AFB , FL C, 0, F

Fairbanks . AK A, C, 0. H
Hollorna n AFB , NM C , 0. F, H
Seattle, WA C. 0, F , H

Key : A - Norway E - La Reunion
B - Liberia F - Argentina

C — Hawaii G - Australia

D - North Dakota H - Japan

Figure 14. Omega Station Locations and Selection Chart.
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stable , high power signal which can be used for VLF navigation . Each
transmitter uses a carrier frequency unique to that station. By using
multi ple f ixed tuned receivers , a common intermediate frequency for phas e
measurement and an appropriate computer , navigational position can be
determined. This method is also subject to the lane ambiguity problems
associated with OMEGA .

2.2.6.4 VOR—DME/TACAN

The VHF Omnidirectional Range (VOR), Distance Measuring Equipment (DME)
and Tactical Aid to Navigation (TACAN) systems provide basic guidance for
enroute air navigation in the U.S. VOR provides an aircraft azimuth
information relative to the VOR ground station . DME prov ides a measure—
ment of distance from the aircraft to the DME ground stat ion . In most
cases VOR and DME are collocated as a VOR—DME facility. TACAN provides
both azimuth and distance information and is used primaril y by militar y
aircraft. When TACAN and VOR are collocated it is a VORTAC facility .
DME and the distance measuring function of TACAN are the same .

VOR operates in the VHF (112—118 MHz) band . The overall system , includ-
ing av ionics has an accuracy of ~~~ degrees (95%). DME operates in the
UHF (960—1215 MHz) band and provides distance information with an accura—
cy of ~O.5 NM or 3% of slant range (whichever is greater) (95%). TACA.N
also operates in the UHF band (960—1215 MHz) providing azimuth and
d istance information to the same accuracy as VOR—DME .

The VOR—DME/TACAN system meets the current needs of most civil users of
the domestic enroute air navigation system . Area navigation (RNAV)
route structures are presently based on use of the VOR—DME system .

VOR—DME/TACAN signals are relatively undisturbed by atmosp heric or man-
made noise. VOR transmissions are vulnerable to multipath propagation
and some unique site related problems and are somewhat restricted in
ut ility and accuracy. Use of Doppler VOR systems greatl y alleviates the
multipath problem. Inasmuch as these systems use VHF/UHF signals , they
are restricted to line—of—sig h t app lications . This greatly reduces their
usefulness in moun tainous te r ra in , and seriously limits coverage at the
low altitudes normally utilized by helicopters .

2.2.6.5 Rad iobeacons

Nondirect ional beacons (NDB) are used for transition from enroute to
precis ion approach facilities and as a non—precision approach aid at many
smaller airports. They provide the radio aid to navigation for short
over water segments of flights which may be beyond the range of VOR . In
Alaska they are an in tegral part of the low altitude airways structure.

The beacons also relay transcribed weather broadcasts . Marine
radiobeacons prov ide a backup to more sophisticated radio—navigation sys-
tems and provide the primary service to many small vessels equipped with
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minimal radio—navigation systems . Beacons transmit in bands between
200—415 KHz over ranges from 10 to 350 NIl depending on location , oper-
ational objective and power. Bearing accuracy is of the order of ± 3
degrees. While this system does not allow for precision navigation , it
has wide user acceptance and is used when there are no known alterna-
tive systems which would be as cost effective for the user and the
government.

2.2.6.6 Instrument Landing System (ILS)

The FAA presen t ly  opera tes  528 f u l l  ILS f a c i l i t i e s. The I n s t r u m e n t  Land-
ing System provides aircraf t with vertical and horizontal navigation
(guidance) information during the approach to landing . ILS ground
equipment consists of a localizer facility, a glide slope facility and
two or three marker beacons . The localizer provides horizontal guidance
about the extended runway centerline with an accuracy of ±~ 

degrees from
at least 18 NM to touchdown and transmits in the 108—112 MHz band. The
glide slope facility provides vertical guidance to an approaching
aircraft. The glide path angle is nominally 3 degrees above the horizon-
tal. The glide slope transmits in the 328—335 MHz band . Marker beacons
indicate discrete distance to runway threshold and transmit at 75 MHz.
Most ILS prov ide fo r  Category I approaches  (DH—20 0 f ee t , RV R— 1800 f e e t) .
Some systems have l~~en improved to p~.ovide Category III A (DH—not pre-
scr ibed , RVR—700 feet) landings .

While ILS is the accepted civil standard in the U.S. and internationally,
it does have limitations . Terrain considerations are a factor in ILS
installation . Special account must be taken of signal reflections
(multi path) from taxiing aircraft and other surface traffic obstacles.
The singl e approach path prov ided by ILS constrains airport capacity and
noise control. ln regions where many airport runways require ILS, the
saturation of available radio frequency channels can become a limiting
factor . Lastly, ILS does not meet all military system requirements .

2.2.6.7 Microwave Landing System (MLS)

The Microwave Land ing System is a joint development of the DOT, DOD and
NASA under FAA management. Its purpose is to provide a civil! military,
Federal/non—Federal standard ized approach and landing system with
impr oved perf ormance and more flexible implementation . MLS has been
adop ted by ICAO as a future international standard and is planned to
supercede ILS.

Approach and land ing navigation information is aircraft derived , based on
ground transmitted signals. Mg le signals , at 5030—5090 MHz , combined
with a Precision Distance Measuring Equipment capability, provide data
over a wide volume of airspace , up to ±60 degrees from runway centerline ,
1 to 15 degrees eleva t ion , and ou t to 20 NM range (see Figure 15). The
sys tem emp loys the Time Reference Scanning Beam techni que (TRSB) and the
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signa l format lends itself to a variety of implementation forms ranging
from simple and inexpensive to comp lex . The more complex systems enable
land ing under zero visibility conditions and prov ide wide azimuth
coverage .

2.2.6.8 NAVSTAR Global Positioning System

NAViga t i on ~y s te m  us ing  Time And Rang ing — Global Pos itioning ~ys tem
(NAVSTAR—GPS) is a radio navigation system concept under development by
DOD. It will use satellites to provide worldwide , cont inuous , real—t ime ,
all—weather , precision positioning information to users operating
equipment in a passive mode. Initially DOD p lans to deploy 6 satell ites
which are to be used to validate the system concept. By the mid—1980’s,
24 satellites are to be deployed with 8 sa te l l i t es  in each of th ree  63
degree incl ined plane circular orbits at 11 ,000 NM altitude. Each
satellite will broadcast very precise time and the locations of every
satellite on 1227 and 1575 MHz frequencies. A worldwide monitor network
will report to a U.S. based master station which will in turn compute
changes to satellite locations and time reporting . Users equipment will
be of vary ing sophistication with the most sophisticated expected to
prov ide predictable accuracy of 50—100 feet (2 drms) in three dimensions .
Less accurate positioning (300—600 feet) can be provided at lower cost.
The sys tem is so des igned that the use of the hig 1ier accuracy capability
can be restr icted to select users with the lower accuracy capability
available to all.

It is expected that the NAVSTAR—GPS concept validation phase will be
completed in 1979. Based upon the DOD decision made at this time , the
system could become fully operational by 1986.

2.2.6.9 Airborne Radar Systems

Airborne radar systems have been installed in aircraft since World War
II. Recently, light weight , d igital X—band (9000—9500 MHz) radar systems
have been installed in rotary wing aircraft . These radars can be
operated in weather—avoidance , air— to—surface search and transponder
beacon modes . They have been utilized in patrol , search and resc ue
missions , and transportation of personnel and eq uipment to remote sites
(off—shore oil rigs , etc.).

Airborne radars are currently be ing used in hel icop ters as a supp lemen—
tary Nav igation Aid to identify off—shore landing sites , for  gu idanc e
during non—precision approaches to off—shore helipads and easily recog-
nizable sites on a coastline , for determining range to recognizable land-
marks , and for  assura nce of obs tacle clear ance dur ing letdowns at sea.
Min imum operational performance standards for airborne radar equipment
used in these modes are be ing developed by RTCA , and criteria for
approv ing their use are being developed by FAA Fl ight Standards Service ;
howev er , addi tional test data on their performance , capab il it ies , and
limitations are needed .

Figure 16 is a radar scope presentation typ ical of that seen during
approach to an off—shore oil rig.
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2.2.6.10 Radar Transponder Beacons (~ACON)

Rada r transponder beacons are designed for use in conjunction with
navigational radars. Typically the transponder transmits a pulsed rep ly
for each received radar interrogation . The reply may be coded to provide
positive identification of the transponder site. X—Band (9000—9500 ~~ z )
transponders are set in typ ical beacon mode of 9375 MHz receive and 9310
Mhz transmit. Beacons are normally sited on off—shore drilling rigs ,
buoy mooring s, seamark and landmark locations . The Coast Guard presentl y
operates approximately 30 RACONS — this number is expected to gradually
increase. Figure 17 shows a typ ical Radar Transponder Beacon. They have
the potential for improving airborne radar approach operations by enhanc-
ing identification of specific landing sites , which may not otherwise be
distinguishable from the surrounding area .

2.2.6.11 Radar Reflectors. Corner reflectors and Luneberg lenses hav e
been employed in special ground configurations to provide identifiable
targets for airborne radar. Used in this manner they may have potential
fo r  enhancing  the u t i l i t y  of a i r bo rne  radar  as an approach  aid. In
add ition , spec ial designs of Luneberg lenses have  t h e  p o t e n t i a l  f o r
adding a modulation to the reflected signals so that the airborne radar
can be used to derive precise deviation angles from a defined approach
path. The suitability of using these devices to enhance airbo--t e radar
approaches has not been clearly established .

