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ABSTRACT 

Using as a baseline the 30-passenger 
D326 tilt rotor proposed by BHT for off­
shore oil support, a short takeoff, verti­
cal landing version, the D326 s-v, has 
been investigated. For comparison pur­
poses, a helicopter with the same level of 
technology has also been synthesized. 

For a 300-nautical-mile radius off­
shore oil support mission, the D326 trans­
ports 30 passengers, the D326 S-V 45 pas­
sengers, and the helicopter 52 passengers. 
Looking at productivity, defined as 
payload x cruise speed th n326 s-v is 

weight empty ' e 
39 percent more productive than the D326 
and 87 percent more productive than the 
helicopter. 

It is concluded that a short takeoff, 
vertical landing tilt rotor offers a 
highly productive, energy-efficient air­
craft that could find many commercial and 
military applications. Additional tests 
of the XV-15 are needed to optimize tech­
niques for short takeoff and vertical 
landing so that the useful load of air­
craft such as the D326 s-v can be maxi­
mized. 

l. Introduction 

The unique combination of high hover 
performance and efficient long range 
cru~se of the tilt rotor has been con­
firmed by the Model XV-3 during flight 
tests conducted in 1960 and, most re­
cently, by the completion of the Bell 
Helicopter Textron (BHT) flight tests of 
the XV-15 proof-of-concept tilt rotor, 
Figure l. The XV-15 reached a level 
flight speed of approximately 300 knots in 
June 1980 and has been evaluated through­
out the tilt rotor flight and conversion 
regimes. It has performed two g's during 
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maneuvers and has demonstrated satisfac­
tory handling guali ties during a variety 
of simulated emergencies. Two XV-l5s were 
manufactured. Both aircraft have com­
pleted contractor tests and have been 
delivered to NASA for continued envelope 
expansion and operational suitability 
investigations. 

Figure 1. XV-15 Tilt Rotor Converting 
to Cruise Flight. 

The success of the XV-15 flight tests 
encouraged BHT to design, late in 1979, a 
commercial tilt rotor, the Model D326, 
Figure 2, specifically for offshore oil 
and commuter airline applications. In 
cruise flight, the Model D326 has a lift­
drag ratio over twice as high as that of 
comparable transport helicopters. The 
rotors, acting as propellers, have a 
propulsive efficiency comparable to a 



well-designed propeller, giving the D326 a 
cruise speed of 290 knots at 20, 000 feet 
and a range per pound of fuel consumed 
twice as great as that of a helicopter. 
These performance attributes of high speed 
and long range promise to solve the off­
shore oil industry's transportation needs, 
which will become ever more severe as oil 
exploration moves farther offshore. 

Figure 2. Model D326 Commercial 
Tilt Rotor. 

Helicopter operators serving the 
offshore oil industry indicated, during 
subsequent discussions, that helicopter 
flights frequently originate at commercial 
airports. For instance, several operators 
serve the North Sea oil fields from the 
Aberdeen, Scotland airport. In other 
cases, the helicopters take off from heli­
ports that are sized for a high volume of 
movements per day and, therefore, offer at 
least a 1000-foot takeoff run. For ex­
ample, the heliport at BHT's main plant in 
Fort Worth, Texas, Figure 3, has a length 
from fence to fence of approximately 1100 
feet. 

The ready availability of fields that 
permit at least a 1000-foot takeoff run 
led to speculation about increasing the 
useful load of a tilt rotor. If the 
requirement to take off vertically is 
relaxed, the useful load can be increased 
until one of two limitations is reached. 
Either the gross weight reaches that at 
which the takeoff run to clear a 35-foot 
obstacle is 1000 feet, or it reaches the 
weight which, after subtracting the fuel 
consumed enroute, permits the tilt rotor 
to land and take off at midmission with 
the desired level of vertical flight 
perfonnance. 
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Figure 3. BHT Main Plant and Heliport. 

