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1.0 

1. 

• ' 
Th~ purpose of this report is to co.npare the operating <>cono,:iics of 
developrd versions of thP Avrocar with those of existing commercial 
lif,Tlt aircraft . 

The approach is similar to that of 500/P:-.::11F/ 425 (Ref. • 1) in which a. 
si~plifiPd form of the direct operating cost equations, based solely 
on the aircn.1.ft weif!hts, cruisinr.; speed, and fuel conslL'npti:::>n during 
cruisP1is obt~i~Pd. In thP prPsPnt rPport, however, thP annual 
aircraft utilization is assurned to be 100() hours. 

Pu~lishPd data for existin~ lir,ht airc raft and ~sti ,~ated W"iv•-,ts 
ind prrfor.nc1.:1ce firrures for two li ftinp: fan ve~icles are insPrtPd 
in th,, si111ol:i fiPd forr.iulae to produce coT'lpar:ci.tiv 0 cost dB.ta. 



. 2.0 

2.1 

2.2 

2 • 

.. ' 
MET!-lOD OF .1..Jiil YSIS 

The ~ethod of analysis is based on the SBAC system (Ref. 2) but 
\Ii t:1 1 abour costs ap_proctching those given by the A.TA system (Ref. 3) 
to makP. the> total direct operating costs representative of North 
hmerican r.onditions. The de~ivation is similar to that in Section 
2 of Ref. 1, thP. only modification being that the annual utilization 
rat0. for lig-.ht aircraft 1s assumed to be 1000 hours. 

Th~ deriv&tion of the method is riot re p~at~d in this ieport: the 
oririn~l rPport should be referred to if further information is 
desirP.d. For convenience a list of the basic aSSQ~ptions made, the 
direct oper,9 t. i ng cost equations used, and definitions of all 
necessary t.f'rms, is given in Section 2.2. 

Si7nlified MP.thod for D~terminlnf Dir~ct OpPrating Costs of Light 
Aircnf't 

Cost of empty aircraft less enpi~es 
and fans 

Cost of reci procating enpines 

Cost of turbinP engines 

Cost of fans 

Crew cost, pilot 

Cost of fuPl gasolene 

turbine fuel 

S30 per pound 

$25 per pound 

$60 per pound 

$60 per pound 

S24 per hour 

$. 263 per imp. 

s.145 per imp. 

Cost of Oil 4'.i~ of fuel cost for reciprocating engines 

1% or fuel cost for turbine engines 

gallon 

gallon 
• 

Wei pht of fu 0 l - f'.c s olene 

- turbine fuel • 

7.0 lb. per imp. fellon 

7.8 lb. per imp. gallon 

Aircraft insurance - 4% per annum for fixed wini' aircraft 

- 6% per annum for rotary ~ing aircraft 

La~dinp: cost - S. 55 pPr 1000 lb. of all up weir-ht for fixed 
winp- aircraft 

- S.165 per 1000 lb. o! all up wP.ight for rotary 
wine aircraft 



'.?.2 ::3i ,~:1lifi.,.d l·i"t :co d of D.,t.P.mininf Dir?ct OnErating Costs of ~ig)lt 

Air~raft (Cont)nuP,d) 

Annual Utilization 1000 hours 

Aircraft less engines and fans: 

Spaps holdings 

Obsolescence period 

Residual value 

Spar<>s !1oldings 

Obsolescence period 

RF:'sidual value 

Overhaul period 

SpA.:res holdinp 

Obsolescence period 

RP.sid'J.al value 

Cost relationships: 

fixed win~ aircraft 

rotary wing 3ircraft 

10% 

10 years 

5o;1a 

10 years 

20% 

1200 hours 

600 hours 

10% 

10 y~ars 

Based on the above assumptions, the direct op~rating costs are: 

DOC/hr 

+ • 0391 Ve + 24 dollars per ho~r for a fixed 
NAJ1P 

wing piston en£ined aircraft 

+ .0187 Ve + 24 dollars per hour for a fixed 
Ni,hP 

wing turbine engined aircraft 

+ 24 dollars per hour for a 
NAflP 

rotary ~in~ pi~ton engined aircraft 
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4. 

