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ITRADUCTICH
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The purpose of this report is to compare the operatihg acononics of
developed versions of the fAvrocar with those of existing commercial
lignt aircraflt. '

The approach is similar to that of 500/PERF/425 (Ref. 1) in which a
simplified form of the direct operating cost equations, based solely
on the aircraft weights, cruising speed, and fuel consumptiosn during
cruise,is obtained. In the‘prespnt repert, however, the annual
aircraft utilization is assumed to be 1000 hours.

Published data for existing lirht aircraft and estimated weights
and performance firures for two 1lifting fan vehicles are inserted
in the simplified formulae tc produce comparative cost data.
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METHOD OF 4NALYSIS

Dn*‘j vation of thhndx

The method of analysis is based on the SBAC system (Ref. 2) but
with labour costs approaching those given by the ATA system (Ref. 3)
to make the total direct operating costs representative of North
American ronditions. The derivation is similar to that in Section

2 of Ref. 1, the only modification being that the annual utilization
rate for light aircraft is assumed to be 1000 hours.

The derivation of the method is not repeated in this report: the
oriminal report should be referred to if further information is
desired. For convenience a list of the basic assumptions made, the
direct operating cost equations used, and definitions of =all
necessary terms, is given in Section 2.2.

Sinplified Method for Determining Direct Operating Costs of Light

Aivrcrafi

Bagic assumptions:-

Cost of empty aircraft less engines 830 per pound

and fans

Cost of reciprocating engines 325 per pound

Cost of turbine engines . $60 per pound

Cost of fans $60 per pound

Crew cost, pilot ‘ $24 per hour

Cost of fuel - gasolene $.263 per imp. gallon
_ turbios fuel _ $.145 per imp. gallon

Cost of 0il - 4% of fuel cost for reciprocating engines

- 1% o" fuel cost for turbine engines

Weight of fuel - grsolene 7.0 1b. per imp. gellon

- turbine fuel - 7.8 1b. per imp. gallon
Aircraft insurance - 4% per annum for fixed wing aircraft

- 6% per annum for rotary wing aircraft

g

Landing cost - $5.55 per 1000 1b. of all up weight for fixed
wing aircraft

- £.165 per 1000 1b. - of all up weight for rotary
wing aircraft



N\

r)

Simplifierd Method of Determining Direct Operating Costs of Light
Aireraft (Continued)

Annual Utilization . : 1000 hours

Aircraft less engines and fanss?

Spare3s holdings ‘ 10%
Obsolescence period 10 years
Residual value 20%

Enginess

Spares holdings 500k
Obsnlescence period . ‘10 years
Residual value 20%
Cverhaul period - fixed wing aircraflt 1200 hours
- rotary wing aircraft 600 hours
Fans:
‘Spares holding 10%
Obsolescence period 10 years
Residual value ' 200

Cost relationships:

Based on the above assumptions, the direct operating costs are:

DOC/hr = .00521 W_ + .00888 W_ + .01042 W. + .00055(AUW)/¢
a e f B
+ .0391 _ Ve 4+ 22 dollars per hour for a {ixed
NAMFP

wing piston engined aircraft
= .00521 W, + .02132 W + .01042 Vg + .00055(ATW) /ty

+ ,0187 Ve + 24 dollars per hour for a fixed
NAMP
wing turbine engined aircraft

= .00581 W, + .01402 W, + .01162 Wr + .000165(AU%)/1g
+ 0391 Ve + 24 - dollars per hour for a

- NAMP _
rotary wing piston engined aircraft



Simplified Method of Determinins Direct Onerating Costs of Light

Aireract (Continued)

where
AUW

DOC

= .00581 W, + .03364 W, + .01162 Wg + .000165 (AUW)/ty

+ ,0187 Ve + 24 - dollars per hour for a
NAMP
rotary wing turtine enzined aircraft
o 1
DO“/n'mo= [DOC/hT] [ v; + %g } dollars per nautical mile
_ for fixed wing airc.aft
= DOC/hr] fe & A dollars per nautical mile
Ve £S

for rotary wing aircraft

= aircraft all up weight at take-off, 1b.

= direct operating cost, dollars

= hour

= cruise neautical air miles per pound of fuel consumed
= nautical mile a

= stage length, nautical miles

= Block time, hours

= 85 % 1 hours for fixed wing aircraft
Ve % :
= S5 + 1

=T = hours for rotary wing aircraft
Ve
= nmean cruise speed, knots

= weizht of empty aircraft less crew, less bare engines,
less fans

= weight nf bare engines

= weisht of fans, including rotors, cases, stators, hubs and
bearings.

