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ABSTRACT

This report is th: second of two documents which present the
results of conceptual design studies of tilt rotor and tandem
helicopter aircraft for a 200 nautical mile commercial short
haul transport mission. Th= primary res:its of this study
are reported in Volume I. This volume preseats the trade
study data used in selecting the desian point aircraft and
technology details necessary to support the design conclu-
sions. |

The design studies reported herein were performed by the
Boeing Vertol Company for the National Aeronautics and Space

Administration under NASA Contract NAS2-8048.

vidii
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FOREWORD

This report was prepared by the Boeing Vertol Company for
the National Aeronautics and Space Administration, Ames
Research Center, under NASA Contract NAS2-8048.

Mr. D. Giulianetti and Mr. K. H. Edenborough were techuical

monitors for this work.

The Boeing Vertol program manager was J. P. Magee and project

engineer was R. D. Clark.
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1.0 INTRODUCTION

This report presents results of a conceptual design study

of VTOL commercial transports in the 1985 time frame. Two
configurations have been studied - the tandem rotor helicopter
and the tilt rotor. These aircraft are designed to carry

100 passengers over a 200 nautical mile mission.

The primary results of this study are reported in Volume I.
This document is intended to serve as a backup document

and contains the trend studies which were performed to

define the design point aircraft and also technical data t-
provide background and verification of design details.

The objectives in performing these studies were twofold.

The primary objective was to define two aircraft, one of
each configuration which minimized direct operating costs

for the short haul mission within realistic technology con-
straints. The design characteristics of the aircraft are to
be used in a larger study of short haul transportation systems
to be done by NASA.

The secondary objective was to identify the aircraft size,
weight, performance, costs and noise levels in order that the
configurations can be compared with other forms of transpor-
tation available to the short haul traveller.

The trade studies which were performed to allow design point
aircraft selection are included in +*his volume in Section 2.
Section 3 provides supporting data in each of the technology

disciplines pertinent to the preliminary designs and finally
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for completeness the study guidelines are included in

Section 4.
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2.0 SIZING AND TREND STUDY DATA

The process of selecting a vehicle for a given mission
requires several parametric trade studies to evaluate the
impact of the design parameters on the vehicle weight,
performance and costs. The tandem helicopters were sized
using an automated iterative procedure HESCOMP. This program
was developed by Boeing Vertol for NASA under NASA Contract
NAS2-6107. The tilt rotor aircraft were sized using VASCOMP
which is a similar program to HESCOMP, but specifically
designed to handle V/STOL aircraft. These programs are
documented in keferences land 2.

At the start of the development of a new aircraft, some
initial estimates of the design parameters must be made based
on simple preliminary calculations and experience. These
data form the basis for the first trade studies from which
the best values of each of the important parameters can be
selected. As the trade study progresses the details of the
vehicle become better defined and the final trade studies
allow the selection of the aircraft.

In this series of trade studies this exercise was pursued

for the baseline aircraft to define the aircraft with minimum
direct operating cost at 200 nautical mile range. Following
definition of the baseline aircraft, perturbations in the
design parameters were made and th: impact on the 500-foot
sideline hover noise levels determined. From these studies

the most effective means of varying the takeoff noise levels
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were defined and further trade studies performed to allow
the +5 PNdB aircraft to be selected for each configuration.
The tradeoff data derived from these studies for both tandem
helicopter and tilt rotor aircraft are presented in the

following sections.

2.1 TANDEM ROTOR (I[ELICOPTER - SIZING TRADES

The initial estimates of design data for the tandem rotor
helicopter were that it would have three engines, have a rotor
tipspeed of 750 feet per second, a gap to stagger ratio of
0.09, and would cruise at hover tipspeed. This initial air-

craft was set up to size the rotor solidity for the Cp/o

limit shown in Section 3. The first sizing data was performed
for three different sizes of aircrat+ (50, 75 and 100 passen-
gers) and also for aircraft disc loadings between 6 and 10
pounds per square foot. The data from these aircraft ~ara-
metrics are shown in Figures 2.la to 2.1d. The results show
that the minimum weight aircraft occurs at a disc loading

of 9 pounds per square foot, and that cruise speed is not

very sensitive to diec loading.

Since the fuselage length was held constant for a fixed number
of passengers the cverlap of the rotors varies with disc
loading and rotor diameter as shown in Fignies 2.la and 2.1b,.
The installed power and mission fuel increase with disc load-
ing. The equivalent drag area is insensitive to disc loading,

but exhibits a minimum at W/A = 9 pounds per square foot.



D210-10858 -2

The general size of the 100 passenger aircraft is well

within the current experience range for tandem helicopters

and resulted in the selection of a 100 passenger vehicle. The
100 passenger aircraft was next sized with a gap to stagger
ratio of .09, three engines with the cruise performed at

3,000 feet as shown in Figures 2.2a to 2.2c.

Similar sizing data were generated at 6,500 feet altitude
(Figures 2.3a tc 2.3c) and at 10,000 feet altitude (Figures
2.4a to 2.4c).

The best cruise altitude for the tandem helicopter is at sea level
however, an operational altitude of 5,000 feet was selected
since s2a level operation is not practical and potential
terminals could be as high as 5,000 feet (e.g., Denver).
Another consideration in selecting 5,000 feet as the oper-
ational altitude was to allow sufficient air space for

entry into autorotation should this become necessary.

Figures 2.5a to 2.5d show trade study data for various tip-
speed ratios between hover and cruise flight at a disc loading
of 9 pounds per square foot. Altnough reducing the rotor RPM
in cruise provides a cruise speed increase there is a large
penalty in aircraft weight due to increasing rotor solidity,
and rotor system weight., It was decided at this point to fly
the mission at constant RPM.

The initial estimates of weight constants and drag trends
estimation for the initial studies were reworked to provide

updated input data which more closely reflected the size,
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weight and type of the aircraft and component parts. Using
this updated information the initial trade studies for the
effect of number of passengers, disc loading and tipspeed
were rerun at 5,000 feet altitude. These data are presented
in Figures 2.6a to 2.6m, and include data for the 500-foot
sideline noise and direct operating cost in cents per seat
mile in Figures 2.6e, 2.6f and 2.7d. This data confirms

that a disc loading of 9 pounds per square foot coincides
with minimum direct operating cost at a tipspeed of 750 feet
per second and also that the largest aircraft (100 passengers)
is the most cost effective in terms of direct operating

cost.

At this point i1n the study a disc loading of 9 pounds per square
toot was fixed for a 100 passenger aircrafi.. The next area
of investigation was to determine the impact of increased
transmission rating over the guideline criterion. This was
done to increase cruise speed and obtain a lower direct
operating cost. The trend data resulting from these computa-
tions is shown in Figures 2.8a to 2.8f.

Figure 2.8a shows the variation of gross weight and dollars
per air mile with hover tipspeed and transmission torque
ratio. The transmission torque ratio is defined as torque
capability over the torque required in hover, all engines
operating.

The selected vehicle was at 725 feet per second hover tipspeed

and a torque ratio of 1.04. A further reduction of tipspeed
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to 700 feet per second would provide a slightly lower direct
operating cost, however, the increase in gross weirht and
therefore initial cost would be large.

The geometric and performance parameters for these trend
aircraft are displayed in Figures 2.8b through 2.8f.

This diccontinuity in the cruise speed plot (Figure 2.8d)
occurs at a point where the transmission rating matches the
power available, all engines operating, in cruise at d~sign
cruise altitude and velocity.

The aircraft selected from the trend data weighed 65,100
pounds. The next step in the refinement process was to
provide detail checks on all the input parameters, for
example drag, weight trends, etc.

Some further refinements included the elimination of overlap
which necessitated increased aft pylon sweep. Additional
entrance/egress capabilities were provided to allow emergency
egress capability compatible with FAR 29.

The parametrics defined by the trend study and the updated
weights, drag and geometric variables were then used to size
the final design point aircraft which resulted in a design
gross weight of 67,175 pounds as shown in Volume I, Table 2.2

ard also Section 3 of this dccument.
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2.2 TREND DATA FOR NOISE DERIVATIVE - TANDEM HELICOPTER DESIGNS

One of the objectives of the design study was to examine the
impact of external noise design criteria on the aircraft design
and performance parameters. To do this two further tandem
helicopters were to be designed. One 5 PNAB more noisy than
the baseline aircraft, and a second 5 PNdB lass noisy than the
baseline vehicle.

As described earlier the engine inlet noise was attenuated to
ensure that the overall sound pressure level was set by rotor
noise. Having done this the primary parameters available to
the designer to influence noise are solidity, tipspeed and disc
loading. Of these, tipspeed is by far the most powerful
influence, followed by blade loading (solidity). Disc loading
is a relatively insensitive parameter.

Figure 2.9b shows the variation of gross weight as a function
of hover tipspeed and solidity ratio.

Solidity is referenced two ways on this carpet plot. The broken
lines are constant values of rotor solidity (i.e., o = bc/HR).
The solidity sizing factor is a factor applied to the solidity
sizing criteria to obtain a parametric variation in blade
loading.

Superimposed on this chart is a minimum solidity requirement to
meet 1.25 g's at cruise speed with no stall flutter.

Figure 2.9a is the same data replotted including contours of
direct operating cost and 500-foot sideline noise levels. The

constant noise line labelled A0 PNdB is a family of aircraft
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whose sideline noise is the same as the cCesign point aircraft
(92.3 PNdAB). The other two constant noise level lines repre-
sent aircraft +5 PNdB from the baseline.

The contours of direct operating cost allows minimum cost
vehicles to be selected. For the -5 PNdB the minimum DOC

aircraft occurs at Vp = 605 feet per second and a solidity

sizing factor of 0.88. This aircraft, however, violates

the minimum solidity requirement to allow maneuver margin.

The aircraft selected was defined by the intersection of the
=5 PNAB line and the minimum solidity line giving a gross
weight of 73,800 pounds.

A similar lngic was applied to select the +5 PNdB aircraft and
resulted in a design gross weight of 65,900 pounds.

The variation in the design details for this range of para-
metric aircraft are included in Figures 2.9e to 2.9f.

The noise derivative aircraft selected were subsequently
refined and resized to give the design gross weights of 65,843
pounds for +5 PNAB and 74,227 pounds -5 PNdB.

The overall sound pressure level data for each of these para-

metric aircraft are shown in Figures 2.9h to 2.9z.
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HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, VT = 700, SIGMA = .101, CASE = 4, WORST AZIMUTH, i
AIRCRAFT 100' AEJOVE AND 500' AWAY FROM OBSERVER, ENAB = 94.7

it Fiqure 2.9, Tandem Helicopter - Noise¢ Derivative Trade Study.
: 100 Passengers. Altitude = 5,000 Feat., Disc
Loading = 9 PSF.
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100 SOUND PRESSURE LLIVEL

90

- dB AT 500 FEET

SPL

21.5 63 125 250 500 1K 2K 4K 8K

CCTAVE AN

HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, VT = 700, SIGMA = .111, CASE = 2, WORST AZIMUTH,
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNAB = 94.5

Figure 2.9n. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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100 SOUND PRESSURE LEVEL

90

SPL - dB AT 500 FEET

0 31.5 63 125 250 .00 1K <K &4 2R
OCTAVE BAND

HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 1:°
PASSENGERS, VT = 700, SIGMA = .123, CASE = 3, WORST AZIMUTi!, 1
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 94.3

Figure 2.90. Tandem Helicopter - Nuise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Peet. Disc
Loading = 9 PSF.
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100 SOUND PRESSURE LEVEL

90

SFL - dB AT 500 FEET

0 31.5 63 125 250 590 iK 2K 4K 8K
OCTAVE BAND

HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, YT = 700, SIGMA = .138, CASE = 19, WORST AZIMUTH,
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNAB = 89.5

Figure 2.9p. Tandem Helicopter - Noisc Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSP.
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Tander:n Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Peet. Disc
Loading = 9 PSF,
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HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, VT = 800, SIGMA = .062, CASE = 7, WORST AZIMUTH,
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNAB = 98.7

Figure 2.9r. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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PASSENGERS, VT = 800, SIGMA = .075, CASE = 5, WORST AZIMUTH,
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 97.7
Figure 2.9s. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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Figure 2.9t. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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OCTAVE BAND

HELICOPTER HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, VT = 800, SIGMA = .107, CASE = 22, WORST AZIMUTH,
AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 93.9

Figure Z.9v. Tandem lielicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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AIRCRAFT 100' ABOVE AND 500°' AWAY FROM OBSERVER, PNAB = 100.0

Figure 2.9w. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Peet. Disc
Loading = 9 PSF.
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AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 99.3

Figure 2.9x. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet, Disc
Loading = 9 PSF.
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Figure 2.9y. Tandem Helicopter - Noise Derivative Trade Study.
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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Figure 2.9z. Tandem Helicopter - Noise Derivative Trade Study,
100 Passengers. Altitude = 5,000 Feet. Disc
Loading = 9 PSF.
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2.3 TILT ROTOR AIRCRAFT - SIZING TREND DATA

The sizing procedure for the tilt rotor aircraft was done
in much the same manner as for the tandem helicopters. The
sizing trend data presented in this section is shown in the
chronological order in which the data were generated. This
is important to note since the weights, constants, drag,
rotor performance, etc. which play a large role in defining
the vehicle weight and performance are continuously checked
and updated as more detailed data becomes available. Thus,
the weights and performance of any specific parametric air-
craft become more precise as the study progresses. The weight
and performance levels of early trend data may thus be incon-
sistent, however, the data serves to indicate parametric sensi-
tivities and allow design decisions to be made. For the tilt
rotor the initial selection of aircraft characteristics were
as follows:

100 passengers (seven abreast seating)

4 engines

Wing chord/prop diameter = .2

Cruise tipspeed = 0.7 hover tipspeed
The fuselage size was known from preliminary drawings and cabin
layout data.
The effect of hover tipspeed and disc loading were first
computed and led to the parametric data shown in Figures 2.10a
to 2.10c.

