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Abstract

The relationship between direct operating cost and departure
noise annoyance was developed for commercial tilt rotor air-
craft. This was accomplished by generating a series of tilt
rotor aircraft designs to meet various noise goals at minimum
DOC, These vehicles were spaced across the spectrum of possible
noise levels from completely unconstrained to the quietest veh-
icle that could be designed within the study ground rules. A
group of optimization parameters were varied to find the minimum
DOC while other inputs were held constant and some external
constraints were met. This basic variation was then extended

to different aircraft sizes and technology time frames. It

was concluded that reducing noise annoyance by designing for
lower rotor tip speeds is a very promising avenue for future
research and development. It appears that the cost of halv-

ing the annoyance compared to an unconstrained design is

insignificant and the cost of halving the annoyance again is

small.
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1.0 Introduction

The tilt rotor VTOL aircraft coniiguration is a serious
contender for a significant role in intercity public transporta-
tion in the future, particularly in densely populated regions.
Like other rotary wing aircraft types, the tilt rotor is in-
herently relatively guiet due to its low disc loading and low
flow velocities in and around the propulsion device. however,
commercial rotary wing aircraft may have to be quieter in the
future to achieve community acceptance. This is particularly
true in the case of intercity service which would involve large
vehicles and high frequency of operations at some terminals.
Because of the small size of tiie vertiport, the aircraft opera-
tions are closer to the surrounding non-user populatipen.
Furthermore, it may be necessary for economic reasons to locate
terminals in areas having a relatively low background noise
level, such as residential areas.

In order to assess the potential of tilt rokor aircraft as
a viable part of tne intercity transportation system, it is
necessary to know what degree of noise reduction can reasonably
be expected in the future. In other words, the relationsnip
between noise reduction and cost increases must be known,
There. are two methods of reducing the noise exposure due to
aircraft operations, changes in flight profile and changes in
design. The aircraft trajectory can be moved further from the

listeners, the amount of noise generated can be reduced by



reducing tihrust, or the speed can be increased in order to reduce
noise exposure. This method of noise reduction is explored
for VTOL aircraft in references 1 and 2. This method does not
generally have a significant impact on direct operating cost
(DOC) . The second method is to change the design of the air-
craft to reduce the noise generated at a given distance, thrust
level, and speed. This is the method considered here.
Design changes for noise reduction in tilt rotor aircraft
are discussed in Ref. 3 in considerable depth. Design changes in a
12,000 1b gross weightaircraft were considered there, both from
the military point of view (to reduce aural detectability) and
the commercial point of view (to reduce noise annoyance). It
was found that reduction of the rotor tip speed used in the
helicopter mode and ccnversion is the most effective means of
reducing noise annoyance. Other design changes which were con-
sidered include variations in number of Flades, blade tip shape,
blade planform, blade airfoil section, blade twist, and blade
spacing. It was found that dramatic noise reductions cannot
be accomplished with these changes. It appears that they would
also not generally result in a dramatic change in DOC. Therefore
these types of changes were neglected in the work reported here.
The object of this study was to develop the relationship
between direct operating cost and departure noise annoyance for
tilt rotor aircraft. This was accomplished by generating a

series of tilt rotor aircraft designs to meet various noise



goals at minimum DOC. These vehicles were spaced across the
spectrum of possible noise levels from completely unconstrained
to the quietest vehicle that could be designed within the study
ground rules. A group of optimization parameters were varied
to find the minimum DOC, while other inputs were held constant
and some external constraints were met. This basic variation
was then extended to different aircraft sizes and technology
time frames. This study is analsgous to the one conducted
previously by the Flight Transportation Laboratory for helicopt-
ers (Ref. 4). However, unlike the helicopter work, this study
used a single measure for evaluating total community annoyance

due to a departure operation.



2.0 Design Procedure

In this study a large number of tilt rotor aircraft designs
were created with the aid of a preliminary design computer
program (Ref, 5). The purpose of this preliminary design program
is to rapidly obtain parametric variations of the design for a
set of particular requirements. The program does not internally‘
optimize the design; this is done by the user. The program
takes as input a set of design parameters sufficient to fix the
design. It tnen performs the normal preliminarv design cal-
culations to obtain both the other design parameters of interest
an various figures of merit. Figures of merit include per-
formance parameters such as speed and payload-range, direct

operating cost, and noise annoyance. The noise annoyance portion

is the subject of section 3.

2.1 Program Description

A flow chart of the preliminary design computer program is
shown in Fig. 1. The program begins by reading input data.
Various parameters which are independent of gross weight are
then calculated: atmospheric properties, fuselage profile
drag and constant weights.

Then the program goes into a design procedure which is
an iteration on gross weight. Initially a gross weight is
estimated from the constant weights; on succeeding iterations a
new gross weight is found from those of the preceding two

iterations.
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Fig. 1 Computer program flow chart
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Fig. 1 Computer program flow chart (cont'd)
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' Next the rotors and wing are sized. The rotor radius
is found from the input disc loading. The wing span is based
on rotor-fuselage clearance. The wing loading is input and
the area and aspect ratio are calculated. The hover thrust
coefficient is found, using the input tip speed and corrected
for wing download. Then the rotor solidity is found using the
input thrust coefficient to solidity ratio (CT/G).

The cruise lift to drag ratio is found from the wing and
fuselage geometry. Then the cruise propulsive efficiency of
the rotors is'calculated accarding to an empirical formula
from the cruise forward Mach number, the cruise tip Mach num-
ber, and the rotor solidity.

Next the airplane mode best rate of climb speed is
calculated. Then the conversion speed and airplane mode wing
lift coefficient are calculated, corresponding to the input
helicopter mode maximum adyance ratio. This lift coefficient
and the ratio of the airplane mode best rate of climb speed
to the conversion speed are output to evaluate conversion perform-
ance.

Thenthe powerplant is sized to the maximum of the re-
quirements for emergency hover, conversion and cruise. The
emergency hover requirement is for one engine out hover on
a hot day at an input altitude. The conversion requirement
is established by an input conversion power factor (labelled
"Excess Factor Hel Mode" in the output) which is the ratio

of conversion power desired to normal hover power. Power



is corrected for temperature, altitude, forward speed and
r.p.m. It is assumed that the engines operate at rated r.p.m.
in hover and a penalty is accepted for any reduction in
r.p.m. in the airplane mode. This completes the selection of
design parametefs.

The aircraft is then flown through the design mission
to find the fuel consumed. The assumed mission profile
consists of ten phases:takeoff, acceleration and conversion
to the airplane mode, airplane mode climb, acceleration to
cruise speed, cruise, airplane mode descent, deceleration and
conversion to helicopter mode, hover, landing, and reserve.
The portion which is independent of cruise altitude is done
separately,so that it will not be repeated in the stage length
variation later. The fuel burn rate is corrected in each phase
for power setting, r.p.m., forward speed and altitude. Optional
provision is made for the aircraft to obey the FAA speed limit
of 250 kt. IAS below 10,000 feet. If the aircraft has more
installed power than that required for cruise at design cruise
speed, and if the drive system and rotor limits permit, then
the aircraft is allowed to cruise faster, up to these limits.
Cruise fuel is calculated according to the Breguet method.

Then the component weights are calculated. Both the
rotor and drive system weights are taken to be the highest
resulting from helicopter mode and airplane mode design re-
quirements considered separately. If the rotor hover coning

angle exceeds 8.5C weight is added to approximate tip weight



and blade weight necessary to reduce coning to this amount.
Here it is assumed that thz rotor is of the gimballed type
having a first flatwise bending mode frequency of 2 per rev.
The wing weight is independent of flap area, but is adjusted
for the 1lift coefficient required in conversion.

Now the component weights and fuel weights are summed,
which results in a new gross weight. If the difference between
the new and old gross weights is greater than ten pounds, the
design procedure goes through another cycle. When the itera-
tion is complete, the parameters describing the final design
are printed.

The venicle is then flown through various input stage
lengths whicﬁ are less than the design range, with appropriate
input cruise altitudes. The time, distance and fuel for each
stage is calculated and printed. Then the program calculates
the direct operating cost (DOC) for each stage length, by
category, and prints tiais out. The DOC is calculated according

to the Lockheed/New York Airways formula. (Ref. 6)

2.2 Calibration

In order to calibrate the computer program, the program was
used to produce approximations of two existing tilt rotor designs.
These were the Bell D302 (Ref. 7) of 44,100 lb gross weight and
the Vertol 215 (Ref. 8) of 67,000 lb gross weight. These

designs were picked because they represent the experience of
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two different firms and they are near the middle of the size
range of interest. Both were configured as transport aircraft.
However they were designed to meet military requirements which
compromised their effectiveness as commercial aircraft. By
making allowances for the military requirements in the inputs
to the computer program, good agreement with the original
designs was obtained. Roth of these designs are intended to
represent approximately 1975 technology, and therefore the
values of the technology factors which gave the best agreement

in the calibration were considered to be 1975 values.
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3.0 Noise Evaluation Procedure

The arrival, or descent and landing, operation of a tilt
rotor aircraft may generate slightly greater community
annoyance than the departure, or takeoff and ¢limbout, operation.
There are two aspects of the déscent and landing operation that
account for the assymmetry between the two, First, there may be
more blade/wake interaction in the helicopter mode descent than
in climb, depending on the exact trajectory. Second, the descent
must be constrained to avoid the vortex ring state and inability
to control the descent. Thus the annoyance produced by the
descent and landing is more dependent on operational considera-
tions than on design parameters. The annoyance produced by the
takeoff and climbout, on the other hand, is strongly dependent on

operational considerations than on design parameters. Many of the

design changes which reduce departure noise will also reduce
arrival noise. For these reasons, departure annoyance was con-
sidered more appropriate for this study of noise reduction

through design changes.
3.1 Departure Path
After the direct operating cost portion of the computer program,

the departure trajectory to 10,000 feet altitude is calculated in

detail. The result is a time history of the distance, altitude,
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flight path angle, thrust and rotor tilt angle relative to the
flight path. This history then is input to the noise annoyance
calculation,

The departure path is shown schematically in Figure 2.
Throughout this path acceleration is constrained by power
available. There are three other constraints for passenger
comfort. The acceleration builds up smoothly over
a specified time to its allowable input maximum, which is used
for all phases of flight. The rate of rotation of the accelera-
tion vector after obstacle clearance is specified. Finally,
the maximum fuselage pitch angle is specified.

7o determing the departure path prior to the airplane mode
climb, the program considers steps in velocity, of input size,
and calculates the acceleration magnitude according to the
routine shown in Figure 3. The rotor tilt angle is first
found from tlie kbalance of forces perpendicular to the accelera-
tion vector and the power limited acceleration magnitude is
found from the force balance parallel to the acceleration vector.
If the power limited acceleration is larger than the allowable
acceleration, the force balénces are set up again and solved
for the thrust and a new tilt angle. The the time, distance,
altitude, and flight path angle are found from the acceleration
and velocity. The forces and angular relationships are shown

in Figure 4. The nomenclature is given in Table 1. _

A simple model is used to predict the performance of the
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Table 1 Conversion Nomenclature

Computer Output

Symbol Label Description

v VEL Freestreem Velocity, ft/sec

Vind not shown Induced Velocity of Rotors, ft/sec

TiRUST THRUST Total Rotor Thrust, 1lb.

HFQRCE not shown Total Rotor In-Plane Force, lb.

ngo LWGQ Lift of Wing Portion not Influenced
by Rotor Flow, 1b.

Lwgi LWGI Lift of Wing Portion Influenced by
Rotor Flow, 1lbL.

DWgo DWGO Drag of Wing Portion not Influenced
by Rotor Flow, 1b.

Dygi DWGI Drag of Wing Portion Influenced by
Rotor Flow, 1lbL.

De DFUET Drag of Fuselage and Tail, 1hL.

Y GAM Flight Path Angle, deg.

oy ALP Angle between Rotor Mast and Freestream
Velocity, deg.

6 THE Angle between Wing Zero Lift Line
and Horizontal, deg.

%ygo AWQ Angle of Attack of Wing Portion not
Influenced by Rotor Flow, deq.

o, ALV Wing Angle of Attack Change Induced

by Rotors, deg.
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rotor and wing through the complete range of rotor tilt angles.
Elementary helicopter blade element and momentum theory formulae
are used to find the rotor thrust, since the advance and inflow
ratios are not large, To predict the wing forces, it is assumed
that the flow through the rotor is fully developed when it
reaches the wing. Hence the portion of the wing that is influenced
by the rotor is that portion which is overlapped by the inner
half of the disc area. On this portion of the wing the total
slipstream velocity is assumed to be the vector sum of the free-
stream velocity and the fully developed induced velocity of the
rotor. The optimum flap deflection cannot be conveniently found,
so it is assumed to be equal to the flight path angle. The air-
craft is assumed to be pitched up to the input maximum, or until
the angle of attack of the rotor-influenced portion of the wing
is 3° less than stall, whichever is less, until the aircraft
reaches the speed where the wing lift is equal to the gross weight.
Conventional fixed wing methods are used to calculate
performance at the beginning of the airplare mode climb and

at 10,000 ft. altitude.

3.2 WNoise Prediction

Noise nomenclature is given in Table 2. There are three
significant sources of noise in the tilt rotor vehicle: the

engines, the drive system and the rotors. The noise from the
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Table 2 Noise Nomenclature

Symbol Description

a rotor blade angle of attack, deg.

P air density, slugs/ft3

¢ angle between rotor axis and a line joining the rotor
hub and a ground noise measuring point

Ab rotor blade area, ft2

c rotor blade chord, ft.

d slanf distance from aircraft to noise measuring
point, ft.

DIR vortex noise directivity correction, db.

DT time increment in noise calculations, sec.

fpeak vortex noise peak frequency, Hz

FENGI engine installation weight factor

GAMOCD obstacle clearance angle, deg.

HOC obstacle clearance height, ft.

Lp overall sound pressure level, db.

L?N perceived noise level, dk.

Lo N effective perceived noise level, ¢b,.

RA relative noise annoyance

SEL effective perceived noise level at 500 ft. sideline, db,
t rotor blade thickness, ft.

T thrust

\Y% rotor tip speed, ft/sec.

tip
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engines can generally be reduced to less than that from the
rotors in a guite straightforward manner, as discussed in Ref. 3.
The weight penalty for quieting the engine and drive system
below the rotor noise level is accounted for by increasing the
engine installation weight factor (FENGI) if the 500 ft. side-
line noise livel (SEL) is below 95 EPNdb. In the absence of
adequate empirical data, the author's engineering judgement

was used to optain the following relationship: The engine
installation factor was kept at 1.50 at 95 EPNdb and was assumed
to be 1.60 at 87 EPNdb and 2.00 at 80 EPNdb. A parabolic curve
was fitted between these points.

Rotor noise is predicted using helicopter methods because
only low disc loading and forward speeds are considered. Heli-
copter rotor noise is usually classified into three categories:
blade slap or impulsive noise, rotational or discreet frequency
noise, and vortex or broadband noise. The understanding of
the mechanisms of rotor noise is rapidly evolving and this
classification has been questioned. However, it remains the
most useful one for the moment.

Blade slap is by far the most offensive of these types of
noise when it occurs. (Ref. 12) It can occur in high speed -
helicopter flight due to compressibility phenomena in the
vicinity of the advancing tip, (most frequently on two bladed

rotors) or it can occur at low speed due to interaction
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between a blade and the tip vortex of another blade. The former
mode should not be a problem in commercial operation of tilt

rotor aircraft because there should be no need to operate at

high speed in the helicopter mode. Since there is no rotor
overlap in the tilt rotor the latter mode should be limited to
descent conditions where the wake does not leave the rotor disc
rapidly. This noise generation mechanism is not strongly dependent
on design parameters, but more on operational considerations.
Because it is not likely to occur in the departure operation, it
is neglected in this study.

Rotational noise will result because the pressure field
around a rotor or propeller blade will change periodically
relative to a stationary observer. The fundanental frequency
is the blade passage frequency, which is very low (less than
20Hz.) for most rotary wing aircraft. The rotational noise spec-
trum consists of a series of discrete %tones, starting at the
fundamental and decreasing in amplitude as frequency increases.
Since precise prediction of higher harmonic airloading is
generally not possible, a partly empirical prediction method must
be used. Unfortunately the body of experimental data is very
small, and hence the process of deriving a prediction method is
not unique. Nevertheless, there is a commonly accepted prediction
method (Ref. 9). Using this method for tyvpical rotary wing air-
craft, it is found that rotational noise is significant compared
to vortex noise only at high advancing tip Mach numbers in the

helicopter mode or if the noise is calculated at large distances



from the vehicle. The former condition is not likely to apply

to the tilt rotor aircraft in commercial operation. 1In the latter

case the overall noise level has dropped below the background level

assumed in this study. For these reasons rotational noise is neglected.
Vortex noise arises from two sources: random airloads on

the blades and turbulent flow in the blade wakes. The vortex

noise spectrum consists of a continuous broad hump with a peak

geuiterally in the range of 200-600 Hz. A reasonably reliable

method for predicting vortex noise has been developed (Ref. 10

and 1l1l). Overall sound pressure level (SPL) at 300 feet is given

by the following formula:

7.62 x 10 %2 . . )2

tip

L_= 10 log
P 10 N

)
The complete spectrum is predicted from the figure developed
empirically by Schlegel for an unstalled rotor blade (Ref. 10).

It is then necessary to correct for the sensitivity of the
human aural system; this is normally done by conversion to
Perceived Noise Level (FNL). It is recognized that none of the
currently accepted corrections take adequate account of the
annoying nature of very low frequency sounds or amplitude modula-
tion typical of helicopter noise spectra. Improvement in these
corrections must await new subjective testing. Following unpub-
lished work by Anthony Hays at the M.I.T. Flight Transportation Lab,
the spectral distribution in SPL and the corresponding weighed
and combined PNL measures were calculated for the range of base

frequencies of 100-400 Hz. over distances from 100 to 20,000 ft.
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It was found that the combined effect of the conversion from
SPL to PNL and the losses and changes in emphasis due to
atmospheric absorption could be approximated within a decibel

by the formula

Lpyg = Lp * 3.0 - 0.000375,d

This held good for SPL ranges from 120 - 80 db, and was
conservative in the 80-70d:r range. The formula was valid only
for distances greater than 2000 ft. Within 2000 ft. a correc-

tion which depended upon the peak freguency was necessary.

LPN = LP + 3.0 - 0.000375%d + 0.0264 fpeak (1- 4/2000)

The peak frecuency is tine Strouhal freguency given by the
following approximation for o = 6°

) 0.28(vtip//§) v e

£ . —
peak tcosa + ¢ sina tip

Distance attenuation is simply the dilution of sound energy
by spreading over larger spherical surface areas as the distance
from the source increases. Thus, if the standard distance is
300 ft., the energy levels at otner distances are reduced by the
ratio of the squares of the distances, or 6 decibels per doubling
of distance.

There is in additon an adjustment to the local perceived
noise level due to different viewing angles from tne rotor shaft.
Reference 9 gives the formula for the adjustment in decibels,

cos2¢ + 0.1 ]

c052§0° + 0.1

DIR = 10log, I
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The conversion from perceived noise level (LPN) to effective

perceived noise level (LEPN) involves converting the LPN measure

to energy units, multiplying by the duration, and dividing by

the standard time, 10 seconds. Thus

(Lyy/10)
1o@eoy) = 2 (10 TpN * DT/10)
0*“EPN all DT

3.3 Annoyance Prediction

The annoyance measure is based on the work of Ref. 13. The
noise annoyance routine calculates Effective Perceived Noise
Level at a large number of points on a grid representing the
area on one side of the flight path. The noise pattern is
symmetrical. The EPWL at each point is then converted to personal

annoyance units,

(L
Annoyance = 10

rpN cutcff)/33.2

Because this measure is asymptotic to zero the cutoff noise
level must be above the background noise level. Here this
difference is assumed to be 10 EPNAB which is consistent with
the normal fluctuation of the bacliground level. The annoyance
value is one at the cutoff and zero below. The land use pattern
and cutoff levels used in this study are shown in Figure 5.

The personal anncyance is then integrated over the population
surrounding the airport. Since the population density is assumed
constant it does not appear explicitly. The annoyance value at
each point is multiplied by the surrounding land area and the

results are summed to obtain the total community annoyance from
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a single departure.
Unlike other measures, this community annoyance measure
obeys the following simple rules:
1) A sound 10 EPNdb  louder is twice as annoying.
2) A noise quieter than the background noise level produces
no annoyance.
3) The total annoyance resulting from two people listening
to a noise is twice the annovance of one person listening

to the same noise.
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4.0 Study Method and Ground Rules

4.1 vVvariations

The basic variation consisted of five aircraft designs of
1980 time frame having 50 seats. These vehicles were spaced
across the spectrum of possible noise levels, from completely
unconstrained to the quietest vehicle that could be designed
within the study ground rules. The noise goals that were used
for design optimization were in terms of Effective Perceived
Hoise Level at 500 feet side line, while the total noise
annoyance was used for comparing optimum designs. The tilt
rotor designs generated in this study are designated by codes
consisting of a letter mnemonic indicating the noise class, .a
numper indicating the time frame and a number indicating the size
in terms of passenger seats. The basic variation aircraft and
tneir noise goals are shown in Table 3. The parameters that
were varied to find the ninimum DOC aircraft for each noise goal
are shown in Table 4, along with the approximate range over which
they were varied. The final optimal values of these parameters
are given in Table 10, section 5.

In the size variation the basic variation was repeated for
sizes of 20, 80 and 110 seats. The gross weight did not converge
for 5-80-110, as discussed in Section 5, so it is not included
nere. 1In the timeframe variation the basic variation was repeated
for time frames of 1975 and 1985. 1In this study, the time

frame is intended to be the year of initial prototype flight
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Table 3 Basic Variation Noise Goals

Noise Goal
Designation Mnemonic EPNdDb @ SOOft sideline
C-80-50 Cheap Unconstrained
M-80-50 Med ium 95
Q-80-50 Quiet 90
D-80-50 Double Quiet 87
S-80-50 Silent 84
Table 4 Design Optimization Parameters
Parameter Units Range
Cruise Speed mph 250-425
Disc Loading lbs/ft2 6-16
Helicopter Mcde Tip Speed ft/sec 300-350
Airplane Mode Tip Speed ft/sec 300-650
Wing Loading lbs/ft2 50-100
Conversion Power Factor * 1.10-2.20

* Ratio of power desired 1n conversion to taat reguired in

a normal hover.
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testing, with airline service following two to five years later.
The values of the parameters which were changed to produce the
size and time frame variations are given in Tables 5 andé6 ,
respectively. The 1975 values of the parameters used in the
time frame variation are based on the calibration of the computer
program as discussed in Section 2. The 1980 and 1985 values
were derived using the author's judgement and knowledge of
Projected technological developments to extrapolate historical
trends. The optimality of the values of the optimization
parameters found in the basic variation was checked by varying
eacn of these parameters £ingly for extreme points of the size
and time frame variations, namely C--75-20, C-80-110, S-80-80,
C-75-50, and S-85-50, $~75~50, and 5-85--50. No significant
improvements could be found so these parameters were kept
constant for each noise class throughout tne size and time frame
variations.

In all the previous variations the olLstacle clearance
path was kept fixed at 60° to 100 ft. 1In order to assess how
this cioice of pati might affect the results, the obstacle clear-
ance path was varied. Eight other departure paths were considered
with obstacle heights of 50, 100 and 200 feet and obstacle clear-
ance angles of 30°, 60° and 90°. It was found that the basic
variation aircraft did not have sufficient power in the <ouver-
sion phase to execute the departure paths having greater obstacle
heights or steeper obstacle clearance angles. The reason for
this is the assumption in the departure path calculation that
that the vertical speed built up in the obstacle clearance phase

is maintainea through the acceleration and conversion phase.
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Table 3 Design Parameters Varied with Size
Parameter 20 50 80 110
Cabin Crew 0. 1 2 3
Fuselage Length, ft. 55 80 95 110
Fuselage Diameter, ft. 8.5 10 11.5 13
Table 6 Design Parameters Varied with Time Frame
Parameter 1975 1980 1985
Rotor Hover Efficiency 0.83 0.85 0.87
Rotor Conversion Efficiency 0.81 0.83 0.85
Specific Fuel Consumption, 0.42 0.40 0.38
lb/hp. hr.
Airframe Weight Technology 0.80 0.78 0.76
Factor
Rotor Weight Technology 1.05 1.00 .95
Factor
Drive System Weight Technology 0.85 0.83 0.81
Factor

Engine Power/Weight, hp/lb 7.0 8.5 10.0
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The higher paths require that conversion be executed while
maintaining a greater vertical speed requiring extra power
which the basic variation aircraft do not have. Therefore the
path variation was accomplished using a more powerful aircraft,
QP-80-50. This design is similar to Q-80-50 but the conversion
power factor has been increased from 1.40 to 2.00.

Finally a hovering case was run to develop a standard level
of total annoyance. A vehicle was found which generated 95.0
PNdAB at 500 ft. distance while hovering at 100 ft. altitude.
This is approximately the noise level of the Vertol 347
helicopter. Then this vehicle was hovered over the center
of the vertiport for one minute at 100 ft. altitude to obtain
a standard level of total annoyance. All gross levels of
annoyance produced by other vehicles were divided by this

value to obtain relative aunoyance, which is used for all plots.

4.2 Constraints

Several constraints, which are external to the computer
program, were obeyed during tne variations described above. A
rctor solidity of 0.25 was considered tne arbitrary maximum.

Tiie wing aspect ratio was kept below 8.0 to avoid aeroelastic
problems. The wing loading was kept above 50 to permit rcascn-
able ride qguality. Finally the conversion speed was not permitted
to be less than two thirds of the airplane mode best rate-of-climb

speed, in order to have an adequate conversion corrider.
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4.3 Constants

The values éf significant constants which were used through-
out the study are shown in Tables 7, 8 and 9, Complete data on
all the aircraft designs discussed in this report is presented
in Appendix 1. Direct operating cost was calculated at a variety
of stage lengths. The cost over two 200 mile segments, with the
engines not shut down at the intermediate stop, was selected as
representative of typical nigh-density short haul operations.

DOC is in 1973 dollars.
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Table 7 Design Constants

Parameter Value
Design Range, stat. mi. 500
Cruise Altitude, ft. 15,000
Max. Helicopter Mode Advance Ratio 0.40
Wing Thickness/Chord Ratio 0.21
Wing Taper Ratio 0.70
Flap Area/Wing Area 0.25
Wing Max. Clean Lift Coefficient 1.40
Number of Engines 2
Emergency/Normal Power 1.40
Ciimb/Normal Power 1.20
Cruise/Normal Power 0.90
Field Elevation, ft. 0
Emergency Lover Altitude, ft. 2000
Maximum Acceleration, g. 0.25
Maximum Deceleration, g. 0.20
Hot Day Temperature, °F. 95
Standard Day Temperature, p 59
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Table 8 Operating Cost Constants

Parameter Value
Utilization, hr./yr. 2000
Depreciation Period, yr. 10
Residual Value, % 0
Airframe Cost, $/lb. 80
Engine Cost, $/hp. 60
Fuel Cost ¢/gal. 18
Hull Insurance Rate, % per yr. 4.0
Maintenance Labor Rate, $/hr. 7.00
Table 9 Departure Path Constants

Parameter Value
Max. Fueelace Fitch Angle, deg. 20
Max. Accel. Vector Rotation Rate, deg./sec. 20
Acceleration Buildup Time, sec. 5
Obstacle Clearance Angle, deg. 60*
Obstacle Clearance Height, ft. 100%*

*Except in Path Variation
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5.0 Results and Discussion

The basic varistion resulted in five aircraft covering the
spectrum of noise levels, but designed to common ground rules
as discussed in Section 4, The basic variation includes only
1980 50 seat aircraft. The principal characteristics of these
aircraft are shown in Table 10. For comparison the principal
characteristics of (P-80-50, and of the hover example aircraft
are given in Table 11. The rotor and wing planforms are shown
in Figure 6. DOC is plotted vs. relative annoyance for the
basic variation in Figure 7. This curve is the central result
of this study. DOC for other stage lengths can be found from
Figure 8. Complete information on all the aircraft designs
discussed in this report is given in Appendix 1. Effective
Perceived ioise Level Maps for basic variation aircraft are
given in Appendix 2.

Starting with C-80-50 ana moving downward in noise level,
we see that each step cuts the relative annoyance roughly in
half. M-80-50 differs from C-80-50 mainly in helicopter mode
tip speed and solidity, énd the resulting change in DOC is verv
small. Going on to (Q-80-50, we see that now airplane mode tip
speed and wing loading are also reduced, resulting in a slightly
greater change in DOC. With D-80-50 cruise speed is added to the
list of changing fundamental parameters and DOC begins to rise
more sharply. Finally, in S-80-50 the effects of further

changes in all these parameters combine to give a sharp increase
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of Basic Variation Aircraft

C M Q D S

Disc Loading lbs/ft> 12.0 12.0 9.0 7.0 6.5
Solidity 0.081 0.143 0.179 0.200 0.245
Tip Speed Hel. Mode

ft/sec 825 620 480 400 350
Tip Speed, Airplane

Mode ft/sec 560 550 480 400 350
Installed power, hp 9388 9447 8784 8328 9190
Conversion Power Factor 1.30 1.30 1.40 1.50 1.65
Wing Loading, lb/ft2 95 95 75 63 50
Wing Aspect Ratio 7.91 7.85 7.72 7.91 6.56
Cruise Speed, mph 429 431 411 351 284
Cruise Lift/Drag 9.98 10.11 10.55 12.52 14.57
Fuel Weight, 1lb 4248 4126 3973 3978 4803
payload, 1lb 10,150 10,150 10,150 10,150 10,150
Empty Weight, 1b 28,114 29,924 33,861 37,778 44,719
Gross Weight, 1lb 42,511 44,200 47,984 51,906 59,672
DOC, $/seat trip for

two 200 mile trips 13.56 13.84 14.93 17.18 21.89
EPNdB @ 500 ft

Sideline, Departure 103.1 95.0 90.0 86.8 84.0
Relative Annoyance,

Departure 1.482 .657 .279 .133 .074
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Table 11 Characteristicsrof Two Example Ajrcraft
Qp-80-50 g nole
Disc Loadiﬁé 9.0 12.0
1bs/ft2
Solidity 0.179 0.122
Tip Speed Hel 480 673
Mode, ft/sec
Tip Speed Cruise 480 550
ft/sec
Installed Power, 10,500 9393
hp :
Wing Loaging 75 95
1b/ft
Wing Aspect Ratio 7.57 7.87
Cruise Speed, mph 427 432
Cruise Lift/Drag 10.36 10.01
Fuel Weight, 1b 4561 4127
Payload, 1b 10,150 10,150
Empty Weight, 1b 38,938 29,295
Gross Weight, 1lb 53,649 43,572
DOC, $/seat trip 16,04 13.75

for two 200
mi. trips

EPNdB @ 500 ft 90.1 97.5
Sideline
Departure

Relative Annoyance .324 .839

Departure
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in gross weight and a large increase in DOC. This vehicle is
up against all the constraints discussed in Section 4. Thus it
is appropriate that the slope of the DOC vs. relative annoyance
curve in Figure7 is nearly infinite at this point.

In the size variation, tne basic variation was extended to
include 20, 80 and 110 seat sizes. The gross weight did not
converge for S-80-110, because the rotor weight penalty to
prevent excessive coning at low tip speeds increases rapidly
with aircraft size. DOC is plotted against relative annoyance
for each size in Figure 9. However, it is appropriate when
comparing the noise annoyance of aircraft of varying size to
consider the annoyance per seat, since fewer departures would
be required to transport a given number of passengers on larger
aircraft. Thus DOC is plotted vs relative annoyance per seat
in Figure 10. It can be seen that the minimum DCC aircraft
decreases in size as the permissable annoyance is reduced. The
110 seat aircraft lhas the lowest DOC over most of the annoyance
range but it is interesting to see now closc the 50 seat and
80 seat aircraft are in DOC. The effect of frequency on demand
would favor smaller aircraft, and henceé the best aircraft from
the airline system point of viewis probably smaller than 80 seats.
Also the curves indicate that DOC would not decrease significantly
for aircraft larger than 110 seats.

In the time frame variation, the basic variation was extended
forwards and backwards in time, from 1980 to 1985 and 1975. DOC

is plotted against relative annovance for each time frame in
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Figure 11, The curves fall rather close together, reflecting

a fairly small advancement in aircraft technology over this
time period. However, over most of the annoyance range, moving
ahead in time can produce a substantial reduction in annoyance
at constant DOC.

The path variation was accomplished with an aircraft, QP-80-50,
which is similar to Q-80-50 but the conversion power factor was
increased from 1.40 to 2.00, as discussed in Section 4. Nine
different departure paths were used with obstacle heights of
50, 100 and 200 feet and obstacle clearance angles of 30°, 60°,
and 90°. The results are plotted in Figure 12. From these
curves it can be seen that higher departure paths produce greater
annoyance, but annoyance is not very sensitive to the height of
the path. To explore this further, the highest, middle and
lowest paths are shown in Figure 13. Although the middle path
in this figure is approximately twice as high as the lowest one,
it takes longer to execute resulting in the annoyance being
increased about 15%. The same thing can be said with respect to
the highest and middle paths. This is in agreement with Ref. 14.
There it was shown that higher flight paths result in substantial
reduction of the areas within contours of Perceived Woise Level.
However, when these values were adjusted for the duration of the
noise, the area within most contours of Effective Perceived Noise

Level was slightly increased.
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6.0 Conclusions

The central conclusion of this work is that reducing the
noise annoyance of commercial tilt rotor aircraft by designing
for lower rotor tip speeds is a very promising averue for future
research and development. It appears that the cost of halving
the annoyénce compared to an unconstrained~design is insignificant
and the cost of halving the annoyance again is small.
Designing for noise reductionbiases size selection in favor
of smaller designs and the decrease in DOC for sizes over 80
seats is small. Improvements in aircraft technology in the next
ten years will offset the cost of considerable noise reduction.
The noise annoyance is not very sensitive to choice of departure
path but higher departure patns produce slightly greater annoyance.
The principal limitation of this study is the state of the
art regarding low tip speed, high solidity rotors. The prediction
of performance, weight, and noise generation are all based on
substantial extrapolations of data on existing rotors. There
is a critical needfor research in this area if commercial tilt
rotor aircraft are going to have a small noise impact. If the
noise impact is not small these aircraft will probably not be

viable.
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Appendix 1

Computer Output for All Designs
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_TILT ROTOR DESIGN PROGRAM 1974

o c-80-50 DESIGN ITERATIONS: 5
=~ OVERALL POWERPLANTY FUSEL AGE STRUCT TECHNOLQOGY FACTORS
z GROSS WEIGHT (LB} 42511, INST NCRMAL PWR (HP) 9388, *LENGTH {(FT) 80.0  *ROTOR 1.00
Z_.__. EMPTY WEIGHT (LB)_ __ _ 28114.___ *NUMBER OF ENGINES__ . 2.___*DIAMETER (FT) 10.0 _ *TRANSMISSION 083
- FUEL WEIGHT (LB) 4248, *EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR 1.00 *AIRFRAME 0.78
= PAYLOAD (LB) 10150. 2 RATFD EMRG HVR 140, [ *ENGINE (HP/LB)Y . . . __ B.50 _
: CRUISE SPEED (MPH) 429, * CONV + CLIMR 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
: L/D CRUISE 9.98 * CRUISE 90, WING PROFILE 3.04
= *RANGE (STAT MI) 500, INST PWR EMRG HVR (HP) 9388, FUSELAGE 5.31 DESIGN MISSION
= _ *PASSENGER SEATS __ S§0. CCNVER _(HP) 6563, EMPENNAGE __ 1.82 _*FIELD_ELEVATION (FT)_ _ 0.
= *CARGO- (LB) 0. CRUISE  (HP) 7865, TOTAL PROFILE 12.31 STIUND SPEED HVR (FPS) 1117.
g . _ *SFC (LB/HP HR) _ 04400 ___ WING INDUCED 2.06 __*STD DAY TFMP_(DEG _F) 59
= ROTORS *FMERG HOVFR ALT (FT) 2090.
£ *NDISC LDADING (PSF) 12.00 DRIVE SYSTEM COMPONENT _WEIGHTS (LB} *HNT DAY TFEMP_{(DFG F) 95,
RADIUS (FT) 23.7 *EFFICTENCY 0.97 RNTORS 3263. *CT/SIG MAX 0.150
L SOLIDITY . _CeCBl _ HEL MODE WEIGHT (LB) ___ 3L46.__ _DRIVE SYSTEM 4256, __*MAX ACCFLERATION (G)._ __C.25 __
BLADE CHORD (FT) 2.01 AIRPLANE WEIGHT (LB} 4256, POWERPLANT 1657,  *DESIGN CRUISE (MPH) 400,
TOTAL BLADES o 6 : . B NACELLES —————_ 201, *CRUISE AL TITUNE (FT) _ 15000, _
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 362, SOUND SPEED CRSE (FPS) 1058.
*PRAFILE DRAG_COEFF 0.010 AREA (SF) 448, WING 3273, *MAX DECELERATION (G) 0,20
£ DOWNLOAD 4.5  *LOADING (PSF) 95.0 FUSELAGE 5536, *STRUCT LOAD FACTOR 4.5
_ *EFFICIENCY HOVFR  0.85 ASPECT RATIN _ 7.91____EMPENNAGE 829,  *FLIGHT CREW 2.
* CONVER 0.83 SPAN (FT) 59.5 LANDING GEAR 1275.  *CARIN CREW 1.
CRUISE ___ __ 0.79 _ MEAN CHORD (FT)__  _ 7.52  FLIGHT CONTROLS 1787. ___*ATC SPEED LIMIT_ YES
HEL MODE WEIGHT (LR) 3268. *THICKNESS/CHORD RATIO 0,210 HYDRAUL ICS 267, s
AIRPLANE WEIGHT (LB) 2512, *TAPFR RATIO c.70 ELFCTRICAL 659, 1
*TIP SPEED HOVER T 825, SWEEP (LCEG) -5.3 INSTR+AVIINICS 703. [
_x CRUISE . S6C. CRUISE LIFT COEFF_____ _ 0.32 AIR CONDITIONING _  1150.
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 0.75 FURNISHINGS 2500. °
___ *MAX HEL MODE ADV RATIO__ 0,40 _ *NAX LIFT COEFF CLEAN ___ 1.40 _ __FLUIDS _213,
*FLAP ARFA/WING ARFA 0.25 FLIGHT CREW 403,
_ * INDICATES INPUT VARIABLE CLIMB_SPD/CCNVER SPD 0.75 CABIN CREW 152,
£ DESIGN MISSION SPEED _ HEIGHT  DIST TIME ____ FUEL ____ _ _ .
- MPH FT M1 MIN L8
£ TAKEOFF & LANDING ] 2.00__ . 86, L _
Z ACCEL. & CONV. 900. 3.9 0.6% 33,
= AIRPLANE CLIMB 168.,208, 14160, 13,1 4.19 226,
== ACCEL. TD CRUISE 12.1 2.08 118,
= CRUISE . __ 429« ______ . 439,5 _6l.44 __ 2869.
z ATRPLANE DESCENT 429.,4292. 14100. 33.4 5.88 44,
2 _DECEL. & CONV. o . S0C._ 0.9 __1.11_ -
z TOTAL 500.,0  77.35 3385,
_RESERVE .__20.00 862,

|
;




C-80-50

STAGE LENGTH (MI.) 25. 50. 15. 130, 153, 200. 390, 403, . 57)._ o e
CRUISE ALTITUDE (FT.) 2C00. 40)3C. 100Cl. 12500. 15000. 150C0. 15000. 15000. 15000.

CRUTSE SPEED _(MPH) 296, 305, 438, 451, 461, 461 46], 46) . 461,

CRUISE L/D 12.27 12.27 8.46 8.75 9.02 9.02 9.02 9.02 9.02

CRUISE DISTANCE (MI.) 17.1 35.1 22.3 38,2 T9¢6 . . 129.6 _229.6_  _329.6 . 429.6_ —

BLOCK TIME (MIN.) 8.7 13.8 17.1 20.7 275 34.1 4T.1 60.1 73.1

BLOCK FUFL (LB.) 293. 431. 621. B04._ 1184, (1552, . 2276.  2988. __ _36BT.__ . __ — —-
BLOCK SPEEN (MPH) 172. 218. 263, 289, 327. 352. 382. 399. 410.

DIRECT NPERATING COST - ANN UTILIZATION(HR)}=20C0. DEPRECIATION PERICD(YR)=10. LABOR RATF($/HR)}= T7.00

ATRFRAME COSTY (s$/LB)= 80.0

ENGINE CGST ($/HP)= 60.0

DUC=1.70¢J.0244%SL $/SEAT-TRIP (SL= 25.,5C0.)

HOP LENGTHS 50+150+ O+ O¢ 0=200 1CC+200+ O+ O+ 0=300 2004230+ O+ O+ 0=400O___. _ . ____° . e
STAGE LENGTH o 25+ . 5Ce____ 75.___100. 159. 200, 302, 437, 517 200, 300 400,

NO. CYCLES/STARTS 171 /1 1/1 1/1 171 171 171 171 171 2/1 271 2n

FLIGHT CREW 0.563 0.446 0.369 0.336 0.297  0.276  0.254 0.243_ G.237 _ _0.351 __D.306__0.284 _ __ ...
FUEL € OIL 0.326  0.243, 0.234 0,224 0,219 0.216 0.211 0.207 0.205 0.225 0.218 0.216

HULL TNSURANCE G.311 D.246 0.2C4 0.185 0.164 0.152 0.140__ G.134_ G.131__ 0.185 _ 0.163__ C.152 I
TOTAL FLIGHT 0OPS 1.200  7.931 0.8C7 0.745 0.681 0.643  0.6)5 U.585 0.572 02.760 C.688  0.651

LABOP AIRFRAME  0.474 _ 0.311 _ 0.240 _ 0.206__ U.17L___ 0.152 _ 9.133__¢.123 0,118 _0.204 9.169  03.151

MATERIAL AIRFRAME  0.184  0.113  0.085 0.C71  0.057  0.049 0,042 0038 0.036 0.068 0.055 0.748

LABOR ENGINES 0.317 0.174 0.123 0.CS8. 0.072 0.059 J.046 C.D40 0.036_ 0.083 _0.066 _ 0.755 __
MATERIAL ENGINES 0.519 0.280 0.195 C.154 0.l11 0.090 0.068 0.058 (0.0S1 0.136 0.099 0G.081 7;"
MAT. BIIRNEN 1.629  0.631 0.472 0.356 0.316 0.2T4_ 0.233 _ 0.212 _ _0,200__0.38) _ 0.305___C.267 w5 .
TOTAL MAINTENANCE  2.524  1.509 1.115 0.%25 0.727 0.625 0.523  0.471  0.441 0.876 9.694  (.602

DEPPECIATION _ C.9G4__ _0.715 __ 0.592__0.539__0.477___0.442 _0.408 0.390 0.380 0.537 C.474 (.442

TOTAL DOIRECT OPERATING COST

$/AIRCRAFT MILE 4.628  3.156  2.514  2.208  1.885  1.710_ 1.535  1.447__ 1.393__ 2.173_ 1.856 __1.695_

$/FLIGHT HOUR 798.0 687.7 66l.4 638.7 615.9 602.7 586.9 577.6 S5Tli4 631.1 609.8 597.4

$/SEAT MILF 0.0926 0.0631 0.0563 0.C442 0.0377 0.0342 _0.0307 _0.0289 0.0279 0.0435 _0.0371 0,0339__ _ e
$/SEAT-TRIP 2.31 3.16 3.77 4.42 5. 65 6.84 9.21 11.57 13.93 8.69 ll.l4 13.56

INSURANCE RATE=0.043  _ FUEL COST_(CENTS/GAL)=_18,0 .




___C-80-50
" "DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDYP TVIME= S, s
T IME DIST ALY VEL . ACC GAM_ _THRUSY __ t{WGO __ LWGI DWGO_ DWGI__ DFUST _ALP__THE__AWO __ALV__LAMDA My ____CT__ _POWER _
SEC FT FT FPS G DEG L8 LR LB LB L8 LB DEG DEG DEG DEG HP
) OBSTACLE CLEARANCE
= 3.1 4, 7. 3. 0.050 60.0 45113, -0 =560 0. 733. le 29.3 24.6-35.4 28.8 0.0641 0.0015 0.0079 6463,
4.0 7. 13. 8. 0a171 60.0_ 49670.__ _ —3._ =684 ____24_6T0e ___10a_ 2625 24,6-35,4_24,8_0.0698 Q.CI41 Q,0987_ 7539, . _
5.0 13. 23. 13. 0.163 60.C 4S361. -10. -694. 5. 626. 28. 26.7 24.6=-35.4 23.6 0.0728 0.0068 0.0086 7772,
6.2 24. 41, 18. 0.129 60.0  48050. _ =19« _—69Te___ 9, 584, __54e_2Te% 24.6-35.4_22.5 0,0748 (G,N095.0,0084_ _T772,
7.8 42. 73. 23. J.0S5 60.C 46B08. -31. -696. 15. 561. 9). 28.2 24.6-35.4 21.9 0.0768 0.5126 0.0082 7772, :
8.5 58, 100.__ _24. 0,060 60.C 45521, -46, __—695. 23.  537. 134, 29.1 2%4.6-35.4 21.2 0.,0789 0.015%3 0,C280 _T172, -
ACCELERATION AND CCNVERSION :
9.5 78. 127. 33, 0.152 52.4 44541, _ —83.__ _~940C. _ 26e__326e__ 137+ 30.3 24.6~27.8 21,5 0.0807 0.6293 J.Cu78 7772, _
10.4 106. 151. 40. 0.171 41.7 43891. =166, -1265. 28. 211. 105. 40. 1 24.6-1T7.1 25.4 0.0818 0.0309 2.0077 7772,
. 11.3 142. 175, 48, 0.174 33.8 _44118. -202. —1571. __28. 168, _ T4. 48.1 24.6 =9,2 28.2 0.0814 2.n431 0.0677__7772. __ . __ __
12.2 186. 199. 57. 0.176 28.2 44176. 59. -1836. 26. 148. 54e 53.6 2446 —-3.6 28.3 0.0812 0.0549 0.0073 71772, ..
13,0 238.__ 222+ __66. 04179 _24.1 44202, __ 4J7. —-2091, 34, 141, 454, 57.4 24,6 0.5 27.1 0,C811 0.0566 2.6278_ T772.
13.8 295, 244, 75. 0.191 21.C 44238. 851. —2361. 52. 142. 48, 59.6 24.6 3.6 25.2 0.0809 0.7R3 0,078 7772,
14.7 360. 266, 85. 0.191 18.5 44142, 1393, =2656. _ 79. 148. _ 62. 61.7 24.6__6.1 22.9_0.0810 0.0920 D.L378_ T772._ _ .
15.5 435, 288. G4, D.188 16.€6 43971. 2G36. -29”%, 117. 159. 87. 63.4 24.6 8.0 20.6 0,0812 0.1017 92,0077 7772,
16.3 52l. _ 311. _104. 0.180 15.0 42627, _278l. =2336. 165« _116. _ 123+ 64¢0 246 9.6 17.9 0.0830 0.1125 0.0076 _7772.___  _ _
17.2 614. 334, 113. 0.183 13.7 41224. 3628, -907. 223. Tle 170. 63,1 24.6 10.9 15.2 0.0863 0.1227 J.0373 7772,
18.0 716, 357, 123, 0,184 _12.€&_ 293C5. 4578.__ 598, 291, 68, 229, 61.8 24.6 12.0 12.% 0.0904 0.1325 0.0069 7772,
19.0 837. 382, 133, 0.167 11.7 36927, 5621, 2246. 369, 104, 298. 61.2 24.6 12.9 10.6 0.U960 0.1416 C.0065 7772,
19.9 969, 407. 143, 0.165 10.9 34576. 6787, 3953, 45T7. _1T4.__379. 59.3 24.6 13,7 8,7 0.1924 0.1504 C.In61 _7772. _ _ __
21.0 1126. 435, 153. 0.149 10.1 31788, 8045. 5834. 555. 277. 470. 57T.7 24.6 l4.4 7.1 0.1112 0.1577 0.0056 7772, [
22.2 1318. _467. _162. 0.130 9.5 28723. _ 9406. 7866. 663, 413, 572. 55.6 24,6 _15,1_ 5.6 0.1229 0.1630 0.0051 7772, _ 1| __
23.5 1541. 502. 172. 0.118 6.0 256€65. 1C868. 10006. 78l. 574. 686. 52.1 24.6 15.6 4.3 0.1375 0.1658 2.0C45 7772, w
24.9 1803,  542._ 182, 0.107__8.5 22474, 12430. 12299, 909. 765. B81Qes 47.3 24.6 16.1 3.2 C.1571 0.1636 3.)340 7772,
26.6 2123,  587. 192. 0.092 8.0 19555. 13596. 13978. 979, B8B92. B880. 43.7 24.0 15.9 2.4 0.1772 0.1594 0.0035 7772,
28.4. 2483, 635, 202, 0.086 7.6 18184, 14458. 15186. 1012._ 964, 915. 40.3 23.0_15.4 1.9 0,1946 0.1567 0.0032__7772.
30.3 2882, 686. 212. 0.082 7.3 16448, 15425. 16459, 1047. 1039. 952. 35.8 22.2 14.9 l.4 0.2156 0.1479 0.0029 7772,
32,2 3308, T738. 222. 0.080 7.C 14831. 16383. 17796. 1084. 1118. 991. 29.8 21.4 14.5 _1.0 0.2400 0.13923 J.u026 7772, B
34.1 3742, 789. 232. 0.082 6.7 135C(7. 17410. 19195, 1127. 1201, 1038s 21.8 20¢8 14.2 0.6 0.2648 0.1749 J),0024 T772.
36,0 4191, 839, 241. 0.C83 _6.4 12429. 18428, 20623. 1169. 1286, 1084, 12.4 23,2 13.8 0.3 0.2893 0,.)64%2 2.0022 7T772.
_ TTAIRPLANE MODE CLIMB TO 10,G00 FT .
36,0 4191. 839. 246. 0.0 14.2 13859, o o o L
- 196.7 46673. 10000. 283. 2.0 11.7 12¢58.
NOISE AT 500 FT SIDELINE=103.1 EFNDR
: TIME 1.5 4.5 7.5 10.5 13. s 16.5 19.5 22.5 25.5 28.5 31.5 34,5 39.0 45.0
z PNL 101.5 102.3 101.7 1C0+3 98.7 95.4 89,9 83.2 15.9 70.6 66.6 61.9 54.5 52.1

. NOISE 500 FT FORWARD OF TAKEOFF POINT=104.5 EPNDB

e

NOISE AT 20,000 FT SIDELINE= 65.5 EFNCB

NOISE 25,000 FT FORWARD CF TAKECFF POINT= €3.3 EPNCB

THE TOTAL NOISE IMPACT IS 0.L1476C+07




TILYT ROTOR DESIGN PROGRAM 1974 . e o .
M-80-50 . L B e __ DESIGN ITERATIONS: & _ » _ _
__ OVERALL POWERPLANT FUSELAGE __STRUCT TECHNALNGY FACTORS
GROSS WEIGHT (LB) 44200. INST NJRMAL PWR (HP) 944T.  *LENGTH (FT) 80.0 =ROTOR 1.00
EMPTY WEIGHT (LB} 29924, *NUMRER 0OF ENGINES . _ 2+  *DIAMETER (FT)__ _ __ _____10.0__ *TRANSMISSION _ _ _3.83
FUEL WEIGHT (LB) 4126. *EXCESS FACTOR HEL MODE 1.30  *DRAG FACTOR 1.00  =AIRFRAMF 0.78
PAYLOAN (LB) 1¢150. *% RATEN EMRG HVR o 140. _ . [ *ENGINF {(HP/LB) . . 8.50
CRUISE SPEED (MPH) 431, * CONV + CLIMA 120. FLAT PLATE ARFEAS (SF) =ENGINE INSTALLATION 1.50
__. L/D CRUISE _ 10.11__ * _CRUISE 9. WING _PROFILE 3.15 .
*RANGE (STAT MI) 500, INST PWR EMRG HVR (HP)} G447, FUSELAGE 5.31 DESIGN MISSION
*PASSENGER SEATS S0. CONVER {(HP) 6566, EMPENNAGE _ _ _ _ 1.89__ *FTELD ELFVATIOMN (FT) . Ce
=C ARGO {LR) 0. CRUISE (HP) 7845, TOTAL PROFILE 12.52 SAUND SPEED HVR (FPS) 1117,
*SFC (LB/HP FR) _ 0.400 __ WING INDUCED ___ _ ____2.14 __*STD DAY TEMP (DEG F) _ 59,
ROTCRS *EMERG HOVER ALT (FT) 2007,
____ *NISC LOADING_{PSF) 12.00 CRIVE SYSTEM - COMPINENT WFIGHTS (LB) *HOT_DAY TEMP (DEC F) 95e
RADIUS (FT) 24.2 *EFFICIENCY 0.97 ROTORS 4076, *CT/SIG MAX 0.150
SOLIDITY 0.143 HEL MODE WEIGHT (LB) 4918.  DRIVE SYSTEM _4901. _ =MAX ACCELFERATION (G} . _ 0.25
ALADF CHORD (FT) 2.72 AIRPLANF WEIGHT (LB) 4991 . POWE RPLANT 1667. #*DFSIGN CRUISE (MPH) 400,
TOTAL RLADES o 8 : . NACELLES e 244, _ *CRUISF ALTITUDE (FT) _1503C.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 345, SMIND SPFED CRSF (FPS) 1058,
______*PROFILF DRAG CCEFF C.019 AREA (SE) _ 465, WING 3323. AMAX_DECFIERPATION (6) Q.20
¥ NOWNLOAD 5.0  *LOADING (PSF) 95.0 FUSELAGE 5569. XSTRHCT LNAND FACTOR 4.5
*EFFICIENCY HOVFR 0.85 ASPECT RATIO 7.85  EMPENNAGE - 862,  *FLIGHT CPEwW ) 2.
* CONVER 0.83 SPAN (FT) 60.4 LANDING GEAR 1326. *CABIN CREW 1. =
CRUISE 0.71 MEAN CHORD (FT) 7.70  FLIGHT CONTROLS 1888, *ATC SPEEN LIMIT - vesj_
HEL MODE WEIGHT (LB) 4076, *THICKNESS/CHCRD RATIO  0.210 HYDRAULICS 272.
____ AIRPLANE WEIGHT (LB) 3928,  *TAPFR RATID 0.70 ELECTRICAL 6964
*TIP SPEED MOVER - 620. SWEEP (CEG) -5.3 INSTR+AVIINICS 763,
* CRUISE 850, CRUISF LIFT COEFF 0432 AIR CONDITIONING 1150, e o
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 1.34 FURNISHINGS 2500.
*MAX HEL MODE ADV RATIO  0.40 *MAX LIFT COFFF CLEAN 1.40  FLUIDS B B o 22Ye. o o
®FL AD AREA/WING AREA 0.25 FLIGHT CREW 400,
____* INDICATES INPUY VARTABLE = CLIMB SPD/CCNVER SPD 1.00 CABIN CREW 150,
DESIGN MISSION SPEFD HEIGHT  DIST TIME FUEL e _ R _
MPH FT M1 MIN LB
TAKEOFF & LANDING 2.00 86. L s
ACCEL. & CONV. 90C. 0.9 0.64 33,
o _AIRPLANE CLIMB 169.,4210. 14100, 11.5 3.66 192,
"~ ACCEL. TO CRUISE 9,7 1.67 93,
CRUISE . 431, 443,0 61.65 2811, o I
AIRPLANE DESCENT 431,292, 14100. 34,0 5.98 39,
DECEL. & CONV. o . SCC.  C.9 _ _1.10 9. _ o .
TOTAL 500.0  76.75 3263,
RESERVE _ 2J.00___ 864,




e
M-80-50 . ~ . i L n . e
STAGE LENGTH {MI.) 25 SC..__ 15« __ 100._. 150. __ 200, ___ 300, ___400,___500. _
CRUISE ALTITUDE (FT.)  2000. 4300. 100Cl. 12500. 1500C. 150C0. 15C00. 15000. 15000. e
CRUISE SPEED_(MPH) 296, 105, 437, 438, 442, 442, 442, 442, 442, -
CRUISE L/D 12.45 12.45 8.68 9.20 9.79 9.79 9.79 9.79 9.79 z
CRUISE DISTANCE (MI.) 17.5  35.7 _ 29.9 _ 48.8 __ 90.9_ __140.9 _240.9 __ 340.9 ___ 440.9 e
BLOCK TIME (MIN.) 8.7 13.7 16.8 20.6 27.7 34,5 48.0 61.6 75.2 z
BLOCK FUEL (LB.) 28l. 409, _ 592. _ _ 146.__ 1076.__ 1409. 2066, _ 2713, 3351, z
BLOCK SPEED (MPH) 173, 219, 268, 292. 325, 348. 375. 390. 399, ce
DIRECT OPERATING COST - ANN UTILIZATION(HR)=2000. DEPRECIATION PERIOD(YR)=10. LABOR RATE($/HR)= 7.00 =
AIRFRAME COST ($/LB)= BC.0 ENGINE CCST ($/HP)= 60.0  INSURANCE RATE=0.040 __FUEL COST (CENTS/GAL)= 18.0 K
DOC=1.71+0.0253%SL $/SEAT-TRIP (SL= 25.4500.) Ej
HOP L ENGTHS 50+150+ O+ O+ 0=200 10C+200+ O+ O+ C=300 2004290+ O+ O+ _0=400.__ _ . ____.__ .. __ ~
e
STAGE LENGTH 25, _SC. 15, 1¢C. 150. 200. 300. 490, 500. 200. 390, 400,
AD. CYCLES/STARTS 171 171 71 171 /1 171 1/1 171 171 2/1 271 2/1
FLIGHT CREW 0.557 04440 0.361 0.331 0.297 0.277 _ 0,258 _ C.248___0.242___0.349__0.306 _ 0,285 . e
FUEL & OIL 0.313 0.228 C.220 0.2C8 0.199 0.196 ©0.191 0.188 0.186 0.206 0.200 0.196
HULL INSURANCE 0.326 0.258 10.211 0.1S54 0.174 0.162 0.151 __ 0.145__ 0.142 _ 0.195 0.173 __0.162 _
TOTAL FLIGHT OPS 1.196  0.626 0.762 0.733 0.670 0.635 0.600 0.581 0G.570  0.75) 0.679  0.643 e
LABOR ATRFRAME 0.482 _0.316__0.242 _ 0.209__C.174___ 0.156___0.138__ 0.128  0.123 6.2038  0.172 0.155
MATERTIAL AIRFRAME T 0.193  0.118  C.CB8  0.074  0.060 0.752 0.045 0.041 0.039 0.072 0.058  92.051
LABIR ENGINES 0.317 0.174 C.123 0.C58 0.073 0.060 _0.047_ _ 0.040___0.037___0.089 _ 0.066___ 0.255 e
MATERTAL ENGINES 0.522 0.281 D0.166 0.154 ~0.112 0.091 0.070 0.959 0.053 0.137 0.100 0.082
MAT. BUPDEN 1.039 0.637 0.474 0.359 0.321 0.281__0.240___0.220 ___0.2C7___0.385___0.310 _0.273 [
TOTAL MAINTENANCE  2.553 1,526 1.121 0.934 0.T40 0.639 0.538 0.488 0.458 0.890 0.706 0.616 1 e
DEPRECIATION _ 0.946__ 0.748  0.613 0.563__ 0.504___ 0.471 0.438 U.421 0.411l 0.565 0.501  J.471 w
TOTAL DIRECT OPERATING COST
$/AIRCRAFT MILE 4.695 3,200  2.526 2.229  1.915 _ 1.746__1.576 _ 1,490 1.439__ 2.206 1.886 1.730 e
$/FLIGHT HOUR 813.9 T70l.6 615.8 650.0 622.7 607.9 590.6 580.,7 574.1° 639.9 616.9 602.6
$/SEAT MILE 0.0939 0.0640 0.0505 0.0446 0.0383 0.0349  0.0315__0.0298 _0.0288 0.0441_0.0377__0.0346
$/SEAT-TRIP 2.35 3.20 3.79 4.46 5.74 6.98 9.46 11.92 14.39 8.82 11.32 13.84 e
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M-80-50

DEPARTURE PATH TO 10,J00 FT WMSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL_BUILDUP TIME=_S, _
TIME  DIST  ALT VEL ACC GAM THRUST  LWGO _ LWGI DWGO_ _DWGI__DFUST ALP_ THE __AWN__ALV__LAMDA ___MJ __ _CT_ POWER__
SEC FT FT FPS 6 DNEG L8 LB L8 L8 L8 LB DEG DEG DEG ODEG HP
__OBSTACLE CLEARANCE
3.1 4. 7. 3, 0.050 60.0 46909, -0. -585. 0. 1765, 1. 29.3 24.6-35.4 28.8 0.0853 0.C020 0.0139 6442,
4.0 T. 13. 8. Qo171 60.8 51647,  —4. =Tl4, _ 2. 700.. _ 10. 26.5 24.6-35.4_24.8 0.0929 0.0054 N.0154 7560,
5.0 13. 23. 13, 0.162 60.6 £1265. =-10. =~727. 5. 656. 2B. 26.7 24.6-35.4 23.6 0.0966 0.0C90 0.C152 7776,
6.2 24. 42, 18, 0.123 60.0 49719. —19. =-T720. 10._ 604.___ 54« 27.5 24.6=35.4_22.5 0.0996 0.0127 D.0148 7776, _
7.9 43, 75.  23. 0.0S2 60.C 48536, -32. =-723. 16. 587. 90. 28.3 24.6-35.4 22.0 0,1020 0.0168 0.0144 7776,
8.5 58, _ 100.___24. _0.057 60.C 47245,  ~48s =725.  24. 56l. 134. 29.1 24.6-35.4 21.3 0.1048 0,0210 0.0141 7776,
T ACCELERATION AND CONVERSICN
9.5 T6. 124, 33, 0.167 52.0 46214, _ —B6. =992.  26.. _330._ 133. 29.8 24.6-27.4 21.3 0.1071 0.0267 0.0138 7776.
10.4  104e  14B.  40. 0,173 41.1 45648, -172. -1337.  28. 216. 99, 40.5 24.6-16.6 25.8 0.1084 C.D413 J.0136 7776,
1.2 139. 171. 48, 0.175 33.2 45666. -184. —1656. 27, 173. _ 69. 4B.5 24.6 -B.7 2B.5 0.1078 0.0575 0.0137 7776.
12,1  183. 19. 57, 0.176 27.7 45925, 88, —1930. 26, 153. 51l 54.0 24.6 —3.1 28.6 0.1376 0.7731 29,0137 7776,
o 13.0__ 235.___ 217, __ 66._0.181 22.7_ 45962, 452, =2193.__ 35. 146,  44s 5T.6 24.6 0.9 27.3 0.1073 (.0888 3.C137__7776.
13.8 292. 239, 75. 0.190 20.6 459E5. S15. —2475. 55. 148. 48, 59.9 24.6 4.0 25.3 0.1071 O.lu43 0.0138 7776,
l4¢6 358, 260. B4, C.189 18.2 45881. 1480, —-2781. 85, 155. 63. 62.0 24.6 _6.4 23.1 0.1071 C.1199 D,0137 7776, )
15.5 433, 282, S4. 0.186 16.2 457CO. 2149, =3127. 125. 166. 9U. 63.T7 24.6 8.3 20,7 0.1973 0.1356 0.0137 7776.
16.4  525. 306.  1lU4. 0.169 14.8 44452, 2924, -2333. 176._ 116._ 127. 64.T 2406 9.8 17.9_ 0,1101 0.1498 0.0133__7776._
17.2 619,  329. 113. 0.182 13.5 42773. 3804, -866. 237. 72. 176. 63.1 24,6 11,1 15.2 0.1142 N.1635 0.0128 7776,
1801 726, 352.__123. 04174 _12.4__40€53.__47S1.__ 729.___308s. _ Tl 236, 62.3 24,6 12.2 12.8 0.1198 0.1764 0.0122 T776.
19.0 846.  377. 133, 0.169 11.5 38351. 5834, 2414, 390, 110. 307. 61.0 24.6 13.1 10.6 0.1267 2.1883 u4,GL1S 7776,
20.0  985. 403, 143. 0.156 1C.7 357Cl. 7083. 4239, 483, 187. 389, 59.7 24.6 13.9 A.7 0.1358 G.2301 0.C107 7776
21.1 1145.  431. 152. 0.146 10.0 32902. B8389. 617T. 585. 296. 482. 57.7 2446 14.6 7.1 0.1473 0.7133 0.C099 T776.
22.3 1345. 464, 1€2. 0.124 S.4 29642. S9BOU. 8316. 699. 442. 5864 55.8 24,6 15.2_ 5.6 0.1629 0.2171 0.0089 _T776. W'~
23.7 1577. 500, 172, 0.114 B8.B 26447. 11316. 10553, 822. 614. 710. 52.2 24.6 15.8 4.3 0.1825 0.2208 0.0080 7776. o
_25.2__185l. ___540.__182. 0.1C2 _8.3_ 23114. 12936, 12953. 956, 816, 826, 47.2 24.6 16.3 3.2 0.2090 0.,2175 1.0970 7776,
T27.07 72183, 586, 192.70.0R9 7.S 20660. 14058, 14562. 1019. 934. 886, 44.0 23.8 15.9 2.4 0.2341 0.2137 0.6062 T776.
28.8 . 2559. 635. 202. 0.083 7.5 18803. 14S87. 15824. 1052._1009.  921. 40.6_22.9 15.4 1.9 0.2575 0.2131 ).0057_ 7776.
30.8 2972. 687. 212. 0.€C79 7.2 16657. 15945. 17153. 1088. 1088. 958. 36.0 22.1 14.9 1.4 0.2857 0.1983 J.051 7776.
32.8 3409. 740. 222. 0.078 €.8 15221. 16925. 18550. 1126, 1172.. 998. 30.0 21.4 14.5_ 1.0 0.3186 0.1747 0.0046 7T776.
34,7 3848. 790. 232. 0.082 6.5 13953, 17995. 20014. 1171. 1259, 1045. 21.9 2C.7 14.2 0.6 0.3520 C.1473 0,0042 7TT76.
_ _36.6 _4295, B39, 242. 0.C83_ 6.3 __12834._19C79._21543, 1216, 1350, 1293. 12.3 20.1 13.9 0.3 0.3854 0,0848 0.5039 7T776.
"38.5 4758, 889. 247. 0.G83 6.1 12369. 157C4. 22428. 1242. 1403. 1121. 6.2 19.8 13.7 0J.1 0.40L0 0.5446 U.0038 7776,
AIRPLANE MODE CLIMB TO 10,000 FT s
38.5 4758, 889. 248. 0.0 1€.1 15756,
178.4 42323. 100)0. 285. 0.0 13.4 13754, e . i o e
NOISE AT 500 FT SIDELINE= 95.0 EPNCE )
TIME 1.5 4.5 745 10.5 13.5 16.5 19.5 22.5 255 28.5 31.5 345 37.5 2.0
PNL 93.2 94,0 93.4 92.2 90.7 B7.8 82.9 77.0 T0.8 66.1 62.2 57.8 52.9 519 .

NOISE 500 FT FORWARD OF TAKEOFF PCIAT= 96.2 -EFNCB_

NOISE AT 20,700 FT SIDELINE= 60.7 EFNCB

NOISE 25,000 ¥ T FORWARD OF TAKEGFF PCINT= 58.6 EPNDB

THE TOTAL NOISE IMPACT IS 0.50865D+06




TILT ROTOR DESIGN PROGRAM 1574

Q-80-50

DNDESIGN_ ITERATIONS:.