There are many other applications, 
both commercial and military, where a 
short takeoff would be acceptable, but 
where good vertical flight performance is 
mandatory at some point in the mission. 
For instance, operating as an air taxi, 
such an aircraft could originate at a 
major hub airport and carry passengers to 
outlying communi ties where it would be 
desirable to land as close to the popula­
tion center as possible, preferably at a 
heliport. 

For search and rescue, takeoff is 
frequently from a fixed-wing airfield. By 
making a short takeoff run with a large 
fuel load, the tilt rotor could search for 
extended periods of time. Upon locating 
stranded personnel, the aircraft must 
hover out-of-ground effect to use a rescue 
hoist. If the gross weight is too high, 
fuel weight can be reduced by use of 
jettisonable fuel tanks or a fuel dump 
system. 

Looking at the military logistics 
transport problem, should conflict occur 
in Europe, supplies could be unloaded from 
ships in western France and transloaded to 
tilt rotors of the type we are consider­
ing. Making a short takeoff run, they 
could fly at high speed to the vicinity of 
the combat area landing wherever a heli­
copter can land and delivering the sup­
plies close to the combat units. On the 
return trip, the aircraft could operate as 
a VTOL medical evacuation transport. 



The unfortunate attempt by the U.S. 
military to rescue the hostages held in 
Teheran is another obvious military appli­
cation for an aircraft of this type. 
Following a short takeoff from the deck of 
the aircraft carrier Nimitz, tilt rotors 
of the size described in this paper could 
have flown to Teheran, made a vertical 
landing to rescue the hostages, and then 
returned to the Nimitz without refueling. 
The changing international political sit­
uation indicates that we can anticipate an 
increasing number of events, such as the 
occupation of the U.S. Embassy in Teheran, 
that will make the need for suitable res­
cue aircraft urgent. 

It has long been recognized that the 
useful load of helicopters and tilt rotors 
can be increased by making a short takeoff 
run. A helicopter is probably operated as 
an STOL more often than as a vertical 
takeoff aircraft, particularly when it 
operates at the gross weight at which it 
can hover in ground effect but not out of 
ground effect. If the helicopter gross 
weight is further increased, it can still 
take off by making a short ground run. 
The advantages of operating a helicopter 
as an STOL are discussed at some length by 
Mil', Reference 1, in which he compares 
the STOL performance of a helicopter with 
a STOL fixed-wing aircraft. 

During flight evaluation of the XV-3, 
Figure 4, the U.S. Air Force recognized 
the potential of STOL operation for a tilt 
rotor and conducted a series of STOL 
tests. The results of these tests are 
reported in Reference 2, where it is noted 
that the tilt rotor has a number of attri­
butes that make it well-suited for STOL 
applications. 

Figure 4. XV-3 Tilt Rotor. 

During more recent design studies 
conducted by BHT under NASA contract, the 
STOL potential of the tilt rotor was 
well-documented, Reference 3. In this 
study, the wing, drive system, engines, 
and rotors from a tilt rotor designed for 
VTOL were retained, while the balance of 
the aircraft was modified into an STOL. 
Substantial gains in useful load resulted, 
and a number of advantageous stability and 
control characteristics were identified. 

It is against this background of tilt 
rotor design studies and flight tests that 
it was decided to investigate the design 
modifications to the D326 that would be 
necessary to capitalize on its increased 
useful load if a short ground run could be 
made for takeoff. With these modifica­
tions for short takeoff, the necessary 
midmission hover performance to operate 
from offshore oil rigs would be retained. 
This paper presents the initial results of 
this investigation. 

2. XV-15 Short Takeoff Performance 

Preliminary short takeoff tests have 
been conducted with the XV-15. For each 
takeoff, the pilot monitored engine torque 
to limit power available. Tests were 
conducted with power limited to as low as 
50 percent of maximum continuous power. 
Figure 5 shows the XV-15 with rotors 
converted 30 degrees forward as it rotates 
following a short ground run. 
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Figure 5. xv-15 Initiating Rotation 
During Short Takeoff 
Evaluation. 