2.2.7 Major Decision Points

Major decision points for the near t e r m  n a v i g a t i o n  p r o g r a m  are o u t l i n e d
in Figure 7, found in Section 1.

2.2.8. Program M a n a g e m e n t / S c h e d u l e

Program Management  wi l l  be as set f o r t h  in Sect ion 4. The Helicopter
Naviga t ion  Sy s t e m  Development Program Schedule is dep icted in Figure 18.

2.2.9 Funding Requirements

Hel icop ter Nav igat ion System Development Funding Requirements are
included in the Hel icopter  IFR Opera t ions  Program ( S e c t i o n  2.1.5).
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2.3 Helicopter Communication System Development

Communications must be maintained with control1e~ air::a_ t under current
ATC procedures. Should an aircraft conduct flig ht along an approved
route which is known to be beyond communications range , ATC pr oced ures
change from those for norm3l operations . When communications are not
maintained , the ATC controller assumes that the controlled aircraft can
navigate no better than normally achieved by dead—r eckoning (DR). This
causes an assumed navigation error to buildup as a function of the time
out of communications range. The assumed (DR) navigation error causes
the ATC cont rol ler  to prov id e larg e spacing between aircraft to assure
enro ute f l ight safety.

Using the abov e proced ures , two aircraft may be equipp ed with the best
navi gat ion systems ava ilable , yet they can not be dispatched with normal
ATC spac ing because the crews are unable to communicate their position to
the ATC controller. Spacing defines the maximum number of aircraft which
can be dispatched to and from an offshore oil rig complex . The current
procedures are utilizing very conservative spacing practices to insure
operational safety.

2.3.1 Objective

The objective of the Helicopter Communication System effort is the de-
velopment  and eva lua t ion  of communicat ion systems f o r  low—fly ing  a i r c r a f t
wi th in  the NAS.

• The short term objective is to determine the requirements needed
to establish ATC communications systems and facilities in support
of he l icopter  opera t ions  as far as 300 miles off—shore in the
Atlantic coastal region .

• The long term objective is to develop an ATC communications system
which will support safe and optimum operation of helicopters
flying at low al titudes anywhere within the NAS .

2.3.2 Important Considerations

The present ATC communications system has been developed primaril y for
inland U.S. operations with the assumption that a communication facility
or outlet would be available at flight termination points. Moreover ,
current ATC operational procedures are more suitable for fixed—wing air-
craf t which are usually f lown h igher and faster than helicopters. The
trend of ATC communication to use the VHF (and UHF for the military air-
craf t) band has not been a problem . In fact , the “Line of Sight” (LOS)
communications limitation of VHF and UHF has been used to an advantage as
it allows the reuse of a given frequency when sufficient geographical
separation is used . There has not been adequate frequency spectrum space
available in the present HF , VHF and UHF bands for enough channels to
conduc t ATC operations properly without taking advantage of the LOC
limitation .
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As more and more he l icopters  f l y using their unique capability to operate
low and slow , their LOS range from the nearest communications facility
becomes less and less i.e., if the ground communications antenna and the
helicopter are both at 100 feet , the LOS communications range is 30
miles , and if the helicopter climbs to 1 ,000 feet , he only extends his
LOS range to 65 miles . With the helicopter operators stating require-
ments for ATC communications when they are on an east coast oil drilling
platform , 50 feet above the sea level and 50 to about 300 miles offshore ,
the present standard ATC communications system does not meet the
requirement.

2.3.3 Critical Issues

The critical issues of the Helicopter Communications System Development
program that need to be addressed are :

• Should the present VHF and UHF ATC communication system with its
LOS limitation be extended by “br ute force” to cover the proposed
helicopter operating areas or , should a new te chn ique (by com-
par ison to today ’s ATC communications system) such as HF , VLF ,
satellite , etc. , be implemented and overlaid onto , and made a part
of , the present ATC communications system?

• Should the furnishing of ATC communications service to the off-
shore hel icop ters be implemented on a piecemeal basis (on demand ,
geograp h ic a l l y ) ,  or sho uld a planned step increase In the ATC com-
munication service area be initiated?

2.3.4 Major Tasks

The effort will consist of four major tasks :

• Task A — Study Requirements. Study and correlate technical and
opera t iona l  r e q u i rem e n t s  fo r  a new communica t ion  sys tem capable of
provid ing adequate air—to—ground and ground—to—air information
transf er bey ond presen t rad io line of sight from the present
Air Traffic Control communication facilities and also extending
about 300 nautical miles from the coastline. Performance charac-
teristics related to channel loading and access , propogat ion
anomalies , pilot—con troller workload , reliability and availabili-
ty, and new techniques and equipment will be examin.~d to establish
des ign criteria. Information pertinent to the selection decisions
and des ign evolution alternatives will be developed .

• Task B — Specify Major Characteristics. Specify recommended off-
shore commun ica tions sys tem techn ical des ign and techniques.
Describe major characteristics and specif y ground and ai rborne
equipments. The proposed system will emphasize use of conven-
tional equipment except where new ATC technique s are used that
require development. Sufficient equipment specification detail ,
functions , and descrip tion will be provided to enable procurement
and development of components.
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• Task C — Procure and Develop Equipment. Develop and procure equip-
ment specified and modify as required to provide for and
accommodate to ta l  systems requ i remen t s .  The items considered are
those airborne and ground terminal  equ ipmen ts  requi red  fo r  use in
verification and demonstration testing .

• Task D — Evaluate Operational System. Demonstrate , eval uate , and
v e r i f y  to ta l  systems c o m p a t i b i l i t y  to p e r f o r m  the communications
task , and def ine des ign and implementation criteria for this and
similar app lications .

2 . 3 . 5  Program Technical  Approach

The techn ical approach to the he l i cop te r  communica t ions  program con ta ins
two major divisions of emphasis. The first is the near term effort a~id
the second is the long term effort .

The near term effort will consist  of eva lua t ing  communica t ions  f o r
he l i cop te r  low level operat ions  extending about 300 miles o f f s h o r e . The
near term effort has two phases .

Phase I — Calibration of extent of ATC communication coverage at
NAFEC using present ATC communication equipment .

Phase 2 — Modification of present equipment using improved high gain
directional antennas and then measuring the amount of
the improvement in communications coverage.

The long term program will define , ver if y ,  and establish communication
systems design and implementation criteria in support of offshore oil and
remote/mountainous terrain/low level overland operations using helicop-
ters.

Major subjec ts  to be addressed in the Hel icopter  Communicat ions Sys tem
Developmen t program are :

• Can existing technologies (and the present ATC communications
system) be utilized to meet the requirements of the low level
o f f s h o r e helicop ter opera tions?

• Are equipment and/or techniques available that could be utilized
to meet the requirements of the low level offshore helicopter
operations?

• Decision needed on which technique to utilize .

• Decision on method of implemen t ing the new sys tem and how to
integrate it into the existing ATC communication system .
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2.3.6 Program Management and Interface

The overall management of the Helicopter Operations Development Plan is
under the Approach Landing Division, ARD—700. It is being currently
organized and managed by the helicopter Program Staff , AR D— 7 0 6 . The
communications aspect of the Helicopter Program will be initially
organized and formulated at the staff level and then specific tasks will
be levied on the Communication Branch , ARD—220, of the Communication
Divis ion , ARD—200, for Development , Test and Evaluation . Other partici-
pants in the communications area will be NAFEC and Industry (Helicopter
and Electronic). See Figure 19 for Program Schedule.

2.3.7 Funding Requirements

Helicop ter Communications Sys tem Developmen t Fund ing Requirements
(FY , $000):

1979 1980 1981 1982

TOTAL 100 100 100 100

2—39

IIIL . ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ---~~~~ 1__ .~~~



r~~
-

~~~~
- 

~~~~~~~~~~~~~~~~~~~ 
.-

~~~~~~~

q ~~— — ~~~~
C.., •~~ —

~~Ii~
I — U

>‘ —
a)
>
a)—— ~~~~~C.,

_ I~I ,_ E
- 

0)
C.,
.—I _ U >~>. (-I)

—

I <
• 0 0

S — C., 4-.,
© (~8 ._ (0

• 
L)

I _ u
I EI 0I L)

• C., I_ _ r- .. 1 <
I 0)

I I 4-)
- I I 0~0~ ). I I 0I ~d -

~~~

•—— C.,

~ I 

_ _ _ _

2 — 4 0  

. . .~ . . - . - - . ,~~~~~~~~~~~~



2.4 HelIcopter Air Traffic Control Program

As IFR helicopter activity has started to grow in the past few years ,
individual requests for new helicopter procedures at specified locations
have been received and acted upon by FAA headquarters and regional
offices. In addition , an extensive FAA e f f o r t  was made to lay Out and
start gaining experience with experimental RNAV helicopter routes in the
Northeast Corridor of the United States. Programs are ongoing to evalu-
ate the use of LORAN—C , OMEGA/VL F , and VOR/DME RNAV systems on these
routes . The helicopter ATC development activities described in this plan
will be designed to build upon and add to this base of experience , and
will take advantage of other development programs whiL~ are app l icab le  to
all classes of aircraft.