.5

OVERALL PCWERPLANT FUSELAGE STRUCT TECHNNLOGY FACTORS
GRNSS WEIGHT (LB) 47984, INST NORMAL PWR (HP) 8784. *LENGTH (FT) 80.0 *ROTOP 1.00
EMPTY WEIGHT (LB) 33861. *NUMBER 0OF ENGINES 2. _ *DIAMETER (FT)__ _  10.0__ *TRANSMISSION _ .. 0.83
FUEL WEIGHT (LB} 3973.  *EXCESS FACTOR HEL MODE 1.40  *DRAG FACTOR 1,00 *AIRFPAMF 0.78
PAYLOAD (LB) 10150. *Y PATED EMRG HVR 140.__ L *ENGINF (HP/LB) . __ . ___ 8,50
CRUISE SPEED (MPH) 411, % CCNV + CLIMB 120. FLAT PLATE AREAS (SF) =ENGINE INSTALLATION 1.54
____ L/D CRUISE 10.55 _ * CRUISE 90. WING PROFILE 4,23
*RANGE (STAT MI) 500, INST PWR FMRG HVR (HP) 8784, FUSELAGE 5.31 DESIGN MISSION
*PASSENGER SEATS 50. CCNVER  (HP) 65T72. _  _EMPENNAGE _2.54___ *FIELD ELFVATION (FT) O«
*CARGO (LA} 0. CRUISE (HP) 8287, TOTAL PROFILE 14.61 SOUND SPEFD HVR (F9S) 1117,
*SFC (LB/HP HR) _0.400 __ WING INDUCED 229 _ =STD DAY TEMP (DEG F) __ 5S.
ROTORS *EMERG HNVER ALT (FT) 2000,
____*DISC LCADING (PSF) 9.00 DRIVE SYSTEM COMPONEMT WEIGHTS (LB) ~HOT_ DAY TcMp (DEG F) 5. __
RADIUS (FT) 29.1  *EFFICIENCY 0.97 ROTORS 5471, <CT/S1G MAX 0.150
SOLIDITY 0.179 FEL MCDF WEIGHT (LB) 5714. _  DRIVE SYSTEM 6248, _ *MAX ACCELERATIOM (G) _____0.25
BLADE CHORD (FT) 2.73 AIRPLANE WEIGHT (LB} 6248, POWE RPLANT 1550. *DESIGN C2IIISE (MPH) 490,
TOTAL RLADES o 12 : S  NACELLES 206.  =CRUISF ALTITUDE (FT) _ _15000.
*CT/S1G HOVER 0.120 WING FUEL SYSTEM 323, SOUND SPEED CRSE (FPS) 1058.
_____ *PROFILE DRAG_COEFF 0.010___ ARFA_(SF). 640, WING 4111, “MAX DECELFRATICN (G) 0.25__
2 DCWNLOAD 4.9 #LOADING (PSF) 75.0 FUSELAGE 5638, “STRUCT LPAD FACTOR 4.5
*EFFICIENCY HOVER 0.85 ASPECT PATIC 7.72 _ EMPENNAGE . 936. _ *FLIGHT CRFW 2.
* CONVER 0.83 SPAN (FT) 70.3 LANDING GEAR 1440, =CABIN CRFW l.
CRUISE 0.71 MFAN CHORD (FT) 9,11 FLIGHT CONTROLS  2120.__ *ATC SPEED LLMLIW_WﬁiAA___"yESJ:
HEL MODE WFIGHT (LB) §270. *THICKNESS/CHCRD RATIO  C.210 HYDRAULICS 283,
AIRPLANE WEIGHT (LB) 5471. _ *TAPFR RATID C.70 ELECTRICAL 782,
T =TIP SPFEN HOVER 480, SWEFP (DEG) -5.3 INSTR+AVIONTCS 763,
* CRUISE 480.  CRUISE LIFT COEFF  C.28____ _AIR CONDITIQNING 1150. e
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER l.76 FURNISHINGS 2500.
*«MAX HEL MODE ADV RATIO 0.40  *MAX LIFT COEFF CLEAN _ 1.40 ___ FLUIDS = _ 240, o ~ . A
*FLAP AREA/WING AREA V.25 FLIGHT CREW 420,
* INDICATES INPUT VARIABLE CLIMB SPD/CCAVER SPD 1.29 CASIN CREW 150,
DESIGN MISSION SPEED FEIGFT  DIST TIME  FUEL B - _ o e
MPH FT M MIN LB
TAKEQFF & LANDING B 2.00_ __ 80. o L
ACCEL. & CONV. 10C0. 0.8 0.61 31.
ATRPLANE CLIMB 157.4195. 14CC00. 11.¢ 3,94 189,
77 ACCEL. TO CRUISE 9.5 1.73 88.
CRUISE o alle_ . 4434 64,74 2739,
AIRPLANE DESCENT 411.4292, 14GC0. 33.9 6.03 34,
DECEL. & CONV. o 1C00. __ 0.8 1.12 __ __ 8, -
_ TOTAL 500.0 80.16 3171.
RESERVE e 22.C9 802. B
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STAGE LENGTH (MI.) . 25. _ _ 5C. 75. 100. _ 150. . 20C.__ 3390.___ 400._ __ 500.

CRUISE ALTITUDE (FT.) 2030, 400C. 10701. 12500. 150)0. 1503G. 15009. 1500). 15000.

CRUISE SPEED [MPH) 296, 305. 4C6. 410, 411, 411, 411, 411, 411,

CRUISE L/D 12.37  12.37 9,36 9.98 10.55 10.55 10.55 10.55 10.55

CRUISE DISTANCE (MI.) 17.6 35,8 32.7  50.3 927 _ 142.7 . 24247 __342.7 _ 4427 __ _
BLOCK TIME (MIN,) 8.7 13.8 17.4 21.4 - 29.1 36.4 51.0 65.6 80.2

BLOCK FUFL (LB.) 274, 401, 564, 707.. 1019. __ 1332, 1952, _ _2%564, _ 3167,

BLOCK SPEED (MPH) 172, 218, 2565, 280. 309. 3130, 353, 366, 374.

DIRECT OPERATING C€OST - ANN UTILTZATION(HR)=2000. DEPRECIATION PERIOD{YR)=10. LABOR RATE(S$/HR)= 7.00

AIRFRAME COST ($/LB)= 80.0 ENGINF CCST ($/HP)= 60.0  INSURANCE RATE=0.040 __ FUEL COST (CENTS/GAL)= 18.0

DNC=1.72+0.0280%*SL $/SEAT-TRIP (SL= 25.,500.)

HOP LENGTHS 50+15C+ 0+ 0+ 0=2C0 1004200+ O+« O+ 0=300 20042)0+_ 0+ O+ _0=400__ B

STAGE LENGTH o 25.___ S0.___ 15.____1cC. 150, 200._ 300.__ 430.  500. __200. __ 300. _ &00.

NN. CYCLES/STARTS  1/1 1/1 /1 /1 171 171 171 /1 171 271 2/1 2/1

FLIGHT CREW 0.556  0.440 C.37C  0.341  0.309 0.290 0.27L  0.26l _ 0.256__ 0.358 _ 0.318 0,298

FUEL & NIL 0.305  0.223  0.209 0.157 0.189 0.185 0.191 0.178 0.176 0.197  0.185  .185

HULL [NSURANCE 0.362  0.286 0.241 0.222 0,201 0.189 0.176 0.170 "G.166  0.222  0.200 0.139 .
TOTAL FLIGHT OPS 1,222 0.949 0.820 0.759 0.699 0.664 0.628 0.610 0.598 0.778 0.706 0.672

LABOR AIRFRAME ~  0.503 _ 04330 0.757 _ 0.223__0.188 _0.169__ 2.150__G.141 0,135 _ 0.222___0.186 _ 0.168

MATERIAL AIRFRAME  0.212 04130 0.CS8 0.083  0.068  0.06)  0.051  0.047  0.045 0.081 0.066 0.058

LABOR FNGINES 0.310  0.171  0.121  0.0S7  0.073  0.060 0.048 _ 0.04l 0.038 __0.083 _ 0.066  2.056 S
MATEPIAL ENGINES ~ 0.436 0.262 0.183 0.145 0.106 0.)86 0.066 0.057 0.051 0,128  0.005  2.078 =
MAT. BURDEN 1.057  0.651  0.491  0.417 0,339  0.298 _ 0.257 . 0.237. 0.224.__0.402 0.328__0.291____ L

TOTAL MAINTENANCE 2.569 1.543 1.151 0.565 0.774 0.674 0.573 Ce523 0.493 0.921 0.741 C.651

OFPRECTATION _  _ _ 1.040 _ 0.923  0.652__ 0.638___0.579 __ 0.543 _ 0.507  0.489  0.479 __ 0.640 _ 0.575  0.543
TOTAL. OIRECT  OPERATING COST

$/AIRCRAFT MILE 4.832 3,315  2.663  2.363 2,052 _ 1.881 __1.708 _ 1.622_  1.569__2.338  2.022 _ 1.866
$/FLIGHT HIUR 831.6  721.3 6BB.E  662.8 634.9 620.1 603.1 593.4  SB87.1  654.4  629.3  615.3
$/SEAT MILE 0.0966 0.0663 0.,0533 0.0473 0.,0410 0.0376 _0.0342_ 0.0324_0.0314__0.0468_ 0.0404 0.0373

$/SEAT-TRIP 2042 3.32 3.99 4.73 6.16 7.52 10,25 12.97 15.69 9.35 12.13 14.93
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Q-80-50

DEPARTURE PATH TO 10,000 FT MSL
MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100._ MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIMF=_ 5.

TIME  DIST  ALT VEL ACC GAM THRUST  LWGO _LWGI ODWGO__DWGI_ DFUST_ALP__THE__AWO ALV __LAMDA___ My __ _ CT __ POWER_ _
SEC FT FT FPS G DEG LB L8 L8 LB L8 LB DEG DEG NEG DEG Hp
OBSTACLE CLEARANCE
3.1 4. 7. 3. 0.C50 60.0 50914, 1. -632. 0. B823. 1. 29.3 24.6-35.4 28,7 0.0954 0.0026 0.0174 5971,
4.0 7. 13. 8. 0.171 60.C 56048, ~5. =768. 2. T40. __ 10s 26.5 24.6~35.4_24.5 0.1050 0.0070 0.0192 7085. _
4.7 12. 20.  13. 0.221 60.0 S8234. -13., =-822. 6. T21. 28. 25.5 24.6-35.4 23,2 0.1119 0.0116 0.0199 7771.
5.6 19. 33,  18. 0.178 60.0 56344, _—26. =B36. _ 13._ 634. _ _55. 26+3 24.6-35.4 20.9 0.1156_C.0157 0.C193 7771. _
6.7 32. 56. 23. 0.136 6C.C 54585. -—42. —832., 21. 606. 90. 27.2 24.6-35.4 20.3 0.1194 0.0208 0.0187 7771.
8.4 55, 95, 2B, 0.093 60.C_ 52800, —~63. -828. 31, 577. 135, 28,2 24.6-35,4 19.6 0.1234 £.0262 0,C181 7771.
8.5 58, 100. 28. 0.055 60.0 51270, -88. -837. 43, 560. 188, 29.2 24.6-35.4 18,9 0.1271 G.032) J.0176 7177l.
ACCELERATION AND CCNVERSICN o o o o . . _
9.5 " 89. 129. 37, 0.156 52.7 499C6. ~-139. —1092. 45. 353. 173. 29.6 24.6-28.1 18.2 0.1305 0.0374 0.Cl71L 777l.

10.4 109. 156. 44, C.172 42.5 49719. -261. -1482. 46. 259. 132. 39.3 24.6-17.9 22.0 0.1309 0.0572 0.G6171 777Tl.

11.4 151. 185. £€2. 0.158 35.0 46982. -391. -1849. 48. 211. 97. 47.8 24.6-10.%4 24.9 0.1301 0.,0784 2.,0172 7771,
_12.3  201. 214, ¢0. 04160 _29.5_ 50C53, =30, -2203. 41, 190, T3e 530l 246 =409 23.7 0.1257 0.0°88 J.0172 7771,

ot LT oy

13.3° 259. 241, 69. 0.169 25.4 €0128. 449. -2574. 49, 185. 6l. 5645 2446 -0,8 22.3 0.1292 0,1192 0.0173 7T771.
14.2 326. 268. 78. 0.1€7 22.3 53C71. 1054. -2979. 70. 189. 60e 5%.4 24.6 20.4 0.1291 0.1395 00,0173 _ 7T7TNl.
15.1 404. 296. 87. 0.163 19.8 49933, 179J. -3435. 105. 201. Tle 61.7 24.6 18.3 G.1291 G.1600 0.0172 7771.

18.1  T12.  3B5. 116. 0.143 14.8_ 44166, 4813, _ T7l._292. 98._ 170. 61.9_24.6 10.9 0.1446 0.2129 G.0153_ 7771,

2.3
4 4.8
1601  497. 326.  97. 0.154 17.8 48389, 266l. =-3044. 153. 168. 93, 63.1 24.6 6.8 15.9 0.1312 0.1792 0.0169 7771.
17.1 590. 353, 107. O.171 6.1 47CCO. 3668, ~1261. 216, 104. 126« 615 2446 8.5 13.4 01363 0.1970 0.,0163 7T77T1.
9.8
1.0

19.3 849, 418, 126. 0.138 13.6 41336, 6095. 2871, 38l. 145. 225. 60.6 24.6 1 9.0

20.5 1011. 455, 136. 0.127 12.6 28093. 7515. S5171. 485, 240. 292. 59.1 24.56 12.0 7.2 0.1667 0.2430 0.0132 7771. __ _ __
21.8 1203, 465, 145, 0,115 11.7 24558. 9073. 7T66l. 602 379. 37U. 569 24.6 12.8 5.7 0.1832 0.2547 0.0120 7771. L
23.3 1431, 539, 155. 0.104 11.0 20782. 1G0767. 10351, 733, 560, 459. 53.7 24.6 13.6 4.4 0.2054 0.2621 J3.0107 7771.
3.
2.

0.1540 0.2289 U,0143 7771,

25.0 1703. 588, 165. 0.093 10.3 26800. 12597. 13257. 878, 782. 5538« 49.1 24.6 14.3 2 C.2359 0.2619 J.0G93 7771,
26.8 2019, 643. 175. 0.CE5 S.T 228C7,., 14562, 16380, 1036. 1042, 669, 42.1 24,6 14.8 2 0.,2783 00,2472 00,0080 7771,

28.8 2377. 701. 185. 0.079 9.2 19516. 163C1l. 19133, 1160, 1269, 759. 34.0 24.2 15.0
30.8 2768, 761. 195, 0.G76 7 17456. 17459. 20886, 1206. 1375. 798, 27.8 23.3 14,5 _
32.8 3167, 819, 204. 0.C79 3 15835, 168712, 22733. 1260. 1487. B843. 19.1 22.5 14.2
9
6
4

9 1 327570.2156 0.0068 7771,
8 n
8 0
34.8 3588. B78. 21l4. 0.073 7 14592, 20008, 24672. 1317. 1605.__893. _8.5 21.8 13.8_ 0
1 0
7 0

.4 0.

.9 0.36P3 0.1%48 0,0061 7771,
6 0.4088 0.1400 0.0055 T771.
e2 0.4470 0.7687 0.0051 T771._
0 Co4712-0.9347 0.C049 7771.
+0 0.4835-0.02T0_0.0048 T171.

37.0 4J75. 943, 224. 0.C71 13857, 21385. 26598. 1380. 1717. 943. -3.2 2l.1 13.5
39.2 4582._ 1009. 230. 0.070_ _13510. 21421, 26562, 1331, 1650, 919, —3.2 20.3 12.9

“TATRPLANE MONE CLIMB TO 19,C00 FT

39.2 4582. 1009. 231. 0.0 15.8 16&6¢€. L e L
189.0 41702. 1C03C. 265. 0.0 13.2 14537,
NOISE AT 500 FT SIDELINE= 90.0 EFNCP - -/ e/ s e oo mrmem s
TIME_ 1.5 4.5 7.5 10.5_ 13.5 16.5 19.5 22.5 25.5 28.5_31.5
TTPNLT T 88.2 89.2 88.5 7.1 85,5 82.7 T78.3 13.2 67.7 62.1 57.7

NDISE 500 FT FORWARD OF TAKEOFF PCINT= G1.0 EFNCB

NOISE AT 20,000 FT SIDELINE= 56.6 EFNCB

NERTES R R EAR I R A AT AN |

Jotia e

T NOISE 25,000 © T FCRWARD OF TAKEGCFF PCINT= 54.5 EFNCB

THE TOTAL NOISE IMPACT IS 0.216€49D0+Cé




TILT ROTOR DES IGN PROGRAM 1974 L e
D-80-50 _ _ . . _____. e DESIGN ITERATIONS: S
. OVERALL POWE RPLANT FUSELAGE STRUCT _TECHNOLOGY FACTORS
GROSS WEIGHT (LR) 51906. INST NORMAL PWR (HP) 8328. *LENGTH (FT) 80.0 *ROTOR 1.00
EMPTY WEIGHT (LB) _ 37778._  *NUMBER OF ENGINES _2e___*DIAMETER (FT)_ 10.0 __ *TRANSMISSION_ . __0.83 __
- FUEL WEIGHT (L8B) 3978, *EXCESS FACTOR HEL MODE 1.50 *DRAG FACTOR 1.00 *AIRFRAME 0.78
PAYLOAD (LB) 10150. _ *2? RATED EMRG HVR _ __ 140, o *ENGINE__(HP/LB) ____8.50___
CRUISE SPEED (MPH) 351, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.62
____ L/D CRUISE __ 12.52 * CRUISE 90. WING PROFILE -5.49
) *RANGE (STAT MI) 500, INST PWR EMRG HVR (HP) 8328, FUSELAGE 5.43 DFSIGN MISSION
*PASSENGER SEATS 50. CCNVER (HP) 6710.  EMPENNAGE 3,29 *FIELD FLEVATION (FT) G.
*CARGO (LB) 0. CRUTISE (HP) 7761 TOTAL PROFILE 17.19 SOUND SPFFD HVR (FPS) 1117.
*SFC (LB/HP HR) _0.400 ___ WING INDUCED 3,75 *STD DAY TEMP (DEG F) 59,
RNATQORS *EMERG HOVER ALY (FT) 2000.
____ =DISC LNADING (PSF) 7.00 DRIVE SYSTEM COMPONENT WEIGHTS (LB) *HOT_DAY_TEMP {DEG F) 95,
RADIUS (FT) 34.4  *EFFICIENCY 0.97 ROTORS 6541, *CT/SIG MAX 0.150
SOLINITY 0.200 _ +EL MODE WEIGHT (LB) 7634, ___DRIVE SYSTEM __  782%5.__ *MAX ACCFLERATION (G)_  ___ 0.25 __
BLADE CHORD (FT) 2.70 AIRPLANE WEIGHT (LB) 7825, POWERPLANT 1470. “DESIGN CRUISE (MPH) 340G,
TOTAL BLADES ~ 16 L ____ NACELLES 181, *CRUISF ALTITUDF (FT) ___15003. __
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 324, SOUND SPFFD CRSE (FPS). 1958,
_ *PROFILE DRAG COEFF €210 AREA _(SF) 824, WING 4872. *MAX_DFECELERATION (6) 0.20
T DOWNLOAD 4.7 *LCACING (PSF) 63.0 FUSELAGE 5705. *STRUCT LOAD FACTOR 4.5
*EFFICIENCY HOVER o C.85 ASPECT RATIO __7.91 __ EMPENNAGE 1012,  *FLIGHY CREW 24
* CONVER 0.83 SPAN (FT) 80.7 LANDING GEAR 1557, *CARIN CREW le =
CRUISE _ 0.64  FEAN CHDRC (FT) . 1G.21 __ FLIGHT CONTROLS 2368, *ATC SPEED LIMIT ___YEs I
HEL MODE WEIGHT (LB) 6474, *THICKNESS/CHCRD RATIO 0.210 HYDRAULICS 295. 1;f
AIRPLANE WEIGHT (LB) €541,  *TAFER RATI) C.70 ELECTRICAL 874,
o “xTIP SPEED HOVER 400, SWEEP (LCEG) =5.3 INSTR+AVIONICS 793,
* CRUISE  4&uL0, CRUISE LIFT COEFF __  0.32 AIR CONDITIONING 1150,
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COFFF CONVER 2.16 FURNISHINGS 2500.
*MAX HEL MODE ADV RATIO (.40 _ *MAX LIFT COFFF CLEAN  1.40 - FLUIDS . 260. )
*FLAP ARFA/WING AREA 0.25 FLIGHT CREW 490,
* INDICATES INPUT_VARIABLE CLIMB SPD/CCAVER SPD 1.35 CABIN CREW 15,
DESIGN MISSION SPEED _ HEIGHY nIsT TIME _ FUEL _ o . A o
MPH FT M1 MIN LB
TAKEOFF & LANDING ) 2,00 76 _ ~
ACCEL. & CONV. 1400. 1.0 0.81 42,
ATRPLANE CLIMB 148.4182. 13¢6CG. 12,1 4.43 199,
"ACCEL. TO CRUISE S.7 1.21 58.
- CRUISE . 351, . _444.,5 15.94 2798, L
77 AIRPLANE DESCENT 35144284, 13€00. 35.6 6.76 36.
DECEL. & CONV. o 1400. 1.0 _ __1.32 10. ——
- TOTAL 50C.d 92.50 3218.
RESERVE _ 20.00 760.
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D-80-50

STAGE LENGTH (MI.)
CRUISE ALTITUDE (FT.)
CRUISF SPEED_(MPH)

CRUISE L/D

CRUISE NDISTANCF (MI,)
BLOCK TIME (MIN.)
BLOCK FUEL (LB,)
BLOCK SPEFD (MPH)

_ 25. . 5C. 5. . 100. . 150. __ 20C.___ 300.__  400.___ 500.
2000. 400C, 1COC1. 12500. 15000. 15000. 1500U. 15000. 15000.
296. 305, 3¢4. 383, 351. 351, 351. 351. 351,
11.97 11.57 11.19 11.84 12.52 12.52 12.52 12.52 12.52
17.9 . 36.0 37.8 54.5 94.5_  144.5__ _244.5__ 344.5 444 .5
9.1 14.2 18.8 23.5 32.7 41.2 58.3 75.4 92.5
3C3. | 451. 579. 722. . 1028. 1347, _ 1978, _ 2602, 3218,
165. 211. 239. 255, 275, 291. 309. 318. 324.

DIRECT NPERATING COST ~

ANN UTILIZATICN(HR)=2000. ODEPRECIATION PERIOD(YR)=1u. LABOR RATE($/HR)= T7.00

AIRFRAME COST ($/LB)= 80,0 ENGINF CNST ($/HP)= 62.0 _INSURANCE RATE=0.040_ _ FUEL COST (CENTS/GAL)= 18.0

DOC=1.73¢0.0335%SL $/SEAT-TRIP (SL= 25.,500.)
HOP LENGTHS 504150+ O+ O+ 0=200 1004200+ O+ O+ (=300 _ 200#2)0+_ 0+ _ O+ _ 0=490__ )
STAGF LENGTH 25, SO, 7%. 1cC. 159, 200. 307, 400. 550, 200, 300, 400,
NJ. CYCLFS/STARTS 171 171 171 1/1 171 1/1 171 /1 171 2/1 . 2/1 2/1
FLIGHT CREW 0.568 0.445 (0.392 0.368 0.341 06322 0.304 _0.295_ 0.289__ 0.382 __ 0.348___0.330 _
FUEL & 0IL 0.338 0.251 0.215 0.201 0.151 _ 0.187 0.183 0.181 0.179 0.206 0.192 0.i87
HULL INSURANCE G.413  0.323' 0.285 0.267 0.247  0.234  3,221_ 0.214__ U.210 __0.266 _ 0,245 __ GC.234
TOTAL FL IGHT 0QPS 1.319 1.019 C.852 0.835 0.779 G.T744 0.708 G.689 0.678 0.854 0.785 0.751
LABOR AIRFRAME  0.533 _ 0.348__ 0.281 _ 0.24% __0.214 _ 0,194 _ 2.175 _ 0.165  0.159 _ 0.245 0.211 0,193
MATERIAL AIRFRAME 0,235 0.144 0.112 0.(S6 0.080 0.071 3.0662 0.358 0.055 0.093 0.077 0.07)
LABOR ENGINFS 0.307 0.169 0.122 0.059 _0.075 0.063 _ 0.051_ 0.045 0.041 __ 0.090 0.069 _ 0.35¢ _
MATERTAL ENGINES 0.453  (0.250 0.177 0.141 0.105 0,386 2.767 0.258 0.052 0.125 0.094 D.078
MAT. BURDEN 1.093  0.673 0.524 0.451 0.376 0.335_ 0.293 _ G.272_ 0.260___ 0.436 _ 0.364  0.327 =
TOTAL MAINTENANCE 2.632 1.586 1.216 1.035 0.850 0.749 0,648 0.598 0.568 0.989 0.815 (.727 ,L
DEPRECIATION _~ 1.18C__ Ce923 C.814 0.763 _ 0.708 0,669 0.631  0.612 0.600 0.762  0.701 _ 0.669 H
TOTAL DIRECT OPERATING COST
$/AIRCRAFT MILE 5.131 3,526 2,922 2.633 2,336 _2,162____1.987 __ 1.899 1,846 2.605  2.300 2.148
$/FLIGHT HNUR B46.4 T743.6 658.5 671.9 643.0 629.1 613.2 604.4 598.7 666.1 639.2 624.8
$/SEAT MILE _ 0.1026 0.07C5 0.C584 0.0527 0.0467 0.0432 0.0397_ 0.0380 0.0369 _J.0521__ 0.0460 0.0430) .
$/SEAT-TRIP 2.57 3.53 4.38 5.27 7.C1 8. 65 11.92 15.19 18.46 10.42 13.80 17.18
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D-80-50

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HMEIGHT=100, MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= S, o
TIME  DIST  ALT = VEL __ACC__GAM_ THRUST __ LWGD _LWGl _DWGO_ DWGI__DFUST ALP_THE AWO ALV LAMDA My CT__ POWER o
SEC FT FT FPS 6 DEG LB L8 LB LB LB LB DEG DEG DEG DEG Ho
OBSTACLE CLEARANCE
3.1 4. 7. 3. 0.050 60.0 55026, -l. =-651. 0. B842.° lse 2943 24.6-35.4 28.6 0.1013 G.0N31 0.0195 5674,
4.0 7. 13. 8. 0.171 6C.0 €058l.  —-6. =797._ . 3. 752._ _10. 26.4 24.6-35.4 _24.2 0.112]1 0.0083 0.0215 _ 6773, __
4,7 12. 20. 13. 0.227 60.C 63177. -16. =-B80. 8. T04. 28. 25.3 24.6-35.4 21.8 0.12C2 0.0134 0.0224 7495,
5 17. 30. 18, 0.229 6C.C €3336, _ -32, =913, 16, 66Te__ 55+ 25.3_24.6-35.4_20.3_0.1267 0.0187 0,0225 7887, .
6.3 27. 48. 23, 0.175 €0.0 ¢€0786. -52. =-907. 26. 604, 9l. 26.4 24.6-35.4 18.8 0.1320 0.0240 0.G216 7887,
_T.5 44, 76, 28. 0.129 60.0 58713, -78., =911, 39, 584. 135, 27.4 24.6-35.,%4 18,1 0.1367 0.0305 J.0209 7887.
7.9 58, 100, 29. 0.084 60.0 56753. -1C9. -924. 54, 567. 189, 28.4 24.6-35.4 17.3 G.1414 0.0374 0.0202 7887,
ACCELERATION AND CCNVERSICN B S s o o o
9.7 96. 155. 38. 2,090 55.3 54952. ~-175., -1111. 65. 435. 216. 3l.1 24.6-30.7 17.5 0.146) 0.0488 0.0196 17887,
11.0 138, 200. 46. 0,115 46.7 53512, =-321. -1470. 72, 328._ 196, 38.0 24.6-22.1 18,5 G.1493 0.0695 0.0191 7887, _ _ _
12.4 197. 247, S4. 0.110 38.8 £3916., =529, —1887. 75. 26T7. 151, 46.5 24,6-14,3 2J.3 0.1484 0.0956 0,0192 7887,
__13.9 272, 296.__ €2. G.107 23.0_ 54262. -460. ~2324, 7l. 238, 117, 52.6 24.6 -8.4 20,1 0.1472 0.1205 0.0194 7887,
15,2 352. 339, 70. 0.121 28.6 54273, 92. -2803. 66, 230. 95, 56.0 24.6 ~4.0 18.8 0.1465 0.1446 0.0195 7887,
16.5 444, 382, 79. 0,121 25,1 54357, 791, —=3334._  B80. 234. B4. 59.2 24.6 -0.5 17,0 0.1461 0.1691 0.0195_7887.
17.8 552, 4217, A8, 0.118 22.3 54255, 1648, -3937. 109. 248. 85. 61.7 24.6 2.2 15.2 0.1459 0.1937 0.0195 7887,
19.2 682, _ 4T74. S8, 0.110 2C.1 52899. 2667. —=3186. 156. 198._ 98, 63,0 24.6 4.5 13.0 0.1491 0.2163 0.01S0__ 7887, .
20.6 . 82). 520. 197. 0.114 18.3 5%241. 3851l. -1002. 219, 139, 121. 62.1 24.6 6.3 19.7 0.1564 0.2372 0.0181 7837,
_22.0 977, 567. 117. 0.110 16.7 47126, 5203, 1377. 298, 145, 157. 61.2 24.6 7.9 8.7 0.1661 0.2568 3.0170 7837.
23.4 1156. 616, 126. 0.1C6 15.4 43639, 6722. 3970+ 395. 210. 203. 59.7 24.6 9.2 7.0 0.1787 0.2751 0.0157 7AR87.
25.1 1372, 671. 136. 0.094 14.3 35675, 8410, 6818. 507. 330. _26l. 57.9 24.6 10.3_ 5.5 0.1958 0.2910 9.0143 7887,
27.1 1666, 741, 146, 0.C75 13.3 35170. 12265. 9959. 637. 505. 330. 55.7 24.6 11.3 4.2 0.2204 G.397?9 0.0127 7887. Ll
29.5 2017. 819. 155. 0.067 12.5 20&18. 12283, 13318, 782, _725. 410+ 514 24.6 12.1 3.1 0.2529 0.3062 0.0111 7887, A
32.1 2438, 906, 165+ 0.060 11.7 25502. 14464, 16960, 944, 992. 50l. 44.9 24,6 12.9 2.1 0.2999 0.2952 J.0094 7T887. o
J34.7 2892, 995, 175, 0.C59 1l.1 214t2. 168G4%. 20877. 1121. 1305, 603. 34,5 24.6 13.5 1.3 0,3656 0.2529 0.0078 7887.
T 7737.2 3342, 1078. 185. 0.063 10 S 17679. | 19254. 24994. 1309, 1653, 712, 18.9 24.5 14«1 0.6 0.4436 0.1509 0.0066 7887,
39.7° 3319, 1162, 195, 0.062 S.S 16484, 20727. 27301. 1374, 1790, 759. 8.2 23.7 13,7 0.2 C.4873 0.0719 9.0060 T887.
42.5 4394, 1257. 204. 0.055 9.4 15625, 223C8. 29597. 1448, 1921. 812. -3.8 22.9 13.5 3.0 0.5148-G.0441 0.0L57 7887.
45.4 5003, 1354, 213. 0.054 9.1 15C10. 22367. 29538, 1367._1805._ 786e ~3.8 21.5 12.4 0.0 0.5362-6.1357 3.0055_ 7887.
AIRPLANE MODE CLIMB TO 19,000 FT
45.4 5003._ 1354.__216. 0.0 _14.5 1€6€1.,
212.2 43602. 100C0. 247. 0.0 12.2 146C6. .
NOISE AT 500 FT SIDELINE= 86.8 EFNCB
TIME le5 445 7.5 10.5 13.5 16.5 19.5 22.5 25.5 28.5 31,5 .
PNL 84.8 85.9 85,2 83,5 81.9 79.8 77.1 73.6 69.7 65.6 61.8
NOISE S00 FT FORWARD OF TAKEOFF POINT= 87.5 EPNDR

" NOISE 25,000 FT FORWARD OF TAKECFF POINT= 52.5 EPNCB

DEPARTURE PATH TO 10,000 FT MSL

NOISE AT 20,000 FT SIDELINE= S4.4 EFNCB

__ THE TOTAL NOISE IMPACT IS _

0.10338D+06
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» TILY ROTOR DESIGN PROGRAM 1974 _ o L e I o
> : $-80-50 L . DESIGN_ITERATIONS: S _
OVERALL POWERPLANTY FUSELAGE STRUCY TECHNOLOGY FACTIRS
. GROSS WEIGHT (LB) 59672, INST NCRVAL FWR (HP) 9190. *LENGTH (FT) 80.0  *ROTOR 1.00
» EMPTY WEIGHT (LB) 44719. = *NUMBRER OF ENGINES ___ 2. *DIAMETER (FT) 10.0__ *TRANSMISSION ... 0.83
- FUEL WEIGHT (LB} 4803, *EXCFSS FACTOR HEL MODE 1.65  *DRAG FACTOR 1.00  *AIRFRAME 0.78
PAYLOAD (LB) 10150. *T RATED EMRG HWVR __  _ _ 140e___ _ . __ _%*ENGINE _(HP/18)_ . 8.50  _
® CRUISE SPEED (MPH) 284, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) XENGINF INSTALLATION 1.70
___L/D CRUISE , _ 14,57 __*  CRUISE___ 90. WING PRUFILE 7.85
i T®RANGE (STAT MI) 570, IMST PWR EMRG HVR (HP) 9190. FUSELAGE 5,58 DESIGN MISSINN
® *PASSENGER SEATS 50. CGNVER (HP) B8l44,  EMPENNAGE 4 71 _ *FIELD SLEVATION (FT) ___  DJ.
*CARGO (LB) 0. CRUISE  {HP) 9000. TOTAL PROFILE 21.95 SOUND SPEED HVR (FPS) 1117,
) _*SFC (LA/HP HR) _ 0.400___ WING INDUCED _ 9,58 _ *STD DAY TEMP (DEG F)__ 59,
® ROTORS *EMERG HOVER ALT (FT) 2009,
o *DISC LOADING (PSF) 6.50 DRIVE SYSTEM COMPONENT_WEIGHTS (LB) *HOT_NAY TEMP (REG F) 95.
RADIUS (FT) 38,2  *EFFICTENCY 0.97 ROTORS 8491, *CT/SIG MAX 0.150
» SOLINITY - 0.245  HEL MCDF WEIGHT (LB) - 10790._ _DRIVE SYSTEM___ ___10790.__ =MAX ACCFLERATION (G) ___ 0.25 _
BLADF CHIRD (FT) 3.68 ATRPLANF WEIGHT (LB} 10222. POWERPLANT 1622. =DESIGN CRUISE (MPH) 2%0.
TOTAL BLADES o 16 ) S __ _ NACELLES . 229,  *CRUISE ALTITUDE (FT) _15900.
| *#CT/SIG HOVER 0.120 WING FUEL SYSTEM 447, SOUND SPFEFD CRSE (FPS') 1058,
_ =pROFILE DRAG COEFF c.010 AREA (SF) 1193, WING 5345,  *MAX DECELERATION (G} 6.20
% DOWNLOAD 5.5 *LCADING (PSF) 50.0 FUISELAGE 5825, *STRUCT LOAD FACTOR 4.5
» *EFF ICIFENCY HOVER 0.85 ASPECT RATIO ° 6.56  EMPENNAGE 1163, *FLIGHT CRFW 2.
* CCNVER 0.83 SPAN (FT) 88.4 LANDING GEAR 1790.  *CABIN CRFW Lo,
CRUISE _ 0.51  MFAN CHORD (FT)_  _ 13.49__ FLIGHY CONTROLS_ 2882, _ *ATC SPEED LIMIT __ _ _  YES|_
® HEL MODE WEIGHT (LR) 8491. *THICKMESS/CHORD RATIO  C,210 HYDRAULICS 316. [
AIRPLANE WEIGHT (LB) 8301. _ *TAFER RATID 0.70.  ELECTRICAL 1065, w
T =T1P SPEED HOVER 350. SWEEP (DEG) “5.6 INSTR+AVIINICS 703.
s * . CRUISE 350, _ CRUISE LIFT COEFF __ __ 0.38___ AIR CONDITIONING 1150.
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFY CDEFF CONVER 2.24 FURNISHINGS 2500,
%MAX HEL MODE ADV RATIO 0.40 *¥AX LIFT COEFF CLEAN __ 1.40 __ _FLUIDS 298, o
» *FLAP ARFA/WING AREA 025  FLIGHT CREW 400.
* INDICATES INPUT VARIABLE CLIMB SPD/CCNVER SPO 1.49 CABIN CREW 150.
DESIGN MISSION SPEED _ FEIGHT _ DIST TIME FUEL L o
- MPH FY M MIN L8
- TAKEOFF & LANDING o 2.00 84,
| I ACCEL. & CONV. 1500. 0.9 0.76 46.
: AIRPLANE CLIMB 142.,4175., 13%50C. 12.3 4.66 230.
: ACCEL. TO CRUISE 2.5 0.63 33,
®-  CRUISE ) o 284, o 443.6 _ 93.79 3509,
- ATRPLANE DESCENT 284,.,4230, 13500. 39.8 9.34 55.
p: - DECEL. & CONV. _ L _1500. - 0.9 __ 1.09 9.
= TOTAL 500.0 112.28 3966,
» _RESERVE _ 20.00 837. - .
[
®




$S-80-50 i _ e -
STAGF LENGTH (MI.) . 25. ___50. .. 75... 100. __ _150. __ 2(0e ___3G0e___ 400e.____ 500
CRUISE ALTITUDE (FT.)  20C0. 47200. “100Gl. 12500. 150)0. 15000. 15030. 15000. 15000.
CRUISE SPEED (MPH) 296, 299, 290, 289, 284, 284, 284, 284, 284,
CRUISE L/D " 11.02 11.51 13,06 13.84 14,57 14,57 14.57 14.57 14.57
CRUISE DISTANCE (MI.) 18.1 36.6 40.3 54.8 93.6  143.6 __243.6 ___343.6___ 443.6 .
BLOCK TIME (MIN.) 9.1 14 .4 20.9 26.8 38.3 48,9 70.0 91.1 112.3
BLOCK FUEL (LB.) 355, 594, 679. 840. 121&6. _ 1617. _ 241ll.__ _3194. 3966, .
BLOCK SPEED (MPM) 166. 209. 215. 224, 235, 246. 257. 263, 267. .
DIRECT OPERATING COST = ANN UTILIZATICN (MR 1=2000. DEPRECTATION PERIOD(YR)=10. LABGR RATE($/HR)= 7.00
AIRFRAME COST ($/LB)= 80,0 ENGINE COST ($/HP)= 6).0 INSURANCE RATE=0,040  FUEL COST (CENTS/GAL)= 18,0 _

D0C=1.7040.0452%SL $/SEAT-TRIP (SL= 25.,500.)

HOP LENGTHS 50¢150¢+ 0+ 0+ 0=200 100+200+ O+ O+ 0=330 200¢200+ O+ O+ 0=400 .
STAGE LENGTH __ _25,____ 50, 1. 1cC. 150, 200, 3¢9, 400, 500, 200. 300, 400,

NO. CYCLES/STARTS in 171 171 171 /1 1/1 171 171 1/1 2 271 2/1

FLIGHT CREW 0.555  0.440  0.426  0.410  0.391  0.374  0.357 0.349 _0.344_ 0.418_ 0.396 _ 0.331 .
FUEL & OIL 0.438  0.330 0.252 0.234 0.225 0.225 0.223 0.222 0.271 0.252 0.228  0.225

HULL TNSHRANGE 0.483 " 0.383  C.371  0.357  0.34)0  D.326  0.311 _ 0.304_  0.299 __ 0,351 _ 97.336 __ d.326 _
TOTAL FL IGHT OPS 1,476  1.154 1.G50 1.€CL  0.956 0.924 0.892 0.874 0.864  1.021  0.960  5.932

LABOR AIRFRAME  0.561 _ 04369 0,219 0.288__ 0.256 _ 0.236  0.216__ 0.206 __ 0.200  0.282  0.252 1.235

MATERIAL AIRFRAME  0.268 0.165 GC.136 0.119 0.182  0.097 0.083  0.078 0.075 0.ll4  0.099  0.091

LABOR ENGINFS 0.317  0.175 0.130 0.1C7 0.083  0.070 _ 0.C58 _ 3.052 0.048 _ 0.097 _ 0.G76  0.066 =
MATERTAL FNGINES 0.511  0.276 0.261 0.162 U.123 0,102 0.U82 0.072 0.065  0.144  G.111 0.9 i
MAT. RURNEN l.141 0,707 0.583 C.513  0.441 _ 0.399 __0.356__ 0.335  0.323___0.492 _ 0.427__ 0.391 =
TOTAL MAINTENANCE  2.797  1.693  1.369 1.189 1.905 0.900 0.795 0.742 GC.711  1.129  0.964  0.876 bl
CEPRECTATION 1.378___1.094 1.06C  1.019  0.971__ 0.929 0.887 0,367  0.854 1,002 0.959 3.929

TOTAL DIRECT OPERATING COST

$S/ATRCRAFT MILE 5.652 3,940 3.479  3.209 _ 2.932 _2.753__ 2.5T4_. 2.483 __ 2.429  3.151 2.883 2.737

$/FLIGHT HOUR 935.7 822.1 149.C 718.8  6B89.3  676.3 661.9 654.0 648.9 TlB.1 686.2 672.3

$/SEAT MILE 0.1130 0,0788_ 0.C696 0.0€42 0.0586 0.0551_0.0515 _0.0497 _0.0486__0.0630_ 0.0577 0.9547

$/SEAT-TRIP 2.83 3.54 5,22 6.42 8.80 11.01 15.44 19,87 24.29 12.60 17.30 21.89
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$-80-50
DEPARTURE PATH TO 10,000 FT MSL
» MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL- ROTATION RATE=20. ACCEL BUILDUP TIME= So. .
TIME DIST ALY VEL ACC GAM THRUST LWGO __ LWG] _DWGO__DWGI  DFUST ALP THE AWO_ ALV LAMDA My CY _ POWER )
] SFC Fr FT FPS G DEG LB L8 L8 LB LB LB DEG DEG DEG DEG HP
__ DOBSTACLE CLEARANCE
. 3.1 4. 7. "3, 0.050 60.0 63443, -1. -895, 0. 1148, le 29.4 24.6-35.4 28.5 0.1119 0.0035 2.0237 6258.
1] 4.0 7. 13. 8, 0.171 6C.0 65826, -8, —-1091. _ 4. 104l.__ 104 26.6 24.6=35.4 24.4 0.1240 0.0096 0.0261  7491.
4.7 12. 20. 13. 0.227 6C.0 72803, -23, -1207. 11. 971. 28+ 25.5 24.6-35.4 21.8 0.1331 0.0154 0.0273 8399,
- 5.3 17. 30. 18. 0.248 6C.C 73674, -45, -1275. __22. 916. 55. 25.1 24.6-35.4 20.0 0.1417 0.0212 0.2277 8930,
] 5.9 24. 42, 23, 0.250 60.0 74160. —74. -1334, 37. 882. 92. 25.0 24.6-35.4 18.6 0.1491 0.,0272 2.0278 9339,
6.7 34, 59, 28, 0.211 60.0_ 72126, -111, -1349. 55, 825+ 137, 25.8 24.,6-35.4 17,2 0.1563 0.3332 ).0270 9560.
7.6 50. 86. 33, 0.162 £0.0 €S574. =-155. —1366. T7. 799. 191. 26.8 24.6-35.4 16.2 0.1620 0.0404 0.C261 9560,
) 7.9 58, 100. 33, 0.113 6C.C 67103. =206, -1388. 102. _784. _254. 23.0 24.6-35.4 15.4 0,1680 0.2484 00,0252 9560,  _
ACCELERATION AND CONVERSICN
9.3 92, 153. 43, 0,106 56.8 64880. =299. —1586. 123. 672, 295+ 29.4 24.6-32.3 15.2 0.1736 00,0602 0.2244 9563. _
] 10.4 129. 156. Sl. C.141 49,5 €2154, =517. -2046. 138B. 548, 291, 34.0 24.6-25.0 14.9 0.1811 0.7836 J.0234 9560,
. 11.T_ 184, 245. _ 58. 0.123 42.C_ €2633._ -817, —2650. _142. 459, 234, 43,0 24.6-17.4 16.7 _0.1794 _0.11C9_2.0236_ 9560, _
13.2 260. 391. 66. 0.108 36.2 ¢€3447. -1214, -3288, 153. 4l4. 190. 53.0 24.6-11.6 17.2 0.1766 0.1471 0.0239 9561,
> 14.5 345, 353, 74. U.116 31.6 €3€59. -531. -4005. 128. 400. 157. 53.9 24.6 -7.0 16.2 0.1756 0.17)1 0.0240 9560. __ _ __
15.9 446, 407, 83. 0.113 28.0 63713, 394, —4803. 129. 408. 137. 574 24.6 —3.4 14.9 C.1749 0.19R83 0.C241 956J.
17.3 566. 463,  92. 0.108 25.1 -63679. 1522. =-5707. 156. 431l. 129. 60.1 24.6 —0.5 13.4 0.1742 0.7267 0.0241 9560. __ B
» 19.0 T24. 529. 10l. 0.0$2 22.7 €2237. 286€2. -5291. 2(9., 380. 132, 62.1 24,6 1.9 11.7 0.1773 0.2528 G.0237 9569.
o 20.4 __ 872,  585._ 110. 0.1C8 2C.7_58747. 4420. -2193. 288. 259, 147. 63e4_24.6 3.9 9.6 0,1874 0.2752 0,2223 9567,
21.9 1734, 641. 120. 0.1C8 1S.C 54557. 620U. 1196. 393, 245, 174. 58.7 24.6 5.6 7T.T 0.2317 G.2957 1.C238 6569,
] 23.5 1233, T04. 129. 0.C96 17.5 49674. 8205. 4935. 524, 331, 213, 57.0 24.6 7.1 6.1 0,22C0 9.3134 2.9189 9560, _ A
25.5 1500. 782. 139, 0.077 1€.3 44129, 10434, 9059, 681, 511. 263. 54¢8 24.6 8.3 4.6 0.24T1 0.3757 0.0169 956). o
27.7 1814, 867. 148. 0.C71 15.2 1284S0. 12882. 13492, B863. 775. 325. 50.3 24.6 9.4 3.4 0.2834 0.3299 0.2147 9560. 1|_
b 30.1 2188, 962. 158. 0.064 14.3 32519, 15553. 18329. 1071. 1124. 398. 43.6 24.6 10.3 2.3 0,3361 0.3162 0.u125 9567, H
32.6 2592._ 1058.  168. 0.063 13.4 2664C. 18434, 23559. 1304. 1553. 482+ 32.7 24.6 11.2 1.4 0.40999 0.2654 0.C134 9560, n
T "35.0 2999.  1150. 178. 0.066 12.T 226S4. 21536. 29172, 1562, 2058, 577. 15,9 24.6 11.9 0.5 G.4946 c 1449 0.C088 9560,
37.8 3519. 1260. 187, 0.055 12.0 2(S02. 24997. 34765, 1851. 2583, 685+ =5.0 24.6 12.6 _ 0.0 C.5404-0."%85 0,0081__9559. o
40.7 4077. 1373. 167. $.C54 11.4 16899, 25013. 34659, 1725. 2390. 673. -4.8 22.8 11.4 0.0 c.567a—u.0493 G.GUTT 9560.
43,6 4673. 1488. 2(C5. 0.053 1C.S 19116, 25089. 34583, 1632. 2249._6Tl. ~4.6 21.4_10.5 0.0 0,5912-0.0488 U.CN7S 95K9, ;
) AIRPLANE MODE CLIMB TO 10,060 FT
43.6 4673, 1488, 209. 0.0___l4. 18550,
’ 217.5 43475, 1CC00. 238. 7.0 11. 16647,
NOISE AT 500 FY SIDELINE= BR4.0 EENCE
- TIME 1.5 4.5 7.5 10.5 13.5 16,5 19.5 22,5 25.5 28.5 o .
I PNL 82.1 B83.2 82.7 B80.6 78.8 76.6 T3.9 70.6 66.9 63,0
'.j  NOISE SO0 FT FORWARD OF TAKEGFF POINT= 84.6 EFNCB
NOISE AT 20,000 FY SIDELINF= 52.6 EPNCB
| I NOISE 25,000 FT FORWARD OF TAKEOFF POINT= 50.7 EPNDB
> __ THE TOTAL NOISE IMPACT IS_ 0,572280+CS
»
» o ~ ,7 o _ ) L . o . _ e
]




TILT ROTOR DESIGN PROGRAM 1974

C-80-20
___ _OVERALL R
GROSS WEIGHT (LB) 18489,
EMPTY WEIGHT (LR) 12530.
FUEL WEIGHT (L8B) 1959,
PAYLNAD (LB) 4000.
CRUISE SPFEN [MPH) 401.
L/P CRUISE 9.07._
#RANGE (STAY M) 500,
®PASSENGER SEATS 20.
*CARGO (L B) 0.
ROTORS
*DISC LMADING (PSF) _  12.00
RADIUS (FT) 15.7
SOLINITY 0.1781
BLADE CHORD (FT) 1.32
TOTAL BLANFS . 6
*CT/SIG HOVER c.120
_ *PROFILF NRAG CNEFF _ _ 0,710 __
T DOWNLDAD 4e6
*EFFICIENCY HNVER 0.85
* CONVER 0.83
CRJISE 0.80
HEL MODE WEIGHT (1B) 1316,
__ AIRPLANE WFIGHT (LB) 1012,
£TIP SPEEN HOVER 825,
* CRUISE 560.
*FUSELAGE CLEARMCE (FT) 2.0
*MAX HEL MODE ADV RATIO  0.40

®* INDICATES INPUT VARIABLE

SPEFD
MPH

DESIGN MISSION

TAKEOFF & LANDING
ACCEL. & CONV,
_ATRPLANE CLIMB
ACCEL. TO CRUISE
. CRUTSE
ATRPLANE DESCENT
DECEL. E CONV,

. 401, .
401.+292.

. TOTAL _

RESERVE

 153.4190.___ 14100, 11.7

. DESIGN ITERATIONS: &

POWERPLANT . __FUSELAGE. . ......STRUCT TECHNNLOGY. FACTORS __ —
INST NORMAL PWR (HP) 4119.  *LFNGTH (FT) 55.0 *RNTOR 1.00
*NUMRER OF ENGINES . 2. *DIAMETER (FT) = 8.5 *TRANSMISSION 0.83
*EXCFSS FACTOR HEL MODE  1.30  *DRAG FACTOR 1,00  *AIRFRAME 0.78
*2 RATED EMRG HVR . 140, e *ENGINE (HP/LB) 8.50
* CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
* CRUISE . 90, _ WING PROFILE __ _____ 1.42 _
INST PWR EMRG HVR [HP) 4076, FUSELAGE 3.33 DESIGN MISSION
CONVER _ {HP) 28597, = EMPENNAGE - 0.85 *FIELD ELEVATION (FT) 0.
CRUISE  (HP) 4119. TYOTAL PROFILE 6.83 SOUND SPFED HVR (FPS) 1117,
*SFC (LR/HP HR) .0.400 WING INDUCED _. 1.03  *®STD DAY TEMP (DFG F) 59,
*EMERG HOVER ALT (FT) 2000.
DRIVF SYSTEM . . COMPONENT WEIGHTS (LB} _ *HOT DAY TEMP (DEG F) 95.
*EFFICIENCY 0.97 ROTORS 1316.  *CT/SIG MAX 0.150
HEL MODF WEIGHT (LB) 1157. . DRIVE SYSTEM . 1565,  *MAX ACCELFRATION (G) 0.25
ATRPLANE WEIGHT (LB) 1565. POWERPLANT 727.  *DESIGN CRUISE (MPH) 400,
' _ NACELLES __ 34, . *CRUISE ALTITUDE (FT) 15000.
WING FUFL SYSTEM 96. SOUND SPEED CRSE (FPS) 1058,
AREA (SF) _ 195, __ WING __1232. __*MAX DECELERATION (G) ___ 0.20
*LOADING (PSF) 95.0 FUSELAGE 2675,  *STRUCT LOAD FACTOR 4.5
ASPECT RATIN B.99  FMPENNAGE o 361. _ *FLIGHT CREW 2.
SPAN (FT) 41.8 LANDING GEAR 555, *CABIN CREW 0.
MEAN CHORD (FT) . 4,65 FLIGHT CONTROLS _ _ _ 552. _ *ATC SPEED LIMIT vesAtf
#THICKNESS/CHORD RATIO 0,210 HYDRAULICS 176. \A
*TAPFR RATID __ 0.70___ ELECTRICAL ___ 203, o,
SWEEP (DEG) -5.1 INSTR¢AVIONICS 580.
CRUISE LIFT COEFF . 0.37 _ AIR CONDITIONING 769, —
MAX LIFT COEFF CONVER 0.75 FURNISHINGS . 1300.
®MAX LIFT COEFF CLEAN - 1.40 FLUIDS e e 92e ) .
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
_ _CLIMB SPD/CNNVER SPD __ 0.68 ____ CABIN_CREMW 0. .
_HEIGHT  DIST TIME FUEL . . S
FT MI MIN L8
2.00 3s. o R . .
900. 0.9 0.71 16,
4,12 96,
10.6 1.93 48,
447.3  66.97 ___1365.__ _ e N
14100. 28.5 S5.11 17.
. 900. 0.9 1623 . & I )
... _S500.0 82.08 1583, __ i e - .
..20.00 _____375.
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C-80-20
STAGE LENGTH (MI.)

25 L

CRUISE ALTITUDE (FT.)  2000.

296. .

——__. CRUISE SPFED (MPH) _ _
CRUISE L/D 10.41
CRUTISE DISTANCE (MI,) S 17.3
8LICK TIME (MIN,) 8.9
BLOCK FUEL (LB.) 138,
BLOCK SPFEED (MPH) 168,

DIRECT OPERATING COST -

ATRFRAMFE COST ($/LR)=

= 50', =
4000. 10
305, . _.
10.49
36.2
14.0
205,
214,

80.0

75. .
001. 12
4083,
7.71
29.8
17.6
296.
256.

D7C=2 .86+0.,0411%SL $/SEAT-TRIP (SL= 25,.,500.)
0=200 10C#200+

HOP LENGTHS S0+150+
STAGE LENGTH ?5.
NN, CYCLFS/STARTS 171
FLIGHT CREW 0.564
FUEL £ OIL 0.154
HULL TNSIJRANCE 0.142
TATAL FLIGHT NPS 0.959

_ LAROR A[RFRAME 0.391
MATERIAL AIRFRAME  0.116
LABOR ENGINES 0.269
MATERTAL ENGINES 0.229
MAT, RURDEN 0.845
TOTAL MAINTENANCE 1,840

____ _DEPRECIATION __ D.612
TOTAL DIRECT OPERATING
$/ATRCRAFT MILE 3.111
$/FLIGHT 47UR 523.2
$/SEAT MILF 0.1556
$/SEAT-TRIP 3.89

0+ O+

50.
171
0.443
0.115
0.111
0.669
. N.257
0.071
0.144
0.123
0.521
1.116
0.323

cosT
2.1C8
451.4
0.1054
527

75.
171
0.370
0.110
0.067%
0.574
0.20C
0.054
0.1C3
0.286

0,394

C.836

1.681
433.,0
0.0840
6.30

0.271

100.
1/1
0.339
0.105
0.C85
0.529
0.173
0.045
0.282
0.068
0.332
0.701

0.247

1.477
413,6
0.0739
7.39

500. 15
420, .
7.98
46,9
21.4
317.
280.

100, ___ 150.____ 200.__ . 300.___ 400, __ S00.__.

000. 15000. 15000. 15000. 15000.
430a.__ 4300 430._ 430,___ 430.
8.21 8.21 8.21 8.21 8.21
82.9 _132.,9___232.9____332.,9__.432,9_____
28.7 35.6 49 .6 63.5 77.5

. 555. 726, 1061, 1391. 1714, ..
314. 337. 363, 378. 387.

0+ O+

1590.
171
0.302
0.103
0.076
0.481
0.145
0.036
0.062
0.049
N.268
0.560
. 0.220
1.262
396.2
0.0631
9. 46

ANN UTILTZATION(HR)=2090. DEPRECIATION PERIOD(YR)=10.
FENGINE COST ($/HP)= 60,0

INSURANCE RATE=0.040

0=300

2C0.
171
0.281
0.101
0.071
0.453
0.129
0.032
0.051
0.040
0.235
0.487
. 0.206

le1aT

386.0
0.0573
11. 47

2004200+

300.
171
0.261
0.099
. 0.066
0.425
O.114
0.027
0.041
0.031
0.202
0.415
.0.191

1.031
374.1
_0.0515
15.46

0+ O+ 0=400
. 400. __ 500.
171 171
0.251 . 0.245
0.097 0.096
0.063 0.062
O.411 0.402
0.107 0.102 .
0.025 0.C24
0.735 _ 0.032
0.026 0.023
0.185 _ 0.175
0.378 0.356
. 0.183 ___ 0.179 _
0.972 _ 0.937 _
367.3 362.8
0.0486
19.45 23.43

LABOR RATE($/HR)= 7.00

FUEL COST (CENTS/GAL)= 18.0

200. .
2/1

. 0353
0.1%6
0.085
0.544

0171

0.044
. 0.075
0.060
0.320 _
0.670
0e246_

,l o460 .
410.6

. 300. _

271
0.311
0.103
0.076
0.489
0.143
0.035
0.057
0.044
0.269
0.539

0.220 _

1.248

393, 6

. 0.0469 0.0730 0.0624

14.60

18.72




C-82-20

MAX FUSE ANGLE=20,

DEPARTURE PATH TN 10,000 FT MSL
ORSTACLE CLFAR ANGLE=60.

TIME  DIST  ALT VFL  ACC
SEC FT FT FPS 6
_ORSTAGLE CLEARANCE
3.1 - 4, 7. 3..0.050
L 4.0 . T, 13. 8. 0.171
5.0 13. 23, 13, 0.163
6.2 24, 41. 18, 0.128
7.8 47, T4, 23, 0.094
.. B.S 58. 100. ?4. 0,058
ACCFLERATION ANN CONVERSION
9.4 77. 125. 33, 2.161
10.3 105. 149. 40. 0.1T1
11.2  140. 173, 48, 0.174
12.1 185, 196, 57. 0.176
13,0 236, 219, 66, 0.182
13.8 293,  241. 75. 0.191
14.6 358, 262. B84. 0.191
15.4 433, 284, S4. 7.188
_ 16.3 519, 3)7. 1C4. 7.180
17.1  607. 329, 113. 0.19%
__ 18.0  720. 354, 123. 0.166
19.0 845. 379, 133, D.l6l
20.0 982, 405. 143. 0.159
21.1 1147. 434, 153, 0,142
22.3 1351. 468, 162. 0.122
23.7 1591. S506. 172. 0.110
___ 25.3 1B76. S4R. 1R2, 0.098
27.1 2222. 59. 192, 0,085
29,1 2621. 649. 202. 0.078
31.2 3063. T705. 212. 0.074
33,4 3527, 767, 221. 0.073
ATRPLANE MODE CLTMBR TO 10,000 FT
. 33.4 3527, 162, 224. 0.0
192.9 41918. 10030. 258. 0.0

GAM
DEG

60.0

6C.0
60.0
60.0
60.0
60.0

52.2
41.4
33.5
27.9
23.8
20.8
18.4
16.4
14.9
13.6
12.5
11.5
‘.007
10.0

15.8

13.0

THE YOTAL NOISE IMPACT IS 0.68817D+06

NOISE AT 500 FT SIDELINE=103.4 EPNOR

NOISE AT 20,000 FT SIDFLINE= 61.8 EPNDB

THRUST
L8

19600.
21585,
21446,
20877,
20337,
19782,

13359,
19098.
19191.
19205,
19206,
19197.
19129.
19024,
18547,
17867,
16855,
15891,
14861,
13628,
1227s.
10931.
a5136,
8709.
7933,
7181.
6568,

5747,

LWGO
L8

-0.
‘20
-4,
-9,
~14.
-22.

-39.
-78.
-93.
31.
199,
412.
672.
980.
1337,
1743,
2198,
2702,
3255.
3858.
4579,
52n9,.
5957.
6351.
6764,
7192,
1578.

6613,

OBSTACLE HEIGHT=100.

LWGI
LB
=227,
-277,
-291.
-282.
-282,
-282.

~-384.
=-517.
-541.
~747.,

‘850._

-960.
‘10790
-1213.,

—931.
,-353.

310.
978.

1687.

2472,

3320.

4212.

5169.

5633,

6119.

6631,

7099,

_DFUST ALP
LB DEG DEG DEG DEG

217.

DWGO DWGI
L8 L8
0. 296.
. .le 271, .
2. 253.
4, 236.
T. '227.
I 5 P
12. 1300
13. 84.
13. 66,
12. 58.
16. 55.
24. 55,
36. 57.
53. 61,
73. 45.
99. 29,
128. 29.
162. 44,
201. 70.
243. 110.
293. 163,
342, 224.
397.  297._
409. 322,
422. 347. .
437, 375,
399.

6,
16.
32.
52.
18.

79.
59.
42,
31.
26,
28,
37.
52.
Ta.
102.
137.
178.
226.
280.
340.
407.

_480.

497,
516.
537.

_556.

1.

29.3
26.4
26.6
27.4
28.2
29.0

29.9
40.3
48.3
53.6
57.2
59.5
61.5
63.1
63.6
62.0
62.3
60.8
58.8
57.0
54.8
S5l.1
45.9
43.9
40.7
36.3
3l.3 .

THE AWO

26.6‘35.‘
24.6-35.4
24.6-35.4
24.6-35.4
24.6-35,4
24 .6-35 .4

24.6-27.6
24.6-16.8
24,6 -8,.9
24.6 -3.3
2446
24.6
24.6
24.6
24.6
24.6
24.6
2446
24.6
24.6
24.6
24.6
24.6_
23.5 15.6
22.6_15.0

12.1
13.0
13.8
14.5
15.2
15.7
16.2

21.8 14.6

21.1 14.2

MAX ACCEL ROTATION RATE=20, ACCFL BUILDUP TIME=

ALV LAMDA

28.7 0.0640
24.7 0.0698
23,5 0.0728
22.4 0.0747
21.8 0.0767
21.2 0.0789

2l1.4 0.0806
25.5 0.0817
2%9.3 0.0813
28.3 0.0811
27.1 0.0811
25.1 0.0810
22.8 0.0812
20.5 0.0815
17.7 0.0835
15.1 0.0865
12.5 0.0915
10.4 0.0969

8.6 0.1035

6.9 0.1127

5.4 0.1259

4.2 0.1493
~3.1_0.1610
2.4 0.1763
1.9 0.1937
1e4 002144
.1.0_0.2352

Se

My cT

0.0015 0.0079
0.0040 0.0087
0.0067 0.0086
0.0095 0.0084
0.0125 0.0082
0.0157 0.0080

0.0201 0.0078
0.0309 2.0077
0.0431 0,.0077
0.0548 0.0077
0.0665 0.0078
0.C781 0.0078
0.0898 0.0077
0.1014 0.C077
0.1122 0.0075
0.1225 0.0072
0.1317 0.0068

0.1410
0.1496
0.1566
0.1614
0.1635
0.1598
0.1603
0.1578
0.1495
0.1359

0.0064
0.0060
0.0055
0.0050
0.0044
0.0039
0.0036
0.0032
0.0029
0.0027

POWER

HP

2806.
3274,
3375.
3375.
3375.

3375, .

3375.
3375,
3375.
3375,
3375.
3375,
3375.
3375.
3375.
3375.
3375.
3375.
‘315‘
3375.
3375,
3375.
3375.
3375.
3375.
3375.

3375..

NOISE 25,000 FT FORWARD OF TAKEQFF POINY= $9,7 EPNDB

NOISE 500 FT FORWARD OF TAKEOFF_POINT=105.1 EPNDB




TILT ROTOR DESIGN PROGRAM 1974

C-80-80

QVERALL . -
GROSS WEIGHT (LB}
EMPTY WEIGHT (LB)
FUEL WEIGHT (LR)
PAYLOAD (LR)
CRUISE SPEED
L/D CRUISF

*RANGE (STAT MI)
®DPASSENGER SEATS

*CARGO (LB)

(MPH)

ROTORS
_. *DISC LDANING
RADIUS (FT)
SOLIDITY
BLADE CHORD ({FT)
TOTAL BLADES
*CT/SIG HOVER

{PSF) _ _

% DNWNLIAD
*EFFICIFNCY HOVFR
* CONVER
CRUISE
HEL MODE WFIGHT (LB)
AIRPLANE WEIGHTY (LB}
*TIP SPFEN HOVEP
* CRUISE
*FUYSELAGE CLEARNCE (FT)

*MAX HEL MODE ADV RATIO

DESIGN MISSIDN SPEED
MPH
 TAKENEF & LANDING
ACCEL. £ CONV,
______ ATRPLANE CLIMB  175.,217._
ACCEL. TO CRUISE
___ CRUISE ) 445,
AIRPLANE DESCENT 445,,292.
o DECEL. & CONV,
TOTAL

*PROFILE NRAG COEFF __

69044,
46027.
6T16.
16300.
445,
10.47
530.
80,

O.

~ 12.00

3.3
0.081
2.57
6
0.120
_C.010
Sel
0.85
0.83
0.78
5546,
4272.
875.
560
2.0
0.40

* INDICATES INPUT VARTABLE

RESERVE _

_ _POWERPLANT . e . _FUSELAGE ___
INST NORMAL PWR (HP}  1525T7.  *LENGTH (FT) 95.0
*NUMRER OF ENGINES 2.  ®DIAMETER (FT) ______ ___ 1l1.5.
*EXCESS FACTOR HEL MODE  1.30  #DRAG FACTOR 1.00
*2 RATED FMRG HVR 140. _ . ) B
* CONV ¢ CLIMR 120. FLAT PLATE AREAS (SF)
* CRUTSE  90. __ WING PROFILE _____ __ 4715
INST PWR EMRG HVR (HP) 15257, FUSELAGE 7.04
CONVER  (HP) 10665, EMPENNAGE L 2.85.
CRUISE  (HP) 11708. TOTAL PROFILE 17.72
#SEC (LB/HP HR) 0.400 WING INDUCED o 3.07
NRIVE SYSTEM . __COMPONENT WEIGHTS (LB) e
*EFFICTENCY 0.97 RNTORS 5546,
HEL MODE WEIGHT (LB) 5633._ _ DRIVE SYSTEM ___ 7652,
ATROL ANE WEIGHT (LB) 7652, POWERPLANT 2692.
NACELLES .. __ 750.
WING FUEL SYSTEM 795.
~ AREA (SF) _727.____WING ) 5530,
*LOADING (PSF) 95.0 FUSELAGE 7979.
ASPECT RATID 7.54 FMPENNAGE _ 1346,
SPAN (FT) 74.0 LANDING GEAR 2071.
MEAN CHORD (FT) _ 9.82 . FLIGHT CONTROLS _ ____ __ 3561,
*THICKNESS/CHORD RATIO  0.210 HYDRAUL ICS 340.
_ *TAPER RATIN  0.70 . ELECTRICAL _ 1309._
SWEEP (DEG) -5.4 INSTR+AVIONICS 826.
CRUTSE LIFT CNEFF __ 0.30_ . AIR CONDITIONING. _ __ _ 1540. __
MAX LIFT COEFF CONVER 0.75 FURNISHINGS 3700.
AMAX LIFT COEFF CLEAN 1.40 . _FLUIDS ... 345,
*FLAP ARFA/WING AREA 0.25 FLIGHT CREW 400.
__CLIMB SPD/CONVER SPD____ 0.T8___CABIN CREW __300.
HETGHT  DIST TIME FUEL } o
FT MI MIN L8
2.00 ___  140.___ _ e
90C. 0.9 0.62 52.
_ 14100. _ 13.6 _  4.18___ 36Te___ _ . ______..
13.6 2.24 208.
. . __435.C_ 58.60___ 4458, .
14100. 36.0 6.28 76.
 90C. . - 0.9 __ 1.06___ 1l4&. -
 500.0 ___74.98 ____ 5315,
20.00 1401,

. _ ... DESIGN_ITERATIONS:

.6 -

. ———-STRUCT TECHNOLOGY FACTORS

*ROTOR
*TRANSMISSION
*AIRFRAME
*ENGINE (HP/LB)
*ENGINE INSTALLATION

DESIGN MISSION
*FIELD ELEVATION (FT)
SOUND SPEED HVR (FPS)
*STD DAY TEMP (DEG F)
*EMERG HOVER ALT (FT)
*HOT DAY TEMP (DEG F)
*CT/SIG MAX
*MAX ACCELERATION (G}
*DESIGN CRUISE (MPH)
*«CRUISE ALTITUDE (FT)

SOUND SPEED CRSE (FPS)

*xMA X

DFCELERATION (G)
*STRUCT LOAD FACTOR
*FLIGHT CREW

*CABIN CREW

*ATC SPEED LIMIT

1.00
0.83
0.78
8.50
1.50

o.
1117.
59.
2000.
95,
0.150
0.25
‘oo.
15000.
1058.
0.20
‘.5
2,

2.
YES

8T-1




C-80-80

STAGE LENGTH (MI,) 25, 50. . 15, .
CRUISE ALTITUDF (FT,) 2000. 4%00. 10001l. 12
CRUISE SPEED (MPH) . ?96. ___305. 458,
CRUISE L/D 13.24 13.23 8.91
CRUISE NISTANCF (MI,) 17.0 34,5 -9,3
BLOCK TIME (MIN,) 8.6 13.7 0.0
BLOCK FUEL (LR,) 460, 673, 0. 1
BLNCK SPEEN (MPH) 174. 220. 0.