In retrospect these parametric aircraft are overweight, however,
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the trends indicate that increasing disc loading and tipspeed
reduces the overall aircraft weight. These data were computed
with the aircraft cruise altitude of 5,000 feet (i.e., cruise
speed limit 250 knots EAS). Similar data using the same
assumptions with a cruise altitude of 10,000 feet is shown

in Figures 2.1la to 2.1l1lc and at 15,000 feet in Figures 2.12
to 2.12c.

For altitudes of 5,000 and 10,000 feet the aircraft were con-
strained to cruise at 250 knots EAS. At 15,000 feet the cruise
speed was limited by normal rated power available. The effect
of design cruise altitude on gross weight is small, All three
sets of parametric aircraft indicate that gross weight reduces
as tipspeed and disc loading increase. The cruise speeds at
15,000 feet were not constrained by the 250 knot EAS limit

and reflect the impact of disc loading as shown in Figure
2.12c. The normal rated power cruise speed increases as disc
loading increases as a result of reduced aircraft size, drag
and improved rotor efficiency.

A further set of parametri~ vehicles were sized at 10,000 feet
altitude with the cruise speed defined by best range speed.
This trade study was done to determine if significant aircraft
weight could be saved by operating at maximum fuel efficiency.
Comparison of the trend data, Figures 2.13a to 2.13c with the
previous data, Figures 2.lla to 2.1llc show only minimal
savings in gross weight. This result is largely due to the
intrinsic fuel efficiency of the tilt rotor configuration and

the resulting low fuel fraction for the aircraft.
88
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A disc loading of 12.5 pounds per square foot and a tipspeed
of 750 feet per second were selected to be uscd to define
the optimum altitude for cruise. Figures 2.14 a and 2.14b
show the results of this study. Figure 2.l4a shows that
design gross weight, mission fuel and weight empty all
decrease as design cruise altitude increases. A discontinuity
occurs at 10,000 feet where the vehicle is no longer con-
strained to the 250 knot EAS cruise speed limit.

The effect of altitude on cruise speed and direct operating
cost is shown in Figure 2.14b.

Below 10,000 feet the 250 knot EAS restriction defines the

cruise speed. At 10,000 feet there is a discontinuity up

to the cruise speed defined by the transmission torque limit
(sized in hover). The intersection of transmission torque

g 'l limit and the NRP power limit occurs at 13,000 feet and

results in power limited aircraft above this altitude.

These variations of weight and speed define the impact o

design altitude on direct operating cost shown in Figure

2.14b. The minimum cost aircraft defines the optimum cruise

altitude at 14,000 feet. This altitude was selected for all

the subsequent trend studies.

With the altitude selected at 14,000 feet the basic input

data to the trend studiegs in the areas of rotor performance

and cabin pressurization and weight= data were revised.
The effect of number of passengers on aircraft size, economics

and noise levels is shown in Figures 2.15a to 2.15n for

) :
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various disc loadings. For these trades, hover tipspeed

was held constant at 750 feet per second.

The impact of number of passengers on gross weight is shown
in Figure 2.15a. The design gross weight almost doubles as
the number of passengers is increased from 50 to 100. For
the same number of passengers rotor diameter increases
approximately 50% and power by 100% as shown in Figure 2.15b.
The fuel efficiency of the air - aft improves as number of

passengers increases as shown in Figure 2.15c.

The effect of size (i.e., number cf passengers) on 500-foot

sideline perceived noise is minimal as shown in Figure 2.15d.

%

; The 50 passenger aircraft are a maximum of 2 PNAB lower than
é the 100 pass enger aircraft.

§ Figure 2.15c shows the impact of aircraft size on operating

é economics and indicates a large reduction in direct operating
% costs as number of passengers increases. Economics are the

'

largest governing factor in successful short haul commercial

e

operation and therefore a 100 passenger airrraft was

Cape ey

selected.

? Hover noise spectrum data in terms of sound pressure level and
NOY values as a function of octave band frequency are shown
for each point of the sizing matrix in Figure 2.15f through
2.15n.

All of the trend studies up this point have assumed that the

cruise RPM is 70% of nhover RPM. The effect of varying this

ratio was checked and the data is shown in Figures 2.l6a to

ﬁ 2.16c.
90
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Reducing the cruise RPM reduces the design gross weight and
the curves indicate that the minimum weight is almost achieved
at 0.7 (Figure 2.1l6a;.

The installed power is a minimum at VTC/VTH = 0.7 although the

fuel weight reduction indicates further gains could be made
as shown in Figure 2.16b.
A major result of cruise RPM reduction is the increase in

normal rated power cruise speed as shown ’n Figure 2.16d.

Although some small advantage in weight, cruise speed and

fuel weight is apparent in these charts at tipspeed reductions
lower than 0.7. This value was held in order to simplify
subsystem design. For example, current electrical generators
can handle a thirty percent variation in drive RPM, however,
to go further requires compensating devices to maintain output
frequencies. Subsystem complexity of this nature would incur
a small weight penalty which would offset the apparent
advantage at greater tipspeed reductions.

The trend data for tipspeed and disc loading were reworked

at the selected cruise altitude of 14,000 feet. These data
are shown in Figures 2.17a to 2.170. The trends previously
observed in the altitude trade studies are confirmed at the
design altitude.

The direct operating costs for these aircraft are shown in
Figure 2.17d and indicate that high tipspeed and high disc

loading reduce costs.
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Figure 2.17e summarizes the gross weight, direct operating‘
cost and noise level data for these vehicles.
The disc loading was selected to be 15 pounds per square foot.
The trend data indicate further reductions in direct operating
~nst at higher disc loadings. A disc loading of 15 pounds
per square foot was considered a maximum from ground wash
considerations and by examination of hover yaw control
requirements.
The hover tipspeed was selected at 775 feet per second to
maintain a 500-foot sideline noise level of lexs than 100

PNAdB and also by rotor tip critical Mach number considerations.

The remaining major design parameters to be selected were
wing loading and rotor blade loading. Fiqures 2.18a to 2.18e
shows trend study data giving the impact of wing loading and

hover design Cqp/c on the aircraft size and performance.

Increasing wing loading decreases the aircraft gross weight
and improves cruise speed and gust sensitivity in cruise.

The design wing loading of 100 pounds per square foot was
selected as being the maximum desirable since the minimum
cruise configuration speed increases as wing loading increases.
This effect is shown in Fgiure 2.18d. The flaps up operating
speed was held at less than 200 knots by selecting a wing
loading of 100 pounds per square foot and the resulting flaps
down operating speed is 150 knots giving an end of conversion

speed range of from 150 knots to 195 knots.
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Increased blade loading (i.e., increased CT/c) also

decreases aircraft weight and improves the cruise speed. An

assessment of the maximum desirable CT/o was made on the basis

of blade shank size. Assuming that hover rotor loads at
maximum yaw control define the endurance limit loads, an
estimate of the required blade shank diameter was made and
the smallest solidity compatible with the shank size selected
to ensure design feasibility. This limit is shown as a
broken line on Figures 2.18a to 2.18¢c and at a wing loading

of 100 pounds per square foot defines the design Cqp/c in
hover to be 0.126.
This selected design parameter indicated a design gross weight

of 75,030 pounds.

At this point a detailed rotor design, weights review, stability

and control checks, and aircraft layout review were made and
the resulting refined aircraft sized to give a design gross
weight of 74,749 pounds as shown in Table ° 14, Volume I

and in Section 3 of this document.
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2.4 TREND DATA FOR NOISE DERIVATIVE - TILT ROTOR AIRCRAFT DESIGNS

The second objective of the design study was to determine the
effect of external noise design criteria on the design of the
tilt rotor aircraft. The approach used to achieve this ob-
jective was to size two additional aircraft; one 5 PNdB more

noisy and one 5 PNAB less noisy than the baseline tilt rotor

design.

The noise component which predominates ip the design point

g
§
1S
t

aircraft sound pressure level spectrum is the rotor broadband

gt

noise. This results is in part due to the engine inlet att-
enuation treatment used. The parameters available to the
designer to achieve different noise levels are essentially
tipspeed, blade loading, since disc loading is not a powerful
noise parameter in the range under consideration.

The noise derivative aircraft trend study was made by taking
perturbations in rotor tipspeed and solidity about the design
point aircraft. The resulcs of these trend studies are shown

in Figures 2.19a to 2.19v. The direct operating cost data are

. R R I N LR AL T i T

superimposed on the gross weight carpet plot in Figure 2.19a.
Three lines of constant 500-foot sideline perceived noise
level are also shown. The line labelled A0 PNAB is a family
of aircraft whose hover noise level are the same as the base-
\ line aircraft. The baseline vehicle is identified on this

plot at the intersection of the 0 PNUB line and a solidity of
f 0.09.
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The line labelled A =5 PNAB is a similar family of aircraft
whose 500-foot sideline perceived noise level is 5 PNAB less
noisy than the baseline aircraft. By examination of this

line in relation to the lines of constant direct operating
cost, a minimum direct operating cost vehicle 5 PNAB less
noisy than the baseline can be selec'.ed. The -5 PN-B aircraft
has a tipspeed of 640 feet per second and a rotor solidity of
0.1115., It is interesting to note that this aircraft has

more solidity than the minimum required and results in a gross
weight of 79,682 pounds.

The line labelled delta +5 PNdB constitutes a third family of
aircraft whose 500-foot sideline perceived noise level is 5
PNdB more noisy than the baseline aircraft. This line is
almost parallel to the constant tipspeed lines and shrows
reduced direct operating costs as solidity is reduced. This
results in the selection of the aircraft defined Ly the inter-
section of the minimum solidity limit and the +5 P¥dB line.
This point results in & hover tipspeed of 915 feet per second
and a solidity of .081, This aircraft has a design gross
weight of 73,217 pounds.

The parametric data which relate to the selection chart dis-
cussed above are shown in Figures 2.19b to 2.19f.

Figure 2.19b shows the parametric variation of the 500-foot
sideline noise level for the matrix of noise derivative air-
craft considered. The overall sound pressure level data

corresponding to these parametric vehicles are also included
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in Figures 2.19g to 2,19t. Figure 2.19u is the ~5 PNdB
sound pressure level data for the -5 PNdB aircraft. Similar

data for the +5 PNAB vehicle is given in Figure 2.19v.
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v

Trend Data for Noise Derivative Tilt Rotors.

100 4!

Passengers. Altitude = 14,000 Feet, Disc Loading «

= 15 PSF. Wing Loading = 100 PSF.
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Figure 2.i9i. Trend Data for Noise Derivative Tilt Rotors.

100 Passengers. Altitude = 14,000 Feet.
Disc Loading = 15 PSF. Wing Loading = 100 PSF.
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Figure 2.19k. Trend Data fc - Noise Derivative Tilt Rotors. 100

Passengers. RAltitude = 14,000 Feet. Disc Loading
= 15 PSF. Wing Loading = 100 PSF.
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E = 15 PSF. Wing Loading = 100 PSF.

3 162 :E :

AN
[ . o S S,




wry

aded

B aahal ad

\

T T S T S nr o S

E

LA T T : .o B T

D210-10858 -2

-
<«
100 ! SOUND PRESSURE LEVEL
[
' 3
90 ! .
80
B 70
£
n‘ -
S 60 :
wn 1
> .
< 50
M
- )
- ' a0
-l
B}
197]
30 | ENGINE INLET = ere—emee— N
ENGINE EXRAUST — =—remeremm—-e-
ROTOR BROADBAND o= == o e o
‘ ROTOR ROTATIONAL s=v=vececmen
20 § TOTAL SPECTRUM  sesssmemmm
L
31.5 63 125 250 500 1K 2K 4K 8K
QCTAVE BAND
TIiT ROTOR HOVER NOISE SPECTRUM AND NOY DISTRIBUTION,
100 PASSENGERS, VT = 860, SIGMA = .08, CASE = 7, WORST
AZIMUTH, AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER,
PNdB = 102.0
Figure 219p. Trend Data for Noise Derivative Tilt Rotors. 100
Passengers. Altitude = 14,000 Feet. I isc Loading :
= 15 PSF, Wing Loading = 100 PSF. ]
-« »
LW 4

163



B

-

T

.

o Wi W

|

AR S R RN RIS Tl R TS RIS 1L o ety i

¥
£
?
%3
3

D210-10858-2

100 SOIRD PRESSIRE LULVEL
90
80
5 70
%)
e
S 60 .
N \..
\\
S: .\‘~
50 ~
m 'u\
'U ..
' ~a
40 ~..
] \.
U; \“
30 § eNGTER TNLET e N
INGEINE FEXHAUST — smeece—esmeeee.
KOTOR BROADRANY)  ~= oo o o e
ROPOR ROTHATIOCI Ay »rvecmecnnea
20 € TOTAL SPECTIIUMN  ewascmm—cac—
0 bk .

0 31.5 63 125 250 500 1K 2K 4K ax
OCTAVE BaN

TILT ROTOR HOVER NOISE SPECTRUM AND NOY DISTRIBUTION,

100 PASSENGERS, VT = 860, SIGMA = .09, CASE = 8, WORST
AZIMUTH, AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER,
PNdB = 101.0

Figure 2.19q. Trend Dat¢ for Noise Derivative Tilt Rotors.
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= 15 PSF. Wing Loading = 100 PSF.