Figure 6 shows a time history of the 
short takeoff with power limited to 70 
percent of maximum continuous power. Air­
speed increased rapidly to the rotation 
speed used for this test, 65 knots. The 
XV-15 was airborne 13.5 seconds after 
start of the ground run. Integrating time 
and airspeed gives a distance to liftoff 
of 620 feet and a distance to clear a 
35-foot obstacle of 1250 feet. Shortly 
after breaking ground, the XV-15 landing 
gear is retracted and it is converted to 
cruise configuration. While these tests 
were preliminary and no effort was made to 
minimize takeoff distance, they did con­
firm the excellent performance and han­
dling qualities of the XV-15 while making 
short takeoffs at power settings substan­
tially less than those needed for vertical 
takeoff. 
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Figure 6. 
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Time History of XV-15 Short 
Takeoff at Reduced Power. 

3. Tilt Rotor suitability for Short 
Takeoff 

There are many inherent characteris­
tics of a tilt rotor that make it particu­
larly well-suited to operate as a short 
takeoff aircraft. 

When partially converted, the large 
static thrust of the rotors gives a 
high forward acceleration while 
retaining a substantial component of 
thrust in the vertical direction to 
assist in liftoff. Figure 7(a) shows 
the force vectors from the rotors of 
the 0326 as it starts its takeoff run 
partially converted. With the pylons 
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converted 25 degrees and with full 
forward cyclic, the rotor tip path 
planes are inclined 37 degrees. The 
component of thrust providing propul­
sive force is 0. 60T, which (assuming 
that the rotor thrust is approxi­
mately equal to the gross weight) 
gives a 0.60g initial forward accel­
eration. At the same time, the com­
ponent of thrust acting vertically to 
provide lift is 0. BOT. Only a 20 
percent reduction in vertical thrust 
gives 60 percent of the rotor thrust 
for forward propulsion. 

During a takeoff run, at rotation 
speed, aft cyclic is used to rotate 
the fuselage 12 degrees nose up. 
With six degrees aft cyclic pitch, 
the rotor tip path planes are now 
inclined seven degrees forward, 
Figure 7 (b). The forward component 
of rotor thrust is O.l2T, sufficient 
to continue accelerating the air­
craft, while the vertical component 
is increased to 0.99T, very close to 
100 percent of the available rotor 
thrust. 

The large control forces available 
through the direct cyclic control of 
the rotors assures strong and precise 
control, even at zero airspeed. This 
overcomes one of the principal defi­
ciencies of conventional fixed-wing 
STOL aircraft, that of providing 
sufficient control at low airspeeds. 

By varying the conversion angle/ a 
wide range of approach flight paths 
are available to the pilot. This has 
been demonstrated by the XV-3 and the 
XV-15 and enables the tilt rotor to 
operate outside of the normal fixed­
wing aircraft approach patterns. 

Both in takeoff and cruise flight, 
the tilt rotor is unusually quiet, an 
essential attribute if it is to 
operate from community centers. The 
absence of main rotor overlap and a 
tail rotor eliminates noise generated 
by rotor interference. The rotor tip 
speed in cruise is reduced to approx­
imately 80 percent of takeoff tip 
speed, further reducing the noise. 

The rotor transmissions are inter­
connected so that 1 in case of engine 
failure, the remaining engines will 
continue to drive both rotors. There 
is no adverse yaw following engine 
failure and, consequently, pilot 
workload is much reduced. 
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Figure 7. Rotor Force Components During Short Takeoff. 

As fuel is burned off, the tilt rotor 
can revert to its vertical opera­
tional mode to take advantage of 
smaller takeoff and landing areas. 
This offers interesting possibilities 
to increase the applications where 
the aircraft can be effectively 
employed. 

As speed is increased from hover, the 
side-by-side rotors require signifi­
c:antly less power to create thrust. 
This occurs because of the decrease 
in induced power from the high ef­
fective aspect ratio of the principal 
lift-producing devices, the rotors. 
This favorable characteristic of 
helicopters with side-by-side rotors, 
such as the McDonnell XHJH-1 and 
Kamov KA-22 11Hoop, 11 has been noted 
many times in the literature and has 
been confirmed by XV-3 and XV-15 
flight tests. 