Given the many projections of increased helicopter activity throughout
the United States in the near future , Air Traffic Control activities
throughout the National Airspace System need to be prepared for the
addition of significantly increased helicopter flight operations . These
addi t ional  new he l icopter  opera t ions  will p robab ly  impact  most  rap id ly  in
the Northeast Air Corridor where significant overland flight act ivity as
well as new traffic generated by the off—shore drilling sites are
projected . It appears that these new operations will be conducted within
the NAS (and especially in the Northeast) in “controlled” as well as “un-
controlled” airspace (See Figure 20) at altitudes generally below 10,00
fee t , and frequently at very low cruise altitudes close to the surface in
VFR , special VFR and IFR conditions . Since Air T r a f f i c  Control activi-
ties rely on the total grouping or embodiment of many facilities and
entities ; such as , communications equipment and procedures , nav igational
sys tems and techn iques , flight controller—aircraft pilot interaction ,
designated national airspace , routes , terminals , aircraft , weather ,
opera tional proced ures , rules , regulations and many other related
facilities , services and capabilities; the ATC system represents one of
the most closely involved FAA activities directl y perta ining to the
successful , economical and safe integration of the helicopter into the
Na tional Airspace System. The ability of the ATC system to adjust and
innovate in order to integrate the helicopter into all aspects of flight
operat ions in the Northeast Corridor , while accommodating its unique and
special flight capabilities and minimizing those procedures that will
inhibit or compromise its economic and operational success , will be a
mos t chal leng ing task for ATC. Typical helicopter operations will
include route structures and flight situations such as city center—to—
city center , congested area—to—remote site , remote site—to—remote site ,
and remote site—to—maj or airports that are to be utilized essentially on
an all-weather basis .

2.4.1 Objective

The objective of the Helicopter Air T r a f f i c  Control  e f f o r t  is to estab-
lish safe , economical and technically f eas ible proc ed ures , prac tices and
operational concepts that will enhance the orderly implementation of
increased helicopter activities in the National Airspace System . In
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Figure 20

Model illustrating different airspace classifications
used in today ’ s ATC System .

(Reference : Gilbert & Associates , Inc.)
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addition to develop ing enha nced procedures in specific areas , the effort
will seek to develop common guidelines and criteria for the establishment
of efficient procedures and practices for integrating IFR helicopter
operat ions with other traffic , anywhere in the NAS . The effort will
attemp t to recognize and accommodate all the flight characteristics
peculiar to hel icop ters , their unique capabilities and flexibilities as
well as their limitations , so tha t they may be proper ly  integrated into
the system in a way that maximizes their ability to meet the national
transportation needs they are expected to provide.

• The near term objectives of the program will be to support the
prompt implementation of proced ures and pract ices that will
prov ide for  saf e, economical and efficient ATC enroute and ter-
minal helicopter operations within the National Airspace System .
This will include initiation of internal review/modification and
solicitation of external comments/suggestions on subject matter
pertinent to updating and amending ATC rules , operations and
procedures (especially time—critical changes) as set forth or
contained in the app licable government documents ——— especially
Chapter 11 (Helicopter Procedures) of the U.S. Standard for
Terminal Instrument Procedures (TERPS) and the Airman’s
Information Manual (AIM).

• The long term objectives of the program will include:

— The fullest exploitation of the entire upgraded third genera-
tion ATC system and all its related components and new equip-
ment for the maximum and optimum utilization available for
hel icopters .

— Development of separate and permanent route structures and
pro ced ures , within the common ATC system , that enhance the
operation of different types of aircraft and especially
prov ide , where poss ible , a non— interference pattern between
airp lane and helicopter operations.

— Completion of current FAA/NASA cooperative programs and appro-
priate utilization of acquired data and results on investiga-
tions related to fuel—op timized arrival and departure pro-
cedures , 4—D navigation concepts , cockp i t display of tr a f f i c
in fo rma t ion  and other  cont inuing programs where appl icable .

— Development and continued upda ting needed for  the appropr iate
ATC interface required for the new helicopter operations in the
Atlantic off—shore area. Continued review is required because
of the significant weather patterns encountered in the area and
the special circumstances dictated by the high density of air
traffic and large amounts of “controlled—airspace ” along the
Atlantic coastal areas of the NAS. Provide recommended means
for accommoda ting th e impend ing increase in IFR helicopter
opera t ion s in hig h—densi ty traffic areas of the Northeast
Corridor .
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2 . L..2 Important Considerations

The FAA has the responsibility for insuring the safe and efficient use of
the National Airspace System , fo r  all users , for fostering air commerce
and aeronautics and for supporting the requirements of national defense.
One of the most vi ta l  aspects  of promot ing  th i s  r e spons ib i l i t y  for  all
aviation (including helicopters) is the continued updating of the Air
T r a f f i c  Control  System and all i ts suppor t ive  services , equipments , and
proced ures. Significant innovations , add itions and changes ar e occ urr ing
cont inuous ly in what is now known as the “upgraded , t h i r d — g e n e r a t i o n , Air
Traffic Control System ”. Although a full listing of all programs and
equipments  (being developed or alread y operational) is long , some of the
ma jo r  f e a tu r e s  and programs of the cur ren t  “ upgraded”  ATC sys tem are :

• ATARS — Automated Traffic Advisory and Resolution Service ; will
provide advisories  to i d e n t i f y  the kind of maneuvers  tha t  wi l l
best solve a traff ic “conflict ” (req uires DABS implementation).

• DABS — Discrete Address Beacon System ; (with the data link) will
prov ide a fundamental advancement in all aspects of beacon use and
Air  T r a f f i c  Cont ro l  and communicat ion .

• Upgraded FSS — Upgraded Fl ight Service System — upgraded  with
increased automation .

• Upgraded ATC automation — Upgraded ATC installation — upgraded
with increased automation to enhance the metering and spacing
function .

• Airport Surface Traffic Control

• Wake Vortices Measurement

• RNAV — Area Navigation

• MLS — Microwave Landing System

• Satellite use for Aviation

Increased helicopter flight activities (especially the important circum-
stances of off—shore operations , high density traffic , large con trolled
airspaces , northeast coastal weather etc.) represent an immense field of
new initiatives in research and development as related to Air Traffic
Con trol serv ices , program s , equipment , proced ures and operations . Re-
cognizing that it frequently takes over 10 years to carry a progr am f r om
an “R&D concep t” to “imp lemen ta tion ” to “fully operational” , a heavy
burden res ts on any decision—making individual or process that develops ,
purchases and integrates new equipment into the system in response to a
“requiremen t”. Continued review of current programs must be made in
order to insure that decisions are based on valid requirements and that
the varied interests of the entire user fleet are adequately
represen ted .
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A small segment of users , the helicopter community, curren tly is operat-
ing in an airplane—dominated environment. If near term projections on
growth and activity are correct , this situation may be altered somewhat
in select areas of the NAS . Given the short haul nature of some commer-
cial helicopter operations , it may be possible that larger numbers of
localized short flights , landings and take—offs will be made per given
time per iod than is typ ical for airliners or executive airplanes in
certain locales. Whether the current upgraded ATC sys tem will  be able to
respond properly (and in a timely fash io n ) ,  should a “sudden” demand
occur , needs to be caref ully examined .

2.4.3 Issues

• Based upon the navigation and communications systems selected ,
what ATC proced ure changes must be developed to eliminate any un—
necessary spacing constraints and allow MDAs of 200 feet and
MEAs of 500 feet above obstacles?

• Should the NAS accept full and sole responsibility for low—
altitude , far off—shore remote area , helicopter operations or
should “dis tribu ted managemen t” techn iques be con sidered and
imp lemented?

2.4.4 Major Tasks

• Task A — Develop Pilot/Controller Workload Criteria. Develop
pilot/controller workload criteria related to performing each re-
qu ired phase of the various operations concepts (see B throug h E
below).

• Task B — Develop Offshore Concepts. Develop operational concepts
for single and multiple helicopter IFR arrivals and departures to
offshore oil rigs and/or clusters of rigs.

• Task C — Develop City Center—to—City Center Concepts. Develop new
opera tional concepts for operation of helicopters to proceed from
city center—to—city center direct with the most optimized
proced ures consistent with the inherent flexibility of the large ,
hig her performance , high speed helicop ters during all—weather con-
ditions .

• Task D — Develop Major Airports Concepts. Develop operational 4
concep ts for max imized IFR helicopter arrivals and departures to
and from major airports and multiple downtown heliports , with
Independent paths where possible and/or predetermined
non—confl icting , flow—through routes in relation to conventional
aircraft.

• Task E — Develop Low Level/Overland/Remote Area Concepts. Provide
criteria similar to C and D.
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• Task F —Simula t i on .  Simulate most  pr omising concepts  to
minimize cost and time for development.

• Task G — Forward Implementa t ion  Data.  Va l ida ted  concepts  and
procedures forwarded to operat i ng services.

2.4.5 FAA/NASA Cooperative Programs

The FAA project summaries detailed below outline the joint program activ-
ities with NASA Ames Research Center in: Fuel—optimized Arrival and
Depar ture Procedures , 4—D Navigation Concepts , STOL and VTOL Operat ions
and Feasibility of Cockpit Disp lay of Traf f ic In forma tion ( C D T I ) :

• FAA/NASA Simulations. Reports will be provided b y NASA and NAFEC
on the AVP—200 9550 project and on other studies by continuing to
support  Joint Studies of STOL , 4—D Nay . , and Fuel Optimized
Approaches by September 1979. Operational scenarios will be
provided using hi gh pe r fo rmance  f l i ght s imula tors  a t  NASA— Am es
to evaluate  advanced 4—D e lectronics  systems , f o r  live tes ts  of
STO L a i r c r a f t  and in design , tes t , and evaluat ion of f ue l  optim-
ized f l ight procedures. Scenarios will be provided for traffic
models , test design for S1OL simulations at Ames and for live
tests at Crows Landing (an experimental airport). Operational
support will be provided to Ames f o r  mini—s imula t ions  conducted
at tunes. Scenarios and test design for those experiments
will be pr ovided where th e Ames Fl ight  Simulators  are f i t t e d  in to
the NAFEC ATC Simulation Facility. Dependent on the size of the
experiment or which agency is in a support role , the cooperative
program calls for some experiments at Ames and others at NAFEC .