DIRFCT NPERATING CNST
ATRFPAME COST ($/LB)= 8

ANN UTILIZATICN({HR)}=2000.

0.0

DNC=1e44+0.0209*SL $/SEAT-TRIP (SL= 25,,500.)

HOP LENGTHS 50¢150¢+ O+ O+ 0=200 100+200+
STAGE LENGTH 25, 50. 75, 100.
NO. CYCLFS/STARTS 171 171 171 L/71
FLIGHT CREW 0.569 0.451 0.0 0.338
FUFL & DOTL N.511 0.374 0.n N.351
HULL TNSURANCF N.5%92. 0.399 0.0 0.299
TOTAL FLIGHT NPS 1.581 1.224 0.0 0,988
LAROR AJRFRAME 0.546 0.358 0.0 0.236
MATERTAL AJRFRAMF 0.263 0.162 0.0 0.101
LABOR ENGINES 0.381 0.208 0.0 0.116
MATFPIAL FNGINES N.842 0.454 0.0 0.249
MAT, BHRNEN 1.206 0.735 0.0 0.457
TOTAL MAINTENANCE 3.239 1.917 0.0 1.159
DEPRECIATION = 1,46C 1.160__0.0 . 0.869 _
TOTAL DIRFCT OPERATING COST

$/ATRCRAFT MILE 6.281 4.300 0.0 __ 3.016
$/FLIGHT HNOUR 1095.6 944.7 0.0 883.9
$/SEAT MILFE 0.0785 0.0537 0.0 . 0.0377
$/SEAT-TRIP 1.96 2.69 0.0 3.77

120. .
500.
464,
9.11
36.9
20.5
265. 1
293,

15

ENGINE COST ($/HP)= 60.0

0o+ 0+
150.
/1
0.298
0.344
0.264
0.905
0.194
0.081
0.085
0.180
0.362
0.901

. 24572
855.5
0.0322
4.82

0.766 _

150. _ 200.
000. 15000. 15
4T6. __ 476, ___
9.46  9.46
T4.5 _ 124.5 2
27.1  33.4
857. 2436. 3
333, 360.

INSURANCE RATE=0.040

0=300 200+200+

200.
171
0.275
0.338
0.244
0.857
0.172
0.070
0.069
0.145
0.313
0.769

.2.334
839.5

.0.708__

300'
/1
0.253
0.331
0.224
0.808
0.150
0.059
0.053
0.110
0.264
0.636

. 2.094
820.0

0.651

500.

300.. . 400._ __ .
000. 15000. 15000.
4T6.._ ___ 4760 ___4T6.
9.46 9.46 9.46
2445 _ 324.5 _ 424.5 -
46.0 58,6 T1.2
579. 4702. 5807.
392. 410. 421.

DEPRECTATION PERTOD(YR)=10. LABOR RATE(S/HR)= 7.00
FUEL COST (CENTS/GAL)= 18.0

0+ 0+ 0=400
400. .. 500. __  200.
171 171 2/1
0.242 0.235 . 0.353
0.326 0.322 0.351
0.214 0.208 0.297
0.782 0.765 1.001
0.139 0132 0.232
G.054 0.050 0.097
0.045 0.041 0.104
0.093 0.082 0.219
- 06239 . 0.224 _ 0.437
0.570 0.530 1.090
. 0622 __ 0,604 0.864
1.973_ _ 1.899____2.956___
' 808.4 800 .4 871.1

0.762___0.708

. 300. 400.
271 2/1
0.307 0.284
0.342 0.338
0.262 0.244
0.912 0.865
0.191 _0.171
0.078 0.068
0.077 0.063
0.160 0.131
0.349 _ 0.304
0.855 0.736

24529 _ 2.310.

845.5 830.7

.0.0292 0.0262__0.0247 _0.0237 _0.0369 _0.0316 0.0289

5.83

7.85

9.87 11.87 7.39

9.48 11.55




C-80-80__

DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20.

OBSTACLE CLEAR

_TIME DIsTY ALY VEL ACC GAM
SEC FY FT FPS G DEG
____DBSTACLE CLEARANCE _ . _ .
3.1 4o T. 3. 0.050 60.0
4.0 Te 13. 8. D.171 60.0
5.0 13. 23, 13. 0.164 6C.C
6.2 24, 4l. 18, 0.129 60.0
T.8 42, 3. 23. 0.095 60.0
_. B.5 58, 130. 24, 0,060 60.0
ACCELERATION AND CONVERSION
9.5 79. 127. 33, 0.149 52.4
10.4 -106. 152. 40. D.170 41.8
11.3 142. 176, 48. 04174 33.9
12.2 186. 2920. 57. 0.176 28.3
13.0 238. . _ 223 66e 0.179 24,1
13.9 295, 245, 75. N.191 21.0
14.7 361. 267. 85. 0.191 18,6
15.5 435, 289, 94, 0.1R9 16.6
16.4 527. 312. 104, 0.181 15.1
17.2 613. 335. 113. 0.185 13.8
. 11.C T13. 357. 123. 0,186 12.6
18.9 833, 392, 133. 0.169 11.7
19.9 963, 407, 143. 0.168 10.9
20.9 1116, 434, 153, 0.152 10.2
22.1 1302, 456, 162. 0.134 9.6
23.3 1517. 590. 172. 0.123 9.0
24.7 1769. _ 538. 182. 0.111 8.5
26.3 2076, 581, 192. 0.096 8.1
28.0 2420. 627. 202. 0.090 7.7
29.9 2800. 676, 212. 0.086 7.3
_____ 31.7 . 3209. __ T26._ 222. 2.084 7.0
33,5 13629. T75. 232. D.085 6.7
35.4 4069. 825. 242. 0.085 6.4
37.3 4553, 877. 252. 0.080 6.2
39.3 5059, 931. 257. 0.077 6.0
ATRPLANF MNDE CLIMB TO 10,0C0 FT
39.3 5069. 931, 257. 0.0 13.7
198.0 48843. 1C03C. 295. 0.0 11.3
__ THE TOTAL NOISE IMPACT IS 0.179160+07

-.____ _NDISE AY SO0 FT SIDELINF=103.6 EPNODB

THRUST
L8

73299,

80696. .
80190,
78062.
76045,
73972,

723¢€3,
71268,
T1644.
71755,

.11818.

71904,
71783,
71549,
£9882.,
67134,
64037,
€0193,
56403,
518S5.
46953,
423C09.
__36841.
32359.
29491.

26668,
24043,
21897,
20129,
19004.
18665,

. 21676,
18886.

_____NDISE AT 20,000 FT SIDFLINE= 67.6 EPNDAH

LWGO
L8
-1.
"50
-15.
-30.
-49,
=13

~131.
-261.
-319.
87.
631.
1324,
2171.
3174.
43137,
5659.
Tl41t.
8735,
10589.
12553,
14678,
16860,
19401,
21415,
22866,

24335,
25854,
27479.
29134,
30861.
31384.

NOISE 25,000 FT FORWARD OF TAKEOFF POINT= 65,4 EPNDB

_NOISE_S0) FT FURWARD OF TAKEDFF POINT=104,9 EPNDR

_LWGL
L8

-934,

~-1141.
-1157.
-1162.
-1161.
~1160.

-1563.
-2104.
-2615.
-3057.
-3483,
-3933.
-4425,
-4978.
=39113.
-1553,
929,
3649.
6463,
9566
12915,
16442,
20222.
23363,
25383,

27512,

29748,

32090.
34536.
37080.
37659.

DWGO __DWGI . DFUST

Le L8
0. 1224.
3. 1119,
T. 1045.
15, 975.
24. 936,
.36. 895, _
41. 547. .
44. 355,
44, 283.
40. 250.
..53. . 239. .
B2. 242.
127, 253,
188. 27l.
265. 197.
358. 118.
468. 111,
594, 171.
T36. 283,
894. 464.
19069. 694,
1260. 970.
1466, 1293,
1610. 1555,
1665. 1679,
1722. 1811,
1783, 1949,
1853. 209%.
1924. 2245.
2001. 2402,
1999. 2398.

ALP _
L8 DEG

29.4
2605
26.7
27.4
28.2
29.1

30.4
40.1
48.1
53.6
57T.4
59.7
61.8
63.5
64.2
63.2
62.0
61.4
59.5
57.9
55.9
52.5
47.8
43.7
40.1
35.6
29.6
21.4

102.
15.
63,
61.
86,

120.

169.

234,

31l4.

409.

518,

643,

783.

938,

1108.

1228.

1278.

1330.
1387,
1452.
1519. 11.7
1590. 0.3
1596._-2.7

THE  AWO ALV LAMDA
DEG DEG DEG

.My

ANGLE=60, OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILOUP TIME= 5, _

24.6-35.4 28.8 0.0641 0.0015 0.0079

24.6-35.4 24,8
24.6-35.4 23.6
2406‘35.‘ 22.5
24.6-35.4 21.9
24.6-35.4 21.2

24.6-27.9 21.5
24.6-17.2 25.3
24.6 -9.3 28.2
24.6 -3.7 28.3
24.6 0.4 27.1
24.6 3.6 25.2
24.6 6.0 23.0
24,6 7.9 20.7
24.6 9.5 18.0
24.6 10.8 15.2
24.6 11.9 12.8
24.6 12.9 10.6
24.6 13.7 8.8
26.6 14.4  T.1
24.6 15.0 5.
24.6 15.6 4.
24,6 16.1_ 3.1
24.1 16.1 2.
23.2 15,5 1.

22.4 15.1
21.6 14.6___
21.0 14.3
20.4 14.0
19.8 13.7
19.4 13.4

- W S

0000

0.0698
0.0728
0.0748
0.0768
0.0789

0.0807
0.08t9
0.0814
0.0812
0.0811
0.0809
0.0809
0.0811
0.0829
0.0861
0.0901
0.0957
0.1020
0.1106
0.1221
0.1364
0.1557
0.1775
0.1949

0.2161

.0.2406

0.265%
0.2903
0.3083

0.0041
0.0068
0.,0095
0.0126
0.0158

0.0204
0.0309
0.0431
0.0549
0.0665
0.0783
0.0901
0.1018
0.1126
0.1228
0.1326
0.1418
0.1507
0.1581
0.15636
0.1667
0.1649
0.1590
0.1562

0.1472
0.1292
0.1032
0.0607
0.0039

0.3140-0.0158

0.0087
0.0086
0.0084
0.0082
0.0080

0.0078
0.0077
0.,0077
0.0078
0.0078
0.0078
0.0078
0.0078
0.0076
0.0073
0.0070
0.0065
0.0061
0.0056
0.0051
0.0046
0.0040
0.0035
0.0032

0.0029
0.0026
0.0024
0.0022
0.0021
0.0021

_.CY __POWER

HP

10505.

12251, .

12630.
12630,
12630,
12630.

12630.
12630.
12630.
12630.

12630. .

12630.
12630.
12630.
12630.
12639.
12630,

12630,

12630.
12630.
126390,
12630,
12630, _
12630,

12630, .

12630.
12630.
12630.
12630.
12630.
12630.

0¢-T



TILT ROTOR DESIGN PROGRAM 1974 . B e e 3
I c-80-1)0 . o e .. DESIGN ITERATIONS: 6 _ o

_DVERALL . __POWERPLANT e .__FUSELAGE . __ . _ ___STRUCT TECHNOLOGY FACTORS _ ..
GROSS WEIGHT (LB) 101100. INST NORMAL PWR (HP)  22349. *LENGTH (FT) 110.0 *ROTOR 1.00
EMPTY WEIGHT (LA) 68939, _ *NUMRER OF ENGINES . 2. *DIAMETER (FT) ______ 13.0 . *TRANSMISSION 0.83
FUEL WEIGHT (LB) 9710.  *EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR - 1.00 *AIRFRAME 0.78
PAYLOAD (LB) . _  22450.  _*% RATED EMRG HVR 140. _ e *ENGINE (HP/LR) 8.50 _
CRUISE SPEED {MPH) 453, * CONV + CLIMB 123. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50

_. L/D CRUISE o 10474 _ % CRUISE .. 90.____WING PROFILE 6,76 _

*RANGE (STAT MI) 500. INST PWR EMRG HVR (HP) 22349, FUSELAGE 9.00 DESTGN MISSION
__ *PASSENGFR SFATS 110, CONVER  (HP) 15623. __ EMPENNAGE e .. 4,06 *FIELD ELEVATION (FT) 0.
*CARGO (LA) 0. CRUISF  (HP) 16222, TOTAL PROFILE 23,97 SOUND SPEED HVR (FPS) 1117,
i *SFC (LB/HP HR) . _ 0.400 WING INDUCED 4417  *STD DAY TEMP {DEG F) 59,
ROT RS . *EMERG HOVER ALT (FT) 2000.

. _*DISC LOADING (PSF) ___ _12.00 _DPIVE SYSTEM . . .___COMPONENT WEIGHTS (LB) _ _*HOT DAY TEMP (DEG F) __ 95,
RADIUS (FT) 36.6 *EFFICIENCY 0.97 ROTORS 8408, *CT/SIG MAX 0.150
SOLIDITY i 0.081 HEL MODE WEIGHT (LB) 8905.  DRIVE SYSTEM ___ 12131, _ *MAX ACCELERATION (G) 0.25 _
BLADE CHORD (FT) 3.11 ATRPLANE WEIGHT (LB)  12131. POWERPLANT 3944, *DESIGN CRUISE (MPH) 400,
TOTAL BLADES 6 NACELLES — . .. _18T4, SCRUISE ALTITUDE (FT)  15000.

*CT/SIG HOVER 0.120 WING FIEL SYSTEM 1495, SOUND SPEED CRSE (FPS) 1058.
_ ___%PRIFILE DRAG COEFF __ 0,010 ___ ARFA (SF) . . 1064..____WING . o 8329. __*MAX DECELERATION (G) 0.20
% DOWNLDAD 5.2  *LOADING (PSF) 95.0 FUSELAGE 10855,  *STRUCT LOAD FACTOR 4.5
*EFFICIENCY HOVER 0.85 ASPECT PATIO __ T7.32 _EMPENNAGE e —__1972. _ *FLIGHT CREW _ 2.
- CONVER 0.83 SPAN (FT} 88.2 LANDING GEAR 3033, *CABIN CREW 3.
CRUISE 0.77.  MEAN CHORD (FT) .. 12,06 _ FLIGHT CONTROLS ________6062. __ *ATC SPEED LIMIT . YES
HEL MIDE WEIGHT (LB) 8408, *THICKNESS/CHORD RATIO 0,210 HYDRAULICS 412, 1
o ... AIRPLANE WEIGHT (LB) _ 6483, _ *TAPER RATIO __..0.70_ __ELECTRICAL __ 2247, —_
*TIP SPEEDN HOVER 825. SWEEP (DEG) -5.4 INSTR+AVIONICS 949,
i * CRUISE 560.____CRUISE LIFT COEFF .. 0.28 __ AIR CONOITIONING 1930.
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 0.75 FURNISHINGS 4900.
*MAY HEL MODE ADV RATIO 0.40. _*MAX LIFT COEFF CLEAN 1.40  FLUIDS. 506. e
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
———.._* INDICATES INPUT VARIABLE ____ CLIMB SPD/CONVER SPD ___ 0.80 ___ CABIN_ CREW 450, e
DESTGN MISSION SPEFD _ __ HEIGHT _ DIST _ TIME _____ FUEL _ . e L
MPH FT M1 MIN L8
TAKEQOFF & LANDING o L .2.00 205._ X e
ACCEL. & CONV. 900. 0.9 0.60 74.
— __.AIRPLANE CLIMB  180.,223, 14100, _ 14.0___ 4.17 5138, o
ACCEL. TO CRUISE 13.6 2.22 302.
. CRUISE . _453.__ _ _ _ _432.,9 §7.38 6401. e
ATRPLANE DESCENT 453,,292, 14100.  37.8 6.55 117.
DECEL. £ CONV. e . 900. 0.9 1,02 20. _ e .
o _TOTAL__ 500.0 73.9% 7658, _*
RESERVE _ - L R 20,00 2053,

%




C-80-110

STAGE LENGTH (MI.)
CRUISE ALTITUDE (FT.) 2000.
CRUISE SPEED (MPH) ..

CRUISE L/D

1

CRUISE DISTANCE (MI.)

BLOCK TIME (MIN.)
BLNCK FUFL (LB.)
3LNCK SPEEN (MPH)

DIRECT IPERATINS

‘cosT
AIRFRAME CIST ($/LB)= 80.0
DOC=1.3840.0203%SL $/SEAT-TRIP (Si=

HOP LENGTHS 50+150+
_ STAGF LENGTH 25.
NO. CYCLFS/STARTS 1/1
FLIGHT CQoFfW 0.574
FUEL £ OIL 0.732
HULL INSURANCE N.T44
TOTAL FLIGHT OPS 2.051
LAROR ATRFRAME 0.621
MATERTAL AIRFRAME 0.364
LABOR FNARINES 0.459
MATERT AL ENGINES 1.233
MAT, AURNEN 1.404
TOTAL MAINTENANCE 4.081
. DEPRFCTIATIOIN 2.161
TOTAL DIRECT OPERATING
$/AYRCRAFT MILF 8.294
$/FLIGHT HOUR 1457.6
$/SEAT MILF 0.0754
$/SEAT-TRIP 1.88

25.
4
296.
3.88 1
16.9
8.5
660.
176.

0+ O+
50.
171

C.457

0.534

2.592
1.583
0.406
0.224
0.249
0.664
N.R51
24394
1.720
cosT

5.697
1258.4
0.0518
2.59

50, = . 715. 100. . 150. .. _200.__. .300._ . 400, . _500e__ .. . . .. ... __
000. 10001. 12500. 15000. 15000. 15000. 15000. 15000.
305.____468. . 4T8. ___ 483, . 4B3..__ _483. 483, ___483.__ __
3.88 9.17 9.46 9.74 9.74 9. 74 9.74 9. 76
34,2 14.9 31.2 T4.3 . 124.3 2243  324.3 424.3 _ __ . —
13.6 16.8 20.3 26.8 33.0 45.5 57.9 70.3
962. 1417. 1826. _2667. 3503.__ 5156.._ 6780, _.8377. ____ . . -
221. 268. 296. 335, 363. 396. 415. 427,
ANN UTILIZATION(HR)=2000. DFPRECIATION PERIOD(YR}=10. LABOR RATE(S$S/HR)= 7.00
ENGINE COST ($/HP)= 6.0 INSURANCE RATE=0.040 _ FUEL COST (CENTS/GAL)= 18.0
25.9500.)
0=200 100+200+ 90+ O+ 0=300 200+200+ O+ O+ 0=400
15. 1C0. 150. 200. 300. 400, ... 500._.__ 200, ... 300. .. 400. __
171 171 171 1/1 171 171 171 271 2/1 2/1
0.376 0.341 0.301 0.278 0.255 0.244% 0.237 _ 0.357 0.310 0.286
0.524 0.501 0.493 0.486 0.477 0.470 0.465 0.503 0.491 0.486
0.488 0.442 0.390 0.360 0.3390 0.316 0.307 0.441 0.387 0.360
1.388 1.283 1.184 1.124 1.062 1.029 1.008 1.301 1.188 1.132
0.311 0.266 = 0.219 0.193 0.168 0.155 0.148 __0.262 _ 0.216 0.192 _
0.167 0.139 0.111 0.096 0.081 0.074 0.069 C.134 0.107 0.094
0.174 C.128 0.100 0.081 0.062 0.053 0.047 0.123 0.090 0.074
0.463 0.363 0.263 0.212 0.161 0.135 0.120 0.321 0.234 0.191
0.€21 0.524 0.415 0.357 0.299 0.270 0.253 0.501 0.398 0.346
1.745 1.421 1.107 0.939 0.771 0.687 0.637 1.341 1.045 0.R95
1. 416 1.282 1.132 1.046 _ 0.959 0.916 _ 0.890 . 1.279_ _ 1.125 _ 1.046
4.549 3.996 3.424 3.109 2.793 2.632 2.535 3.921 3,358 3.074 __
1220.4 1183.8 1148.4 1129.1 1105.5 1091.3 1081.4 1164.4 1134.0 1116.3
0.0414 0.0363 0.9311 0.0283 0.0254 0.0239 0.0230 0.0356 0.0305 0.0279 _
3.10 3.63 4.67 5.65 T.62 9.57 11.52 7.13 9.16 11.18

¢C-1




c-82-119

‘DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20. ORSTACLE CLFAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20, ACCEL BUILOUP TIME= S.
_. TIME DIST _ALT VEL ACC GAM THRUST  LWGO = LWGI DWGO _DWGI _DFUST ALP THE AWO ALV LAMDA My cr
SEC FY FT FPS G DEG LA L8 L8 LB L8 LB DEG DEG DEG DEG
—— . DBSTACLE CLEARANCE ___ . . e — S, e e L. .
: 3.1 4. Te 3. 0.050 60.0 107359, -1. -1391. 0. 1823, 2. 29.4 24.6-35.4 28.8 0.0641 0.0015 0.0079
— 4.0 7. 13. 8. 0.171 60.0 118186, -8. =1698. 4. 1667, _ 18, 26,5 24.6-35.4 24.8 0.0698 0.0041 0.0087
5.0 13. 23, 13. 0.164 60.0 117452, =22. =1724. 11. 1556, 50. 2647 24.6-35.4 23.6 0.0728 0.0068 0.0086
- 6.2 24. 41. 18, 0.129 60.0 114334, -42. =1730,__. .21, 1452, _ 97. 27.5 24.6-35.4 22.5 0.0748 0.0095 0.0084
7.8 42. 73. 23. 0.096 60.0 111381, -70. ~-1728. 35. 1394, 160. 28.2 24.6-35.4 21.9 0.0768 0.0126 0.0082
.. 8.0 58. 100, 24. 0.061 60.0 108345, -105. -1727.___ 52. 1333, 239, 29.1 24.6-35.4 21.2 0.0789 0.0158 0.0080
ACCELERATINN AND CONVERSION .
9.5 79. 128. 33, 0.148 52.5 105986, =~188, -2323. _ 60._ 818, 247. 30.5 24.6-27.9 21.6 0.0807 0.0204 0.0078
10.4 106. 152, 40, 0.177 41.9 104343, =375, -3126, 63. 529. 191. 40.0 24.6-17.3 25.3 0.03819 0.0309 9.0077
11.3 142, 176. 48, 0.174 34,0 104900, -459. -13888. 63. 423. 135, 48.0 24.6 —9.4 28,1 0.0815 0.0431 0.0077
12.2 186. 290, 5T. 0,176 28.3 105376, 120, -4546, 58. 375. 99. 53.6 24.6 -3.7 28.3 0.0813 0.0549 0.0078
. 13,1 239, 224. 66. 0.179 24.2 105188, 897. -518l. 76. 359. B84, 57.4 24.6 0.4 27.1 0.0811 0.0666 0.0078
13.9 296. 246, 75. 0.191 21.1 105339, 1885, -5852. 118. 364, 88. 59.7 24.6 3.5 25.2 0.0809 0.0784 0.0078
14.7 361. 267. 85. 0.191 18.6 105195. 3092, -6585, 183, 381, 113, 61.8 24.6 5.9 23.0 0.0809 0.095%1 0.0078
15.5 434, 290. 94. D.189 16.7 104891. 4524, -7409. 27l. 409. 158. 63.5 24.6 7.9 20.7 0.0810 0.1019 0.0078
16.4 520. 313, 104. 0.181 15.1 102477. 6182, -5842. 384, 297. 222. 64,2 24.6 9.5 18.9 0.N828 0.1127 0.0076
17.2 612, 335. 113. 0.186 13.8 98473, 83068, -2353. 520. 175. 307. 63.3 24.6 10.8 15.3 0.0360 0.1229 0.0073
18.0 712. 358, 123, 0.187 12.7 93949. 10183. 1320. 679. 163. 41ll. 62.0 24.6 11.9 12.9 0.0900 0.1327 0.0070
18.9 830. 382, 133, 0.171 11.7 88344, 12527, 5341. 863. 252. 535. 61.5 24.6 12.9 10.7 0.0955 0.1419 0.0066
19.8 958, 407. 143. 0.170 10.9 82819, 15101. 9500. 1070. 427. 679. 59.6 24.6 13,7 8.8 0.1017 0.1508 0.0061
20.8 1109. 434e 153, 0,154 10.2 76242. 17904, 14087, 1301, 691. 843. 58.1 24.6 14.4 7.2 0.1103 0.1583 0.0057
. 22.0 1292, 465. 1€2. 0.136 9.6 69037, 20935. 19334. 1556. 1038. 1026. 56.1 24.6 15.0 5.7 0.1217 0.1639 0.0051
23.2 1502. 498, 172. 0.126 9.0 61822, 24193. 24246. 1834, 1453, 1229, 52.7 24.6 15.6 4.4 0.1358 0.1672 0.0046
. 24.6 1748, 535. 182, 0.114 B.5 54271, 27675. 29823, 2135. 1941, 1451. 48.2 24.6 16.1_ 3.3 0.1547 0.1658 0.0040
26.1 2036, 576. 192. 0.102 8.1 47577. 33830, 34837. 238l. 2383. 1635. 43.2 24.3 16.2 2.4 0.1768 0.1597 0.0035
. 2?7.8 2370, 621, 202. 0.093 7.7 43155, 32847, 37852. 2456, 257l. 1696. 40.0 23.3 15.6 1.8 0.1951 0.1559 0.0032
29.5 2740. 669. 212. 0.088 7.3 39004. 34961, 41027. 2540, 2772. 1766. 35.4 22.5 15,2 1.4 0.2164% 0.1466 0.0029
. 31.3 3139, 718, 222. 0.086 7.0 35161. 37148, 44363. 2629. 2984. 1841. 29.4 21.7 14.7 1.0 0.2419 0.1284 0.0026
33.1 13551. 766, 232, 0.087 6.7 32026, 39490. 47857. 2733. 3205. 1929. 21.2 21.1 1l4.4 0.6 0.2658 0.1021 0.0024
e .__ . 35.0 13987, B15. 242. 0.086 6.4 29455. 41875. 51506. 2838. 3436, 2017. 11.4 20.5 14.1 0.3 0.2906 0.0592 0.0022
36.9 4469, 867. 252, 0.081 6.2 27835, 44362, 55301. 2951l. 3677. 2113. -0.1 20.0 13.8 0.0 0.3083 0.0019 0.0021
38,9 4990. 922, 260. 0.077 6.0 26976, 45089, 560ll. 2878, 3575. 2082. -2.7 19.1 13.1 _0.0 0.3182-0.0159 0.0020
ATRPLANE MODE CLIMR TO 10,000 FT
i 38.9 4990. 922. 264. 0.0 13.4 31015. _ e - e
197.4 49906. 1C000. 303, 0.0 11.0 27018.

.

POWER
HP
15390.
17945,
18501.
18501.
18501,
13501,

18501.
18501,
18501.
18501,
18501.
18591,
18501,
13501.
18501.
18501.
18501.
18501.
18501.
18501.
18501.
18501,
18501. __
18501.
18501.
18501.
18501, .
18501.
18501. _ -
18501,
18501. _

_THE TOTAL NOISFE IMPACT IS 0.26426D+07

NDISF AT 500 FT SIDELINE=104.2 EPNDB

. ..__NOTISE AT 20,000 FT SIDELINE= 69,3 EPNDR _

__NOISF 25,000 FT FORWARD OF TAKEOFF POINT= 67.1 EPNDB _ _

_NOISE 500 FT FORWARD OF TAKENFF POINT=105.4 _EPNDB




TILT ROTAR DESIGN PRNAGRAM 1974

M-80-20 - ) . . DESIGN._ITERATIONS: 4
IVERALL __POWERPLANT .. __FUSELAGE _ _ . .__STRUCT TECHNOLOGY_FACTORS
GRISS WEIGHT (LB) 19001. INST NORMAL PWR {HP) 4068,  *SLENGTH (FT) 55.0  *ROTOR 1.00
EMPTY WEIGHT (LB) 13124,  *NUMBER OF ENGINES .. 2. *DIAMETER (FT) _____ ____B.5__ *TRANSMISSION __ 0.83
FUSL WEIGHT (LB) 1877.  *EXCESS FACTOR HEL MODE  1.30  *DRAG FACTOR 1.00  *AIRFRAME 0.78
PAYLOAD {LA) 4000,  *% RATED EMRG HVR . 140. _ e . __ _*ENGINE (HP/LB) 8.50
CRUISE SPEED (MPH) 431, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
__L/D CRUISF . . 9.2n0_ % CRUISE . ___ 90.___ WING PROFILE 1e45 e T
*RANGE [STAT MI) 500. INST PWR EMRG HVR (HP) 4054. FUSELAGE 3,38 DESIGN MISSION
*PASSENGER SEATS 20. CONVER  (HP) _2818. _ EMPENNAGE 087 *FIELD ELEVATION (FT) 0.
*CARGA (LA) 0. CRUISE  (HP) 4068. TOTAL PROFILE 6.90 SOUND SPEED HVR (FPS) 1117.
*SEC (LR/HP HR) _0.400_  WING INDUCED ___________ 1.07 *STD DAY TEMP (DEG F) 59.
ROTORS *EMERG HOVER ALT (FT) 2000.
*NISC LOADING (PSF) 12.00 DRIVE SYSTEM L _ _ __COMPANENT WEIGHTS (LB) _ ___+HDT DAY TEMP (DEG F) ___ 95, _
RADTUS (FT) . 15.9  *EFFICIENCY 0.97 R0OTORS 1621.7 *CT/SIG MAX 0.150
SOLIDITY 0.143 HEL MODE WEIGHT (LB} 1457. DRIVE SYSTEM __176T7. __ *MAX ACCFLERATION (G) 0.25
BLADE CHORD (FT) 1.78 ATRPLANE WEIGHT (LB) 1767. POWERPLANT 718.  *DESIGN CRUISE (MPH) 400.
TATAL SLARES o 8 NACELLES . 33, _ %CRUISE ALTITUDE (FT) _ 15000.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 89, SOUND SPEED CRSE (FPS) 1058,
*PRAFILE DRAG CNEFF 0.010 ARFA (SF) 200. _ WING e 1267. __*MAX DECELERATION (6) _ _ 0.20 _
Z NOWNLOAD 4.6 *LOANING (PSF) 95.0 FUSELAGE 26R6.  *STRUCT LNAD FACTOR 4.5
*EFFICIENCY HNVER c.85 ASPECT RATIN 8.92 FMPENNAGE e 370. _ *FLIGHT CREW 24 _
* - ZONVER 0.%83 SPAN (FT) 42,2 LANDING GEAR 570. *CABIN CREW 0.
CoUISE 0.72 MEAN CHARD (FT) 4.73 FLIGHT CONTROLS _ __ ___ ST4,  *ATC SPEED LIMIT, _Yes '
HEL MONE WEIGHT (LB) 1671.  *THICKNESS/CHCRD RATIO  0.210 HYDRAULICS 178. N
_ ATRPLANE WEIGHT (LR) 1558, _ *TAPER RATIO __0.70__ ELECTRICAL _ 21t._ S
*TIP SPEED HOVFP 620, SWEEP (DEG) -5.1 INSTR+AVIONICS 580.
= CRUTSE 550. CRUISE LIFT COFFF 0.37 __ AIR CONDITIONING 760. .
®*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 1.34 FURNTSHINGS B 1300.
*MAX HEL MODE ADV RATIO  0.40 *FAX LIFT COEFF CLEAN  _ 1.40 _ __FLUIDS 95. e
- *FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
_ % INDICATES INPUT VARIABLE ____CLIMB SPD/CONVER SPN  _ 0.91 __ CABIN_CREW 0. _
DESIGN MISSTON SPFED _  HEIGHT  DIST TIME FOEL . e o o
MPH ET M1 MIN L8
TAKEOEF £ LANDING o 2.00 BT B o
ACCEL. & CONV. 900. 0.9 0.70 16.
__ ATIRPLANE CLIMB  154.,191.___ 14100. __10.4 3,64 81,
ACCFL. TO CRUISE 8.3 1.53 36.
CRUTSE i 401. 450.5 6746 _ A3V7. o )
AIRPLANE DESCENT 401.4292. 14100,  29.0 5.20 14.
_ DECEL. & CONV. 900. 0.9 1.22 4o e e
_TOTAL 500.0  _81.75 1506, .
RESERVE L .._..20.00 .

371




M-80-20

— STAGFE LENGTH (MI.) 25. . 50... . 5. 100. ___.150.. _ 200.__ . 300. . _ 400, . _.500.____ . __

CRYISE ALTITUDE (FT.) 2000.  4000. 1000l. 12500. 15000. 15000. 15000. 15000. 15000.

i CRUISE SPEEN (MPH) __ __ 296.___ 305._.._406..__._ 408 . ___ 429.. __ _409. 409, __ ___409..____409.
CRUISE L/D 10.54 10.54 7.89 8.36 8. 86 8. 86 8.86 8.86 8.86
CRUTISE PISTANCE (MI.) 17.7 36.8 36.0. 55.3 . 99.1 _ 149,1 . 249.1 349.1 449.1 . __ .
BLOCK TIME (MIN,) 8.9 13.9 17.3 21.3 29.0 36.4 51.0 65.7 80.4
BLACK FUSL (LB.) 131. 193, 275. 347, 502. . 656. _ 960. .. 1259, 1554, _ _
BLACK SPEEN (MPH) 169. 215. 260, 281. 310. 330. 353. 365. 373,

"DIRECT OPERATING CIST -
ATRFRAME COST ($/LB)= 80.0 ENGINE COST ($/HP)= 60.0
DDC=2.8347.042T#SL $/SEAT-TRIP (SL= 25.,500.)

INSURANCE RATE=0.

HOP LENGTHS 50+150+ 0O+ O+ 0=200 100+200+ O+ O+ O0=300 200+200¢ O+ O+
_. _ STAGF LENGTH 25. 50. 75. 100. 150. 200. 300. 400.
NO, CYCLES/STARTS 171 171 171 171 171 171 1/1 171
FLIGHT CREW 0.557 0.437 0. 362 0.335 0.303 0.285 0.267 0.258
FUEL & OTIL 0.146 0.108 0.103 0.097 0.093 0.092 0.089 0.088
HULL INSURANCE 0.146 0.115 0.095- 0.088 0.080 0.075 0.070 0.068
TOTAL FL IGHT JPS N.849 0.659 0.560 0.520 0.477 0.452 0.426 0.413
R LAROR AJRFRAMF .. 0394 0.259 . 0.200. 0.175 _ 0.148 0.133 ___0.119 0.111
MATERTAL AIRFRAMF %.119 2.073 0.05% 0.0456 0.038 0.033 0.029 0.026
LARCR ENGINES 0.259 0.144 0.102 0.082 0.062 0.052 0.041 0.036
MATERIAL FNGINES 0.226 0.121 0.085 0.067 0.049 0.040 0.031 0.026
_ MAT, BURDEN 0.849 0.523 0.363 0.334 0.273 0.240 ... 0.228 _ 0.192
TOTAL MAINTENANCE 1.846 1.119 0.834 0.704 0.569 0.498 0.427 0.392
. DFORFCIATION 0.424 04333 0,276 0,255 _ 0.231 _0.217_._.0.203 _0.196
TATAL DIRECT OPERATIMG COST
$/AIRCRAFT MILF 3.119 2.112 1.671 1,479 1.277 1.167__ 1.057 = 1.001 _
$/FLIGHT HIUR 527.2 454.8 433.8 415.6 395.7 384.9 372.5 365.5
. $/SEAT MILE 0.1559 0.1056 0.0835 0.0739 0.0638 0.0583__0.0528__0.0500
$/SEAT-TRIP 3.90 5.28 6.27 T.39 9.58 11.67 15.85 20.02

ANN UTILIZATION(HR)=2000. DEPRECIATION PERIOD(YR)=10.

040

0=400 -
...500, ___.200..__.300. _
171 271 271
0.252 . 0.352. 0.312
0.087 0.097 0.293
0.066 _ 0.089 0.079
0.405 0.538 0.485
. 0107 __0.174__ 0,146
0.025 0.045 0.036
0.033 0.075 0.057
0.023 0.059 0.044
. 0.182 . 0.324 . 0.264
0.370 0.677 0.547

0,192 ___0.257__ 0,230
0.96T7 __1.472___ 1,262
361.0 4111 393,5

.0.0484 0,0736__0.0631
24.19 14.72 18.93

LABOR RATE(S/HR)= 7.00
_ FUEL COST (CENTS/GAL)= 18,0

...0.217

. 400.
2/1
0.293
0.092
0.075
0.459
.0.132 .
0.032
0.048
0.036
0.235
0.483

. 1.160
382.7
.0.0580 _
23.20




. M-80-20 .
DEPARTURE PATH TN 10,000 FT MSL

MAX FUSE ANGLE=20. ORSTACLF CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5.
TIME  DIST  ALT VEL ACC GAM THRUST  LWGO . LWGI DWGO DWGI _DFUST ALP THE AWO ALV LAMDA My CT  POWER
SEC £T FT FPS G  DEG LA L8 L8 LB LB LB DEG DEG DEG DEG HP
__DOBSTACLE CLEARANCE L o o .
3.1 . 4. 7. 3. 0.050 60.0 20144. ~0. -234. 0. 305. 1. 29.3 24.6-35.4 28.7 0,0852 0.0020 0.0139 2765.
4.0 7. 13. . 8. D.171 60.0 22184, —2. -286._ l. 279.___ 6. 26.4 24.6-35.4 24.7 0.0929 0.0054 0.0153 3246, B
5.0 13. 23. 13, 0.161 60.0 22014. -5, =291, 2. 262. 16. 26.6 24.6-35.4 23.5 0.0965 0.0090 0.0152 3337,
6e2 24, 42.  18. 0.127 60.0 21349, =9, =28B. _ 4. 24l.__ 32. 27.5 24.6-35.4 22.4 0.0996 0.0127 0.0148 3337, _
2.0 46, 76.  23. 0.090 60.0 20840. —-15. =290, 7. 234, 52. 28.2 24.6-35.4 21.9 0.1020 0.0168 0.0144 3337,
. 8.6 58, 100. 24. 0.055 60.0 20271. . ~22. =290. __ ll._  224.__ T8. 29.1 24.6-35.4 21.2 0.1048 0.0210 2.0141 3337,
ACCELERATION AND CONVERSINN
9.4 76.  123. 33, 0.175 S1.6 15769, —40. =-399, 12. 126. _ 75. 29.6 24.6-27.1 20.9 0.1075 0.0260 0.0137 3337,
12.3  102. 145. 40. D.172 40.6 19644. -80. -543. 12, B84, 55, 40,7 24.6-16.0 26.0 0.1081 0.0412 0.0136 3337,
11.2  137. 168, 48, 0.179 32.8 16728, ~—78. =-670. 12. 67. 38. 48.7 24.6 -8.2 28.7 0.1076 0.0574 0.0137 13337,
12.0 180. 190. ST. 0.180 27.3 19740, 51. =779, 12. 59. 28. 54.0 24.6 —-2.7 28.7 0.1074 0,0730 0.0137 3337,
12.9  23l. 212._ 66. 0.184 23.3 19738, 225, =884, __16. 56. 25, 57.6 24.6 1.3 27.3 0.1073 0.0886 0.0137 3337, ___
13.7  288. 233, 75. 0.193 20.2 19726. 445. =996«  25. 56. 28. 59.8 24.6 4.3 25.3 0.1072 0.1041 0.0137 3337,
14.5 1353,  254. R4, 0.192 17.9 19653, Tl4. -1119. 38. 58. 38, 61.8 24.6 6.7 23.0 0.1074 0.1196 0.0137 13337,
15.3 428, 275, 94. 0.188 16.0 19542. 1033. -1257. ~56. 62. 54. 63.4 24.6 8.6 20.6 0.1078 0.1352 0.0136 3337,
15.2 515, 298. 104. 0.178 14.5 18995, 1402. -904. T8. _ 43. T7. 63.8 24.6 10.1 17.8 0,1106 0.1494 0.0132 3337,
17.1  611.  320. 113. 0.179 13.2 18214, 1820. -290. 105. 28, 107. 62.8 24.6 11.4 15,9 0.1151 0.1628 0.0127 3337,
_ 17.9  T16.  343. 123. 2.178 12.2 17335. 2289. 357. 136. _ 30. 142. 61.5 24.6 12.4 12.6 0.1207 0.1758 0.0121 3337, ____
18.9  843. 368. 133, 0.159 11.3 16245. 2809. 1067. L7l. 46. 185. 60.9 24.6 13.3 10.4 0.1284 0.1877 0.0113 3337,
19.9 983, 1394, 143. 0.155 10.5 15163. 3379. 1804. 21l. 76. 234. 58.8 24.6 l4.1 8.6 0.1373 0.1992 0.0106 3337. __
21.0 1152. 423. 153. 0.138 9.8 13891, 3999, 2615, 256. 118. 289. 57.0 24.6 14.8 6.9 0.1495 0.2085 0.0097 3337,
~ 22.4 1364, 458, 162. 0.11R 9,2 124R6. 4669, 3494. 305. 174. 350. 5%.8 24.6 15.4 5.4 0.1662 0.2147 0.0087 3337, 5‘
23.8 1613. 496. 172. 0.106 8.7 1109. 5388. 4418. 358. 239, 418. 50.9 24.6 15.9 4.1 0.1869 0.2172 0.0078 3337.
_25.5 1920. 540. 182. 0.091 _8.2 9717. 6086. 5319, _407. 307._ 4B82. 46.6 24.4 16.2_ 3.0 0.2136 0.2131 0.0068 3337. OV
27.4 2782, 589, 192. 0.2R1 7.8 BSCT. 6495, 579. 420. 332. 499. 44.3 23.3 15.6 2.4 0.2330 0.2149 0.0063 13337,
 29.5 2698. 643. 202. 0.075 7.4 8110. 6918, 6296. _434._ 359, 518. 41.0 22.4 15.0 _ 1.9 0.2562 0.2117 0.0057 _3337._
© 31,7 3157. 790. 212. 0.071 7.0 7336. 7356. 6824, 448. 387. 539, 36.6 21.6 14.6 1.4 0.2840 0.2008 0.0052 3337,
33,9 3634, 756. 221. 0.071 6.7 6657. 7T18l. 7346. 463, 4l4._ 561. 31.1 20.9 14.2__1.0_0.3144 0.1804 0.0047 3337. _ __
ATRPLANE MODE CLIMB TO 10,000 FT
 33.9 3634, 156, 275. 0.0 17.8_ _7412._ . __ _ _____ -
175.1 37828. 10000. 259. 0.0 14.7 6441,
THE TOTAL NNISE IMPACT IS 0.26190D406

 NOTSE

AT 500 FT SINELINE= 93.5 EFNNB___

_NOISE AT 20,000 FT SIDELINE= 57.0 EPNDA

NDISE 25,000 FT FORWARD OF TAKEOFF POINT= 54.8 EPNDR _

_NOISE 500_FT _FORWARD OF TAKEOEF POINT= 94,9 _EPNDS




_... .TILT ROTOR DESIGN PROGRAM 1974

— . .. mM-80-80 o . - __ _DESIGN_ITERATIONS: 6. .__ . ___ _ _. —
_____ OVERALL . ... . POWERPUANT__ __ __ . FUSELAGE__ __ STRUCT_TECHNOLOGY . FACTORS _ __
: GRISS WEIGHT (LR) 72322, INST NORMAL PWR (HP)  15466. *LENGTH (FT) 95.0  *ROTOR 1.00
EMPTY WEIGHT (LB) . 49453,  *NUMBER OF ENGINES ) 2. _ #DTAMETER (FT) ___ __ ___ 11.5 *TRANSMISSION 0.83
FUEL WEIGHT (LB) 6568, *EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR 1.00 *AIRFRAME 0.78
PAYLOAD (LB) 16300. *T RATED EMRG HVR 140, . e . .. __ «ENGINE (HP/LB) ) 8.50
CRUISE SPEED {MPH) 447, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
o __L/D CRUISE o _ 10.61_ _ * CRUISE . ._ 90.___ WING PROFILE. ______ 4.96___ e
®RANGE (STAT MI) 500. INST PWR EMRG HVR (HP) 15466, FUSELAGE 7.04 DESIGN MISSION
*DASSENGER SEATS ) 80. CANVER  (HP) 10750, . EMPENNAGE _ __ ____ 2.98_ *FIELD ELEVATION (FT) 0.
*CARGO (L:R) 0. CRUISE  (HP) 11756, TOTAL PROFILE 18.12 SOUND SPEED HVR (FPS) 1117,
) , *SFC (LB/HP HR) 0.400. . WING INDUCED __ _ __ 3,19 #STD DAY TEMP (DEG F) _ 59,
ROTORS *XEMERG HOVER ALT (FT) 2000.
__.___*DISC LDADING (PSF)__ ___ 12.00 DRIVE SYSTEM _ . __.__COMPONENT WEIGHTS (LB)_____ . _ ___%HOT DAY TEMP (DEG F) 95,
RADIUS (FT) 31.0 *EFFICIENCY 0.97 ROTORS 6975.  *CT/SIG MAX 0.150
SOLINETY 0.143 HEL MODE WEIGHT (LR) 7257..  DRIVE SYSTEM _ . _ .8892.  *MAX ACCELERATION (G) . 0.25
BLADE CHORD (FT) 3.49 AIRPLANE WEIGHT (LB) 8892, POWERPLANT 2729.  *DESIGN CRUISE (MPH) 400.
TOTAL RLADES 8 . . NACELLES . .. __ 78B4, *CRUISE ALTITUDE (FT)  15000.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 765. SOUND SPEED CRSE (FPS) 1058.
_____ *PRAFILF NRAG COEFF __ _ 0.010 . _ AREA {SF) . 761. __ WING e 5701.__ *MAX DECELERATION {G) 0.20
T DOWNLOAD 5.1 *LCADING (PSF) 95.0 FUSELAGE 8035. #STRUCT LOAD FACTOR 4.5
*EFFICIENCY HOVER 0.85 ASPECT RATIO 7.48 _  EMPENNAGE P __ _ 1410.  *FLIGHT CREW L 2.
= ZONVER c.83 SPAN (FT) 75.4 LANDING GEAR 2170.  *CABIN CREW 2.
CRUISE 0.70 MEAN CHORD (FT) 10,09 _ FLIGHT CONTROLS ____ ___ 3780.. *ATC SPEED LIMIT . _ YES I
HEL MONE WEIGHT (LB) 6975,  *THICKNESS/CHORD RATIO  0.210 HYDRAULICS 43, R
______ ATRPLANE WFIGHT (LR) 6733, =*TAPER RATID . 0.70__ ELECTRICAL  _ _ . _ __ 1398e__ . o
*TIP SPEED HOVER 620. SWEEP (DEG) -5.4 INSTR+AVIONICS 826,
.= CRUISE . 550. _ CRUISF LIFT COEFF  _ _ 0.30___ AIR CONDITIONING 1540. e
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 1.34 FURNISHINGS “3700. .
#MAX HEL MODE ADV RATIO  0.40 = *MAX LIFT COEFF CLEAN . 1.40 __ FLUIDS . 3624 _ . _ _
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
} * INDICATES INPUT VARIABLE. . CLIMAR SPD/COMVER SPD ____ 1.04 __ CARIN CREW 300, . }
S DESIGN MISSIIN SPEED HETIGHT  DIST TIME _ FUEL L .
- MPH FT MI MIN L8
~ TAKEQFF & LANDING L . 2,00 14). e e
ACCEL. & CONV. 900. 0.9 0.61 52,
__ AIRPLANE CLIMB 17644219, __ 14100. 12.0 __ 3.65____ 315, i e
-7 = ACCEL. TO CRUISE 10.8 1.79 164.
 CRUISE . 447, 438.7 58.86 __ 4400.__ o o
AIRPLANE DESCENT 447,,292. 1410C. 6.6 6.39 68.

B  DECEL. £ CONV. _ _ 900. 0.9 1.05 14

TATAL 500.0___74.36___ 5154,

RESEFRVE e __.20.00___ 1414,




M-80-80

STAGE LFNGTH (MI.) 25. 50. 75. 100. 150, . = 200. . 300. 400. . 500 .
CRUISE ALTITUDE (FT.) 20C0. 4000. 103%C1l. 12500. 15000. 15000. 15G090. 15000. 15000.

CRUISE SPEED (MPH) 296. __.305. __ 456. 456, 454, ___ 454, _ 4544 454, 454,

CRUISE L/D 13.44 13.44 9.16 9.69 10.21 10.21 10.21 10.21 10.21

CRUISE DISTANCF (MI.) 17.4 35.1 1.7 44.6 87.6 137.6 237.6 337.6 __437.6 - I R R
BLOCK TIME (MIN.) 8.6 13.6 18.6 20.2 27.2 33.8 47.0 60.2 T73.4

B8LOCK FUEL (LB.) 444, 642, 728. 1174, 1704. 2235. 3284. 4317. 5335, - -

BLOCK SPEEN (MPH) 175. 221. 241. 297. 331. 355. 383, 398. 408.

400.
2/1
0.286
9.310
0.263
0.859

0.176  __

0.073
0.064
0.133
0.312
0.759

2.380 _
844.4
0.0298 _

DIRECT NPERATING CNST = ANN UTILTZATIOM{(HR)=2000. DEPRECIATION PERIOD(YR)=10, LAROR RATE($/HR)= 7,00
ATRFRAMF COST ($/LR)= 80,0 ENGINE COST ($/HP)= 60,0 INSURANCE RATE=0.040 FUEL COST (CENTS/GAL)= 18,0
DIC=1.46+#40.0219%SL ¢ /SEAT-TRIP (SL= 25,,500.)

HOP LENGTHS 50+150+ O+ O+ 0=200 1004200+ O¢ O+ 0=300 200+200+ O+ O+ 0=400 -

STAGF LFNGTH ?5. 50. 5. 10C. 150, 290, 300. 400. ___ . 500.____ 200.___ 300.

NO, CYCLES/STARTS 171 171 171 171 171 171 171 171 1/1 2/1 271

FLIGHT CREW N,561 0.446 0.408 0.332 0.298 0.278 0.257 0,247 0.241 0.351 N.307

FUEL & OIL 0.493 0.357 0.2170 0.326 0.315 0.310 0.304 0.300 0.296 0.326 0.315

HILL TNSURANCE 0.532 0.422 0.387 0.318% 0.282 0.263 0244 0.234 . 0.228  0.317 0.2890

TOTAL FLIGHTY NPS 1.586 1.225 1.064 0,972 0.895 0.851 0.805 0.781 0.766 0.994%4 0.902

LABCR AIRFRAME 0.558 0.365 0.301 0.239 0.199 0.178 _ 0.156 0.145 0.139___ 0.238 _ 0.197 _

MATERIAL AIRFRAME 0.?279 0.171 0.1135 0.107 0.086 0.075 0.064 0.058 0.055 0.103 0.083

LARBOR ENGINFES N.,383 nN.209 0.151 0.116 0.085 0.070 0.054 0.046 0.042 0.105 2.977

MATERTAL ENGINFS 0.R52 0.459 0.328 0.251 0.183 0.148 0.113 0.095 0.085 0.223 0.163

MAT. BURDEN 1.222 0.746 0.588 0,462 0.370 0.322 0.273 0.249 0.235 _ 0.446 0.356

YOTAL MAINTENANCE 3.297 1.950 1.503 1.175 0.923 0.792 0.660 "0.594 0.555 1.114 0.875

DEPRFCIATION 1.543 1.224_ 1.121 0,912 0.818 _ 0.763 __ 0.707 _ 0.679__ 0,662 __ 0.920__ 0.812

TOTAL DIRECT OPERATING COST

$/AIRCRAFT MILE 6,426 4,399 3,688 3.059 2.637 2.405 ___2.172 2.054 _1.983__ 3,028 _ 2.590_

$/FLIGHT HOUR 1126,.9 972.2 890.2 907.6 871.9 853,2 831.2 818.4 809.9 890 .6 862.5

$/SEAT MILE 0.0803 0.0550_ 0.0461 0.0382 0.0330 0.0301 0.0271 _0.0257_ 0.0248 _0.,0379 0.0324%

$/SFAT~TRIP 2.01 2.75 3,46 3.82 4.94 6.01 8,14 10.27 12.39 7.57 9.71

11.90

0,763 __




e . M-80-80 _
DEPARTURE PATH TO 10,000 FT MSL

~ MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. NBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME=_S. .

TIME .

....... DISY ALT VEL ACC GAM _ THRUST . LWGO_ _LWGL. _DWGO _DWGI __DFUST ALP__THE AWO. ALV__LAMDA _ MU __CT__POWER__ _
SEC FT FT FPS G DEG L8 L8 L8 L8 L8 LB DEG DEG DEG DEG HP
____ _DBSTACLE CLEARANCE ______  _ e e e e — e e e e - o + e e
3.1 L Te 3. 0.050 60.0 76786. -1. =983, 0. 1288. 2. 29.4 24.6-35.4 28,8 0,0853 0.0020 0.0140 10549,
e 4.0 7. 13. 8e 7.171 60.0 84533, . -6, -1201. 34 1178e . 14..26.5 24.,6-35.4 24.8 0.0929 0.0054 0.0154 12378, _ -
5.0 13. 23, 13. 0.162 60.0 83909. -16. -1222. 8. 1103, 38. 26.7 24.6-35.4 23.6 0.0966 0.0090 0.0153 12731,
I 62 24. 42. 18, 0.123 60.0 81379, =31, =1210... 15. 1016.__ T4e 27+6 24.6-35.4 22.5 0.0996 0.0127 0.0148 12731, __ __
7.9 43, 75. 23. 0.092 60.0 79443, -51. =-1216. 25. 987. 123, 28.3 24.6-35.4 22.0 0.1020 0.0168 0.0145 12731,
_.. 8.5 58. 100. 24, 0.058 60.0 77331, _ —Té. -1219. __ .38._ 944._ 183, 29.1 24.6-35.4 21.3 0.1048 0.0210 0.0141 12731, __ . __
ACCELERATION AND CONVERSICN
- 9.5 T7. 125. 33, 0.163 52.1 75633, ~-136. -1666. _42. 556, 183, 30.0 24.6-27.5 21.2 0.1072 0.0265 0.0138 12731.__
10.4 104. 149. 40. N.173 41,3 T4672. =-272. -2240. 44, 366. 137, 40.5 24.6-16.7 25.7 0.1085 0.0413 0.0136 12731,
_____ 11.3 140, 172, 48, 0.175 33.4 _ 75C39. =293, —=2776e. __ 43. 293.__ 97 48,5 24.6 —-8.8 28.5 0.1079 0.0575 0.0137 12731. _
12.2 184, 195. 57 0.176 27.8 75152, 133, -3238. 4l. 260. Tle 54.0 2446 =3.2 28.6 0.1076 0.0731 0.0137 12731,
- - 13,0 236, _ 218.  66. 0.181 23.p 75235,  T04, -36R1. __ 56, _250. . 6l. 57.6 24.6 0.8 27.3 0.1073 0.0888 0.0137 12731, _
13.8 293. 249. 75. 7.190 20.7 15302. 1431l. -4154. a7. 253. 67. 60.0 24.6 3.9 25.4 0.1071 0.1044 0.0138 12731,
14.6 359. 262. 8%. 0,190 18.3 75171, = 2319. -4669. 136, 266, 88, 62.1 24.6 6.3 23.1 0.1071 0.1200 0.0138 12731. .
15.5 434, 284, 94. 0.187 16.4 74921. 3370. -5257. 201. 285. 124, 63.8 24.6 8.2 20.8 0.1072 0.1357 0.0137 12731,
e 16.4 526. 308, 104e 0.169 14.8 72891. 45%6. —3941.  2%3. 198, 175. 64.9 24.6 9.8 18.0 0.1099 0.1499 0.0134 12731, _
17.2 619. 330. 113. 0.18% 13.5 70196. 5969, -1510. 382, 120. 242. 63.2 24.6 11.1 15.3 0.1139 0.1637 0.0129 12731,
o 18.1 725. 354, 123, 0.176 12.4 _€6729, _71519. 1147. 499. 117. 324. 62.5 24.6 12.2 12.8 0.1195 0.1766 0.0122 12731, _
19.0 842, 378. 133. 0.172 11.5 62999. .9237. 3944, 632, 183, 421. 61.1 24.6 13.1 10.7 0.1263 0.1891 0.0116 12731,
. 20.0 979. 403. 143. 0.159 1C.7 58678. 11121. 6979. 782. 313. 533, 59.9 24,6 13.9 8.8 0.1352 0.2005 0.0108 12731.
?1.0 1135, 431. 152. 0.150 10.0 54137, 13173. 10197. 950. 499. 660. 57.9 24.6 14.6 7.1 0.1463 0.2108 0.0100 12731.
e 22.3 1329. 463. 162. 0.128 9.4 48833, 15390, 13748, 1134. 749, B802. 56.1 24.6 15.2 5.6 0.1619 0.2179 0.0090 12731. 0 __
23.6 1553, 498, 172. 0.118 8.8 43632, 17773, 17463. 1335, 1043. 959, 52.6 24.6 15.7 4.4 0.1810 0.2220 0.0080 12731.
. 25.0 1815. _ 536._  182. 0.107_ 8.4__38193, 20319. 21450. 1554.. 1390, 1131. 47.8 24.6 16,2 3.2 0.2070 0.2195 0.0070 12731, __ ___.
26.T7 2132, 581, 192. 7.093 7.9 33752. 22314. 24531, 1687, 1641l. 1239. 43.9 24.0 16.1 2.4 0.2346 0.2131 0.0062 12731,
__ . 28.5 -2489. 628. 2C2. 0.087 7.5 30721. 23799. 26657. 1744, 17T4. 1288. 40.4 23.1 15.6_ 1.9 0.2580 0.209% 0.0057 12731,
30.3 2882, 67T. 212. 0.083 7.2 27762. 25327. 28898, 1803. 1913, 1341, 35.8 22.3 15.1 1.4 0.2864 0.1973 0.0051 12731,
e 32.2 13300, 728. 222. 0.082 6.9 25021. 26906. 31254. 1867. 2060. 1398, 29.7 21.5 14.7 1.0 0.3194 0.1732 0.0046 12731,
34,1 3724, 776. 222. 0.086 6.6 22791. 28597. 33721. 1940. 2213. 1464. 21.5 20.9 14.3 0.6 0.3528 0.1381 0.0042 12731,
35,9 4162.___925._.242. 0.095__6.3__20979._30327. 36299. 2015. 2374, 1532, 11.8 20.3 14.0 _0.3 0.3860 0.0817 0.0039 12731,
37.8 4641, 875. 252. 0.781 6.0 16816. 32137. 38980. 2097. 2540. 1606. 0.5 19.8 13.7 0.0 0.4102 0.0071 0.,0037 12731,
39,8 5153, 9728. 258. 7.078 5.9 19382, 32707. 39615. 2083, 2523, 1605. —=2.6 19.2 13.3_ 0.0 0.4194-0.0209 0.0036 12731. _
AIRPLANE MODE CLTMR TO 10,000 FT
39.8 5153. 928, ?259. 0.0 15.5 24898,

12.9 21691.

178.7 43774, 10200. 297. 9.0

<7 THE TOTAL NOISE IMPACT IS 0.71439D0+06__

___NOISE AT 500 FT SIDELINE= 96.2 EPNCR

__ NOISE AT 20,200_FT_SIDEL INE= 62,9 EPNDB___ | .

NOISE 25,000 FT _FORWARD OF TAKECFF POINT= 60.7 EPNDB

NOISE 500 FT FORWARD OF TAKENFF POINT= 97.4 EPNDB
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TILT ROTOR DESIGN PROGRAM 1974

v-80-110 .

_DESIGN. ITERATIONS: 6

_NVERALL _ _POWERPLANT _ ___ FUSFLAGE o _____STRUCT TECHNNLOGY_FACTORS __

GRISS WEIGHT (LB) 106775. INST NORMAL PWR (HP) 22844, *LENGTH (FT) 110.0  *ROTOR 1.00
EMPTY WETIGHT (LB} 7475T7. *NUMRER OF ENGINES 2. *DIAMETER (FT)  13.0  *TRANSMISSION 0.83
FUFL WEIGHT (LB) 9563,  *EXCESS FACTOR HEL MODE  1.30  *DRAG FACTOR 1.00  *AIRFRAME 0.78
PAYLOAD (LR) 22450, %% RATED EMRG HVR 140. o *ENGINE (HP/LB) 8.50 _
CRUISE SPEED (MPH) 455, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50

_L/D CRUISF 10.91  * CRUTSE  90.._ _WING PROFILE __ _ _ _ Toell _ . . L

*RANGE (STAT MI) 500. INST PWR EMRG HVR (HP) 22844, FUSELAGE 9,00 DESIGN MISSION

*PASSENGER SEATS 110. CONVER  (HP) 15878, EMPFNNAGE _ 4,26  *FIELD ELEVATION (FT) 0.

*CARGN (LA) 0. CRUISE  (HP) 16403, TOTAL PROFILE 24.65 SOUND SPEFD HVR (FPS} 1117,
. *SFC (LB/HP HR) 0.400  WING INDUCED 4.37 *STD NAY YEMP (DEG F) _  59.

ROTORS XEMERG HOVER ALT (FT) 2000.

_ «DISC LOADING (PSF) 12.00 DRIVF SYSTEM ~ COMPNNENT WEIGHTS (LB} ) __ *HOT DAY TEMP (DEG F) ___  95. _
RADTUS (FT) 37.6  *EFFICIENCY 0.97 ROTORS 10668,  *CT/SIG MAX 0.150
SOLIDITY 0.144 HEL MODE WEIGHT (LB) 11587, DRIVE SYSTEM _ 14240.  *MAX ACCELERATION (G) 0.25
RLANE CHORD (FT) 424 ATRPLANE WEIGHT (LB)  14240. POWERPLANT 4031. *DESIGN CRUISE (MPH) 400. °
TOTAL RLADES 8 : NACELLES _ 1973.  *CRUISE ALTITUDE (FT) 15000,

*CT/S1G HOVER 0.127 WING FUEL SYSTEM 1457. SOUND SPEED CRSE (FPS) 1058.
*PRNFILE DRAS CNEFF 0.010 ARFA (SF) 1124, WING L _ 8580, __*MAX DECELERATION (G) 0.20
7 DNWNLNAD 5.2  *LOADING {(PSF) 95.0 FUSELAGE 10944.  *STRUCT LDAD FACTOR 4.5
_*EFFICIENCY HDVFR 0.85 ASPECT RATIO 7.25 EMPENNAGE 2082, *FLIGHT CREW 2.
* CONVER c.83 SPAN (FT) 90.13 LANDING GEAR 3203,  *CABIN CREW 3,
CRUTSE 0.69 MEAN CHNRD (FT) 12.45 FLIGHT CONTROLS ___ 6548.  *ATC SPEED LIMIT YES j
HEL MONE WFIGHT (LR)  10668. *THICKNESS/CHORD RATIO  0.210 HYDRAULICS 423, 1
___ AIRPLANE WEIGHT (LR) _ 10311. __*TAPER RATID _ 0.TO0____ELECTRICAL _ _ 2427. w
#T]1P SPEED HNVER 620. SWEEP (DEG) -5.4 INSTR+AVIONICS 949, hd
* CRUISE 550. CRUTISE LIFT COEFF . 0.28 _AIR CONDITIONING 1930. o -
*FUSELAGF CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 1.34 FURNISHINGS - 4900.
«VWAX HEL MODE ADV RATIO (.40  *MAX LIFY COEFF CLEAN 1.40 FLUIDS . 53&4. . o i i o
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
% INNTCATES [NPUT VAPTABLE _ CLIMA SPD/CCNVER SPD ___ 1.07 __CABIN CREW 450, e
DESIGN MISSION SPFED HEIGHT  DIST TIME FUEL i .
MPH FT M1 MIN LA
TAKEOFF £ LANDING 2.00 209. il - o
ACrEL. & CONV. 990. 0.9 0.59 75.
__ AIRPLANE CLI™B 18249225.____14100.___12.3  ___3.64 465.
ACCEL., TO CRUISE 11.0 1.79 2413,
 CRUISE 455, _ 436.5 57.56 ___6363. i o )
AIRPLANE DESCENT 45549292, 14100. 38.4 6.67 105.
DECEL. & CONV. 90C. 0.9 1.01 20. L o o N .
TOTAL e .. ..._500.0__. T73.28____T7479. e
_____RESERVE 20,00 2089, .



M-80-110
STAGF LENGTH (MI,)

CRUISE ALTITUDE (FT,)

CRUISE SPEED (MPH)
CRUISE L /D

2

1

CRINTSE DISTANCE (M],)

BLOCK YIME (MIN.)
3LOCK FUEL (LB,)
BLICK SPFEN (MPH)

DIRECT NPERATING

cosT

AIRFRAME CNST (¢/LB)=

DOC=1.42+D.0212%SL $/SFAT-TRIP (SL=

HOP LENGTHS 50+150+
.. STAGF LENGTH 25.
NO, CYCLFS/STARYS 171
FLIGHT CREW 0,570
FUEL & OIL 0.711
HULL INSURANCE N.795
TOTAL FLIGHT 0OPS 2.C077
. LARNR AIRFRAWF N.637
MATERTAL AIRFRAME 0.390
LARDOR ENGINES Na.464
MATFRIAL FNGINES 1.259
MAT, BURNEN 1,432
TOTAL MAINTENANCE 4,183
. DEPRECTATINAN 2.304
TOTAL DIRECT OPERATING
ijAIRCDAFT MILE R.564
$/FLIGHT 40UR 1513.4
$/SFAT MILF 0.0779
$/SEAT-TRIP 1.95

25. 50. .
000. 4000. 10
296. 395... _
4.11 14.10
17.3 34.7

8.5 13.5
641. 924, 1
177. 222,

20.0
25
0+ 0+ 0=200 1
50. 75.
171 171

0.453 0.369
N.513 0.457
0.633 %.515
1.599 1.382
0.416 0.316
0.240 0.178
0.252 0.176
0.678 0.471
0.868 0.639
2.453 1.779
1.832 1.462

cosT
5.884 4.655
1327.4 1269.3
0.0535 0.C423
2.67 3.17

5. 100. __.
0Cl. 12500. 15
463, . . 468. ..
9.42 10.03 1
252 42.2
16.5 20.0
345, 1690. _2
273, 300.

«9500.)
00+200+

100.
171
0.336
0.469
0.469
1.274
0.271
0.149
0.139
0.370
0.533
1.461
1.358

4.094
1226.9
0.0372

3.72

C+ O+
150.
171

0.300

0.453

0.419

1.171

0.225

0.119

0.101

0.268

0.424

1.137

1.212

3.521
1182.3
0.2320

4.80

150. __.200.___. .300.. _
000. 15000. 15000. 15
468.. . 468, . 468a . _ ..
0.60 10.60 10.60 1
. 84,2 . 134.2 | 234.2 3
26.8 33.2 46.0
448. __3210. 4717.. 6
336. 361. 391.

INSURANCE RATE=0.040

0=300

200,
171
0.279
0,445
0.389
1.113
0.200
0.104
0.082
0.217
0.366
0.968

S1.127

3,208
1159.1
0.0292

5.83

2004200+ O+ O+
300. . 400.
171 VA
0.258 0.247
0.436 0.430
0.360 0.345
1.053 1.022
0.175 0.162
0.088 0.080
0.063 0.054%
0.165 0.139
~ 0.309 0.280
0.800 0.715
_ 1.041 0.999
. 2.894° 2,736
1131.6 1115.4
0.0263 0.0249
7.89 9.95

400, . _ 500e . . . ___
000. 15000.

468, ____468,

0.60 10.60

34,2 434,2

58.9  T1.7 ,

203, _T66Te. . . .
408, 418,

ANN UTTLIZATION(HR)=2000. DEPRECTATION PERIOD(YR)=10. LABOR RATE($/HR)= 7.00
ENGINE COST ($/HP)= 60.0

FUEL COST {CENTS/GAL)= 18.0

0=400 o
_..500._. 200, _ 300, _
11 271 271
0,241 _ 04355 0,309
0.425 0.468 0.453
0.336 . 0.472 0.416
1.002 1.295 1.178
_0.155 _ 0.269 _ 0.221
0.076 0.144 0.115
0.048 _ 0.124 0,091
0.124 0.328 0.239
0.263 _ 0.512 0.406
0.665 1.377 1,073
_0.973__ 1.36T 1.204 .
2,639 _ 4,039 3,455
1104.6 1202.5 1168.2

0.0240 0.0367 0.0314
12.00 T.34 9,42

. 4006 __ .