For the case of the XV-15, several 
speed-power polars are shown in 
Figure 8. The speed-power polar with 
the rotors in vertical flight config­
uration (90 degrees) illustrates that 
by accelerating to the relatively low 
speed of about 40 knots, the xv-15 
power required to maintain level 
flight is reduced to approximately 50 
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percent of the power required to 
hover. This figure also shows the 
large increase in speed that occurs 
as the rotors are converted at con­
stant power. If, for instance, power 
is held at 1600 shp, as the rotors 
are converted, the speed will in­
crease from approximately 90 to 180 
knots CAS at constant wing flap 
angle. 

Figure 8. 

CAUBRATED AIRSPEED, KNOTS 

XV-15 Speed-Power Polars 
at Constant Conversion 
Angles. 



4. Short Takeoff-Vertical Landing Deriva­
tive of the D326 

The baseline D326 VTOL was designed 
to carry 30 passengers at a cruise speed 
of 290 knots for a 300-nautical-mile 
radius. It hovers at 1000 feet out of 
ground effect on a ISA +20°C day at a 
takeoff gross weight of 37,000 pounds. 
The level of technology upon which the 
twin-engine design was based is contempor­
ary, and the latest version of the General 
Electric T64 engine is installed. De­
signed specifically to serve the offshore 
oil industry and conunuter airlines, the 
D326 is described in greater detail in 
Reference 4. 

An investigation of the performance 
demands of a short takeoff, vertical land­
ing derivative of the D326 (referred to 
hereafter as D326 S-V) led to the conclu­
sion that the critical design condition 
would be engine failure during takeoff 
from an oil rig. This would establish the 
required combination of installed engine 
power and associated midrnission gross 
weight. As a design constraint, it was 
decided that no changes would be made to 
the rotors and drive system of the basic 
0326, but that alternate engine installa­
tions could be considered. 

Since one-engine-inoperative perform­
ance is critical at midmission, the bene­
fits from installing more than two engines 
were investigated. The D326 transmission 
design power is 6850 shp. If this power 
rating were selected as the installed 
power with one engine inoperative, the 
maximum weight at midmission can be deter­
mined. Table l shows the shaft horsepower 
required for two, three, and four engines 
in the 0326 s-v. The power ratings are 
predicated on the assumption that the two 
and one-half minute OEI rating of the 
engines is 120 percent of the intermediate 
rated power (IRP). 

OEI 

IRP 

Table 1. Installed Engine Power for 
Maximum Midmission Hover 
Performance 

Number of Engines 

2 3 4 

SHP 1 6850 6850 6850 

Total Inst311ed2 11417 8562 7611 

IRP/Engine 5708 2854 1902 

1 0326 transmission rating is 6850 shp 
22-1/2 minute OEI rating = 120% IRP 

Table l shows that for the twin­
engine version of the D326, an engine with 
an IRP of 5708 shp would be required to 
maximize the midmission hover performance. 
In reality, the T64 engines selected for 
the 0326 have an IRP of 4330 shp. It is 
this power rating that gives the 0326, in 
its original VTOL configuration, the hover 
out-of-ground-effect performance at take­
off originally specified, 1000 feet, ISA + 
20°C day. 

If a tri-engine version of the 0326 
were to be designed, an engine with an IRP 
of 2854 shp would be required, whereas if 
a four-engine version were designed, an 
engine with 1902 shp would be required. 

It is desirable in a tilt rotor to 
install the engines in the wing tip 
nacelles, so that. each engine drives 
directly into the transmission. This un­
loads the interconnect shaft during normal 
operation and provides an additional ele­
ment of safety in the unlikely event of 
interconnect shaft failure. It has been 
shown by flight simulation studies that it 
would be possible to continue to fly a 
tilt rotor following failure of the inter­
connect shaft, since the rotors do not 
overlap. Thereforer a four-engine con­
figuration was selected for the 0326 s-v. 