• FAA/NASA VTOL/Helicopter Support Program. In support of NASA
short haul he l i cop te r  operat ions , opera tion al suppor t  will  be
prov ided in near—term Northeast Corridor CH—53 helicopter
act ivities ; current oil rig operations ; future designs for IFR
oil rig operat ions ; VTOL operations city center—to—city center;
major airport—to—city center; and all areas in a large
metropolitan locale.

• FAA/NASA — Cockpit Display of T r a f f i c  I n f o rm a t i o n  (CDT I) .  (To
investigate the concept of distributed management). This sub-
program Is in response to proposals for distributed management
concep ts between ground systems and airborne participants.
Concepts will be formulated , simulated and evaluated against
a 1985 type ATC scenario in assurance/confidence , pi lo t
monitoring modes , and p ilot cooperative modes such as lock—on
and merging traffic assistance. Program development and
operation Is a cooperative effort between OSEM , SR.DS, and NAFEC
and in conjuction with NASA—Ames and Langley Research Centers.
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When using an in—house mini—simulation capability at Ames , FAA prov ides
ATC scenarios and controllers for experiments. When larger experiments
are tried , the Ames Simulators (that are piloted by Airline , NASA and FAA
pilots) are tied to the ATC Simulator at FAA ’s Exper imental Center at
Atlantic City, N.J. (NAFEC), for full systmm testing . The unique
capab ility to link the facilities at NAFEC with those at NA~~ —Langley and
Ames , in a real time simulation of the enroute and terminal environment ,
will be app lied in the development of the most promising concepts as
determined from the programs above. (See Figure 21). Final validation
of the concep ts would be accomplished in ac tual f l ight testing using the
proposed FAA acquired helicopter .

2.4.6 Program Management and Interagency Participation

The Helicop ter Air Traffic Control Program will be managed by the Heli-
cop ter Program Staff (ARD—7O6) and specific requirements , tasks and
directions will be under the control of the Operational Requirements
Branch , AB..D—150. (See Figure 22 for Schedule).

Extensive cooperation and interaction will be accomp lished with NASA , the
military services and the United States Coast Guard. Major joint
programs curren tly being conducted by NASA and the FAA will demand
continued close monitoring and coordination regarding progress , da ta
acquired anc~ analyzed , determination of objectives and updating of
requirements.

2.4.7 Funding Requirements

Helicopter ATC Funding Requirements (FY $000):

1978 1979 1980 1981

Total 100 200 300 100
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2.5 Weather Environment

The introduction of large numbers of VFR and IFR helicopter operations
into portions of the NAS , where h igh—dens ity congested traffic problems
are a l r e a d y  in evidence and where s i g n i f i c a n t  adverse weather conditions
f r e q u e n t l y p r eva i l , po r t ends  a new s i t u a t i o n  demanding c a r e f u l  a t t e n t i o n .
The weather environment will have a most significant impact on the
success fu l  i n t e g r a t i o n  and imp lementa t ion  of all facets of these new
an t i c i pated h e l i c o p t e r  opera t ions  in the  Nor theas t  Corr idor  and the
off— shore drilling areas of the Atlantic Ocean .

The FAA has the responsibility for determining the new or additional av i-
ation weather requirements needed for implementing safe and extensive IFR
and VFR helicopter operations within the NAS. The need for new weather
equipment and innovative procedures , catering to the special needs of
this  new a ct . .v i t y ,  wi l l  be of pr ime impor tance  if the h e l i c o p t e r  p i l o t s
are to receive t i m e l y ,  a c c u r a t e  and comprehensive w e a t h e r  i n f o r m a t i o n ,
forecasts and briefings in a usable format.

Also , the FAA has the added responsibility of conveying any new equipment
requests and staffing requirements to the National Weather Service (NWS)
and advising them accordingly so that they can include them in their
plans and budgetary processes for prompt implementation .

The programs out l ined in this  sec t ion complement the FAA A v i a t i o n  W e a t h e r
Sys tem Prel iminary Program Plan which descr ibes  a major  e f f o r t  to  improv e
the existing aviation weather system . This plan is directed to integrat—
t ing data a c q u i s i t i o n , da ta  processing , and c o m m u n i c a t i o n s  p e r f o r m e d
in support  of av ia t ion  into  a . improved , conso l ida t ed , cost  e f f e c t i v e ,
weather  system tha t  wil l  meet both the near—term ( — 1980) and l o n g — t e r m
( —1990) requirements of all aviation .

2.5.1 Objective

The objective of the FAA weather environment effort (as described herein
and in the Aviation Weather System Preliminary Program Plan) is to
develop a system in coopera t ion  wi th  th~ Nat ional Weather Service (NWS)
w h i c h  will prov ide accura te , comprehensive weather  i n f o r m a t i o n, f o r e c a s t s
a n I  b r i e f i n g s  on a timely, usable bas is f or p ilots engaged in VFR and IFR
cit pter operations within the National Airspace System (NAS).