2/1
0.287
0.445
0.389
1.121
0.198
0.101
0.075
0.195
0.355 _ .
0-9210
1.127

3.172
1146.0
0.0288

11.53




M-8D-110

DEPARTURE PATH TN

MAX FUSE ANGLE=29.

10,000 FT MSL

ORSTACLE CLEAR ANGLE=60.

TIME DISTY ALY VEL ACC GAM
SEC FT FT FPS G DEG
_OBSTACLE CLEARANCE
3.1 4. T. 3. 0.050 60.0
4.0 T. 13. 8. 0.171 60.0
5.0 13, 23, 13. 0.159 60.C
6.2 24. 42. 18. 0.12% 60,0
T.9 43, 15. 23. 0.092 60.0
. 8.5 58. 100. 24, 0.057 60.0
ACCFLFRATION AND CCNVERSICN
9.4 16 124, 33, 0.168 52,1
1.3 103. 147. 40s 0.175 41.2
11.2 138, 170. 43, 0.178 33,3
12.1 182, 193, 57. 0.178 27.8
~ 12.9 234, 216. 66. 0,180 ?3.7
13.7 ?291. 238, 75. 0.192 20.6
14.6 356. 259. 84. 0.191 18.2
15.4 430. 281, G4. 0.183 16.3
16.3 520. 335. 1C4. 0.172 4.8
17.1 513, 327. 113. 0.186 13.5
_. 18,0 T17. 350, 123, 0.179 12.4
18.9 833, 373. 133. 0.175 11.5
19.8 967. 399, 143, 2.162 10.7
2%.9 1122. 425, 53, 2.153 10.0
22.0 1308, 457. 162. 0.132 9.4
23,3 1526, 490, 172. 0N0.121 8.8
__ 24.7 1780, 528. 182. 0.110 8.3
26,3 2087, 570. 192. 0.C96 7.9
. 28.0 2430. 616, 202. 0.090 7.5
?9.8 2809. 663, 212, 0.086 7.2
_ 31.7 32132, T12. 222. N.085 6.8
33.5 3627. 759, 232. 0.086 6.6
. 35.3 4057, 807, 242. 0.087 6.3
37.2 4531, 857. 252. 0.082 6.0
39,2 5047. 909. 261. 0.078 5.8
ATRPLANE MODNDE CLIMB TN 10,000 FT
39,2 5047, 909. 266. 0.0 15.1
178.0 44745. 10000, 306, 0.0 12.6
THE TOTAL NOISE IMPACT IS 0.93182D+06

NOISF AT 500 FT SIDELIMF= 97.3 EPNCS

NOISF
NOISE

NOISE

AT 20,000 FT SIDFLINE= 6%4.6 EPNDR _

THRUST
LR

113396,

124829,
123577,
120435,
117328,
114123,

111674,
110280.
113813,
116990,
111¢99.
111250.
1iicses.
112757,
1C7766.
103735,
9864hK.
93138,
8678R.
80096,
72293,
64636.
56621,
49787,
45312,
4N9138.
36893,
33608,
30951.
29260.
28226.

35896.
31265.

ORSTACLE HEIGHT=100.

LWGO
L8
-1.
—8.
-23.

-45,
_746
-110.

-197.
=395,
-411,
204.
1028,
2C075.
33513,
4867,
6618,
8609.
10849,
13312,
16C24.
18976,
22168,
25597.
29262,
322R4.
34441,
36659.
38953,
41409.
43921,
46548,
47343,

LWGI
LA

“1476.

-1803,
-1818.
-1828,
-1829.

-1827..

-2501.
-3373,
-4177.
-4871.
-55138,
-6246.
-7020.
-7893.
~-5873.
-2228.,

1732,

5910.
10436,
15239.
20536,
26077,
32024.
36896,
40096.
43470.
47017,
50732.
54612,
58647.
59431,

DWGO
L8

0.
4o
11.
22,
36.
_S54.

61.
64,
62.
59.
81.
128.
199,
295,
417.
563,
T34.
931.
1152.
1399,
1671,
1967.
2288.
2506,
2591.
2680,
2774,
2884,
2996,
3117.
3021.

MAX ACCEL ROTATION RATE=20.

DWGI
L8

1935.
1770.
1640.
1543,
1480.
1415.

834, .

549.
441.
393.
a78.
384.
404,
435,
297.
177.
172.
274.
473,
758,
1138,
1588.
2117.
2535,
2739.
2955,
3i82.
3419.
3667,
3925.
3793,

DFUST
LB

18,
5%
97.
161.
_..2640.

239,
179.
126.
93.
8l.
a9,
116,
164,
232.
32C.
428.
556.
703,
870.
1057.
1264.
1490.
1647.
1713.
1784.
1861.
1949.
2040,
2138.

_2099.

2.

ALP THE AWO
DEG DEG DEG

29.4 24.6-35.4
26,5 24.6-35.4
2648 -24.6-35.4
27.5 24.6-35.4
28.3 24.6-35,.4
29.2 24.6-35.4

29.8 24.6-27.5
40.4 24.6-16.6
48.5 24.6 -8.7
53.9 24.6 -3.2
57.8 24.6 0.9
60.0 24.6

62.1 24.6

63.8 24.6

64.8 24.6

63.3 24.6 1
62.5 24.6 1
61.2 24.6
60.0 24.6
58.0 24.6
56.2 24.6
52.7 24.6
48.0 24.6
43.9 24.1
40.3 23.2
35.7 22.4
29.5 21.6 14.8
21.3 21.0

11.5_20.4 14.1 _

0.1 19.9
=-2.6 18,8 1

ACCEL AUILDUP TIME=

ALV
DEG

28.8
24 .8
23.6
22.6
22.0
21.3

21.3
25.7
28.5
28.6
27.3
25.4
23.1
20.8
18.0
15.3
12.8
10.7

8.

® & ® 0 & s 0 0 & 0 o ¢
COWOCOPVHIWHrOErmD

OO mmmNWdNI N

LAMDA MU

0.0853
0.0929
0.0969
0.0994
0.10290
0.1049

0.0020
0.0054
0.0090
0.0127
0.0168
0.0210

0.1072
0.1085
0.1079
0.1076
0.1074
0.1070
0.1070
0.1071
0.1098
0.1138
0.1194
0.1261
0.1350
0.1460
0.1615
0.1804
0.20€1
0.2349
0.2584
0.2868
0.3200
0.3535

0.0267
0.0412
0.0574
0.0731
0.0888
0.1044
0.1201
0.1358
0.1500
0.1637
0.1767
0.1892
0.2007
0.2110
0.2183
0.2225
0.2203
0.2128
0.2090
0.1967
0.1722
0.1366

.0.3865_0.0796

0.4103 0.0044
0.4253-0.0209

5
cT

0.0140
0.0154
0.0152
0.0148
0.0145
0.0141

0.0138
0.0136
0.0137
0.0137
0.0137
0.0138
0.0138
0.0137
0.0134
0.0129
0.0123
0.0116
0.0108
0.0100
0.0090
0.0081
0.0071
0.0062
0.0057
0.0051
0.0046
0.0042
0.0039
0.0037
0.0036

POWER
HP

15582,
18281.
188903,
188973,
18803,
18803,

18803,

18803,

18803,

188913.

18803.
18803,
18803.
18803.
18803.
18803.
19893,
18803,
19803,
18803,
18893, |
18803.
18803.
18893,
18803.
18803.
18803,
18803.
18893,
18803.
18803. _

25,000 FT FORWARD COF TAKEOFF POINT= 62.4 EPNCB

500 FT FORWARD OF TAKFOFF POINT= 98,5 EPNDS




TILT ROTOR DES IGN PRNGRAM 1974

Q-80-20

NVERALL
GROSS WEIGHT (LB)
FMPTY WEIGHT (LR)
FUEL WFIGHT (LB)
PAYLNAN (L8B)
CRUISF SPEED (MPH)
L/D CRUISE
*RANGE (STAT MI)
*PASSENGER SFATS
*CARGO (LR}

ROTNRS
®«DISC LNADING (PSF)
RANDTUS (FT)
SoLINITY
BRLANDE CHORD (FY)
TOTAL BLADES
*«CT/SIG HOVER
*PPNFILF NRAG CNEFF
% DOWNLOAD
*EFFICIENCY HOVFR
* CONVER
CRJISE

HEL MONE WEIGHT (LR)
ATRPPLANE WFISHT (LB)

«TIP SPEED HIVER
* CRUISE

*FUSELAGE CLEARNMCE (FT)
*MAX HEL MODE ANV RATIN

21254,
15295,
1960,
4000.
401.

20.
0.

9.00
19.4
C.179
1.81
. 12
0.120

4.6
0.85
0.R3
Ce71

2166,
22327.
480.
‘80.

2.0

0.40

* INNICATES INPUT VARTARLE

DESIGN MISSINN

TAKEOFF £ LANDING
ACCFL. & CONV,
ATRPLANE CLIMB
ACCEL. TN CRUISE
CRUISF }
ATRPLANE DESCENT
DECEL. & CONV.

__TOTAL. ___

—__RESERVE__

SPEED
MPH

14644190,

401,
400.4292,

9.18
500.

o 0.n10

DESIGN JTERATIONS:

.3

_POWERPLANT . __FUSFLAGE. . __ ... .._STRUCT TECHNOLOGY FACTORS __ = __
INST NORMAL PWR {(HP) 4336,  *LENGTH (FT) 55.0 *ROTOR 1.00 ~©
*NUMBER OF ENGINFS 2. _ ®DIAMETER (FT) _ ____ 8.5 *TRANSMISSION 0.83 _
*%EXCESS FACTOR HEL MODE  1.40 *DRAG FACTOR 1.00  *AIRFRAME 0.78
_ %% RATED EMRG HVR 140. L *ENGINE (HP/LB) __ . 8.50 __
* CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.54.
) CRUT SE . 90.__ WING PROFILE 2.00__ B -
INST PWR EMRG HVR (HP) 3885, FUSELAGE 3.38 DESIGN MISSION
CONVER  (HP) 290T7. __. EMPENNAGE R . 1.20 _ *FIELD ELEVATION (FT) 0.
CRUISE  (HP) 4336, TOTAL PROFILE 7.97 SOUND SPEED HVR (FPS) 1117.
*SEC (LB/HP HR) 0.400  WING INDUCED . 0.99 *STD DAY TEMP (DEG F) 59,
*EMERG HOVER ALT (FT) 2000.
_DRIVE SYSTEM - . ___COMPONENT WEIGHTS (LB) _ ®HNT DAY TEMP (DEG F) 95,
*EFFICTIENCY 0.97 ROTORS 2327.  *CT/SIG MAX 0.150
HEL MONE WEIGHT (L8) 2148. DRIVE SYSTEM 2549.  *MAX ACCELERATION (G) 0.25
ATRPLANE WEIGHT (L8) 2549, POWERPLANT 765, *DESIGN CRUISE (MPH) 400.
. NACFLLES L 39.  *CRUISF ALTITUDE (FT)  15000.
WING FUEL SYSTEM 96. SOUND SPEED CRSE (FPS) 1058,
ARFA (SF) 293. _ WING e 1587.__ *MAX DECELERATION (G) 0.20 . _
*LDADING (PSF) 75.0 FUSELAGE 2731.  *STRUCT LOAD FACTOR 4.5
ASPECT RATIO 8.57 FMPENNAGE 414,  *FLIGHT CREW 2.
SPAN (FT) 49.3 LANDING GEAR 638,  *CABIN CREW 0.
. MEAN CHORD (FT) 5.75 FLIGHT CONTROLS . 6T2. *ATC SPEED LIMIT YES
*THICKNESS/CHORD RATIO  0.210 HYDRAULICS 188.
___*TAPFR RATIN __C.TO___ ELECTRICAL __ 247, .
SWEEP (DEG) -5.2 INSTR+AVIONICS 580,
CRUISE LIFT COEFF 0.29 __ AIR CONDITIONING ____ ____ 760. . _ __ .
MAX LIFT CNEFF CONVER 1.76 FURNISHINGS 1300,
*MAX LIFT CNEFF CLEAN 1.40 FLUTDS .. 106.
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 4D0.
__ CLIMB SPD/CCNVER SPD _ _ 1.11 ___ CABIN_CREW. 0. e
HEIGHT  DIST TIME FUEL | . e
FT M1 MIN LR .
2.00 C36e ) L
1000. 0.8 0.66 15.
_14000. _ 9.3 __ 3.42 31, _ _
7.9 1.48 37. .
. 452.3  6T.77 __1408. _ _ _ e . L _
14000.  28.9 s.18 14.
1000. 0.8  1.22 ____ Se__ . _ e S
e 5000 81.71 __ 1596, e
- . . .. 20,00 ____363. _

¢

¢



tatd

_ HOP LEMGTHS 50+150+
STAGF LEMGTH . .. 25..
NN, CYCLFS/STARTS 171
FLIGHT CRFW 0.555
FuysL & OIL 0.150

__ HULL INSURANCE 0.168
TOTAL FL IGHT NPS 0.872
LARNR AIRFRAME 0.4(C9
MATERTAL AIRFRAMF 0.129

_ LARQOR ENGINES 0.26?
MATERTAL ENGINES 0.24)
MAT, BUPOEN 2.872
TOTAL MAINTENANCE 1.912
DEPRECIATION 0.485
TOTAL DIRECY OPERATING

_ $/AIRCRAFT MILF 3.270
$/FLIGHT HOUR 553.5
$/SFAT MILE 0.1635
$/SEAT-TRIP 4,09

Q-80-20 .

DIRECT

NOFRATING COST =
ATRFRAME COST {$/LB)= 80.0
DOC=2.9440.0459%*SL $/SFAT-TRIP (SL=

0+ 0+ O=
A 50.
1/71
0,435
0.111
0.132
0.678
0.268_
2.C79
0.145
0.129
0.537
1.159
D.381 _
COST
2.219
478.4
0.1109
5.55

25
200 1
_...15'
171
0.362
0.105
0.110
0.5717
0,208
0.059
0.103
0.0%0
0.404
0.865
0.317

1.759
455.9
0.0880
6.60

«95C0.)
0C+200+

190.
171
0.337
0.099
n.102
0.539
0.182
0.051
0.CR3
N.272
0. 345
0.733
0.265

1.566
436.4
0.0783
7.83

ENGINE COST ($/HP)= 60.0

o+ 0+

150. .

171
0.306
0.296
0.093
0.494
0.154
0.041
0.063
0.052
0.282
0.593
0.267

1.354
415.9
0.0677
10.16

INSURANCE RATE=0,040

0=300 200+200+

. 200, __ . 300, _.
171 171

0.288 . 0.270
0.094 0.091
0.087 0.082
0.469 0.443
0.139 _ 0.124
0.036 0.031
0.052 0. 042
0.043 0.233
0.249 0.216
0.520 0.447

. 0.252 _ 0.236_
1.241 1.127
404.6 391.7
0.0620 . 0.0563
12.41 16.90

__ __STAGE LENGTH (MI.) _ _ .. 25._ __ 50.._ . 75. _. .100. . _150. _ __200. 300. 400« 500.
CRUISE ALTITUDE (FT,) 2000. 49n00. 100C1. 12500. 15000. 15000. 15000. 15000. 15000.

______ CRYISE _SPEED (MPH) . 296. 305. 400. 397. 400. 400. 400, 400. 400.
CRUISE L/D 10.63 10.62 8.20 8.61 9.17 9.17 9.17 9.17 9.17
CRUISE DISTANCE (MI,]) 18,2 37.4___ 38,6 _ 58,3 _ 1016 151.6_ 251.6 __351.6 __451.6 I
BLOCK TIME (MIN.) 8.9 13.9 17.4 21.5 29.3 36.8 51.8 66.8 8l.7
RLOCK FUEL (LB.) 134. 199, _._281l. . 356, 513, . 671. . 984. __ 1291. ___1594. — R - _
BLOCK SPFEN (MPH) 169. 216. 259. 279. 307. 326. 348. 359. 367.

2/1
0.354
0.099
0.102
0.556

0.181.

0.049
0.076
0.064
0.335
0.704
0.296_

1,556

0+ 0O+ 0=400.
400e._..500e____200. _
171 171
0.261 0.256
0.090 0.089
2,079 . 0,078 _
0.430 0.422
0.117 _ 0,112
0.029 0.027
0.037 . 0.034
0.028 0.025
0.200 . 0.190 .
0.411 0.389
0.229___ 0.224 _
1.070 __ 1.035
384.5 379.8

2[.39

25.87

' 431.9
__0.0535__0.0517 0.0778

15.56

ANN UTTLIZATION(HR)=?000. DEPRECIATION PERIOD(YR)=10. LABOR RATE($/HR)= 7,00
FUEL COST (CENTS/GAL)= 18,0 _ . .

271
0.315
0.096
0.092
0.503
0.153
0.040
0.058
0.047
0.274
0.571

_0.266

1.339
413,3
0.0670
20.09

2/1
0.296 _
0.094
0.087 _
0.477

0.139

0.035
0.049 _
0.039
0.243 _
0.505
0.252 __

1.233 _

402.2
0.0617 _
24.67

_.300e..__._ 400, . _ ____ _  _____




e e Q-80-20 e
DEPARTURE PATH TO 10,000 FT MSL
. MAX FUSE ANGLE=20. DRSTACLE CLEAR ANGLE=60.

.. TIME DIST ALT VEL ACC GAM THRUSY LWGO
SEC FT FT FPS G DEG LB L8
. _ORSTACLE CLEARANCE . X
3.1 4. 7. 3. 0.050 60.0 22533, -0.
4.0 T. 13. 8. 0.171 60.0 24810. -2.
4.7 12. 20. 13, 0.220 60.0 25759. —6e
- Se6 19, 34. 18. 0.177 60.0 24936, -12.
6.7 32. 56. 23. 0.135 60.0 24158, -20.
_ _ Re & 55. 96. 28, 0.C92 60.0 23366, -30,
8.5 58. 190. 28. N.053 60.0 22688, ~42.
ACCFLFRATION AND CCNVFRSION
9.4 7. 125. 37. 0.180 52.4 22100, -66.
10.3 106. 151. 44. 0.175 42.1 22046. -—124.
11.2 147. 179. 52, D160 34,6 22154. -180.
. 12,2 197, 208. 60, 0.162 29.2 22172, -5.
13.1 254. 234, 69. 0.170 25.1 22186, 227.
14.0 321. 261. 78. 0.168 22.0 22135, 520,
15.0 399, 289. 87. 0.164 19.5 22041. 877.
16.0 492. 318. €7, 0.154 17.6 21580. 1298,
16.9 587. 346, 106, 0.167 15.9 20681, 1786,
I 18.1 T16. 379. 116. 0.135 14.6 19387. 2339,
19.2 857. 413, 126. 0.135 13,4 18147. 2959,
20.5 1027. 450, 136. 0.121 12.5 16681. 36%46.
21.9 1239, 432, 145, 0.109 11,6 15094. 4399,
23.5 1474, 539. 155. 0,097 10.9 13401. 5218,
25.3 1768, 592. 1¢65. 0.086 10.2 11623. 6101,
. 2T.3 2104, 649, 175. 2.97B0 S.6 9357, 7050,
29.4 2495. T1l. 185. 2.072 9.1 B644. T685.
., 31.6 2907. 774. 165, 0.072 8.6 7757. 8234,
33.6 3319. 834. 204. 0,076 R.2 7033, 8821,
35.6 13735, 892, 211. 0.07”8 7.9 6611. 9241,
ATRPLANE MODF CLIMR TOQ 10,000 FT
- 35.6 3735, 892. 213. 0.0 19.8  B844, -
167.4 33927, 10000. 245. 0.0 16.5 7701.

THE TOTAL NOISE IMPACT IS (.99020Dn+05

'NOISE AT 500 FT SIDELINE= 88.1 EPNNB_

NOISE AT 20,000 FT SINFLINE= 53,0 EPNDR

NNISF 25,000 FT FORWARD OF TAKEOFF POINT= 50,9 EPNDB

_NOISE 500 FY FORWARD _OF TAKENFE POINY= 89.3 _EPNOB

OBSTACLE HEIGHT=100.

MAX ACCEL ROTATION RATE=20.

_LWGI DWGO . DWGI __DFUST ALP
L8 L8 L8 LB
=264, O, 343,
-321. . . l. 309.__ 6.
-343, 3., 301. 16.
=349,._ . 6, 265.___32.
-3'07. lO. 2530 53.
-3‘060,__ 15.,“241 ._____ 79.
“350- 21- 2340 llO.
‘4600 21. 1'060 99,
-625. 21. 106. T4.
-779. 22. 86. 5".
-926. _ _19. 77. 41.
-1081. 23. T4. 35.
-1250. 33. T6. 35.
~1441. 49. 80. 41,
=-1247. T1. 66, 55.
-482,. 99. 43. 75.
390. 133, _ 42. 101,
1283. 174. 62. 134.
22T1. 220. 10l. 174.
3338, 273. 158. 220.
4491. 331. 230, 272.
5738. 1396, 319. 331.
TOT7e _467.__423._ 396.
7956. 499. 48l. 428.
8684. 519. 522. 450.
9452, 542. 564. 476,
10012. 559. 595. 49.

THE AWD ALV
DEG DEG DNEG DEG

2604 24.6-35.4 24.5
25.4 24.6-35.4 23.1
26¢3 24.6-35.4 20.9
2T7.2 24.6-35.4 20.3
28,2 24.6-35.4 19.5
29.1 24.6-35.4 18.8

28.5 24.6-27.8 18.2
39.4 24.6-17.5 22.2
47.9 24.6-10.0 24.1
53,1 24.6 —-4.6 23.8
56.4 24.6 -0.5 22.3
59.3 24.6 2.6 20.3
61.5 24,6 5.0 18.2
62.7 24.6 7.J 15.8
6l.3 24.6 8.6 13.3
61.9 24.6 10.0 10.8
6N.2 24.6 11.1 8.8
58.6 24.6 12.1 7.1
56.3 24.6 13.0 5.6
52.8 24.6 13.7 4.2
4T7.9 24.6 l4.4

4003 24.6_15.0_
34.7 23.8 14.7

28.4 22.9 14,2 _ 0.9
19.8 22:1 13.9 0.6
12.8 21.6 13.6 _0.3

3.1
2.1 _
‘.4
0

LAMDA

1. 29.3 24.6-35.4 28.7 0.0953

0.1049
0.1119
0.1156
0.1193
0.1234
0.1270

0.1304
0.1306
0.1298
0.1295
0.1292
0.1292
0.1294
0.1318
0.1371
0.1458
0.1553
0.1684
0.1857
0.2089
0.2410
0.2854
0.3271
0.3665
0.4069
0.4352

ACCEL BUILDUP TIME=

Mt

0.0025
0.0970
0.0116
0.0157
0.0208
0.0262
0.0320

0.0372
0.0569
0.0783
C.09R7
0.1190
0.1393
0.1596
0.1787
0.1964
0.2122
0.2281
0.2418
0.2529
0.2594
0.2573
0.2390
0.2162
0.1884
0.1454
0.0990

s.

cT POWER

) HP
0.0174 2641,
0.0192 3135,
0.,0199 3438,
0.0193 3438,
0.0187 3438,
0.0181 3438,
0.0176 3438,
0.0171 3438.
0.0171 3438,
0.0172 3438,
0.0172 3438,
0.0173 3438,
0.0172 3438,
0.0172 3433,
0.0168 3438,
0.0161 3438,
0.0151 3438,
0.0142 3438,
0.0131 3438,
0.0118 3438,
0.0105 3438,
0.0091 3438.
0.0078 _3438.
0.0068 3438,
0.0061 3438,
0.0056 3438,
0.0052 3438.




TILT ROTOR DESIGN PRNGRAM 1974

- ° Q-80-80

. OVERALL . o
. GROSS WEIGHT (L8) 79928.
EMPTY WEIGHT (LB) 57147.
FUFL WEIGHT (LR} 6481.
PAYLOAN (LR) 16300.
CPUISE SPEED (MPH) 42?2.
_____ _ L/D CRUISF I 10.94
®*RANGE (STAT MI) 500.
*PASSENGER SEATS 80.
*CARGO (LB) 0.

ROTCRS
*NISC LOADING (PSFY. __ . 9.00
RANIUS (FT) 37.6
SOLINTTY 0.179
BLADE CHIRD (FT) 3.53
TOTAL RLADES 12
*CT/SIG HIVER 0.120
. _*PROFILF NRAG COEFF ¢.010
% DOWNLOIAD 5.0
*«EFEICIENCY HNVER 0.85
* CONVER 0.83
CRUTISE C.70
HEL MONE WFIGHT (LB) 9194,
o ATRPLANE WETGHT (LB) 9559.
*T[P SPEED HOVEP 4380.
* CRNISE 480.
#EUSELAGE CLEARNCE (FT) 2.0

*MAX HEL MODE ANV RATIO 0.40

_ % INNICATES INPUT VARIABLE

DESIGN MISSION

TAKEQFF R LANDING
ACCFL. & CONV.
AJPPLANE CLIMB .
ACCEL. TDO CRUISE
CRUISE

AIPPLANE DESCENT
DECEL. & CNNV,

TOTAL

RESERVE

SPEED
MPH
164,,203.

422,
422.49292.

.. POWERPLANT

*NIUMRER OF ENGINES

*EXCESS FACTOR HEL MODE
*2 RATFND EMRG HVR .
* CONV + CLIMB
¥ CRUISE

INST PWR EMRG HVR (HP) 14640.
CONVER (HP) 1C953.
CRUISE {(HP) 12593,

0.400 _

*SFC (LB/HP HR)

DRIVE SYSTEM

INST NORMAL PWR (HP)  14640.

. FUSELAGE
*LENGTH (FT)

_ ... DESIGN ITERATIONS:

. 2 *DIAMETER (FT)
1.40 *DRAG FACTOR

__COMPONENT WEIGHTS (LB) .

140, . .
120. FLAT PLATE AREAS
Q0. ___ WING PROFILE ____
FUSELAGE
EMPENNAGE

TOTAL PROFILE
WING INDUCED

(SF)

95.0
.. 115
1.00

6,77

.5 . L [T

*ROTOR
*TRANSMISSION
*AIRFRAME

*ENGINE (HP/LB)
*ENGINE INSTALLATION

7.04 DESIGN MISSION

L 4.06
21.63

...~ _3.38

*FIELN ELEVATION (FT)
SOUND SPEED HVR (FPS)
*STD DAY TEMP (DEG F)
*EMERG HNVER ALT (FT)
*HOT DAY TEMP (DEG F)

*MAX ACCELERATION (G)
*DESIGN CRUISE (MPH)
*CRUISE ALTITUDE (FT)
SOUND SPEED CRSE (FPS)
*MAX DECELERATION (G)
*STRUCT LOAD FACTOR

*EFFICIENCY 0.97 ROTNRS 9559. *CT/SIG MAX
HEL MODE WEIGHT (LB) 10545, . DRIVE SYSTEM . 11573,
ATRPLANE WEIGHT (L8} 11573, POWERPLANT 2583,
NACELLES _ 689,
WING FUEL SYSTEM 747,
AREA (SF) 1066. ___ WING e T0BT,_
*L0ADING (PSF} 75.0 FUSELAGE 8156,
ASPFCT RATIO 7.38 EMPENNAGE _1559, *FLIGHT CREW
SPAM (FT) 88.7 LANDING GEAR 2398. *CABIN CREW
MEAN CHORN (FT) . 12,02 = FLIGHT CONTROLS _ . 4353, _ *ATC SPEED LIMIT
*THICKNESS/CHORD RATIO 0.210 HYDRAUL ICS 366.
_*TAPER RATID I 0.70 ___ ELECTRICAL 1611, _
SWEEP (DFG) ~5.4 INSTR4AVIONICS 826.
CRUISF LIFT COEFF 0426 __ AIR CONDITIONING ___ __ 1540. _
MAX LIFT COEFF CONVER 1.76 FURNISHINGS 3700.
*MAX LIFT COEFF CLEAN 1.40_ _._ FLUIDS _— . 400.___
*FLAP ARFA/WING AREA 0.25 FLIGHT CREW 400.
CLIMB SPD/CONVFR SPD ____ 1.25___ CABIN CREW .300.

HE IGRHT NIST TIME

FT MI MIN

2.00

1000. 0.8 0.59

14000. 12.0 3.93

3.8 1.74%

440.1 62.60 _

14C00. 36.4 6.45
1000. 0.8 1.07

500.0__ 78.38

20.00 ___

FUFL _
LR
13‘.
50‘
316.
148.
4422, _
6['
14.

-.—_STRUCT TECHNOLOGY FACTORS

o.
1117,
59.
2000.
95.
0.150
0.25
400.
15000.
- 1058,
0.20
4.5

2.

2.

YES

1336, __

9¢-1



Q-80-89

STAGF LENGTH (MT.) 25. 50. 5. . 100. .. 150, . 200. . 300. . 400.___ S00. N R -
CRUISE ALTITUDE (FT,) 2070, 4000. 10001, 12509. 15000. 15090. 15000. 15020. 15000.
CRUISF SPEED (MPH) . 296, 305. 423, | 424, __ 422._  __ 422. __ 422.._.. _422.____ &22.

CRUISE L /D 13. 44 13.44 9.83 1C.40 10.94 10.94 10.94 10.94 10.94
CRUISF DISTANCE (MI,) t7.5 35.2 4.9 47.0 89.5 139.5 239,.5__ 339.5 439.5 —_ e e i
BLOCK TIME (MIN.) 8.6 13.7 18.9 21.1 28.6 35.7 50.0 64,2 78.4
BLOCK FUFL (LR,) 439, 639, 705, 11135, 1643, 2152, 3161. __ 415%6. . 5139, . ___ .
BLOCK SPEED (MPH) 174. 219. 238, 285, 314. 336. 360. 374. 383.

. . wm e a e [N

NIRECT NPERATING CNST =~ ANN UTILIZATION(HR)=2000. OFPRECIATION PERIOD{YR)=10. LABOR RATE($/HR)= 7.00
ATRERAME CNST ($/LB)= 80,7 ENGINE COST ($/HP)= 60.0 INSURANCE RATE=0.040 _FUEL COST (CENTS/GAL)= 18.0
DOC=1.49+40.0246%SL $/SEAT-TRIP (SL= 25.,500.)

HOP® LENGTHS 50+150+ O+ 0+ 0=200 1704200+ O+ 0O+ 0=300 200+200+ O+ O+ _0=400 - _ N ;
STAGE LENGTH 25. 50. 75. 100.  150. . 200. _ 309. ___ 400.___ 500. _ _ 200. ___ 300. _ _ 4090.

NO. CYCLES/STARTS 171 171 171 1/1 71 17 1 171 /1 2/t 2/1 2/1

FLIGHT CREW 0.562 0,446 0.411 0.343 0.311 0.291 0.271 0.261 0.255 0.361  0.319 0.299 .

FUEL £ OIL 0.438 0.355 0.261 0.315 0.304 0.299 0.292 0.288 0.285 0.317 0.304 0.299

HILL INSURANCE 0.603 " 0,478 0.441 0.368 0,334 0.312 0.291 0.289 0.274 0.370 0.331 0.312 B -
TOTAL FL IGHT OPS 1.653 1.279 1.113 1.026 0.948  0.902 0.855 0.83) 0.815 1.047 0.954 0.910

LARNP ATRFRAMF 0.589 0.385  0.219 0.259 0.217 0.195 _ 0.172 0.161  0.154 _ 0.257 _ 0.214 __0.194 ——

MATERTAL AIRFRAME N.317 0.194 0.155 0.124 0.100 0.088 0.076 0.069 0.066 0.119 0.097 0.086

LABOR ENRINES 0.375 0.205 0.148 0.115 0.085 0.070 = 0.055 0.047 0.043 0.104 0.077 0.064 o
MATERTAL ENGINES 0.809 0.436 0.312 N.240 0.176 0.143 0.110 0.093 0.083 0.213 0.157 0.129

MAT, BRUPNEN 1.253 2.767 0.6C8 0.486 0.394 0.344  0.295 0.2T71  0.256 _ 0.468 0.379 0.335 = e
TOTAL MAINTENANCF 3.342 1.986 1.542 1.223 0.972 0.840 0.708 0.642 0.602 l.161 0.925 0.808 (L
DEPRFCIATION 1.734 1376 1.268 1.059 0.959  0.898 _0.837 _ 0.806__ 0.788___ 1.063 0.952 0.898 __ [
TOTAL DIRECT OPERATING COST

$/AIRCRAFT MILE 6.729 4.641 3.922 3.3C8 2.889 2,640 2.400 2.278 24205 3.272 _ 2.831 2.616 ___ S
$/FLIGHT HOUR 1170.2 1017.3 933.0 942.3 905.5 886.6 864.6 852.0 8643.7 928 .0 897.0 878.5

$/SEAT MILFE 0.0841 0.0580 0.0490 0.9%414 0.0360 0.0330 0.0300 _0.0285 0.0276 _0.0409 _0.0354 0.0327

$/SEAT-TRIP 2.10 2.90 3.68 414 S. 40 6.60 9.00 11.39 13.78 8.18 10.61 13.08




.- Q-80-80.

“"DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= _S,.

TIME  DIST ALY VEL ACC GAM THRUST _ LWGO_
SEC ET FY £PS G DEG LB LA
_ DSSTACLE CLEARANCE ... _ . ..
3.1 4. 7. 3. 0.050 60.0 84841, 1.
4.0 7. 13. 8. 0.171 60.0 93387, -8.
4.7 12. 20. 13. 0.221 60.0 96985. —21.
5.6 19. 33, 18, 0.178 60.0 93888, -—4l.
6.7 32. 55, 23. 0.137 60.0 90964, —68.
_ B.4_ 55, _ _935. __28. 0,094 60,0 87984, _-102.
8.5 58. 100. 28. 0.056 60.0 85435, -142.
ACCELFRATION AND CCMVERSTON o
9.5 - 81, 131.  37. N.147 52.8 83136, =-225.
10.4  111. 158. 44, 0.170 42.7 82773, -421.
11.4 152. 187, 52, 0.157 35.1 83226. =—640.
12.4 204, _ 217. . 60. 0.159 29,6 83368, _ —63,.
13.3  261. 244, 69. 0.16% 25.5 83576,  702.
14.3 329, 272. 7T8. 2.167 22.4 83476, 1668,
15.2 407. 300. 87. 0.163 19.9 83299, 2845,
1602 500. 330. 97. 0.154 17.9 B1892. 4238,
17.1 592, 357. 107. 0.173 16.2 78546. 5848,
18.2  7l4._ 389. 116. 0.143 14.8 73809. 7679,
19.3 849, 422, 126. 0,140 13.7 €9147. S730,
20.5 1008, 458. 126. 0.129 12,7 €3772. 12002.
21.8 1195. 497, 145. 0.118 11.8 57528. 1449%94.
23,3 1416. 540. 155. 0.107 11.1 S51673. 17205,
24.9 1679, 588. 1A5. 0,096 10.4 45065. 20134,
 26.7 1985, _ 641. 175. 0.0B7 9.8 38414, 23279.
28.6 2334, 698. 185. 0.081 9.3 32424. 26355.
. 30.6 2715. 75T7. 195, 0.078 R.8 29033. 28243,
32.5 3109. 815. 204. 0.080 8.4 26346. 30277,
34.5 3527, BT4. 214. 0.079 8.0 24780. 32379.
36.7 4312. 939. 224. 0.071 7.6 230S4. 34543,
38.9 4529. 1075. 234. 0.070 7.3 22130. 34642,
41.2 S5066. 1072, 240. 0.069 7.1 21629. 34691,
ATRPLANE MADE CLIMR TO 10,000 FT
41.2 5066. 1072. 24l. 0.0 15.3 26767,
189.5 43359, 10n000. 276. 0.0 12.7 23369,

“YHE TOTAL NOTSE IMPACT IS 0.35602D+06

NOISE AT SO0 FY SIDELINE= 91.5 EPNCE

NOISE AT 20,000 FT SIDFLINE= 58.9 EPNDB

" NOISE 25,000 FT FORWARD OF TAKEOFF PCINT= 56.9 EPNDB’

" NOISE 500 FT FORWARD OF TAKECFF POINT= 92,5 EPNDB

_LWGI DWGO _DWGI _DFUST ALP__THE . AWO _ALV_
LB L8 L8 LB DEG DEG DEG DEG
-1078. 0. 1406. 2. 29.3 24.6-35.4 28.7
-1312. 4o 1264.  lb4e 26.5 24.6-35.4 24.5
-1403. 10. 1232, 38 2545 24.6-35.4 23,2
-1428. 20. 1083, . T5. 26.4 24.6-35.4 21,0
-1420. 34. 1034. 123, 27.3 24.6-35.4 20.3
-1414. . S0._ 985._ 184, 28.2 24.6-35.4 19.6.
-1430. 70. 956. 257. 29.2 24.6-35.4 18.9
-1859, T2. - 605. 239. 37.1 24.6-28.2 18,2
-2518. T4, 445, 185, 39.2 24.6-18.1 22.0
~-3146. 79. 364, 136, 47.8 24.6-10.6 24.0
-3749, . 6T, 328. _104. 53.1 24.6 -5.1.23.7
~4384, 79. 320. 8T. 56.5 24.6 -1.0 22.3
-5376. 113. 328, 86e 59.4 24,6 2.2 20.4
-5855, 170. 349, 100. 61.8 24.6 4,7 18.4
+5245. 249. 293, 130. 63.2 24,6 6,7 16.0
-2235, 352. 179. 175. 61.6 24:6 B.4 13.4
1206, 477._ 165. 236, 62,1 24,6 9.7 11.0
4746, 625, 244. 313. 60.8 24.6 10.9 9.0
8630, 795. 407. 404, 59.3 24.6 11.9 7.3
12839. 989. 647. 511. 57.2 24.6 12.8 5.7
17371, 1205, 960. 633. 54.0 24.6 13.5 4.4
22275. 1444, 1344, T70. 49.6 24.6 14.2 3.3
27545. 1705. 1796 922. 42.8 24.6 14.8 2.2
32739. 1949, 2257. 1068. 33.9 24,4 15.1 1l.4
35738, 2027. 2446. 1123, 27.5 23.5 14,7 0.9
384898, 2119. 2646, 1188, 18.7 22.7 14.3 0.5
42215. 2215. 2855. 1256. 8.1 21,9 14.0 0.2
45385, 2313. 3038. 1326. -3.3 21.3 13.7 0.0
45286. 2169, 2836. 1274. —3.2 19.8 12.5 0.0
45237, 2098. 2735. 1252. -3.1 19.1 12.0 0.0

LAMDA L1V

0.0954
0.1050
0.1120
0.1157
0.1194
0.1234
0.1271

0.0026
0.0070
0.0116
0.0157
0.0208
0.0262
0.0320

0.1306
0.1310
0.1302
0.1297
0.1292
0.1290
0.1289
0.1309
0.1359
00,1442
0.1535
0.1659
0.1821
0.2038
0.2337
0.2751
0.3286
0.3691
0.4096 0.1376
0.4474 0.0654
0.4711-0.0348
0.4919-0.0278
0.5033-0.0280

0.0374
0.0571
0.0784
0.,0989
0.1193
0.1397
0.1601
0.1794
0.1972
0.2132
0.2293
0.2435
0.2554
0.2633
0.2639
0.2507
0.2139
0.1831

0.0175
0.0192
0.0200
0.0193
0.0187
0.0181
0.0176

0.0172
0.0171
0.0172
0.0172
0.0173
0.0173
0.0173
0.0170
0.01563
0.0153
0.0144
0.0133
0.0121
0.0108
0.0094
0.00%0
0.0068
0.0061
0.0055
0.0051
0.0049
0.0047
0.0046

12952,

12952.
12952,
12952,
12952. _
12952.
12952,
12952,
12952,
12952.

12952. .

12952.
12952,
12952.
12952.
12952.
12952.
12952,
12952.
12952.
12952,
12952,
12952. _
12952.

8E-T



TILT ROTOR DESIGN PROGRAM 1974

B Q-~-80-110 - . . . . DESIGN_ITERATIONS: 6 I B
OVERALL R _. POWERPLANT . o . ... FUSELAGE . . .. STRUCT TECHNOLOGY FACTORS _ .
GRNSS WFIGHT (LB) 119457, INST NORMAL PWR (HP) 21885, *_ENGTH (FT) 110.0 *ROTOR 1.00
EMPTY WEIGHT (LB) 87537. *NUMBER OF ENGINES . 2.__ *DIAMETER (FT) _ ____ 13.0  *TRANSMISSION . ... 0.83
FUEL WEIGHT (LB) 9470. *EXCESS FACTOR HEL MODE 1.40 *DRAG FACTOR 1.00 *A[PFRAME 0.78
PAYLOAD (LB) B 22450._ *% RATED EMRG HVR 140, __ oo - *ENGINE (HP/LB) . ... 8.50
CRUISE SPEFD (MPH) 435, * CANV + CLIMB 120 FLAY PLATE AREAS (SF) *FENGINE INSTALLATION 1.54
. L/D CRUISF L 11,34 _ = CRUISE i . 9N, . MWING PROFILE ___ _ . 9.82 _ . .

*RANGE (STAT MI) 500, INST PWR EMRG HVR (HP) 21885, FUSELAGE 9.00 DESIGN MISSION
*PASSENGFR SEATS . 110. CONVER (HP) 163T4., 2 EMPENNAGE . 5.89 *FIELD ELEVATION (FT) 0. .
*CARGO {(L8®) 0. CRUISE {HP) 17735, TOVYAL PROFILE 29.89 SOUND SPEED HVR (FPS) 1117.

) *SFC (LBR/HP HR) C.4D0 = WING INDUCED ... . 4.82 *STD DAY TEMP (DEG F) 59,

RNTORS *EMERG HOVER ALY (FT) 2000,

.. %®DISC LNADING (PSF) ___ 9.00 _DRIVF SYSTEM o - . _._COMPONENT WEIGHTYS (tB) _. ®%HOT DAY TEMP (DEG F) 95.
RANIYS (FT) 46 .0 *EFFICIENCY 0.97 ROTORS 14829, *CY/SIG MAX 0.150
SOLINITY 0.179 HEl MODE WEIGHT (LB) 17082, _ DRIVE SYSTEM = = = 187913, *MAX ACCELERATION (G) 0.25
BLADE CHORD (FT) 4,32 ATRPLANE WEIGHT (LB) 18793, POWERPLANY 3862, *DESIGN CRUISE (MPH) 400,
TOTAL RLADES . 12 ! = : NACELLES ool .. _. 1783, *CRUTISE ALTITUDE (FT) _15000.

*CT/S1G HIVFR 0,120 WING . FUEL SYSTEM 1432, SOUND SPFED CRSE (FPS) 1058.
__%PROFILE NRAG CCEFF _ _ 0.010 _ _ AREA (SF) . . 1593, _  WING 10655, _ *MAX DECELERATION (G) _____0.20
% DOWNLOAD Sel *L0ADING (PSF) 75.0 FUSELAGE 11129, *STRUCT LOAD FACTOR 4.5
*EFFICTENCY HOVER 0.85 ASPFCT RATIOD 7.18 EMPENNAGE . ... 2329, *FLIGHT CREW o . 2.
* CONVER 0.83 SPAN (FT) ’ 106.9 LANDING GEAR 3584, *CABIN CREW 3. -
CRUISE 0.70 MEAN CHORN (FT) 14.90 FLIGHT CONTROLS = _ . 7669, *ATC SPEED LIMIT . YES
HEL MODE WFIGHT (LR) 14248, *THICKNESS/CHORD RATIO 0.210 HYDRAULICS 448, w
- __ AIRPLANE WFIGHY (LR} 14829, *TAPFR PRATIO i _ 0470 | ELECTRICAL 2845, . -
*TIP SPEEDN HOVER 480, SWEFP (DEG) -5.4 INSTR+AVIONICS 949,
* CRUISFE 480, CRUTSE LIFT COEFF . 0.25 AIR CONDITIONING_____ 1930, R
®FUSELAGE CLFARNCE (FT) 2.0 MAX LIFY COEFF CONVER 1.76 FURNISHINGS . 4900,
*MAX HEL MODE ARV RATIO 0.40 *MAX LIFT COEFF CLEAN . 140 FLUIDS e e .. 59T,
*FLAP AREA/WING AREA 0.25 FLIGHYT CREW 400,
.. % INNICATES INPUT VARIABLE . .. CLIMB SPD/CONVER SPD —.1e29 __ CABIN_CREW . 450, P e S
DESIGN MISSION ) SPEFD HEIGHT DIST TIME _  FUEL . S .
MPH FT MI MI N L8
TAKEOFF & LANDING . i 2.00 . 200. e [ - _
ACCFL. & CONV, 1000. 0.8 0.57 73.
. .__ AIRPLANE CLIMB = 168,209, _ _ 14000, _ 12.3  3.92 ____473. e e e e
ACCEL. TO CRUISE 11.0 1.88 240.

_ CRUISE A B 435, _ 436.7 60.24 6372, _ R B S o
AIRPLANE DESCFNT 43549292, 14000. 38.4 6.74 95.

_ DECEL. & CONV. . = __ o . 1000, _0.8  1.04 ____ 20._ __ R [ .

e TOTAL___ . I 500.0 __76,39 T472.
RESERVE . P .- __20.00____. 1998,




Q-80-110

STAGE LENGTH (MI.)

CRUISE ALTITUDE (FT,

CRIJISE SPERD (MPH) _.

CPUISE L/N

CRUISE DISTANCE (MI,

BLACK TIVE (MIN.)

. BLNCK FUEL (L8.)
3LNCK SPFEN (MPH)

"DIRECT NPERATING

)

2000.
296, _

25.
4

14.18 1

)

st -
AIRFRAME COST ($/L8)= 8C.0

17.4

8.6

641,
175,

50.

000. 10

. 305a...._

417
34,8
13.6
928.
220.

1

1

75. 100. ._ .150. .. 200._ . 300. . 400. .
001. 12500. 15000. 15000. 15000. 15000. 15
434, _ _ 435e_.___ 435 __ _435. __ 435._.__ 435.___.
0.15 10.73 11.34 11.34 11.34 11.34 1
26.8 44.6 86.1  136.1__ 236.1 336.1 4
17.0 20.8 28.1 35.0 48.8 62.6
316. 1653. _. 2386, 3125. 4590. 6037. . 7
2€4. 288. 320. 342, 3609. 383,

DIC=1.46+C.0241%SL $/SEAT-TRIP (SL= 25.,500.)

. HOP LENGTHS 504150+
_____STAGF LENGTH ?5.
ND. CYCLFS/STARTS 171
FLIGHT CREW 0.573
FUEL £ QTL 0.712
HULL INSURANCE 0.915
TOTAL FLIGHT OPS 2.199
__ _LABMR AIRFRAME n.678
MATERTAL AIRFRAME 0,453
LARDR ENGINES 0.454
MATERTAL ENGINES 1.208
_ AT, BURNEN 1.472
TOTAL MAINTENANCE  4.266
____ _DEORECTIATINN 2.628
TOTAL DIRSCT OPERATING
S/ATRCRAFT MILE 9.792
$/FL IGHT HNUR 1572.1
$/SEAT MILE 0.1827
$/SEAT-TRIP 2.7

o+

O+

50.
171
0.455
0.515
0.727
1.697
0.443
0.278
0.247
0.650
0.996
2.514
2.089
CosY
6.301
1387.6
0.0573
2.86

0=200 1
_75.
1/1

0.379

0.487

0.606

1.472

0.342

C.2C9
0.173
0.454
0.£66
1.847
1.740

5.058
1337.6
0.0460

3.45

3042730+

~ 100,
1/1
0.348
0.459
0.556
1.363
.0.295
0.176
0.137
0.358
0.562
1.530

. 1.59%

4.491
1292.8
0.04C8

4.08

ENGINF COST ($/HP)= 6).0

0+ O+
150.
1/1
0.313
O.441
0.501
1.255
0.247
0.142
0.101
0.261
0.452
1.203
1.439

3.898
1246.3
0.2354
5.31

INSURANCE RATE=0.040

0=300

200, _

1/1
0.293
0.433
0.468R
1.194
0.220
0.124
0.082
0.212
0.394
1.033
1. 344

3.570 .

1222.5

0.0325 _

6. 49

200+200+

. 300.
1/1
0.272
0. 424
0.434
1.131
0.194
0.107
0.064
0.162
0. 335
0.862
__.1.248
3.241
1194.5
0.0295

8.84

[s2 3

. 400.. _

171
0.262

0.419

0.418
1.098
0.181
0.098
0.054
0.138
0.306
0.776
1.201

3.075
1178. 4
0.0280

11.18

O¢

0=400 .

171
0.255
0.414
0.408
1.077
0,173
0.092

. 0.049

0.123
0.288
0.725

_2.975
1167.7
0.0270

13.52

.. 500, ___

1.172

500.
000.
435.

1.36
36.1.
T6.4

4650 .

3913,

2/1
0.366
0.460
0.557
1.383
0.292__
0.170
. 0.123
0.317
0.540
1.443
1.601

4,427
1271.8
0.0402

8.05

_200,___

ANN UTILIZATION(HR)=2000. DEPRECIATION PERIOD(YR)=10. LABOR RATE{$/HR)= 7.00
FUEL COST (CENTS/GAL)= 18.0

2/1
0.322
0.442
0.497
1.261
0.243

0.137

0.091
0.233
0.435
1.139
l1.428

3.829
1233.3
0.0348

10.44

- 300.

. 400,

271
0.301
0.433
0.468
1.202
0.219
0.121
0.075
0.191
0.382
0.988
‘ ’3“6

3.534
1210.2
0. 0321

12.85




e . Q-80-110 . -
DEPARTURE PATH TO 10,300 FT MSL
MAX FUSE ANGLE=20, ORSTACLF CLEAR ANGLF=60. OBSTACLE HFIGHT=100. MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= 5,

.. _TIME DIST ALT  VEL ACC GAM THRUST LWGO. LWGI _DWGO_  DWGI__ OFUST ALP THE AWO ALV LAMDA MU CcY POWER
SEC FT FT FPS G DEG L8 L8 LB L8 LB L8 DEG DEG DEG DEG HP
oo ...__DOBSTACLE CLEARANCE ___ o . I . [ e e e e e .. e
. 3.1 4. 7. 3. 0.050 60.0 126931. -l. —-1637. 1. 2135. 2¢ 29.4 24.6-35.4 28.8 0.0954 0.0026 0.0175 14881,
4.0 Te . 13. 8. 0.171 60.0 139567, -11. =-1991. . 5. 1920.__ 18. 26.5 24.6-35.4 24.5 0.1050 0.0070 0.0192 17653, -
4.7 12, 20, 13, 0.221 6D.0 144965, -31. -2129. 15. 1871. 50¢ 25.5 24.6-35.4 23.2 0.1120 0,0116 0,0200 19363,
5.6 19. 33, 18, 0.179 6C.0 1403138, -60., -2167, _ 30. 1645._ 98. 26e¢4% 24.6-35.4 21.0 0.1157 0.,0157 0.0193 19363. __
6.7 32. 55. 23, 0.137 60.0 135968. -100. -2156. 49. 1570. 162, 27.3 24.6-35.4 20.3 0.1194 0.0298 0.0187 19363,
L 8.4 55. . 95. ?8. 9,094 60.0 131516, _ -149. —2147. ___The 1495, 241, 28.3 24.6-35.4 19.6 0.1234 0.0262 0.0181 19363, = .
2.5 58. 100. 28, 0.057 60.0 127706, -208. -21T71l. 103. 1451. 337. 29.2 24.6-35.4 18.9 0.1271 0.0321 0.0176 19363,
ACCELFRATTION AND CONVERSION - . . .
9.6 82. 132. 37. 0,143 52.8 124254, =—-329. -2817. 106. 920. 315. 30.3 24.6-28.2 18.2 0.1306 0.0375 0.0172 19363,
10.5 . 1l1. 159. 4%4e 0.170 42.8 123675. -617. -3814. 110. 678._ 244. 39.2 24.6-18,2 21.9 0.1311 0.0571 0.0171 19363.
11.5 153, 188, 52. 0.158 35,2 12438l. =940. -4769. 116« 555. 18l. 47.7 24.6-10.6 24.0 0.1302 0.07R4 0.0172 19363,
. 12.4_ 204. _ 218,  60. 0.158 29.7 124595. -99. -5684._ 98, SO0l, 139. 53.1 24.6 -5.1 23.7 0.1298 0.0989 0.0172 19363,
13.4 262, 245, 69. 0.168 25.6 124860. 1014, —-6647. 115. 489, 117. 56.5 24.6 -1.0 22.3°0.1292 0.1193 0.0173 19363,

14.3 329. 273. 78. 2.167 22.4 124823, 2420, -7697. 165. 503. 115. 59.5 24.6 2.2 20.4 0.1290 0.1397 0.0173 19363,
15.2 407. 301. 88s 00163 19.9 124609. 4133, -8880., 249. 536, 134, 61.8 24.6 4.7 18.4 0.1288 0.1602 0.0173 19363,
16.2 500. 3131, 97, 0.154 17,9 122473, 6160. ~T982. 367. 449. 174. 63.3 24.6 6.7 16.0 0.1308 0.1796 0.0170 19363,
17.2 690. 361, 107. 0.159 16,3 117129, 8504, -3339, 519. 269. 234. 62.5 24.6 8.3 13.4 0.1363 0.1971 0.0163 19363,
9.7
0.9
1.9
2.7

18.2 _ Ti3. 391. 116. 0.154 14.9 110872. 11168. 1651. 704. 246. 314. 61.7 24.6 11.1 0.1435 0.2139 0.0154 19363,

19.3 40, 422, 126. 0.150 13.7 103891, 14154. 7918. 924. 364. 4l4. 60.4 24.6 1 9.1 0.1527 0.2297 0.0145 19363.
20.4 989, 455, 136. 0.138 12.7 95900. 174K2. 12870, 1177. 611l. 535. 59.0 24.6 1 Te3 0.1649 0.2441 0.0134 19363,
21.7 1175. 494, 145, 0.119 11.8 86836, 2109?. 19280. 1464. 98B4. 675. 57.4 24.6 1 5.8 0.1816 0.2558 0.0121 19363.
23.1 1391, 536, 155. 0,109 11l.1 77573, 25040. 26109. 1785, 1463, 836, 54.2 24.6 13.5 4.4 0.2029 0.264%0 0.0108 19363, ,;.7
24,7 1648. S84, 165, 0.098 10.4 67717. 29306. 33502, 2140. 2052. 1016. 49.9 2%4.6 14.2 3.3 0.2324 0.2650 0.0095 19363. =
_ . . 2644 1947, 635, 175, 0.089 9,8 57782, 33886. 41443. 2527. 2745. 1216. 43.3 24.6 14.8 2.3 0.2733 0.2527 0.0081 19363,
28.3 2285, 691, 185, 0,084 9.3 48500, 38648, 49763. 2930. 3515. 1427. 33.6 24.5 15.2 1.4 0.3284 0.2143 0.0068 19363,
3N.2 266l1. 749, 195, 0.0P0 B.8 43353. 41403. 54324. 3044, 3810. 1501l. 27.3 23,6 14.8 0.9 _0.3696 0.1821 0.0061 19363.
32.2 13050. 807. 204. 0.081 8.4 39343, 44390, 59128, 3183. 4121. 1588. 18.5 22.8 14.4 0.5 0.4100 0.1361 0.0055 19363,
34,1 3468, 865, 214, D.079 8.0 36277. 47479. 64171, 3326, 4447, 1680, 7.8 22.0 14.0 0,2 0.4477 0.0634 0.0051 19363,
36.3 13951, 930, 224. 0.07L 7.6 34523. 50588. 68869« 3465. 4T1T7. 1771, -3.3 21.4 13.7 0.0 0.4711-0.0348 0.0049 19363,
. _..—_ .3B.5 4467, 996, 234, 0.070 7.3 33082, S50736. 68721, 3248, 4400, 1702, -3.2 19.9 12.6_0.0_0.4918-0.0279 0.0047 19363, ____ _
40.8 5013, 1064, 243. 0.069 7.1 31912. 50849. 68608. 3078. 4153, 1659. -3.1 18.8 11.7 0.0 0.5100-0.0285 0.0045 19363.
ATRPLANE MODE CLIMB TO 104000 FT e el I e e e
40.8 5013, 1064. 247. 0.0 14.9 39090.
188.9 44285. 10020. 233, 0.0 12.5 34124,

""THE TOTAL NOISE IMPACT IS  0.49409D+06

NOISE AT 500 FT SIDELINE= 92.8 EPNDB

NOISF AT 20,000 FT SIDELINE= 60.7 EFNDB

" "NOISE 25,000 FT FORWARD OF TAKEOFF POINT= 58.5 EPNDB

‘NOISE 500 FT FORWARD OF TAKEOFF POINT= 93,7 EPNDB




TILT ROTOR DFSIGN PROGRAM 1974

___ RESERVE ___

20.00

331.

nN-80-20 . ___ L e _ _DESIGN_ITERATIONS: 3 L
IVERALL e __POWERPLANT _ _ _FUSFLAGE . . ___ _____STRUCT TECHNOLOGY FACTORS _ i
GRNSS WETGHT (LB) 22259. INST NORMAL PWR (HP) 3873.  *LENGTH (FT) 55.0  *ROTOR 1.00
EMPTY WEIGHT (LR)_ __  16391. *NUMBER OF ENGINES 2. *DIAMETER (FT)____ 8.5 _ *TRANSMISSION ... 0.83
FUEL WETGHT (LR) 1867. *EXCESS FACTOR HEL MODE  1.50  *DRAG FACTOR . 1.00  *AIRFRAME 0.78
PAYLOAD (LB) _ 4000. *Y RATED EMRG HVR ° 140. e ~__ *ENGINE (HP/LB) 8.50
CRUISE SPEED (MPH) 341, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.60
__ L/D CRUISE 11,13 _ _= CRUISE __ 90. WING PROFILE. 2.52_ . _ L
*RANGF (STAT MI) 500. INST PWR EMRG HVR (HMP) 3567. FUSELAGE 3,46 DESIGN MISSTON
*PASSENGER SEATS 20. CONVER  (HP) 2874. EMPENNAGE o 1.51 *FIELD ELEVATION (FT) o.
*CARGO (LB) 0. CRUISE  (HP) 13873, TOTAL PROFILE 9.06 SOUND SPEED HVR (FPS) 1117,
i *SEC (LA/HP HR)  0.400  WING INDUCED . 1.64__ #STD DAY TEMP (DEG F} __ 59.
ROTORS *EMERG HOVER ALT (FT) 2000.
#NISC LOADING (PSF) 7.00  DRIVE SYSTFM . _ ___COMPONENT WEIGHTS (LB) - _____*HOT DAY TEMP (DEG FY 95. -
RADIUS (FT) 22.5  *EFFICIENCY 0.97 ROTORS 2663. *CT/SIG MAX 0.150
SOLIDITY 0.200 HEL MODE WEIGHT (LB) 2761. DRIVE SYSTEM __ _ 3007. __ *MAX ACCELERATION (G) 0.25
BLADE CHORD (FT) 2.35 AIRPLANE WEIGHT (LB) 3007. POWERPL ANT 683,  *DESIGN CRUISE (MPH) 340.
TOTAL BLADES . 12 NACELLES ___ '30. *CRUISE ALTITUDE (FT)  15000.
*CT/SIG HOVER 0.120 WING FUFL SYSTEM 89. SOUND SPEED CRSE (FPS) 1058,
XPROFILF DRAG COEFF _ _  0.010 _ _ APFA {SF) 353, _ WING o 1854, _ *MAX DECELERATION (G) . 0.20
% DOWNLIAD 4.4  *LOADING (PSF) 63.0 FUSELAGE 2750. *STRUCT LOAD FACTOR 4.5
*EFFTICTENCY HNVFR 0.85 ASPECT RATIN 8.72 EMPENNAGE . 434,  *FLIGHT CREW 2.
* C ONVER 0.83 SPAN (FT) 55.5 LANDING GEAR 668.  *CABIN CREW 0.
CRYTSE 0.64 MEAN CHNRN (FT) 6.37 FLIGHT CONTROLS _ 718.  *ATC SPEED LIMIT ves b
HEL MODE WEIGHT (LR) 2569. *THICKNESS/CHORD RATIO  0.210 HYDRAUL ICS 193. -
AIRPLANE WEIGHT {LR) 2663, __ *TAPFR RATIN  0.70 _ ELECTRICAL = _ 264. o N
xTIP SPEEN HIVER 400. SWEEP (DEG) -5.2 INSTR+AVIONICS 580.
*x - CRUISE 400.  CRUISE L IFT COEFF 0.34 AIR CONDITIONING ________ 760. __ — i o
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 2.16 FURNISHINGS 1300.
«MAX HEL MODE ADV RATIO  0.40  *MAX LIFT COEFF CLEAN 1.40 FLUTDS L 111e .
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
& INDICATES INPUT VARTABLE ___CLIMB SPD/CONVER SPD _ 1.25 __ CABIN_CREW_ 0. - .
DESIGN MISSION SPEED HEIGHT  DIST TIME FUEL  __ _ _ . s o
MPH FT ui vIN LB
TAKEDF® £ LANDING ) 2.00 . 33. e L
ACCEL. & CONV. 1400. 1.0 0.88 19.
_AIRPLANE CLIMB _ _ 137,.,169, 13600, _10.1___3.98 83, )
ACCEL. TO CRUISE 5.0 1.09 24,
_ CRUISE - 73 P 451.4 _19.53 ___135T. . e
AIRPLANE DESCENT 34144276, 13600.  31.5 6.17 1s.
DECEL. & CONV. _ ] 1400. 1.0 1.4l  __ _ Se_ e i .
TOTAL__ 500.0 __95.05____1536.



D-80-20 .

STAGE LENGTH (MI.) 25.
CRUISE ALTITUDE (FT.) 2000.

— _._.CRUISE SPEED (MPH) _ ____ 296. __
CRUYISE L/D 10.16
CRUISE DISTANCE (M],) . 18.2
BLOCK TIME (MIN,) 9.3
BLOCK FUEL (LB.) 144,
RLOCK SPEFN (MPH) 162.
DIRECT OPERATING CJIST - - ANN

ATRFRAME COST ($/LB)= 80.0

UTILIZATION(HR)=2000.
ENGINE COST (8/HP)= 62.0

DNC=2.8T7+0.0536%SL $/SEAT-TRIP (St= 25.,500.)

HOP LENGTHS 50+150+ 0+ O+ 0=200 100+200+ O+ O+
e .. STAGE LENGTH 25, 5C. 15. 100. 150.
NO. CYCLFS/STARTS 171 171 171 /1 1
FLIGHT CREW 0.567 04440 0.390 0.367 0.341
FUFL & OTIL 0.1561 0.122 0.1C3 0.096 0.092
HULL INSURANCE C.184 0.143 0.126 0.119 0.110
TOTAL FL IGHT nPS 0.912 0.70% 0.619 0.582 0.543
. LABOR AIRFRAME . D.427 0.279 0.227 .0.201 0.175
MATERTAL AIRFRAME 0.137 0.084 0.065 0.056 0.047
LABOR ENGINES 0.259 0.144 0.105 0.085 0.066
MATFRTAL ENGINES 0.216 0.116 0.083 0.066 0.049
MAT, BURDEN 0.892 0.550 0.431 0.372 0312
TOTAL MAINTENANCE 1.031 1.174 0.910 0.781 0.648
. DEPRECIATICN 2.527 0.409 _ 0.362 _0.341 0.317
TOTAL ODIRECT OPERATING COST
$/AIRCRAFT MILF 3.371 2.288 1.861 1.704 1.508
$/FL IGHT HOUR 545.7 477.1 445.8 426.7 406.5
_ $/SEATY MILE 0.1686 O0.1144 0.0546 0.0852 0.0754
$/SEAT-TRIP 4.21 5.72 T7.09 8.52 11.31

"DEPRECIATION PERIOD(YR)=10.

INSURANCE RATE=0.040

. 50.. . . 75. 100 ___ 150.. _..200.__ 300... _ .400. .. 500._ . ____ . - —_— =
4000. 10001. 12500. 15000. 15000. 15000. 15000. 15000.
305, 343. ._ _.342. . 341, 341a ___341.___ 34l. ___ 341, J— -
10.16 G.51 10.51 11.13 11.13 11.13 11.13 11.13
37.3 43,3 . 60,3 _10l.4 _ 151.4_ 251.4 _ 351.4 . 451.4 [
14.4 19.1 24.0 33.4 42.2 59.8 TT.4 95.1
218. 277. 344. . 492. 644, . 946.. 1243, 15360 . . - —
2C9. 236. 250. 270. 284, 301. 310. 316.

FUEL COST (CENTS/GAL)= 18.0

0=309 2004200+ O+ O+ 0=400 [ -

200.__ . _ 300. 400. __ . 500, __ _200.___ 300._ 400.
171 1/1 171 171 2/1 2/1 271

0.323 0.305 0.296 _ 0.291 __ 0.381 0,348 0.331
0.090 0.088 0.087 0.086 0.099 0.092 0.090
0.105 0.099 0.096 0.094 0.119 0.109 0.105
0.518 0.492 0.479 0.471 0.599 0.549 0.525
0.159 . 0.144 0.136 _0.132 _ 0.199 . 0.172_ 0.158
0.042 0.037 0.034 0.033 0.054 0.045 0.041
0.055 0.045 0.040 _ 0.037 _ 0.078 0.060 0.052
0.040 0.032 0.027 0.025 0.059 0.044 0.937
0.279 0.246 0.229 _ 0.219 _ 0.360 0.303 0.273
C.576 0.503 0.467 0.445 0.751 0.625 0.561
. 0.300__ 0.284 0,275 __ 0.271 _ 0.340___0.314__ 0.300
1.394_ 1.279_. 1.221 _ 1.187 __ 1,689 __ 1.488_ 1.387
396.3 384.9 378.6 374.5 '424.3 404.8 394.4

0.0697 _ 0.0640 _0.0611
13.94 19.19 24.43

_0.0593 0.0845 0.0744 0.0693
29.67 16.89 22.32 2T.74




"TDIRFCT

D-80-80

STAGE LENGTH (MI.)
CRUISE ALTITUDE (FT.)
____._.CRUISE SPEED (MPH) ___

CRUISE L/D

CRUISE NISTANCE (MI.)
(MING)

BLICK TIME
BLOCK FUFL (LRBR,)

BLOCK SPEED (MPH)

OPERATING  CNST

25. . S0.
2000. 4900. 10
296.___ 305. __
13.05 13.05 1
17.9 35.5
9.0 14.1
492, 725,
167. 213.

AIRFRAME COST (s$/LB)= 80.0
NNC=1.53+0,0296%SL $/SEAT-TRIP (SL= 25.,509.)

HNo L EMGTHS

ENGINE COST ($/HP)= 60.0

STAGF LENGTH

NJ. CYCLES/STARTS

FLIGHT CREW
FUFL £ DOIL

HILL INSURANCE
TITAL FLIGHTY 0OPS
LARNR ATRFQAME
MATERT AL ATRFRAME

LABOR ENGINES

MATERTAL ENGINES

MAT, RURDEN

TOTAL MAINTENANCE

_. DEPRECTATINN
TOTAL DIRECT

$/AIRCRAFT MILE _

$/FLIGHT HJUR
$/SEAT MILF
$/SEAT-TRIP

SO+150+ 0+ 0O+ 0=200 1
B 25. _ 50, . 75.
171 171 1/1
0.57h 0.452 0.419
0.547 0.403 0.277
0.700 0.549 0.508
1.822 1.404 1.205
0.625 N.410_ . 0.342
0.359 0.221 0.176
0.371 0.203 0,148
0.782 0.421 0.3C3
1,300 0.797 0.636
3.442 2.052 1.604
. 2.000 1.569 1.453
OPERATING COST
T.264 5.025 4.262
1211.6 1068.0 978.2
0.0908 0.0628 0.0533
2.27 3.14 4.00

15.
001.
363. _
1.55 1
12.4
19.6
748, 1
230.

12

ANN UTILIZATION(HR)=2000.

00+200+

__100.
/1
0.370
0.327
0.449
1.146
0.289
0.146
00117
0.237
0.527
1.316
_1l.285

_3.747
973.0
0.0468
4.68

190. _ 150. _. 200, ... 300. 400. _ 500. ____
500. 15000. 15000. 15000. 15000. 15000,

363, ___ 365, 365.____ 365. __ 365.___ 365.

2.27 13.07 13.07 13.07 13.07 13,07
51l.6 91.8 141.8 241.8 341.8___441.8
23.1 31.8 40.0 56.5 72.9 89.4

177. 1679, . 2199. _ 3230.. 4248. 5253, -
260. 283. 300. 319. 329. 336.

0+ 0+ _0=300
_ 150, 200. _
/1 171
0.339  0.320
0.311 0.305
0.412 0.389
1.062 1.014
0.246 0.223
0.120 0.107
0.088 0.073
0.175 0.l44
0.434 0.385
1.064 0.931
S 1.177 _ 1.112
3.303  3.057
935.9  917.3
0.0413 0.0382
6.19 7. 64

200+200+ _ O+

300.