Having established the installed 
power to provide 6850 shp with one engine 
inoperative, the corresponding D326 s-v 
gross weight to hover IGE was found to be 
40,700 pounds. Hover IGE with one engine 
inoperative is a criterion found to fairly 
represent the zero wind takeoff perform­
ance of a helicopter or tilt rotor from a 
restricted area such as an oil rig plat­
formr assuming that one engine fails at 
the most critical point in the takeoff 
path. 

With the midmission gross weight set 
at 40,700 pounds, and assuming that the 
design will be optimized around the same 
300-nautical-mile radius with 45-minute 
fuel reserve as was used for the 0326, the 
takeoff gross weight can be determined. 
Several design iterations of the D326 S-V 
were performed to adjust the weight empty 
for the installation of four engines and 
for the increased number of passengers 
that can be carried. It was found that a 
45-passenger version with the drive sys­
tem, rotors, and other equipment features 
of the D326, as originally derived for the 
offshore oil mission, would have a weight 
empty of 27,238 pounds. The additional 15 
passengers are accommodated by plugs added 
to the 0326 fuselage just forward and just 
aft of the wing, as shown in Figure 9. 
The weights of the original 0326 and the 
D326 s-v are compared in Table 2. 
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Figure 9. Model D326 s-v. 

Table 2. Weight Comparison 

Rotor 

Wing 

Tail 

Body 

Landing Gear 

Flight controls 

Engine section 

Propulsion 

Instruments 

Hydraulics 

Electrical 

Avionics 

Furnishings & Equipment 

Environmental Control 

APU 

D326 

2905 

2598 

488 

3708 

1500 

1363 

574 

5413 

293 

294 

965 

458 

2642 

722 

338 

Trapped Fluids 212 

Weight Empty 24473 

Design Gross Weight 37000 

D326 s-v 

2905 

2598 

488 

4420 

1713 

1363 

724 

6253 

313 

327 

1000 

458 

3190 

918 

338 

___nQ 

27238 

43300 
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In considering the changes in weight empty 
in progressing from the 30-place D326 to 
the 45-place S-V version, there are four 
areas that deserve comment. 

The airframe weight is increased to 
reflect the change in fuselage length 
and structure to support 15 addi­
tional seats. It is significant that 
the wing weight is not changed, since 
it is designed primarily by stiffness 
and the rotor thrust acting at the 
tips of the wing in vertical flight. 
Since the drive system power rating, 
the rotor maximum aerodynamic thrust, 
and the stiffness required in cruise 
flight are the same for the two 
configurations, the wing weight is 
unchanged. 

The landing gear weight is increased 
to reflect the increase in design 
gross weight. Normal design synthe­
sis methods are used to arrive at the 
new landing gear weight. 

The engine section and propulsion 
system group weights are increased to 
account for the added weight of the 
four-engine installation with its 
associated cowling, firewalls, drive 
system, and accessories. 

Other changes are made to the hy­
draulics, electrical, environmental 
control system, furnishings and 
equipment to account for the in­
creased fuselage length and number of 
passengers carried. 

Having established the D326 s-v 
weights and OEI performance at midmission, 
it is now necessary to look at the takeoff 
performance. Figure 10 shows the rotor 
thrust and wing lift during a short take­
off at 1000 feet, ISA + 20°C, plotted as a 
function of distance from start. The 
maximum aerodynamic rotor thrust is de­
creased to 95 percent to remain in the 
linear range, and a further reduction of 
approximately 10 percent is made to pro­
vide a margin for roll control. The re­
sulting rotor thrust is the maximum that 
can be used for lift and forward propul­
sion. 

During the ground run prior to rota­
tion, the maximum rotor thrust is limited 
by the transmission torque limit. As the 
ground run commences, two important aero­
dynamic effects occur. First, the side­
by-side rotor configuration of the tilt 



rotor, as has already been noted, de­
creases substantially the induced power 
required at low forward speeds. This 
increases the rotor thrust available for a 
given input torque and is shown in Figure 
10 by the positive slope to the transmis­
sion-limited rotor thrust curve just prior 
to fuselage rotation. Second, as the 
aircraft gains forward speed, the download 
on the wing caused by the rotors, about 7 
percent of the rotor thrust in hover, is 
eliminated. 