Simnl i fi ed Method of Deterr.:ininr" D:i r 0 ct ODPratin,cr Costs of Lir,ht 
Aircrart (ContinuPd) 

+ .0187 Ve + 24 dollars per hour for a 
Nli.H.P 

rotary wing tur1-ine en,dned aircraft 

DOC/n.m.= [ DOC/hr] [ ~c + ~S] dollars per nautical mile 

, for fixPd winp airc ~·;:,,ft 

= [ DOC /hr] [ ~ c + ~ S J dollars per nautical mile 

for rotary ,:in!'.! aircraft 

where 

A~w = aircraft all un weir:ht at take-off, lb. 

DOC = direct o~erating cost, dollars 

hr. hour 

crui sP naut:i cal air miles P"=T pound of fwd consumed 

nautica1 mile 
• f 

S = stap.e length, nautical miles 

Block time, hours 

s + 1 hour3 for fixed winp: aircraft 
Ve 3 

s + l hours for rot a :r:r wing aircri'lft 
Ve 6 

Ve = mean cruise speed, knots 

w a wPi dit of 0□pty aircraft less crew, less bare eng ines, 
less fans 

wr weifht of fans, including rotors, cases, stators, hubs and 
bearinp.s. 

NOT:S: An aircr&ft such as a GETOL machine whi.ch, although airborne, 
requires a lonf acceler2tion ru..~ close to the ground before 
it can climb to a heicht of 50 ft. is assuned to obey the fixed 
wing aircraft relationships. An aircraft ... .-h_ich on take-off 
climbs verticBlly to at least 50 ft. and then accelerates, is 
assum~d to obey the rotary ~in(, aircr~ft rPlationships. 



The direct opPratir:g cn"ts of 'cXistinf li ,nht 2ircr;:;ft is 0btainr,d 
by inse.r+,jn,:::- th~ datA 0 1 Tr1.hl ~ 1 in thP. rPlr1ti0nshi 11s cf Sf'.:ction 
?.2. Th0 tabulatPd data is derived from trnde publicP-tions (RP.f. 
4 to 14) and due to descre pancies betwP.en the varioufl sources must 
bi> assn,ied . to be approximcite only. 

. ( 
Table 1 prPsents thP a va ila ble data for fixPd wing a nd rotary wing 
lip:ht ai rcr::i ft. Payloe d vs Ran~ curvP.s, basC'd on the allowances of 
t!'",0. si.P1pJifiP.d r:ieth0d, arP g iven hi Fi rC: • 1. 

The derived dirPct opf:ratin g costs a re presented in Fif.:. 2 and 
Fir-. 3, f:ixe-d win r, and rot erJ wing rPsul ts bdnr e-iven on thP same 
fiP,Ur P. . Fig. 2 is a plot of the Di rect Operi-ltinr; Cost per Nautical 
Mile v s_ Ran,qe, a.rid ?i g . 3, a plot of the Direc-t Operating Cost per ,1,, 

Ton Nautical Mile vs Ra.rive. 



T A B 1 E l 

EXISTING LIGHT AIRCRAFT CONSIDERED IN THE COST ANALYSIS 

EnP-ines AUW Op. v!"' i r,h t Max.Pay- Max. fuPl Cruise Cruise 
Air~r,;i(t llilt.. Tvnc -= lli E:-ri12ty I l:l:21 l.qr:JL lb. 1}2 t ~I2~CQ1kts1 Alt1 (t. Btli. 

FIXSD \./ING 

D. H.-:-
B~rp:1>r L ?0 1 P & \1 R 985 5,100 3,027 2,073 569 124 5,000 13, 14 
BPnchcraft-:-
Debonair '.13 1 Con.10-,1.70J 2,90() 1,930 970 294 124 10,000 12 
Cessnc1 -:-
Bird Dor, L l gA 1 Con. 0-4 70-11 2 ,.100 1,698 702 245 87 8,000 .1, 14 

lP 1 Cnr.. 0-300-A 2,?00 1, 4 fio 740 252 84 7,500 6,14 
?10 1 Con. 0-470 E '.?,900 1,960 940 390 119 10,000 9 . 
31C 2 Con. 0-470-11 4,600 3,152 1,448 600 145 15,000 14 

Moonf"y 7" 
' Mk. 20A 1 Lyc.03fJO-AlA 2,450 1, 6.10 810 210 143' 10,000 8,14 

Piper -
Comnnche 1 Lyc.0360-AlA 2,5J0 1, f;4 5 905 300 139 · 8,000 7 

HOT A P.Y ',11:-lG 

B"'ll -: Fr.1.nklin 
Trooper 47 G-3 6VS -335 2,550 1,739 811 241 78 0 11 
Cessna -·. 1 

CH-1 Con.FS0-470A 3,000 2,175 825 465 87 G 5,14 
Hilll'?r -:-
12E Lyc.10-540-BlA 2,700 1,900 800 276 73 0 10 

Notpl- Above firoires assumP that each aircraft has a crew of 1 . 