165

e

13
S WE L



SRS S

ERe

P R e

R il e T

T

T N S

e v et St - sy

D210-10658 -2

100 SOUND FRESSURE LEVEIL

90

80

70

60

50

40

SPL - 4B AT 500 FEET

30

Ol ]
0 31.5 63 125 250 500 1K 2K 4K 8K
OCTAVE BAND

TILT ROTOR HOVER NOISE SPECTRUM AND NOY DISTRIBUTION,

100 PASSENGERS, VT = 860, SIGMA = .11, CASE = 14, WORST
AZIMUTH, AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER,
PNdB = 99.4

Figure 2.19s. Trend D&ata for Noise Derivative Tilt Rotors. 100
Passengers. Altitude = 14,000 Feet. Disc Loading
= 15 PSF. Wing Loading = 100 PSF.

166

Lt

PR dr Fowadiostot 2

- - . - - - - - - W e et .



D210-10858-2

100 SOUND PRESSURE LEVEL
a0
g0
£ 70
[<3]
fu
S 60
1 [Te]
4 .
{4 .,
4 -1 ~.
% \‘"\\
" E .: i .\,.
- L 40 SN
] 2 .~
) ..
30} ®mNGiwm INLET ———— .
GNCTITE EXHAUST — eeermmeemmmees N\,
POPOCT T RROBDLAID = o oo e \
RCLOR EQIATTIOAAT, meweaceanas
20 § TOTAL SEECTRUNM
ol -
o 31.5 &3 125 250 500 1K 2K 4K 8K

OCTAVE BAND

TILT ROTOR HOVER NOISE SPECTRUM AND NOY DISTRIBUTION, 100
PASSENGERS, VT = 860, SIGMA = .12, CASE = 15, WORST AZIMUTH,
s AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 99.1

Figure 2.19t. Trend Data for Noise Derivative Tilt Rotors. 100
Passengers. Altitude = 14,000 Feet. Disc Loading
= 15 PS.’. Wing Loading = 100 PSF.

1€7




D210-10858-2

i~

‘ hd -
100 SOUKD PRESSURE LEVEL
S0 F
80
'
-} £ L \\ \~\~
"\ (] 70 \\ .’.’_.‘~—-\.\.\
4 Ne=" ™~
3 .—-"'_‘
ic ’. \
(o] e \
‘ o 60TF AN
] L] -~ N ~
“u,\ \\\
£ .~
: £ - L SS.. ~
» 50 . .
: <. .
o} '\..
, i ! ~..
‘;“ I 40 ‘\“‘\h
] o ..
v ~..
; -9 ~
CF pneTND duoen e e "~
y UNGATE 1 00RD G0 emmeemm o mmeae "
{ BTG el = — N
RGP LT TONAT ~ee e s e o mee
: 20 & O] BECCIRUET T e — >
0 tnmm.v- | RPN A de. v oo aumbs rbon 4 o domanmmn vl
30 1 LOY DTSTRIBUTION
25
20 §
>
E)

AIRCRAFT 100'

Figure 2.19u.

Trend Data for Noise Derivative Tilt Rotors.
Passengers.
= 15 PSF.

31.5 63 128 250 500 1K 2K 4K 8K

OCTAVE BAND

"TPILT %OTOR D.P., -5 PNdB HOVER NOISE SPECTRUM AND NOY
DISTRIBUTION, 100 PASSENGERS, VT = 640, WORST AZIMUTH,
ABOVE AND 500' AWAY FROM OBSERVER, PNdB = 93.3

Altitude = 14,000 Feet.
Wing Loading = 1080 PSF.

100
Disc Loading

¥

S



T R

PR

R T o T

B T

gl T A - SN OIITE. 1 P2 W B

PP OPIR oI Mo stemscrnns v o v . » . + ”"””"W'P;’*ﬁ;”;mf;~
D210-10858-2
100 y GOUITTD LORESURD LY
v 9) ¥
»
80 ¢
B -
ﬁ.’J' 7 (0 "
[
'’
< L0 F
19]
[
‘; 50
":)
!
.40
tes
5
2
au
4]
30 FOY 7 OWRTRUTY OR
25
20
;;s' 1
o
G‘?»ﬁ
AV
‘@b" \3[&\" 5
?
ot
y *1l.3 +3 125 250 520 1K 2X 43 5K
COwAavE Bl

TILT ROTOR D.P., +5 PNdB HOVER NOISE SPECTRUM AND NOY
DISTRIBUTION, 100 PASSENGERS, VT = 915, SIGMA = .081, WORST
AZIMUTH, AIRCRAFT 100' ABOVE AND 500' AWAY FROM OBSERVER,
PNdE = 122.°

Figure 2.19v. Trend Data for Noise Derivative Tilt Rotors. 100

Passengers. Altitude = 14,000 Feet. Disc Loading
= 15 PSF. Winag Loadina = 100 PSF.

169



D210-10858-2

3.0 DESIGN DATA AND METHODS

This section of the report contains detailed data in each of
the technology disciplines to provide background for the
design study results given in Volume I.

3.1 AERODYNAMICS AND PERFORMANCE

Tandem Helicopters

The mission performance and aircraft sizing calculations have
been performed using an automated method called HESCOMP. This
computer program was developed for NASA by the Boei.ig Vertol
Company under Contract NAS2-6107. The method is an iterative
procedure which takes an initial aircraft size and flies the
mission to determine mission fuel. The mission fuel weight

is checked against the weight allowance in the aircraft, and
the aircraft is then resized and reflown until the vehicle
size is compatible with the mis<ion requirements. A detailed
description of this method can be found in the HESCOMP manual,
Reference 2.

The mission performance data shown in Volume I for each of the
three tandem helicopters is a summary of the detailed mission
analysis data resulting from HESCOMP computer output. The
detailed mission data are included here in Tables 3.1 to 3.3
for the baseline tandem helicopter and the +5 PNdB noise
derivative tandem helicopters.

Hover Download - Tauadem Helicopters

The airframe download for the tandem helicopter was estimated
using a semi-empirical analysis. This analysis divides the
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portion of the fuselage between the rotors into components
having similar airframe cross sections. Each component is
analyzed separately to obtain the iocal download. The fuselage

download is then the sum of the component. The download can

SR &R

DL 2 - CD w K 2
T —_— DL

800 ™ R ‘Rl

be written -

%Rl
where
DL = local downlaod
T = thrust

Cp = local vertical drag coefficient

W = local fuselage width

R = rotor radius

3R 2
v
KDL = X (;:) d (%R)
0

v = downwash velocity
v_. = momentum theory induced velocity
%R = distance aft from forward rotor in percent
radius
The vertical drag coefficients for the fuselage cross sections
were obtained from gtatistical trends as shown in Figure 3.1.

The downwash velocity squared distribution Ky was determined

using pressure distribution data from a powered model in the

Boeing Vertol V/STOL Wind Tunnel (BV D210-10077). Typical
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FIGURE 3.1 DETERMINATION OF VERTICAL DRAG COEFFICIENT.
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downwash velocity distribution for several rotor overlap
ratios are shown in Figure 3.2. This download analysis was
applied to an injitial matrix of heli-opters involving the
variables NOP (Number of Passengers) and disc loading. The
downloads are summarized in Figure 3.3 to the lines of constant
NOP. The fuselage shape is essentially fixed. The variation
in disc loadi:'s implies a variation for rotor overlap. The
download variations with overlap and NOP are shown in Figure
3.4.

This analysis was also applied to the design point helicopter.
The download for this aircraft was estimated to 8.6% of the

thrust. The results are listed below,

TANDEM HELICOPTER DOWNLOAD

FUSELAGE $R vKpL W(Ft) |FINENESS RATIO F;AT Cp DL
Forward 0-100 290 14.67 1.56 70 .91} .045
Aft 100-200 290 14.67 1.33 70 .84 | .041

TOTAL .086

Rotor Performance - Tandem Helicopters

The HESCOMP computer program includes a routine which computes
the performance of the specified rotor using a series of
generalized semi-empirical equations. These equations have
been used to define tne rotor performance in hover and cruise

flight. A summary of the method is given in Tables 3.4 and 3.5.
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This methodology has been checked against known rotors and
provides good correlation against wind tunnel and flight

test data as shown in Figure 3.5.

The rotor solidity was sized by maneuver conditions (see
Section 3.5) and the rotor twist was examined to determine

the best rotor for these aircraft.

The impact of varying rotor twist on aircraft size and
performance is shown in Figqure 3.6. Increasing the blade

twist improves the aircraft carability. The blade twist was
selected at 12 degrees since experience vith rotor loads and
stresses at higher twist suggests that risk would be involved.
The rotor twist selected for HLH and UTTAS is 12 degrees for
similar reasons.

The drag methodology used to derive the parasite drag is
described in Reference 3 . This method is shown diagramatically
in Figure 3.7. The approach uses a semi-empirical technique to
establish the component contribution and mutual interference
effects to arrive at an estimate of the total parasite drag
area of the vehicle. Rotor hub drag was derived from HLH

rotor test data defined in Reference and scaled as aircraft
size for this study. The component drag estimate for the
baseline helicopter is given in Table 3.6. This was utilized
as a gross weight to drag area ratio to develop the trend curve

used in the trend studies and is shown in Figure 3.8.
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MAIN ROTOR IN HOVER

SUMMARY

3
PRV Cppop
550

RHPTOT =

where:
= +
Ceror~ “Ppro * Prnp

Cppro = CDo o (17¥c!

8
- CP = .707K“OVxOLCT3/2
IND
4
¢ ~ - HOVER THRUST REQ'D
: “p =

pAVy?

_ aDp?
A = —— Npor

Xo = 2rgytout/D

TABLE 3.4. HOVER ROTOR PERFORMANCE TANDEM HELICOPTER.
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TABLE 3.4. HOVER ROTOR PERFORMANCE TANDEM HELICOPTER. (CONTINUED)

e 0 drvite e B, 1w € 3

MAIN ROTOR INHOVER
INDUCED POYER :

P PR TS AP

Cp = .707KgovKor Cp3/?

IND

¢ = HOVER THRUST REQUIRLD
T pAVTZ

A = 1%3 + Ngor

‘ Kyov = Hover induced power factor
1 (KHOV = £ (CT,blade NO., blade TWIST)
Z Ko, = Tandem rotor overlap induced power
interference factor (Kpp, = £(0/L))
§ where: ‘
Knov = Kuov, * ¥yov, - “Khov, - gy +1
T TREF
e
: - °T > 0° -39 -6° -go : -15° 41
Cr | 4oy, AKHoveT E AKHoveT . bKyoy,  BKygy, |
| i
.004 0. -.078 -.135 : ~-.179 -,219 |
. 005 i 0. -.066 -.118 | -.159 =~ -.204 !
.006 0. -.058 -.106 g -.145 -.195
0007 0. -0052 —0097 | -.134 _0186
0008 | 0. -0048 -0090 ; -.125 -0179
.010 0. -.041 -.078 ; -.111 -.164 »
.012 0. -.035 -.06%3 , -,100 -.152
-014 0. -0033 "n063 i ‘0093 --144
.018 0. -.029 -.058 | -,084 -.132
|°22 0. —0028 . -0054 i -.080 : -0124
i !
| BLADE NO.. K., | i
: *. “BLH . :
i 2 1.20
3 1.06
4 1.00'
A 5 | iss
-~ 6 | .92 |
sy /3
* IN THIS CASE Kop = 1+.75(0/L)
' =
KBLH Ref'd to b=4
205




B T

7 e v

OIS et o s

MAIN ROTOR 1IN HOVER
PROFILE POKER

c =C (1-X.)
Ppro oo c

8

where:

CDO = CDB + ACDM

(%]
O
I

B By,

= -1 )2
AC KH3(MT HD)

=f (rotor blade airfoil section)

M =M + AM + K (o
D D D M
B BO BB DB
where:
X
BLADE NO. AADBB
2 .020
3 .0075
4 0
5 -.005
6 -.0085
* in this case AMp ref'd to b=4§
By
KM = -00028
Dp
C
D
Bo
M
D
By

Ky e Kupe Ky Kiy

TABLE 3.4. HOVER ROTOR PERFORMANCE TANDEM HELICOPTER.
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F (0 MAIN ROTOR IN CRUISE FLIGHT |
SUMMARY
3
RMPror = EE;%GEE TOT ?
where:
“Pror = “Poro T Prnp T Ppar | “Pyup

\ CPpro = “Do® (1+4.65u2) (1-X,)
? 8

E c = X.,.,.K 2
Prnp | INDXINT Cp
2u!
c =uCy [Kpgp)
Ppar X T UER
o~ '
g c = 2XyupCep'o

P
- NUD B2 (1+D.L.sin?%¢)

LROT (14D.L.s n2¢)

0
]

T pavy? !
X 1D? '

C = “TOT A = N

X 'p' AVT 2 Z ROT

e = tan"l (2v;/Vx1.689)

<
n

VT‘\/—'{ (u“+CT2) l/2--;12]/2

: i

5 W' = /(1.689V) 24vy?

i

; "

i

; =N = Yy

i KPER - PRI 1+12.8U
g n
) PRR

Kyup = £(»)

TABLE 3.5. CRUISE RO"OR PERFORMANCE TANDEM HELICOPTER.
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Cernp

where

where

-y - — A -

= KrnpKinCr'?