70000 

60000 

ROTOR 50000 
THRUST 
AND 40000 

WING 
L1 FT, LB, 30000 

20000 

10000 

ROTORS CONVERTED 25° FROM VERTICAL 

1000 FEET, ISA + 2fiJC 0£1 AT ROTATION 

ROTOR LIMITS, 

MAXIMUM 
1 / 95%MAXIMUM 
//ROll CONTROL MARGIN 

'1-r-cROTATE FUSElAGE 
V 2 • 42 KNOTS rC_lE_jA_R--, 

SIDE·BY·SIDE 35 FOOT 
ROTOR EFFECT OBSTACLE 

TRANSMISSION LIMIT WING 

L-.===::;:::::;::::;::=:;::::::::;:=!=:::;=;::::::::: Ll FT 
00 500 1000 

Dl STANCE FROM START OF GROUND ROll, FEET 

Figure 10. Model D326 S-V Short 
Takeoff Performance. 

The rotation speed, v 2 , used for tilt 

rotor takeoff performance is similar to 
that used for fixed wing aircraft, where 
V 2 is defined as the greater of 1. 2 times 

stall airspeed or 1.1 times the minimum 
control airspeed. Since the tilt rotor 
has an interconnect shaft and the powerful 
control from the rotors is essentially in­
dependent of speed (over the speed range 
used in takeoff), the minimum control air­
speed is not critical. Therefore, for the 
tilt rotor, V 2 has been defined as 1. 2 

times the stall airspeed or the stall air­
speed plus 15 knots, whichever is greater. 
For the D326 s-v, stall airspeed is 27 
knots, giving a v2 of 42 knots. 

Following a short ground run of about 
200 feet, the rotation speed, v

2 
= 42 

knots, is reached. At 42 knots, the wing 
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lift, based on a CL of 1. 6, is 3980 

pounds. While this sounds low, it must be 
remembered that in vertical flight, the 
wing contributes a download of about 2590 
pounds. The net contribution of the wing 
when comparing vertical takeoff to short 
takeoff performance is approximately 6570 
pounds, very close to the difference be­
tween the D326 VTOL gross weight of 37,000 
pounds and its s-v gross weight of 43,300 
pounds. 

If, at the point of rotation, v 2 , one 

engine fails, the remaining power avail­
able equals the transmission limit and 
matches that required to produce the 
maximum rotor thrust after appropriate 
reductions have been made to assure ade­
quate control. The aircraft is now flying 
on the rotor thrust limit as it continues 
to climb and accelerate into forward 
flight. 

Following the takeoff limits shown in 
Figure 10, the takeoff distance at 1000 
feet, !SA + 20°C day, to clear a 35-foot 
obstacle is 700 feet, assuming that one 
engine fails at v2 speed. This more than 

meets the criterion established at the 
beginning of this study, 1000 feet. 

5. D326 S-V Performance 

The D326 S-V performance has been 
estimated for two applications, North Sea 
offshore oil support and search and res­
cue. For offshore oil support, the air­
craft, when equipped with all required 
emergency equipment for operation over the 
North Sea, carries 45 passengers 300 
nautical miles out to an oil rig while 
cruising at 20,000 feet at a speed of 300 
knots. A 45-minute fuel reserve is car­
ried and all fuel flow is five percent 
conservative. Figure ll shows the pay­
load-range for the North Sea mission, com­
paring the original D326 with the s-v 
version and with a new technology helicop­
ter. 

The helicopter was derived based on 
the same installed power and level of 
technology as the D326 s-v using BHT 
design synthesis methodology. It can 
carry 52 passengers for a radius of 300 
nautical miles with an in-ground-effect 
takeoff gross weight of 51,500 pounds and 
an empty weight of 27, 530 pounds. This 
empty weight is close to that of the D326 
s-v. 
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Figure 11. North Sea Offshore Oil 
Mission Comparison. 