• 
Cl'\ . 



7. 

6.0 DF'.ECT OPEF . .ATIJJG CC3'T'S G? LI?TING :<'A~l P.Il~C:'v.FT 

Dir<>ct operatinv costs are prPSPnt ed for two l iftinr. f:m confir,urations. 
Thp first co11firurntion, referred to as VTOL in the tpxt, is ,m 
Avrocr-ir developrr.nnt, po·.-1P.rc>d by two Gpn.,,ral Electric JBS engin"'S, vi th 
VTOL cR.pabilitirs. The second confiF,Uration, dPsignatP.d GETOL in the 
tPxt, is More c onventional; it .is powered by Turbomec-'l Astazou 2 
PTI~inrs, and has GE'J'OL capabilitiPS. 

ThP wPiF-ht hre2.\t:r. m,ns 11spd for costir:F p:.irposes, P.xtracted fro□ 
:tef. 15, ar0 : 

T!, llLE 2 

It PJTI. 

wa 1 b. 

,,: 
e lb. 

w f 1 b. 

CrP,: of l 

Oprretional Weight 

t~~ ty 1r.. 

Mar. . fu !-': l lb. 

Fa.:;:. use ful load, l b .* 

* - Useful lo:-id 

Con fi .c-;JTn. t i or,~ 

VTOL --
2,163 

1S50 

62 1 

200 

3,634 

4,560 

8 ,194 

GETOL 

4,532 

580 

130 

200 

5,44 2 

960 

1,360 

6 ,822 

---·-

ThP ~~t~nd or anR lY "i s in °~ch cas n is to 0 stirna.t<> direct op<>rati na 
c0~ts ac: a ~·xr1r.tion of the cruisi nr speed far a fixPd block dista:'lc"', 
then sel~ct thP. sp<>pd fi vinr thP minimu~ c ost as b~inf the pertinent 
vc:.lU P fqr the r e.nr:P, Ps.v1oad vs Ra.rif'e cu:VP.S are supPri'.'Tlposed on 
?if", 1. Cn.1isin17 Sp'"ed vs Ra.'1/Tf' curvP.s are presented in Fi,;:. 4. 
The der -\ vPd dir"'ct oppratin.n: co:::t c ii .rves are supPrimposP.d nn Fip. 2 
and ?ir-. "i. 



8. 

'fhp np<>r2.tional role of lic-ht 11.ircrnft is more fre(]uently to transport 
inrl.ividu&.1s than to t::a•1sport co.rp.-n. As pP.fo~P.:11"Pr accmnrnodation is 
dPrn:id<>nt on the shape gnr. size of thP carf'O spP-ce av~ilable, as well 
as thP allowable pa:rloaii, thP cost per passPn[':Pr m:i le c::.n not be 
dirPct)y TPlr1.t.Pd tr, th 0 r,o:::t })PT ton rrii)l· 

Dj TPCt OpPrat i nv Cost DPr !Ici ,1~. ~ cal Vii lP vs R<t.'1 ''P curvPs (Fig, ~) 
are ~rPsrntPd to allow thn cost nf op0rnting th0 ~ircraft as 
pPrsnnnPl carriers to br cet,-,rmined. 

ThP rPsults in Fi~. ~ j~dicatP that th 0 GETOL vehiclP has operating 
ci:,st.s pPr flitht mile which arr> co'.7parnblP tc Hiose of the CesE'na 
~10. Tho VTOL vehicle has opPrRtinc costs which are of tho sa~e 
ma0 i tude as thP helicopters considerPd. 