MAIN ROTOR IN CRUISE FLIGHT
INDUCED POVER

Kinp

KInT

Kfiov

2!

= 1.1 cos?

'
e + KHOV

[.375 ((0/L)/y, ) /%] sin2e + Ky

sin?e

0]

|

D210-10858-2

= Kyoy recalculated based on a Cq defined as:

Cr

2
pAVT

_ GW(1+4DL sin®e)

KINTO = 1,00 for_a single rotor helicopter

KINTO =

e' = sin"%ﬁ
®Fus =
Yo =

1- (O/L)/D> sin| -tan
\ , .

-1{/ .043

f(e') for a tandem xrowtor helicopter

[ Vi

v+.043

Fuselage attitude

Hub gap/stagger angle

KInT,,

1.0
1.032
1.062
1.139
1.30
1.685
1.780
1.870
1.900
1.880
1.710
1.550
1.360
1.139

1.000

)

\1.688V> + °FUS‘YO}}
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MAIN ROTOR InN CRUISE FLIGHT
PROFILE POKER

= IARE A S g e YR e, 5 L

= +4. 2 1-X
CPPRO CDO o (1+4,65p°) ( c)

8
where:

Cp, = Cp cos? ¢ + CDé sin? ¢ + ACpg + 8Cp
ACDS= KC1F3cosz e (1-u)2
ACpy= [xc3(MT90-MD)3+xc4(MT9°-MD)}cos?e + 8Cp sin?e
F = cr'/o }{-1 + SE] - K
Jl-ﬁz L Ch 2

= - .l
MD MDO KCS (C'/0)

Mpgp = M= * Mrrp

wvhere:

CDQ = CDB (HOVER) recalculated based on a Cp defined as:
C.. = GW(1+DL sinZe¢)

=

DAVTZ
8Cpy * 4Cp, ~(HOVER) recalculated based on a Cp defined as: !
Cp = GW(14DL sin?¢) "
2
pAVT f
- a
CDB
My =f (ROTOR blade airfoil section)
o

Xeyr Keyo Kegr Koy Ke,
TABLE 3.5 CRUISE ROTOR PERFORMANCE TANDEM HELICOPTER. (CONTINUED)
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-———
R —
— et
PO ——
[P ——
e ———
— e e

M Knup

0 0.

.05 ! 0.
.125 .025
; o2 .105
; .25 .205
. .325 .397
.36 .475

L .37 .48
; .386 .475
: .4 ' .432
.425 : .342

: .45 . .33
 am .475 , .333
' .525 .342
i .55 | .355
: .6 ; .375
Y o7 ‘ 412
! .8 i .444
! .9 ; .474

3 1.0 .5

ot

oot g

?
i
¢

TABLE 3.5. CRUISE ROTOR PERFORMANCE TANDEM HELICOPTER. (CONTINUED)
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-
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PREM P

L4

rege

H
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it v23010.1.58
:i- MODEL ROTOR WIND TUNNEL |
TEST (BVWT 91!

0010

0 0.10 0.20
ADVANCE RATIO ()

YV TIVIURECITIFETLIVETY FUNUY EIOET

.} 80-108
S FLIGHT TEST DATA
{FLT 307/

AIRCRAFT V4)
100 BN I3 P el $d

[TYYEYY
peprée b

AXP 400

TRUE AIRSPEED (KN}

FIGURE 3.5. FLIGHT TEST AND WIND TUNNEL TEST RESULTS CONFIRM

ROTOR PERFORMANCE PREDICTION METHODS.
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MissioNn | g | AIRCRAFT

GEOMETRY
1
FLIGHT CONDITIONS WETTED AREAS
3-DIMENSIONAL I <
REYNOLDS NUMBER EFFECTS
: SKIN FRICTION | ROUGHNESS '
i (DISCRE TE)
:f } t /
Z BASIC DRAG ' /7
+ TUNNEL
- DATA
- INTERFERENCE CORRELATIONS
t EXCRESCENCES ]'\ \
MISCELLANEOUS CALCULATED
(TRIM, COOLING, INLETS, STATISTICAL
AIR CONDITIONING, ETC.) AND FLIGHT

TEST DATA

N4

AINIMUM PARASITE
DRAG

T ke e 4

N
SO ~ S

Figure 3.7. Minimum Parasite Drag Estimation Procedure.
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TANDEM HELICOPTER DRAG SUMMARY

ITFEM

FUSELACE
FORWARD PYLON
AFT PYLON
NACELLES
M1SCELLANEOUS
OIL COOLER MOMENTUM LOSS
AlR CONDITIONING
TRIM
SUB TOTAL
ROTOR HUBS

TOTAL DRAG AREA

GW _ 67175  _ 2
f. = Jg.5167 - 11744 LBS/FT

DRAG AREA f_ - Ft2

10.0193
2.8842
3.0609
1.4618

«3000

.5000

.0900
18.3162
20.2
38.5162

TABLE 3.6. TANDEM HELICOPTER - BASELINE AIRCRAFT

DRAG SUMMARY.
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Engine Performance (Helicopter)

The engines selected for the study was the AVCO Lycoming
LTC4V-1 engine. This engine has an uninstalled engine rating
of 5,000 SHP and a dry weight of 750 pounds. This power to
weight ratio of .15 met the NASA criteria. The £¥C of the
engine was .418 at sea level standard, was less than the NASA
criteria of .42 at takeoff power at sea level, 90 degrees F.
The aircraft design takeoff ambient, therefore, the fuel flow
was adjusted to comply with the design criteria.

Figures 3.9 and 3.10 give the referred installed performance
of this engine used throughout this study as a function of

turbine inlet temperature and flight Mach number.
SHP/§ '\/__e_
SHP*

We/é V'_e_

SHP*

Referred Power is

Referred Fuel Flow is

NyYe

Nl*

Referred Compressor Speed is

. . N fVe
Referred Power Turbine Speed is I *

NII

The installation factors applied included inlet and exhaust
losses and a 1% compressor bleed for air conditioning and
pressurization. Accessory horsepowers of 150 SHP total are
deducted during aircraft performance calculations and are,

therefore, not included in the data of Figures 3.9 and 3.10.
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FIGURE 3.9. GENERALIZED HELICOPTER ENGINE PERFORMANCE -
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MACH NO.
0 .2 .4
[COMPRESSOR | _— 3400
_— 3159
2900
—7 2650

I POWER TURBINEI

T
Yo

1665

FI?URE 3.10. GENERALIZED HELICOPTER ENGINE PERFORMANCE -

COMPRESSOR AND POWER TURBINE SPEED.
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Tilt Rotor Aircraft

The tilt rotor aircraft were sized and the mission performance
data obtained using VASCOMP. This computer program was
developed for NASA by Boeing Vertol Company under NASA
Contract NAS2-3142. This program works in a similar manner

to the HESCOMP program except that it is specifically designed
to handle V/STOL configurations. The details of this
methodology are reported in Reference 2.

The tilt rotor aircraft mission performance data are given as
summaries in Volume I. The detailed mission performance cal-
culations are provided in Tables 3.7 to 3.9 for the baseline
and +5 PNdB noise derivative aircraft.

Ti1lt Rotor - Download and Ground Effect

Hover tests, conducted between 1967 and 1970 led to the
development of the leading edge umbrella flaps for the Model
222: these are used to reduce download on the wing from rotor
wake. The tests included exploratory studies of various leading
and trailing edge devices at the Princeton University smoke
tunnel, wind tunnel model tests on a model with 5.5 foot
diameter rotors at the Boeing Vertol V/STOL wind tunnel, and

a full scale test at the Wright Field whirl tower using a
CH-47A rotor and scaled wing. Data from these tests are
summarized in Figure 3.11. The summary shown the effect on
download of leading and trailing edge configuratina and of
ground proximity. Based on these data, the following download

to thrust ratios (DL/T) have been used in this study:
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Out of ground effect, OGE (h/D > 2.0):

DL .

In ground . ect, IGE (h/D = 0,.51):

DL

T = -0004
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These values of download to thrust have been combined, in

this study, with a specified lift to weight ratio (L/W) to

determine the required aircraft thrust to weight ratio:

R " T

The following thrust to weight ratios have been used for the

hover ceiling data of this report:

TABLE 3.10. VALUES OF TILT ROTOR T/W IN HOVER.

VALUE OF L/W

1.03 1.05
OGE 1.0815 1.111
IGE 0.9527 0.972

Rotor Performance Prediction

To properly design a rotor or propeller for a vehicle, an

assessment of the cruise speed requirement and the hover

requirements must be made with the objective of minimizing the

rotor weight and the total power requirec.

To do this trade-

off, comparisons of hover and cruise performance for families

of rotors utilizing various combinations of twist, blade number,

241
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airfoils, etc. must be carried out. The data resulting from
this comparison are then placed into the aircraft sizing
programs to establish the effect on aircraft size, weight,
power and fuel consumption and indicate if the rotor design
should be biased to achieve high speed cruise performance
or improved hover performance.
In order to accurately reflect variations in rotor design
parameters, Boeing has developed rotor performance programs
B~92 (Propeller-rotor hover eand axial cruise flight perfor-
niance) and P-67 (helicopter rotor (edgewise flight) cruise
performance). Both of these programs utilize the "explicit -
vortex influence-technique". This method consists of a strip
analysis procedure coupled with non-uniform inflow calculatinns.
Each blade is treated as a rotating lifting line, trailing a
vortex wake which is mathematically approximated by a finite
number nf concentrated vortex filaments. An iterative compu-
tation is followed to make the indvced flow at the 4disc,
determined by the trailing vortices, mutually consistent with
the spanwise aerodynamic loading distribution.
These programs account for:

o blade geonetry

- taper
- airfoil distribution
o number of blades
o rotor tip speeds

Vi o required lift

242
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0 required propulsive force

o airfoil aerodynamics based on wind tunnel test data

o inflow, and

it S PO AR
¢“
v

o orientation of the rotor axis to the flight path.

i Figure 3.12 illustrates summaries of comparisor.s between pre-
dicted and test data for variocus rotor and propeller configur-
ations. This methodology was used to optimize the prop rotor
performance for the design point ai-craft as shown in Figures
3.13 to 3.15. The initial parametric data shown in Figure

3.13 are used to define the maximum performance envelope shown
in Figure 3.14.

The rotor solidity and twist vary along the maximum performance
envelope and aircraft were sized using a family of prop/rotors
along this line.

These aircraft vary in gross weight and direct operating costs
as shown in Figure 3.15. The »ptimum prop/rotor for this
aircraft has a solidity of 0.08 and a twist of 34 degrees. The
minimum solidity selected from structural considerations was
0.09 and therefore the prop/rotor corresponding to that point
was selected for the aircraft.

Tilt Rotor Drag

The minimum drag of the tilt rotor has baen calculated using
the standard Boeing method of Reference 3. This method is
based on surveys of existing data and the application of semi-
empirical methods. The method nrovides a componeni build-up

of drag as shown in Table 3.11. The drag estimate is shown

243
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TILT ROTOR ROTOR DESIGN STUDY
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FIGURE 3.13. TILT ROTOR - ROTOR DESIGN STUDY.
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e ran e

in Figure 3.16 compared with existing aircraft and a tilt
< rotor trend line derived from previous tilt rotor design

studies. The current drag estimates are consistent with

those trends.

Engine Performance Tilt Rotor

mg»u*‘ﬂmwm ¥ BBz fw 40y %y 0 am

The engines selected for the study was the AVCO Lycoming
LTC4V-1 engine. This engine has an uninstalled engine rating
of 5,000 SHF and a dry weight of 750 pounds. This power to
weight ratio of .15 met the NASA criteria. The SFC of the
engine was .418 at sea level standard, was less than the NASA
criteris of .42 at takeoff power at sea level 90 degrees F.
The aircraft design takeoff ambient, therefore, the fuel

flow were adjusted to comply with the design criteria.
Figures 3.17 and 3.18 give the referred installed performance
of this engine used throughout this study as a function of

turbine inlet temperature and flight Mach number.

_ SHP/§ 4/ 6
Referred power is

SHP*

Referred fuel flow is YEZE_JZE
SHP*

. 6
Referred compressor speed is NI/{—

S »
N1
Ni+/1/9
Referred power turbine speed is I; W{ﬂ
I

———————

I
The installation factors applied included inlet and exhaust

losses and a 1% compressor bleed for air conditioning and

]

v pressurization. Accessory horsepowers of 150 SHP total are

249
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1 ITEM DRAG AREA f, - FT .
? FUSELAGE 10.3914
; WING 7.3627
E VERTICAL TAIL 2.2474
i HORIZONTAL TAIL 2.5998
§ ROTOR NACELLE 1.2946
! ENGINE NACELLE 2.6573
i
3 MISCELLANEOUS
: OIL COOLER MOMENTUM LOSS .3750
; AIR CONDITIONING .5000
TRIM .0640
TGTAL DRAG AREA 27.4922
TABLE 3.11. TILT ROTOR DRAG SUMMARY,
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deducted during aircraft performance calculations and are,
therefore not included in the data of Figures 3.18 and

3.19.