An aircraft such as a GETOL machine which, although airborne,
reguires & long acceleration Tun close to the ground before

it can climb to a height of 50 ft. is assumed to obey the fixed
wing aircraft relationships. An aircraft which on take-off
climbs vertically to at least 50 ft. and then accelerates, is
assumed to obey the rotary wing aircraft reletionships.
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DIRECT OPEEATING COFTS CF “XISTING ATRCERAFT

The direct operating costs of existing lisht 2ircraft is obtained
by inserting the data of Table 1 in the relationshivs cof Section
2.2. The tabulated data is derived from trade publications (Ref.
4 to 14) and dues to descrépancies between the various sources must
be assumned to be zpproximate only.

Table 1 presents the available data for fixed wing and rotary wing
lipht aircraft. Payload vs Ranpge curves, based on the allowances of
the simplified methed, are given in Fig. 1.

The derived direct operating costs are presented in Fig. 2 and

Fig. 3, fixed wing and rotary wing results being given on the same
figure. Fig. 2 is a plot of the Direct Operzting Cost per Fautical
Mile vs Range, and fig. 3, a plot of the Direct Operating Cost per
Ton Nautical Mile vs Range.
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TABLE

EXISTING LIGHT AIRCRAFT CONSIDERED IN THE COST ANALYSIS

Engines AUW Op.Veight Max.Pay- Max. fuel | Cruise Cruise
Aircrafy No, Tvre 1b, Empty, 1b., |lozd, 1b, 1b, gpeed,kts, | Alt,[t, Ref,
FIXED WING
D.H, —
Beaver L 20 1 P & W R 985 5,100 3,027 2,073 569 124 5,000 13,14
Beacheraft —+— )
Debonair 33 1 Con.10-470J 2,90N 1,930 970 294 124 10,000 12
Cessna -+
Bird Dog L 19A 1 Con. 0-470-11 2,400 1,698 702 245 87 8,000 4,14
- 177 1 | Con. 0-300-A 2,200 1,460 740 252 84 7,500 6,14
2?10 1 Con., 0-470 E 2,900 1,960 940 39N 119 10,000 9
_310 2 Con. 0-470-M 4,600 3,182 1,448 600 145 15,000 14
Mooney = .
Mk, 20A 1 | Lyc.N360-A1A 2,450 1,540 810 210 14% 10,000 8,14
Piper -
Comanche 1 | Lyc.0360-414 2,550 1,645 905 300 139 8,000 7
ROTARY WING
Bell — Franklin
Trooper 47 G-3 6VS: -335 2,550 1,739 811 241 78 0 11
Cessna —— ‘
CH-1 Con.FS0-4704 3,000 2,175 825 465 87 0 5,14
Hiller =
128 Lyc.10-540-B1lA 2,700 1,900 800 276 73 0 10
Notet- Above figures assume that each esircraft has a crew of 1.

"9




DIRECT OPERATING CC3TS GF LITTING ¥AN AIRCRAFT

Direct operating costs are presented for two liftines fan confipurations.
The first confiruration, referred to as VIOL in the text, is an

tyrocar development powered by two General Electric J85 engines, with
VIOL capabilities. The second configuration, designated GETCL in the
text, is more conventinnal; it is powered by Turbomeca Astazou 2
engines, and has GETOL capabilities.

The weight brezkdowns used for costings purposes, extracted from
Ref. 15, are:

TABLE 2

Iten Conficurations

VTOL GETOL
W, 1t. 2,163 4,532
Wy 1%, ) 650 580
We 1b. 621 130
Crew of 1 200 200
Operztional Weight
Zapty ik, ' 3,634 5,442

i

May. fuel Ib. 3,360 960
Max, useful lozd, lb.* 4,560 1,360
Mox, allowsble weisnt, 1h. 8,104 6,822
* - Useful load = weisht of fuel plus weight ~f payload,

Perf~rmance fipures 216 oxtracted directly from Ref, .16.

The =~ethnd nf analysis in each case is to ostimate direct operating
cncts as a Tanction of the cruising speed for a fixed block distance,
then select the speed giving the minimum cost as being the pertinent
value for the range. Pavlinad vs Range curves are superimposed on
Fie. 1. Cruisineg Speed vs Range curves are presented in Fig. 4.