1/1
0.201
0.299
0.366
0.966
.0.200
0.093
0.058
0.112
0.335
0.798
. 1.046

_2.810
896.0
0.0351
10. 54

o+ _0=400 ____ -

.. 400. __500.__ 200. ___ 300.._
/1 171 2/1 271
0.292 0.286 __0.383 0.348
0.295 0.292 0.334 0.312
0.354 0.348 _ 0.446 0.409
0.941 0.926 1.163 1.069
0.188 _ 0.181 ___0.284 _ 0.243
0.086 0.082 0.141 0.117
0.050 0.046 0.105 0.080
0.096 0.087 0.210 0.157
0.310 _ 0.295 _ 0.506 0.420
0.731 0.691 1.247 1.017

1.013 _ 0.994___1.275__ 1.169
2.686 _ 2.611 __ 3.685 _ 3.255
884.1 876.3 964.0 928.5

0.0336 0.0326__0.0461 _0.0407
13.43 16.32 9.21 12.21

_ INSURANCE RATE=0.040

DEPRECIATION PERTOD(YR)=10. LABDR RATE($/HR)= 7.00
FUFL COST. {CENTS/GAL)= 18.0

2/1
0.328
0.305
0.389
1.022

. 0.222 _
0,104
0.067
0.130
0.375
0.899

. 3.033 _
910.1

0.0379
15.16

__ . %00.__

1.112 ___




— 0-80-80 . .

DEPARTURE PATH TO 10,0C0 FT MSL
MAX FUSE ANGLE=20. OBSTACLF CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=2D, ACCEL BUILDUP YIME=_ 5.

. TIME DIST ALT VEL ACC GAM THRUST = LWGO___LWGI _OWGOD__DWGI DFUST ALP_ THE AWO__ALV _LAMDA .. MU__ ___CT__ POWER ___
SEC FT FT FPS G DEG L8 L8 L8 L8 L8 LB DEG DEG DEG DEG HP

OBSTACLE CLEARANCE e — e e c—
3.1 4. T. 3. 0.050 60.0 93003, -1. -1125. 1. 1457. 2. 2943 24.6-35.4 28,7 0.1014 0.0031 0.0195 9593,

.. 4.0 Te 13, . 8., 0.171 60,0 102382, . -10. -1377. . . 5. 1301la_ . _14e 2645 24¢6-35.4.24.3 0.1121 0.0084 0.0215 11449,
4.7 12. 2. 13. 0,227 60.0 106760, -27. ~1521. 13. 1217. 38s 2543 24.6-35.4 21.8 0.1202 0.0134 0.0224 12668,
Set 17. 30. 18. 0.230 60.0 10704l. . —52. =1578. . 26« 1153.. = 75. 25.3 24.6-35.4 20.%4 0.1267 0,0187 0,0225 13332,
6.3 27. 48. 23. 0.175 60.0 102729, -86. -1568. 42. 1044. 1240 2604 24.6-35.4 18.8 0.1320 0.0240 0.0216 13332,
Te5 .. 44. _  T6, . 28. 0.129 60.0 66226, _-128.. -1574._ . 63. 1009.__185. 27.4 24.6-35.4 18,1 0.1367 0.0306 0.0209 13332,
Te9 58. ‘100, 29. 0.085 60.0 95915. =179. -159%6. 88. 980. 259. 28.5 24.6-35.4 17.3 0.1414 0.0374 0.0202 13332,

_ ACCELERATION AND CONVERSICN B e .

9.7 - 95. 154. 38, 0.090 55.3 92850, -287. -1917. 107. 753s 297« 310 24.6-30.7 17.5 0.1460 0.0489 0.0196 13332,

11.0 138, 199. 46. 00116 46.7 99372, -527. -2536. 118, 569, 271, 37,9 24,.6-22.1 18,5 0.1499 0.0694 0.0191 13332,
12.4 196, 247, 54. 0.111 38,9 ©1059., -868. -3257. 123. 463. 210. 46.4 24.6-14.,3 20.3 0.1485 0.0955 0.0192 13332,

———— 13.8 271. . 295. 62. 0.108 33,1 91653, _-753, -4011. _116. 4&l4. 164. 52.5 24,6 -8.5 20.1 0.1472 0.1205 0.0194 13332,

NOISE AT 500 FT SIDELINE= B8.4 EPNDB

" NNISE AT 20,000 FT SIDELINE= 56.7 EPNDB

““ NOISE 500 FT FORWARD OF TAKENFF POINT= 89.2 EPNDB

____ATRPLANE MODE CLIMB TN 10,000 FY

" THE TOTAL NOISE IMPACT IS 0.188670406

15.1 350. 318, 70. N.121 282.6 <1877, 145. -49%39, 109. 400. 134, 56.0 24.6 -4.0 18.8 0.1465 0.1447 0.0195 13332,

16.4 441. 331. 79. 0.121 25.1 91897, 1284, -5756, 130. 409. 120« 59.2 24.6 -0.6 17.0 0.1461 0.1692 0.0195 13332,
17.7 548, 425. 88. 04119 22.4 91786. 2678, ~6798. 180. 434. 122. 61.8 24.6 2.2 15.2 0.1457 0.1938 0.0195 13332,
19.1 677, 472, 98, O0.111 20.1 B9522, 4336, +5502. .257. 344. 140. 63,1 24.6 4.4 13,0 0.1489 0.2165 0.0190 13332, _
20.4 312. 517. 107. 0.116 18.3 85754, 6263, -1762. 362, 238. 1T4. 62.2 24.6 6.3 10.8 0.1561 0.2372 0.0181 13332,
_  21.8 967. 564, 117, 0.112 16.8 76809, B8462. 2314. 495. 247. 223. 6l.% 24.6 7.8 8.8 0.1657 0.2570 0.0170 13332, _
23.3 1ll4l. 612. 126. 0.109 15.5 73952, 10935. 6753, 656. 360. 289. 59.8 24.6 9.1 7.1 0.1782 0.2754 0.0158 13332,
24.9 1351, 665. 136, D.097 14.3 67281, 13682. 11630. 845, 571. 369, S8,1 24,6 10.3 5.6 0,1951 0.2915 0.0144 13332,
26.8 1631. 732, 146. 0.078 13.4 59712. 1670l. 17004. 1062. 877. 465« 56.0 24.6 11.2 4.2 0.2193 0.3028 0.0128 13332,
29.0 1965. 826, 155. 0.071 12.5 52050. 19987. 22756. 1306, 1264. 576. 51.7 24,6 12.1 3.1 0.2514 0.3075 0.0112 13332,
31.5 236%. 889, 165, 0.063 11.8 44094, 23539, 28992, 1577, 1735, 703, 45.4 24.6 12.8 2.2 0.2975 0.2975 0.0095 13332,
34,1 2802. .. 975. 175, 0.061 11.1 _3€545. 27351. 35700. 1874, 2286. 844, 35.3 24.6 13.5_ 1.3 0.3624 0.2575 0.0079 13332,
36.5 3244, 1057. 185, 0.064 10.5 20561. 31425. 42871, 2199, 2912. 1000, 19.6 24.6 1l4.1 0.6 0,4406 0.1594 0.0066 13332,
39.0 3718. 1140. 195. 0.763 10.0 27838, 34056. 47282. 2335. 3209. 1079. 7.8 23.8 13.9 0.2 0.4877 0.0687 0.0060 13332,
41.8 4288. 1235, 2C4e. 0.055 9.5 26409. 36581, 51119. 2452. 3426, 1151. =3.9 23,0 13.6 0.0 0.5148-0.0442 0.0057 13332,
44.7 4998, 1332, 214, 0,054 S.0 25204. 36696. 51004. 2290. 3183, 11lll. -3.8 21.4 12.3 0.0 0.5397-0.0362 0.0055 13332.
47.6 5542, 1430. 222. 0.053 8.7 24352. 36772. 50928. 2179. 3018. 1092, -3.6 20.2 11.5 0.0 0.5587-0.0366 0.0053 13332,

47T.6 5542. 1430. 225. 0.0 14
11

0 27174.
212.5 45216« 1C000. 256. 0.0 8

23850.

NOISE 25,000 FT FORWARD OF TAKEOFF POINT= 54,8 EPNDB




T

, .D-80-110 ___
. ____DVERALL I
GROSS WEIGHT (LB) 160657,
EMPTY WFIGHT (LB) 126566,
FUFL WEIGHT (L8) 11641,
PAYLOAD (LA} o 22450.
CRUTISE SPEED (MPH) 378.
L/D CRUISE 13,69
*RANGE (STAT MI) 500.
*PASSFNGER SFATS 110.
*CARGN {(LB) O.
ROTORS
__ *DISC LNADING (PSF) _ . T.CO
RADIUS (FT) 60.4
SOLINITY 0.201
BLADE CHORD (FT) 4.76
TOTAL RLADES L 16
*CT/SIG HOVER C.120
. ___%PROFILE DRAG COEFF __ _0.010 _
% NOWNLOAD 4.9
*EFFICIENCY HNVFR 0.85
* C ONVER C.83
CRUTSE 0.63
HFL MODF WETGHT (LB) 22193,
L ATRPLANF WEIGHT (LB)  22490.
*TIP SPEEN HOVFP 4%0.
* CRUISF 400,
*FUSELAGF CLEARNCE (FT) 2.0
*MAX HEL MODF ANV RATIN 0.40
__ %= INDICATES INPUT VARIARLE
DESIGN MISSION SPFFD
MPH
TAKEDFF & LANDING
ACCEL. £ CONV,
____ AIRPLANE CLIMAR  161.,198,
ACCFL. TN CRUISE
CRUISE 378,
ATRPLANE DESCENT 378,929,

____._YOoTaAL .

1LY ROTOR DFSIGN PROGRAM 1974

DECEL. & CONV.

RESERVE _ - S

_POWERPLANT . _. . ___FUSELAGE . __. . ___STRUCT TECHNOLOGY FACTORS _

INST NORMAL PWR (HP)  25803.  *LENGTH (FT) 110.0  *RATOR . 1.00
*NUMBER OF ENGINES 2. *DIAMETER (FT) __ _____ 13.0 *TRANSMISSION _ 0.83
*EXCESS FACTOR HEL MODE  1.50 *DRAG FACTOR 1.00  *ATRFRAME 0.78
*2 RATED EMRG HVR . 140. . i o o __ *ENGINE (HP/LB) . .8.50
* CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.60

oo CRUTSE . 90. __ _WING PROFILE_ __ 15.56__

INST PWR EMRG HVR (HP) 25803, FUSELAGE 9.21 DESIGN MISSION

CONVER___ (HP)_20789. _ EMPENNAGE _ _ _______ 9.3%4 *FIELD ELEVATION (FT) 0.
CRUISE  {HP) 20165. TOTAL PROFILE 41.27 SOUND SPEED HVR (FPS) 1117.
_ *SEC (LR/HP HR) "~ 0.400  WING INDUCED 9,17 _ *STD DAY TEMP (DEG F) 59.
*EMERG HOVER ALT (FT) 2000.
DRIVE SYSTEM n  ___COMPANENT WEIGHTS (LB) __ =HOT DAY TEMP (DEG F) _ 9s.
*EFFICIENCY 0.97 ROTORS 32505.  *CT/SIG MAX 0.150

HEL MODF WEIGHT (LB}  29641. DRIVE SYSTEM 30600,  *MAX ACCELERATION (G) 0.25

ATRPLANE WEIGHT (LB)  30600. POWERPLANT 4553.  *DESIGN CRUISE (MPH) 340.

{ NACELLES o 2632. *CRUISE ALTITUDE (FT)  15000.
WING FUEL SYSTEM 2040. SOUND SPEED CRSE (FPS) 1058.

AREA (SF) _ 2550. __ WING o 9976, ___*MAX DECELERATION {G) _ 0.20
*LNADING (PSF) 63.0 FUSELAGE 11635.  *STRUCT LOAD FACTOR 4.5

ASPECT RATIO 7.24 EMPENNAGE . .. 3133. _ *FLIGHT CREW 2.

SPAN (FT) 135.9 LANDING GEAR 4820. *CABIN CREW 3.

MEAN CHORD (FT) 18.77 FLIGHT CONTROLS _ _ _ _11647. *ATC SPEED LIMIT vesh®
*THICKNESS/CHORD RATIO  0.210 HYDRAULICS 519, >

_ *TAPER RATID 0.70 __ ELECTRICAL 4329, I -

SWFEP (DEG) -5.4 INSTR+AVIONICS 949.

CRUTSF LIFT CNEFF 0.27 ATR CONDITIONING _____ 1930. _ _ __ _ __ ____ . _____ o

MAX LIET COEFF CONVER 2.16 FURNTISHINGS - 4900.

*MAX LIFY COEFF CLEAN 1.40 FLUIDS . e ___803.___ __ .. . .
#FELAP AREA/WING AREA 0.25 FLIGHT CREW 400.
_ CLIMB SPN/CCNVER SPD _ 1.47 __ CABIN_CREW 450. - )

HFIGHT  DIST TIME FUFL . _ e

FT vi MIN L8
2.00 235, e e
1400. 1.0 0.75 118.
13600. ___13.1 ___ 4.40 _618,
6.9 1.36 204.
438.1 69.52 __ 7966, e . i

13600.  39.8 7.22 118.

1400. 1.0 1.25 _____28.. o L L
e __500,0____86.51 9287. SR

e DESIGN _ITERATIONS:_15

... 20.00____ 2354,




D-80-110

R STAGE LENGTH {(MI.) 25, 50a. 75. . 100. ... 150. ___200._._ 300.. _ 400. 500... .
CRUISE ALTITUDE (FT,} 2000. 4000. 10001. 12500. 15000. 15000. 15000. 15000. 15000.

———.. CRUISE SPEFD (MPH) 296, ... 305...._..382. ___ 379.. ... 378. 378. .. _378..._.__378..__ .378.
CRUISFE L/D 14.49 14.48 12.24 12.90 13.69 13.69 13. 69 13.69 13.69
CRUISE DISTANCE (MI,) 17.9 34,9 . 31.3  4T.4 . 8T7.4 _13T.4_ 23T.4 .. 337.4 . 4&3T7.4
BLOCK TIME (MIN,) 8.9 14.0 18.2 22.6 31.0 38.9 54.8 T0.7 8645
BLOCK FUFL (LB.) 858. 1251. 1546. 2056. 2946, 3866. . 5691. 7495, 92718, . _ .
BLOCK SPEEN (MPH) 169. 215. 248, 266. 290. 308. 329. 340. 347.

DIRECT OPERATING C€DST
ATRFOAME CIST ($/LB)= 80,0
NNC=1.7943.0351*SL ¢ /SEAT-TRIP (St= 25.,50).)

HOP LENGTHS 50+150¢+ O+ O+ 0=200 120+#200+
_STAGS LENGTH 25. 50. 15. 100.
NJ. CYCLES/STARTS 171 171 171 171
FLIGHT CRFYW 0.594% 0.46% C.405 0.378
FUEL & DIL 0.952 0.694 0.609 0.570
HILL INSIIRANCE 1.338 1.054 0.913 0.851
TOTAL FL IGHT 0PS 2 .984 2.216 1.927 1.799
. LABQR AIRFRAMEF 0.791 0.514 0.408 0.357
MATERTAL AIRFRAME N.642 0.394 0.303 2.259
LABNR ENGINFS 0.500 0.271 0.192 0.153
MATERTI AL ENGINES 1.431 N.T771 Ce544 0.432
MAT, BURDEN 1.679 1.021 0.780 0,664
TATAL MAINTENANCE 5.043 2.971 2.227 1.865
. DEPRECIATION 3.817 3.007 . 2.604 2.479
TOTAL DIRECT OQPERATING COST
§/AIRCOAFT MILE 11.743 8.194 6,757 6,093
$/FL IGHT HOUR 1985.3 1758.4 1674.4 1618.8
.. $/SEAT MILE 0.1068 0.0745 0.0614 0.0554
$/SEAT-TRIP 2.67 4,61 554

. 3.72

ANN UTILIZATINN (HR)=2000.

O+

ENGINE COST ($/HP)= 60.0

0+

150.
171
0.346
0.545
0.779
1,669
0.304
0.213
0.113
0.318
0.542
1.490
2.221

5.381
1562.9
0.0489

T.34

" DEPRECTATION PERIOD(YR)=10.
INSURANCE RATE=0.040

0=300 2004200+ O+ O¢ 0=400 - S -
200, 300. _ 400. .. 500. .. 20Q._ .. . 300._ _ 4&00. __ . __
171 171 171 /1 2/1 2/1 2/71
0.326 0.306 0.296 .. 0.290 . 0.393 0.354 0.334 —
0.536 0.526 0.520 0.515 0.582 0.547 0.536
0.724 0.688 0.666 0.5652 0.848 0.773 0.734 -
1.595 1.520 1.481 1.457 1.822 1.675 1.604
0.274 0.244 0.229 _ 0.220 __0.352 0.299 0.272 _ ___
0.188 0.163 0.151 0.l44 0.249 0.206 0.184
0.093 0.073 0.063 0.057 0.137 0.103 0.085 o
0.260 0.202 0.173 0.156 0.383 0.285 0.236
0.477 0.412 0.380 _ 0.360 0.636 0.522 0.464 __
1.292 1.095 0.996 0.937 1.757 le4l4 1.241
2,093 _ 1.964. 1.900 _ _1.861 __ 2.418 __ 2,205 _ 2,093 _ __ __ ..
4.981 4.579 4.3TT __ 4,254 _ 5.997___5.294 _ 4.937 __ _ -
1535.6 1504.3 1486.6 1475.0 1600.5 1549.2 1522,3° '
0.0453 __0.0416__0.0398 _0.0387 _0.0545 . 0.0481 0.0449 __
9.06 12.49 15.92 19.34 10.90 14,44 17.95

‘LABOR RATE(S/HR)= 7,00
FIJEL COST (CENTS/GAL)= 18,0




— n-80-110 = _
DEPARTURF PATH TO 10,000 FT MSL
MAX FUSE ANGLE=20. ORSTACLE CLEAR ANGLE=6). OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5,

TIME _ DIST ALT  VFL ACC GAM  THRUST LWGO LWGI DWGO DOWGI_ _DFUST ALP  THE AWD ALV LAMDA L] cT POWER
SEC FT FT FPS G DEG Le L8 LB L8 La LB DEG DEG DEG DEG HP
__0OBSTACLE CLEARANCE L. . P . e . i
3.1 ¢ G, 7. 3. 2.050 60.0 170441. -2. -2116. l. 2743, 2. 29.3 24.6-35.4 28.7 0.1014 0.0731 0.0195 17585,
_ 4.0 Te. 13, 8. 0.171 60.0 1876(9. -17. -2589, . B. 2449.__ 18. 26.5 24.6-35.4 24.3 0.1122 0.0284 0.0215 20983,
4.7 12. 20, 13. 0.227 60.0 1556113, -4T. -2860. 23, 2290. 5le 25.4 24,6-35.4 21.8 0.1202 0,0134 0.0224 23214.
S.& 17. 30. 18. 0,230 6C,0 196191, -92, -2971. . 45. 2171._ 99. 25.3 24.6-35.4 20.4 0.1267 0.01R7 0.0225 24438,
6.3 27. 47, 23, J.176 60.D7 188269. -152. -29%50. 75. 1963. 164. 26.4 24.6-35.4 18.8 0.1321 0.0240 0.0216 24438.
R Te 4 44, 76, 28. 0.130 60.0 181856, =-227. -2962. _112. 1898, 245. 27.4 24.6-35.,4 18.1 0.1367 0,0306 0.0209 24438. _
7.9 59. 120. 29. 0.086 60.0 175788. -316. —-3003. 156. 1842. 34l. 28.5 24.6-35.4 17.3 0.1414 0.0374 0.0202 24438,
_. ACCELFRATION AND CGONVERSION . N .
9.7 95. 154. 38, 0.090 55.4 170114, =577, —-360l. 190. 1421. 394. 31.0 24.6-30.8 17.4 0.1461 0.0489 0.0196 24438,

11.0 137. 199. 46. 0117 46.8 165469, -930. —-4760. 210. 1074. 364, 37.8 24.6-22.2 18.4 0.1500 0.0694 0.0191 24438,
12.4 195. 246. 54, 0,111 39,0 166737. -1532. -6115. 219. 875. 284. 46.4 24.6-14.4 20,2 0.1487 0.0955 0.0192 24438,
13.8 269, __294. _ €2. 0.108 33,2 167857. -132R. -7534, 205. 785. 226. 52.5 24.6 -8.6 20.1 0.1474 0.1205 0.0194 24438,
15.1 348, 337, 7J3. 0.122 28.7 168353, 241. -9093. 191, 761, 189. 56.0 24.6 -4.1 18.8 0.1466 0.1447 0.0195 24438,
. 16.3 439, 330. 79, 0.122 25.2 168499, 2232.-1081T7. 229. 779 1T4. 59.3 24.6 -0.6 17.1 0.1460 0.1693 0.0195 24438.
17.7 545, 424, 889, 0.119 22.4 168432, 4669.-12778. "318. 830. 180. 61.8 24.6 2 15.3 0.1456 0.1940 0.0195 24438,

19.0 673. 471, 98, 0.111 20.2 164364. 17567.-10361. &57. 654. 208. 63.2 24.6 4 13.1 0.14R6 0.2167 0.0191 24438,

20.4 807. 516, 107. 0.118 18.4 156234, 10935, -3401. 647. 443, 256. 62.3 24.6 & 10.8 0.1558 0.2375 0.0182 24438.

. 21.7 959, _ 562. _ 117, 0.114 16.8 146666, 14779, 4186, 887, 457. 325. 61.5 24.6 _7 0.1653 0.2573 0.0171 24438,
23,1 1129, 609, 126, 0.111 15.5 136021, 19102, 12439. 1178. 671. &4l6. 6J.0 24.6 9 0.1775 0.2759 0.0159 24438,

0 0.1943 0.2921 0.0145 24438,

1 0.2180 0.3037 0.0129 24438.
2 0.2494 0.3091 0.0113 24438,
0.2946 0.3004 0.0096 24438,

8

1
24.7 1333, 661. 136. 0.1C0 14.4 123854, 23905. 21515, 1519, 1073, 527. 58.3 24.6 6
3
2
2
4 0.3582 0.2632 0.0080 24438,
6
2
0
0
0
0

8

7

1 5
26.6 1603, 725, 146, 0.082 13.4 110089. 29185. 31505. 1911. 1659, 659. 56.2 24.6 1 4
29,7 1922, 796, 155. 0.974 12.5 96116, 34932, 42203. 2352. 240l. B8li. 52.1 24.6 1 3
31.0 2302, 876, 165. 0.066 11.8 81568, 41146. 53803, ?2B42. 3305, 98B4. 46.0 24.6 12. 2
33.5 2727. 959, 175. N.063 11.1 67669, 47817. 66281. 3381. 4364. 1176. 36.2 24.6 13.5 1
0

0

0

0

0

0

DONNIMON N

35.9 3165. 1040. 185, 0.064 10.5 56447. 54947, 79623, 3969. 5568. 1389, 21.0 24.6 1l4.1
38.4 3637. 1124. 195, 2.063 10.0 50981. 60241. 89181. 4303. 6309. 1528, 7.4 24.0 14.0 __
412 42?204, 1218, 204, 0.055 9,5 49404. 64553, 96105, 4497. 6695. 1626 -3.9 23.2 13.7
44.1 4809, 1315. 214. 0.054
47.0 5457. 1413. 224, 0.053
____ 5%.0 6144. 1514. 232, 0.052
ATRPLANE MODE CLIMB TO 10,000 FY
5.0 6144, 1514, 236. 0.0 1
212.5 47176. 10000. 269. 0.0 1

0.4366 0.1700 0.0067 24438,
0.4882 0.0650 0.0060 24438.
0.5148-0.0441 0.0057 24438.
46168. 64760, 95897. 4196, 6213. 1582. -3.8 21.5 12.4
44218, 64935, 95722. 3934. 5799. 1560. -3.6 20.0 1ll.4
42689, 65059. 95598. 3743. 5499. 1557. -3.5 18.9 10.6

0.5639-0.0372 0.0053 24438,
0.5843-0.0368 0.0051 24438,

D@D
) ay -

47692,
41911,

3
1

w o
i
\
|
|
l
i
I
|
t
I
I
i
|
|

_THE TOTAL NOTISE TMPACT IS _0.35560D+06

- 0.5396-0.0364 0.0055 24438.

NNTISE AT SO0 FT SIDELINE= 90.5 EPNDB

_NOISE AT 20,000 FT SIDELINE= 59.4 EPNDB

________NDISE_25,000 FT_FORWARD OF TAKEQFF POINT= 57.4 EPNDB _ .

_NDISE 500 FT FORWARD _OF TAKEOFF POINT= 91.2 EPNDB




TILT RNTOR DES IGN PROGRAM 1974

$-80-20

- . DESIGN ITERATIDNS:

-3

— . __DVERALL — . ___POWERPLANT . __.FUSELAGE = . _.___STRUCT TECHNOLOGY_FACTORS _ .
GRNSS WEIGHT (LB) 24419, INST NORMAL PWR (HP) 4126, *LENGTH (FT) $5.0  *ROTOR 1.00
N _ FMPTYY WFIGHT (LB) 18273, . *NUMBER OF ENGINES ... 2. . ®DIAMETER (FT)___ Be5__ *TRANSMISSION 0.83
FUEL WFIGHT (LB} 2146, *FXCESS FACTOR HEL MODE 1.65 *DRAG FACTOR 1.00 *AIRFRAME 0.78
PAYLDAD (LB) ) 4000. *% RATED EMRG HVR 140, _ o _________ . _.__ *=ENGINE (HP/LB) _ 8450
CRUTSE SPEED (MPH) 281, * CONV + CLIMB 120. FLAY PLATE AREAS (SF) *ENGINE INSTALLATION 1.70
———_ L/D CRUISF . 13,09 _*__ CRUISE  _ ___ 90.___ WING PROFILE 3.45__ -
*RANGE (STAT MI) 500. INST PWR EMRG HVR (HP) 3756, FUSELAGE 3.56 DESIGN MISSION
*PASSENGER SEATS 20. CONVER (HP)_ 3329, _ EMPENNAGE _ _ ___2.07 . *FIELD ELEVATION (FT) _ 0.
*(ARGO (LB) 0. CRUISE (HP) 4126, TOTAL PROFILE 10.98 SOUND SPEED HVR (FPS) 1117.
. ) ) *SFC (LB/HP HR) ___0.400  _ WING INDUCED __ __ ___ __ . 3.74 _ *STD DAY YEMP (DEG F) 59,
ROTORS *EMFRG HOVER ALT (FT) 2000.
____%DISC LNANING (PSF)___ .. 6.50 DRIVE SYSTEM e ... __COMPDNENT WEIGHTS (LB) . .__*HOT DAY TEMP (DEG F) 95,
RANTUS (FT) 24.5 *EFFICIENCY 0.97 POTORS 3224. *CT/SIG MAX 0.150
SOLIDITY C.244 HEL MDDE WEIGHT (LB) 3689, _ DRIVE SYSTEM _ _ _~ 3749._ *MAX ACCELERATION (G) 0.25
BLADE CHNRD (FT) 2.34 AIRPLANE WEIGHT (LB) 3749. POWERPL ANT 728. *DESIGN CRUISE (MPH) 280.
TOTAL RLADES . 16 . __ NACELLES _ .. __ . . 3&,.__ *CRUISE ALTITUDE (FT) 15000.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 112. SOUND SPEED CRSE (FPS) 1058.
_____ _%=PRNFILE DRAG CNEFF___ __ 0.010 __ AREA (SF) _ 488, ___ WING . __206T7.____*MAX DECELERATION (G)  _ 0.20
% DOWNLDAD 5.3 *LOANING (PSF) 50.0 FUSELAGE 2789, *STRUCT LOAD FACTOR 4.5
*EFF ICTENCY HOVFR 0.85 ASPECTY RATIO T.23 EMPENNAGE o 4T6. _ *FLIGHT CREW 2.
* ’ CONVER 0.83 SPAN (FT) 59.4 LANDING GEAR 733, *CABIN CREW 0.
N CRUISE 0.51 . MEAN CHORD (FT) 8.22 _ FLIGHT CONTROLS __ 818, _ *ATC SPEED LIMIT YES
HEL MODE WEIGHT (LR) 3202. *THICKNESS/CHORD RATIO  0.210 HYDRAULICS 202.
___ AIRPLANE WEIGHT (LB) 3224, _ *TAPER RATIN . _0.T0_ __ ELECTRICAL ___ 391. e .
*TIP SPFED HIVER 350. SWEEP (DEG) -5.4 INSTR+AVIONICS S80. ';-'
B _ % CRUISE 350, CRUISE LIFT CNEFF 0.39 __AIR CONDITIONING _ _ __ 760.____ . _ >
*FUSFLAGF CLEARNCE (FT) 2.0 MAX LIFY CNEFF CONVER 2.24 FURN ISHINGS . 1300. ey
__ k®MAX HEL MODE APV RATIN  0.40 = *MAX LIFY COEFF CLEAN _ _ 1.40 _ _FLUIDS Y224 R : e
®*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400,
. % INNICATES INPUT VARIABLE _ _ ___ CLIMB SPND/CCNVER SPD ___ 1.38 ___ CABIN_CREW O e
DESIGN MISSION SPEED . HEIGHT _ DIST TIME _FUBL . I _ .
MPH FT M1 MIN L8
- TAKEOFF & LANDING o L _._2.00_____ 35, I
ACCFL. £ CONV, 1500. 0.9 0.82 21.
_AIRPLANE CLIMB ___ 132.,163, 13500, 10.1____ 4.11 91, .
ACCEL. TO CRUISE 2.3 0.59 14.
___ CRUISE 281. 450,2 96,20 1609, _ . ___ _ - e o
AIRPLANE DESCENT 281.,228, 13500. 35.7 8.48 22.
_ DECELe & CONVe____ ... _1500e __ 0.9__ 1l.18 _ 4, o e
- _TOTAL __500.0_113.38 1796, .
_RESERVE _ e . 20,00 349, _.




S-80-20
STAGE LENGTH (“I.)

CRUISE ALTITUDE (FT.) 2

CRUISE SPEEN (MPH)
CRUISE L/D

CRUISE DISTANCFE (MI,)

BLOCK TIMF (MIN.)
RLOCK FUFL (LB.)
8LOCK SPEEN (MPH)

DIRECT OPERATING

COST
ATRFRAME CIST ($/1B)= 80,0

25.
000. 4
292. .
9.71 1
18.5

9.3
177,
162.

50.. .
000. 10
291.. ..
0.17 1
38.1
14.7
270,
204.

15, .
001. 12
284. . .
1.62 1
44,5
21.2
310.
212.

DOC=2.73+40.0673%SL $/SEAT-TRIP (SL= 25.,500.)
HOP LENGTHS 50+150+

STAGE LENGTH

NO, CYCLES/STARTS
FL IGHT CREW

FUEL £ OIL

HULL INSYHRANCF
TOTAL FL IGHT 0PS
LARQOR ATRFRAMF
MATERTAL AIRFRAME
LARQOR ENGINFS
MATERTAL ENGINES
MAT, RURNEN

TOTAL MAINTENANCE
DEPRFCIATINON

25.
1/71
0.55%
0.1°8
0.204
0.956
0.439
N.146
0.7262
0.230
0.911
1.9°8
0.533

TOTAL DIRECT OPFRATING

$/AIRCRAFY MILE
$/FL IGHT HOUR
$/SEAY MILE
$/SEAT-TRIP

3,527
571.7

0.1763

4.41

0o+ O+

50.
171
0. 441
0.151
0.162
0.753
0.292
0.099
0.146
7.125
0.569
1.221
N.464

CcoSsT
2.438
497.3

C.1219
6.10

0=290 1

75.
1/1
0.424
0.116
0.156
0.665
0.251
0.274

. 0.110
0.791
0.469
0.965
O. 446

2.136
453.1
0.1068
8.01

004200+

100.
171
0.406
0.108
0.149
0.6¢&3
0.228
0.065
0.0S0
0.073
0.413
0.870

.0.427

1.960
433.6
0.0980
9.80

100. _._ 150. _ _
500. 15000. 15

283, __ 28l.

2.35 13.09 1
60.2 100.2 .1
27.1 38.6
385, . 555,
221. 233,

0+ O+

150.
1
0.385
0.103
0.142
0.630
0.202
0.056
0.071
0.05%
0.355
0.739
0.405

1.774
413.9
0.0887
13.31

INSURANCE RATE=0.040

0=300 200+200¢+

200. .

171
C.369
0.103
0.136
0.607
0.187
0.050
0. 061
0.046
0.322
0.666

_ 0.388

1.661.

404.6

0.0831

16.61

300.
171
0.353
0.102
0.130
0.584
0.171
0.045
0.051
0.037
. 0.289
0.592
0.371

394.4
0.0774
23.21

0+ O+

__ 1.548

ANN UTIL IZATICN(HR)=2000. DEPRECIATION PERIODIYR)=10.
ENGINE COST ($/HP)= 60,0

LABOR RATE{S/HR)= 7.00
FUEL COST (CENTS/GAL)= 18.0 _

0=400

400,

171

0.344 .

0.101
0.127
0.572
0.164
0.042

0.045 _

0.032
0.272
0.556

0.362 _

1,490 _

388.8

0.0745

29.81

500.
171
0.340

0.100
0.125

0.565

0.159 _

0.041

0.042 _

0.030

0.262

0.534

0.357

1.456 _

385.2

_0.0728

36.39

. 500 . .

200.__.. 300.. __ 400.

000. 15000. 15000. 15000.
——.281s __. .281._ __.28l. ___281l._

3.09 13.09 13.09 13.09

50.2 250.2 __350.2 450.2

49.3 T70.6 92.0 113.4

736. 1095. 1448, 1796, _ . _

244, 255. 261. 265.

200. .

2/1

0414 .

0.115
0.147
0.676

0.062

0.065
0.397
0.829
0.420_

433.5

. 0.0963 0.0875 0.0827

19.25

0.223
0.082

1.925 _

.- 300..
2/1
0.391
0.104
0.140
0.636
0.199
0.054
0.066
0.050
0.345
0.714

.. 0.401

1.751 .

412.5
26.26

.0.388

400,
271
0.376
0.103
0.136
0.615
0.186
0.049
J.057
0.042
0.316
0.651

1.654
402.8

33.07




MAX FUSE ANGLE=2). ORSTACLE CLEAR ANGLE=60.

P $-80-20 . -
DEPARTURE PATH YO 10,000 FT MSL

__TIME DIST ALT VEL ACC
SEC FT FT FPS G
. OBSTACLE CLEARANCE . .
3.1 b4e 7. 3. 0.050
—. 4.0 Te 13, 8, 0.171
4e7 12. 20. 13, 0.227
- 5.3 17. 30. 18. 0.248
5.9 24, 42. 23. 0.250
S 6.7 . 34, 59. 28. 02.210
T.7 50. 87. 33. 0.160
i 7.9 58. 100. 33, 0.110
ACCFLERATION AND CONVERSICN

. 9.4 93, 154. 43, 0.104
10.5 131, 198. 51. 0.136
___ 11.8 187.  _ 249, 58, 0.119
13.3 267, 337. 66, 0,103
14.7 355. 361. Tée 2.112
16.1 459. 416. 83, 0.109
17.6 584, 474, 92. 0.104
19.4 748, 542, 101. 0.088
— 20.9 90S. 621, 110. 0.102
22.6 1101. 66R. 129. 0.090
24.5 1334, 742, 129. 0.082
26.7 1616, 824, 139. 1,073
. 29.1 1965. 918. 148. N.064
21l.7 23T71. 1071. 158, 0.959
. 34.3 2789. 1121. 168, 0.061
36.6 3191. 1211l. 178. 0,067
- 39.4 3699, 1318. 187, 0.056
42,2 4230, 1427. 193. 0.055
ATRPLANE MODE CLTINB TO 10,000 FT

42.2 4230. 1427, 1S4. 0.0
197.0 36279, 10000. 221. 0.0..

THE TOTAL NOISE

IMPACT IS 0.13833D405

GAM  THRUST

DEG

60.0

60.0
60.0
60.0
60.0
60.0
60.0
60.0

56.8
49.4
41.9
36.1
31.5
27.9
25.9
22.6
20.6
18.9
17.5
16.2
15.2
14,2

13.4

12.6
12.0
11.6

l7.3
l4.6

NOISE AT 500 FT SIDELINE= 81.1 EPNDR

TNOISE AT 20,000 FT SIDELINE= 48.6 EPNDA
" NOISE 25,000 FT FORWARD OF TAKECFF POINT=’

“NOISE 500 FT FORWARD OF TAKEOFF POINT= 81.7 EPNDB

OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5.
LWGD _ LWGI _DWGD DWGI__DOFUST ALP THE AWO ALV LAMDA My cT POWER _

L LB LB La LB LB DEG DEG DEG DEG HP

25938, -0. =347, 0. 444, 1. 29.4 24.6-35.4 28.5 0.1119 0.0035 0.0237 2557.
28554, -4y =423, __ 2.. 402.__ 6, 26,5 24,6-35.4 24.3 0.1240 0.0096 0.0261 3062. -
29776. ~-10. -468, 5. 376. 16. 25.4 24.6-35.4 21.8 0.1331 0.0153 0.0272 13397,
30261. -20. -495._ 10. 355, _ 32, 25.0 24.,6-35.4 20.0 0.1416 0.0211 0.0277 13652.
30345. -33. -517. 16. 341. 53, 25.0 24.6-35.4 18.6 0.149% 0.0271 0.0278 3841,
29486, =49, =523, __ 24. 319.__ 80. 25.8 24.,6-35.4 1T7.1 0.1563 0.0332 0.0270 3907. _ _.
28445, -68. -529. 34, 310. 11ll. 26.8 24.6-35.4 16.2 0.1620 0.0404 0.0261 3907.
2743%%. _ -90. —-538.____45. _304._ _148. 27.9 24.6~35.4 15.4 0.1679 0.0483 0,0252 3907. _
26540, -131. =616, $4. 260. 1Tle 29.4 24.6-32.2 15.2 0.1735 0.0601 0.0243 3907, _
25460, -226. =795, 60. 211, 167. 34,3 24.6-24.8 15.0 0.1807 0.0%09 0.0234 13907.

25655. =358, —=1026. ___6l. 176. 134, 43.1 24.6~1T7.3 16.8 0.1790 0.1117 0.0236 3907. ___ .
25990. -532. -1277. 66. 158, 108. 50.2 24.6-11.5 17.3 0.1763 0.1423 0.0239 3907.
26058, ~-240. —-1555. . 56. 152. 89. 54.0 24.6 =6.9 16.3 0.1753 0.1702 0.0240 3907. _
26042. 173. -1864, 57. 154, T6e 5703 24.6 -3.3 14.9 0.1748 0.1982 0.0241 3907,
25980. 677. —-2214. 68. 162. Tle 6040 24.6 =0.4 13.4 0.1746 0.2263 0.0241 3907,

25420. 1275. -2081. 91. 145. 72. 61.9 24.6 2,0 11.6 0.1777 0.2525 0.0236 3907.
23931. 1971. -851,. 124. 101, 80 602 24.6_ 4.0 9.5 0.1881 0.2747 0.0222 3907. . __
22116. 2766, 511. 168, 97. 95, 59¢3 24.6 5.7 T.6 0.2028 0.2945 0.0206 3907.
20116. 3661l. 1990, 222. 130. 117. 57.2 24.6 7.1 6.0 0.2222 0.3119 0.0188 3907, ;‘,
17908. 4655. 3607. 287, 197. 145. 54¢2 24.6 B.3 4.6 0.26490 0.3241 0.0167 3907. (5
15530, 5747. 5374, 363, 295, 180. 49.7 24.6 9.4 3.3 0.2870 0.3267 0.0146 3907.  p
13099, 6936, T293. 450. &25¢ 222+ 42.5 24.6 10,4 2.2 0.3416 0.3102 0,0123 3907.

10834, 8222, 9370, _546._ 584, 270. 30.9 24.6 11.2__1.3_0.4176 0.2532 0.0102 3907. _____

9183, 9605. 11597. 654 772, 324, 13.4 24.6 12.0 0.4 0.5007 0.1224 0.0087 3907.

8541, 10921, 13498, 751._ 928, 376. =5.1 24s4_12.4 0.0_0.5407-0.0461 0.0081 3907, .

8302. 1094T. 13472. 722. 888, 371, —4.9 23.3 11.7 0.0 0.5564-0.0487 0.0079 3907.

9120.
..8004.__. ... _______

46.8 EPNDB




TILT ROTOR NESIGN PROGRAM 1974

$S-80-80 . - U — DESIGN ITERATIONS: 13 . _ . . ... _. -
— .. OVERALL . . .. . ... . POWERPLANT_ __ __ ___ __ ___ _____ FUSELAGE __ . . STRUCT TECHNOLOGY FACTORS __
GRISS WEIGHT (LB) 113921, INST NORMAL PWR (HP) 17559. *LENGTH (FT) 95.0 *ROTOR 1.00
. EMPTY WEIGHT (LB) 88762. *NUMBREP OF ENGINES L. . 2 __™DIAMETER (FT) __ 11,5 _ *TRANSMISSION _. 0.83
FURL WEIGHT (LB) 8858, *EXCESS FACTOR HEL MODE 1.65 *DRAG FACTOR 1.00 *ATRFRAME 0.78
PAYLOAD (L8) 16300. *2 RATED EMRG HVR 140, . . B *ENGINE (HP/LB) 8.50
CRIISE SPEFD (MPH) 297. * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.70
_____ L/D CRUISE 15.31 _ * CRUISE . .. 90.___ WING PROFILE _ 14026 C e
*QANGE (STAT MI) 500. INST PWR FMRG HVR (HP) 17559, FUSELAGE T.41 DESIGN MISSION
*PASSFENGER SEATS 30, CONVER (HP) 15561, EMPENNAGE U, . B8455_. *FIELD ELEVATION (FT) . 0.
*CARGO (LR) 0. CRUISE (HP) 15990, TOTAL PROFILE 36.56 SOUND SPFED HVR (FPS) 1117,
*SFC (LB/HP HR) 0.400 = WING INDUCED __ . _ _ __ 16.56_  *STD DAY TEMP (DEG F) 59.
ROTORS *EMFRG HOVER ALT (FT) 2000.
. ._*NISC LOANING (PSF) 6.50 DRIVE SYSTEM .__COMPONENT WEIGHTS (L8B) = ____*HOY DAY TEMP (DEG F) 95,
RADIUS (FY) 52.8  *EFFICIFNCY 0.97 ROTORS 21123, *CT/SI1G MAX 0.150
SOLIDITY 0.245 HEL MODE WEIGHT (LB) 23458, DRIVE SYSTEM _ 23458, *MAX ACCELERATION (G) _ 0.25
BLADF CHIRD (FT) 5.09 AIRPLANF WEIGHT (L8} 22301. POWERPLANT 3099. *NESIGN CRUISE (MPH) 2890.
TOTAL RLADES 16 . . NACELLES - __ 1059. *CRUISE ALTITUDE (FT) 15000.
*CT/SIG HOVFR 0.120 WING FUEL SYSTEM 1277. SOUND SPEED CRSE (FPS) 1058.
__ *PRAFILF NRAG CIEFF 0.019 AREA {SF) 2278, WING . 7770._ *MAX DECFLERATION {G) 0.20
T POWNLDAD 5.7 *LNADING (PSF) 50.0 FUSELAGE 8601. *STRICT LOAD FACTOR 4.5
*EFFICIENCY HNVFR 0.85 ASPECT RATIO 6.23 EMPENNAGE - . 2221. *FLIGHT CREW 2.
* CONVER 0.83 SPAN (FT) 119.1 LANDING GEAR 3417. *CABIN CREW 2.
CRUISFE 0.50 MFAN CHDORD (FT) 19.12 FLIGHT CONTROLS . T173. *ATC SPEED LIMIT YES
HEL MONE WEIGHT (LR} 17193, *THICKNESS/CHORD RATIO 0.210 HYDRAULICS 437.
____  AIRPLANE WEIGHT (LB) _ 16833, *TAPER RATIN 0.70__ ELECTRICAL ___ 2660e__ __ N B
*TIP SPEED HOVFR 350. SWFEP (DEG) -5.6 INSTR+AVIONICS 826. =
* CRUISE 350. CRUISF LIFT COEFF 0.36 AIR CONDITIONING -. 1549, - )
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 2.24 FURNISHINGS ‘ 3700. . "Nn
*MAX HEL MODE ADV RATI) 0.40 *VMAX LIFT CIEFF CLEAN 1.40_ __FLUIDS e 570. . R _ _ .
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
% INNICATES INPUT VAPIABLE CLIMB SPD/CCNVER SPD . __ 1.56___ CABIN CREM 300. e
_ DESIGN MISSION SPEED HEIGHT DIST TIME = FUEL e o o .
MPH FT MY MIN LB
TAKEQFF £ LANDING 2.00 160, e . I _ i} . .
ACCEL., & CONV. 1530. 0.9 0.72 84.
____ AIRPLANE CLIMB  149.,184, _ 13590. _12.9 __ 4.65 ___ 440. -
. ACCEL. TO CRUISF 2.8 0.68 68,
CRUISE 297. 440.5 89.09 6383, e .
AIRPLANE DESCENT 297.+241. 13500. 42.1 9.45 106.
_ _ DECEL. & CONV. o _....1500. __ 0.9 _ 1.07___ 16, _» _ L ~
o TOTAL e o __500.0  107.66 __ 7258, .
__ _RESERVE I R —.-..20.00 __ _1600. — S




$-80-80

_STAGF LENGTH (MI,)
CRUISE ALTITUDE (FT.)

CRUTISE SPEED (MPH)
CRUISE L/D

2
1

CRUISE DISTANCE (MI,)

RLOCK TIME (MIN,)
BLOCK FUEL (LR,)
BLOCK SPEED (MPH)

DIRECT

OPFRATING CODST

25.

000.

296.

2.27
18.2

8.9
T12.
168,

AIRFRAME CIST ($/LB)= 80,0
DOC=1.69+0.0448%*S. $/SEAT-TRIP (SL= 25.,502.)

25,

HNP LFNGTHS 50+150+
STAGE LENGTH I
NO. CYCLES/STARTS /1
FLIGHT CREW 0.567
FUEL & OIL 0.799
HULL TNSURANCF i 0.943
TNTAL FLIGHT 7PpS 2.309
LABOR AIRFRAME = (0.699
MATERTAL AIRFRAME 0.470
LABOR ENGINES 0.409
MATERIAL FNGINES 0.975
MAT, RURDEN l.441
TOTAL MAINTENANCE 3.994
_ DEPRECTYATION == 2.687
TOTAL DIRECT OPERATING
$/ATRCRAFT MILE 8.981
$/FL IGHT HNOUR 1595.4
$/SEAT MILE ... 0.1123
$/SEAT-TRIP 2.81

0+ 0O+ 0=230 1
50, ... 15.
171 171
0.447 0.426
0.602 0.458
1.792 1,561
0.456 _ 0.387
0.289 0.235
0.223 0.163
0.525 0.380
0.R83 0.71¢
2.376 1.881
0 2.117 _ 2.017
coSsT
6.284 5.489
1338,1 1226.5
0.0786 0.0686
3493 5.15

50. 5. 100.
4000. 10001. 12500. 15
305. . 305. 300.
12.27 13.79 14.51 1
... 36.0 38.1 52.3
l14.1 20.1 25.9
.. 1086, 1237. _1%36. 2
213, 223. 232.

ANN UTTL IZATTON{HR }=2000.

ENGINE CO

ST ($/HP)= 60.0

0C+200+ O+ O+
.. 100. __ . 150.
1/1 171
0.411 0,390
0.427 0.410
0.682 0.648
1.520 1.448
. 0.350 0,309
0.2C6 0.176
0.133  0.102
0.306 0.231
0.627 0.534
1.623  1.351
1.945 _1.846
5.087 4.645
1178.7 1133.9
0.0636 0.0581
636 8. 71

150, . 200, _ 300._ . 400.___ SO0, __ e
000. 15000. 1500C. 15000. 15000.
. 297, 29Te 297 ____29Te____ 297,
5.31 15,31 15.31 15.31 15.31
90.5 140.5 240.5_ _340.5__440.5 ____ I
36.9 47.0 67.2 87.4 107.7
217, . . 2952. 4406, __ 5842, . T259. .. . ol
244, 255. 268. 274, 279.

... INSURANCE RATE=0.040 _FUEL COSY_ (CENTS/GAL)= 18,0 e e
0=300 200+200+ O+ O+ _0=400 - e
- 200, __ 300. __ 400.___ _S500.___ _ 200.___ 300, ___ 400..  ______ .. . .
171 /1 171 1/1 2/1 2/1 2/1
0.372 0.355 0.347_ _ 0.341 __ 0.420 0.396 0.380 . _______
0.41C 0.408 0.405 0.403 0.458 0.415 0.410
" 0.619 0.590 0.576 0.567 . 0.672 0.640 0.619 .
1.401 1.353 1.328 1.312 1.550 1.451 1.409
. 0.284 __ 0.259 0.246 0.239___0.342__ 0.304 __0.282__ . _____ ___.
0.158 0.141 0.132 0.127 0.198 0.170 0.155 L
0.085 0.069 0.061 0.056 = 0.119 0.093 0.079 U T
0.192 G.153 0.133 0.122 0.271 0.208 0.175 8}
0.480 0.426 0.399 0.383 . _ 0.600 _ 0.515 0.470 e e
1.199 1.048 0.972 0.926 1.531 1.289 1.161
o 1eT64 _ 1.683  _ 1.642 _ 1.617 __1.914 _ 1.825 _ 1.764 __ _ e e e
4.365 4,084 36942 3.B55__ 4.994__ 4.565 __ 4.335 _ —_—
1114.9 1093.7 1082.0 1074.3 1176.0 1127.6 1107.1

0.0546 0.0510  0.0493_ 0.0482 _0.062%4 0.057F 0.0542

10.91

15.31

19.71

24.10 12.49 17.12 21.67




S-80-80 e e e e

" DEPARTURE PATH TO 10,000 FT MSL .
MAX FUSE ANGLE=20. DRSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= S. _

TIVE NIST ALY VEL ACC GAM THRUSY LWGD LWGI DWGOD _DWGI DFUST ALP THE AWO ALV LAMDA . My . CT __POWER __
~ SEC FY FT FPS G DEG LB L8 LB L8 L8 LB DEG OEG DEG DEG HP
ORSTACLF CLEAPANCE . .- - e e e e e e e e e —_ R
3.1 4. T. 3. 0.050 60.0 121182, -2. -1759. l. 2258. 2, 29.4 24.6-35.4 28.5 0.1119 0.0035 0.0238 11958,
4.0 Te 13, 8. 0.171 60.0 133357, -15. -2142. Be 2048.. __ l4. 26.6 24.6-35.4 24.4 0.1240 0.0096 0.0262 14309. .
4.7 12. 20. 13. 0.227 60.0 139027. -42. -2371. 21. 1910. 39, 25.5 24.6-35.4 21.9 0.1332 0.0154 0.0273 15869.
5.3 17. 30. 18. 0.248 60.0 141244, -83. -2505. 4l1. 1801. 76, 25.1 24.6-35.4 20.1 0.1417 0,0212 0,0277 17052,
5.9 24. 42. 23. 2.750 6C.0 141578. -136. -2620. 68. 1732, 126, 25.1 24.6-35.4 18.6 0.1491 0.0272 0.0278 17925,
- 6.7 34, 59. 28, 0.212 60,0 127794, -204. -2652. .10l. 1622._ 188, 25.8 24.6-35.4 17.2 0.1563 0.0333 0.0270 18266,
Te6 50. 86. 33, 0.163 60.0 132936, . -2%4. -2685. 141, 1569. 263. 26.9 24.6-35.4 16.2 0.1620 0.0404 0.0261 18266.
7.9 58. 190. 33, 0.115 60.0 128189, -378. -2728. 188, 1539, 350, 28,0 24.6-35.4 15.4 0.1680 0.0484 0.0252 18266,
ACCFLERATION AND CONVERSICN
9.3 G2. 153. 43, C.1C7 5.9 123893, -549. -3113. 227. 1322. 409. 29.4 24.6-32.3 15.2 0.1737 0.0603 0.0244 18266,
1.4 128. 195, 5le Del44 49.6 118578, -948. -4012. 255. 1080. 405. 33.8 24.,6-25.0 14.8 0.1814 0.0R03 0.023%4 18266,
. 1l.6 181. 243, 5%, D.126 42.1 119503, -1499, -5198, 261l. 906, 330, 42,8 24.6-17.5 16.6 0.1796 0.1108 D.0236 18266, _

13.0 256. 2c¢3, 66. 0.111 36.3 121752, -2228. -6452. 283. B19. 271. 49.9 24.6-11.7 17.1 0.1769 0.1420 0.0239 18266.
l4.4 339, 349, T4s Jol118% 31,7 121512, -962, -7861, 234. T795. 229, 53.8 24.6 -7.1 16.2 0.1757 0.1701 0.0240 18266,
15.7 438, 402. 83, 0.115 28.1 121713, 718, -9428, 235. B812. 204, 57.4 24.6 -3,5 14.9 0.1748 0.1984 0.0241 18266.
17.1 556. 457, 92, 0.110 25.1 I21773. 2766.-11205. 285. 86le 195, 60.2 2446 —-0.5 13.5 0.1741 0.2269 0.0242 18266,
13.8 1. 522. 101, 0.063 22.7 119236. 5199.-10317. 385. 752, 204, 62.2 24.6 1.9 11.7 0.177t 0.2530 0.0237 18266.
. ?20.2 855, 576. 110. 0.111 20.7 112436. 80727, -4311. 533, 504. 228. 60.% 24.6 3.9 9.6 0.1870 0.2755 0.022% 18266,
21.6 1913, 631. 120, 0.111 19.0 104461, 11260, 2267. 731. 4T4. 270. 58.9 24.6 5.6 7.7 0.2006 0.2961 0.0208 18266,
23.1 1204, 691. 129. 0.100 17.6 95237, 14990. 9506, 977. 643. 327, 57.2 24.6 7.0 0.2192 0.3140 0.0190 18266,
25.1 1459, 766. 139, 0.081 16.3 €4713. 18947. 17500. 1272. 1003. 40l. 55.1 24.6 8,3 «2458 0.,3266 0.0169 18266,
27.1 1757. 847, 148, D.075 15.2 73939, 23394. 2609, 1615, 1532, 491. 50.7 24.6 9.3 +2814 0.3316 0.0148 18266,
0.3 3331 0.3194 0.0126 18266.
+4055 0.2720 0.0105 18266, .

0
0
29.5 2113, 938, 158. 0.067 14.3 €2653. 28241. 35464, 2006. 2230. 597. 44.1 24.6 1 0
0
0.4908 0.1572 0.0088 18266,
0
0
0
0

6
4
3
2
31.9 2506, 1022, 168, 0.064 13,4  S51957., 33482, 45600, 2444, 3090. 718. 33.6 24,6 11.1 1
34,2 2913. 1123, 178, D.066 12.7 43637. 39118, 56479, 2930. 4102, B856. 17.4 24.6 11.9 0
37.0 3414. 1230. 187. C.057 12.0 39868, 45153, 67894, 3463, 5234, 1008, -4.0 24.6 12.6 -0
39,9 397R, 1344, 17, 0.053 11.4 37574, 45892, 68029, 3290, 4878. 10l4. -4.9 22.9 11.5 O
42.8 4581, 1460. 2CT7. 0.C%2 1C.9 36269. 46C59, 67862, 3078, 4535. 1019. -4.5 21.3 10.4 O
45,9 5226. 1579. 215, C.051 10.4 34882, 46180, 67741. 2920. 4284« 1034. ~4.% 20.1 9,6 O
. AIRPLANFE “¥NDE CLIMBR TN 10,070 FT R
45,9 5226, 1579, 219. 0.0 13.6 34654,
217.4 45364, 10070, 249, 0.0 11.4 30482,

«5415-0.0349 0.0081 18266,
«5685-0.0391 0.0077 18266.
«5952-0.0501 0.0074 18266,
«6191-0.,0486 0.0071 18266,

THE TOTAL NOISE TMPACT IS 0.12967N+06
T NDISE AT 500 FT SIDELINE= 86.3 EFNCR

NJISE AT 20,000 FT SIDELINF= 55,5 EPNDA

" NOISE 25,000 FT FORWARD OF TAKEOFF PDINT= S3.5 EFNDB

" NNISE 500 FT FORWARD OF TAKEOFF POTINT= 86.9 EPNCB

"7 IHN9D01 EXECUTION TERMINATING DUE TO ERROR COUNT FOR ERROR NUMBER 217

THN2171 FIOCS - END OF NATA SFT ON UNIT 5

" YRACEBACK ROUTINE CALLED FROM ISN  REG. 14 REG. 15 REG. O  REG. 1
IRCOM 00107050 00117564 00000000 00000000

MATN 00C13538 01106218 FDOOOCOSB 001277F8
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TILT ROTOR DESIGN PROG
C-75-50

OVERALL
GROSS WEIGHT (LB)
EMPTY WEIGHT (LB)
FUEL WEIGHT (LB)
PAYLOAD (LB)
CRUISE SPEED (VPH)
LZ/D CRUISE

*RANGE (STAT MI)
*PASSENGER SEATS
*CARGD (LB)

ROTORS
*CISC LCADING (PSF)
RADIUS (FT)
SOLIDITY
BLADE CHORD (FT)
TOTAL BLADES
*CV/SI1G HOVER
*PROFILE DRAG COEFF
¥ DOWNLOAD
*EFFICIENCY HOVER
* CONVER
CRUISE
HEL MODE WEIGHT (LB)
AIRPLANE WEIGHT (LB)
*TIP SPEED HOVER
* CRUISE

*FUSELAGE CLEARNCE (FT)

*MAX HEL MODE ADV RAT

* INDICATES INPUT VARI

DESIGN MISSION

TAKEOFF & LANDING
ACCEL. & CONV,

_ AIRPLANE CLIMB
ACCEL. TO CRUISE
CRUISE
AIRPLANE DESCENT
DECEL. & CONV.

—-TOTAL ...

-.. RESERVE

RAM 1574

46326,

. 31288.
4838.
10150.
440.
10.C5
500.
50.

O.

12.00
24.8

0.C81

2.10
6
0.120

G.010

5eC
0.83
0.81
0.78
3799.

2923, __

825.
560.

2.0
10

ABLE
SPEED
MPH
171.,212.

. 44C.
4400!292.

Ce40 _

$..5

--STRUCT TECHNOLOGY..FACTCRS._

*ROTCR L.C5

. *TRANSMISSION . eeee — Qe85
*AIRFRAME 0.80
*ENGINE (HP/LB) 7.C0
*ENGINE INSTALLATION 1.50
DESIGN MISSION
*FIELD ELEVATICAN (FT) 0. .

SOUND SPEED HVR (FPS) 1117,
*STD CAY TEMP (CEG F) 59,
*EMERG HOVER ALT (FT) 200C.

- - *HJT DAY TEMP (CEG.F)_. _ . S55. ___
*CT/SIG MaAX C.150
*MAX ACCELERATICN (G) - Ge25 _
*¥DESIGN CRUISE (MPH) 400.
*CRUISE ALTITUDE (FT) . 15030.

SOUND SPEED CRSE (FPS) 1058,

- *¥MAX DECELERATICN (G) ____ 0,20 __
*STRUCT LCAD FACTOR 4.5

_*FLIGHT CREW. - . e
*CABIN CREMW le
*ATC SPEEC LIMIT YES

et

|

un

N Ot

- — . _DESIGN_ITERATIONS
POWERPLANT . - FUSELAGE . . .. __ o
INST NCRMAL FWR (HP) 10480, *LENGTH (FT) €0.0
*NUMBER GF ENGINES .. 2e .. *DIAMETER (FT)}_ __ _.___. . _10.0
*EXCESS FACTOR FEL MODE 1.3C  *DRAG FACTOR 1.00
13 RATED EMRG kVR 140. . Ll
* CGNV + CLIMB 120. FLAT PLATE AREAS (SF)
* CRUISE 90. ... WING PROFILE. _ _ ____ __ 3.29
INST PWR EMRG HVR (HP) 1(480. FUSELAGE 5.31
CCAVER (HP) 7326. . EMPENNAGE . . 197
CRLUISE {HP) 8273. TOTAL PROFILE 12.79
*SFC (LB/HP KR} .Ge420 .. WING INDUCED .. 2.09
DRIVE SYSTEM. . .. ___.CCMPCNENT WEIGHTS (LB) . __
*EFFICIENCY 0.97 ROTURS 3799.
HEL MGDE WEIGHT (LB) 3641, .. DRIVE SYSTEM __ 4934,
. AIRPLANE WEIGHT (LB) .4934. POWERPLANT 2246,
' NACELLES U 507. .
WING FUEL SYSTEM 461.
AREA (SF) . 488, __ WING B 3479,
*LCACING {PSF) 95.0 FUSELAGE 57152.
ASFECT RATIO _T.17 EMPENNAGE ~ . 921,
SPAN (FT) 61.6 LANDING GEAR 1390.
VEAN CHORD (FT) 7.92 FLIGHT CCNTROLS _ 2017,
*THICKNESS/CHFCRD RATIO  0.210 HYDRAULICS 278.
+TAPER RATIO .C.7C___ ELECTYRICAL _ .  ______ __ T44.
SWEEP (CEG) ~5.3 INSTR+AVIONICS 703.
CRUISE LIFT CGEFF 0.31 _. AIR CONDITIONING_ . _____1150.
MAX LIFT COEFF CONVER C.75 FURNISHINGS 2500.
*¥AX LIFYT COEFF CLEAN . 1le40 FLUIDS e 232. .
*FLAF AREA/WING AREA 0.25 FLIGHT CREW 400.
CLIME SPC/CCNVER SPD .0.76 . CABIN.CREW .. __.__________ 150.
HEIGHT . CIST TIME .. FUEL — e e
FT Ml MIN L8
2.00 _ 101. S
SCC. C.S U.63 39.
14100, . 12.3 __4.1S ___ 265,
13.8 2.30 153,
436.8 59.60  _325Te_. . . _ .
141GC. 34.2 6.00 52,
) S0C, .. C.9 109 . 10w . B
.. ....50C.0 . 75.80 __ 3817e_.___ oo
R — .- .20.00 __ 101ke ... __.. .. _._ . _ e




C-75-50

STAGE LENGTH (MI.) 25. 50. 5. 100. 15C. 200. 300. . 400. 500.. _ - -

CRUISE ALTITUDE (FT.) 2000. 40CC. 1¢CCl. 125C0. 15C3C. 150CC. 15000. 15000. 15000,

CRUISE SPEED {MPH) 2G6. 305. 4S51. . 4584 ... 467. ___ 461, . 467. 467. .. 46T.. e —
CRUISE L/D 12.66 12.€5 €.55 €.76 9.C2 9.02 9.02 9.02 9.02

CRUISE DISTANCE (Ml.) 17.0 34.9 10.4 37.1 . 15.0 126.0 . 229.C 329.0 429.0 ___ — - [ — -
BLOCK TIME (MIN.) 8.7 13.7 17.0 20.6 27.3 33.8 46.6 59.5 12.4

BLOCK FUEL (LB.) 337. 492, 12¢. $29. . 137C. 1795. 2632. 3453. 4259. - - - -

BLOCK SPEED (MPH) 173, 219. 265. 2S1. 325. 355, 386, 403. 415.

OIRECT OPERATING COST — ANN UTILIZATICN(HR)=20CO. DEPRECIATION PERIOD(YR)=10. LABOR RATE{$/HR)= 7.00

AIRFRAME COST ($/LB)= 80.0 ENGINE CCST (¢/+P)= 60.C INSURANCE RATE=0.(40 FUEL COST (CENTS/GAL)= 18.0.
DOC=1.81+0.0260*SL $/SEAT-TRIP {SL= 25.,5CC.)

HOP LENGTHS 50+15C+ 0¢ 0+ (=200 1CC+2CC+ C+ C+ 0=300 2CC+200+ O+ O+ =400 - . .-

. STAGE LENGTH 25. 50. 15. 1C0. 15C. 200. 300. 400. . 500. 200.. 300, __4GC0. _ —
NC. CYCLES/STARTS 171 i71 /1 171 /1 171 1/1 171 171 2/1 2/1 2/1
FLIGHT CREW 0.563 0.446 CG.3268 C.335 0.256 0.274 0.253 0.242 0.235 0.350 0.305 0.283 .- -
FUEL & OIL 0.3715 C.274 0.27¢C C.258 0.254 0.249 0.244 0.24C 0.236 0.259 0.252 0249
HULL INSURANCE Ue341 0.217C C.223 C.203 0.179 J.16€6 0.153 Ve l46 0.142 0.202 U.178 0.166 - -
TOTAL FLIGHT OPS 1.278 0.991 0.861 0.756 0.729 0.690 0.649 0.628 0.614 0.811 Je 736 0.658
LABOR AIRFRAME 0.48¢ 0.219 C.245 0.z211 0.174 C.155 0.135 C.125 0.120 0.208 C.172 0.154 _ .
MATERIAL AIRFRAME 0.196 0.121 C.CSC 0.076  0.06C C.052 0.044 C.040 C.C38 0.073 U,058 0.351
LABCR ENGINES 0.329 0.18C C.127 C.1C1 0.075 G.061 J.048 0.041 0037 0.091 0.068 0.05¢
MATERIAL ENGINES 0.57% 0.212 c.zle C.l71 VelZ4 Le 1GO 0.076 Q.ub4 U057 0.151 O.111 0.0S0
MAT. BURDEN 1.059 0.649 C.484 0.4C6 0.323 C.280 0.237 Ce.216 0.203 0.389 0.312 0.273 - -
TOTAL MAINTENANCE 2.65C 1.581 l.1¢€4 U.S€4 0.756 C.649 0.541 G.4817 0.454 0.913 0.721 U.624
DEPRECIATICN 0.992 0.786 C.649 C.550 0.522 C.484. 0.445 Ce.426 Q.4l4 0.588 0.519 0.484 . ___ —_—
TOTAL DIRECT OPERATING COST
$/AIRCRAFT MILE 44920 3.357 2.673 2.350 2.0C8 1.822 1.635 1.540 1.483 2.312 1.976 1.805 _ ___ . . ____
$/FLIGHT HOUR 852.2 733.9 708.1 €84,.2 660.8 647.3 631.0 62l.4 614.8 675.4 £53.5 641.3
$/SEAT MILE 0.0684 0.0€71 C.C52% C.C470 0.04C2 C€.0364 040327 0,0308 0.U297 0.0462 0.0395 0.C361

$/SEAT-TRIP 2.46 3.36 4.C1 4e7C 6.C2 7.29 9.81 12.32 14.83 9.25 11.85 l4.44

96-1




C-75-50
DEPARTURE PATH TO 10,060 FT MSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. GBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= 5,

TIME DIST ALT VEL ACC GAM THRULST . LWGO LWGI DWGO CWGI _DFUST ALP THE AWO ALV LAMDA MU CcT PORER . ___
SEC FT FT FPS G CEG Le LB LB L8 Ls LB DEG DEG DEG DEG HP

DBSTACLE CLEARANCE - - .. e e
3.1 " 4, 7. 3. 0.C5C ¢0.0 4S16S. =0. =—616. 0. 807. le 26.3 24.6-35.4 28.3 0.0641 0.0015 v.C079 17216,
4.0 7. 13. 8. 0171 6C.C 54134, —4. =753, 2. 738, _ 10. 2645 24+6-35.4 24.8 0.0698 0.0041 0.C087 8420,
5.0 13. 23, 13, 0.1€3 €C.C 53762, -10. -763. 5. 688. 28 2607 24.6-35.4 23.6 G.0728 0.0068 0.LCEE €676
6.2 24, 4i. 18. 0.128 6C.0 52344, -20. =—766. _10. 643. . 54. 27¢4 24.6-35.4 22,5 0.0748 0.0395 0.0CB4 8676, . _
7.8 42. 73. 23. 0.095 6C.C 5(CS92. =33. -765. 17. é617. 90, 28.2 24.6-35.4 21.9 0.0767 G.0126 V.CLCB2 8676,

. B8e5 58.. 100. 24. 0.C59 €C.0 4S¢Cl. =50 =—764. __25.. 590. _134. 29.1 24.6-35.4 21.2 0.0789 0.0158 0.0CE0 __ 8676, __"~ _

ACCELERATION AND CCNVERSICN -
9.5 78. 126, 33. 0.155 52.3 48545, -$0. -1035. 28+. 358, 136. 30.2 24.6-27.8 21.5 0.0806 0.0203 0.CC78 E&76. ._ _.
10.4 105, 150. 40. 0.171 41.6 47830. -179, -1393, 30. 232. 104. 40.2 24.6=17e1 25.4 0.0818 U.03u9 0.0077 8676,
11.3 141. 1. 48, 0.174 33,7 4€8C77. -213. -1730.,. 30. 185. 73. 48.2 24.6 -9.1 28.2 0.0813 C.0431 0.CC77 €676, ... _ __
12.1 185, 158. 57. G.176 28,1 48145, 67. =2921. 27. 163. 54+ 53.6 24.6 —3.5 28.3 0.0812 U.0549 0.CU78 8676,
13.0 237. 221. €6s 0.179 24.0 48180. 442, -2301, 36. 156, 460 S5Te4 24.6 0.6 27.1 0.081C 0.0666 0.0078 8676, . ____
13.8 2%4. 243, 15. 0.151 2C.9 4E226. 520. —-2598. 56. 157. 49. 55.7 24.6 3.7 25.2 0.0BGY9 0.C783 C.CC78 EET6.
14.6 359. 265. 85. 0.191 18.5 48130. 1504. -2923. 86. 165. 63, 61.8 24.6 6.1 23.0 0.080S 00960 0.0078 3676, _ ___
15.5 434, 2¢€1, S4. C.189 16.6 47554. 2166. -3288. 128, 176. 89+ 63.4 24.6 8.0 2C.7 0.0BL1 L.1C18 U.CLTT E6T6.
16.3 520. 310. 104. 0.181 150 4€€13. 2557. —2559. 180. 128. 125, 64.l 24.6 9.6 17.9 0.0829 0.1125 0.0076 B8676.
17.2 613. 333. 113. O.l84 13.7 44657. 39J8. =991, 243, 78, 173, 63.1 24.6 10.9 15.2 0.0862 0.1227 0.CC73 €676,

- 18.0 " Tl4. 355. 123. C.184 12.6 42868. 4930. 659. 317. 75+ 232, 61.9 24.6 12.0 12.8 0.0302 0.1225 0.CC€69 _ 8€T64 ______
18.9 835. 380. 133, 0.167 11.6 40277. 6C€3. 2467. 402. 115. 302 6le3 2406 12.9 10.6 0.0556 0.1417 0.0065 B8676.
19.9  966. 4C5. 143, 0.165 1C.8 37719. 7306. 4338, 498. 192. 363, 55.4 24.6 13.8 8.8 0.1(22 C.1505 U.0061 8676, . __
20.9 1122. 433, 153, 0.150 1C.1 24€83., 6659, €4Cl. 6C5. 307e 475 57.8 24.6 14.5 7.1 0.1110 0.1578 0.0056 8676. -
22.1 1313. 465. 162. 0.130 S.5 31347, 1C123, €629, 723, 458, 578. 55.7 24.6 15,1 5.6 C.122€ 0.1632 0.GC51 86764 _ __ | _
23.4 1534, 590, 172. 0.119 S.0 28017, 116565+ 10975. B85le 637e 692. 52.2 24.6 15.6 443 0.1372 U.1661 0.L045 Bé67o. n
24.8 1794. 538, 182. 0.108 8.5 24540, 13276. 13485. 9Sl. 849, B817e 47.5 2446 16e1 3.2 (G.1567 0.1640 0.0040 8676, __ 3
26,5 2109. 583, 162, V.054 8.0 21737. 14663. 15385, 1372. 997. 892, 43,7 24.0 16.0 2.4 C.1771 0.1554 J.CC35 8676,
28.3 2464, 630. 2(2. 0.088 7.6 1S8C6. 15€37. 16715« 1109 1377e¢ ,927. 40.3 23.1 15.4 1.9 0.1946 0.1567 0.0032 86176, ..
30.1 2857. 68l. 212. 0.G83 7.3 17512. 16639, 18116. 1147. 1161l. 965. 35.8 22,2 15.0 1.4 0.2156 0.1478 0.C329 8676,
2.1 3277. 722, 222, 0.C€1 6.9 1614B. 17€74. 19589, 1187+ 1250« L0U6. 258 21.5 14.5 1.0 0.2401 0.13G1 0.CC26 B8676. __
33.9 3705. 782, 232, 0.C84 6.6 147u3. 1€782. 21131. 1234, 1342, 1054¢ 21+7 20.8 14.2 0.6 0.264S 0.1045 6.C024 B676.
35.8 4149. €3l. 242. 0.C84 6.4 135C8. 1591l. 22742, 1281, 1439, 1102, 12.0 20.3.13.9 _ 0.3 0.2895 0.0623_0.CC22_ _8676% _____.
37.6 4615, 882, 248, 0.082 €.2 12537. 20694, 23861. 1314. 1506« 1136. 4¢6 19.9 13.7 0.1 0.3035 0.0254 0.GG21 8676.