L s -

bt

x4 A s e <

= e s ¢ i



v oeemegte ezar -

,.
-~

3
D210-10858-2 %
:
i
§
*®
&
(4]
[vo)
1.0p EE\
« &
x| wu
g
[«H
Q
2 //
[+ 4
<3
[N
2
yd /
0.
.8r
§.6~ {FUEL FLOW
SR
o @
m (o0
& / »
Q O
2 >
o £
[43)
232‘ /
N /
zZ
oL

FIGURE 3.17, GENERALIZED TILT ROTOR ENGINE PERFORMANCE
-~ POWER AND FUEL FLOW,

253

o TR T Wt



D210-10858 -2

L2, MACH NO
) ’6 07
L [COMPRESSOR] / 3400
=
al.0f
2
€3]
i
.8}

.
>3
r—

i l.4rp
1.2}
% 1.9 - ~ rdd 2650
| / / / /2400

REFERRED N
o0
~N
[
[~
(o]
2

(-2}
-
[+ 2]
(=]
(=

.4} 1665

mm—

FIGURE 3,18. GENERALIZED TILT ROTOR ENGINE PERFORMANCE -
COMPRLESSOR AND POWER TURBINE SPEED.

.
SR SRS SATE SR G S

254 '

e r———— e e———. § 3



# e 7

R
i
s

D210-10858 -2

3.2 WEIGHTS

The weights of the s8ix configurations are summarized in Tables
3.12 and 3.13.

Weight trade studies leadiny to the selection of the baseline
configurations were accomplished using computerized weight
prediction programs. VASCOMP, sized and weighed the tilt

rotor configurations. The HESCOMP helicopter program analyzed
the helicopter type configurations. These sizing programs in-
clude a weights subroutine which automatically computes sub-
system weight changes resulting from variations in the config-
uration size, flight envelope, payload, etc. They provide a
consistent method for rapidly estimating the aircraft's
operational weight empty and gross weight. The program divides
tl.2 weight empty into three groups: propulsion, structures and
flight controls. Weight trends are programmed for each group
which compute their respective weights. These are then combined
with weight input values of fixed useful load, fixed equipment
and payload to determine the weight of the fuel available for

a given gross weight and payload. The weight input values

are determined from specific mission requirements and/or
specified equipment lists. A flow chart for the weight trend »
subroutine is shown in Figu.:» 3.19.

The weight trends were develcpad at Vertol from statistical

and semianalytical data of existing aircraft. They combine
geometric, design and structiral parameters into an accurate

weight prediction tool. Exanples of the weight trends for

255
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the major weight groups are presented in Figures 3.20
through 3.28.

The trends include sufficient design parameters to account
for the major design features associated with each of the

study configurations.

In order to provide comparisons of the design points with the

statistical data the assumptions for weight reduction due to

advanced composite materials have been removed in Figures

3.20 to 3.28.

The flight control trand, for example, is divided into six

groups, which ensures that a weight allowance is included for

all the major control items and special features. It includes:

Cockpit controls

Rotor controls

Fixed-wing controls (includes type and number of

control surfaces)

Systems and hydraulics

Tilt mechanism (includes tilting nacelle or wing
mechanism)

SAS and mixing (integrates airplane and helicopter

cornitrols).

The rotur group weight trends, Figures 3.20 and 3.22 includes

parameters which ccr.siders number cf rotors and blades, type

of system (rigid, articulated, teetering, etc,) tipspeed, etc.

~p
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_ORIGIy AL p AGE NESIGN POINT +5 PNdB -5 PNdB
_ xmms POUNDS POUNDS |KILOGRAMS  POUNDS
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RéTor ] 7579”3;1«5“7}‘6“ 12325.1 | 5126 | 2566.0 5657
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| - :
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DESIGN POINT +5 PNdB -5 PNdB
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Ta L
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LL_CA’) AND HA@}__ING GP. 1 I e ) S
U S — — b — 4 e 4-- —
- — - 4 - - B R
—— - — —_ _— -
WEIGHT EMPTY 18224.8 | 40179 17304.0 ! 38149 21105.5 6530
Tcrew 299.4 o4 299.2 T80 799.2 580
EECEISETE O W2 0 W | MU (N S A -7 M B R
TnonE o 59.9 1 T:2 T T59.9 32 59.9 | 132 |
5 |CREW ACCOMMODATIONS | 68.0 150 | 68.0 | 150 68.0 150 W
¢ [EMERGENCY PQUIPMENT | 7.3 | 16 | 7.3 | 16 7.2 | 16 |
PASSENGER ACCOMMD. 415.5 915 { 415.5 | 916 | 4155 | 916
PASSTNGERS (100)_ 8164.6 | 180(0 _ , 8l64.6 | 18000 | 8i64.6 J18000°
FUEL | 3178.3 | 7007 3494.9 7705 | 3496 2 ] 7708
GROSS WEIGHT 30469.9 | 671 5 __]29865.7 | 65843 33668.6  [14227

FORM 2639 mamTrr D

19



i- D210-10858 -2

PROPUI 5ION |-
WEIGHTS g,

w ‘
STRUCTURES
WEIGHTS

’ _} Worp

FLIGHT A
CONTROLS
WEIGHTS

¢
%

FC

' »

= +
OWE WE WFUL

FIGURE 3.19. WEIGHT TRENDS SUBROUTINE, FL(W CHART.

5. PES
1

259

R e

oo o VR R



A S

A R

D210-10858-2

Weight trends similar to cthe one shown in Figure 3.23 were
used to predict the weight of configurations designed around
airplane type fuselage structure as in the case of the tilt
rotor aircraft. Figure 3.24 describes the trend which was
used in conjunction with helicopter-type fuselage structure
where tail booms, tail rotors or tail fans are used.

Drive system we’jht is determined by multiplying the constant
(K) by a simple torque expression as indicated by the overall
drive system weight trend shown in Figure 3.25. Determination
of the constant is the end result of i detailed box-by-box
analysis of the drive system configuration. The semianalytical
method calculates the weight of each gear set. It includes
the effects of Hertz stress, gear ratio, bearing support,
number of gears in a stage, and external or structural
supports. The drive shafting weight is determined independent
of the box weight and includes parameters which consider the
number of shaft sections and transmitted torque.

Wing and tail weight trends are shown in Figures 3.26 to 3.28.
The trend constants "K" are primary inputs to the computer
programs. Selection of the constants depend on the type

of aircraft being configured - helicopter, compound, tilt
rotor, etc., material, and level of technology. Peculiar
design loads and stiffness requirements and special design
features such as folding rotor blades, tilting nacelles,
shrouded tail fans, etc. are studies individually and inputed
as a variation of the constant or included as a direct weight
input in the incremental group weight section of the VASCOMP
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weights input form.

Current Vertol CH-46, CH-47 and HLH contracts for tandem
helicopter and the detailed design of the Model 222 Tilt
Rotor Research Aircraft provide the data bank used for

selecting the weight constants. 1In order to show substantia-

tion of these weights, the Design Point Helicopter and

the Design Point Tilt Rotor configurations were chnsen and
evaluated, using refined prediction methods and parameters.
These substantiating calculations are included on Page .
The computerized weight prediction programs were based ¢n *the

:
% assumptions discussed below.

Limit Load Factor

The limit load factors at mission gross weights are:
1., Helicopters, 3.5 from FAR, Part 29.

2. Tilt rotor, 2.5 from FAR, Part 25.

5 - 24,000
, L.L.F. 2.1 + W+ 10,000

"L.L.F. SHALL BE NO LOWER THAN 2.5, BUT NEET
NOT BE HIGHER THAN 3.8."
W = MAXIMUM DESIGN GROSS WEIGHT.
In the gross weight ranges of these tilt rotor aircraft the ’
limit load factor did not exceed 2.5 thus 2.5 was established.

Advance Materials for 1985 Operational Time Period

From the Study Guidelines, Paragraph 4.5, the following is
quoted: "‘the Contractor shall assume that the airframe struc-

tural wei ght will be reduced approximately 25% by the use of

g
o d
i
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composite materials." Boeing Vertol has chosen to distribute

this weight as follows:

RECUCTION (%)

TILT RCTOR HELICOPTER
WING 30.:2 0
TAIL 30.2 36.1
BODY 30.2 36.1
LANDING GEAR 0 0
ENGIME S...TION 30.2 0
EQUIVALENT TOTAL 25.0 25.C

Wing

The wing weight of the tilt rotor was based on that of the
Boeing Vertol Model 222 tilt rotor aircraft. This wing was
designed by ~umman Aircraft Company under direction of Boeing
Vertol and the weights calculated in detail. Adjustments have
been made for advanced materials. A comparison of the design
point wing weight, with nc composite material assumptions.
with the weight trend curves is shown in Figure 3.26.

Kotor

Rotors of both the helicopter and tilt rotor have titanium hubs
and root end fiti.ngs and fiberglass blades. The Model 227
rotor is used as a basis for the tilt rotor with adjustments
made for titanium hub and root end fittings in lieu of

steel.

The helicopter rotors are based on average values on the trend

curves,
2
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Tail Surfaces

Tail surface weights were based on trends using statistical
data from similar aircraft. Adjustments have been made for
advanced materials.

Body

Weight~ of the ~odies were based on trends using statistical
data of ~ther aircraft. Adjustments have been made for ad-
vanced materials. The tilt rotor body is pressurized for
7,000 feet at 14,000 feet. The helicopter body is not
pressurized.

Alighting Gear

The alighting gear of both aircraft are retractable, designed
for a sink speed of 5 feet per second. A value of 4% gross
weight has been selected.

Engine Section

The tilt rotor engine section was based on that of the Model

222, 52% of the engine weight.

The helicop*er engine section weight was determined from layouts.
All have been adjusted for the use of advanced materials.

Engines

The engine weights were based on rubberized LTC-4V-1 engines

at 0.1575 pounds per horsepower.

Engine Installation

Engine installation consists of exhaust systems, propeller
spinners, engine controls, starting system, and engine

lubrication system. The input values for the computer are

272
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in percent of engine weight and are 8.3% for the helicopter
and 31% for the tilt rotor aircraft.
The helicopter value was based on that of the Vertol CH-47,
the tilt rotor value was based on the Vertol Model 222.

Fuel System

The fuel system weights for the tilt rotor were based on the
Boeing 737-200. Tanks are in the wing. Since the helicopter
tanks are located in the body beneath the floor, they have
been assumed to be crash resistant.

Weight inputs in the computer are in the form of pounds per
pound of fuel.

Drive System

The tilt rotor drive system weight was based on that of the Vertol
Model 222. The helicopter weight was based on the values of
similar tandem rotor systems on the trend curve.

Flight Controls

The flight control weights were bhased on Vertol Model 222 and
typical tandem helicopter weights, reduced for fly-by-wire

systems. The weight reductions as applied to these systems are:

Cockpit 29%
Rotor Upper Controls 0
Rotor System Controls 20%
Airplane Type Controls 20%
SAS 0
POD Tilting Mechanism 13%
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Fixed Equipment

The fixed equipment weights were based primarily on the
Boeing 737-200 and the Vertol CH-46, adjusted in some areas
for weights quoted in the "Study Guidelines". Tables 3.14 and

3.15 summarize those used in these studies.

APU, Instruments, Electronics and Electrical

Paragraph 4.9 of the "Study Guidelines" quotes a weight of
1,200 pounds for these items, not including electrical gener-
ation. In comparing this to the Boeing 737-200, Boeing Vertol

has assumed that this 1,200 pounds is an uninstalled weight.

WEIGHT

BOEING 737-200 TOTAL EQUIPMENT INSTALLATION
APU 830 308 522
INSTRUMENTS 552 323 229
ELECTRONICS 846 280 566
ELECTRICAL _712 _712 -
TOTALS 2940 1623 1317

Using th e above, it can be determined that the installation

weight is 81% of the uninstalled weight.

By applying this factor to the 1,200 pounds, the installation
weight is 972 pounds. This and the electrical generation
weights are shown separately in Tables 3.14 and 3.15.

A frowth factor (assuming constant performance and strength)

of 1.9 for the helicopter ané¢ 2.1 for the tilt rotor have been
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established. The curves .r Figures 3.29 and 3.30 show the
weight growth effect on these aircraft. If the 972 pounds
of installation weight were not included, the gross weight
of the helicopter would c¢ecrease from 67, 175 pounds to
65,328 pounds, the tilt rotor gross weight would decrease
from 74,749 pounds to 72,708 pounds.

Hydraulics and Pneumatics

The hydraulics and pneumatics weights were established as 680
pounds based on the Boeing 737-200.

Furnishings and Equipment

Furnishings and equipment consist of Flight Deck Accommo-
dations, Passenger Accommodations, Cargo Accommodations and
Emergency Accommodations and are listed in Tables 3.19 and
3.20. They are based primarily on those of the Boeing 737-
200, adjusted in certain areas to agree with weights quoted
in the "Study Guidelines".

Air Conditioning

The helicopter air conditioning system is based on 11.5 pou 4s
per passenger. The tilt rotor air conditioning system, in-
cluding pressurization is based on 13.5 pounds per passen-
ger.

Anti-Icing

Anti-icing weights for the helicopter is based on the Boeing
Vertol CH-46 at 0.6% design gross weight.

Anti-icing weights for the tilt rotor are based on:
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737-200

0.25% Gross Weight
CH-46

0.5% Gross Weight
0.75%

Useful Load

The useful loads weights (not including fuel) are shown in
Tables 3.21 and 3.22. They are based on the Boeing 737-200,

adjusted in certain areas for weights quoted in the "Study

Guidelines".

Weight Subst:ntiation

The weights leading to the selection of the configurations
shown in this study were derived by usiny the computerized

sizing and weight prediction programs, VASCOMP and HESCOMP.