~~ .2 I.port.~nt Considerations

~~~~~ n . L c  ;~~er ~1e et in the U.S. has been growing at a rapid rate
• - .. t ..: ~~~~~~ by t h u  mid—1980’s there will be about 12 , 000

~i .)pør.~ to n w i t h  a ve ry  larg e num ber capable of IFR f l ight.
•.~~‘ •*t enstve and concentrated domestic , civil helicopter

- . - t .~t In the i.~~/ t  f—Shore coastal area of the United
.~~~~~

. ‘ •p.~ ~ i ’~ n~~ ar .- condu~ t ed in this area under
Al~ ., h •o~~ ..~~~r I t i . ~ns are conducted on a

-

~
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The main reason for commenting on these operations here is to note the
special conditions that may prevail for these IFR flights. Sketches of
possible weather and flight pr ofiles for activities between the main
bases on land and the oil rigs in the Gulf are shown in Figures 8 and 9.
On occasion , when the home base is “ f o g g e d — i n ” , a r e tu rn ing  f l i g h t  mus t
make a full ILS approach to the closest ILS—equipped airport (as dep icted
by the “Alternate Approach” shown in Figure 8) .  The re fo re , the Gulf
Coast helicopter instrument pilot is also occasionally forced into a
high—dens i ty  ATC / COMM /NAV envi ronment  comp le te  with all the flight
planning , holding enroute , f l y ing in heav ily con troll ed airspa ce and
maneuvering with other airplane traffic in order to complete his CAT I
approach . In effect , this indicates that they too may be faced with the
iden tical situa tions tha t commonly preva il for  airp lanes at any high
density airport. Also , this will be true probably to a greater degree
for the Atlantic off—shore operations where the weather , relatively
speaking , will be worse and the  amount  of cont ro l led  a i r space  and t r a f f i c
will be greater.

On occasions when the ceiling is marginally low and the visibility ~.s
poor , many helicopter pilots will probably try to fly VFR underneath the
ceiling and at slow speeds in the reduced visibility rather than fly on
a fully implemented IFR flight plan . Therefore , as far as the weather
environment is concerned , weather information will be required for
helicopter operations for the full spectrum of activities 3ssociated with
IFR , VFR and “Special VFR” fl ights. This spectrum may include weather
informa tion for the following cases or special circumstances :

• Weather p r imar i ly  under 10 , 000 f e e t .

• Enroute weather at the surface and sea level .

• Enroute weather  for  cruis ing a l t i tudes  as low as 500 f e e t .

• Weather for “Spec ial VFR ” flight under low ceilings.

• Weather f o r  “ Special VFR” f l ight  in poor v i s ib i l i ty  and ob—
Scurat ions.

• Flight to and from terminals or heliports that may not have an ac-
tive weather observation service.

• Flight to and from platforms situated as far as 300 miles off—
shore .

• Full IFR—CAT II operations into high density terminals like Ken—
nedy International Airport.

• Flight where significant Icing conditions present serious
problems .

• Flight where significant turbulence and thunderstorms present seri—
ous problems .
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• Flight where significant or unknown wind conditions at the ter-
minal may present inadvertent loss of control or “upset ” problems .

• Flight where range and endurance may ; (1) be ma rginal with respect
to leng thy IFR hold ing periods , or (2) preclude diversion to
distant “su itable” alternates if unexpected weather phenomena
frequently occur .

Given the bud getary constraints normally imposed on all new activities ,
certain compromises will need to be made on new equipment purchases and
staf fing requests . This will be especially true regarding the addition
of NWS personnel for the many new projected helicopter terminals. Since
there are already many a i rpo r t  terminals  wi th  approved approach proc e-
dures where weather observation service is not readily available , it is
anticipated that the same situation will pr eva il for  many of the new
hel iport terminals and off—shore landing pads . Safe helicopter oper-
at ions can be severely hampered by lack of ac cura te , comprehensive
weather information and forecasts. This is especially true when obscura-
tions , low visibility and unknown wind conditions exist and the pilot is
required to make an approach to landing with no precise local weather
information .

2.5.3 Critical Issues

• Establish the required coordination with the National Weather
Service to develop and implement those plans and requirements
necessary to provide existing and future helicopter operators with
the necessary improved weather  in fo rmat ion , f o r e c a s t s  and b r i e f i n g
commensurate with their most urgent special weather needs .

• Icing climatology below 10,000 feet is not presently available .
This cl ima tology is required to support the development of
helicopter icing criteria for certification and for use in oper-
ational planning .

• Develop improved icing forecasts and on—board ice detectors to
insure safe operations . An alternate system would be to develop
inlet and rotor blade deicing systems for a true all—weather
capability. Am assessment of benefits and costs of candidate
solutions is necessary to support decisions on the optimum ap-
proach for  e f f ectivel y enhanc ing f l ight safety.

2.5.4 Major Tasks

• Task A — National Weather Service Liaison. Initiate coordination
and information exchange with the National Weather Service for
the t imely and order ly  provision of those special wea ther
services required for the conduct of the projected wide spectrum
helicopter operations within the NAS.
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• Task B — Forecasts and Climatologies. Provide impr ved forecasts
and climatolog ies including :

— icing, Visibility, Turbulence Forecasts. Develop improved re-
liable short range (0 to 4 hours) forecasts of icing con-
ditions. These forecasts will include liquid water content
(not presently forecasted), temperature , drop let size distri-
bution (not presently forecasted), and cloud layers. These
parameters are of direct use to the pilot in de te rmin ing  the
effects of icing conditions on his aircraft. Until economical
rotor blade deicing systems are developed , saf e operations will
depend on a reliable icing forecast. Improved forecasts of
visibility, ceiling , and turb ulence will be developed for IFR
f l ights to specific heliports located on offshore platforms and
in cities.

— Ic ing Cl ima tolo~ y. Provide enroute climatology of icing con-
dit ions to include liquid water content and temperatures useful
for  opera tional planning of helicopter flights. It will cover
offshore areas and altitudes below 10,000 feet. These clicia—
tologies are non—existent at this time and will be useful in
in establishing safe route structures .

— Heliport Climatology . Provide climatologies of winds ,
visibility, a nd ceiling fo r  hel iport locations for plann ing
heliports and determining operational limitations . Clima—
tologies are available for air transport airports but not for
heliports.

— Wind Shear Effects. Conduct a simulation study of helicopter
landings and takeoffs under a variety of wind shear models to
determine the effects of wind shear on helicopter operations .
Safe opera tional procedures under shear conditions will be
developed .

• Task C — Meteorological Equipment. Provide meteorological ob-
servations .

— Observation Systems Unique to Heliports. Adapt and test re-
cently developed automated aviation weather systems for the un-
ique size and location of heliports to assure representativ e
weather observations . The unique features of helipor ts that
require evaluation in adapting an observation system includ e
small size , mov ing pla t form s , and ocean environments. The
developmen t of AV—AWOS (Automatic Aviation Weather Observation
System) and ALWOS (Automatic Low—Cost Weather Observation
System) for airports will be adapted to heliports and off—shore
platforms . AV—ALWO S makes all the required observations for a
CAT II airport; ALWOS will be installed at facilities having
an instrument approach but no weather reporting system.
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Ceiling (LIDAR ) and v i s i b i l i t y  sys t ems  under  deve lopmen t  b y the
Navy and Air Force will be adapted to the high ang le l a n d i n g  ap-
proaches of h e l i c o p t e r s  f o r  CAT II ope ra t ions . The da ta  buoy
sys t em wi l l  be u t i l i z e d  to provide meteorolog ical observations
s i g n i f i c a n t  to o f f — s h o r e  h e l i cop t e r  o p e r a t i o n s .

— Airborne Weather Observation System. Adapt icing measurement
systems for use on helicopters to provide helicopter pilots
with timely icing information. Similarl y, adapt and evaluate
other weather observation equipment that could provide addi-
tional data  such as temperature , winds , and other significant
atmospheric parameters. Provide for transmission and disp lay
of icing information to the helicopter pilot as well as auto-
matic transmission (AUTOMATIC—PIREPS ) of this icing information
and the other observed weather (together with aircraft location
d a t a )  to d i spa t che r s , f o r e c a s t e r s  ar .d o the r  p i l o t s .  This
information may be u t i l i z e d  fo r  s a f e  f l i gh t — p l a n n i n g  and f o r
improving short range (zero to two hours) forecasts .

• Task D — Icing Criteria Support Data

Provide information on icing environment for developing icing
criteria for certification of helicopters. Transport category
standards for icing are in many instances inappropriate to
helicopter aircraft. It is necessary to obtain environmental
data; e.g., liquid water content , temperature , and drop size
distribution below 10,000 feet (not presentl y ava il ab le)  to
estab lish a reliable base for develop ing helicopter icing
criteria for use in certification of helicopters . The frequency
of occ urrences of mix tur es of f r eez ing ra in and sn ow, which
cause severe icing as well as flameouts , is also required . It
is necessary to establish more accurate relationships between
the foregoing parameters with cloud types in order to improve
forecasts of icing conditions . Coordination will be effected
with NASA , the Army , and NOAA , to operate an instrumented air-
craft to obtain the necessary data .

2.5.5 Program Management, Coordination , and Interagency Participation

Overall Management of the Helicopter Operations Development Plan is under
the Approach and Landings Division , ARD—700 (and ARD—706). Spec if ic
weather requirements , tasks , and direction will be under the control of
the Aviation Weather Branch , ARD—450. The program schedule is presented
in Figure 23.

Other coordination and interagency partici pation will include:

• Direct coordination with the National Weather Service (NWS);
req uesting those special services deemed appropriate for the
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helicopter operations envisioned. This action wil l  include com-
munications with the Secretary of Commerce (in accordance with
Section 310 of the Federal Aviation Act of 1958) informing him of
the projected requirements and/or additional weather services
needed for these operations . These efforts are expected to
include comprehens ive low—altitude weather observations , short
range forecasting and weather briefing services for helicopter
pilots . Some specific items of interest would be visibility in
obscura tions , wind conditions , turbulence , ceilings and any other
special weather conditions that could hamper VFR and IFR heli-
copter operations . Both enroute and terminal problems , associat-
ed with operating at the lower altitudes on—shore , between
cities , at heliports and airports as well as elevated landing
areas situated on buildings or on off—shore drilling platforms ,
will be addressed .

• The c l imat ic  s tudies  and improved f o r e c a s t  developments  will  be
attained with the participation of the National Oceanic and
Atmospheric Administration (NOAA ) organizations which have ex-
pert ise in these areas; i.e., the National Climatic Center and the
NWS. The simulators at NASA—Ames Research Center will be utilized
for the wind shear simulation .

• A cooperative effort will be estalished with the Army , Navy , Air
Force , and NOA.A to aid in developing helicopter icing criteria for
use in the IFR certification of helicopters . The Air Force WC—130
will be utilized to obtain environmental data. These agencies
will also cooperate in analyzing the data acquired .

• The NWS, National Data Buoy Off ice , and the Air Force will
participate in the development and testing of the meteorolog ical
equipment .

2.5.6 Funding Requirements

Weather Environment Funding Requirements (FY $000):