AIRPLANE MODE CLIMB TO 10,000 FT - - e e s e . . e
37.6 4615, eg2. 250. 0.0 14.0 14815,

197.5 47564. 10000. 287. 0.0 11.5 12$50. : o me e e o e el o . :

THE TOTAL NOISE IMPACT IS 0.12453C+(C7

NOISE AT 500 FT SIDELINE=103.2 EPNCE

NOISE AT 20,000 7T SIDELINE= 65.9 EFNLB

NOISE 25,000 FT FCRWARD OF TAKEQFF POINT= €3.7 EFNCB

NOISE 500 FT FORWARD OF TAKEOFF PCINT=104.5 EFNCB




TILT ROTOR CESIGN PROGRAM 1974

C-85-50 -

OVERALL -
GROSS WEIGHT (LB)
EMPTY WEIGHT (LB)
FUEL WEIGHT (LB}
PAYLOAD (LB) .
CRUISE SPEED (MPH)

L/D CRUISE .
*RANGE (STAT MI)
*PASSENGER SEATS
*CARGO (LB)

ROTORS

*DISC LOACING (PSF)

39165,
258517.
3758.
1015C.
419.
9.91
500.
50. .

O.

12.C00

RADIUS (FT) 23.0
SOLIDITY 0.C81
BLADE CHORD (FT) 1.94
TOTAL BLADES 6
*CT/SIG HOVER 0.120
*PROFILE CRAG COEFF 0.010
¥ DOWNLOAD 4.5
*EFFICIENCY HOVER 0.87
* CCNVER G.85
CRUISE 0.7S
HEL MODE WEIGHT (LB) 2863,
AIRPLANE WEIGHT (L8B) 2200, .
*T1P SPEED HOVER 825.
* CRUISE 560.
*FUSELAGE CLEARNCE (FT) 2.0
*MAX HEL MODE ADV RATIO 0.40
® INDICATES INPUT VARIABLE
DESIGN MISSION SPEED
MPH
TAKEOFF & LANDING
ACCEL. & CONV.
_.. AIRPLAMNE CLIMB 166092064
ACCEL. TO CRUISE
CRUISE 419. .
ATRPLANE DESCENT 418.4292.

DECEL. & CONV.
.. . TQTAL.

RESERVE . -

CESIGN ITERAT

IONS: 5

--PORERPLANT e e e e . __FUSELAGE . .. . . ...STRUCT TECHNOLOGY FACTORS. ... . . ..
INST NCRNMAL PWR (HP) €579. *LENGTH (FT) 80.0 *ROTCR 0.S5
*NUMBER OF ENGINES 2. *DIAMETER (FT) . oo . 10.0 *TRANSMISSION - 0.81
4EXCESS FACTGR FEL MODE 1.3C *DRAG FACTOR 1.00 *AIRFRAME 0.76
*T RATEC EMRG RVR 140.. C e *ENGINE (HP/LB) 16.C0 _
* CCNV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.5C
* CRUISE . 90. _ . WING PROFILE . 2486 _ e
INST PWR EMRG HVR (HP) 8579, FUSELAGE 5.31 OESIGN MISSION
CCNVER {HP) 5997. EMPENNAGE A T 14 *FIELD ELEVATICN (FT) Oe
CRUISE (HP) 1572. TOTAL PROFILE 11.96 SOUND SPEED HVR (FPS) 1117,
*SFC (LB/HP FR) .0.38C. . WING INDUCED 2.04 #*STD DAY TEMP (CEC F} 5.
*EMERG HOVER ALT (FT) 20030.
DRIVE SYSTEM - . COMPONENT WEIGHTS (LB) _ . _ . *HOY CAY TEMP (LCEG F) - Se
*EFFICIENCY 0.97 ROTORS 2863, | xCT/SIG MAX C.152
HEL MCCE WEICGHT (LB) 2781, DRIVE SYSTEM_ _ = _ . 3758. *MAX ACCELERATICN (G) C.25
AIRPLANE WEIGHT (LB) . 37158. POWERPLANT 1287. *CESIGN CRUISE (MPH) 4CC.
NACELLES 129. *CRUISE ALTITUDE (FT) 15000.
WING FUEL SYSTEM 294. SOUNC SPEED CRSE (FPS) 1CS8.
AREA (SF) 419, WING e .- 3000, . _xMAX DECELERATICN_(G) _____0.20 _ .
#LCADING (PSF) 55.0 FUSELAGE 5341. *STRLCT LCAD FACTCR 4.5
ASPECT RATIO 8.02 EMPENNAGE 756. *FLIGHT CREW e 2
SPAN (FT) 57.9 LANDING GEAR 1193, *CABIN CREW 1.+
MEAN CHORD (FT) 7.23 FLIGHT CCNTROLS 1627. _*ATC SPEEC LIMIT _ YESJW
*#THICKNESS/CHORD RATIG C.21C HYDRAULICS 258. o
*TAFER RATID . ueT0 ELECTRICAL ¢ e e 5956 .
SWEEP (CEG) —-5.3 INSTR+AVIONICS 703,
CRUISE LIFT CCEFF C.33 AIR CONDITIONING. .. _ .. }150._ __
MAX LIFT COEFF CCNVER G.75 FURNISHINGS . 2500.
#PAX LIFY COEFF CLEAN l.4C FLUIDS e 2199, L el o — e
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
CLIMB SPD/CCNVER SPD - 0.74. .. CABIN.CREW ____ ______ _  150.____. ©
HEICGHT DIST TIME FUEL - - - e e - - , -
FT M1 MIN LB
2.90 . Se - - - - —_—— -
SCC. C.9 0.65 29.
14100.._ _13.C _ 4.2C ____19¢,.
11.0 1.94 95.
441.5 63.31 . _256S.. .. . o e B B
14100. 32.17 5.8C 37.
.S0C. C.9 1.13 B o e
50C.0 .. 79.C2 _ _3010. - [
- I 20,00 — = _74B. . _ - — i e = = -



C-85-50

STAGE  LENGTH (MI.) 25. SCe 15.
CRUISE ALTITUDE (FT.) 2000. 40CC. 10001. 12
CRUISE SPEED (MPH) 296. - 30s. 430. .
CRUISE L/D 11.96 11.6¢ €.46
CRUISE DISTANCE (MI.) 17.1 35.3 24.1
BLOCK TIME (MIN.) 8.7 13.8 17.2
BLOCK FUEL (LB.) 259. 382. 555. -
BLOCK SPEED (MPH) 172. 217. 262.

DIRECT OPERATING COST -~

AIRFRAME COST ($/L8)= 80.0 ENGINE COST ({s$/+P

BOC=1.6140.02364SL $/SEAT-TRIP (SL= 2%5.45(CC.)
HOP LENGTHS 50+15C+ 0+ (¢ 0=200 1C0C+2CC+

- STAGE LENGTH 25. 50. e 1CC.

NO. CYCLES/STARTS 171 171 1/1 1/1
FLIGHT CREW 0.562 0.444 0.36% 0.337
FUEL & OIL 0.288 0.213 C.2C6 C.167
HULL INSURANCE 0.289 0.228 C.1sC 0.173
TOTAL FLIGHT OPS 1.136 C.8ES5 0.7¢€4 C.787
LABOR AIRFRAME 0.466 0.305 0.226 0.2C4
MATERI AL AIRFRAME 0.17¢ 0.1C8 0.C81 0.C6E
LABOR ENGINES 0.3C8 0.170 C.120 C.Cc6
MATERIAL ENGINES 0.475 0.250 0.179 U.141
MAT. BURDEN 1.006 0.617 0.463 0.389
TOTAL MAINTENANCE 2.430 1.456 1.C78 c.8¢8
CEPRECIATION 0.839 0.6€3 0.551 0.503
TOTAL OIRECT OPERATING COST
$/AIRCRAFT MILE 4.407 3.004 2.354 2.1C8
$/FLIGHT HOUR 757.3 €53.C €26.3 604.1
$/SEAT MILE 0.0881 0.0601 0.C47S C.0422
$/SEAT-TRIP 2.2C 3.00 3.59 4.22

100. 15C.
5C0. 1500C.
439, .. 448,
8.69 8.9%4
41.5 83.4
20.9 27.9
110+ .. 1C4S.
2€7. 22z.

ANN UTILIZATICN(HR)=2CCO. DEPRECIATION PERIOD(YR)=10.

1= 600 IN
C+ 0+ (0=3
15C.

/1
G.299 (¢]
G.194 [¢)
0.154 ]
0.648 c
V. 165 V]
0.055 c

*Q.0T71 0
0.1¢2 ¢
0.312 0
C.T7CS [
Ce447 0
1.8C4 1
581.5 ]

0.9361 C.

5.41

200. 300. 400. 500, ...
150CC. 15000. 15000. 15000,

- —.448. --448. 448, 448, ..
8.94 8.94 8.94 8.94

- 132.4 . .233.4 333.4 433.4 _ .
34.6 48.0 6l.4 74.8

13717, 2023. .. 2659. . 3284. _
347, 375. 361e. 401.

SURANCE RATE=0.040

00 . 2CC+200+ 0O+ QO+ 0=400

20C. . 300. 400. . 500.
171 1/1 171 171

«278 0.257 G.241 0.241
2191 0.187 U.185 0.183
«143 0.132 Ga127 U.124
+613 0.577 0.559 0.547
«151 0.133 G.123 U.118
« 048 0.041 C.037 0.035
058 0.046 G.039 V.036
+083 0.063 G.053 0.U48
«272 Ge232 0.212 . 0.20C
611 0.514 0.465 0.436
«416 . 0.385 0.365 . 0.359
«640. l.476 l.392 . 1.342
68.5 553.1 544.1 538.1
0328 (0.0295 0.0278 .C.0268
6.56 8.85 11. 14 13.42

LABOR RATE(S$/HR)= 7.00
FUEL COST (CENTS/GAL)= 18,0 _

. . 200. .

271

0.352
0.199
0.172
0.723
0.201
0.065
0.U87
0.124
0.374
0.852
0.501

2,077
597.2
0.0415
8.31

. .300...__4C0. ...

2/1 2/1
0.309 2.287
V.193 0.191
J.153 0.143
0.655 0.621
0.167 _.C.150 _..
0.053 0.046
0.065 C.054 _
0.091 0.075
0.302 0,265 _
0.678 C.590
Ue445 _ 0.416 _
1.778 1.626 _
575.9 563.7

0.0356 0.,9325 _
10.67 13.01




MAX FUSE ANGLE=20. OBSTACLE CLEAR ANCGLE=60. CRSTACLE

C-85-50
DEPARTURE PATH TO 10,000 FT MSL

- TIME DIST ALT VEL ACC
SEC ‘FT FT FPS G
-DBSTACLE CLEARANCE
3.1 L 7. 3. 0.050
4.0 Te 13. 8. 0.171
5.0 13. 23, 13. 0.1€4
6.2 24, 4l. 18. 0.129
7.8 42 13. 23. 0.CS5
— B.4 58. 100. 24. 0.C¢€0
ACCELERATION AND CCNVERSICN
9.5 19. 127. 23. 0.15¢C
10.4 106. 152, 40. 0.170
11.3 142. 116. 48, 0.172
12.2 186. 290. 57. 0.175
.. 13.0 238. 223, 66. 0.181
13.9 295. 245, 15. 0.191
. l4.7 361. 267. 85. 0.191
15.5 435, 289, S4. 0.188
l6.4 521. 312. 104. 0.180
17.2 615. 335, 113. 0.1€3
- 18.0 717, 358, 123. 0.183
19.0 838. 383, 133, 0.l66
19.9 .S71. 4G8. 143. 0.164
2l.0 1128, 437. 153, 0.148
22,2 1321. 469. 162. 0.129
23.5 1546, 505, 172 U117
— 25.0 1811, 544, 182. 0.1C6
26,7 2134. 560, 192. 0.0S2
28.5 2498, 639. 2C2. 0.CE€5
30.4 2902. 69%1. 212. 0.C381
32.4 3334, 743. 222. 0.019
34.3 3773. 765. 232. 0.081
36.2 4225. €46, 240. 0.CE2
AIRPLANE MODE CLIMB TO 104000 FT
36.2 4225. €46, 243. 0.0
196.9 46160, 1C0CO0. 279. C.0

‘GAM

CEG

6c .0
60.0
€G.C
€C.0
6C.C
6C.0

£2.4
41.8
33.8
28.2
2‘.1
21.G
18.6
16.6
15.0
13.7
12.6
11.7
10.9
10.2

95

~NOouWN~WVO

e ® o 8 o »

o
.
rS

l4.4
11.8

THE TOTAL NOISE IMPACT IS 0.105670+07

NOISE AT 500 FT SIDELINE=103.1 EFNCE

NOISE AT 20,000 FT SIDELINE= 65.2 EFNLB
'NOISE 25,000 FT FCRWARD CF TAKECFF FCINT= 62,0 EFNCB .~
NOISE 500 FT FORWARD OF TAKECFF FCINT=104.5 EFNLE

THRLST
LE

421S4.
4¢€458.
46158,
44962,
43799.
42604,

41€117.
41055,
41268,
41219,
41350,
41368,
41272.
41105.
40133,
38541.
36745.
34520,
321318,
2s11C.
26841,
23678.
20964,
18672.
17017,
15365,
13884,
12¢€46.
11779.

12116.
11413,

LwGO
LB

-0
-3.
-S.
-18.
-29.
-44.

-78.
-156.
-1%4.

51e
3dl.
€CJ.
1212.
152C.
2623,
3423,
4321.
§316.
6408,
1567.
8883,
16264,
11741.
12823,
13¢72.
14545,
15447.
16415,
17211,

. LWGI DWGO OWGI .D
L8 L8 LB

FUST ALP
L8 DEG

-52C. O. 680.
~635. .2« 622,
-645. 4., 582.
-647,. 9. 542,
-646. 110. 5210

l. 29.3
10, 26.5
28+ 2646
S54¢ 274
90. 28.2

-646e .. 22+ 498...134. 2S5.0

-871. . 25« 303, ..
—1173. 26. 1960
-1457., 26, 156.
-1703. 24. 137.
-1939. 32. 131,
-=2191. 48. 131.
—2464. T4. 137,
-2772. 110. 147,
-2179. 154. 108.

-849. 2(8. 66,

551 272 64.

137. 30.4
105. 40.1
T4. 48,1
54. 53.5
45, 57.2
47. 55.5
6l. 61l.6
86. 633
121e 6440
168. 63.0
226. 61.8

2085. 344. 97. 295. 6l.2

3674. 427. 160.

375. 59.2

5424, 518Be. 256« 466+ 576

7316. 619, 380.

568, 55.6

$3C7. 729. 529. 680. 52.0

L1442. 849. 704.

804. 47.2

12573, 913. 818, 871. 43,7
14CS3. 943. B884.. 905. 40.3
15273, 976. 953. 94l. 35.8
16513. 1010. 1025. 980. 29.9
17812. 1050. 110l. 1026. 21.8
18912. 1082, 1166, 1063, 14.2.20.3_13.8

THE AWO
DEG DEG

24.6-35.4
24.6-35.4
24.6-35.4
24.6-35.4
24.6-35.4
24,6-35.4

24.,6-27.8
24.6-17.2
24.6 -9.3
246 =346
24,6 0.5
24.6 3.6
24.6 6.0
24.6 9.0
24.6 9.5
24,6 1C.9
24.6 12.0
24.6 12.9
24.6 13.7
24.6 l4.4
24,6 15.0
24.6 15.6
24.6 16.1
23,9 15.9
23.0 15.3
22.°2 14.9
2le4 14.5
20.8 l4.l

ALV
DEG

28.8
24.8
23.5
22.5
21.9
21.2

2145
25.3
28.2
28.3
27.1
25.1
22.9
20.6
17.9
15.2
12.8
1006

8.7

OO r e NWSU~N
8 ® & 5 & o & o v

SPOCOSOVENNNE-

LAMDA My

0.0641 0.0015
0.0698 0.0041
G.0728 0.CC68
0.0748 C.CC95
0.,0768 0.C126
0.0785 0.0157

0.C807 C.C203
0.0819 v.0309
C.C814 0.C431
0.0813 0.0548
0.0811 0.0666
C.C81C G.(783
V.0B811 C.CE9S
C.n813 C.,1C17
0.0831 v.1125
C.0864 0.1226
0.09C5 0.1324
0.0561 0.1415
C.1025 0.15C3
0.1113 0.1576
C.1231 0.1629
0.1377 U.10656
Cel574 0.1633
0.1772 0.1563
0.1946 0.1566
C.2156 J.1479
C.2400 C.1304
0.2647 0.1052

0.2854.0.G722_

HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5,

T

0.0cC79

0.0087
V.CL86
0.CO84
0.0C82
0.COE0

0.CC78
0.0077
C.CC77
O.Cu8
0.C3178
C.CC78
0.C078
Q. L0UT7
0.0076
0.C073
Q.0CE9
0.C065
U.C2€1
U«0656
0.0051
0.0045
0.0040
06LG35

Q.0032..

0.5029
0.0C26
0.0024

0.C022

. PCWER
HP

56C2.
6885.
71C2.
7182.
71C2.
11c2. ..

71C2.
7102.
7102.
T1C2.
1122,
7182.
7102.
7102.
7102.
11C2.
T1C2. .. ...
7102
71C2.
7102.
71C2.
11C2.
7102. . . .. _
71C2.
L4 3 - T ——
71C2.
7182.
7102.
1102, . .

09-1




TILY RCTCR CESIGN FRCGRAM 1674

M-75-£C T,

CVERALL . —— -
GRISS WEIGHT (LB) 4383172,

EMPTY WEIGHT (LB) 33456, __
FUEL WEIGHT (L8) 4766,
FAYLCAC (LR) _1015¢cC.
CRUISE SPEED (MPH) 442.
L/D CRUISE . . 10.19
RANGE (STAT MI) 5CLe
*FASSENGER SEATS 4 50.
*CARGC (LB) Ce
FCTCRS

*CISC LOACING (PSF) .. __ 12.CO0
RAGILS (FT) 25.3
SoLIDITY O.l43
BLADE CHIORD (FT) 2485
TCTAL BLADES — 8
*CT/SIG HOVER 0.120
*PROFILE CRAG COEFF — JeJl2
% DOwWNLCAD 5.0
*EFFICIENCY HOVER o83
%* CCNVER Je81l
CRUISE C.70
FEL MCOCE WEICHT (LB) 4761,
AILRPLANE WEICHT (LB) 4591,
*TIP SPEED hCVER 62Ce
* ' CRUISE 55).
*FUSELAGE CLEARNCE (FT) 2.0
*MAX KREL MODE ACV RATIO. Cedu

* INDICATES INPLT VARIABLE

CESIGN.MISSICN SPEEC
MPF
TAKECFF & LANDING .
ACCEL. €& CCNV.
AIRPLANE CLIMB 17244213,
ACCEL, TO CRUISE
CRUISE , . 44z,
AIRPLANE DESCENT 44244252,
CECEL. & CCAV. _
LTOTAL L

RESERVE. _

_.POWERPLANT .
INST NCRNMEL PWR (HP)

. *NUMBFR OF ENGINES
*EXCESS FACTOR HEL MODE
*% RATEC EMRG HVR

* CONV + CLIMB
_* CRUISE
INST PwR EMRG HVR (HP)
CONVER {HP)
CRUISE {(HP)
*SFC (LP/HP HR)

_DRIVE SYSTEN
*EFFICIENCY
HEL MOCE wEIGHT (LB)
AIRPLANE WEIGHT (LB}

WING
AREA (SF)
*LCANING (FSF)
ASPFCT RATIC
SPaAtY (FT)
MEAN CHORL (FT)
#*THICKNESS/CHORD RATIO
"#TAPFR RATIO
SWFLP (DEC)
. CRUISE LIFT COEFF
MAX LIFT CGEFF CLCNVER
*MAX LIFT COEFF CLEAN
*FLAP AREA/WING AREA
__ CLIMB SPC/CCNVER SPD

HEIGHT LIST TIME

FT MI MIN

2040

SJY. 0.9 0.63

_ 141400, 11.7. 3.66

160 8 le82

— 440.8 56.89
14100. 34.9 6410

— Su0. 0.9 1.08
e .. EOQ.O 75.18
206400

DESIGN ITERATIONS: 5

_.FUSELAGE

10590.
2.

1.30
140,
12C.
90.
1U5S0.
7361.
8281,
0.429

___CCMPCNENT WEIGHTS_ (LB) _

v.97
4674,
5711.-

5.5,
95.0
ToTl
62.7
8.13
Ce2lu
0.73
-50 3
Ue 30
1.34

1.40

0.25
1.02

FUEL
LB
102,
38.
. 226,
119.

3208. .

47e

10.

_.37150. _
1017,

*ENGTH {FT)
*DIAMETER {(FT)
*DRAG FACTOR

FLAT PLATE AREAS (SF)

WING PROFIIE
FUSFLAGE
EMPENNAGE ~
TCTALL PROFILE
WING INCUCED

ROITORS
DRIVE SYSTEM
PCWEFPLANT
NACELLES
FUEL
WING
FUSELAGE
EMPENNAGE
LANDING GEAR
FI IGHT CONTRALS
HYDRAULICS
ELECTRICAL
INSTR+AVIUNICS
AIR CONDITIONING
FURNISHINGS
FLUIDS -
FLIGHT CREW

. CA3IN CREW

SYSTEM

8060
10.0
1.00

3,42
5.31
2eub

13.04

2.17

4761,

£711l,
2269,

520,
441,

. 3571,

579C.

G568,

1451.
2144,

285,
791.
7C3s

1150,
250C.

242,
40L.

15Ce

-STRUCT TECHNILCGY FACTCRS
*ROTIR
*TRANSMISSION
*AIRFRAME
XENGIME (HP/LB)
*ENGINE INSTALLATION

PESIGN MISSIIN
*FIFLD ELEVATICN (FT)
SCGUND SPEED bvR (FPS)
. %STN DAY TEMP (DEG F)
*EVMLRG HOVER A1 T (FT)
*H3T DAY TELMP (DEG F)
*CT/SIG MAX
*MAX ACCELERATIIN (G)
*DESIGN CRUISE (MPH)
=CRUISE ALTITUCZ (FT)
SIUMD SPFED CPSE (FPS)
. ¥MAX CECELERATION (G)
*STRUCT 1LGAD FACTOR
*FLIGHT CKEwW
*CABIN CPEW
*ATC SPEED LIMIT

105
L.85
0.80
7.00

1.50

Je
1117,
5G.
20C0.
S5.
Ca150
Co25
4",
15000.
1(58.
Ce2v
405

2.

L.
YES

i
[=))
[



¥-15-50

STAGE LENGTH (MlI,)
CRUISE ALTITUCE (FT.)
{¥PH) _

. CRLISE SPEED
CRUISE L/C

... CRLISE CISTANCE (MI.) _

BLOCK TINE (MIN,)
BLCCK FUEL (LE.)
BLCCK SPEED (NMFH)

CIRECT

25¢ -

12930,

4

2Gb. . _.
12,85 1
17.4

8.6
324,
174.

GPERATING CCST -
AIRFRAME CCST ($/LE)= 8u.)

ANN UTILIZATICA(FR)=2CG06

50, . 15 - 1Jue
£99. 1301, . 125308, 15
305, ... %4S.._ 447. ...
Ze 85 e 1€ 9.24
35e4. . 27.5. 46.6
13.6 1667 2044
46S., €E2, 864. 1
220, 210, 294,

DIC=1.E34C.C27C*SL $/SEAT-TRIP (SL= 25,.45(0.)

HCF LENCTHS 50+¢1¢5C+
STAGE LENGTH 25
NCe CYCLES/STARTS 171
FLIGHT CREW 0e557
FUEL & CIL Le36C
PULL INSURANCE Ce26J
TCTAL FLIGRHT GPS 1.277
LABCR AIRFRAME Ce49%
MATERI AL AIRFGAME Jecléb
LABUR ENGINES Ce3390
MATERIAL ENGINES Ceb85
MAT. BURCEN l.072
TOTAL MAINTENANCE 2.681
DEPRECIATICA lav43
TCTAL CIFECT CPERATING
$/AIRCRAFT.MILE £.007
$/FLIGHFT KGUR 872.0
$/SSAT MILE C.l1C0O1
$/SEAT-TRIP Ze50

U+

C+

5)a
171
Jed4l
0.261
Co 285
ve€87
C.224
0.12¢6
C.181
Co215
U.656
1.603
Ce k26

ccsT

3,416
751.1

CeC683

2642

L=29u 1CC+20C+
75. 1¢0.

171 171
Je 360 Ce33L
0.253 Cs240
Co232 Ce213
Je845 C.783
0.247 Celle
V0S4 Cet276
Vel27 . (C.101
0o 219 Cal72
O.486 Ce4uS
1.173 CeS75
0,674 .18
20691 . 20376
12640 6S8.7
0.C538 (,0475
4o U4 4,75

0+ o+
150,
1/1
Je 266
0,231
0.151
U.718
00178
LeUbL
viJ?5
Co 125
ve329
0.771
Ce554

20042
670.1
0.04C8
6e13

150 200e _.. 300s . 400e. 5006 .-
UNJe 150CN. 150d0. 15030, 15C20.
449.... . .449s ____449.__.. . 449e. .. 449,
3.79 9.79 9.79 9.79 9.79
89.5 136.5 239.5. 336,5. 439,5
2704 34,1 475 6008 T4e2
248. 1633._ . 2394, _ 3143, 3879, _ ..
328, 352. 379, 394, 404.

DEPRECTIATION PERIOG(YR)=10.
ENGINE COST ($/HP )= 61,5

INSURANCE RATE=Ue(Q4C

0=3¢(

240, .

171
Je276
0.227
Je178
Ce€81
0,159
Ve 55
J.062
Vo lul
f.287
0.664
J.517

10861
65447
0.0372
Te 45

20L+20 0+

236G.

1/1
0.256
0.222
UelbS
D¢ 643
Co 140
DNeda?
C.C48
Oel78
Ge 244
0.557
VebT9

le679
636.7
.0.0336
10.08

s g+
400,
171

Ce 246
0.218
0.159
0.623
0,130
Jeil43
0.041
Jeubb
C. 223
0.504
Ue4b61

le588
62642
0.0318
12.79

-

52640

.530,
/1
Ve 249
0.215
0.155
Ce614
00125
Velsl
0.037
0.058
U.211
Cs41l2
De45)

le 532

619.2

0.0306

15,32

200. .
2/1
Ce348_.
C.236

cellé

0.831
00213
D76
€.092°
0.153
C.395
C.528
0.622_

_._2¢352 .
687.C

0.0470
9.41

LABCR RATE($/KR)= 7.00
FUEL CCST (CENTS/GAL)= 18,0

300.
2/1
Ve3u5
06231
Vel
J.725
Vol 76
Veddbl
0.0€8
vell2
0.317
Oe 734

Ue550) ..

2:010
663.7
0.0402
12.96

400' -
271
0.284
0,227
Cel?8
Ce636
Ce 158
Vel:54
0.057
0091
Ve279
0¢ 635
D517

.. leB44
648,7
.0.0365
14,75




M=75-50
DEFARTULRE FATH TC 1(,0uG FT WMSL

MAX FLSE ANGLE=2C. UBSTACLE CLEAR ANGLE=6C,

TIME DIST ALT VEL ACC

SEC FT FT FPS G
OBSTACLE. CLEARANCE
3.1 b 7. 3e Ved5U
4sC 7. 13. 8. C.171
540 13. 22, 130 Oele€2
6.2 24. 42. 18. U.122
7.5 44, 15, 23. C.CS1

865 58, 100 . 24. 0.(057
ACCELERATICN ANC CCNVERSION
Se5 164 124, 33e Col6S
1J.4 103. 147. 40e L1174
l1l.2 135, 171. 46. Cal76
1261 183 154, 57s Co 177
13.3 235, . 21¢. 66, Uol81
13.E 252 23¢€. 75. C.190
l4.€ 357, 259, 84. Ja19)
15.4 433, ZE1, S4. C.136
l6.4 €24. 30%. 1U4e 0171
1762 €18, 32¢t. 1134 00182
18.1 724, . 351, 123. J.175
19.C 843, 375, 133. C.17¢C
2Vel 562 4ule 143, 04157
21.1 1l41l. 429, 152. Cel4a?
22.2 1339. 462. 1620 06125
23.¢ 1570. 457, 172. vell5s
25.1 1844, 537. 182. G.1lu3
2665 21¢80 58%e 1920 CetSQ
28.7 2537, 631. 202+ J..B4
20.7 2S44. 68¢. 212. C.CAC
32e6 3374, 733. 222. U.38C
34,5 38C6. 733. 232, Cev83
3663 42484 . B2le 2426 (e(84
3842 41l4. 88C. 249. 0.(83
AIRPLANE MODE CLIME TC 10,40(C FT
3862 4171l4. E8Ce 2526 CeC
1781 42600, 1CiCGe 2906 Vel

GAM
CEG

64U
6J.0
€U0o U
6J .U
60.0
60.C

5200
41.1
33,2
27.17
23.6
2006
18.2
16.3
lae7,
13 4
12.4
11.4
13.6
9.9

THRUST
Le

51345,
5€526.
5€CS 1,
54395,
52102,
5166G(.

SUSECS
4569356,
SC1SE.
S5(2¢€¢i7.
593112,
5C34¢€,
5024:,
S5t 56,
486G¢.,
4€645,
44%3;,
42Cliz.
36117,
3€05¢.
32463,
263<C.
25352,
22¢6C 1.
2C5¢6¢,
18508,
1€715¢.
152%4.

CBSTACILE

.. LWGO

14033, .

1237¢.

l1iCzz.
1482¢€,

THE TCTAL NOISE IMPACT IS 0.542420406

NCISE AT ECC FT1 SIDELINE= 95,2 EPNCH

NOISE AT 20,CCC FT SICELINE= €1.1 EFACR
NCISE 25,000 FT FCRWARC OF TAKEOFF POINT= 5€.5 EPNDB

NGISE SCC FT FCRWARC CF TAKECFF PCINT= S644 EFNDE

Le

-Ce
—%
-1l
~21.
-35,
=52,

=930
-136.
=194,
99.
492,
992,
1633,
232¢.
2162,
4113,
€176,
6358,
7€53,
S(63,
105386,
12223,
13972.
15219
l16227.
17266,
13236,
15498,
2C€64e
21¢1C.

HEIGHT =100, MAX ACCEl PCTATION RATE=20, ACCEL BUILDUP TIME= 5,

LWGI
LR

-647.
-789.
-8C3.
=765,
=799,
=81,

-10670
-1489.
-1832.
-2135,
=2425.
-2736,
=3J75.
-3457.
-2571.
=950,
8L5.
2662,
4671,
6807,
F161e
11¢€24.
14263,
l161C1,
17467,
18G¢e8,
2:514.
22133,
238260
25183,

DWGO DWGI

LB LB
0. 846,
2. T74.
5. 125,
10. 668'
17 064G,
26 621.
2%, 3b4s
3u. 236,
29, 191.
28, 16S.
38. 162,
60e 164,
93. 172.
137. 185.
19¢2. 128.
259, 790
337. 78.
427. 122.
528. 2.8,
64le 33G.
7650 492,
S({le 684,
1047. 910,
112ue 1046,
1157, 1133,
11974 1222,
123G, 1316,
1288, 1414,
1337, 1517,
1378, 1566,

DFUST
LR

1.
10.
28,
544
S0e

134.

1326
GG,
[
51
45,
490
65.
32,

130,

179,

239,

311,

3%4,

487,

592

IR

834,

899,

935,

G732,

1Ul4.
1C62.
l1l1le
1152,

ALP
NEG

29.3
2645
26.7
27.6
28:3
29.1

29,7
40.6
4846
54 .0
57.7
6oy
62.1
63.7
Ehe1
63,2
624%
€lsl
59.8
57.8
5529
52.3
474
44 ,v
40.6
3€.C
352
2l.2
1201

3.5

THE
BFG

24,6~
244 6-
24,6~
2446~

AWD ALV
DEG OCEG

35.4 23.3
35.4 24.8
35.4 23.6
35.4 22.5

2405=3504 2200

2446~

24o6-
24.6-

2406
24.0
2446
2406
2446
2440
2% 6
2440
2446
2446
2446
2446
2406
24,6
2446
23.S
23.0

35.4 21.3

2l.4 21.3
16.5 25.8
—Bo €& 2806
=3.1 28.6

le 2744
40 2504
b6a4 22,1
3.2 2.,.8
G¢G 17.9
1l.1 15,2
12,2 12.8
12,1 100¢
13.9 8.7
14,6 7.1
1562 506
15.8 4,2
16,3 3,2
16.0 2.4
15.5__1.S

2261 15.C le4

2l.4
20.8
2Je2
19.8

14.6 10&
l4.2 Q.6
139 0.3
13.7 0.1

LAMDA

60853

00C929
fa,966
Uel996
Ue 1020
u.l‘48

CeluTl
0.1534
CsalC78
UelJ75
01073
Yo L(TH
el Th
OelnT72
C.1100
(1140
Cell67
01265
Uel256
0s1468
Uo 1626
tele2e
0.2034
Lve2341
(e2575
Lo 2657
3187
Ce3522
0.3856
Ue4U59

MU

0.0020
00,0054
a9
J.0127
Ue0168
Gerv 210

VoL 266€
Getli4l3
0o C575
Jati?731
Qe B8R
s 1044
1el243
wel35e€
0.1459
Je 1€35
VelTe¢5
0. 188¢%
Ve2 su3
C.2105
Us 2174
0.2212
0.2181
de2137
0.2101
Ce 1632
Q61745
0.1398
0.0839
060274

cr

V47139
0o J15%
N.J1%2
Uellas
NeJdl44
L ell4l

Led1238
JeJ136
GeC137
a3127

0.0137:

Jocl38
TeJ137
TeJ137
0.0133
t.212%8
Tedl22
GoU115
Vel L7
0.C099
CelCES
Ceuil8C
00870
TellE2
Ce3057
Ue 2C51
Jel'i4b
0.0042
6.,CC3S
DeVu37

POWER

HO

7227,
€480,
2717,
5717.
3717,
37117,

8717.
8717.
€717,
8717,
8717.
€717,
f717,
3717.
er17.
8717,
8717,
8717,
8717.
ar717.
27117,
8717.
8717,
E717.
a717.
8717,
8717,
8717.
8717,
8717.

€9-T



TILY RCICR CESIGN FRCCFAV 19174

M-85-50

CVERALL ..
GROSS WEIGHT (LBR)
EMPTY WEIGHT (L8B)
FUEL WEIGHT (LB)
PAYLCAC (LB)
CRUISE SPEED
L/D CRLUISE

*RANGE (STAT MI)
*PASSENGER SEATS
*CARGC (L3}

(FMPH)

FOT0ORS
__*01SC LCADING
RACIUS (FT)
SCLIDITY
BLACe CHIRD
TCTAL ELACES
*CT/S1G HIVER
. *PROFILE CRAG COEFF
% CCwALCAC
*EFFICIENCY hOVER
* CONVER
. CRUISE
FEL MCCE WEICGHT (1.8)
AIRPLANE WEICGHT (LE)
*T1P SPEED HCVER
* CRUISE
*FUSELAGE CLEARNCE (FT)

(PSF)

(FT)

*MAX HEL MCOE ADV RATIO

_CECELe & CCNV,
1CTAL | o

. ——.RESERVE R,

41200,
2741Ce
364G,
1015C.
42G.
10.04
5CCe
3.

b‘

12.00
23.4
00143
2e€2
8
0.12C
0eCl0
4.5
C.€7
Ce85
C.71
3558,
3426,
€2C.
56C.
2.0
Ce4(

__.% INDICATES INFLT VARIABLE

DESIGN MISSION SPEEC
MFH
TAKECFF & LANDING
ACCEL. & CCNV.
. .BIRFLANE CLIMB 167.4207.
ACCEL, TO CRLISE
——— _CRUISE 429.
AIRPLANE CESCENT 42C.9292.

POWERPLANT .

INST NCRNMEL PWR (HP)
*NUMBER OF ENGINES
*EXCESS FACTOR HEL MODE
¥3 QATED EMRG HVR

* CCNV + CLIMB
* CRUISE
INST PWR ENMRG HVR (HP)
CCNVER (HP)
CRUISE (HP)

*SFC (LB/HF HR)

DRIVE SYSTEPM
*EFFICIENCY
HEL MOCE wEIGHT (LB)
AIRPLANE WEZIGHT (LB)

WING

AREA (SF)
*LUACING (FSF)

ASPECT RATIN

SPAN (FT)

MEAN CHORC (FT)
*THICKNESS/CHIRC RATIO
*TAPER RATID

SWEEP (DEG)

CRUISE LIFT COEFF

MAX LIFT CJEFF CCNVER
#vAX 1IFT CJEFF CLEAN
*FLAP AREA/WING AREA

CLIMB SPC/CCNVER SPD

HE IGHT CIST TIME
FT ™M1 MIN
2400
9IU. Ce9 C.65
14130, 11.4 3,67
Ee 8 le 56
444,17 _ &2,56
14100, 23,2 5.89
.S00. Ca$ 1.12
53040, , 78445
20,00

. . FUSELAGE . ... .. __ .
8602,

2e
1.20
1404
12v.
90.
B6U2.
567G,
7532,
Ue38BU

C.97
3537, -
4309

4324,
95,0
58.8
7.38
0e210
CeC
-5e3
ve33 .
1.3/’
1040
Je25
0.39

FUEL
LB
75
29.

166,
15

_.25C8, _

33.
8e.

28493,

T4T,

.. ELECTRICAL

— . .- . DESIGN ITERATIONS: .

*LENGTH (FT)
*DIAMETER (FT)
*ORAG FACTOR

FLAT PLATE AREAS (SF)
WING PROFILE
FUSELAGE
EMFENNAGE
TCTAL PROFILE
WING INCUCED

CCMPCNENT WEIGHTS (1.8)
ROTNRS
DFIVE SYSTFM
PCWERPLANT
NACZLLES
FUEL. SYSTFM
wING
FUSELAGE
EMPFNNAGE
LANDING GEAR
. FLIGHT CONTRNLS
HYDRAULICS
INSTR+AVICNICS
AIR CINCITIONING
FURNISHINGS
FLUICS
FLISHT CREW
CARIN CREW

8C.0

- 1040 .

1.00

2.95
5.31
o le77T.

12.14
2010

3558,
4308,
12%0.

13v.

278,
31lu0. .
536S.

7836
1236,

5. - . -

- -STRUCT TECHNOLOGY FACYCRS .
*ROTOR 095
*TRANSMISSION _ C.81
*AIRFRAVME C.76
*ENGINE (HP/LB) 10e0U
*ENGINE INSTALLATION 1.59

NESIGM MISSINN
*FIELD ELFVATICN (FT) Ce
SOUND SPEED HVR (FPS) 1117,
. %*STD CAY TEMP (DEG F) 59.
®EMZRG HOVER ALT (FT) 2000.
#HOT DAY TEMP (DEG F) S5e
*CT/S1G MaAX Ce15¢
*MAX ACCFLERATICN (G) 0.25
*LESIGN CRUISE (MPH) 430
*CRYISE ELTITURE (FT) 15CC0.
STUND SPEED CRSE (FPS) 1(5€.
*MAX DECELFRATICN (G) Lelu
=STRUCT tCaC FACTOR 4e5
#FLISHT CREW 2.
*CABIN CF:tw l.
*ATC SPcED LIMIT YES

. 1710,
263,
630,
703,

1157,

250Q0.
2U¢€e
403
150,

1
<]
[



vV-85-59

STAGE LENCTF (MIs) - 25. 5Je 5. 100. 150. 230, 3¢, 4230, 59U

CRUISE ALTITUDE (FT,) 2430. 4039, 10001, 125)0. 15C0u. 15CCus 15000. 15C3C. 15CLU.

CRUISE SPEED (MPH) 256, 305, 422, . 4320 433, 433, . 433 | | 433, 433, B B
CRUISE L/C. 12.13 12.12 E.72 S.22 5. 75 S5.75 9.75 9. 75 S.75

CRUISE CISTANCE (MI.) 17.5 35.9 2.6 49,8 92.6 142.¢ 242.6 342.6 442. ¢

BLGCK TIME (MING) 8e7 1307 1606 20017 280y 3409 48.8 62,17 16.6

ELCCK FLEL (LB.) 247. 362, 516, €54, © 547, 1241. 1823, 2356, 2G61.

BLCCK SPEEN (MFH) 173. 219. 266, 290. 321. 343, 369, 383, 262,

CIRECT CPERATING CCST - ANN UTILIZATICN(FRDI=2U33. DEPRECIATICN PFRICCIYR)I=13. LABCR RATE($/HR)= 7.00

AIRFRAME COST ($/L€)= 80.0 ENGINE COST ($/HP)= 60.0 INSURANCE RATE=0,049 FUEL COST (CENTS/GAL)= 18
COC=1e624CeC243#SL $/SEAT=-TRIP (SL= 25445(00)

HCF LENGTHS SU+150+ U+ I+ L=2uJ 1004200+ 0+ O+ 0=31C 200M423u+ 0+ N+ (=430

STAGE LENGTH® 25, 50.. 75. 100. 150. 200. 300. 400, 50C, 20C, 3006
NGe CYCLES/STARTS i71 171 171 171 /1 171 171 171 171 2/1 2/1
FLIGHT CREn 0.556 0.439 ve361 Ce331 0.299 0.280 Ce 26C 2.251 C.245 0.350 0.308
FUEL & CIL C.27¢ C.201 0elG2 CelB2 Oel76 00173 0o 169 0clb? Oelé5 0.182 0s 176
HULL TINSUFRANCE Vedl2 J.238 v.196 vel8s 0.162 0.152 veldl Jel36  0.133 J.181 Jel61
TOTAL FLICHT CPS 1.133 U.879 0.748 €.663 U637 0.604 0.571 0.554 0.543 Ce713 0,644
LABOR AIRFRAME Qe472 Ce 209 Ve2317 te 235 Ge 172 Gel55 v.137 J.128 U.122 0.205 Oa170
MATERIAL AIRFRAME U.183 O.112 velU83 CeCT0 U.3587 uelL5C Ueil 43 v.C39 {337 Te 08 D.755
LABOR ENGINES C.308 C.169 0.119 C.095 0.071 0.059 06046 00040 0,03¢ C.C87 UoTh5
MATERIAL ENGINES G476 U.25¢ G178 C.l4al {123 L. 83 Jec bl Ce 154 N.349% U.125 Ja 91
MAT, BURDEN l.014 Cet:23 Je403 Ce391 Ge317 0.277 VeZ38 Ge218 C.256 0.376 0.30h
TCTAL MAINTENANCE 20453 le47C 1,082 (o Gu3 Ve 720 Leb623 e 527 Jo 479 Uo459 e E63 J.687
DEPRECIATICN C.874 v.€91 0.567 C.521 Ce470 Cet4ld Uedlu V395 | 5.385 C.525 UeabT7
TOTAL CIRECT CPERATING CCST

$/AIRCRAFT MILE 45461 3.C3¢ 203917 cell8 1.826 1.667 15107 l.427 1.378 2e.102 L.799
$/FLIGHT HOUR T7ueb €64 .6 638,7 €l13.7 586.9 572.5 555.9 54643 54C.1 64 .4 58l.8
$/SEAT MILE - CoeCES2 CoeCEOB 0,0479 CoC424 000365 060333 000301 000285 wou??6 UoJ42u 0ou36D

$/SEAT-TRIP Z2.23 2.04 3.60 4.24 S5.48 €67 S.14 11.42 13.78 8,41 13.79

«0

4000
2/1
De2R8
(al72
Cel52
0.612
Jel54
Ue4S
LoJ54
DETYR S
Qe27¢
0601
Cet40)

1.652
567.7
(e G331
13,23

q9-T



V-E5-5C

'DEFARTURE PATF T1 1C,CCO FY MSL

MAX FUSE ANGLE=20. OESTACLE CLEAR ANGLE=60.

TIME DIST ALT VEL ACC GAWV
SEC FT FT FPS G DEG
- GESTACLE CLEAFRAMCE
3.1 4. T. 3. Ce050 60.0
400 7. 13. 8..0.171 €VL0
Se.C 13. 23. 13. 04159 60,9
. 6e2 24 42 18s Qe 126 6040
7.5 43. 75. 23 0.092 69,V
e .. Be5 58. 10C. 24e G4057 6U.O
BCCELERATICN ANL CCAVERSION
9t 76 123, 334 Uel72 5149
10.3 1G3. 147, 40e Co175 4l.0.
1lec 138, 17C. 48. 3,177 33.2
12.1 182. 193. 57« Cal78 27,6
i 12eS 233 215, 6be Uo 183 23,6
13.7 2SS 236. 75+ 0e192 29045
14.8 355. 25€. 84, Col191 13.2
1564 430U, 275, G4e 04187 16.3
1€.2 52Ce. 303. 104. Col72 1407
17.1 614, 32€e 1130 04182 136+
.. 18.0 121, 349, 123. 0.175 12,2
18.9 E4Je 373. 133, C.170 11.4
1946 S7Ge ., 39Se 143, U157 1Ueé
21.9 1139, 427. 153, V.146 9.9
2262 12265, 4uCe l6ce Oolca Go3
23.6 15172, 496, 1772, Oell3 8.8
25«1 1847, 536 182. CslUu2 8.3
264G 2180. 582 1924 GCeC89 745
23.8 2557. 632, 202. U.u182 7.5
.l 2%74. 684, 212. C.078 7.1
327 34l4e T36e 2220 Vo(G78 668
34.6 3855, 787 232. 0.8l 645
. 36e5 4304. B3€. 241l. C.CB3 643
AIRPLANE MCCE CLIME TC 10yuLl FT
36.5 43c4. 83¢. 244. CoC 16.3
1773 412926 1CUGLCe 28l. CoC 13.%5
THE TOTAL NCISE IMPACT IS 0,48394D+¢C6

NOISE AT SCC F1 SIDELINE= 94,8 EPANCR

NCISE 2T 20,09C FT SICELINE= €G.4 EPNDB

THRUST
L8

4371¢.
4€137.
4767E.
4€457,
4525¢.
4402C,

43C65,
4256¢,
427€5.
42814,
42€420
4L2ESE€,
421751,
4z%13,
41404,
3¢c8ll.
2784¢.
35682,
33Z21%e
3CS59:2.
2155C.
2456¢€.
21461,
152617,
11835,
15852,
142S¢C.
12C1¢.
12C56,

14G1¢€.
12¢1¢,

ORSTACLE

LWGO
LR

=0.
-3,
-G,
-18e
’30.
~45,

-31.
-1620
-17C.

817,

431

86E,
1401.
2033,
2764,
359%
452¢.
5558,
€€5Co

7921.

9253,
13633,
12211.
13217
14C89,
14989.
15518,
16914,
17827,

NCISE 2%,CCC FT FCRWARL OF _TAKECFF PCINT= 56,2 EFNDE

_NCISE SCC FT FCRWARD CF TAKECFF PCINT= 96.1 EFNCE

HEIGHT=1uC. MAX ACCEL ROTATION RATE=20, ACCEL BUILNUP TIME= 5, _
LWGI DWGO DWGI DFUST ALP . THE AWD ALV LAMDA MU cT
Lo L8- L Le CEG CSG CEG CEG

5416 Oe 1C1e le 2903 24¢€-35¢4 2808 040852 040029 Ue G139
=661, 20 64T, _LUe 2645 2446=35¢4 2447 0a0929 D.0054 C,0154
-6€T. 5., €0C. 28, 2647 2446-35.4 23.5 0.0968 0.,0090 0,0152
=6700 _9e . 564 S4e 2Te5 2406—2504 2205 00,0994 C.0127 C.U148
‘673- 15- j“l. 903 28.3 24.6'35.“ 2109 001020 000167 0.3‘“5
~669. 22¢ S18. 134, 29el 24%446-35.4 21,2 061049 00,0210 04C1l41 .
-920. 250 303 132. 2G5 2446-2744 21,2 041072 00,0265 G, 128
-1241, 264 199, 98o 4005 2406—1604 258 GollL84 0eU412 LeTL36
-1925. 25, 15S. 68. 48B.5 24,0 =8,6 28.5 o178 L0574 L.J127
~—1749, 24¢ 141, 50s 5349 24¢6 =3,1 2R.6 C.1076 0.0731 0.C137
=2032e 33e 134 43, 5Te6 2446 14C 2743 LJlLT4 VL0887 Q00127
-2252. 5le 136, 4Te 599 24e6 440 253 Col072 041043 G.0138
-2576. 80. 1l42e 63¢ 6169 29¢€ 604 23,0 01072 0s1199 Qo137
-2895. 117. 152. B89, 63.6 2446 8.3 2047 D.1375 UL.1355 weil37
-2141. 165, 106s 127. €445 2446 9.9 17.92 041102 0,1497 0.C133
=773 2220 66s 1756 630l 2406 1102 1542 Goll4ad 0a1633 (,2128
Ti4e 289, 66 235, 6242 2446 1242 1247 Gel22]1 Vel7063 00,0122
2269+ 365, 103. 306. 609 2446 13.2 10.6 041270 061886 00115
3962, 452. 174. 3238, 55.6 2446 laer 8.7 Gol3bl 0200 JeC17
5T63e 548s 275¢ 48Le 5Teh 24¢6 1447 Teb 04,1475 0210 D569
1748, €54, 405, 5F44 5556 2406 1503 545 Cel635 ve2l68 Uel(RS
G325, 169 567e 699e H2e00 246 1568 443 L J1R22 42253 Go. 19
12053, €S4, 153, B24, 47.0 2446 16¢3. 3.1 0.2100 0.2167 0.C0069
134¢6le 945¢ 6520 B8TTe 4400 2348 15.9 2.4 0.2341 0.2137 ,0Ce2
14627, S77. 921 91lls 4Ceb6 2245 1544 1.9 (2575 0.2101 043057
15857. 1010. 993. 947« 3601 22eC 1409 (144 042856 041585 00,0051
17148s 1C45. 106G 987s 31el 212 14.5 1) 03185 941749 veJibo
185C1. 1086+ 114S. 1033s 22.0 2Ce7 1l4e1l (o6 043518 0.1408 0.0042
19770s 1124¢ 12246 1075e 1304 2Uel 1348 003 063822 0ouS1T velU29

POWER

HP

5863,

€88C.,
7080.
TCEC,
T28C.
70304

70R0.
TC€Le
1320,
TC€0e
7(9\.
7C2aC.
708,
TCELe
7¢e0,
TCEC.
¢,
7080,
7CEC. .
7c8C,.
T0&(e
TCec,
TC80.,
TLEG,
708G
TL8L.
7C20,
TCEC,

99-1



TILT RCTCR CESICN FRCCRAM 1974

C-15-5¢

OVERALL
GROSS WEIGHT (LB) 52827,
EMPTY WEIGHT (LB) 38025,
FUEL WEIGHT (LB) 4648,
PAYLCAL {LB) 1015¢C.
CRUISE SPEED (MFH) 417.
L/D CRUISE 10.52
*RANGE (STAT MI) 5CU,
#PASSENGER SEATS 504
4CARGE (LR) Co

ROTORS
. *LISC LCACING (PSF) 94 CU
RADILS (FT) 3946
SGLICITY 0.175
ELACE CFGRD (FT) 2.87
TCTAL ELALES 12
*CT/S1G ROVER 0.120
*FRCFILE CRAG COEFF vedly
% DOWNLCAC 445
*EFFICIENCY FCVER (K]
* “ CCNVER 0.8l
CRUISE C.7C
KEL MCCE WEIGHT (LB) 6196,
AIRPLANE WEIGHT (LE) t436.
*T1P SPEEC FCVER 484,
* CRLISE 430,
*FUSELAGE CLEARNCE (FT) 2.0
sVAX FEL MCDE ACV RATIO  (.4G

* INDICATES INPUT VARTABLE

DESIGN MISSIGN SPEED
MPH

TAKECFF & LANCING
ACCEL. & CCAVe
AIRPLANE CLIMB 16C. 4168,
ACCEL. TC CRUISE

. CRUISE 417,
AIRPLANE CESCENT 417602924
CECEL. & CCAV.

_ TOTAL . . .
_RESERVE .

POWERPLANT -

INST NCPNMAL PWR (HP)
*NUMBER JF ENGINES
*EXCESS FACTOR HEL MODE
*2 RATEC EMRG HVR

* C(CNV + CLIMB
* CRUISE
INST PWR EMRG HVR (HP)
CZNVER (HP)
CRUISF (HP)

*SFC (LB/FP HR)

CPIVE SYSTEWV
*EFFICIENCY
Hel. MODE WEIGHT (1.B)
AIRPLANE WEIGHT (LB)
WING

AREA (SF)

*LCADING (FSF)

ASPECT RATID

SPAN (FT)

MEAN CHORC (FT)
*THICKNESS/CHORD FATIO
*TAPER PATIL

SWcEP (CkC)

CRUISE LIFT C2EFF

MAX LIFT COEFF CCNVER
*MAX LIFT CCEFF CLEAN
“*FLAP AREA/WING ARELA

CLIMB SPC/CCNVER SPD

HE IGHT LIsT TIME
FT MI MIN
2.00

JRVD VN Ue8 Ge60
14000, 1107 3,94
5.8 l.76

442.2 63.65

14300. 2406 €el4
JEPNTUN T8 1.10
£€00.0 19.19

20.00

9906,
2e
1.40
140,
12u.
90,
99 ¢,
7412,
8799,
Ve429

Ce97
6645,
7331.

T4,
S0
7.59
72.1
90,63
Le210
0,79
‘503
0.26
l.76
l.4y
Ce25
1022

FUEL
.8
S5,
36.

225,

1C6.

3185,
4l
lu.

3¢t98,

G50,

DESIGN ITERATIONSS

FUSELAGE . —_—
*LENGTH (FT)
*DIAMETER (FT)
*CRAG FACTOR

FLAT PLATE AREAS (SF)
WING PRCFILE
FUSELAGE
EMPENMAGE
TCTAL PROFILE
WwING INPUCED

CCMFCONENT WEIGHTS (LB)
ROTNWS
BRIVE SYSTEM
POWEFPLANT
NACFLLES
FUEL SYSTEM
WinG
FUSEI AGF
EMEZINAGE
LANDING GFAR
FLIGHT COMTFPOLS
HYNRAULICS
ELECTRICAL
INSTF+AVIONICS
AIP CINDITICNING
FURNISHINGS
FLUIDS *
FLIGHT CREW
CABIM CREW

4

- - -STRUCT TECHNOLOGY. FACIORS

8C.0
- 10e0_.
1.00

4e62
5.31
2.77.
15.36
2,29

€436,
7321,
2123,
444,
423,
43R9,
£0670
1157,
1585,
24280
267,
R96,
7u3.
115).
25CCo
264,
400
153,.

*ROTOR

*TRANSMISSIIN
*AIRFRAME

*ENGINE (HP/IB) .
*ENGINE INSTALLATICN

DESIGN MISSION
=FIELD FLFVATICN (FT)
STUND SPEED HVR (FPS)
ST DAY TEME (NEC F)
#EMERG HOVER ALT (FT)
*HAT DAY TEMP (CEG F)
*CT/SIG MAX
®MAX ACCELERATISN (G)
#CESIGN CRUISE (MPH)
#CRUTSE ALTITUCKE (FT)
SIUND SPEFD CPSE (FPS)
=MAX NECELTRATICN (G)
*STRUCT 1 CAN FACTCR
=FLIGHT CRFW
=CARIN CREw
*ATC SPEED LIMIT

1.05
C.85
0.80
7«00
1.54

0.

1117,

59.

2000,

S5

0.150

Cs25

' 430,
15000.

1268¢,.

«e20
405
2.

1
YES o
<




Q=-15-52

STAGE LENGTH (Mls) 25 _." 50 5 100
CRUISE ALTITUDE (FT,.) 2uul . 400uv. 1JU01. 1253G.
CRUISE SPEED (#FH) 296« _ 305, 417. %15, .
CRUISE L/C 12.7% 12.78 €e43 §.53
CRUISE OISTANCE (MI.) . 17.6 ~__ 35.5 30.8 49.1
BLCCK TIME (MING) 8e1 13,8 17 2 2le3
BLCCK FUEL (LB.) 317. - 4624 €55, 82¢.
BLCCK SPEED (MFH) 173. 218, 261. 2624

. 153 200, . 300s . 49%. . . 500l . -
15000, 150CC. 1550¢C. 15CCJs 15C00,
417e . 4170 _ . .417c ... 417e._.. _ 4170 . .
1L.52 1Ce 52 10.52 1. .52 12,52
91.5 141.5 _ 24%1.5 . 341.5 44145 . . _
2848 3660 5Je 4 64,8 1962
1189, 1585, 2278, 2991. 3€G4.
312. 333. 357. 37C. i79.

GPERATING CCST

CIRECT -~ ANN UTILIZATICN{hR}=204G.
AIRFRAME CCST ($/LE)= BU.D ENGINE COST ($/HP)=
DOC=14844CoC265%SI. $/SEAT-TRIP (S1= 25495C0e)

60.0

DEPRECIATION PERIOD(YR)=1D,
INSURANCE RATE=0.04C

LABGP RATE(S/HP)= T7.09
FUFL COST (CENTS/GAL)= 18.u

HGF LEMNGTHS S5C+15C+ 0+ y+ o=20y 1Co¢2CU+ U+ 2+ (=300 20042+ "2+ O+ =40

STAGE LENGTH .- 25. 50, _ 5. 1uJd. 15V. 200. 300. 4C0. . . 5CC.. _ . 200, . 390. .. 400,
NCe CYCLES/STARTS /1 171 1/1 171 171 1/1 1/1 171 /1 2/1 21 271

FLIGHT CRtw J+556 D,441 0.368 C.241 C.308 L.289 Ce 269 Ce26C C.254 (e357 C.317 (.297
FUEL & OIL C.253 C.257 GC.243 C.230 0.220 0.216 0,211 0,208 o205 Co230 0e 221 Ce2lé€
FULL TNSURANCE Ve4ll UeZl8! U.266 C.246 We222 ° (4238 Lel94 C.187 N0.183 D246 Ce221 Vel E
TCTAL FLIGHT CPS 1.310 1.016 Jed77 C.816 0.751 Ge713 0.€675 G. €655 C.642 C.833 0.758 0.721
LABUR AIKFRAME Coc18 Ce 239 00263 Ce 229 Ue193 Uel73 00153 Ool44 O0138 Ce221 GelSY Cel72
MATERIAL AIRFRAME C.229 Uelél Cel'ib C.usS¢ Lel73 Cel b4 LeU55 teu5l C.G48 (.87 CedT7d Ceub2
LABJOR ENGINES C.222 Cel?7 0.125 C.100 0.075 0.062 0.049 0.042 0.038 C.091 0s068 06057
MATERIAL ENGINES Co 548 Ce 295 Ve 206 Cel63 U.119 V.097 0.ul5 L.063 C.a57 Gelé4 Ueli? NLuRg
MAT, BLRCEN 1.693 d.672 J.505 0e429 Le348 Ce3L5 Ue 2€3 (e 242 C.22% Cotla 0.336 J.29PR
TOTAL MAINTENANCE 2710 1.£24 1.206 1,011 0. 808 0,701 00595 00541 04569 Ue943 0e 772 Le 617
CEPRECIATICN 1.155 0.515 . 0.765 C.731 Ce 640 596 U.556 (.539 Ce527 G708 ve635 v e596
TCTAL DOIRECT CFERATIANG COST

$/AIRCRAFT MILE €el76 34554 24348 ce 534 20168 20U14 le 328 1735 1.679 2.504. 2.1¢5 1.5617
$/FLIGHT HOUR 894.3 1i5.4 T43.1 715.1 €85.9 67Ce5 €52.6 642.3 63546 74545 680.1 665.C
$/SEAT MILE C.1C35 C.C711 0.0570 C.0507 0.0440 0.0403 _ 0.0366 000347 0s033¢6 0sCEC1 CeC433 0,u3SS
$/SEAT-TRIP 256 3.55 4.27 5.07 6459 8.L5 13.88 16.79 12,99 15.98

10.57

ly.02

89-1



NOISE AT 2C,CCC FT SICELINE= 57.0 EPMNCB

. . C-75-50
DEPARTURE PATH TO 1C,CCO FT MSL
MAX FUSE ANCLE=20s

GESTACLE CLEAR ANGLE=¢0., CBSTACLE HEIGHT=1lu.

GAM THRUST

TIME® DIST ALT VEL ACC
SEC FT FT FPS . G DEG
CBSTACLE CLEARANCE
3.1 4. 7. 3. JeC5U 6UL0
4e C Ta 13, 8e Cal7l 6000
47 i2. 20 . 13. Ve220 690
5.6 19. 33. 18, 0.178 60.C
6e7 32, 56e 23c 0e 136 6UeC
8.4 55, 95, 28¢ LeC93 6U0
8.5 58. 1CG. 28. 0.C55 60.0
ACCELERATICN ANC CCAVEKSIUN
9.5 83, 12G. 37. C.157 526
10.4 1CSe 15¢C, +4o CallZ 4245
ll.4 15J. 165, 524 0e159 35.u
12.3 2C1l. 213. 6Je el 29.5
133 255, 241, L% 06169 254
l4.2 326. 26b . 73, Ne167 2242
15.1 404, 296. 87. C.163 15.8
l16.1 451. 326 97+ Vel®4 17.8
176C 59J. 353, lu7e Cel?l 161
18.1 112. 3854 1l6. 04143 148
19,3 £4So 418¢ 1266 Col35 13e6
2we5 lJlue 454+ 136. 0.127 12.6
2l1.8 12Cl. 4G4, 145, C.11l6 11.7
23e3 1428 538 S5e Co 105 lleU
25.0 lé€s8. 587. 165+ UaL93 17.3
26.€ 2Cll. €4le 175, CoC85 9.7
28.7 2356. 697. 1Y, C.J8l 9.2
30.7 274¢. 757« 195%. G377 8.7
3241 2142 8154 2040 Ual(T7S 342
34.6 356U. 873. 2l4. U079 7.9
36.€ 4Ca4. 937« 224. C.C71l 7.6
. 3940 45536 lOu3e 232. 0.C7C 7.3
AIRPLANE MOCE CLIFMF TC 19,LL0 FT
3G.C 4523, 1CCZ2e 2340 0oC 1506
188. € 42z4l. 1CC(lC. 26S5. QUov 13.0
THE TCTAL NCISE INFACT IS uUe22886C+006
_NCISE AT 500 FT SIDELINE= 9Ce3 EPNDB

I.B

26361,
61711,
64C€EZ.
62Cl7.
6CLEE,
5811¢é.
5€432,

5424,
54131,
5S(céce
551C7.
551C¢€,
551471,
55CC%e
5367z,
5175¢€.
4367C.
45556,
41664,
321C7.
33ce4,
26572,
25115,
21%4¢c,
152C4.

1741€5

léc4az,
1525C.
147¢5E,

18C€9z,
1578C.

LWGO
L8

-1.

=5,
=14,
-28.
-46,
-69.
-96,

-152.
=284,
-422,
-30.
490,
1147.
1947,
2893.
3687,
523C.
66220
8l6€;
9857,
11637,
13634,
15618,
17177¢.
16422,
20338,
21831,
23287.
23338,

NCISE_25,0GL FT1 FCRWARLC CF TAKEGFF PCINT= £4.5 EPNDB

NCISE S5CC FT FCRWARC CF TAKECFF PCINT= Gle3 EFNDE

LWGI
ILB

=72,
=854
-G12.
=929,
-923.
—92.).
=920

-1213.
-16460
-21%4.
2447,
-2859,
~-33(9.
-38166
-3375.
~140 .

851,
31750

5721.
8477,
11456,
14673,
18120,
21267,
23217.
25270
274217,
29540,
25469,

OWGO

[N:]

0.

EN
1.
14.
23,
34,
41

4G .

5Je

52.

45,

53.

764
115,
162,
237.
329,
419,
533,
662.
806,
965,
1138,
1284,
1332,
1393,
1455,
1523.
1451.

MAX ACCEL RCTATION RATE=23.