Substantiation of these weights using weight prediction methods
developed and improved by Boeing Vertol Weight Unit, are pre-
sented in this section of the report. The two design point

aircraft were chosen as examples, see Tables 3.23 and 3.24.
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FIGURE 3.29., WEIGHT GROWTH AT CONSTANT PERFORMANCE AND
STRENGTH ~ HELICOPTER.
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BOEING VERTOL COMPANY

WEIGHT SUMMARY - PRELIMINARY DESIGN

(M L-STD-1374)

D210~10858 -2

T T ]
TREND
SUBSTAN-
COMPUTER | TIATION
WING R
ROTOR 6678 6646 S
TAIL
SURFACES ]
ROTOR B _
BODY 6504 6472 o —
BASIC — - _,_J
SECONDARY —
ALIGHTING GEAR GROUP 2687 2687 i
ENGINE SECTION 491 489 -
PROPULSION GROUP 9703 9668 ]
ENGINE INST'L 2200 2200
EXHAUST SYSTEM 44
COOLING
CONTROLS 44
STARTING 73 3} .
PROPELLER INST'L *182 ; et
LUBRICATING 20 | —
FUEL 483 483 — ]
DRIVE 6838 6804 e
FLIGHT CONTROLS 2275 2263
AUX., POWER PLANT 636 636 ]
INSTRUMENTS 423 423 R
HYDR. & PNEUMATIC 680
ELE CTRICAL GROUP 834 834 .
AVIONICS GROUP 648 648 -
ARMAMENT GROUP i
FURN. & EQUIP, GROUP 7070 7070 _
ACCOM. FOR PERSON. ——
MISC. EQUIPMENT
FURNISHINGS
EMERG. EQUIPMENT -]
AIR CONDIT ~‘'ING 1150 1150 S R —
ANTI-ICING GROUP 400 400 i
LOAD AND HANDLING GP. T R
JF. ——— e e ]
—t
‘e ———e -w——ﬁ
WEIGHT EMPTY 40179 40066
CREW ] ]
TRAPPED LIQUIDS |
ENGINE OIL B p— .w*.-j
> A ]
« — o
A ]
FUEL
GROSS WEIGHT 1 1

FORM 2630 12/73)
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DESIGN POINT TANDEM HELICOPTER - WEIGHT SUBSTANTIATION

6,646 LBS
TREND CURVE, FIGURE 3.20)

R® ) [R-T) [bek
10

1.

t

.0 OR GREATER

Wp = Blade Weight Per Rotor

wg = Design Gross Weight = 67,175 X .6 = 40,305 LBS

LLF = Limit Load Factor = 3.5

Rotor Radius = 34.45 FT

g Rotation to Blade Attachment = 4.1 FT

b = M umber of Blades Per Rotor = 4

C = Blade Chord = 2.68 FT

Kp = Rotor Type Factor - Articulated = 1.0

Droop Constant - Tandem = 1,000

Bl. le Thickness at 25% Chord = ,32 FT

4.45)2] (34.45-4.1 Eg)(z.se)(l.o]
100 J 10

|(34.45)1'51
(4.02) (3.5) (1 .87)(3204?(10.72)(1.0)

ROTORS
BLADE: (REF.-WEIGHT
vy, = 44 g0.438
2
k = Wg \ [LLr\[R
10% 100
1.6
R V.
Kdt
WHERE :
R =
r =
Kd =
+ =
7/
Kk = (30305) (3 5) [G3
\10“ L
= 5456
W, = 44 (5456)°" 48

= 1,906 LBS PER ROTOR.
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HUB (REF.-WEIGHT TREND CURVE, FIGURE 3.2!) 6,646 LBS
- 0.358
W, = 6L K
_ : 2 1.82,, ,2.5 -11
K = (Wb,(R)(NR) (PR)(r) (b) (Kamd)(lo)

Wy = Hub Weight Per Rotor
Wy = Blade Weight = 476.5 LBS EACH

R = Rotor Radius = 34.45 FT

Ng = Rotor RPM = 201

Rotor Horsepower Per Rotor =

13021 X 0.55 = 716l HP

r =¢ Rotation to Blade Attachment = 4.1 FT

b = Number of Blades Per Rotor = 4

Kamg = @ xmxd = 1.0 X .54 X .62 = .33

K = (476.5) (34.45) (201)2(7161) (4.1)1°82(4)2+:5(,33) (10)"11

=6539

W = 61(6539)0'358 = 1417 LBS PER ROTOR

TOTAL ROTOR WEIGHT

BLADES
HUB

1906
1417
3323 X 2 = 6,646 LBS
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BODY (REF. - WEIGHT TREND CURVE, FIGURE 3.24) 6,472 LBS
-
_ 0.8
Wg = 120 K
4
K =[(Wg> (NX?)(L&LRW AC.G ]0"’(Log Vuax
10% 03
WHERE:
Wg = Body Weight
Wg = Design Gross Weight = 67,175 LBS
N = Ultimate Load Factor = 3.5 X 1.5 = 5.25
Sg = Wetted Area cf Body Inclgding
Rotor Pylons = 3684.6 FT
Lo = Length of Cabin (Nose to End of
Cabin Tloor) = 67.3 FT
Lpw = Length of Rampwall = 0 FT
ACG = Center of Gravity Range = 2.8 FT
_ Vmax = Maxirium Speed = 225 KNOTS

K = [E%Z_SXS.ZS)( .3_2%4)_;3)(67.3 + 0+ 2.3)]0'5(1.0«; 225)

224.5

"p

125 (224.

Reduction for
Composite .3
(9503)

Add Air Stair

TOTAL BODY WE

5)0-8 = 9503
61
-3431
€073

s(1) +400

IGHT = 6472
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ALIGHTING GEAR (4% GROSS WEIGHT) 2,687 LBS

0.04(67175) = 2687

ENGINE SECTION 489 LBS

Engine Mounts

- 0.41
wEM NE(WE X NCLF)

WHERE :

]

WEM Weight of Engine Mount

Ng = Number of Engines = 2

Wg = Weight of Each Engine = 733 LBS
Nopp = Nacelle Crash Load Factor = 24.1
Wem = 3(733 X 24.1)%-41 = 165 s

Nacelle

Wiac = Ng(Syac) (PSF)

WHERE:
Waac = Weight of Nacelle
Np = Number of Engines = 2
SNAC = Wetted Area = 143 Ft2

PSF = Unit Weight = 1.5 LBS/FT2

WNAC = 2(143) (1.5) = 429 LBS

Reduction for Com-
posite (.361) (429) =-155
274 LBS

Intake Duct - Center Engine

wID = SD (PSF)
WHERE
Wip = Weight of Intake Duct
SD = Duct Area = 52 FT2

292
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continued
PSF = Unit Weight = 1.5 LBS/FT2
Wip = (52) (1.5) = 78
Reduction for Compo-
site (.361) (78) ==28
50 LBS
TOTAL ENGINE SECTION
ENGINE MOUNTS = 165
NACELLES = 274
INTAKE DUCT (CENTER) = 50
TOTAL ENGINE SECTION 489 LBS
ENGINES 2200 LBS
ENGINE INSTALLATION 181 LBS
EXHAUST (.02) (Wg)

(.02) (2200) = 44
LUBRICATION SYSTEM

(.009) (Wg)

(.009) (2200) = 20
CONTROLS (.02) (Wg)
(.02) (2200) = 44
STARTING (.033) (Wg)
(.033) (2200) = 73
FUEL SYSTEM 483 LBS
Wpg = C Wp
Wpg = Weight of Fuel System

&

Pounds of Fuel System = .069
Pounds of Fuel

Wp = Fuel Weight = 7007 LBS
Wps = (.069) (7007) = 483

293
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DRIVE SYSTEM (REF.-WEIGHT TREND CURVE, FIGURE 3,25 ) 6804 LBS
= [P 1/4
Ky = (__:g)(z) (Kp)

Weight of Drive System

Drive System Power = 14,323 HP
Rotor RPM = 201

Number of Stages in Main Drive

System = 5

S

Wps =

FLIGHT CONTROLS (FLY-BY-WIRE)

0.67
250 (138.52)

Configuration Factor, Tandem = 1.3

_ [14323 1/4
D = (—EUI_)(S) / (1.3)

138.52

= 6804

2263 LBS

COCKPIT CONTROLS

W 0.41
Woe = 19.8 (g
103
WHERE :
Wee =
Wy =

103

67175) 0-41_
oo = 10,8 (229 0

Reduction for Fly-By-
Wire = .29 X 111

g TOTAL COCKPIT CONTROLS

Weight of Cockpit Controis

Design Gross Weight = 67,175 LBS

111

=32
79 LBS

294
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ROTOR CONTROLS (POWER ACTUATORS THROUGH PITCH LINKS)

1.11
Wo. = 2o{é Rvig X 2
RC |

| 1103

[

WHERE:

Weight of Rotor Controls

0 ,f
(p]
I ]

Blade Chord = 2.68 FT

©
]

Rotor Radius = 34.45 FT

Wg = Weight of Blades Per Rotor = 1906 LBS

-
) 1.11
Wpe = 20 2.68 (34.45(1906) X

N 103 J

2

= 1219 LBS
SYSTEM CONTROLS (FRCM COCKPIT TO POWER ACTUATORS)

0.84
30 Cﬁ‘
sC 100

= Weight of System Controls

k- 4
"

=
/2]
0

|

WR = Weight of Rotors = €646

0.84
30 (8646 = 1019
1034

Reduction for Fly-
By-Wire = 0.2 X 1019 = -204
815 LBS
SAS 150 LBS

TOTAL FLIGHT CONTROLS

COCKPIT = 79 LBS
ROTOR = 1219 LBS
SYSTEM = 815 LBS
SAS = 150 LBS
2263

FIXED EQUIPMENT (REF. TABLE 3.14 )
295
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BOEING VERTOL COMPANY WEIGHT SUMMARY - PRELIMINARY DESIGN
T T ! ]
TREND '
COMPUTER | SUBSTAN- 1
TIATION
WING 4323 4310 » - o
ROTOR 5246 52Y¢ | ]
TAIL 1404 1427
SURFACES 1404 1427
ROTOR —_—
BODY 8495 8509 .
BASIC _ e
SECONDARY _—
ALIGHTING GEAR GROUP 2990 2990
ENGINE SECTION 948 94F S
PROPUL SION GROUP 10476 10475 -
ENGINE INST'L 2611 2611 _ -
EXMAUST SYSTEM *
COOLING -1
CONTROLS * 1
STARTING *
PROPELLER INST'L * 810 *809
LUBRICATING *
FUEL 219 219 - —
DRIVE 6836 6836
FLIGHT CONTROL S 4046 4053
ALX. POWER PLANT €36 636
INSTRUMENTS 423 423
HYDR. 8 PNEUMATIC €80 _680
ELE CTRICAL GROUP 834 834
AVIONICS GROUP 648 €48
| ARMAMENT GROUP
FURN. & EQUIP. GROUP 7217 1217
ACCOM. FOR PERSON.
MISC. EQUIPMENT
FURNISHINGS
EMERG. EQUIPMENT —
AIR CONDITIONING 1350 1350
ANTI-ICING GROUP 560 560
[LOAD AND HANDLING GP.
WEIGHT EMPTY 50276 50276
CREW
TRAPPED LIQUIDS
[ENGINE OIL
>
w
«
FUEL
GROSS WEIGHT { n ) |
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DESIGN POINT TILT ROTOR WEIGHT SUBSTANTIATION

WING (REF.-WEIGHT TREND CURVE, FIGURE 3.26)

W =

WHERE:

291.6 (K)0.585

W S
(B R
\

W, = Weight of Wing

-

-

Ry = Relief Term - Assume Design Lift Is On

Wing Tip (100% Span ) = 0.6

D210-10858 -2

4310 Lbs.

Wyy = Gross Weight Less Items at Center of Lift =

()]

> w o

55,390 Lbs.

GROSS WEIGHT
ROTORS
WING
ENGINE SECTION
PROPULSION
ROTOR CONTROLS
TILT MECHANISM
FUEL
TRAPPED LIQUIDS
OIL

TOTAL Wy

Planform Wing Area = 747.5 Ft.2

Wing Span, = 73.1 Ft,.

Maximum Fuselage Width = 14.8 Ft.