The derived direct operatins cost curves are superimposed on Fig, 2
and Fies. 3. ‘
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COMMENTS

Presentation of Results ' ' '

The nperational role of lirhi aircraft is more frequently to transport
individuals than to traneport cargo. As passenger accomnodation is
depancent on the shape and size of the cargo spece avzilable, as well
as the alloweble pavload, the cost per passenger mile czn not te
directly related to the cozt per ton mi;%.

Direct Operating Cost ver Nautical NMile vs Ranre curves (Fig. 2)
are nresented to 2allow the cost of operating the =ircraft as

personnel carriers to be determined.

Direct Operatineg Costs ver Nantical Mile

The results in Fig. 2 indicate that the GETCL vehicle has operating
costs per flight mile which are comparable tc those of the Cessna
310. The VIOL vehicle has operating costs which are of the szme
magriitude as the helicopters considered.

The cost breakdown indicates that the crew costs are the major

part (50% to 65%) of the operating costs of the existing aircraft

but & minor part (15% to 35%) of the operating costs of the lifting
fan zircraft, and that the conrsiderably larger operatinge costs per
hour of the 1lifting fan velhicles is compensated for by their hircher
rredicted cruising speeds (see Table 1 and Fig. 4). 4 reduction

in crew cost and/or & reduction in cruising speed of the lifting

fan vehicles, will make the comparison less favourable to the lifting
fan vehkicles,

The cost per nzutical mile is not sensitive -to small variations in
the weight brezkdown, theresfore any change in the predicted weights

will not effect Fig. 2 aprreciably.

Direct Onerztirs Cocsts per Ton Neutical Mile

The Tesults in Fig. 3 indicate that at ranges up to 200 nauticel
niles the GETCL vehicle has operating costs approximately 100% higher
than those of the Beaver, the best existing fixed wing aircraft
considered, but adbout 2% lower than those of the helicopters. For
‘the same ranges, the VIOL vehicle has operating costs slightly below
thnse of the Beaver. Duer to the relatively high fuel consumptions
assncizted with their high cruising speeds severely reducing the
payloads, hoth vehicles have sharply rising costs at ranges greater
than 200 n=utical wmiles,

L3 the costs per ton nautical mile are obtazi-ed by dividing Fig. 2
results by the payloads in tons, comments on cost varisticne in
Gection 5.2 also apply to Fis. 3. In addition, howaver, the curves
are sensitive to any variation in payload, a reduced payload -
increzsing the cests. An increase in empty aircraft weight, or an
incrense in the estimzted fuel consumption, weculd therefore adversely
effect the costs per ton-mile of the 1ifting fan vekicles.



CONCLUSIONS

I comparison of the direct operating costs of exieting light aircraft
and helicopters with those of two confipgurations of lifting fan
vehicles indicates that the lifting fan vehicles have comparable costs
to the exiseting aircraft. :

On a cost per mile besis the GETOL configuration of 6,822 1b. AUV has
operating coste of the same order as those of the Cessna 310 with
4,500 1b, AUW, The VTOL configuration of 8,194 1b. AUW has costs

of the same order as the Bell 47-G3 helicopter with 2,550 1b. AUW,
With both 1lifting fan vehicles the higher operating costs per hour
are compensated for by the higher predicted cruising speeds.

The cost per ton mile curves indicate that at ranres of up to 200
n.m. the GETOL configaration costs are approximately 100% greater
than the Beaver, which is the best of .the light aircraft consider-d,
but 30% lower than the Bell 47 G-3, the best helicopter considered.
For similar ranges the VIOL configuration has slightly lower costs
than the Beaver. The operating costs of the 1ifting fan vehicles
increase rapidly as the renge is extended beyond 200 n.m.

A reduction in the assumed crew costs would te more favourable to the
lirht aircraft and helicopter costs than it would to the lifting fan
vehicle costs. Failure to azttain the high predicted cruising speeds,
or the estimated empty weights, of the lifting fan vehicles would
ralse their operating costs appreciably,.



1

n

N

10.

1l.-

12.

Direct Operating Costs of GETOL Aircraft - Avro Report 500/Perf/425
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Standard Method of Eetimatings Conparative Direct Operating Costs
0® Transport Airplanes, June 1960 - A.T.A.A.

Pilots Operatins Instructions, Cessna L-194, 26th October 1956
- F0-05-1254-1

Aviation Yeek Vol. 63 No. 6
tugust &, 1655

Lviastion Veek Vol. 65 No. 21
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