DWGI
(]
914.
8226
601,
705
673,
641
6226

392,
2830
235,
212.
2C6.
211.
2250
187.
116.
109.
1616
263,
42“'.
626.
874,

11600

1434
1551.
1677.
18314
1632,
1834,

DF

1
1

1
1

1
1
2
2
3
4
5
6
7
B
8

usT
Ls

1.
1Ge
28,
55.
90.
35.
88¢

T4.
33,
S8
T4.
62,
62.
73,
G5
2G.
T4.
3ue
97.
16.
65,
66
73
74.
12.
59,

9L3.

S
9

ble
310

ALP
CEG

29.3
2605
2545
2643
27.3
2862
2902

2G.6
29:3
47,8
53,1
5645
56945
61.8
&£3,.1
6145
623
L7
5642
57.0
53,8
49.2
4263
33.8
2T.7
19.u

[
-3e2
~3.2

THE
CEG

AWD
CEG

24.6=35.4
24e6-250 4
24.6-35.4
240€-35c4
24.6-35.4
24.6-3%.4
2406—3504

24e6-2861
?2406—-1769
24061004
Z4e6 ~445
24.6 =).8
246 2.3
2406 408
2446 6.8
24.6 8.5
24,6 Q.8
24e6 llecv
24.56 12.C
2446 1208
24.6 13.6
24,6 14.3
2406 1408
2443 1541
23.3 14.6
2249 14.2
21.8 13.)3
2lez 13c€
2.l 12.7

ALV
CEG

28.17
2445
23.2
2100
2U.3
19.6
1809

18,2
220U
244U
23e7
2243
2V 4
1803
15.5

O e o 0

OO~ NWS N
L]
CoNvVmodPNNNSIaN

-

LAMDA

0.0654
OelGSy
Gell19
001156
C.1193
V1234
Gol27C

0.1305
C.13729
O0el3uu
C.129%6
Lel291
G.129%)
Co 1249
vel3la
{el361
O.l44s
V.1538
Celbb4
Co1829
Ve2:749
C.2353
Uocll4
03264
0.3684
044090
Uedtll

ACCEL BUILDUP TIME=

MU

0.0026
00070
02116
0:0157
J.02¢8
Vel262
000320

0.0374
0.057V
Ul TRS
000589
Del1193
J.1396
Oo 1601
Cel7G3
GelS71
0.2120
0.2296
Vel432
00 2549
V62625
J.2625
(o 2482
Ue2ll2
0.1845
0.1393
Jel6T6

Cod712-0ou347
(at871l-542273

5.
cT POWER
HP
0.0174 6737,
0.0152 7954,
U.0169 8764,
063193 8764a
03187 87¢€4.
Geal8l  BT64.
00d176 8764,
0.0171 8764,
J.,C171 8764,
LeDl72 87¢4.
0oC172 B87¢&4.
N.0173  87¢4.
JelT73 8764,
Ue 3173 8764,
veslt3 8764,
243163 E£7¢4.
C.0153 RT7€4.
C.Cl43 8764.
0.0132 87c4.
0oC1l20 8764
GaQlll B7¢4.
0.0J093 R7€4.
GoUCFQ  37¢€4,
vedTH8 BT€4.
0,CC6b1 87¢4,
G.0v55 B87¢€4.
Ced )51 8764,
Co0C49 Bt4,
JeJs4l  B8T64.

69-T



TILT RGTOR CESIGN PRCGRAM 16574

Q-85-50 _.
OVERALL . e —
CROSS WEIGHT (LB) 44471,
EMPTY WEIGHT (LB) 3ypcea,
FLEL WEIGHT (LB) 3474,
PAYLCAC (LB) 1015Ce
CRUISE SFEEC (MFH) 4u3.
L/D CRLISE 10.54 _
#RANGE (STAT M1) 5CUe
*FASSENGER SEATS 50U
*CARGC (LB) 0.
RCTORS
*[1SC LCACING (PSF) el
RACILS (FT) 28
SOLICITY 0el19
ELACE CHORD (FT) 2463
TOTAL BLADES .12
*CT/SIG HOVER 0.12C
*FROFILE CRAG COEFF veCIC _
2 OCWNLCAD 4.9
*EFFICIENCY FOVER UeB7
* - CONVER Uetd
CRUTSE C.71
+EL MCCE WEICKT (LB) 457z,
BIRPLANE WEIGHT (LB) 4745.
#TIP SPEEC HGVER 4ECe
* CRLISE . 48C. __
*FUSELACE CLEARNCE (FT) 2.C
C 040 —

*=MAX HEL MCCE ACV RATIU
* INDICATES INPLT VARIABLE

. POWERPLANT -
INST NCRMEL FWEk (HP)
_. *NUMBER UF ENGINES
*EXCESS FACTUR HEL MOCE
%% RATED ENRG HVR :

* CCNV + CLIMB
* CRUISE
INST PWR EMPG HVR (HP)
CCNVEFR (HP)
CRUISE {HP)

*SFC (LB/KF HR)

_DRIVE SYSTEPN
*EFFICIENCY
HEL MOCFE WEIGHT (LB)
AIRPLANE WEIGHT (LB)

WING'

_ AREA (SF)

®LCADING (FSF)

ASPECT RATIO

SPAN (FT)

MEAN CHORLC (FT)
*THICKNESS/CHORD RATIO
*TAPER FATIO

SWEEP (DEG)

CRUISE LIFT CGEFF

MAX LIFT COLFF CCAVER
*MAX LIFT COEFF CLEAN
*FLAP AREA/WING AREA
_ CLIMB SPC/CONVER SPOD

DESIGN MISSICA SPEED HEIGHT CisTt TIME
MFH FT M1 MIN
TAKECFF € LANCING . 2.0
ACCEL. & CChMve 100%. G.8 0.62
AIRPLANE CLIME . 155491S3.___ 14000, 1le 4 2e54
ACCEL. TC CRLISE 8.9 l.64
CRLISE . 4C3. _ . 444.9 66.33
AIRPLANE CESCENT 402492520 14000¢ 322 5.54
_CECEL, & CCAV, __  _ .10, C.8 l.14
TOTAL — —— _. 50040 81le60
... RESERVE. 20.00

e FUSELAGE

7954,
2. _.
l.40
140,
12¢.
90.
7954,
5651,
7916.
C.38¢0

... ... .. CESIGN ITERATIDONS: 5

*LENGTH (FT)
«DIAMETER (FT) _
#DRAG FACTOR

FLAT PLATE AREAS (SF)

WING PRCFILF
FUSELAGE
EMPENNAGE
' TCTAL PROFILE
WING INCUCED

80aU
100
1.00

- 3465

521
2.37
14006
2.27

_CCMFUNENT WEIGHTS (LB)

VeS7
4997.
5458,

5¢3,
75.0
7082
68,1
8.71
Qe 21
070
=543
o.zq
1.76
1.4%
0.25
lels

FUEL
L8
€S,
27.
__. 163,
T2.
_ 2417, .
29.
e

. 27844
€90,

ROTORS

DRIVE SYSTEM
POWERPLANT
NACELLES

FUEL SYSTEM

WING

FUSELAGE

EMFEANAGE

LANDING GFAR
FLIGHT CONTROLS
HYDRAULICS
ELECTRICAL
INSTR+AVICNICS
LIR CUNDITICONING
FURNISHINGS
FLUIDS

FLIGHT CREW
CABIN CREW

4745,
€4SF,
1193.
1(8.
257

*RUTIR

*TRANSMISSION

= Al RFRAVE

*ENGINE (HP/LR)
*ENGINE INSTALLATIODN

" CESIGN MISSIAN

3448, .

5431,
845,
1335,
1€C5¢
273.
1C3.
7030

25000

. 222._ .

400.
15G.

1150,

=FIELD ELEVATICN (FT)
STUNML SPEED HVP
»*STD CAY TEMF (CEC F)
xEAEPG HOVE®R ALT (FT)
#HOT CAY TEMP (CEC F)
*CT/SIG MAX
*MAX ACCELERATICA (G)
*CESIGN CRUISE (MPH)
¥CFUISF ALTITUCE (FT)
SOUND SPEFD CRSE (FP

_*MAX DECELERATIZN (G)

*STRUCT 1.CAD F2CTCR
#FL IGHT CRFA
*CARIN CREA

*ATC SPEED LIMIT

. ..STFRUCT TECHNOLGGY FACTCPS

(FPS)

Ce S5
‘..81
0.76
16.02
1054

00
1117,
55

2000,

GS.e
Cel5y
Ce25
4ot o

15009.

S)

1{5¢&.
C.20
“e5
20
l.
YES

[
1

~

o



TL-T

)
[] Q-ES-50 -
. STAGE LENGTH (MI.) 25. S0. 15. 10Ce 153. 2CCa 3J0. 400, S5C)e
» CRUISE ALTITUCE (FT.) 203C. 40CO. 10CC1l. 125J0. 150GC. 150(C. 15000, 15200, 15C00.
CRUISE SPEEC (MFH) 266, 2056 26 €. 40Cs 4724 402 4020 4020 . 402¢ _ - - - — —
CRUISE L/C 12.C4 12.04 G.24 G.G3 1C.53 1¢.53 10.53 10453 1G.53
» CRUISE CISTANCE (MI,.) 17.7 36.0 24,7 523 G442  144.2 24442 344,2 444,2 _. -
T BLCCK TINME (MIN,) Bel 13.8 l7e & 21.€ 29.4 3€.9 51.8 66.7 Sl.6
BLCCK FUEL (LB.) 24.. 354, 453, 618, £91. 1166, 1711, 225C. 27181 __
» BLCCK SPccO (VMFH) 172. 217. 257 277. 3066 325, 347, 360, 368,
: DIKECT CPERATING CCST = ANN UTILIZATICNGFR)=20u%. DEPRECIATICN PERIOG(YR)=1u. LABCR RATE($/HR)= T.00 S
] AIRFRANE CCST ($/LE)= BULY ENGINE COST ($/HP)= 60,0 INSURANCE RATF=C,.C40 FUFL COST (CENTS/GAL)= 1B8.0
COC=1,62+CaC26T7#SL. $/SEAT-TRIP (SL= 25695(Co)
HCF LENGTHS 554150+ G+ L+ (=200 LeC+zic+ o+ G+ 0=300 2004240+ (+ Q¢+ (=423
’
_ STAGE LENGTH 25 SCe 75 100, 150. 200. 300. 400. 5CCo 2CQa 3006 400¢ .
NCe CYCLES/STARYS 171 171 171 171 171 171 1/1 171 171 271 2/1 271
[} FLIGHYT CREW Ge555 0.438 Ca371 Ce343 Ca311 Ve293 Je 214 Ce2¢€5 Le256 C.359 (e320 0,301
FUEL & OIL Ce2€B CelS?7 0e183 Col?2 0o 165 0olé€2 Uo 159 Cel56 Uo 155 0a173 Je 166 0o 162
HULL INSURANCE ve332 0263 Ve22:2 Ce235 L.}Bb Jel75 Ve léa Lel58 irel55 14296 UelBH CelTS
[ ] TCTAL FLIGHhT CPS 1.155 .898 J.T75 C.721 CebE3 U.63C 0.597 0e579 0.56¢ 0.738 C.671 0.638
- LAEBOR AIRFRAME 00492 (o322 0o 252 Co 220 Ua 186 Je l67 Vo 14C O. 140 L.134 C.218 C.183 Delée -
MATERIAL AIRFRAME CG.200 vel23 G.063 C.C7S CoedE4 (el 57 Cev4S Ue 045 (.043 YelT76 UVa}62 0.055
’ LABOR ENGINES Ca301 0.166 Oell8 C.095 Qe071 0.059 00047 00041 0,037 CoC86 Qouvb65 Do USS
MATERIAL ENGINES C.44C Cez37 C.1¢€6 Col22 CeLG6 e 79 Cel6] Gef.52 {40 Jell7 Ce. 86 CeuTl
MAT., BLRCEN 1.C31 Ce635 Vo481 C.409 0e334 Je2G4 C.254 Ue235 _ (o223 0.365 04323 0,287
[ ] TOTAL MAINTENANCE 2edt4 le483 la11C CoS34 e 751 Ve 656 Uo 56U Ue512 (o483 Co8G1 Le 720 0.634
CEFRECIATICN JeS56 De755 . Ue638 (.591 Je 536 0e504 D472 Vea56 | G.446 Cs591 Ve533 Ce504
TOTAL CIRECT QPERATING CCST
» $/AIRCRAFT MILE 44574 20136 2524 za 245 1.951 1.790 1,628 1.547 1,498 | 2,220 1.924 l.77¢
$/FLIGFT HJIUR 18446 68l.7 648,2 €23.J 596.3 5€82.0 565. 7 55645 550.5 ' 615.8 591.7 577.7
.. —- - S/SEAT MILE CaC%15 CeC627 0.0505 CoC44S 000390 0,0358 040326 000309 063300 Ue0444 0e03385 O0ou35%
[ ] $/SEAT-TRIP 2429 3.14 3.79 4.46 5. €5 7.16 G.77 12.32 14.G8 8.88 11.54 14.21
) .
, ; _ )
» . R B i .
" a - a '
» . _ e
. - o )
]




C-€5-5¢C e .- e
DEPARTURE PATE TO 1C,CCC FT PMSLL
FAX FUSE ANGLE=20., UBSTACLE CLEAR ANGLE=6U. OBSTACLE

TIME = DIST ALT VEL ACC GAM THRUST _ LWGC
SEC FT FT FPS G DEG .) L8
CBSTACLE CLEAFANCE N .
3.1 4. Te 3. C.050 60.0 471870 -0.
".0 - - 10_., 13' 8. 00’.71 (:G.O 51;47. ~4,
461 12. 2. 13, 0221 6J.0 53%6%. =12
5.6 - 19._ 33. 18. 09179 60.0 52245.A —24e
6.7 32. 55, 23, 0.137 6J.0 5C617. -39.
Be4 554 956 28es 0o 094 600 4ESEE ~56G,

8.5 58. Lo, 28e. GoC56 60,0 475365, -82,
ACCELERATICN AND CCAVERSION i
9.5 80. 120. 37. C.154 52.7 46265, =13C.
10.4 11Ge. 156, 44e UelTl 42,5 46287, -244.,
1le4 151, 1€¢€, 52¢ Le158 25,0 4€2% 2, =370
1264 2024 214.  _6'1. U159 29.5 4€352, -32.
13,2 26C. 242. 6Se 06169 25.4 4€45¢€, 416,
1462 327« . 2665, TRe U167 22.3 4€3¢7T, $82.
15.2 405. 297, 87, Lel63 19.8 4626C. 1672,
16,2 468. 327, 97e 00154 11748 45385, 2487,
17.1 561. 354, 10Te 0171 16,2 42852, 3431,
1862 T13. . 3€7. 116, vel43 14.8 4(S21. 4503,
193 851, 42Ue 126e Uel38 13:€& 3EZSle 5TJ4e
2G.5 1J13. 456, 136 Gel26 12.6 35283, TL35.
2le5 lzCét. 4€€e 145. Celld 11.8 32CC4. 8494,
23e4 1435,. 541. 155. 0.1u3 li.0 2€5C1. luuB2,
25.1 17C9. 561e 165« UeL92 1003 248CS. 1179¢.
2605 2028Bs. 646¢ 175 CeCB4 968 2110Se 136370
28.9 2393, T05. 185, W77 9.2 1Eu62. 1523(,

.- 31.0 2788, T€6. 195, U.076 8.8 1€19C. 16321,

T NCISE SCC FT FCRWARC CF TAKECFF PCINT= 9u,8 EPNCE

33,0 3191. B2%es 2G% 0oiT8 8e¢3 146€6(. 17491,

35.L 3614, 884, 214 0 073 7.9 1352¢. 187Ul.

37.1 4CS6. 949, 224%. C.CTL To6 128617s 19882,
AIRPLANE FCCE CLIME TC 1lUsCul FT . —

37.1 4CSé6. 545, 228. Q.U 16,0 15€4E,

188eC 4CSEBe 1CCCCe 2€l1s Coo 1304 126240 .

THE TOTAL NOISE IMPACT IS C.2CL01D+Cé
NGISE AT S00 FT SIDELINE= 89.8 EPACE

NCISE AT 20,0C0 FT SICELINE= €€.2 EPNOB

HEIGHT=1.-0,

Lwel
LR

-581,

‘7(‘7.
-756.
7700
-T66.
-762.
-T71.

-1Ul5,.
'1362v
=17G1le
-2026.
-23¢€8,
-2740,
-316C.
~-2814,
-llﬁq.
705.
2643,
47065,
7061,
9543,
12224.
151( 60
176¢%,
19211.
20569,
22652
24429,

NOISE 25,CCC FT FCRWARC CF TAKEGFF PCINT= 54,2 EFNDE

DwG3

L8
"o
2.
€.

126 .

20.
29,
41.

42.
43,
456
3G,

MAX BACCEL RCTATINN RATE=21,, ACCEL BUILCUP TIVME= 5,

OHGI
LA
C7157e
681,
664,

557.
531.
515.

325.
239,
194
174,
16G.
173,
184.
154,
Gb.
ﬂl.
134,
220.
347,
512.
114,
9526
1154,
1250.
1352,
1456,
1564,

5840 _

DFUST

L8

le

10,
28.
. 5S4e
90.

134.
187.

173,
132,

97

73,

606

59.

6S.

91e
123,
161.
222,
288,
365
453,
552,
6620
748,
786,
831.
877.
9244

ALP
CEG

2563
2645
2544
2663
27.2
28.2
29.2

29.7
29.2
4768
53.1
5604
59,4
61.7
63,0
6l.4
61.9
6L .0
59.0
56,8
53.6
4G.0
4119
34,2
27.6
19.1
8.6
=-2.7

THE
CEG

Av0
LEG

24e€~35464
24:6-35.4
24e46-25.4
2450-25¢ 4
2446~35. 4
2%.6-35.4
24.6-35,4

24.6-28.1
24.6-17.56
24.6-10.4

2%.6
2405
2446
2446
2400
2406
2446
24.€
2446
2406
2446
2446
246
2442
23.2
22.4
2l.17

~4.5
-0eS
2.3
4.E
o8
8e4
G.8
11.C
12.0
1208
13.6
l4.2
1408
14.6

1405

‘l".l
13.8

ALV
CEG

28e7
2445
23.2
2C.S
2063
19.5
18.8

18,2
22.0
2444
23.7
2243
2044
18.3
1569
13.4
10.9

LLAMDA

Ue 0953
(1e1.'49
0.1120
G.1157
0o 1194
{1234
C.1271

Jel3u6
0.1310
Cel3ul
Jel2137
01263
Jel292
0.1292
Uol1313
Cel364
O.1448
{1542
Gel669
651335
1 g2057
Ce2364
ve2789
(e3282
06 3652
{* e 4itBO
De %469

MU

Jef3374
J.0570
Ve784
vel.G38R
0o 1152
Je1365
0.1599
Co 1762
Ne166G
0.212"
0.2429
(e 28545
We2618
0.2615
32466
0.2165%
001846
UYelaus
V0694

2lel 1365 ~0s0 Ca4738-1e0186

Oe JU26
CoiuTy
0.0llo
0.0157
0e 02C8
Mot 262
Qeul

cT

Ua 0174
el 162
0.0200
c.C193
0.0187
J. 1191
0.C176

TedlT2
0.0171
C.C172
Nedl72
veLlT3
WYetil?3
0.C172
Go €166
000163
0e 0153
JeU 142
Ce3l132
CeCl2:
Qe lu?
0.CCS3
0.0C19
0.30€E8
0,0061
Je iC56
(,0051
Ge JC49

PCWEP
HP

54G2e

€411,
7037.
7037,
7C37,.
70627,
7¢37.

7¢37.
7037.
.27,
7277,
7C37,.
7027,
7037.
7¢37.
.27,
7037,
327,
7527,
1C27,.
1237,
7Cc37.
70237,
7€27.
7C37,
7:27.
7037 .
7¢37.

TL-1T



TILT RCTQR CESIGN PRCCRAM 1574

C-15-5GC . -
GVERAILL —
GROSS WEIGHT (LB) 57227.
- EMPTY WEIGHT (LB) 42445, _
. FUEL WEIGHT (LB) 4628,
= . FAYLGAC (LB) ~ 1J153J. _
CRUISE SPEED (MPH) 36C.
L/C CRUISE . 12.58
*RANGE (STAT MI) 5C0.
#PASSENGER SEATS 5Ce
*CARGC (LB) Ue
ROTORS
*CISC LLACING (FSF) _ 790 _
RADILS (FT) 3601
SOLICITY Oe208)
ELACE CHORD (FT) 2.83
TOTAL ELACES — 16 _
*CT/SIG FOVER 0.l2v
*PROFILE CRAG CCEFF 0.ClO .
2 CCwWALCAC 4.1
*EFFICIENCY HCVFR GeB3 _
* CCNVER Cefl
CRUISE Lot .
HEL MODE WEIGHT (LB) 7621,
. AIRPLLANE WEICKT (ILLB). . 7704, _
*TIP SPEED HGVER 4vl,
N * CRLUISE 4CCe __
*FUSELAGE CLEARNCE (FT) 2.0
_*MAX HEL MCDE ADV RATIO CatU

* INCICATES INFUT. VARIABLE .

POWERPILANT

INST NORMAL PWR (HP)
*NUMRBER OF ENGINES
*EXCESS FACTUP HEL MODE
*% RATEC EMRG HVR

L CCNV + CLIMB
* CRUISE
INST PWR EMRG HVR (HP)
CCNVER (HP)
CRUISE {HP)

%*SFC (LB/HP HR)

CRIVE SYSTEM
*EFFICIENCY
HEL MOOF WEIGHT (LB)
AIRPLANE WEIGHT (LR}

WING

AREA (SF)
*LJADING (PSF)

ASPECT RATIO

SPAN (FT)

MEAN CHUKC (FT)
*THICKNESS/CHORE RATIO
*TAPEK RATIO

SWEEP (BEC)

CRUISE LIFT CGEFF

MAX LIFT CGEFF CCNVER
*MAX LIFT CCEFF CLEAN
*FLLAP AREA/WING AREA-
_CLIMB SPC/CCNVER SPD

DESIGN MISSICA SPEEC HEIGHT  CIST TIME

N MPH FT MI MIN
: TAKECFF & LANCING 2.CU
ACCEL. € CGAV. 1400. 1.0 0480
_.AIRPLANE CLIMB .. 15Ce9l84.__ __13€00. 1z.3 4.43
ACCEL. TC CRUISE 6.4 1.31

e CRULISE _ . __. .. _  _ 2¢€Ce__ _ . L 44304 134SC
AIRPLANE CESCENT 360.9292. 1360u,. 35,5 6.66
_CECELe & CCAV.. . . 1400. 1.0 1.34

S ____TOoTAL___. e SCU.0 . _S0.44

-— RESERVE

20.00

S4C4.
2.
1.50
140,
120,
S
94G4.
15760
8304,
0.420

0697
8G5€E.
9193,

308.
62.u
T.79
8401
1.8
0.210
velv
-5.3
0031
2.16
1.40
Ue25

FUEL
L8
SG.
49,

227, .
5.

_ 3225e.

‘.1.

1l.

3728..

S01.

1.37 .

DESIGN ITERATIONS:

FUSEL AGE

*LENGTH (FT) 8C.0
*DIAMETER (FT) 10.0
#*DRAG FACTCR 1.000
FILAT PILATE AREAS (SF)
WING PROFILE R
FUSELAGF 5.43
EMFENNAGE 3.69
TCTAL PROFILE 18.18
WING TNCUCEC 3,85
CUMPUNENT wEIGHTS (LBR)
RCTORS 17040
DRIVE SYSTEM $193,
POWFRPLANT 2015.
NACFLLES R 363,
FUEL SYSTEM 420.
WING . 5143,
FLSELAGE 5937,
EMPENNAGE 1144,
LANCING CGCAP 1717,
FLIGHT CONTRGLS 2717,
HYDRAULICS 210.
ELECTRICAL L4,
INSTR+AVIONICS 7C3.
AIR CONCITIONING_ . _ 115Ue
FURNISHINGS 2520,
FLUIDS _ . .2E&.
FLIGHT CREW 4000
CABIN CREW e . 15C

5

STFUCT TECHNOLQGY FACTCRS
*RITCR

¥*TRANSMISSINA

*ATRFRANMF

*ENGINE (HP/LB)

*ENGINE INSTALLATION

DESIGN MISSION
*FIELD ELEVATIIN (FT)
SJUNC SPEEC FVR (FPS)
*STD DAY TEME (DFG F)
*XEMEOG HOVER ALT (FT)
*HGT DAY TEME (CEG F)
#CT/S15 FAX
*MAX ACCELERATICIN (G)
*DESIGN CRUISE (MFH)
*CRUISE ALTITUCE (FT)
SOUNC SPEEC CRSE (FPS)
*MAX DECELERATICZN (G)
*STRUCT LOAC FACTOR
*FLIGHT CRfw
*CARIMN CREW
*ATC SPEEC LIMIT

1.35
0e 85
Ge€C
7.00
1s60

Ce
1117.

1(5¢,
Ce20
4.5
2.
1.
YES

=
1

~

w



0-15-50

STAGE LENGTH (M1.)
CRUISE ALTITUCE (FT,)
.CRUISE SPEED (VMFH)

CRLUISE L/C

25.

2000. 4
256.

12.36 1

CRUISE CISTANCE (Ml4)

BLCCK TIME (MIN.)
BLCCK FLEL (LB.)
BLCCK SPEED (MPH)

OIRECT CPERATING

CCSsT

176

9.1

352.
1664

50%
€00.
2C5. .
2436 1
3548
14.2
€20,
zlle

10

"75. '
C0l. 12
25G. :
1.11 1
€4 ¢
1847
677,
241,

ANN UTILIZATICN(FR)I=2GI0.
AIRFRAME CCST (s/10)= 80.0

COC=1.E740.C354%SL $/SEAT-TRIP (SL= 25.45(C.)

HOP LENGTHS 5(¢15(¢
STAGE LENGTH 254
NCe CYCLES/STAKTS 1
FLIGHT CREW C.57¢C
FUEL & CIL ‘ C.361
HLLL INSURANCE Ce459

TCTAL FLIGFT CQPS le41S
LAECR AIRFKAME (550
MATERIAL AIRFRAME C.255
LAEOR ENGINES (o219
MATERIAL ENGINES ¢.523
MAT. BURDEN 1.130
TCTAL MAINTENANCE 2.776
. DEPRECIATICN 1.213
TCTAL. CIRECT CPERATING
$/AIRCRAFT MILE €.558
$/FL IGRT HOLR €lé.3
$/SEAT VMILE Gellu2
$/SEAT-TRIP 2.75

o+

(SR 4

€0
171
Ce 446
C.289
G359
14C94
C«259
0.156
Cel76
C.282
CO t95
l1.€6067
1.028
CCSYV
3.79
8Cl.4
C.C758
3.79

(=200 1

15
171
0.392
0.251
0.3106
00 956
V.288
0.121
Ve l26
U.200
00539
1.275
Ce9u3

3.137
155.1
U.uE27
4.71

CC+230¢

1C0e

171
C.367
G.234
€295
(e 066
C‘254
C.104%
c.lcz
C.156
Co4b3
1.1182
COS"S

z.822
126.6
C.0565
5.65

100. 15Q.
500. 150000 15
356. . 360. .
1.80 12.58 1
53e4 S3e4 1
23,3 22.1
843. 1198. 1
257. 280,

ENGINE COST ($/HP)= 60,0

O+ O+
150,
1/1

0,337

Ge 222

0.271

0830

Ge218

0.086

G.077

G.118

04383

C.£81

0.776

2.486
696.9
U.0497
T.46

0=300

200.
171
00318
ve2ll8
J.256
Ve 752
Jel91
0.076
Je(64
CelGH
06340
Je174
0.733

24299 .

682,0
Qe (460
%.19

2C0C.. 30C. - 40C. 500, _
000, 15000 15G00e 15000
3€C._.. 369, . 36Ce .. 260...
2.58 12.58 12.58 12,58
4344 24344 34304 44304

4L 4 57.1 73.8 5Ca4
5€€. .. 229¢. _ 3017. 27286 . __.
2587. 315. 325. 332.

DEPRECIATIGON PERIOD(YR)I=1C.
INSURANCE RATE=0,040

200+200+

200,
171
06299
G.213
ve24%1
Co 753
6. 177
0.066
0.052
0.075
0o 297
0.667
0.690

2.11C
665,1
0.0422
12,66

0o+ O+ C=300
400, 5)0,.
171 /71
0,290 0,294
Je2lu 237
Ge234 0.229
UeT33 ve 721
G.161 Celol
U.062 0.C56
Ye.45 vetdl
Ce(ES C.C5¢8
00276 (5263
Je 614 Je582
0.668 _ 0.685 .
20015 _ 1.65¢
65566 £49,5
Vo403 (44362
1€.12 16,58

2ulls

2/1
0: 380
C.239
C.293
G.912
C.251
C.100
Veti92
C.141
G0 446
l.u29

C.839

2.780
+ 72065
0,...556

LABCR RATE(S/HR)= 7.00
FUEL CIST (CENTS/GAL)= 18,0 _

3ol
2/1
0c 345
V.223
0.269
V837
0.?15
[ OVER )
U..'Tl
Ue tuS
0e371
G845
0.770.

24452
6%26 2
o049
14. 71

402,
2/1
Qe 326
Ge218
0,256
G.8CC
0.196
0,074
[ 1 1
DeuR?
Qe 332
Ce750
0.733

2,282
6772

Vel456

18.2¢

bL-T




CEFART
MAX

. TIME
SEC
_0BsTA
3.

4,

4.

. 5
6.

Te

7.
ACCEL
S
l1l.
12.
- . 13.
15,
16,
17.
19.
20
21.
23.
. 25.
217,

25
32.

34.

37

3s,

42.
45.
48,
__BIRPL
46.
213,

THE TO
NCISE
NOISE
NOISE

NCISE

0-15-£5C

URE FATF TC 10,000 FT MSL
FUSE ANGLE=20. CPBSTACIE CLEAR AMGLE=6C, ORSTACLE FEIGHT=1CO0.
_DIST ALT VEL ACC GAM  THRLST LWGC LWGI CwGC
FT FT FPS C DEG LB ‘LB LB LB
CLE CLEARANCE . . R
1 . be Te 30 Ue050 60sC 60675, ~-le -724. 0.
0 Te 13, Bse U171 6.0 66798, -6. =885, 3.
7 12. 2C. 13. Co227 60.0 6%¢€5¢. -18. =978 9e
4 18, 30, 18, C.225 60.C 657RE, =35, ~101l4. 17,
3 28, 48, 23s LelT4 6V.0 66992, -57., =-19C8. 28,
5 44, T77¢ . 286 Coe128 60e0 64705, -A5¢ ~1l0lle 426
S 58. leue. 29. JoUB4 66U 6254€, ~-119. -1C26, 5¢,
ERATICN AND CCNVERSION
7 95, 1t4, 38e 090 5502 €E(5€¢e ~191le —-1234, 71,

o] 138. 196, 464 0.116 46.6 58687, -350. —1634. 78,
4 167. 247. 53, (.110 38.8 56437 -578s -20S8, 82,
s _ 272. 295, . 62+ C.1U7 33.0 5691S. =498, —-25¢&3, 77.
Z 251. 338. 7Ce 00121 28.5 59951, 106. -3115. 72.
4 4436 382, 79. Col2l 2501 5€G4¢€, 868e =3T7(50 876

8 551. 426, 88. 0.118 22.3 55846, 1801, -

4375. 129,

¢ 681, 473, 98. V. 110! 20.1 58348, 2911. -3525. 171,
5 E18e 519e 1U7s Lo115 1843 58542C. 429C. -1l1G4. 240,

S S76. 566+ 117, Coll0O 16.7 51588, 5672.
4 1154, 615 126 Co106 15.4 4B14Ge 73260
U 13265. 67Ge 136 voeU95 14.3 432782, 5164,

1522, 328,
44060 4340
15€2. £58.

1 leél. 736. 146, 0.U75 13.3 3R82z. 11184, 11042. 701,

4 2C0Se 8l6,

_15% o068 1205 336CTe 13381le l4Tt4o 361le

0 2426, 9v2e 165, Le06L 11e7 2FEE€CTe 1575€s 18799. 1039,
€ 2¢€17. 990es . 175, C.C59 11l.1 22652, 18304. 23140. 1234,
1 3322 1¢72. 185. C.(63 lu.5 1Sf4le 21L27. 27779. l44T.
S 3756. 1155« 195. C.0C63 9.9 1816C. 22627. 3l352. 1518,
4 4367, 1250¢ 2044 CoC5Y 9o4 172174 243430 328840 1598,
2 4678. 1347. 214. Geub4 9.0 16422, 24418. 228uS. 1454,
2 5612. 1445. 219. 0.053 8.8 16067. 24451. 32776. 1448.

ANE MOCE CLIMB TC 10,0CC FT .
2 56l12. 1445. 22J. JeU 14,3 181¢¢5,
2 442€¢C. 1CCCC. 250, C.0 12.C 15€G4.,

TAL NCISE IMPACT IS C.11503D+06
8T 50u FT SICELINE= B7.1 EPMNCB

BT 2C,CCC FT SICELINE= 5448 EPNDB

25,CC FT FCRWARC CF TAKEQOFF PCINT= 52.S EFNCE

500 FT FCRWARC CF TAKEGFF PCINT= 87.8 EPNDB

MAX ACCEL RCTATION PATE=2(,

DWGI

LB

936.
8360
782,
T41.
671,
649,
63C,

483.
3¢&4.
29¢.
265,
25¢.
261e
2717.
220.
154.
161.
2340
3¢68.
564
81U.
111c¢.
1461,
1859.
2015.
21590
23¢ 7.
1941.

DFUST ALF

LB
l.
1C.
28,
55.
gl.
1369
186,

216,
157,
151,
118.

S6.

854

88,
101.
126.
162,
219,
268,
338,
419.
511.
614,
728.
16,
830e
dil.
791.

CEG

29.3
2664
2563
25.3
2644
2754
2045

3l.1
3R, 0
4605
52.6
56.1
5602
61.R
€63.0
6242
61.3
5963
584
v5.8
51.5
45.1
3408
18.3

f.1
=309
=3.8
=3.7

THE  AWC
CEG CEG
2446-35.4
2446-35.4
24e6—35e 4
24.6-35.4
2446-35.4
2406-25,4
24.6-35.4

24.6=3M,7
2446-22.C
2466— 1402
24.6 ~B.4
24.6 =-3.9
2406 -U.5
24,6 2.3
2406 465
24.6 6.3
24.6 T.5
24¢6 902
24406 1063
24.6 11.3
24,6 1241
24e6 1245
240€ 1365
24.6 l4.1

23.7 13.8

2269 1385
21e3 12.3
20.6 11.8

ACCEL PUILDUP TiMF= 5,

ALV
CEG

28.6
2442
2108
2" .4
18.8
18.1
17.3

17.5
18.5
2004
2iie2
1R.R
17.1
15.2
13,0
a7

LAMDA MU

Geluld 0.0331
Cell2l O.C U84
Lo l202 (o134
0el267 T4( 187
Cel1320 0.0240
C.1367 G.L3UE
Oal414 VG374

Lel459 J.(4BE
Celd97 u.06SS
0o 1483 JoL 356
e1471 126
0e1464 01447
(Uele60 0.1691
Ge1457 (e1G38
Oclvb3 0c2164
Velb562 42371
Uel659 (01,2569
Go LT84 Ua 2752
Cel1955 142912
0.2200 0.3C23
0.2524 o367
(162961 L2659
00 2647 Ve 2542
Je4428 (ial532
C.4874 0.0711
Lo 5148-u.(442
065367-0.0360
065521-00036C

cT

(iel195
043215
Lol 224
Jel225
0.C216
LVeus2(S
Jed202

e 31895
CeC1%1
Cell52
Je 194
00155
0.C155
C.J165
000190
GeJ191
GeJ1TI
GaCl5E
0e2143
0.C127
"c:lll
VecoU9e
Ceud(C78
Je 1166
C.CCé0
Lel0S57
GeJd255
00 0054

PUWER
[l

e412.

7653,
B84€¢S,
8sC e,
£90¢.,
A9 ¢,
RG( €.

BGlE,.
f9L6,
BSLE,
8Gi €.
8906,
8CSc &,
250%¢€.
8S{ ¢,
85 e,
85C¢€.,
8Gué€.
82l€,
8S3¢€,
8G €.
89C¢.
8GC¢&o
§G.¢€,
B9CE,
8GC¢E.
860¢€.
8906,

SL-T




, .. _TILT.RCTOR DESIGN PRCGRAM 1574
e . * D=85=50
]
. ... -DVERALL - .
€20SS WEIGHT (LB) 47902,
) — . EMPTY WEIGHT (LB) 34276, .
FUEL WEIGHT (LB) 3474,
. PAYLCAL (LE) 10150,
) CRUISE SPEEC (NMPH) 342.
. L/C CRUISE A 12446
) ®RANGE (STAT MI) 5uJe
) *FASSENGER SEATS 50
*CARGE (I.B) Oe
) RGTORS
_ #CISC LCACINC (PSF) 7.C¢
RADILS (FT) 3340
) SOLICITY Co2CC
ELACE CRGRD (FT) 3.46
, TDTAL BLADES i 12
) #CT/S1G RCVER Ve 120
. __ _*BRIFILE DRAG COEFF _ U.Cly
T DCANLCAD 446
) *EFFICIENCY FCVER CoET
* CCNVER C.H5
CRUISE Ve €4
) FEL MCOE WEIGKT (LB) 5590,
. AIRPLANE WEICHT (LE) 5¢47.
»TIP SPEEC HLCVER 400,
) B . CRLISE 4(C.
*FUSELAGE CLEAPNCE (FT) 2.0
#MAX FEL MCCE ALV RATID  Cadu
)
__.® INCICATES INPUT VARIABLE
» DESIGN MISSICA SPEEC
MPH
. ... TAKECFF & LANCING .
) ACCEL. & CCAV,
BIRPLANE CLIMB 14644180,
. ACCEL. TC CRUISE
D -. _..__CRUISE 342,
: AIRPLANE CESCENT 342492116
CECEL. & CCAV.
)
... TOTAL
P .. .. RESERVE . . .
)
]

. PCWERPLANT _

INST NCRNAL PwR (HP)
*NUMBER OF ENGINES .
*EXCESS FACTUP HEL MODE
*2 PATED ENMKRG HVR

* CCNV + CLIMS
*® CRU] SE
INST PWR EMPG HVR (HP)
CONVER (HP)
CRUISE {(HP)

*SFC (LEB/FP HR)

CRIVE SYSTEMN
*EFFICIENCY
HEL MOCE WEIGHT (LAH)
AIRPLANE WEIGHT (LB)

WING

AREA [SF)
*LCADING (FSF)

ASPECT RATIO

SPAN (FT)

MEAN CHORC (FT)
*THICKNESS/CHORC RATIAD
=TAPER RATI10

SWEEP (DEC)

CRUISE LIFT CCEFF

MAX LIFT CTOeFF CCNVER
*MAX LIFT CIEFF CLEAN
*FLAP AREA/WING AREA

CLIMB SPD/CONVER £PD

oo o —-FUSELAGE. _ R
7508, *LENGTH (FT)
2. . *DIAMETER (FT) .
le¢50 *DRAG FACTOR
1406 . —
12C., FLAT PLATE AREAS (SF)
S9Ce WING PRCFILF
75%8. FLSELAGE
6049. EMP ENNAGE -
7351. TCTAL PROFILE
G.380 WING INCUCED
CCOMPIONENT wFIGHTS (LB}
V.97 ROTORS
6641, CRIVE SYSTEM
6811, POWERPLANT
NACSLILES
FUEL SYSTFM
7¢0. wING _
6340 FUSELAGE
8. 32 EMPENMMAGE R
78.0 LANCING GEAR
9e¢ 75 FLIGHT CONTROLS
C.210 HYDRAULICS
070 E1 ECTOICAL .
-5.3 INSTR+AVICNICS
Ue33 . AIR CONDITICNING
2e16 FURNISHINGS
l.40 , FLUIDS
0.25 FILIGHT CREW
1.34___ CABIN CPEW )
HEIGHT CIST TIME FUEL
FT Ml VIN LR
o 2.00 5. e
1400. 1.0 0.82 36.
13€00. 1Z2e0 4o 44 171, . B R
5.2 l.13 46,
e . 445.5 78.09 . 24664 .. .. .
13600. 25,3 6.87 3l.
1‘000- 1.0 1032 - 8._V - - —_— _
500e0 9468 2824, o L
20.C0 . €51,

. DESIGN ITERATICAS:

v e —-STRUCT_TECHNOLOGY FACTORS

80 .0
100
1600

5010

5 —- . .

*PITOR
*TRANSMISS 10N
*AJRFRAME
*ENGINE (HP/LEB)

*ENGINE INSTALLATION

5.43 DESIGN MISSIUN

3.C6 *F1ELD ELEVATICN (FT)
16 .44 SOUND SPEFD HVR (FPS)
3,66 xSTD DAY TFMF (CEG F)
#EMERG HCVER ALT (FT)
~ *HAT CAY TFV¥F (CEC F)
5647, %CT/S16 MAX
€8Cl, *MAX ACCELERATICAN (G) ~
1126. *BESIGN CRUISE (VMPH)
G4e *CRLUISF ALTITUDE (FT)
257. SOUND SFEED CRSE (FPS)
4582, . *FAX DECELERATICN (6)
54924 *STRUCT LOAD FACTOR
917. *FLIGHT CREW
1437. %CABIN CREW
2115. . *ATC SPEED LIMIT
283,
780e .. . -
1U3.
. 1150, _ _— - —
2500¢
24C, -
4004
_ 150

€. 55
0.81
Ce 76
10.02
1.60

O
1117.
59.
2000
S5.
0.150
Le25
349.
150(0Ce
158,
0,20
4.5
2.

le
YES

=
t

~J

)]



D-€5-¢C

500

-~ STAGE LEMNGTH (MI.) . _ 25, . . SG,. . 75. 10C. . 150, = = 20¢, 3C3. .. 4Uu, -

CRUISE ALTITUBE (FT.) 2300, 4¢J0.  130CGle 1253C. 15000. 153C0. 15CC0, 15G02. 15CCO.

CRUISE SPEED (MPH)_ . _ 2S¢, - 205e . 34¢, 342, 2424 3420 .. . . 3424 _ 242, 3420 _ _ - -

CRUISE L/U 11.64 11.64 11.18 11.74 12.46 12.46 12.46 12.4¢€ 12.46

CRUISE CISTANCE (MI,) 17.5 .36.0 39.C 55.8 G545 145.5 245.5  345.5 445.%5

BLCCK TINE (MINa) 9e1 1463 1Se C 23.6 33.3 42,1 59.6 77.1 G4.7

BLCCK FLEL (LE,) 2€€, . 397. 505, 630, e57. 1177. 1733, 2281, 2824,

BLCCK SPEED (VMFH) 164, 210. 2317, 251 270, 285, 302, 311, 317,

DIRECT CPERATING CCST - ANN UTILIZATICN(FR)=20GC. DEPRECIATION PERICOIYR}=1U, LABCR RATE($/HR)= 7.0y
AIRFRAME CCST ($/LE)= 8L.D ENGINE COST ($/HP)= 60,0 INSURANCE RATE=0,040 FUEL COST (CENTS/GAL)= 18.0
DOC=1le€24CeC321%#SL $/SEAT~TRIP (SL= 25¢,5Cie) )

HCP LENGTFS S5C4150¢ D+ U+ (=200 LLC+ZCJ+ 0+ Q0+ (=330 2CC+2C)+  C+ C+ C=4CC

. STAGE LENGTH 5. €0. 75. 100. 150, 200. 3006 40Ce 5300 .. 200 300, 400,

NCe CYCLES/STARTS 171 171 1/1 171 171 171 171 171 /71 2/1 2/1 2/1

FLIGHT CREw C.567 J.443 Ve364 C.372 Ce345 Ue327 C.319 Ce3C0 C.294 C.385 0.352 0.235

FUEL & CIL Co26€ Ce221 00187 Col75 Coelb6 Oelos Uelbl Vo l59 06157 U180 O.1l¢8 C.164

FULL INSLRANCE Ge377. (4295 Le262 C.241 (o234 v.218 Je 256 Ce169 Ca.166 Ce?246 Ce228 C.218

TOTAL FLIGHT CFS 1.240 C.559 0.843 C.795 0742 0.709 0.675 0.658 066417 Cotl2 0. 748 Co 71€

LABOR AIRFRAME Cof20 Je 236 J.275 C.245 Ce212 0.193 Del?4 .166 Uel53 D.261 Je219 C.192

MATERIAL AIKFRAME 0.220 0.135 Jello C.L91 J.C76 CeCh8 G.C56 C.(55 C.C53 c.(88 V.73 0.06¢

LABOR ENCINES C.256 Col65 0,119 Co 097 0074 0,062 Yo (5U Vol44 Uou4l ColB8 Dotli68 CoUSE

MATERIAL ENCINES C.418 U.225 Jelo” C.128 C.(S5 e 78 UevEl o553 Vel48 C.113 14235 Cet 71

MAT, BULRDEN l.Co4 Ce655 Je513 Co.444 0.371 0.231 0.291 0.271 0.259 0.428 0.359  0.324

TOTAL MAINTENANCE Z2ef20 16520 1,173 1eGl4 Le828 Je 732 U.636 ¢G.588 C.558 C.$59 0795 (711

CEPRECIATICN 1.679 Uel43 CeT749 Ca?07 C.657 0.622 0.588 Ce57G Ca560 Co7C3 0.651 Ce622

TCTAL CIRECT CFERATING CCST

$/AIRCRAFT MILE 4.E4C 3.323 2.766 ce505 24226 2.563 1. 898 l.816 1.766 2,474 2.193 24.4S

$/FLIGHT HOUR 765.6 698.9 654.9 628.5 6J1.3 5€E8.1 573.1° 564.5 555.5 €£23.9 5¢7.9 56443

$/SEAT MILE CeCSE6B 0oCELS5 (eC553 Ca0501 (e0445 Ool413 Ueli330 0a0363 (0353 (63455 (60439 C.041C

$/SEAT-TRIP 2.42 2.32 4.15 5.01 6.68 8.25 11.39 14.53 17.6¢ S.99 13.16 164,40

LL-T



e . DbO-85-5C . - e N
CEPARTURE PATEF TO 10,000 FT MSL -

EATUY FOINT= CICSTALE |

- MAX FLSE ANCLE=2uU. CESTACLE CLEAR ANGLE=€0. OBSTACLE HEIGHT=100. MAX ACCEL RCTATION RATE=2(,
TIME DIST ALT VEL ACC GAM THRLSI LWGO LWGI ©CWGC 'DWGI DFUST ALP THE AWO
SEC FT FT FPS 4 DEG LB LB L8 LB Le LB CEG CEG CEG
v UBSTACLE CLEARANCE . . . . e e - - I
3.1 4. Te 3. 0.050 60.0 5C777. -le =5¢7. Qe 1772 le 29¢3 24662564
- 4.0 Te 132, NN Gel?71l 60.0 55605, =S5s =T20. 3. 652, 10 26e4 24.6-35,4
401 12. 20. 13. 0.227 60.0 583Cze -15. -8C7. Te €45, 28. 2543 24.56-3%.4
- S5¢4 174 30. 18¢ Ce 230 6000 58484, —=3Ce —838. 15« . 612 55¢ 2502 24e6-32%54
6.3 27. 48. 23¢ Uel?5 6Usu 5€117. -4S5. -822, 24, 554. 9Ce 2644 2+446-35.4
7.5 44, T¢. 28+ C.129 63.0 54205, -73. =835, 360 532%. 135. 2Te4 24.6-35.4
79 SHe Wue 29¢ Ue(84 6060 5236%e —102. -847, 50. 52V, 189, 28.4 2%.6-35.4
ACCELERATICN ANC CCAVERSICA .
9.1 96, 1¢¢. 38s CoC90 55.3 50728. =163, -1014, 6lse 399s 2156 310C 2466-3067
- 110 138. 200, 46s 0oll5 4607 45352, =29%. -1347. 6T¢ 3Vle 196s 3840 2446-22,1
12.4 167. 243, S4e Collu 3849 49764. =493, -11733. 6. 244. 150. 46,5 24.6-1%.3
- 1349 213s . 2S¢ 62e (o107 3340 5C(C820 =433, =212 6be 218Bs 116ec 5206 24e6 -804
15.2 352. 340, TCe (al2) 2846 501117 8le -2565. 62, 21lue. S4e 5640 2406 -4.C
16.5 444, 333. 19 (o121 25.1 5C152. 734, =3056. T4, 214. 23, 5941 2446 =005
1748 552 4217, 88s Lell8 2204 5CC4S. 1532. -36(9%. 101. 227. 83, 6l.7 24.6 2.2
19.2 682. 475. G8. D0.110 2vel 48801, 2483, -2921. l44. 132, G5e 6209 2446 445
20.8 820, 521e 107. Cell4 18e3 4€34€s 3587, =924, 202e¢ 123e¢ 1184 620l 24e6 603
21.5 S12. S66e 117. Uelld 16a7 42525, 4847, 1252 276¢ 133s 153. 6.9 2446 7.8
23.5 1163, 615e 126 CoCY9 15.4 4Cl44. 6265, 36€4, 365, 193, 199, 60.1 2446 S.2
. 25«2 14Cl. 680 136s Uolb6 l4e3 3€440e 7838 6289 469e 3U3s 250. 58.4 24.6 10,2
27.3 lo89. T4Be 146e D077 13,3 32473, 6567. S126. 588, 46ue 324 55.5 24¢6 1l.2
25«1 2C43. 826s 155¢ CeCO6 1245 2822C. 1144G. 12232. 723. 66le 403, 5103 2406 1201
3243 2467. 9l4e 165¢ 04059 117 22675, 13482, 15576 £€72. 9L4e 493. 44.8 24.6 12.8
.. 35,6 2624,  10u4, 175. 0.C58 1lel 16773. 15654. 16175« 1C36. 118BS. 554, 24,4 24.6 13.5
37.5 337S. 1CP8es 185, CeC62 105 16582, 17905 229UJe 12040 1498e 699 1951 2465 1400
4U.C 3859, 1172. 1%Y. C.1 62 9.9 15224, 1628%5. 25012. 1265. 1623, T406. Yo3 23.6 13,1
42,6 4437. 1268, 204. 0.L54 9.5 14428, 20747, 27135, 1334, 1743. 798. -3.8 22.9 13.4
. 457 YU46e 136€e 212 Ce(53 Sel 13641, 2C8l4. 27LE9. 1271. 1654, 775, ~3.8 21.7 12.6
AIRPLANE MCCE CLIMB TC 10500 FT
451 £Ca€, 13¢¢. 214. C.C laa7 15847,
21204 42153¢ 108C0. 244, C.i 12.3 12e2z.
THE TOTAL ANCISE IMPACT IS weSC(U4ED+CE
.. NOISE AT £CC FT SIDELINE= 85.8 EPANCB R .
. .NGISE AT 2000 FT SICELINE= £4.1 EPNCB o _ .
NOISE 25,CCC FT FCRWARC CF TAKEQFF PCINT= £2,2 EFNDB I B . I
_ _NCISE 5CC FT FCRWARC CF TAKEGFF PCINT= 86.6 EFNCE . L o
. IFN9QOI EXECLTION TERMINATING DUE TO ERKOR CCUNT FOR ERROR NUMBER 217 = | —_— _
IFN2171 FICCS - ENC CF CATA SET CAN UNIT 5
TRACEBACK ROLTINE CALLED FRCWM ISN REG. 14 REGe 15 REGe 0 _ REGe 1 B
16CCM 00(S95%¢ 0JCA8DS4 LLuto00e JCGuuuuat
FALN 0VV1375G Cles7a18 FOLLLCLE OCOBAFFA

ACCEL RUILDUP TIME= 5, .

ALV LAMDA
CEG

MU 1 P

0e 0155
V3215
0.0224
C.C225
C.5216
0,C209
Ued222

02931
9.)083
0.0134
O.uln?
0.0249)
06 0305
0.t374

2Re 6 Ce 1013
2442 Lo1121
21.8 C.1202
2U¢3 04,1267
13.8 0.1321
1801 001367
17.3 Uelala

175
18.5
20‘3
20,1
13.8
17.0
15.2
13,0
107
8.8
7.0
5.5
4e2
3.1
2.1
1.3
Ve 5
Ce2
0.0

. ')ol)

Uo 1469
€ ,1498
0.1485
Celal2
Oel466
06 1462
Neldb6l
ve 1492
(a1565
vel6b6d
0.1754
G.1969
0.2204
00 2934
ve3diiud

Oo 48R
Jeu 695
0.0655
0.1295
Jels4e
001690
0.1626
V.,2163
0 23¢€S
Ue2567
0.21748
Qe2%43
0,3J19
Ce 358
De?2946
0.3604 0.2518
Oe 4442 0.,1491
Ne4BT2 JDT127
0051'98-0004%41
Ce5331-0eulb54

Ve C156
G.0151
0.0192
O.ul54
Ued195
0,C195
43165
Ve0199
Co0lel
Ced170
0.G157
JeUlal
03127
GeClll
GediS4
0.0C78
J.CG66
Ce.C760
0,0057
Ce)L 56

CWER
13

5112,
61C3,
6754,
7111,
T111.
7111,
7111.

T111.
7111,
7111,
7111,
Tl11.
Tille
Tlil.
T111.
Tille
7111.
Tllle
7111,
7111,
7l1le
7111,

_Tl1l.

7111,
T111.
T1llle
1til.

8L-T




TILT ROTOR DESIGN PROGRAV 1974

$-75-50
——-.-QVERALL

POWERPLANT _

INST NORMAL FWR (HP)

*NUMBER OF ENGINES
*EXCESS FACTOR +EL MODE

*3 RATED EMRG hVR
® CCNV + CLIMB
* . CRLUISE
INST PWR EMRG HVR (HP)
CCNVER {(HP)
CRLISE (HP)

*SFC (LB/HP KR)

CRIVE SYSTEM
*EFFICIENCY

FEL MCDE WEIGHT (LB)
AIRPLANE WEIGHT (LB)

WING
AREA (SF)
*LOACING
ASPECT RATIC
SPAN (FT)

(PSF)

MEAN CHCRC (FT)
*THICKNESS/CHCRD RATIO

*TAPER RATIO
SWEEP (CEG)

CRUISE LIFT COEFF

MAX LIFT COEFF CONVER
*VMAX LIFT COEFF CLEAN
*FLAP AREA/WING AREA

CLINB SFD/CCAVER SPD

GROSS WEIGHT (LB) 66S51.
EMPTY WEIGHT (LB) 51121.
FUEL WEIGHT (L8) 5680.
PAYLOAD (LB) 1015C.
CRUISE SPEED (MPH) 291.
- L/D CRUISE R l4.¢€3
*RANGE (STAT MI) 500.
*PASSENGER SEATS 50.
*CARGD (LB) 0.
ROTORS
- —- . *DISC LCADING (PSF) 6.50
RADIUS (FT) 40.5
SOLIDITY 0.245
BLADE CHORD (FT) 3.90
TOTAL BLADES 16
*CT/SIG HIVER 0.120
- *PROFILE DRAG COEFF C.010
2 DCWNLOAD 5.6
*EFFICIENCY HOVER 0.83
* CONVER 0.81
CRUISE 0.50
HEL MODE WEIGHT (LB) 10191.
.. . AIRPLANE WEIGHT (LB) 9967,
*TIP SPEED HOVER 350.
* CRUISE 350.
*FUSELAGE CLEARNCE (FT) 2.0
*MAX HEL MODE ADV RATIO 0.40
we-e—-- % INDICATES INPUT VARIABLE
DESIGN MISSION SPEED
MFH
TAKEOFF & LANDING
ACCEL. & CONV.
R - AIRPLANE CLIMB 144.,178.
ACCEL. TO CRUISE
CRUISE 291.
AIRPLANE DESCENT 291.+236.
DECEL. & CONV.
T . TOTAL R -
R RESERVE . o

HEIGHT DIST
FT MI
15CC. C.S
13500. 12.%

2.7

442.9

135CC. 430.1
L5CC. C.S

. -.—500.0...109.63 _

TIME
MIN
2.00
0.75
4.66
0.67
9l.217
9.18
1.10

2%.0C_. ..

DESIGN ITERATIONS:.

6 ...

- .w—— FUSELAGE... .. ... __ _ ~- « - -.. STRUCT TECHNOLOGY FACTORS. . .
1C562. *LENGTH (FT) 80.0 *ROTOR l.C5
2. _ *DIAMETER (FT) __ _ _._ .. 10.0. *TRANSMISSION _ _ _ _. 0.85
1.65 *DRAG FACTOR 1.00 *AIRFRAME 0.80
140. — el -~ *ENGINE (HP/LB) ____. . _7.00
120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.70
90. ... WING PROFILE __ ... . ___. 8.72. . e e e e e e iimm
1C562. FUSELAGE 5.58 DESIGN MISSION
9360.... EMPENNAGE 5.23 . *FIELD ELEVATION (FT) C.
$875. TOTAL PROFILE 23.65 SOUND SPEED HVR (FPS) 1117,
0.420  WING INDUCED _________ . _ _ 9.91_ *STD DAY TEMP (LCEG F) ____ . 5S.
*EMERG HOVER ALT (FT) 20GC.
— COMPONENT WEIGHTS (LB) .____. —- *HOT DAY TEMP (CEG.F) _._ . 95.
C.97 ROTORS 10191. *CT/7SIG MAX C.15C
12932, DRIVE SYSTEM . 12932. . *MAX ACCELERATICN (CG) C.25
12264. POWERPLANT 2263, *¥DESIGN CRUISE (MPH) 28C.
NACELLES ~ o 517.. *CRUISE ALTITUDE (FT) 1500C.
FUFL SYSTEM 596. SCUNC SPEED CRSE (FPS) 1058,
1339. WING - —~— 5465. *MAX DECELERATICN {G) C.2¢
50.0 FUSELAGE 6G79. *STRLCT LOAD FACTOR 4.5
6.46 EMPENNAGE 1339, *FLIGHT CREW 2.
93.0 LANDING GEAR 2008. *CABIN CREW le
l14.4C FLIGHT CONTROLS 33G50... *ATC SPEED LIMIT ~ - . .YES
0.210 HYDRAULICS 335.
0.7C _ _ELECTRICAL o e .o 12534 L R e e e e
-5.6 "INSTR4AVIONICS 703.
G.37. . AIR CONDITIGNING. 1150.. ... - - - e —
2.24 FURNISHINGS 2500.
1.40.. FLUIDS 335.. — - e
Ue25 FLIGHT CREW 400.
le51__ CABIN CREW . .. _ . _ _ . 150e.. ... _ .. —
FUEL - - - _— —
LB
100 . - - e e
55.
278. ... — - .- i _— -
43.
- 4117. . __ . - e — e e
65'
1l.. — —_ — - [
.4669.,

-1011.




S-75-50

STAGE LENGTH (MI,)

CRUISE ALTITUDE (FT.) 2

CRUISE SPEED (MPH)
CRUISE L/D

1

CRUISE DISTANCE (VMI,)

BLCCK TIME (MIN.)
BLOCK FUEL (LB.)
BLOCK SPEED (MPH)

DIRECT GOPERATING COST

HOP LENGTHS 50+15C+
STAGE LENGTH 25.
NO. CYCLES/STARTS 171
FLIGHT CREW 0.556
FUEL & OIL 0.515
HULL INSURANCE 0.547
TOTAL FL IGHT OPS 1.617
LABOR AIRFRAME 0.582
MATERIAL AIRFRAME  0.295
LABOR ENGINES 0.332
MATERIAL ENGINES 0.587
MAT, BURDEN 1.188
TOTAL MAINTENANCE 2.984

. DEPRECIATION 1.560
TOTAL DIRECT OPERATING
$/ATRCRAFT MILE 6.162
$/FLIGHT HOUR 1024, 2
$/SEAT MILE 0.1232
$/SEAT-TRIP

3.08

25. . 50.
Q0C. 400C. 10
2S6. . 302.
1.39 11.44 1
18.1 36.5

9.0 14,2
463, 71C.
166. 211.

5.  100. _.. 15C. . 20C. _..300. _400..__500.. ___._ __ .
601. 125C0. 1500C. 153CC. 150630. 15C000. 15C00.

259. . 254. .. 291. ... 2S1l. .. .291le ._. 291e . .291a ...

2.18 13.86 14.63 14.€3 14.63 14,63 14.63

17.0. . €4.3... 6249 __142.9.....242.9 ... .342.9_.__442.9__

21.3 6.3 37.5 47.8 68.4 89.0 109.6

€28. $S8. 1438. 1916. 2843, 3763, 4669,

211. 228, 24C. 251. 263. 270. 274.

ANN UTILIZATICN(HR)=2000.
AIRFRAME COST ($/LB)= 80.0
DOC=1 .87+0.0485%SL

ENGINE CCST ($/HP)= 60.0
$/SEAT-TRIP (SL= 25.45C0,)

0+ 0+ 0=200 10Cr*20C*
50. 1s. 1cC.
71 171 1/1
0.439 0.428 0.4C6
0.394 0.233 C.277
0.431 C.430 0.359
1.264 1.1C1 1.C82
0.381 C.326 0.265
0.182 0.152 0.130
0.183 C.127 C.111
0.217 0.232 0.185
0.733 C.€14 0.528
1.755 1,471 1.249
1.231 . 1l.228 1.139
cosT
4,250 3.8C0 3.470
904.0 802.4 190.4
0.0858 C.0760 0.C654
%29

5.170

6.54

Qe

o+

. 15C.
171
0.385
0.266
0.379
1.03¢
0.261
Q.111
0.086
C.140
0.451
1.C49

1.081 .

3.160
758.‘
0.0622
9.48

.. INSURANCE RATE=0.040

0=300 260+200+
20C. . 300.

171 171
0,368  0.351
0.265 0.263
0.362 0.345
0.996  0.960
0.241  0.220
U.1C0  0.089
0.072  0.059
0.116 0.093
0.407  0.363
0.937  0.824
1.033. . 0.986
2.965 2.7
144.3  728.7
€.C553 (€.0554
16.62

11.86

CEPRECIATION PERIOD(YR)=10. LABOR RATE($/HR)= 7.00
FUEL COST (CENTS/GAL)= 18.0 .

0+  C+ 0=400
400. S5UG.
171 171
0,343 0.338
0.261 0.259
0.337 . 0.332
0.941 0.929
G.21G 0,203 .
U.084 0.081
C.053 0049
G.081 0.074
0.341 0.328
‘0768 0734

0.962 . ___0.948

2.671. . 2.611
720.1 Tl4.5
0.0534 . 0.0522
21317 26.11

200. 3000 400e . ... .
271 271 2/1
. 0e41l4. 0391 _ Ce376.. o ___ ____ _
U.298  0.269 (0.265
0.392 C.374 0.362
1.104 1.035 1.0603
04289 .Ce257._ 0e239 _ _
Cel25 C.108 (.08
0.100 0.079 . 0.067 e
0.164 D0.126 0.1C6 ﬁr
0.505. 9.436 . 0.399 B N
1.183 1.006 0.910 o
14118 1,068 ___1.033
3.406 _3.109 . 2.947.__ .
789.8  754.7 139,17
0.0681 . 0,0622. 0.0589 . ... __ __ _ _
13,62 18.65 23.57




$—-715-50
DEPARTURE PATH TO 10,000 FT MSL
MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60.

TIME DIST ALT VEL ACC
SEC FT FT FPS G
. OBSTACLE CLEARANCE
3.1 be T. 3. 0.050
4.0 T. 13. 8. 0.171
4.7 12. 20. 13. 0.227
5.3 17. 30. 18. 0.248
5.9 24, 42. 23, 0.250
6.7 34. 59. 28. C.211
7.6 50. 86, 23, 0.16€2
7.9 58. 100. 33, 0.113
ACCELERATION AND CCNVERSICN
9.3 92. 153. 43. V.1C6
10.4 129. 156. 5l. 0.141
11.7 183. 245. 58. J.123
13.1 260. 301. 66. 0.1C8
14.5 344. 353. 4. 0.116
15.9 445, 406, 83. 0.113
17.3 565. 463. 92. 0.108
19.0 723, £2S. 1(l. 0.CS2
- 20.4 871. 584. 110. 0.1(8
2l.9 1C33. 64Cs 120. 0.1(9
23.5 1231. TG3. 129. 0.067
25.5 1497. 780. 139, 0.C78
27.6 1810, B65. 148. 0.C71
30.1 2182. 960. 158. 0.064
— 32.6 2586. 1C56. 1€8. J.Ce€3
34.9 2993, 1148. 178. 0.C66
37.8 3515. 1259. 187. 2.055
40.6 4074. 1371. 1¢7. 0.054
43.6 4678. 1487. 2C7. 0.052
AIRPLANE MODE CLIMB TO 10,000 FTY
43.6 4678, 1487. 212. 0.0
217.4 44020. 100C0. 241. 0.0

GAM THRUST
CEG LR

6C.0 71193,
€C.C 178352,
60.0 81690.
6C.C 83C00C.
6C.0 832C4.
€C.C 8C900.
€C.C 78(C4C.
€0.0 7TE2¢€S5.
5¢.8 121%6.
48.5 €&S714,
42.C 70258,
36.2 711175,
3l.6 11421.
28.C 171:Cl.
25.1 71487,
221 €SS81.
20.7 65G61.
19.0 61263,
17.5 £55766.
l6.3 4G5€E5,
15.2 42222,
14.3 326571,
12.4 20300,
12.7 28451,
12.0 23436,
11.4 223117.
16.8 21z52.
14.C 2(<€6.
11.8 18434,

THE TOTAL NOISE IMPACT IS 0.66S57C+GC5

NOISE AT 500 FT SICELINE= 84.4 EFNCE

NOISE
NOISE

NOISE

AT 20,000 FT SIDELINE= 53.1 EFNLCB

500 FT FORWARD OF TAKEOFF PCINT= €5.C EPNCB .

CBSTACLE HEIGHT=100.

LWGOo LWGI

Le Le
-1. =-1013.
-9. =1234.
-25. —1366.
=50. ~1443.
-82. ~1510.
-123. -1526.
-172. -1545.
—229. -157Q.
=331. =1754.
-573, =-2314.
-5C6. —29917.
-1347. =-372¢C.
-581. -4531.
442. —5434.
1689, -6457.
3172. —-5966.
4894. —24173.
6€63. 1349,
SC80. 5563,
11545. 10211,
14252. 15207.
172C3. 2066C.
203292. 26555,
z23822. 32882.
27€23. 35328,
2i742. 39205.
27€4l. 3511C.

25,0C0 FT FCRWARD OF TAKECFF PCINT= S1.2 EFNCB

DWGO
Le

l.

5.

13.
25.
4l.
6l.
85.
1[3.

137.
154.
157.
170.
142,
142.
173,
232.
321.
439,
585.
761,
G65.
1197.
1457,
1745.
2079,
1936.
1814,

MAX ACCEL. ROTATION RATE=20.

DWGI
LB

1300.

1179.
1099.
1037.
998.
933.
904.
887.

760.
621.
520.
469.
454 .
463.
490.
431.
292.
276.
374.
579,
880.
1278.
1767,
2342,
2959.
2736.
2548.

DFUST
LB
l.
10.
28.
56.
92.
137.
192.
255,

297.
292.
236.
192.
l61.
l41.
134,
138.
155.
183.
223.
275.
338.
413.
499.
. 596,
706.
699.
695,

ALP
NEG

2S.4
26.6
25.5
25.1
25.0
25.8
26.9
28.0

29.5
34.C
43.0
50.0
53.9
57.4
60.2
62.2
60.4
58.8
57.1
54.6

-5C.4

43.17
33.0
16.3
-5.0
—‘9.8
=445

- THE

AwO0
CEG DEG

24.6-35.4
24.6-35.4
24.6-35.4
24.6-35.4
24.6-35.4
24. 6_35010
24.6-35.4
2446-35.4

24.6-32.3
24.6-25.0
24.6-17.4
24.6-11.6
24.6 ~T7.0
24.6 -3.4
24.6 —0.5
24.6
2446
24.6
24.6
24.€
24.6
24.6 1
24.6 1
24.6
24' 7
22.8
21.2

O O~ W
® ® e & & o L]
PLENONWSIWOO O

—

-
N

ACCEL BUILDUP TIME=

ALV
DEG

28.5
24 .4
21.8
20.0
18.6
17.2
16.2
15.4

15.2
14.9
16.7
17.2
16,2
14.9
13.5
11.7

CoOC=NWHd:OEONO

COCOVI:WHrOErrNO

LAMDA MU

0.1119
0.1240
Uel1331
0.1417
U.1491
0.1563
G.l162C
O.1679

0.uC9%6
0.0154
0.C212
0.0272
C.0333
C.04C4
0.v484

C.1736
0.1811
G.1793
C.1766
Ue.1755
Cal747
0.1741
0.1771
0.1872
C.20Ce
0.2197
Ce.2466
C.28217
G.3351

G.0603
0.0836
0.11C9
0.1422
C.1701
0.1584
0.2268
C.2529
C.2754
0.26559
0.3136
0.3263
0.3305
0.3172
C.4085 U.2¢74
04936 0.1484
€e5406-0.C467
0.5677-0.0L494
005952‘0|0491

0.0035

cT

J.G238
0.0261
v.0273
0.0277
V.0278

0.6270.