The payload of the D326 s-v exceeds 
that of the original D326 by 50 percent. 
The helicopter has a slightly greater 

payload than the D326 S-V, 52 passengers 
compared to 45 at a radius of 300 nautical 
miles. If it is necessary to transport 30 
passengers (the original design payload of 
the D326), the D326 s-v can fly a radius 
of 530 nautical miles, 77 percent farther 
than the D326. Auxiliary fuel tanks would 
be installed for a radius over 450 nauti­
cal miles. With its long range, the D326 
s-v is self-deployable worldwide. 

For a true comparison of the three 
aircraft, one must look at productivity. 
To give an indication of relative cost, 
productivity is defined as: 

payload x cruise speed 
weight empty 

Table 3 summarizes the key parameters 
of the three aircraft for the North Sea 
oil support application, assuming a 300-
nautical-mile radius mission. Both tilt 
rotors exceed the productivity of the 
helicopter. The D326 S-V has a productiv­
ity 39 percent greater than the original 
D326 and 87 percent greater than the com­
parable-technology helicopter. 

Table 3. Aircraft Comparison - North Sea Oil Support 

D326 VTOL D326 s-v Helicopter 

Gross Weight 37,000 lb 43,300 lb 51,500 lb 

Weight Empty 24,473 lb 27,238 lb 27,530 lb 

WE/GW 0.661 0.629 0.534 

No. of Passengers 30 45 52 

cruise Speed 290 kn 300 kn 140 kn 

Productivity' 71.10 kn 99.13 kn 52.89 kn 

Fuel Consumed, 300 nm 4,751 lb 5,154 lb 11,520 lb 
radius 

Seat milesjlb of fuel 3.79 5.24 2. 71 

Seat milesjbr/lb of fuel 1.83 2.62 0.63 

'Productivity = Payload x cruise SJ:!eed 
Weight Empty 
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With today's rapidly escalating fuel 
costs, it is also interesting to compare 
the seat miles per pound of fuel consumed 
by each aircraft. The D326 s-v transports 
93 percent more seat miles per pound of 
fuel than the helicopter. If speed is 
factored into the comparison to give 
relative productivity per pound of fuel 
consumed, the D326 produces approximately 
three times and the D326 s-v produces more 
than four times as many seat miles per 
hour per pound of fuel as the helicopter. 

For the search and rescue version of 
the D326 s-v, it is assumed that the 
30-passenger fuselage of the original D326 
would be retained. Taking off at the STO 
gross weight of 43,300 pounds, the D326 
s-v can fly out 200 nautical miles at 300 
knots and search for more than six hours 
at sea level. Depending on when the sur­
vivors are sighted, up to 30 can be res­
cued while hovering out of ground effect. 
If the survivors are located early in the 
mission, the fuel load would be reduced by 
jettisoning fuel carried in wing-mounted 
fuel tanks or by dumping fuel carried in 
internal tanks until the gross weight is 
reduced to approximately 34, 000 pounds. 
At this weight, the aircraft can easily 
hover out of ground effect at se& level on 
an ISA + 20°C day, even after rescuing 30 
persons. 

6. Conclusions and Recommendations 

A version of the D326 tilt rotor with 
increased useful load that takes off 
following a short ground run and 
lands vertically at midrnission offers 
an attractive cost-effective and 
energy-efficient aircraft for many 
commercial and military applications. 
This aircraft, the D326 s-v, combines 
the advantages of the high static 
thrust of low-disc-loading rotors 
with efficient lift from a wing to 
maximize productivity and seat miles 
flown per pound of fuel consumed. 

Since the maximum takeoff gross 
weight is contingent upon the one­
engine-inoperative vertical flight 

performance at midmission, an inves­
tigation of landing and takeoff 
techniques should be made to deter­
mine the highest practicable gross 
weight when operating from a restric­
ted area, such as an oil rig plat­
form. Flight tests are also needed 
to further define techniques to 
minimize the takeoff distance at 
mission origin. The XV-15 would 
provide an excellent research air­
craft for this purpose. 

A detailed design study of the tilt 
rotor described in this paper is 
needed to optimize the various design 
parameters and to maximize the bene­
fits of the short takeoff, vertical 
landing configuration. 
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