Wing Taper Ratio = 1.0

2917

74,749
5,246
4,323
948
10,476
1,511
650
4,448
115

132

46,900

T Bt
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Wing Root Thickness, % Chord = ,21
Ultimate Load Factor = 3.75
Dive Velocity = 360 Knots

Aspect Ratio - 7.14

[( .6) (46,900)] (741 5)(1.09 73, 1) El J(\P 7‘)
104 J V102 14 g/ N2(¢.21
(Loglo360) Loglo7.14)

(2.81) (7.48) (.69) (2.18) (1.94) (2.56) (.85) = 133.4
291.6 (133,4)0:585 - 5105

Add: Wing-Pod Attachments

.036 (Pod Weiqght)

.036 (20,136) = 4+ 747
Reduce for Composites 5852
0.302(5105) = -1542
(REF .~-WEIGHT TREND CURVE, FICURE 3.22) 5216 Lbs,
= 15.0 K0.67

= (r)0.2fiPg 0-3M) fpp.c
55 | 5

R 1.6
Kqt

oem v o=

R1.6 \
= 1.0 OR GREATER

Weight Of One Rotor

Center Line of Rotation To Blade Attachment
Point = 2,11 Ft,

Horsepower {Xmsn Limit Per Rotor) =

16,579 x .55 = 9,118

298
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continued
1) Vp; = Design Limit Tip Speed = 775 X 1.1 = 852.5
; FT/SEC
% R = Rotor Radius = 28.15 FT
Z t = Number of Blades Per Rotor = 3
i C = Biade Chord = 2.65 FT
? Ky = Droop Constant = 1000
t = Blade Thickness = .12(2.65) = .318
K = (2.110-25 (9118 0'5(852.5)[§8.15 X 3 X 2.65 )3
= (2.11) 160 100 / \ 10 :

(28.15)1'6
(1000) (. 318)
= (1.21)(9.55) (8.53) (22.38) (1.0)

= 2206

Wp = 15.0(2206)°°%7= 2608 x 2 = 5216

HORI7NNTAL TAIL (REF.-WEIGHT TREND CURVE, FIGURE 3.27) 754 LBS

Wyp = 350 (k)0-34
K = (Fy) CHZ\( Log VD)
ol G
Ky

. wg; ('
H ——
104 \1o0

\ /b 1+ 2)
i ) (3 o
10 1+
WHERE:
Wyp = Weight Of Horizontal Tail
Sy = Tail Plan Area = 261.7 FT?
Vp = Dive Velocity = 350 KNOTS
BT Tya = Tail Moment Arm = 46.8 FT
g;
. o 299
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continued

P———

t = Root Thickness = 1.02 FT

Wg = Design Gross Weight = 74, 149 LBS

Ky = Pitch Radius of Gyration = 16.65 FT (Figure 3.31)
by = Tail Span = 35.0 FT
A = Taper Ratio = .471

KTL= Tail Load Factor = 1.0

74,749 16.65 35.0\/1+.942
Fy =| % [-d
10 10 10 \1+.471
= 57.6
102 46.8 X 1.02
= 8.07

- Wy = 350 (8.07)°54 = 1080

Reduction for
Composite .302 X
1080 = =326

HORIZONTAL TAIL
WZIGHT = 754

VERTICAL TAIL (REF.-WEIGHT TREND CURVE, FIGURE 3.28) 673 LBS

Wy = 360 x) 2+ 34
aF S Logq gV
K = |(Fv) +[ B v\ 10VD
2by, 107 TyaXt
W K by, +2A
= 2 A
Fy = Ig"" 10) (10 GH\

’Ht

300

Lk e e T SO YO Ye s aan



- -—

P ———
-—
—
— et
-—
[P——]

D210-10858 ~2

% S T O O O A A 1
1" @ cu-47a, cii-a6a, 10711, XH-16A, etc. | |
= XC-142A, fH-54A, MODEL 76, 119, etc. i
—1—-—-_® 707' DC"GB' DC-3' 404' etc- :
T— --@ B-26, B-29, B-47, B-52, etc. '
o I S N _ | _
AN VRN N N O O O V:‘“ - -
s . D TANDEM HELICOPTERS ‘ N |
~ | E ky=028L\ yaarae
g L LN Jamn
&‘ * ' : R . ,.. '
] - ! ) // '
' T LT T Y /// ’
Al @ VTOL AIRPLANSS //”‘ // -
P S W Y 1AL Y. 5 o %4
f Z . I | : 4
o T I \ ! / /|
| b : ' V.94 O TRANSPORTS ||
¢J ° 1 AN T kg = 0,171
)] TR ( 1 3
5 A I AAZTIN | '
fa L P j 1. ¥ .. B
3 — AT -@ BOMBERS
[ 7 ky = 0.16L
i - — oy
E o e A
r [ o R
Ho 4///49 LEGEND
/ W = GROSS WEIGHT
_ g = MASS 32.17 ;
Y I ' S L = LENGTH OF FUSELAGE 1 —
TSR TR T T 0 Y OO T O A
, NOTES : L]
1. Select appropriate value for k, from
: above. Include decimal only ox¥ weight .
Y ERR input sheet. It A
S 2. Mass moments of inertia
W (k)2
g
1 I i ’l N LG SUR00 SN0 s e I M MORIN SN U IR | | . i
41' : ‘h;& 10 1o b ) 1 4 5 b 1 8 100 1.5 2 2.5 3

LENGTH OF FUSELAGE, L - FEET

FIGURE 3.31. RADIUS OF GYRATION TREND - PITCH.

S R
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WHERE:
Wyp = Weight of Vertical Tail
a = Height of Horizontal Tail Above
Root Chord = 17.6 FT
bV = Tail Span = 17.6 FT
Sy = Tail Area =221.9 FT°
Vp = Dive Velocity = 360 KNOTS
TMA = Tail Moment Arm = 38.6 FT
t = Root Thickness = 1.74 FT
Wg = Design Gross Weight = 74,149 LBS
K, = Yaw Radius of Gyration = 25.9 FT (Figure 3.32)
A = Taper Ratio = 0.447
P = ﬁ4,749 25.9 17.6 l+2X .447
v \ 10% 10 10 1+ .447
= 44,6
17.6 X 57.6 221.9 Lo 360
K = (44.6)+ 910
2 X 17. 102/ \38.6 X 1.74
= (73.4):2.22) (.038)
= 6.2
W o= 360(6.2)9°3% = 964
vT
Reduction for Compo-
site .302 X 964 ==291
VERTICAL TAIL WEIGHT= 673

302
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- FEET

YAW RADIUS OF GYRATION, k

| [ S R
| ! l i :
| \ ‘
. D210-10858 -2
107 — T T T LI LI
1 ® xc 142A, MODEL 76, etc. ..
*+— @ 707, B-52, B-36, etc. -
——— cH“‘?A, CH-46A' 10711' etc. .
o H-23D, _HU-]-A' BT}&’ H-37A' etc. it
sl ' T
s [ o ) . 1 5 BN Al " /
- ' (@ VTOL AIRPLANES 7,
3 T L kz = 0.2458 _ /,.. ,"'7'
R B . P\ / e
' . I P B . y
2 o ..‘.._LL. O SUIUES TN I A l l / /
T ® BOMBERS AND TRANSPORTS / 1
kg = 0.220e % '/ :
P 1IN avdal :
. t“: 1\%// / .
i‘ ;u': z‘ / 4! '.
' :". .:f' i::‘il / : 3
104 LA ,// 4
2§ 74 (; 1 @ TANDEM HELICOPTERS
o opme e - /Z L k,=0.175e
‘ 2y SR O T
L yAavi4 Y el
NS 177 {, 7T @ SINGLE-ROTOR HELICOPTERS
. jf /S 1 'l.'m:;:'.hm:.::;;&r-.l;;* S EEE i
' ‘ T LEGEND: H
L : - W = GROSS WEIGHT -
L a) ET g = MASS 32,17 3
. . T T Lg = LENGTH OF FUSELAGE
ey N : / - : Lo = LENGTH OF CABIN o
: | ;/‘ 1 . 1 'l b = WINGSPAN
N R Ty o e i : e = SEE BELOW
- 1 1 B ] ELBEEEL B P L D ) STRESEEEE] BRE
{.. NOTES: 1, Select appropriate value for kz f'om
™ I above. 1Include decimal only on N
T weight input sheet. r
i 2, Mass moments of inertia= W (k, )
H . 9
1L | 2 RN KRR 155 I l H RN E I R
10 1.5 F4 2.3 3 1 8 sloo [§} 2 2.5 3
o LENGTH, e - FEET
b + Lf (AIRPLANES) e = Lg+L, (HELICOPTERS)
2
FIGURE 3.32 . RADIUS OF GYRATION TREND - YAW.
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o o

BODY (REF.-WEIGHT TREND CURVE, FIGURE 3.23) 8509 LBS

W. = 126.0 (K)0+308

B
w,\0:-7(s 0.5 0.2,,10.3
K= X £ BY(L, + L v +
A X (B) ( £ Rw) (Loglo D) (Ap 1) (N)
104 103
WHERE :
WB = Weight of Body
Wyg = Weight of Fuselage and Contents = 46,900 LBS
GROSS WEIGHT = 74,749 LA3S
3 LESS
| ROTCRS -5,246
WING -4,328
ENGINE SECTION - 948

PROPULSION -10,476
ROROR CONTROLS -1,511

TILT MECHANISM - 650

FUEL -4,448

= TRAPPED LIQUIDS - 115
OIL - 132

TOTAL W =46,900 LBS

S¢ = Wetted Area = 346.4 FT?

B = Body Width = 14.8 FT

L = Length of Fuselage = 92.5 FT
Lgw = Length of Ramp Well = 0 FT

Vp Dive Velocity = 360 KNOTS

Ap = Limit Differential Cabin Pressure = 3,13 PSI

N = Ultimate Load Factor = 3.75

i I‘,;!;
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0.7 0.5
X = (46,900) (34@&) (14.8) (92.5+0)°*3 (Log, ;360)

10" 103

(3.13+1)9-2(3.75)0-3

= 7372.5
Wg = 126 (7372.5)°°°%% = 11,618
Reduce for Composite
.302 X 11618 = -3,509
8,109
Add Air Stairs (1) +400
8,509

LANDING GEAR (4% DESIGN GROSS WEIGHT)

0.04(74,749) = 2,990

ENGINE SECTION (52% ENGINE WEIGHT)

0.52(2611) = 1,358

Reduce for Composite
.302(1358) = =410

ENGINE SECTION WEIGHT

948 LBS

ENGINES

ENGINE INSTALLATION (31% ENGINE WEIGHT)

(0.31) (2611) = 809

FUEL SYSTEM (4.9% FUEL)

(0.049) (4448) = 219

305

(2.95) (3.46) (14.8) (9.62) (2.56) (1.33) (1.49)

2,990 LBS

948 LBS

2,611 LBS P
809 LBS

219 LBS



DRIVE SYSTEM (REF.~WEIGHT TREND CURVE, FIGURE 3.25 )
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6,836 LBS

in Main Drive = 4

- 0.67
HPX1.1 0.25
K -( -?Eﬁr—‘)(Z) (Kqp)
WHERE:

Wpg = Weight of Drive System

HP = Total Horsepower = 16,579

RPM = Rotor Design RPM = 262.9
% = Number of Stages

Kp = Configuration Factor = 1.3

= [16579 X 1.1 0.25
K - 4 .3 -
( 3639 ) (4) @.3) = 127.53
Wpg = 265.5(127.53)%:67 = 6,836

FLIGHT CONZROLS (FLY-BY-WIRE)

Cockpit
W 0.41
10"
WHERE
Wbc = Weight of Cockpit Controls
Wg = Design Gross Weight = 74,749 LBS
0.41
103

Reduce for Fly-By-
Wire 0.29(152) = -44
TOTAL COCKPIT CONTROLS= 108

i) ;*

306
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continued

Rotor Controls

WHERE :

Wpe = Weight of Rotor Controls

Wp = Weight of Rotor = 5,246 LBS

Wee 0.30(5246)

1574

System Controls

0.84

Wen = 45 (V—JB-—

sC 100
WHERE :

Woeo = Weight of System Controls

Wg = Weight of Rotor = 5,246 LBS
0.84
5246
Wge = 41 ( 100 = 1141

Reduce for Fly-By-
Wire 0.20 X 114.1 = -228

TOTAL SYSTEM CONTROLS= 913

Airplane Controls

WHERE:

Wac = Weight of Airplane Control System

Wg = Design Gross Weight = 74,749 LBS

307
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continued

WAC = 0.011(74,749) = 822

Reduce for Fly-By-
Wire 0.2(822) =-164

TOTAL AIRPLANE CONTROLS = 658
SAS - Estimated Weight = 150 LBS

Tilt Mechanism

Wpy = 0.010 (Wg)

WHERE:

Wy

Weight of POD Tilting Mechanism

wg = Design Gross Weight = 74,749 LBS

WTM = 0.010(74,749) = 747

Reduce for Fly-By-

Wire 0.13(747) = =97
TOTAL TILT MECHANISM 650

SUMMARY OF FLIGHT CONTROLS WEIGHT

COCKPIT = 108
ROTOR = 1,574
SYSTEM = 913
AIRPLANE = 658
SAS = 150
TILT MECH. = 650
TOTAL 4,053
FIXED EQUIPMENT (Ref. - Table 3.15) 12,348 LBS
308
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3.3 Noise

The prediction of aircraft exterior perceived noirae levels
was based on rotor noise prediction methodology which has
been under development, at Boeing Vertol, over the past
several years. The underlying approach is derived from that
developed by Ollerhead and Lowson and reported in USAAMR-DL
TR68-60. The procedure, which starts with airload distri-
butions in the rotating system and calculates sound press-
ures at any point in the stationary system, is mathematic-
ally rigorous but is limited by the accuracy of the assumed
airloads. Since many airload harmonics are required to
calculate one sound harmonic, and since many sound harmonics
are required to define an acoustical spectrum, definition

of higher frequency airloads than are analytically derivable
is required. As a result the basis for rotor noise input

is experimental data.

Boeing Vertol has been expending considerable effort through
Government and Company funded research programs in order to
establish a reliable basis for calculating rotor noise.

Two approaches have been taken, the first involves assuming
airloads and calculating noise for comparison with sound
pressure data, the second approach utilizes measured air-

loads and uses these as analytical input.
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Work done with helicopter rotors using assumed airloads
as input is illustrated in Figure 3.33which compares
predictions using the Lowson-Ollerhead Program (Heron II)
with a revised program (ROTNO) which, among other changes
revised the "harmonic loading law" and resulted in better
correlation with test data.

Since tilt rotors employ greater blade twist which moves
the peak pressures further inboard, and since the tilting
rotor has greater variability in inflow direction, further
modifications to the program are required. An initial
study entitled "Optimal Noise Reduction T'rajectories for
Tilt Rotor Aircraft" (NAS2-5025) considered loading law
variations due to nacelle position, and proximity between
rotor blades and tip vortices shed by other blades in the
system.