1980 1981 1982 1983

Total 190 655 555 300
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2.6 All—W eather Heliport

The heliport represents a landing and takeoff area uniquely designed for
helicopter operations . To land there , a helicopter pilot must obtain
visual contact with the pad and come to a stationary hover over it. Ob-
vious ly ,- the earlier he can transition to visual cues , the less severe
will be the req uiremen ts for  other gu idance , and the more useful the
f a c i l i t y  will be. Thus , the hel ipor t  should be the focal point for many
of the terminal  area stud y e f f o r t s .

The cur ren t  Heliport Design Guide gives general  guidance fo r  lig ht ing  on
an o f f — s h o r e  hel icopter  f a c i l i t y ,  but  discussions with several he l icopter
operators indicate a need for more definitive information . This program
will involve a thorough rev iew of f l ight test and studies already com-
ple ted , and will address the current needs of off—shore helicopter oper-
ators.

2.6.1 Objective

The program ’s objec t ive  is to determine the most sui table light ing  sys tem
fo r  he l ipor ts  with emphasis on o f f — s h o r e  oil rig requi rements .

2.6.2 Major Tasks

The program will include nine tasks designed to rev iew all ava ilable
light ing  and marking devices as po ten t i a l  cand idates fo r  use on p l a t f o r m
operat ions in all meteorological conditions including obscurations , snow
or ra in cond itions in conges ted , off—shore and remote environments with
positive IFR control to touchdown . Much of this will consist of evaluat-
ing the results of the tests already completed , but several of the most
desirable devices will actually be flight tested . (See Figure 24).

• Task A — Perimeter Lights. Review use of per imeter lights and
f loodl i ghting to determine degree of increasing dep th percep tion
with f loodl ights over that provided by perimeter lighting
(particularly transition from instruments to contact).

• Task B — Lighted Wind Indicator. Review need for ligh ted wind
ind icator for earlier detection of crosswind correction re-
qui remen ts (par ticularly when transitioning f rom ins trumen ts to
c o n t a c t ) .

• Task C — Rotating Beacon. Review need for heliport rotating
beacon during transition from instruments to contact , day and
night , 45—60 flashes per minute , alternating white , green , and
amber .

• Task D — Visual Approach Slope Indicator (VASI). Determine need
for  ~IILSI, particularly during transition from instruments to con-
tact.
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• Task E — Strobes. Determine the extent to which approach lights
ar e req uired with weather minima less than 200 fee t Decis ion
Height and 1200 feet RVR .

• Task F — Flashing Landing Directional Lights. Determine require-
men ts for  land ing directional lights and the need for flashing in
sequences .

• Task G — Line—Up Lights. Coordination with DOD to determine value
of stabilized glideslope indicators (GSI) and sequence—flashed
line—up lights.

• Task H — Other Airports. Evaluate other airport facilities as may
be required to meet objectives .

• Task I — Design Criteria. Develop hel iport design criteria to
meet objectives and goals above.

2.6.3 Interagency Participation

This program involves the operational evaluation of various lighting con-
cepts and their impact on the terminal helicopter IFR task. Installation
of these lighting con epts will be requested at DOD , NASA, NAFEC , and
perhaps DOT facilities for the collection of data and evaluation of the
systems where necessary .

2.6.4 Program Management/Schedule

Program Management will be in accordance with Section 4. Program
Schedule is set forth in Figure 25.

2.6.5 Funding Requirements

All—weather Heliport Funding Requirements (F? $000):

1980 1981 1982

TOTAL 100 100 100
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2.7 IFR Helicopter Certification Standards Program

At present no definitive standard exists for the certification of heli-
copters for operation in the IMC environment. Current certification is
based on a document which has come to be known as the “Interim Airworthi-
ness Criteria for Helicopter Instrument Flight ”. This document was de-
veloped around 1960 , and permits helicopters to be certified for IFR oper-
ations by allowing manufacturers to demonstrate comp liance with certain
FAA requirements for helicopters or by demons trating “equivalent safety”.

The current Interim Standard essentially has not been updated since the
early 60’s and has been the subject of criticism by the industry as not
representing the minimum criteria and , based on current technology, not
realistic. Improvements in basic helicopter stability characteristics
and related stability augmentation concepts have afforded an increased
capability for helicopters to expand into the INC environment. Control
sys tems and d isplay technology have advanced to the point that applica-
tion of the “Interim Standard ” in its current format is difficult and
there is no explicit provision that provides credit for these systems
when warranted .

2.7.~ Objectivet 
-

The objective of this portion of the Helicopter Operations Development
Plan is to develop aircraft certification standards and comp liance mea ns
for IFR operations of helicopters. All facets of IMC operation and
certification will be explored to fully incorporate current technology
and provide for those characteristics uni que to helicopters.

2.7.2 Major Tasks

• Task A — Update Interim Standards. Review existing standards re-
lative to current technology and establish validity on the basis
of that technology, define deficiencies , and re commend research
designed to resolve deficiencies .

• Task B — Workload Stratification. Stratify workload requirements
in terms of pilo t moni torship and con trol of the aircraf t and
other systems which comprise the total workload requirement . This
program will involve definition of levels of control and systems
involvement and will address all parameters impacting workload
spanning from open loop management to full pilot involvement and
saturation .

• Task C — Man/Machine Performance. Define expected man/machine
performance limitations in terms of performance parameters and as
a function of task requirements . This definition will provide a
common basis from which to assess workload requirements .

• Task D — Certification Integration Compliance Means. Devise a
methodology for interrelating and integrating pilot workload ,
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man/machine performance , and aircraft eng ineering characteris-
tics in the certification procedures. Define comp liance levels
in terms of the variables affecting workload and lay the frame-
work for the establishment of a system of credits as they pertain
to these variables .

• Task E — Displays/Control System Credits. Define the inter-
rela tionsh ip of displays and control system concepts as they
impac t on pilo t wo rkload and per form ance and exp licitly define how
this interrelationship could be integrated into a system of
cred itr for a given proposed configuration . Define crew re—
qit irements in terms of configuration .

• Task F — New Certification Standards/Procedures. Validate through
f l ight test the evolved methodology and proced ures using the
workload and credit tools developed .

• Task G — Simulation. Substantiate the validity of simulation as a
certification tool. Define the fidelity requirements and verify
them through the correlation of actual data with the simulation
data. Spe cific answers to such questions as; what cues are
needed , how many ,  a’- ’ what degrees of simulation fidelity are re-
quired , will aid greatly in the design of a valid simulation . Any
adverse phys iolog ical e f f e c ts by type and magnitude should be ad-
dressed . The results of the program envisioned would provid e the
opera ting agencies with an economical and safe tool for their use.

One candidate plan for an improved certification process is shown
in Figure 26. The interplay of flight and ground testing and
simulation (both in—flight and ground—based) is shown to the right
side of the Flow Chart (Figure 26).

2.7.3 Interagency Participation

In developing new certification standards and compliance means for IFR
certification testing , it is intended that maximum use of the simulation
facilities at NASA—Ames and the National Aeronautical Establishment in
Canada be bro ugh t to bear in the def in ition and ver if i ca tion of comp li-
ance methodology , workload stra t i f ica tion , and def inition of the inter-
relationships between flight displays , control system configuration , and
crew comp lement. Final validation will be accomplished in the test veh i-
cle defined in this plan .

2.7.4 Program Management/Estimated Schedule

Program scheduling for the IFR Helicopter Certification Program is
outlined in Figure 27. Program Management will be as set forth in
Section 4.
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2.7.5 ?u~ding Requirements

Helicopter IFR Certification Program Funding Requirements (FY $000):

1978 1979 1980 1981 1982

TOTAL 50 225 700 650 350
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2.8 Helicopter Icing Standards

In the past , primary emphasis on establishing icing criteria and
standards has been concentrated on all—weather operations by fixed—wing
aircraf t. With more IFR certified helicopters coming into use, the
impetus to conduct helicopter flights in known icing conditions is
increasing. For the most part , current , civil IFR certified helicopters
(and military) have limitations imposed on the conduc t of flight in known
icing conditions if the aircraft is not equipped with approved ice pro-
tection apparatus . However , several civil (and military) helicopters
have been cleared for flight in certain icing conditions provided that
the appropria te, effec tive icing protection equipment is installed and
operable.

2.8.1 Objective

The objective of the Helicopter Icing Standards Program is to initiate
development of the pertinent regulatory and advisory documents pertaining
to certification and operation criteria associated with helicopter icing
and ice protection systems .

• The short term objective is to issue an interim standard on icing
as soon as practicable , in order to provide guidance for test and
evaluation , establish effectiveness parameters , detai.. icing de-
finitions specifically for helicopter use and determine reliabili-
ty criteria for the various existing and projected helicopter ice
protection systems .

• The long term objective is to review and correlate existing
helicopter icing information with new , additional data obtained by
implementation of various FAA research and development tasks
pertinent to the helicopter icing problem and protec tion systems .
These effor ts will include updating of the standard and the tech-
nology data base , evaluation of icing factors such as ice shapes ,
surface contours , airspeed , etc., use of measuring and detection
instrumentation , and effects of cloud icing paramaters such as
outside air temperature and liquid water content.

2.8.2 Important Considerations

Previous experience with helicopter ice protection systems has revealed
that many of the systems studied thus far have been very complex , expen-
sive , heavy , unreliable and , in many cases , of questionable effective-
ness. Also , it is important to realize that there are indications of
significant differences in the manner of ice formation or the mechanism
of accretion between airfoils and surfaces on fixed—wing aircraft as op-
posed to those on rotating wing aircraft.

Discussions of airframe icing and definitions of icing terms and ice ac—
cumulation factors detailing the intensities of accretion (e.g. as

2—66



discussed in the Airman’s Information Manu~~ ) need to be updated to
include helicopter operations and should re lect the different problems
and effects associated with helicopter operations in icing environments .

2.8.3 Critical Issues

The critical issues for the Icing Standards Program as applied specific-
ally to helicopter operations conducted in icing environments are :

• Promp t determination of those parameters , functions and defini-
tions describing the basic certification requirements for reliable
and effective helicopter icing protection systems .

• Issuance of an Inter im Standard on icing (as soon as practicable)
that provides guidance for test , evaluation and reliability
criteria for helicopter ice protection system certification .

• Determination of the adequacy of existing icing test facilities
and/or the need for additional facilities .

2.8.4 Major Tasks

Implement research and development efforts that will provide informa-