The cost brrakdown indicates that the CYPW costs are the major 
p2rt ( 5Cf/o to 65/o) of the c,peril.t"inp: costs of th 0 existing- airCT8.ft 
h 11t a 'ninor part (15~6 to 331s) of thr> operating costs of the lifting 
fan aircrc1ft, and that the c0r.sidera'ol:v l a r17Pr opcrati.r;p- costs :;::,e r 
hour of thP lii'tinr ran ve"icles is corr:pr.-nsatP.d fn:r by their hir:hRr 
predictPd cruising sp 0 Pds (see TablP. 1 and Fif. 4). A reduction 
in crew cost and/or e. reduction in c:;-uisinis speed of the lifting 
fan vehicl1=;f". , will make the comp2.rison less favourable to the lifting 
fan vehicles. 

The cost per nc1.ulical mile is not sens:i tiv"' -to small variations in 
the weip.ht brPa_'k.do..,--n, tr.PrP.for 0 any cbange in the prPd.:icted w0i p:ts 
will not effect Fip. 2 aprr~ciably. 

The rcsul ts in F:i E7. 3 indicate thst at r11...YJges up to 200 rnmtical 
rn:i1°s tho GETCL vehicle has operating costs appro-ximr.,tely lOC)'p higher 
than thosl? of t'r!r: BP.aver, thP ·best existinp- fix1?d wing aircraft 
crms:i der0d, tut a1:iout Y)% lowPr tha_r1 thosP of thP :helicopters. For 
th 0 S2."JP r:1.11ves, the V'rOL vehicle has opera tinf costs slightly below 
thns" of the Beav 0 r. Du0 to thP relatively hip;h fuel consurnptions 
as~nci"'tcd w; t.h thPir '1-;i,r:-h cr.11sinf sp':?Pds sev<:>rely rP.ducing the 
payl0~as, ~oth vehicles have sh2rply risinf, costs at re..nb~s v-eater 
thRn 20G ns utical milPS. 

As tl-:P costs per ton n2.uticEl r:iile are obt2.i··ed by dividing Fie:. 2 
results by th<:> payloads in tons, comments on cost variations in 
'.'3octi0n 5, 2 also apply to Fir,-. 7,. In addition, how9ver, the curves 
are se~sitive to Rny vari at ion j~ payload, a rPducPd payload 
increasin.:: thP ccsts. An increase in e:-:1pty aircraft WPigt:t, or an 
i.ncro::sp in thr:: Ps-:j·~2..i p:3_ f,1~1 con21l"nntion, wculd t!"'c,rpfore adversely 
effP.ct the costs per ton-mile of thc- lifting fan vebicles. 
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9. 

CONCLUSIONS 

f. comparison of il-in direct op0ratinr costs of exi?tini? lip.-ht aircraft 
and hel i cnpters wj th tlio?P. of two confif,Ure. tions of lifting fan 
veh:iclr>s indicat,:,s t.h:c.t th"' liftin,v fan vehicles have comparable costs 
to thn Pxistine airc~Hft. 

On 0 cost pPr mile b2sis thp GET0L confiF,Uration of 6,822 lb. AU\/ has 
oper~ting costs of the sa~e order as t.hnse of the Cessna 310 with 
4,')00 lb. AlT.,'. The VTOL confif"l.lra tion of 8,194 lb. AUW has costs 
of the sH.1,11: order as the BPll 47-G3 h,_.,licopter with 2,550 lb. AU\/. 
With both li ftinp fan VPhiclps the higher opern.U ng costs per hour 
are compensat0,d for by thP hip:h " r predicted cruising spPeds. 

The cost per ton mi le curves indi c;.i te that at ranr-Ps o: up to 200 
n.rn. the GET0L confi01ration costs are approxi□ntely lOafo greater 
than the Beaver, which is the best of _the lirht aircraft consider~d, 
but 3o% lo,rer than thr Bell 47 G-3, the best helicopter considered. 
For similar ran ges the VTOL confi guration has slightly lower costs 
than the Beaver. The operating costs of the lifting fan vehicles 
incTe ase rapidly as the range is extended beyond 200 n.m. 

A r eduction in the ass~~ed crew costs ~ould be more favourable to the 
lirht aircraf t and hPlicopter costs t~an jt would to thP liftin0 fem 
ve~icle costs. FRilure to attai n the hir:h predicted cruisin ~ speeds, 
or the e~ti ~~ t~d e~pty wei r-hts, of the lifting fan vehicles would 
raise their opera ting costs apprPc iably. 
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