U.02€1
0.0252

0.0244
0.0234
0.C22¢
0.0239
Gec240
0.0241
O-CZ‘OI
Cel237
0.0224
V.Q02¢8
0.C150
0.3169
O.Cl48
Ve0125
0.C1C4
0.0C88
0.00681
0.5077
0.0074

5. —

. .PGwER

HP

7197.
8€l3.
9554.
10267.
10754.
10987. ..
1CSET.

10987.

10687, -
15687,
10687, .
1u987.
10687.
13687
10987..
1.587.
10987,
1Cs87.
1.687.
10987,
LCs87.
10987,
1C587.
1C687.
10987,
1Cs87.
10987,

18-T
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- TILT ROTOR DESIGN PROGRAM 1574 . . . S - -

$-85-50 - Cee - - DESIGN ITERATIONS: .3 —— e e
- .- OVERALL POWERPLANT e e e e FUSELAGE —- - — . . . .STRUCI..TECHNOLOGY FACTCRS .. .
GROSS WEIGHT (LB) 54497, INST NCRMAL FWR (HP) 8379. SLENGTH (FT) 80.0 *ROTOR G.S5
EMPTY WEIGHT (LB) 40165, *NUMBER OF ENGINES. _ ___ . _ 2. _ *DIAMETER (FT)__. . _____10.0. _ *TRANSMISSICN_. ____ . - -0.81
FUEL WEIGHT (LB) 4182. *EXCESS FACTOR kEL MOCE 1.65 *DRAG FACTOR 1.00 *AIRFRAME 0.76
PAYLOALC (LB) 10150. 43 RATEC EMRG HVR -~ 140e — . - Lo — -~ . -- . . %ENGIKE (HP/LB) _ . . . 1C.0C
CRUISE SPEED (MPH) 281. * CCNV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.70
wween LIC CRUISE l14.42 * CRUISE - 90. .. WING PRCFILE .. . .. Te22. . ... e ¢ —————— -
*RANGE (STAT MI) 500. INST PWR EMRC HVR (HP) 8Z0l. FUSELAGE 5.58 CESIGN MISSION
*®PASSENGER SEATS 50. CONVER (HP) 7267. - EMPENNAGE e e .- .4e33 . #FIELD ELEVATION (FT)} _ _ (.
*CARGO (LB) 0. CRUISE (HP) €379, TOTAL PROFILE 20.74 SOUND SPEED HVR (FPS) 1117,
*SFC (LB/HP HR) 0.380 WING INDUCED _. . _ _ _ 9.09 *STD DAY TEMP (CEC F) ___ 59.
ROTORS *EMERG HOVER ALT (FT) 2CCL.
—— *DISC LOADING (PSF) 6.50 CRIVE SYSTEM - — COMPONENT WEIGHTS (LB) _ ... .. . *HOT DAY TEMP (DEG.F).._.___ GS.
RADIUS (FT) 3€.5 *EFFICIENCY 0.97 ROTOKS 7251. *CT/SIG MAX C.15C
SOLIDITY 0.245 FEL MODE WEIGHT (LB) 9271... DRIVE SYSTEM . . .. 9271. *MAX ACCELERATICN (G) .. (C.25
BLADE CHORD (FT) 3.51 AIRPLANE WEIGHT (LB) 8928, POWERPLANT 1257. *DESIGN CRUISE (MPH) 280.
TOTAL BLADES 16 NACELLES . 122. *CRUISE ALTITUDE (FT) 15C%5C.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 353, SOUND SPEED CRSE ¢FPS) 1G58,
e . *PROFILE ORAG COEFF Cc.010 AREA (SF) 1090.. WING - . .— . 5113, *MAX DECELERATICN (G) ._ _0G.20
% DOWNLDAD 5.5 SLCALING (PSF) 50.0 FUSELAGE 5599, *STRUCT LCAD FACTCR 445
*EFFICIENCY HOVER C.87 ASPECT RATIC : 6.64 . EMPENNAGE . —— 1036, . ®FLIGHT CREW - - . 2
* CONVER 0.85 SPAN (FT)- 85.1 LANDING GEAR 1635. *CABIN CREW le
- CRUISE 0.51 MEAN CHORC (FT) 12.81 . FLIGHT CCNTROLS 2537. *ATC SPEED LIMIY . . _ YES
HEL MODE WEIGHT (LB) 7251, *THICKNESS/CHORE RATIC C.210 HYDRAULICS 302.
.- .. AIRPLANE WEIGHT (LB) 7137. *TAPER RATID . Qe.7C .. _ELECTRICAL . . _ ___ . 937. . . . __,_“,_ﬁ__.'r
*TIP SPEED HOVER 350. SWEEP (DEG) ~5.5 INSTR#AVIONICS 703. ©
* . CRUISE 350. CRUISE LIFT CCEFF Ce39 . AIR CGNDITIGNING - -1150. _.. .. .- . . NN
*FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 2.24 FURNISHINGS 2500.
*MAX HEL MODE ADV RATIO 0.40 *MAX LIFT COEFF CLEAN 1.40 .. FLUIDS - - 213, - ~ S -
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
. ..% INDICATES INPUT VARIABLE CLIMB SPC/CCNVER SPD . le47_ _CABIN CREW . __ . 150a..___ . _ ———— e -
DESIGN MISSION SPEED FEICHTY DIST TIME FUEL . - - - - . o -
MPH F1 M1 MIN L8
- TAKEOFF & LANDING 2.00 Tle - . - — e e
ACCEL. & CONvV, 15CC. C.9 0.77 40.
.. AIRPLANE CLIMB 141.,173. 13500. 11.8 4.53 . 194. ___ e et e —— e e — — -
ACCEL. TO CRUISE 2.3 0.60 27.
- —-- . CRUISE . 28l. . . 444.7 . 95.0C. _ 3082._ . e
AIRPLANE DESCENT 281.,228, 135CG0. 39.2 9.34 48, .
- -~ .. DECEL. & CONV,. - --15CC. - C.S l.1C __. _ 8. PR — N — -
I — TOTAL . . et mmrmime e e o e e e 9000 113433 | _2346%9. . N
.~ -—-.- RESERVE Fapp— c—- - - 20.C0_ ___T13.___




P D T S

$-85-50

STAGE LENGTH (MI.)
CRUISE ALTITUDE (FT.) 2
CRUISE SPEED (MPH)

CRUISE L/D

1

CRUISE DISTANCE (MIs)

BLCCK TIME
BLOCK . FUEL

(MIN.)
(LB.)

BLOCK SPEED (MPH)

DIRECT CPERATING cCOST
AIRFRAME COST (s$/LB)=

HOP LENGTHS 50+#150+
STAGE LENGTH 25.
NO. CYCLES/STARTS 171
FLIGHT CREW 0.555
FUEL & OIL 0.382
HULL INSURANCE 0.439
TOTAL FL IGHT 0OPS 1.37¢
LABOR AIRFRAME 0.545
MATERIAL AIRFRAME 0.248
LABOR ENCINES 0.308
MATERIAL ENGINES 0.466
MAT. BURDEN 1.109
TOTAL MAINTENANCE 2.615
- DEPRECIATION 1.252
TOTAL DIRECT OPERATING
$/AIRCRAFT MILE 5.304
$/FLIGHT HOUR 874.1
$/SEAT MILE G.1061

$/SEAT-TRIP 2.65

25. 5C.
000. 400C. 10
294. 29¢.
0.78 11.37 1
18.3 37.0

9.1 14.5
344, 517.
165. 2C1.

= ANN UTILIZATION(HR)}=2C00.

i5.
CO0le 12
287,
2.94 1
41.0
21.0
589.
214,

1C0.

15¢C.

5¢0. 1500C. 15

285.

281.. ..

2.69 14.42 1

55.7
21.0

223.

80.0 ENGINE CCST ($/+P)= 60.0
D0C=1.59+¢0.0424*SL $/SEAT-TRIP (SL= 25,,5(C.)

0+ O+

5C.
171
G.442
0.288
0345
1.C78
0.26C
0.153
0.170
0.252
Q.68
1.625
0.567
cost
3.7G60
T66.2
0.C74C
3.70

0=200 1

15.
/1

0.427
0.2165
(Ce238
C.S¢E4
€.21C
0.126
0.127
0.183
C.568
1.315
0.S€4

2,263
6GE. €
C.C€E52

4.89

CC+20C+

- 1CC.
1/1
0.411
0.2(3
Ce225
0.539
C.281
0.111
C.1G4
0.148
C.5C1
1.145
0.528

3.012
670.1
0.C0602
6.02

a+ 0O+

. . 150.
/1
0.362
0.196
C.310
v.868
0.250
0.0%5
v.081
0.112
0.431
0.5¢€9
0.384

2.752
642,2
0.U550
8.25

94,7 1

38.6
130. 1C5S. 1

233.

e Tes ST RS 4, Strds o

20C.

300.

0CC. 15000. 15
281. .28l

4.42 14.42 1
44.7 244.7 3

49.2

70.6

410. 2105. 2

244 .

255.

INSURANCE RATE=0.040

0=300 2CC+200+

200.
171
C.375
0.196
C.297
0.868
0.231
C.086
C.069
0.094
0.390
U.869
0.847

2.584
62G6.8
C.0517
10.34

300.
i/71
G.359
0.195
0.284
0.838
0.211
0.077
0.057
0.075
0349
0.769
C.810

2.416
616.1
0.0483
14.50

o+ O+

400.
171
Ce350
C.194
Ce2177
C.822
0.292
0.072
G.051
0.066
Le325
G.716
O.791

2.332
6UB.5
0.0466
18.65

crmete v o

400,
08d. 15
281.
4.42 1

P K. SR

500. .
CCO.

28l. . .
4e42

4407 _444.7 .

92.0 1
791. 3
261.

13.3
469.
265.

DEPRECIATION PERIOD(YR)=10. LABOR RATE($/HR)= 7.00

R R T o

FUEL COST (CENTS/GAL)= 18.0

0=400

500.
171
0.345
v.193
0.273
0.812
0.196
0.07¢
0.047
0.G60
0.316
0.689
0.780

2.281
603.7
0.0456
22.81

- 200,
2/1
U.419
G.219
0.320
0.958
0.275
U.106
0.095
0.131
. 0.481
1.088
- 0.912.

2959
669.3
0.0592
11.83

300 . 4C0.___

2/1
Ce391
0.199
C.306
0.9C2
0.246
0.0%2
0.075
0.101
O.417
0.931

0.874..

2.707
639.3
0.0541
16.24

2/1

0.383

0.156
0.297
0.376
..0.230
0.C84
0.065
S.086
0.382
0.847

—.Ve841
.- 2+569

62641
0.0514
20.55




. 5-85-50 .
DEPARTURE PATH TGO 10,000 FT MSL

== - MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. CESTACLE HEIGFT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME=_ 5, _

TIME DIST ALY VEL ACC GAM THRLST LuGO _LWGI DWGO DWGI DFUST ALP THE AWD ALV LAMDA . MU ..CT.__ POWER
SEC FT FT FFPS G CEG Le LB Le L8 L8 LB DEG DEG DEG DEG HP
-~-.—-0OBSTACLE CLEARANCE . . .- e e e e s - - e e e e e .
3.1 4 7. 3. 0.050 6C.0 £7S34, -1l. -812. Ce 1G41.. le 294 24,6-35.4 28.5 0.1119 0,0C35 0.,0237 5580.
- 4.0 7. 13. 8« 0.171 60.0 €314, ~8s .=989.,. . 4. 944, 10e 2646 24.6-35.4 24.4 0.1240 0.0096 0.0261 6678,

4.7 12. 20. 13. 0.227 6C.0 ¢€£4ES. —-Zl. —1095. 10. 88l. 28+ 25,5 24.6-35.4 21.8 0.1331 0.0154 0.0273 7408,
5.3 17. 30. 18. 0.248 60.0 €1557., ~41. -1157. 21. 831. 55¢ 2541 24.6-35.4 20.0 0.1416 0.0212 C.C277 17563,

5.9 24, 42. 23. 0.250 €C.0 ¢€1730. -68. —-1210. 34, 8uJ. 9le 25.0 24.6-35.4 18.6 0.1491 00,0272 0.C278 8273,
- 6.7 34. 56+ . 28. 04212 60.0 €55CS. .—102. —=1225. . 5le¢ 749¢ 136¢ 2548 24.6~35.4 17.2 0.1563 0.0332 0.0270... 853G, .
Te6 50. 86. 33. 0.162 €C.0 €3571. -143, —-1240. Tle T24. 190. 268 24.6-35,4 16.2 0.162C C.0404 0.C261 8530,

- 7.9 58. 100. 33. 0.412 6C.0 €1213. =~1%C. =1260. S4. Tlle 253. 27.9 24.6-35.4 15.4 C.1680 0.0483 0.C252. 8530,
ACCELERATION AND CCNVERSION

9.3 92. 153. 43¢ 0.1C€ 5€.5 59277. =276. —1439. 114. 610. 295. 29.4 24.6-32.3 15.1 0.1737 C.G6C2 0.C244. B853C.

10.4 129. 19%6. 5l. 0.141 49.6 5£78l. <—476, —1855., 128. 498s 29U. 34.0 24.6~25.0 14.9 0.1812 0.GBC5 0.0234 8530.

- - 1la7 184. 245, 58e C.123 42.0 57213, -753, -2403. 130. 416. 233. 42.9 24.,6-17.4 16.5 Co1795 0.11CS D.C236.. 85397,
13.2 260. 301. 66, 0,108 3€.2 £7553. -1119. -2582., 14l. 375. 188, 50.0 24.6-11.6 17.2 C.1767 0.1421 0.C239 8520.

14.5 345, 354. T4s 0,116 21.6 58143, =457, -3633, 118. 362+ 155 52.5 24¢6 =7¢1 16.2 C.1757 0.1700 0.0240 8530,

15.9 446, 4C7. 83. 0.113 2€.C SEL17S. 357, -4357. 119. 369. 134. 57.3 24.6 -3.4 14.9 0.175C 0.1683 0.L241 853C.

17.3 560. 463. G2 0.1C8 25.1 .58133, 1399. =5177. 143¢ 389, 125¢ 60s1 24.6 =0.5 13.4 0.174& Ve22£6 0.0241 8530,

19.0 723. 525, 1Cl. 0.CS2 22.7 56S1l. 2637, ~4818. 192. 345. 128, 62.1 24,6 1.9 11.6 C.1775 0.2527 0.C236 8530,
i 2004 872. 585. 110. 0.1C8 2C.7 £2628. 4C76. ~2000. 264. 235. 142+ 6Ce3 24.6 3.9 9.5 0.1876 G.2751 0.0223._853u.
21.9 1034, 641, 120, 0.108 15.0 49799, 5722, 1083. 36l. 223. 168, 5847 2446 5.6 7.7 0.2013 0.2556 0.02C8 3530,
23.5 1233, TC4e 129+ 0.CS6 17.5 45321, 7574e 4485. 4Ble 300. 205. 57.0 24.6 7.0 6.1 C42204 0.3132 0.C189 B530.
25.5 1501. 782. 139, 0.C77 16,3 40261. S€33. 8237, 624 462. 254e 5447 2406 8.3 4.6 0.2475 0.3253 0.Cl68 3530,
27.7 1817. €€8. 148+ 0.C70 15.2 25C68., 11856s 12270. 7S5le 70Lle 315.. 5Ce2 24¢6 T4 3.4 0.2840 0.3294 0.G147 8530,
30.2 2191. 963, 158. 0.064 143 ZS€SC. 14261l. 16671, S8l. 1015. 3B6. 43.4 24.6 L0.3 2.3 0.3370 0.3153 0.C125 3a530.
— 32,6 2595, 1C60. 168, 0.063 12.4 24563, 17C26. 21431 L1154 1402¢ 469« 32.4 2446 11.2 1.3 0.4109 C.2638 04C1C4 8530,
35.0 3001. 1151. 178. 0.C66 12.7 2C710. 15853, 26537. 1430. 1857. 563, 15.6 2406 11.9 0.5 0.4955 0.1420 0.C0B8 8530,
37.8 3520. 1261. 187. 0.055 12.0 1910Ce 22%61e 31536« 1689, 231G. " 668. =5.,0 2446 12.6 0.0 0.5404~0.0483 0.,0C81 8520,
40.7 4078. 1374, 197, 0.054 ll.4 18185. 23058, 31439. 1574. 2146, 654 —4o8 22.8 lle4 ; 0.0 C.5678-0.0493 U.C077 8530.
43.6 4668, 1489. 2C4. 0.053 11.0 17569+ 22118. 31376, 15CLl. 2038, 65l. ~4.6 21.6 10.6 0.0 0.5878-0.0485 0.€075 8530, .

AIRPLANE VODE CLIMB YO 10,000 FT
- .-  43.6 4668. 1489, 2C6. 0.C 14.8 17884,
212.5 41534. 10CCC. 235. 0.0 12.4 15710,
0

THE TOTAL NOISE IMPACT IS 0.50535C+05
NOISE AT 500 FT SIODELINE= 83,7 EFANCE

¥8-1

NOISE AT 20,000 FT SIDELINE= 52.2 EFNCSB_

NOISE 25,000 FT FCRWARD OF TAKECFF FCINT= €0.3 EFACE

-~ - NOISE 500 FT FCRWARD CF TAKEOFF PCINT= €4.3 EFNCR




TILT ROTCR CESIGN PRCCRAM 1974

QP-80-50 DESIGN ITERATIONS: 4
OVERALL PUWERPL ANT FUSELAGE STRUCT TECHNJLOGY FACTORS
GRJSS WEIGHT (LB) ~ 77 53545, ~ " INST NCRNAL PWR {(HP) 10500, *LENGTH [FT)} "~~~ BOe O™ THRRJTAR ~ T T T T 1400 T
EMPTY WEIGHT (LB) 38539, *NUMBER OF EMGINES 2. *DIAMFTER (FT) 10.0 *TRANSMISSION .83
FUEL WEIGHT (LB) 4561, *EXCESS FACTOR HEL MODE 2.00 -~ *0ORAG FACTOR T 1.09 » AIRFRAMF 0.78
PAYIL.OAD (1.B) 1015C, *% RATED EMRG HVR 140, ®*ENGINE (HP/LB) 8.50
CRUISE SPEED (MPH) 427. L] CONV + CLIMA 12N, FLAT PLATE AREAS (SF) *EMGTINE INSTALLATIOM 1.54°
L/D CRUISE 10.36 * CRUISE 90. WING PROFILE 446G .
=P ANGE (STAT MI1) "7 S5CCe INST PWR EMRG HVR (HP) "~ 982377 " FUSELAGE - TTTTTT ST T 5,31 BESIGNM MISSION o - T
#*PASSENGER SEATS LTS CONVER {HP) 10500, EMPENMNAGE 2.81 *FIELD ELEVATICN (FT O
=C ARG (LB) Oa CRUISE = (HP) 8885, TDOTAL. PPOFILE " 1549 SOUND SPCED HVR (FPS) 1117,
®*SFC (LRA/HP HR) 06 400 WING INOUCED 2.21 *STN CAY TEMP (DEG F) 59.
ROTJRS T *FYERG HOVER ALT (FT) 2000,
=CISC LLJADING (PSF) 900 DRIVE SYSTEVM COMPCNENTY WEIGHTS (LB) *HIT DAY TEMP (DEG F) 95,
RADILS (FT) - "30.8 *EFFICTENCY TUTTTUTT T NG 9T T RATARS T T6T39,T *CT/SIG MAX T Dll150 0 7T
SOLINITY 0.179 HEL MODE WEIGHT (LB) 8692, DRIVE SYSTEM 8692« *MAX ACCELERATICN (G) Ve 25
BLADFE CHIRD (FT) 2089 ATRPLANE WEIGHT {LB) 7548, POWERPLANT - T 1853, *DESIGN CRUISE (MPH) 40D,
TUTAL BLADES .12 NACELLES 314. *CPRUISE ALTITUDE (FT) 15000,
=CT/SIG HOVER 04120 WING FUEL SYSTFM T 409, ~ SJUND SPEED CRSE (FPS) 1058,
*PROFILE DRAG CIEFF Q.10 AREA (SF) 715. wWING 4122, *MAX DECELERATIIM (G) 0e20
T DOWNL2AD T 4.9 xXLJADING (PSF) " 77 T 75,0 T FUSELAGE 5733, *STRUCT L.CAD FACTOR "~ 777 445
*EFFICIENCY HOVER (‘e 85 ASPFCT RATIO Te57 EMPENNAGE 1046, %F IGHT CREwW 2.
* .CCNVER .83 SPAN (FT) 736 LAMDING GEAR -~ T 1610. *CABIN CREW 1. =
CRUISE G.T0 MFEAN CHORC [FT) 9.72 FI.IGHT CNNTROLS 2481 *ATC SPEED LIMIT YES é
FEL MCOE WEIGHT (LB) 67CS. *THICKNESS/CHORD RATIO 0.210 HYDRAULICS o 3. : 3]
ATRPLANE WEIGHT (LBR) 6324, *TAPER RATIO 0. 70 ELECTRICAL 916.
*T[P SPEED HAVER T 4806 SWEEP (DECG) ~ T =53 7 T INSTR4AVIONICS 703, - - T
= CRUISE 433, CRUISE LIFT CJEFF e 26 AIR CONDITICNING 1150,
*=FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT CNEFF CUNVER 1.76 ~ FURNISKRINGS T " 2500. o
*MAX FEIL MODE ADV RATIO Ge 40 *MAX LIFT COEFF CLEAN le4u FLUIDS 268,
. *FLAP AREA/WING AREA Je25 FLIGHT CREW 400,
* INDICATES INPUT VARIABLE CLIMB SPLC/CONVER SPD 1.22 CABIN CREW 150,
DESIGN MISSICN SPEED HEIGHT CISTY TIME FUFL
MPH FT M1 MIN LR -
TAKECFF & LLANDING 200U 91
ACCEL . & CONV. 1070, 0.8 Te b3 47. -
AIRPLANE CLIMB 160.9199. 14000. 10.8 3.61 208,
ACCEL S T CRUTSE - S8 1572 T05% T
CRUISE 421, 443,1 62426 3149.
AIRPLANE DESCENT 42Te9292e  ~"18000e 34,7 T 66,11 T &)l T T T T T T Tt ¢ "
DECELes & CCNV, 1000, 0.8 1.10 10.
TOTAL 500.0 7740 3652, N
RESERVE 2000 910.



£P-83-52

STAGE LENGTH (Mle) 254 50. 15 100, 1500 2000 300 4Nle
CPUISE ALTITUDE (FT.) 2770, 407)e  10u001. 1257). 15000, 150.3. 153(C. 15020, 15
CRUISE SPEED (VMPH} 296, 305. 425. 426, 427. 4217. 427, 427.
CRUISE L/D ' 12085 ~ 12,95 = Se25 5.79 10.36° 10.36 "1G.36° 10.36 1
CRUISE DISTANCE (MI.) 17.9 35.9 1.5 5Jel 92.4 142.4 242.4 34244 4
BLCCK TIME (MIN.) 8.7 13.7 17.C 2049 2843 3543 4903 6344
BLCCK FUZL (LB.) 318. 459. €52, 817. 1176. 1536. 225Q. 2953, 3
BLGCK SPEED (MPH) 173. 219. 265, 238, 318. 340. 365. 379.

DIRECT IPERATING COST -  ANN UTILIZATICN(FR)I=2070. DEPRECIATINN PERION(YR)=1C.
AIRFRAME C3IST ($/LB)= 8u.l ENGINE COST ($/HP)= 60.9 INSURANCE RATE=0.040
DJIC=1,9C+0.0258%SL $/SCAT-TRIP (SL= 25.,5C0.)

HNE LENGTHS 5G+1504 J+ C+ =200 1C0+230+ O+ o+ O=3C03 20604233+ 0+ 04
STAGE LENGTH 25. 5Je 75. 109, 159. 200. 320. 4CC.

NO. CYCLES/STARTS 171 171 /1 /1 171 1/1 171 171

FLIGHT CREW 0557 ebal J. 364 C.336 te313 Ue 284 10265 (4255
FUEL & OIL C.354 0.255 0,241 C.227 0.218 0.213 0.208 0.205
HULL TINSURANCE 0,415 Ce 329 Mo 272 U.250 0.226 Je212 V. 127 Q.19
TITAL FLIGHT 2PS 1.326 1.025 0.878 G.813 0,747 J.709 0.570 0.650
LABOR AIRFRAME G.523 0.342 0.263 Oe 228 00192 06172 0el52 0o 142
MATERIAL AIRFRAVE 0.234 D144 G.178 C.791 "~ 0N.)74 D.065 0.055 ° 0,051

LABCR ENGINES 0.329 %.180 J.127 0.1G2 0.076 0.062 0.049 0.04%42
MATERTAL. ENGINES Cs580 Ge3l2 0,218 Cel72 0. 126 0.102 0,078 0.066
MAT, BURDEN 1.107 C.679 Q.57 0.42S Ce 347 0a304 0. 261 0.240
TOTAL MAINTENANCE 2.173 1.658 1.223 1.021 0.814 0.705 0.596 0o 541
DEPRECIATICON le 196 0.547 V.783 C.721 0.651 Je639 J.568 0.547
TITAL CIRECT OPERATING COST - T T .

$/AIRCRAFT MILE 50256 34 629 2.884 20555 20211 2,023 lo 834 1,739
$/FLIGHT HIUR 917.5 794.6 763.6 7134.8 704.2 687.9 669.1 658.,3"
$/SEAT MILE 001C59 0600726 060577 060511 060442 060405 06367 040348
$/SEAT-TRIP 2.65 3.63 4.33 Sell 6,63 8.09  11.70 13.91

LABOR RATE{$/HR)= 7,3D

530
L0,
427,

D636 T T

4244
7704
648,
3ﬂ7ﬂ -

FUEL C3ST (CENTS/GAL)= 18,0

~=4lu

530.
171
C.249
0.203
N,186
0.637
Us136
04743
0.038
0.059
0.227
04509

0.535

le681
651,.2
0.0336
16.81

200.
2/1
0.354
0,227
0.252
0.832
00227
J.088
0.092
C.152
0.415
Co S74
J.725

24531
. 723.8
040506

17.12

300,
271
Ue3l2
00218
Ne224
G754
0o 189
J.71
0.069
0.112
J.335
0. 776

).647

20177
697.9
060435
13.06

400,
271
Ce292
0.213
Qe212
C.717
Cel7l

G763 ~

0.057
0.J92
0.29¢
0679
.66

24005
682.0
Oe 0401
16.04

[
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" DEPARTURE PATH TN

CP-8(C~-

50

R R N L

10,000 FT MSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=¢0. OBSTACLE HEIGHT=1(0.

MAX ACCEL ROTATION RATE=20,

ACCEL BUILDUP TIME=s 5,

TIME DIST ALT VEL ACC GAM THRUST LWGO LWGI DWGO DWGI OFUST ALP THE AWO ALV 1LAMDA MU cT
SEC FT FT FPS G DEG LR LB LB LB L8 LB DEG DEG TEG DNEG
“ESTACLE CLEARANCE
T 3.1 4 Te~ 3, 0.050 60,07 56931." "=1.7 =T1T7e D& 922¢ "~ 1o 29e3 24e5-350.4 2846 0oU954 040026 0.0174
400 T. 13. 8. 0.171 60.0 626172, -5. -869. 3. 834, 10e 2645 24.6-35.4 24.5 01050 0.077) (,.)192
4.1 12. 20. 13, D227 63.0 653465, ~14., -950. 7. 781. 2R. 25.4 24.6-35.4 22.2 0.1122 0.0112 0.0200
5¢3 17. 30. 18s Coe 248 60,0 6641C, =28 —1202e l4e  T54e 556 2520 2406-25.4 20.8 0.1181 0.0154 u.d2u4
5.9 24 42. 23. 04250 62.0 6€Sk4. -47. -1(36. 23, 722. G0e 2449 2446-35.4 19,6 041237 0.0197 0.0204
6.6 33. 56. 284 0,250 60.0 66631, =70. =1076. 34 T00. 135 2449 24.56=3504 1804 001252 000241 000204
" Te2 43. Tae 33s (e 250 62,0 66716, -97. -1115. 48, 683, 188. 24.9 24.6-35.4 17.3 (.1352 N.M285 G.3205
7.8 54, 94. 38, N.250 6u.0 66820, =-129. -1157. 64e 672¢ 250e 2449 24.6-35.4 16.2 J.1416 0.0329 0,0205
7.6 58. 1Co. 38. C.250 600 66547, —166, —-1206, 82, 670e 32le 25.0 2446-3504 151 0.1481 (20374 0.02C5
ACCELERATIGN ANC CCAVEKSIUON
8.5 73. 126. 49, G.256 58,7 65621, =-221. ~-1307. 131. 616, 302, 2441 2%.6-34%.1 13.5 0.1548 0.0+10 0.0202
S.1 S4,o 155, 57> 00250 5407 61723, =353, -15200 1280 55le 468 2406 24063001 1108 01644 0.0459 0.019)
9.8 121. 185. 65. 0.25) 48.7 571C4., =528, -1820. 136+ 459, 438, 28.9 24.6-24.1 12.1 D3.15678 J.0656 0.0176
10.4 154, 215. T2, 0.250 42.7 57489, -774. -2260. 137.- 400. 364. 35,3 24.6-18.1 1354 Cc1l694 200268 0,0177
11.C .193. 246, Ce 0.25C 37.8 S58C6l., —-1072. -2736. 1l4%e. 366. 303, 40.6 2446-13.2 13.9 00,1707 0.10381 0.9179
11. ¢ 238, 2764 88e 00250 33,8 58483. =989, -3250s 13T7e 350, 252¢ 44.7 24.6 -9.2 13.7 0.1723 ".1288 0.7181
12.2 290. 3C7. Ghe Ce250 37,5 58557, —33€, =-3€12, 125. 347, 214. 47.8 2446 =5.9 13,0 0.1746 N.1476 0.C181
12.6 347. 237. 105. C.250 27.7 5859C. 442, =4435. 128, 354, 186e 50c2 2405 =302 1261 001773 01682 0a.3181
1345 41ll. 367, 114. 0.256 25.4 5€575. 1353. -5130. 1477 37Je 171le 52.2 24.6 =1.8 11.1 H.1812 5.1871 0.J181
14.2 4GC. 4Cle 1234 04223 23.4 56714, 2452. -3864., 18l. 255. 166. 5347 2%46 142 9¢7 0.1868 0.2042 0.317%
14.9 575, 4354 1326 06226 2167 54438, 35924 -1805, 230e 2336 1736 5258 24e6 209 Be4 001942 0H,2209 0.0169
15.6 67). 47C. 142. D216 2042 51€27. 4525, 486s 2%4. 219. 191e 52.0 2446 4.4 T.2 0e27543 02351 V.C160
16.4 785. 509. 151. 9,194 183.9 48248. 6405, 3019. 373. 253, 221 514 246 5.7 5.9 002183 002469 040150
17,2 912, £50e 1l6le Cal87 1767 44SCCo B8C29. 5677. 46B. 332. 261le 49¢3 246 6.9 4.9 13,2342 142573 0,014)
18.1 1057, 594. 170. D174 1647 41126, 987Ce 8591e S57T. 4564 313. 4648 24,6 7.9 3.9 D,2555 2,2629 D.J128
19.1 1221. A42s 180. 0.154 15.8 36866, 11718, 11794 70le 628s 376e 4326 246 B8e8B 300 062849 02598 0.0115
20.2 1425, 695. 189, 0.146 15.7 32886, 13781. 15163. B84ls B83T7.. 451. 3843 24.6 9.6 2.2 N,3233 042473 0.3173
21.3 1637, 748 199. 0.141 1442 29017. 15938. 18774. 955. 1087. 536, 30.9 24¢6.10.4 1.5 043647 0.2162 0.90°1
22,4 1863, 803¢ 209 0e 14D 13.5 256840 13341le 272016e 1l64e 1377a 632 20a7 2446 11.0 0.8 0.4150 0.1566 0.2980
23.5 21)8. 859, 219. 0.135 12.9 2336C. 20841}s 26662. 1348. 17)2¢ T3% Te% 2446 11e7 03 (e4592 (o0606 26,7073
24.5 2401, 923, 228. C.118 12.4 22357, 23392, 30257. 1537. 1987, B51le =63 2465 1202 0c0 0.4800-0,0529 0,0C70
2662 21707, G880 2340 U0 116 12.1 21825, 23446, 30703, 1486. 1914s 837. —6.1 23.6 11e6 Dev 44918-040535 0.0069
AIRPLANE MCCE CLIMB TC 10,0CD FT ’
26.2 21C7. $98. 235, 0.C 17.0 1961z,
163.7 37399. 1330C. 26&6Y. C.N 14.2 17161,
- NOISE- AT SCO-FT-SIDECINE= 9071 EPNDS
TIME 1.5 4.5 Teb 105 1345 1665 19.5 22.5 25.5
PNL €8.5 B9e6 BTY6 8T.C B84.4 7T9.3 7T2.95 65.0 57.2 T
NCISE 500 FT FORWARC CF TAKECFF PCINT= 90.6 EPNDB - -

" NOISE AT 29,000 FY SIDELINE= S86.T EPNDR™

NOISE 25,0GC FT FORWARD OF TAKENFF POINT= 54,5 EPNDB

THE TOTAL NOISE IMPACT IS

0 2512

00*06

POWER
Hp

6677
7923.
R742,
92493,
o721.
10125,
12571,
11053,
11541.

11805,
11799,
111sC.
11370.
11572,
11767.
1194¢,
1215Ce
1241¢€,
1241¢,
1241¢.
1241¢,
12416,
12416¢,
12416,
1241¢€.
12416.
1241¢€.
1241¢,
1241¢,
12416,
1241¢.
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TILT RCTOR DESIGN PRCGRAM 1974

HOVER EXAMPLE

DESIGN ITERATIONS: 5

CVERALL o POWERPLANT o __FUSELAGF o . _STRUCT TECHNOLOGY FACTORS __ B
GROSS WEIGHT {LR) 43572, INST NCRMAL PWR (HP) 9393, *LENGTH (FT) 8000 *RITIR 1.00
EMPTY WEIGHT (LB) 29295, *NUMBER OF ENGINES 2. %DIAMETER (FT) 10.0 *TRANSMISSION C.83
FUEL WEIGHT (LE) 41217, *EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR 1.00 ®*AJRFRAME Ce78
PAYLOAD (LB) 10150, *% RATED EMRG HVR 140, o A *ENGINE (HP/LB) 8.50
CRUISE SPEED (MPH}) 432, * CONV + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
L/D CRUISE 10.01 * CRUISE 90. WING PROFILE 3ell L

*RANGE (STAT MI) 500. INST PWR EMRG HVR (HP) 9393, ~"FUSELAGE =~~~ 7 777 5,31 DESIGN MISSION

*PASSENGER SEATS SC. CONVER {(HP)} 6539, EMPENNAGE _1.87 *FIELD ELEVATION (FT) 0.

*CARGO (LB) Oe CRUISE  (HP) 7749, TOTAL PROFILE 12444 SOUND SPEED HVR (FPS) 1117.
*SFC (LB/HP HR) 0.400 WING INDUCED 2.08 *#STD DAY TEMP (DEG F) 59,

ROTORS : i *EMERG HOVER ALT (FT) 2000

*CISC 1L.CADING (PSF) 12,00 CRIVE SYSTEM CCMFCNENT WEIGHTS (LB) ®HAT DAY TEMP (DEG F) S5,
RACIUS (FT) T 24.0 *EFFICIENCY T TTTTTT 0.9 7 ROTARS T T 7T 773811, =CT/SIG MAX i © T 0.150
SOLIDITY 0.122 HEL. MOCE WEIGHT (LB) 3728 DRIVE SYSTEM 46884 «MAX ACCELERATICN (G) 025
BLADE CHGORD (FT) 2.29 ATRPLANE WEIGHT {LB) 4688, PO WERPLANT 1658, *DESIGN CRUISE (MPH) 4C0.
TOTAL BLADES 8 . NACELLES 241 *CRUISE ALTITUCE (FT) 15000.
*CT/SIG HOVER 04120 WING " FUEL SYSTEM T T T 245, SOUND SPEED CRSE (FPS) 1058.
*PROFILE CRAG COEFF 0.G10 AREA (SF) 459, WING 3282, *MAX DECELERATION (G) 0.20
¥ DCWNLGAC T 7T 5,0 TTRLOADING (PSFY T T T T 95,0 7 FUSELAGE ~ 777 TTTTTTTTES5 7T T TR STRULT TLCAD TFACTORT T T T T 4.5 T T T
*EFFICIENCY HOVEPR Oe 85 ASPECT RATID 7.87 EMPENNAGE 85C. *FLIGHT CREW 2.
* CCNVER 0.83 SPAN (FT) 6C.1 LANDING GEAR 1307. ~ *CABIN CREW le +
CRUISE 0.74 MEAN CHORD (FT) Te63 FI.IGHT CUNTROLS 185C, *ATC SPEED LIMIT YES &3
HEL MGCE WEIGHT (LB) 3811. *THICKNESS/CHORD RATIO =~ 0.210 HYNRAULICS T 210, ©
AIRPLANE WEIGHT (LE) 3425, *TAPER RATIO 0.7G ELECTRICAL 682,
*T{P SPEED HOVER T T T 67134 T T SWEEP TIDEC) TTTTTSB43 T T INSTRHAVIONTICS T T 1030
* CRUISE 550, CRUISE LIFT COEFF 0.32 AIR CONDITIONING 1150. B
#FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT COEFF CONVER 1413 7 FURNISHINGS ~~ ~ 77" 77" 72s00,  ~~~— —~—~— — 77 - T
#MAX HEL MODE ADV RATIO 0640 *MAX LIFT COEFF CLEAN 1.40 FLUIDS 218.
*FLAP AREA/WING AREA T 0425 TTFLIGHT CREW 7 T 400 T B T -
* [NDICATES INPUT VARIABLE CLIMB SPD/CONVER SPD 0692 CABIN CREW 1504
DESIGN MISSIGCN SPEED HEIGHT CIST TIME FUEL
MPH FT MI © MIN L8 - - T T -
TAKECFF € LLANDING 2.00 86e
ACCEL. & CCNV. 9ne, €C.9 ~~0.64 33, T o T :
AIRPLANE CLIMB 169.,2C9. 14100. 12.0 3,83 201, o

" ACCELe TO CPUISE ~~ ~ 7 T TTTTTTT10.9T T 1.877T 1040
CRUISE 432, 441,5 61,32 27195, o e L o
AIRPLANE DESCENT 743249292 14100, T 3347 5493 40
CECEL. & CCNV. »990-__ 0:27” lgll o »_9_{ e e . o -

TOTAL 500.0 76.71 3267.
RESERVE 20400 860




Cr P T P

HOVER EXAMFLE

STAGE LENGTH (Mle)

CRULISE ALTITUDE (FT.) 29

CRUISE SPEED (MPH) 2

CPLISE L/C 12

CRUISE DISTANCE (MI.) 1

BLCCK TIME (MING)

BLCCK FUEL (LB8.) 2

BLOCK SPEED (MFH) 1

CBIRECT OPERATING CCST -
AIRFRAME CCST ($/LF)= 8

DOC=1a7140.C251%S1

Mt

HCP LENGTHS 50+150+ o
STAGE LENGTH 25.
Nde CYCILES/STARTS 171
FLIGHT CREW 0.559
FUEL & OIL C.314
HFULL INSURARNCE Je321
TOTAL FLIGHT CPS 1.163
LABOR AIRFRAME C.479
MATERIAL AIKFRAME  C.190
LABJR ENGINES 0.317
MATERIAL ENGINES Ue519
MAT. BURCEN 1.035
TOTAL MAINTENANCE 24540
CEPRECIATICN C.931
TSTAL CIRECT QJPERATING
$/AIRCRAFT MILE 4e €04
$/FLIGFT HOUR 8J)7.2
$/SEAT MILE 0.0633
$/SEAT-TRIP 2.33

LY TR

254 504 15 130. 150. 200. 300. 430, 5J0.
00, 4¢00., 10C01. 12500. 150C0. 15000. 15000. 15000, 15000.
96. 305. 4404 445, 4464 4464 446, 446, 446,
.38 12.38 TR.48 T 8.8 77 G.42° Sel2 9,42 Se42 Se42 T T T T T T
Te4 35,5 27.2 45,5 89.2 139.2 239.2 339,2 439,2
8e7 13.7 164 ¢ 20.6 277 3444 47.8 61.3 4.7
82. 412, 6C1, 763, 1106, 1448. 2123, 2788, 3442,
73. 219, 267, 291. 325. 349, 376, 392, 401,
ANN UTILIZATICN(RR)=2C)0. OEPRECIATION PERIODIYRI=L1U. “LABCR RATE($/HR)="7.,JU
0.0 ENGINE COST ($/HP)= 60.0 INSURANCE RATE=C.040 FUEL COST (CENTS/GAL)= 18.0
$/SEAT-TRIP (SL= 254+5(Ca)
+ C+ (=200 1C0+200+ O+ 0O+ 0=300 200+203+ O+ 0+ 0=400
50. 75. 100. 150. 200. 300. 400. 5CCe 2004 300, 4004
1/1 1/1 /1 /1 T /1 1/1 77171 /71 7271 2/ T 2717
0.442 0.363 €.332 0.257 0.277 0.257 0.247 0.241 0.349 0.306 0.285
0.229 00223 0e212 06205 0s201  Gol97 ~ 04194 041651 00211 0e205  Ge201
N.254 0,208 €.190 0.171 2.159 0.147  0.142 0.138 0.191 0.169 0.159
0.525 0.794 C.734 0.673 0.637 00601 ~0e582 0,57C 0.752 0o 680 00 645
0.214 0.241 C.208 0,173 0. 155 V.136  0.127 0.121 0.207 0.171 0.154
0.117  Uau87  C.073 7 0.059 "T0.051  UeT4d 0.0407 0,038 770,071 0.0577 0.05C
C.174 0.123 0.098 0.073 0.060 0.047 0.040 0.036 00089 0066 0055
Ce280 0.195 €.153 0.112  (.090 0.069 0.2058 Ueld52 04136 w999 0.U81
0635 04472 €e357 0.320 0.279 0.238 0.217 C.205 0.384 0.308 0.271
1519 lol1l7  GCe929 04736 0,635 00534 Ue483 00453 (0885 Oe7u2 04612
0.736 J.6uU4 €.553  (.455 0,462 (.428 0.411 0.401  U.555  (.492 04462
cCcsT o ST T Tt o s T o ST e e T s e e e
3.180 20515  Zs216 1e904 le734 1.563 1.477 1.424 2.162 1.874 1.718
695.7 670.4 €45.5  619.2 6049 ~ 588,0  578+.3 5718  635.7 613.6 599.6
0.C636 0.0503 0.0443 0.0381 0.0347 000313 0s0255 0e0265 060438 060375 00344
2,18 3.77 4443 5.71 6.93 ~ 9.38 T11.81  14.24 B.77 1ll.24 13.75
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- T 60.C

_ _HOVER EXAMFLE

HOVER & 100 FT ABOVE TAKEOFF FCR 1 MIN
TIME
SEC

0.0

DIST

FT
0. _ lu0.

ALT
FT

VEL  ACC GAM THRUST
FPS G  DEG LB
0. C.CO0 90.0 4357z,

LWGO
L8

LB

0.  1c¢o. 0. €C.000 90,0 4357z,

19.5 22.5
G560 G5.0

NUISE AT 500 FT SIDELINE=102.8 EPNDB
TIME 1.5 445 7.5 1245 13.5
FNL 9560 G9Se0 G500 G50 S5.0

16.5
‘;5.0

_TTNCISE ‘50T FT FORWARC OF TAKECFF PCINT=102J8 EPNDE™ ~— 777~

LWGI DWGD DWGI DFUST ALP_ THE AWO ALV LAMDA MU CT  POWER
L8 LB LB DEG DEG DEG DEG HP

25.5 28.5 31.5 34,5 37.5 40.5 43.5_
9540 9500 9560 9540 95.0 95.0 95.0

4645
95.0

49.5
95.0

52.5
95.0

55.5 58.5
95.90 95.C

NOISE AT 20,000 FT SIDELINE= €5.6 EPNDB - - :
NOISE 25,CCC FT FCRWARC OF TAKEOFF POINT= 6346 EPNDB oo T T e T
THE TOTAL NCISE IMPACT IS 0.77481C 06 ) I .
- - — - [ - . _— — —_—— —— - - - — - ——— - - T
w
; . e -9



HOVER EXAMPLE

DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20. GBSTACLE CLEAR ANGLE=60. OBSTACLE

TIME DIST ALT VEL ACC GAM
SEC FT FT FPS G DEG
OBSTACLE CLEARANCE
3.1 b4e Te 3¢ 0.C50 6060
4.0 7. 13. 8. 0.171 60.0
5.C 13. 23. 13. C.160 60.0
6.2 24. 42. 18. 0.126 60.0
7.9 43. 4. 23+ €.C93 60.0
8a5 58 100. 24e 04057 60s0
ACCELERAT!CN ANC CCNVERSION
9.4 16. 124. 33, 0.168 52.0
10.3 103, 1417, 40e Coal75 41,2
11.2 13S5. 171. 484 04177 33.3
12.1 182. 194. 57. C.178 27,7
12.6 234, 216. 66e 0.182 23.7
13.7 290. 237. 75+ 0.192 20.6
l4e ¢ 356a 255, 84e 0e191 1862
15.4 430. 281. G4, C.188 1643
16.3 521. 305. 104. 0.171 14.8
1761 6l4,. 327. 113. 0.184 13.5
18.C 720. 350. 123. 0.176 12.4
18.9 838, 374¢ 133. 06171 1lle5
19.9 $76. 400, 143, 0.158 1C.7
20.9 1133, 428. 153. C.148 12.0
2242 1330. 460e 162+ 0.126 9.
23.5 1559, 4G6. 172. 0.116 8.8
25.C 1828, 535, 182. 0.104 8.3
26.7 2153, 580. 192. 0.€91 7.9
28.6 2522, 629, 202. 0.084 7.5
3065 2929. 68Ce 212+ CaCBO 742
32.5 3361. 732. 222. 0.079 6.8
34.3 3796, 782. 232. 0.082 6.5
3602 4242a 83lse 242. C.CB4 6.3
38.1 41703, 88ls 247. 0.083 6.1
- ATRPL.ANE MCODE CLIMB TC 10,000 FT
: 38.1 417C3. 88l. 247. C.C 15. 4
184.6 436C9. 10C00. 284. C.O 12.8
NGISE AT 500 FT SIDELINE= 97.5 EPNCB _
© TIME l.5 4.5 7.5 1C.5 13.5
PNL 9508 5666 9€e0 S4e7 $342

NOISE 500 FT FCRWARC OF TAKEGFF PCINT= 98.8 EPNDB _

NCISE AT 20,000 FT SIDELINE= €2,1 EPNDB _

NOISE 25,CC0 FT FORWARC OF TAKEOFF POINT= 56,9 EPNDB

THE TCTAL NCISE IMPACTY IS 0.65024D+06

«5 37.5 42.0
T 53,

HEIGHT=100.

THRLST  LWGOD LWGI DOWGO DWGI DFUST ALP
Le X:) Le L8 L8 LB DEG
462424 -0. =-576. 0. 153. 1. 29.3
50911, -4, -703. 2. 689, 10. 26.5
50446, =-10s =-710. Se 640, 28e 2647
45151, -19. =~Tl4. 9. 601, 54. 27.5
4788z, -32. -T13. 16. 576. 90. 28.3
46574, -47. =713, 23s 55le 134. 29.1
455113, -85, =-976. 26+ 325, 133. 29.7
45013, -170. -1317. 27. 213. 99, 40.4
45227. -183, =-1630, 27. 117¢C. 69. 48.4
452813, 85« ~1900. 26e 151, 5le 5349
45318, 445, ~2160. 35. 144, 44, 57,5
45340, 902, -2437. 54. 145, 48, 59.8
45237, 146le —-2739. 83, 152. 63, 61.9
4%0St. 2122, -3079. 123. 163, 89. 63.6
43824. 2887. =-22S4. 173e 1l4e 127e bbeb
4z217C. 3757. -B49. 233, 7G. 176. 63.1
4CCR4. 4132, 721. 30Q4. 7C. 235, 62.2
378lés 58124 238le 384e 109e 3066 6049
3520¢€. €SS7., 4178, 476, 184, 388, 59.6
3245C., 8287. 6088. 577. 291. 48l. 57.6
26241e 6682, 8193, 689, 434, 584, 55,7
26€95., 11179, 10366. 810. 603, 699, 52.1
22813, 12780. 12760s S42e 802 824e 471
203%7. 13886, 14341, 1004, S18. 8B4. 43.9
16569, 14805, 15583, 1037. 9Sl. 919. 40.5
16787¢ 15751e 16891e 1072¢ 1065e 9566 36.0
15132, 16729, 18267, 1110, 115l. 996. 30.0
1378Ce 17777. 19707. 1154. 1237. 1043 2149
12665, 18847. 21213, 1198. 1326. 1091 12.2
1227Z. 15424, 22028. 1222. 1375. 1117. 6.5

15€$32.

1114C.,
165 19.5 22.5 25.5 28.5 31.5 34
90el B84e9 78,7 T2.1 67.2. 63,2 58,

MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5,

THE AWO ALV LAMDA MU (A } POWER
CEG CEG DEG HP
24.6-35.4 28.8 0.0785 0.0018 0.0118 6422.
24.6-35.4 24.8 0.0856 0.0050 0.C130 7524.
2446-3544 23,5 0eC892 040083 0.0129 7743,
24,6-35.,4 22.5 0.0916 0.0117 0.0126 7743,
24.6-35.4 21.9 0.0940 0.0154 0.0123 7743,
26446-35.4 21.2 0.0967 G.0193 0.0119 17743,
2446-2T7e4 21e3 040988 040245 0,0117 7743,
24.6=16.6 25,7 C.1000 0.0380 0.0116 7743,
24.6 -8.7 28.5 €.C994 0.0529 0.Cll6 7T743.
24e6 =342 2845 0e0G92 040673 0.0116 T743.
2406 0.5 27.3 G.0990 0.0817 0.J117 7743,
24.6 4,0 25.3 0.0988 0.0961 0.0117 7743,
24,6 6.4 23,0 0.0989 0.1104 0.C117 7743, .
2446 8.3 20.7 0.0991 0.1248 0.C116 7743,
2446 Se8 17¢9 01016 0s1379 040113 7743,
2446 111 1542 U.1054 0.15¢5 €C.J109 7743,
2446 1242 12.7 0.1107 0,1624 0.0104 7743,
2446 1341 1Ue6 0e1l170 0.1738 0.0058 7743,
24.6 13,9 8.7 C.1254 0.1842 0.00S1 177423,
2446 14.6 Tel 061358 061935 0,0084 7743,
24.6 15.2 5.5 N.1505 0.1998 0.09C76 71743,
2446 15.8 4.3 0.1685 0.2032 0.3C68 7743,
2446 1602 342 041930 02001 060059 7743,
23.8 159 2.4 0.2160 0.1965 0.03053 7743,
22.9 15.4 1.9 0.2376 0.1932 0.0048 7743,
22.1 14.9 1.4 0.2635°0.1824 0.3044 7743,
21e3 14.5 1.0 042937 0.1607 0.CC40 7743,
2007 14e2 0o6 0o3243 041292 040036 7743,
20.1 13.8 0.3 0.3551 0.0779 0.2033 7743,
19.8 13.7 0.2 0.3688 0.0432 0.0032 7743,

9 52.1 e
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Departure Noise Maps for

Basic Variation Aircraft



€-80-50
NNISE FOOTPRINT IN EPNDB. FLIGHT DIRECTION IS COWN THE PAGE. 125 FT GRID.
~81. 81. 8l, 8l. 81, B8l. 8l. €l. 81, 80._ 83. 8)., 8)., 80. 80. 79. 79, 79, 79, 79, 79, 78, 78, 78,

81. 8l. 8l. 8l. 8l. B8l. 8l. €&l. 8l. B8l. 8l. 80, 8J. 8. B8U. 82, 8. 79, 79. 79. 79. 179. 178. 78.

- _ 82, 82, 82, 82, 82, B1. 81, 81, 81, 81. B8l, 8l, B8l., 80, 80, 8), 8, B0, 79. 79. 79, 79. 7T9. 18,

82. 82, 82. B82. 82. 82. 82, €2, 82, 8l. 8l. 8l. 8l1. 8l. 8l. B80. BI. B0. B0. B80. 79, 79. 79. 79.

83. 82, B82. B2, 82, B82. B2, 82, 82. 82, 82, 8. 8l. Bl. 8l. 8l. 8. B0, 80, 80, B80. 79. 79, 79, :

83. 83. 83. 83. 83. 83. €3. 82. 82. 82, 82. B82. B82. B8l. 8l. 8l.

81, 8d., BO. 80. B80. B80. 79. 79.

0 HONWIIOp|

84. B84, 83. 83, 83, 83, 83, €3, 83, 82, 82. B82. 82. 82. 8l. 8l. 8l. B8l. 80, 80. 80. 80. 80, 79.

Jalta )y W

84. B84. 84. B84. B4. B84. 83. €3, 83, 83, 83. 82. B2. 82. 82, 8l. 8l. 8l. 8l. 80. 80. B80. BRO. .80,

85. 85, 85, 85. 85. 85. 84, B84, 84, 83, 83, 83, 82, 82, 82, 82, 81, 8l. B8l., Bl. 80, 80. 8O, 8Q,

86. 86. B6. B86. B86. B85. B85, €5, B84, 84, 83. 83, 83, 83. 82. 82. 82. 8l. Bl. 8l. 8l. 80. 83, 80,
_ R e e I - . — N | =

88, 87, 87. 871. 87. 86. B6, 86, BS5, 85, B84, 84. 83, 83, 83, 82. 82, 82, 81, 8l. 8l. 93l. 80. €0,

89. 89. 88, 88. 88. 87. 87. €6. 86. 85. 85. B84. B4, 83, 83. 83. 82. 82. B82., 8l. B8l. 8l. 8i. 80,

 90. 90. 90. B89, 89, 88, 88, €1, 87. 86, B86. 85. 84. 84, 83, 83, 93. 82, 82, 82. 81. 8l. 8l. BO.

91. 91. 9l. 90. 90. 90. 89, 88, 88, 87. B86. B86. B85. 84. B84. 83. B3. B82. 82. 82. 8l. B8l. 8l. 31,

92. 92. 92. 92. 91. 91. 90. 89, 89. 88, 87, 86, 86, B5. 84, 83. 83, 83, 82, B87. 92. S3l. Bl. 8l,

94. 94. 93. 93.792.  92. 61. 93. 89. 89. 88. 87. 86. B85. 85, 84, B3, 83, B3, 82, B82. B8l. 81, B8l.

9%, 95, 95, 94, 94. 93. 92. Sl. 90. 89, 89. B8, 87. 86. B85, 84, 84, 83, 83, 82, 82, 82. 8l. 81,

10100 Y HUISS 00§ UogTUIou

97. 97. 96. 96. 95. 94. €3, ¢2. 91. 90. 89. 88. 87. B86. 86. B85. B84, 83, 83, 82, 82. 82, 8l. B8l.

99, 99, 98. 97. 96. 95. 94. S3. 92, 91, 90. B89. 88. B7. B6. 85, B84, B84, 83, 83, 82, 82, 82. 81,

10l. 10l. 100. 99. 98. 96. 5. S4. 93. 92. 91. 89. 88, 87. 86. 85. 85. 84. 83, 83, 82, 82, 82, 81,

0. 0. 0. Do 99. 97, S6. 95. 93, 92. 91, 90. 89, 88. 87, 86, 85. 84. 83. 83, 83. 82. 862, 8l.



Co *ly *l16  *1b  *2d *¢d  *ey  ‘ty €Y ‘e8 vt  *Hy  *68 9y  *9g L4 LY °*HB "8 °*68 °*68 ‘68 ‘68

) ‘U s Ty 18 *16 °28 °28 °t§ °*€8 °€6 °*¥8 °¥8 S8 'G8 98 °.8 °L8 °B8 °88 °68 °68 °06 °06 °06

*Ts °*16  *18 °*l& °C¢& °c8 °¢8 °¢B8 °e8 °*%8 °*¥8 °*68 °s8 °*98 18 °L8 °*68 *68 °68 °06 ‘06 °06 °06 °06

18 18 18 g8 °¢E °¢8 °E€B €8 ‘€8 °"HG %8 'S8 98  °98 *l8 88 ‘68 ‘68 ‘06 _"06 16 16 16 “°l6

*T1s °*18 °*18 °¢Z28 °*¢8 *¢8 °*¢8 °*t8 *%¥8 °*H8 °G8 °68 °*98 ‘18 *B8 °*88 ‘68 06 °*16 *16 °26 °*26 °*¢6 °26

“1g *18 °28 °28 28 €8 °E€8 €8 Y8 °S8 °S8 98 18 °*BB _°88 68 ‘06 __ 16 16 26 °€6 °€6 °€6 ‘€6

*18  *18 °*¢g °¢8 *¢Z¢8 "€8 ‘g8 *¥8 °¥8 *G8 °98 °*98 L8 68 68 ‘06 ‘15 16 €6 °t6 °t6 *H6 °*%6 %6

*1g %28 28 °*TH €8 ‘€8 ‘€8 Y8 °"48 °G8 °98 L8 B8 °68 °06 °05 °I5 °T6 €6 "6 °46 °G6 °S6 ‘56

*18 °¢8 °¢B8 °¢8 &8 ‘g8 -€8 °%8 -G8 °98 °98 °/8 °'88 °68 °06 ‘16 °¢5 €5 °*%6 °G6 °G6 °9 ‘96 °96

*18 *2s gy 28 ‘ty  *€8 %8 %8 g8 °98 °4@ °88 68 ‘06 16 26 ‘€5 46 °G6 *S6 95 °l6 ‘L6 °L6

“18 °¢8 °¢B °eb °€8 °€8 °%8 °*¥8 -G8 °98 °/8 °'B8 °68 ‘06 ‘16 '2b ‘€5 °H6 °G6 °96 °l6 °*86 ‘86 °86

*26 28 28 €8 °€8  °€8 °%8 °GB 98 I8 88 °68 °06 °16 26 °€5 %5 °G6 96 16 °86 °6b °66 66

28 °¢8 °¢8 °"t8 °‘t8 °%8 °%8 °GB °98 I8 °88 <68 °06 °16 °¢6 ‘€5 'G5 °96 °l6 °86 °66 °001 001 °*I101

*Z8 8 26 €8 ‘€8 %8B °¥8 S8 98 I8 °*88 68 °06 °Z6 °“E5 °v6 °G5 95 °86 66 °001 10T 201 *Z01

*Z28 °c§ *2¢ °t8 °t8 °%8 °%8 °68 °98 I8 ‘68 06 °16 °c6 ‘€5 °%5 °95 °*15 °B6 °00T °101 °201 *€01 °*eov  ~

*Z8 "¢8 °C8 ‘€8 €8 %8 8 °S8 °*98 °88 68 06 16 °Z6 ‘€6 °S6 "96 °86 66 °101 0 0 ‘0 °0

*26 ¥¢Zw °*Jd8 ‘€8 °‘t8 %8 68 °*98 *Ig 88 ‘68 ‘06 ‘16 °¢6 °*¥6 °S5 °*95 °g6 *001 101 *O °0 *0 *0

°28 °¢8 2y "€ €8 °*¥8 °S8 °98 *l8 °8B8 °68 06 °16 °C6 ‘%6 °sb6 °L6 °86 °001 *zZO1 °O *0 0 *0

*Z8 "y *¢Z8 ‘€8 €8 *¥8 °*sg 68  *l@ *8B8 ‘68 06 16 *¢6 °¥6 °s6 ‘L6 °*°86 001 201 °*O °0 *0 Y

%8 "¢y ‘¢y ‘€8 ‘€8 Y8 °¥8 °G8 °98 °l8 °68 °06 16 °C6 L6 °s6 °95 °*B6 °001 °2Z01 °O ‘0 °0 *0

78 °¢6 '8 €8 °€9 %8 %9 °G8 °98 °L8 °88 68 °16 -6 €6 °55 °95 °B6 <66 101 ‘0 -0 ‘0 ‘0
“1y 28 °¢8 €8 €8 _"€8 %8 °GB 98 I8 B8 68 °"06 °T6 €6 °¥6 °S5 L6 °86 °001 "0 0 0 °0

e1n 830 e300 eco eco sca swo “sco %oy g *RQ  *AR  *0h °TA 26 ‘€A *S6  *95 *l6 °*66 0 0 0 °0



' |
i

11 Y HUHISSO0LT LOTTUTIONN

‘€8 °*€8 °€8 ‘€8

.,Z, 8

‘es  tes

*c8

18

*8L °*§L 8L °*8L *8L *6L 6L ‘6L 08 °08 °08 °08 °18 °18

*8L

*8L °8L 8L °81 °6L °6L °6L 08 ‘08 °-08 °08 °18 °18 °*18 °18 °28 °28 °€¢8 ‘€8 ‘€8 ‘€8 °‘t8 °¢€8

°81

.0_9

*18 °28 °*z8 °*28 °28 ‘€8 ‘€8 €8 °%8 %8 ‘%8

‘1 *18

]

L 6L "6l ‘6L *08_ 08 08 *°

*6l

*8l

L °8L

°8L

18

“Z8 28 °28 °tB ‘t8 °€8 ‘€8 b8 °H8 °%8 %8

°18

“8L ‘6L *61L °*6L °6L °08 °0g8 °08 °08 ‘18

‘8l

*H8 %8 °"H8 °»8 %8

*4g

“€8 _

*€8  °*e8

4]

028

‘® ] @ -] [
w w o o ~
i® . L] L] .
|
@ ™ @® ® @
n n -3 o -
_o . . . A
@’ © ® @, ]
ol W < o ~
. [ ] . . .
@ -] ® @™ ®
w [ o o o
L . . i . L]
!
] ©® ®  ® 3
» w w o o
(] . L L4 .
| |
® | o ® @ ® o
» » " [ o
» L. . (Y o
| { :
® _ ®' @ @ ]
F N & " w
O ;e . . o
o !
. 1
] - o® @, o
w » Lo n
3 . . . L
1
-] @ L X ]
W w L & +
i L] | (] . ﬁ o
| i
Y o ® @ o ]
W W, w o >
. ;. . i e .
' : H |
o ' o ® -] o
N W W LW &
o | LI 0 . o
: | :
o | o % ]
N N N W, »
. d . ! . .| .
ol |
o o <] ! (]
N Z_ N N fo
3 . 0 . | 3
_ i
oo ® ] [ ¥ o
st [l N N N
o . A » . d
) @ &) ® ©
— Lol (ol N Ny
{] . 7 i L] .
W
] ) [ ® ]
[l [ - — N
je L » . -
oo ®| (] ] oo
=3 - — - b
o . _ . . .
1
o 1 ® ® &)
| >} 0* jr— — —
> . ! o . o
i
o @' © ® oo
o] o o - -
L L] o L] *
o -l kg =3 o
o Q (=] (=] ol
. . o L] -
~ <] o ® Ko
o o < o =
o L] o . o
I~ ~ ol [+-] =
o 0 o o )
o [ ] o . »
~ ~ ~ 3 ]
\O 0 O [#] =
. [ ] jo . =~
I~ ~ ~ ~ o
0 ) o 0 ©
. L] j* . P
|
t

1
10U ) SUISS 01§ uoLRUOJUY

*98

18 °L8 °18 °L8 °18

°98

€8 °¥8 °%g °sg8 °s8

°e8

€8

_“es

*18  *¢s8

*18

28

‘e

‘08

‘06 08 08

BT

TE 08 T8 16 *Te 18 °¢8 °¢8 °Z8 °t8 °t8 °%8 °%8 °G8 °68 °98 °98 °Ia °18 °L8 ‘B8 °88

0%

‘¢cg I8 ‘18 °*1s  °*18 °*°28 °¢8 *Zt °€8 "8 °*%8 °H8 °G8 °6B ‘98 ‘9B °l8 °L8 °B8 °88 °88 ‘88 ‘68

‘08



M-802-50

NOISE FONTPRINT IN EPNNB. FLIGHT DIRECTION IS DOWN THE PAGE. 125 FT GRID.
J6. T6e  T6. T6. T6s 76 T6e 15 15+  15. 15. 15. T5. 154 5.  The The _The The T3 T3. T3. T3, 12.
T6. T6. T6. T6. T6. Té. 7T6s 6. 164 T6. T5. T5. 75. 715. 75, 715, 7Th. The Th. Tés T3. 73, 73. 713,
. TTe ITe_11. T6. 16. 76, #7;:776. 76.—776.” 76; 57776. 75. 15, 15, 15, 75.7 754 Téa  Tha Téae Tée 73. 13,
T7. 77, TT. TT. 7T, TT. T, T6. T6. T6. T6. Tée T6. 16. 15. 5.  15. 15. 15. T4, Ta4e Th. T4. 13. T
78. 78, 18, 17. 71. 17. 77.“ 77, V77.H 7‘77.” ;;.77761‘;6.7%;6. 76.C-7_5. 15, 75. 5. 75, T4, T4e The Th,
78. 78, 78. 78. 78. 78. 78. 7. 7. T7. TT. T7. 7T6. T6. 716. 716« 15. 5. 15. 75. 715. T4+ T4. 7T4. o
79. 79. _79. 78, 18, 78._ 718. 18. 18, 78. 717. T71. 77.7 7763.“76. 76. 76, 75. 15. 15, 15. 15. The Th,
79. 79. 79. 79. 79. 7T9. 79. I8. 78, 78, 7T8. T7. V1. 17. 17. 716. 7T6. 7T6. 5. 15. 15. 75. 15. 7T4.
_.80._ 80. 80. 80, 80. 79. 79. 19. 79.7 78._ 18. 78: 78. 77; 777. 747”: 76.7 76. 7; 75 1V5‘:— 75, 775: T4,
81. 8l." 8l. B8l. 80. 80, B80. €0. 79. 79. 78. 78. 78. 78. 77. 717. 7T7. T7. 7T6. 76. 5. 715. 715. 15.
B} _ B S L - e , N
.82, 82. 82, 8l. B8l. 8l. B8l, 80. 80, 79. 79, 79. T8. 78. 8. T7a ITe TT. T6s Tboe T6. 5. T5. 715.
83. 83. 82. 82. 82. 82. 8l. B8l. 8). 80. 8J. 79. 79. 178. 18. 78. 77. 77. 77. 76+ 76. T6. 75. 75.
84, B84, 83, 83, 83. B2, 7sz.h ez 81.- 81, 80, 80.h”79./77797._~:IA;—.““;8V.A-7—8_._(777. 7. 17 —76. 76, _75. 75.
85. 85. B84. 84. B84, 83. 83. 82. 82, 8l. 8l. 80. 80. 79. 79. 7T8. 18. 17. 717, 17. 17. 76. 7T6. 15,
86, 86. a;. rés. s—s.*‘réz;_.~;4~.—ﬂeﬁ3i.7ve—;._;zv. ] 8l. ;1. 80. 80. 7;. 78. 78. 78. 77. T7. 17, 7T6. 6. 15.
87. 87. 87. 86. B86. 85. €5. €E4. 83. 83, 862, Bl. B8l. 80. 79. 79. 7T8. 78, 78. I7. T7. T7. T6. 6.
3 88. 88. 88. 87.> 87. 786; es*eaa4A sz.ﬁ;;.u;z. 8;—:_—_8-&. 80. 79. 79. 78. 18. 77*';; 77, _76. 16,
90. 89. 89. 88, B8. B7. 86, E5. 85. 84, B3, B82. B82. B8l. 80. 79. 79. 78. 78. T8. T7. 11. 6. 716. )
M. 1. 90. 90. 89. 9. 67, e6. 65 @5 84, 83 s2. 51, o1, 0. 192 19 70, 18, 17, 17 17, 76
93. 93. 92. 91. 90. B89. 88, &7. 86. 85. B84, 83. B83. B82. 8l. B80. 7T9. 79. 7T8. 7T8. 77« 7T7. TT. 76.
6. 0. 0. 0. 91. 90. 89, 88, 87.m36: ‘;5. 84; asj 't;z.m;:i;c;.i eo.f 79.7 78. 78. 78. 77. 7T1. 76.
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