tion and data necessary to update standards and advisory documents
pertaining to the certification and operation of helicop ters exposed to
the icing environment . Include efforts that will establish standards for
operating altitudes (10,000 feet and less) consistent with projected INC
routes and ATC procedures being developed in other parts of the over—all
Helicopter Operations Development Plan.

The major tasks will include:

• Task A — Icing Standards and Technology ~pdate. Review current
FAA documents and certification practices and determine the degree
of transferability and applicability of established precedent to
the helicopter icing problem. Review current technology with em-
phasis on helicopter programs and define systems where ice pro-
tec tion technology is in hand . Define systems requirements where
the technology is not in hand and where add itional requirements
will be necessary. List critical components in order of their
importance and define systems requirements for increasing severity
of exposure to ice.

• Task B — Interim Standard. Develop interim standard for icing
cer tification from data obtained in Task A based on existing
hel icopter operations into icing environments. Consider as a
bas is both military and civil operat ions , as appropr iate, and
Incl ude as a minimum , the effec ts of size of particular aircraft
and power margins available .

2—67



• Task C — Ice Shapes. Define minimum criteria in performance and
handling qualities for unprotected helicopters exposed to ice.
Define representative shapes for rotor blades and other systems
for the assessment of performance and handling qualities de-
gradation . Include consideration of asymmetric shedding and its
impact on both aircraft and the surrounding area . Define the de-
gree and nature of accep table ice shedd ing, if any , and def ine its
impact on aircraf t flight characteristics.

• Task D — Instrumentation. Evaluate the state—of—the—art with re-
spect to both ervironmental definition m d  ice detection and ac-
cretion instrumentation . Define instrumentation characteristics
and determine if an optimum configuration could be designed to
document both the environment and ice accretion characteristics as
they pertain to certification testing . Include both experimental
and standard instrumentation and systems. Define an optimum sys-
tem.

• Task E — Icing Certification Tools. Survey current test facili-
ties , analytical techniques , and other procedures and facilities
applied to the definition and resolution of ice and icing
problems. Define current def iciencies and recommend projected
requirements .

• Task F — Ice Accretion. Define the mechanism , charac ter , and
rates of accretion of all forms of natural icing as a function of
environmental conditions. Identif y the primary and secondary
hazards associated with each icing form and suggest ways to miti-
gate or eliminate these hazards.

• Task G — New Criteria and Procedures. Establish new criteria and
test procedures based on previous work and current and projected
certification tools. Identify the degree to which simulation
could be useful and define an integrated and cost effective ap-
proach to icing certification .

2.8.5 Prog~ani Approach

The initial emphasis of the Helicopter Icing Standards Program will be
direc ted toward that effort that will permit , as soon as it is practic-
able , the issuance of interim helicopter icing criteria for certifica-
tion. Existing data, regulatory and advisory material in hand , as well
as new technology information , will be reviewed and integrated in order
to provide ice protection design and evaluation criteria . In addition ,
near— term efforts will identify those areas where technology is lagg ing
and research and developmen t tasks need to be implemented .

Prompt appraisals will be made of the existing test facilities so that if
new facilities are required , the initial planning and budgetary
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processes may be made in a timely fashion to account for the long lead
times and the capital budgeting/appropriation cycles needed for acquiring
and activating new facilities.

2.8.6 Program Management and Interagency Participation

The icing standards program related to helicopter operations as detailed
in this plan will be managed by the Systems Research and Development
Service (SRDS) as set forth in Section 4. Specific requirements , tasks
and direction will be under control of the Airworthiness Branch , ARD—500.
The program schedule is outlined in Figure 28.

Investigations Into helicopter icing problems have been carried out and
are continuing in other organizations and in foreign countries. Coor-
dination will be effected with these other organizations , foreign and
domestic , to take advantage of knowledge already gained by these sources
and to use their resources , where practical , in carrying out new icing
investigations .

Stong NASA and Army participation is required in basic research to define
accretion characteristics and blade icing shapes and the performance
degradation related thereto. This will involve joint effort and use of
NASA wind tunnel facilities both at Ames and Lewis Research Centers and
participation with the Army in their flight test program using the UH—1H
icing test aircraft and the CH—47 spray aircraft. If current studies
indicate an inadequacy in the icing facilities area , a major coordinated
effort may be required in the development of a new facility for joint use
in icing research and icing certification .

2.8.7 Funding Requirements

Helicopter Icing Standards Program Funding Requirements (F? $000):

1978 1979 1980 1981 1982

TOTAL 330 225 600 800 1300
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2.9 HelIcopter Crashworthiness

No crashworthiness standards currently apply to the design of the basic
airframe of the helicopter.

The current standards for  ce r t i fy ing  helicopters do not con tain proce-
dures and criteria which can be used to represent the actual dynamics of
a c rash impact s i tua t ion . As such , the requireme nts provide a relatively
unknown level of crashworthiness.

2.9.1 Objective

The objective of this effort is to provide certification standards and
compliance means for improving the airframe , seat , and fuel tank crash-
worthiness of helicopters .

2.9.2 Major Tasks

The following seven tasks should allow for an orderly transfer of general
aviation airplane technology and certain DOD technology to provide the
basis for a reasonable level of crashworthiness.

• Task  A — Procure Test Hel icopte rs .  Procure helicopters to be used
in Program “KR.ASH” and full—scale crash testing .

• Task B — Modify Program “KRASH”. Modify Program “KRASH” (develop-
ed for general aviation airframe response to crashes) to accommo-
date helicopter designs and apply to the analysis of three heli-
copter crash tests . Loads , accelera tions , deformations , time
of s ign i f ican t  f a i lu res , etc . , will be p redicted .

• Task C — Modify Program “SON—L A” . Modif y Pr ogram “ SOM—LA ” (de—
ve loped by Dynamic Science and Penn State University to analyze
the response o f general aviation aircraft seats) to accommodate
helicopter  seats and to predict seat/occupant restraint in the
tests conducted . Modifications considered include vertical energy
abso rption , load inputs at each leg , separate seat and occupant
masses for  analysis of heavy seats , etc.

• Task V — Develop Crash Resistant  Tanks. Develop crash resistant
t anks and valves based on Army helicopter (heavyweig ht )  and FAA
general aviation demonstrated (lightwe igh t )  bladde r crash re-
sistant fue l  ta nks and crash closing valves which are more
appropriate  for  civil hel icopters .  These tanks and valves will be
tested both du ring component and ful l—scale  testing .

• Ta9k E — Conduct Three Crash Tests. Conduct ful l—scale  test of
th ree helicopters at the National Aeronautics and Space Admi nis-
t ration , Langley Resea rch Center , test f a ci l i ty in the same
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manner as those conducted for general aviation aircraft. Selec-
tion of the test parameters will provide information pertaining to
the definition of the crash environment.

• Task F — Develop Crash Environments. Crash environments will be
defined which represent the range of potent ia l ly  su rvivable
crashes including such fac tors as terra in , helicopter attitude , de—
scent speed , angles of pitch , yaw and roll , etc .

• Task C — Propose Cr i te r ia .  Propose ce r t i f i ca t ion  standards to the
Flight Standa rds Service (A FS ) .

2.9.3 Current Practice

For seats , occupants , restraints and mass items that could come loose and
present a hazard , static load factors are individually applied in each
direction to ensure retention under what are called emergency landing
conditions.

Fuel lines are generally designed to preclude failure of fittings and at-
tachments where lines pass through bulkheads , etc. The tanks themselves
are not specifically designed to be crashworthy but for specified landing
‘-ond itions, the structure around the tank must preclude fuel spillage.
Other tank system requirements are intended to result in design of
st ructures such as landing gears , so that when they fa i l  they will not
penet rate the fuel system.

2 .9 .4  Program SON—LA

The SOM—LA program involves the development of a computer s imulation of
seat , occupant and restraint system response to crash impact conditions .

This e f fo rt  was undertaken in response to the agency needs to improve oc-
cupant survivability and minimize injury in a crash .

Standards were general in nature and described the desired capabilities
to represent the seat/occupant/restraint response to crash accelerations ,
utilized equipment and language generally available to the industry and
automated as much of the program as possible to minimize the technical
expertise needed for its application .

A draf t users’ manual has been prepared and is being modified as test
data becomes available . The manual describes the use of the program ,
data preparation , possible problem areas and means to avoid or overcome
them in the use of the program . Program listings , sample problems and
results interpretation are included .

About eight test conditions of rigid seats with flexible legs and 30 real
seat tests are to be used to establish the validity of the method . Early
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test results indicate excellent representation of the occupant but that
modification is necessary in the representation of the seat.

2 .9 .5 Prqgram KRASH

The KRASH prog ram involves a computer simulation of airp lane structural
response to crash impact conditions .

This program was initiated by the U.S. Army for the prediction of heli-
copter crashworthiness. The FAA has expanded its capability and added
features to It , making I t a tool for the general aviation industry to
use. This effort was undertaken in response to agency needs for
improving aircraft crashworthiness.

Standards were general in nature and described the desired capabilities
to represent aircraf t structure and impact conditions , to utilize com-
puter equipment and language generally available to the industry and to
automate as much of the program as possible to minimize technical
expertise needed for its use.

A detai led th ree—volume users ’ manua l has been prepared describing the
program , data preparation , possible problem areas and means to avoid or
overcome the,., in the use of the program . Program listings , two sample
problems , and results interpretation are included .

Four full—scale crash tests of general aviation type aircraft were used
to verify the capability of the program. The test results (loads,
acclera tions , deformations , fa ilures , time , etc.) indicate good agreement
with the predicted results .

2.9.6 Program Management/Estimated Schedule

Program Management will be as set forth in Section 4. The schedule for
the Helicopter Crashworthiness program is outlined in Figure 29.

2.9.7 Funding Requirements

Helicopter Crashworthiness Funding Requi rements (FY $000):

TOTAL 300 690 550 300 150
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2.10 }Jtl ic~pter Noise Characterization

With approximately 7,000 domestic helicopters in operation , the areas and
number of people impacted by hel icopter noise have increased greatly.
Continued increases In helicopter usage in regular passenger service may
be st imulated by the fact that no new major airports are planned in the
U.S. in the near future , but this growth may eventually be restricted by
the community noise problem .

In addit~.on to community noise , interior noise is a problem from the
standpoint both of safety and of passenger acceptance. The high noise
levels contribute to pilot fatigue and may reduce the accuracy of
communications . Cabin noise and vibration have long been the chief
complaint of passengers and have contributed to the slow growth in
regularly scheduled helicopter passenger service.

Presen tly, no regulations exist for certification of helicopter noise ,
although the Federal Aviation Administration and International Civil
Aviation Organization (ICAO) are developing standards concurrently.
These standards are being based on data acquired by industry, FAA ,
National Aeronautics and Space Administration , and ICAO .

2.10.1 Objective

The general objective of the helicopter noise characterization effort is
to continue to expand the helicopter noise data base in order to support
future regulatory efforts and assess and minimize negative system char-
acteristics due to exterior and interior noise.

2.10.2 Important Considerations

Helicopter noise standards are now being developed concurrently by FAA
and ICAO to result in a common standard . The Office of Environmental
Quality currently plans to release a Notice of Proposed Rule Making on
hel icop ter no ise cer tif ica tion in the near fu ture , to be followed by the
publication of a regulation sometime next year. Additional research and
developmen t (R&D) effort is not required to support this regulatory
action , but work is needed to expand the data base for future regulatory
suppor t , anticipate any special noise problems of new technology designs ,
and to investigate methods of interior noise abatement .

One issue that can be raised is whether or not the FAA should be expand-
ing the research effort in the area of pred ic tion sInce a no ise r ule Is
already in preparation. There is a need for a general helicopter noise
pred iction model , more accura te than those curren tly availabl e, which
could be used to evaluate proposed noise abatement methods and the
effects of design changes. Each of the major helicopter manufacturers
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have some in—house pred iction capability, but this is not readily avail-
able to the Government or to others , nor is it certain that any of these
pred iction methods could be applied as accurately to another manufac-
turer ’s product due to differences in design philosophy and approach .
For a similar reason , economic studies of noise reduction methods are of
limited value without a good , generally accepted pred iction model. The
successful  app l ication of noise reduct ion technology to one hel icopter
type does not mean that it can be applied to another which probably has
been des igned to very different requirements .

2.10.3 TechnIcal Approach

2.10.3.1 Prediction Model

To aid in the assessmen t of changes in noise impac t due to change in
des ign , operation or certification requirements , a component based heli-
copter noise prediction model will be developed which can be used for
param etric studies . This task will be coordinated with NASA to avoid
unnecessary duplication and it will also support the FAA ’s Integra ted
Noise Model. A data base will be assembled , available component predic-
tion methods will be rev iewed , and a general prediction model for noise
during takeoff , hover , cruise and approach will be prepared .

2.10.3.2 Noise Abatement Operations

Noise abatemen t approach and departure procedures will be investigated
and recommended . Blade slap as a function of rotor speed , rate of
descen t and airspeed will be anal yzed and proced ures to reduce slap will
be def ined and demonstrated .

2.10.3.3 Interior Noise

Representative helicopter interior noise and vibration levels and dura-
tion will be determined . Psychoacoustic tests will be conductd to deter-
mine poss ible communica t ions problems , temporary threshold shift and
noise—v ibration induced fa tigue. Interior design noise and vibration
cr i ter ia  will be recommended .

2.10.3 .4 Hardware Demonstration

Promising noise abatement modifications appliable to curren t helicopters
will be analyzed and those with the grea tes t po tential for  econ omical and
prac tical app lica t ion will be selected for  lim ited f l ight testing . The
purpose of this effort is to determine noise reduction technology which
could be used on both current and future helicopters. It is anticipated
tha t  this would be a jo in t  indust ry—FAA ven tu re .

2.10.4 Major Tasks

Enhance the near—term application of the proposed noise standards and ,
provide a technical base to help determine the need for and define future
regulatory action .
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2.10.4.1 Noise Prediction Model

Develop a compone nt based helicopter noise predict ion model capable of
external and internal noise prediction which can be used for parametric
studies.

• Task A — Prediction Model. Assemble a data base and available
component prediction methods and p repare a general predict ion
model fo r  noise during takeoff , hover , cruise and approach .

• Task B — Model Ver i f ica t ion .  Verif y predic t ion  model using test
stand and f l igh t  da ta ;  modif y where necessary.

2.10 .4 .2  Noise Abatement

Investigate and recommend noise abatement approach and departure
procedures .

• Task A — Analytical Study . Perform an analys is of blade slap as a
func tion of ro tor speed , ra te of descen t , and airspe ed and def ine
proposed operational procedures .

• Task B — Flight Tcst. Demonstrate proposed proced ’es and record
noise data .

• Task C — Analyze Results. Analyze test results and determine ap-
plicability of procedures to actual operations .

2.10.4.3 Noise Reduction Demonstration

Demonstrate noise reduction technology applicable to current or future
helicopte rs.

• Task A — Selection of Approach. Identify promising noise abate-
men t modifications app licable to current helicopters and select
those with greatest potential for economical and practical ap-
plication .

• Task B — Fabrication. Fabricate test item.

• Task C — Demonstration. Conduc t limited flight tests to dewon—
st rate installed noise reduction .

2.10.4.4 Interior Noise

Determine effect of interior noise on fligh t safe ty and passenger
acceptance .
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• Task A — Interior Noise Exposure. Investigate relationships be-

tween interior noise level , exposure duration and the impact of

noise exposure , includ ing annoyance , communications interference ,

temporary threshold shif t, and fa tigue.

• Task B — Psychoacoustic Tests. Design and conduct psychoacoustic

tests to verif y the rela tionsh ips and def ine in ter ior noise
cr i ter ia .

2.10.5 Program Management/Estimated Schedule

The Schedule for the Helicopter Noise Characterization program is

outlined in Figure 30. Program Management will be as set forth in

Section 4.

2.10.6 Funding Requirements

Helicopter Noise Characterization Funding Requirements (F? $000):

1979 1980 1981 1982 1983

TOTAL 300 300 300 300 300
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3.0 Funding Requirements

Funds required to provide fo r  the t imely integration of the helicopter
into the NAS system are identif ied in Table III .  The funding break-
down presented in Table III  is s t ructured to i l lus t ra te  that p r io r i ty  has
been given to those e f f o r t s  which hold promise of allowing imp lementation
of short term , inter im products or services .

SUB-
SECTION AREA FY 78 FY 79 FY 80 FY 81 FY 82 FY 83 TOTAL

2.1 IFR OPERATIONS 300 500 700 350 350 250 2 , 450
2.2  (+ NAVIGATION )

2 .3  COMMUICATIONS 100 100 100 100 400

2.4  ATC DEVELOPMEN T 100 200 300 100 700

2.5 WEATHER 190 655 555 300 1,700
ENVIRONMENT

2.6 ALL—WEATHER 100 100 100 300
HELIPORT

2.7 IFR 50 225 700 650 350 1,975
CERTIFICATION

2.8 ICING STANDARDS 330 225 600 800 1,300 3,255

2.9 CRASHWORTHINESS 300 690 550 300 150 1,990

2.10 NOISE 300 300 300 300 300 1,500

TOTAL 780 1,850 3,680 3.605 3.355 1,000 14,270

NOTE: Availability of estimated funds is subject to OST/OMB/Congressional
actions. Funding estimates r e f l ec t  planned program milestones sub-
ject to availability of funds. Current year estimates are consis-
tent with the Helicopter Operations Development Fiscal Program .

TABLE III. SUMMARY OF FUNDING REQUIREMENTS ($000)
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4.0 Program Management

4.1 General

The Helicopter Program Staff (ARD—706) was established within the Systems
Research and Development Service on April 5 , 1978 to provide focus f o r
all helicop ter research activity within the FAA. This office will be the
principal element responsible for planning , managing implementation and
coord inating all engineering and development activity pertaining to civil
helicopter activities within the National Airspace System . The responsi-
bilities of this office include: general management of the helicopter
program implemented within the functional divisions of SRDS and other FAA
research ac t iv i t ies  (NAFEC , Aeronautical Ctr , Regions , etc.); integration
of requirements from other FAA offices and services in to  technical
program objectives and technical/managerial coordination and monitorsh ip
of both unilateral and multilateral programs with other external agencies
(NASA, DOD, NOAA , IJSCG, etc.) conducting research pertinent to fulfill-
ment of the objectives of the Helicopter Operations Development Plan.

4.2 Functions

• Planning and programming all engineering and development
activities (a) for improvement of helicopter operations in the
National  Airspace System , (b) for the development of new elements
of the National Airspace System that may be required to support
e f f i c i e n t  helicopter  operat ions , and (c) for those activities de-
signed to foster and encourage improvements in supporting
hel icopter  operations .

• Developing budgetary and fiscal programs required to implement the
Helicopter Operations Development Plan .

• Defining and assigning projects , tasks, and priorities required to
implement the Helicopter Operations Development Plan.

• Managing, directing and controlling the Plan to assure that
schedules , tasks , projects, and programs in the Plan are ef-
ficiently executed .

• Coordinating with other government agencies and industry as neces-
sary to achieve effective use of national resources in the de-
velopment of improved supporting helicopter operations .

• Maintaining cognizance of the state of development of helicopter
technology and the progress achieved in executing the Plan.

• Provid ing technical consultation and assistance to other offices
and services within the administration and with other government
agencies and aviation organizations .
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4.3  Program O f f i c e  Structure

The program office structure is given in Figure 3. It includes s t a f f  and
adminis t ra t ive  elements assigned d i rec t ly to the Program Manager from
each of the functional divisions . These representatives are responsible
for  technical program execut ion and final coordination with their re~ pec—
tive operating services (through the Helicopter Operations Task Force)
and NAFEC (for test and evaluation requirements and sub—program
execu t ion ) .

The Program Management Staff is responsive and responsible to the Program
Manager on a f u l l  t ime basis to assist  in the execut ion of h is  management
responsibi l i t ies .  Division represen ta t ion  is assigned on an a s — r e q u i r e d
basis within its functional area of expertise to execute the program
elements and be responsible to the Program Manager for the technical
aspects of the Plan. Non—technical support (i.e., administrative ,
personnel etc.) will remain division responsibility .

Identification and definition of certification and operational require-
ments will be accomplished through representation and interaction with
the Helicop ter Operations Task Force. For those elements of the Plan
assigned to NAFEC for execution , coord ina tion will  be accomp lished
through ..ne NAFEC project manager by the SRDS Helicopter Program Manager
with the assistance of his staff.

4.4 Program Coordination

Program coordinat ion wi th  all participants involved in the planning and
execution of the Helicopter Operations Development Plan is the responsi-
bility of the Helicopter Program Manager. This includes : identification
of both technical and support requirements and personnel , resources and
f ac i l i t i e s  allocation ; in i t ia t ion  and coordinat ion of in teragency and
in ternat ional  agreements ; in tegration of related e f f o r t s  of other agency
programs and continued dialogue with all civil operating and industrial
entities and their representatives to insure Plan relevance to current
and projected needs.

4—2 