Correlation of measured pressures and acoustical data on
an 8-foot diameter model blade, performed under Contract
NAS 2-5473, is shown in Figure 3.34. This work was used
to refine sound pressure predictions for tilt rotor air-
craft.

With respect to broadband (sometimes called Vortex) noise
the state-of-the-art of prediction is even less establish-

ed. To date no fundamental derivation based on a verified

310
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CH-47 ROTOR ON TOWER

ROTOR TI® SPEED = 700 FPS
T=17,700 LB

.NE
o \
q'Z N
[}
100
2 \
% 0\
ﬁ \
[-—~L ROTNO PROGRAM WITH
%0 N, \ MODIFIED AIRLOADS
\ j
3 Q\ - TEST DATA
' = 4
\ -
. N\ L / [
: R
(% ™ i
! ~ Tr T —
- ~ \
g.’ ~
- >”-
7] s, T~
0 HERON 11 PROGRAM -
9 ==
70 ™
B4 '\_~~
a ~
g ‘% —
75}

NOISE HARMONIC NUMBER -mB

FIGURE 3,33. COMPARISON OF ROTATIONAL NOISE PREDICTION METHODS.
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method of noise generation has been developed although
several empirical fcrmulas exist in the literature. Of
these, Boeing Vertol has found that the method of
Schlegel, King and Mull (U.S. AAVLABS Report TR 66--4)
appears to follow trends as well as any available pro-
cedure, but is generally low with respect to absolute
value. Therefore the broadband noise prediction is based
on the above method with 5 db added at all frequencies.
This assumption is the same as that arrived at independent-
ly by Ollerhead and Lowson and discussed in their report
TR 68-60 previously mentioned.

Boeing Vertol also has an operational computer program
which uses flight trajectory and operating parameters
(e.g. thrust, tip speed, etc.) to predict 1/3 octave
spectra at specified ground locations. This method was
used to predict the perceived noise level time histories

given in volume 1.

312
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3.4 FLYING QUALITIES
3.4.1 Tandem Rotor Helicopter Flying Qualities

The stability and control data for the tandem helicopter was
evaluated using trim and stability computer programs developed
and validated at Boeing Vertol. The fuselage and pylon con-
tribution to the derivatives are obtained from wind tunnel data
for similar configurations. The computer program used to ob-
tain the overall aircraft derivatives is A-97 which determines
both trim conditions and the stability derivatives. Derivatives
for hover and cruise at extreme c.g. conditions for a range of
gross weights are presented in Tables3.25a through 3.25j. The
non-dimensional form of the derivative is discussed below. The

sign convention conforms to the stability axes rotation.

To evaluate gust response a CSMP program was written for gust
analysis and the aircraft response on a range of (l-cosine)
gusts of varying length was determined.

Derivative Units

The X, Y, and Z force derivatives have been non-dimensionalized
by mass, and the L: M and N moment derivatives have been non-
dimensionalized by inertia. The derivatives are therefore ex-
pressed in terms of linear (ft/sec?) and angular (rad/sec?)

accelerations per unit perturbation.

The unit pert.cbations are expressed in the following units

u, v, w linear velocities ft/sec
Pr 9, X angular velocities rad/sec
§gr 8gs Sps 8¢ control inputs in.
) B, o angles rad
314
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I

3

378 4761

v STABILITY DERIVATIVES QUTPUY

[

MASS
1.3364383D 93

Xy

XV

Xw
-1,193799n-02
3.4768700-03
1.15959710~02

Al

v

i
1.185986D0-02
1.2215190-03
-3,2430430-01

sy

iy

\‘w
2449C¢4840)-03
3.5738240-05
-3,0625%%90-03

YU

Yv

YW
~3.9968270-03
-2.2314190-01
1e259%6100-03

tv

LV

LW
-1.3992150-03
-5,65450006-03
5.1656660-04

LRV

MV

NwW
~2,460277D0-05
1e6309740=-03
~2,244434D-04

IxX
7.2G0000% O

Xp

xXQ

XR
€+294131D-01
4 ,1659500-02
-1.545294D-01

0

ZQ

LR
~2.1215350-01
-2.416173D 0)
~1.534334D-01

Mp

#Q

VR
-1.67199490-02
“T.nl131120~11
-1.6315150~01

YP

YQ

YR
-6, 71966 30-n1
71.281741D-01
9,2157110-03

LP

LQ

LD
=7 ahb4eMM=-01
4, 7299u20-01
4. 7803330-02

NP

NQ

NR
-1.516495D-03
~1.056945N=-01
=4 4 N6Y9ITHN=122

Yy
Le061000D N6

XDELB

XDELS

XDELR
2.254915D0-01
-1.3618480-02
-8+9604450-02

LOFLB

ZOELS

LDELR
5.306103D-02
-2.5325750-03
-1.0574700-02

MOELSB

“MDELS

AUELR
1.9872950~01
2.47139%60-04
%4.1704920-03

YNELB

YDELS

YDELR
-2. 138540002
1.12491010 00
6. 1582550-02

LOELB

LOELS

LDELR
~2.5614980-02
4,7207160-01
-245236960-91

NNELB

NDELS

NDELR
L.783752D-02
31.,649387TN-04
1.246172D-01

122
1.0210000 06

XDELTAC

X3ETA

XALPHA
4.7951020~01
1.1067220-02
3.691111D-02

20FLTAC
ZBETA
ZALPHA
-1.069029) 01
3.8882150-03
-1.0322930 Q0

MDELTAC
MBETA
MALPHA
-8,4296460-02
1.137584D-04%
-9.748524D-03

YDELTAC
YRETA
YALPHA
4.672216D-02
-1.0235%92D0 49
3.9967320-03

LOELTAC
LBETA
LALPIHA
1.493794D-93
~1.79$883D-02
1.6442520-03

NDELTAC
NBETA
NALPHA
-6,319452D-03
5.1915520-03
-1,032751D-03

TABLE 3.25a . TANDEM HELICOPTER STABILITY DERIVATIVES:
Gross Weight 43,000 b
(“) Airspeed 0 Kt
— C.G. Mia
L4 Altit\lde SQL.' 9°°F

315 ’



PROG A9760 JOB 5861

r

TABLE 3,25b

MASS
1.7871580 03

Xy

XV

XW
-1.5177060-02
4.8135150-03
8.6670910-03

v

v

A
9.8958420~903
2.7193520-03
-2.560641D~-01

MY

MV

W
2,5720150-03
1.7685910-04%
-4.N927330-03

YU

Yv

YW
-5.3906340-03
-3.193614D-01
1.3642520-03

LU

Lv

Lo
-1.5818350-03
-1.1365370-02
8.119156D-04

NU

NV

NW
-8.608948D-05
3,1109110-03
-5.,1823160D-04

STABILITY DERIVATIVES CUTPUT

I XX
$.5000020 0%

Xe

XQ

X
5.3771530-01
5.4084010~-01
~1.4506100-01

P

Q

1P
~1.8179470-01
~2+.%449744D Q)
-8.16%1560-03

MP

MQ

MR
~1.4499370-02
-7.2488210-01
-2.0555320-01

Yp

YQ

YR
~9.867596D0-01
7.0829070-01
l.5685840-04

LP

LG

LF
-£.6996750-01
4.3875380-01
6.569061D-02

NP

NQ

NR
-1.1827810-01
~5.646788D-02

Gross Weight

Airspeed
C.G%
Altitude

316

Iyy
1.1610000 06

X0ELS

XDELS

XOELR
1.7356020-01
-2.1856%8D0-02
-1.165633D0-01

LDELS

LOELS

LOELR
3.963809D~-02
-7.483089D-03
-2.9613590-02

MDELB
MDELS
MDELR

1.8676730-01

5.9678910-04

543543890-03

YOELB

YDELS

YDELFR
=4,7529540-02
1.1283890 00
2.506354D-01

LOELB

LDELS

LOELR
-2.868233D-02
4.,242276D-01
-2.0991730-01

NDELSB

NDELS

NDeLR
1.9795050-02
-1.669094D-04
1.4S973670-01

TANDEM HELICOPTER STABILITY DERIVATIVES

57,500 Ib
0 Kt
Fwd
S.L., 90°F

|

D210-10858-2

122
1.1210000 06

XDELTAC

XBETA

XALPHA
3.7949400-01
1.53219C0-02
2.7588210-02

ZDELTAC
18ETA
ZALFHA
~8.3765670 00
8.655965D-03
~8.1537720-01

MDELTAC
MBETA
MALPHA
~1.1541340-01
5:.6296010-04
-13027730-C2

YDELTAC
YBETA
YALPHA
5.1775470-02
-1.0t6559N 00
4.3425500-03

LOELTAC
LBETA
LALPHA
8,3910090-03
-3,7768640-02
2.5844080-03

NOELTAC
NBETA
MALPHA
-9.667272D-03
9.,9023380-03
-1.6465820-03




PRIG A9T740 JUB 6022

I

D210-10858-~2

*STABILITY DERIVATIVES OQUTPUT

MASS IxX tyy 1z
1.7871580 03 9.5000000 04 1.1610000 06 1.1210000 06
xu Xe - XOELS XOELTAC

o Xv XQ XDELS XBETA
XW XR XCELR XALPHA
-1.5093490-02 7¢3534460-01 1.7079100-01 3.6920010-01
4.3041220-03 5.1331790~-01 =-9.933565D0-03 1.37C00450~-02
8.5480490-03 ~-1.4712530-01 -1.1668660-01 2.7209280-02
Y} P ZDELS ZDELTAC
v Q Z0ELS IBETA
W IR Z0ELR ZALPHA

1.9529550-03
4,7909120-04
-2.5647880-01

-2.1731050~-01
~1.528354D0 00
-1.7712250-01

9.582708D-02
-2.623852D-03
=6+.5316940-03

-8.4405490 00
1.5250140-03
-8.1639750-01

MU MP MDELSB MDELTAC
MV MQ MDELS MBETA
My MR MDELR MALPHA

2.4957100-03
-1.7152720-04
-2,207089D-03

-2.2587800-02
-6.98674950-01
-2.0615260-01

1.876956D-01
-5.9134190~06
4.7552650-03

-6.3560210-02
-5.4598890-04
-7.0253820-03

| YU Yp YOELB YDELTAC
YV YQ YDELS YBETA
YW YR YDELR YALPHA

~4,4583370-93
=3,1995740-01
8.,2270120-04

-9.9600240-01
71.7223180-91
-1.5050530-02

-7.5333910-03
1.1314060 00
~-8.,0652960-02

4.1569320~02
-1.0184560 00
2.6187350-03

LU LP LCELB LDELTAC
Lv LQ LDELS LBETA
LW LR LCELR LALPHA

-1.5207980-03
~1.22€0370-02
3.5493780-04

-7.039221D-01
4.5989226-01
5+4979050-02

-240065330-02
443715770-01
=2.792247T0-01

-8.1108330-05
-3.9025910-02
1.12%58020-03

NU NP NOELS NDELTAC

NV NQ NDcLS NBETA

NwW NR® NDELR NALPHA
~8.26462490-05 1.0563380-03 1.9749300-02 ~7.0482580-03

1.0036490~03
~2.8104540-04

-1.1643450-01
~544847410-02

3.955523D-04
1.9203960-01

TABLE 3.25c. TANDEM HELICOPTER STABILITY DERIVATIVES
Gross Weight 57,500 1b
() Airspeed 0 Kt
! C.G. Aft
4 Altitude S.L., 90°F

317

3.1947130-03
-8.9459520-04




PRUG 16749

JCB 6022

¢ STARILITY CERIVATIVES QUTPUT

MaSS
2.,08786¢0 03

XL

4 XV

X%
-1.74750€D-02
5.5282110-03
7.18727€D~-03

L

Zv

%
B8.4849420-03
2.51861€0-02
-2.242612C-01

MU

MV

Mh
2.€3723720-02
1.312306C-04
-4,CC275CC-03

Yu

Yv

Yh
-6.1131840-03
-3.1827< 8D-01
1.085019C-03

Ly

Lv

Lh
-1.854106C-02
-1.,5¢62690-02
7.7C81720-04

NU

NV

Nw
-1.279124C-006
3.2S89)C0-03
-5.4€376%0-04

TABLE 3.25d.

IXXx
1.05C0000 95

Xp

XQ

XR
5.71€4030-C1
7.871022D-01
-1.3171430-C1

P

Q

LR
-1.383697D0-01
-2.09(Cs61D CO
-7.6136250~-C4

MP

MQ

MR
~1.7€¢3350-C2
~7.170¢32D-01
~-2.32719720-901

Yp

YQ

YR
-1.1640050 3C
7.27280€620D~Cl
~1.28700690-02

LP

LQ

LR
-6.948¢25D0~01
4.52172500-~C1
7.681139D~02

NP

NQ

NR
-1.2779700~-C2
-1.2571190~01
-6.523¢210-02

Gross Weight

Airspeed
C.GQ
Altitude

318

Iyy
1.2010000 06

XDELB

XDELS

XCELR
1.4832600-01
~2.2654550N-02
-1.3¢€8577D-01

2CELB

ZCELS

ZCELR
6.0796310-~02
-6.5327560-03
~2.7664060-02

VOELS

MOFLS

MCELR
1.8258820-01
5.6528760-04
6.5604160-03

YDELSB

YCELS

YDELR
-4,2753450-02
1.1272200 00
2.20865670-01

LCELSB

LDELS

LCELR
-2.8668140-02
4.25363¢D-01
-242169670-01

NDELB

NCELS

NCELR
2.1€29550~02
-2.915836N-04
1.6859770-01

TANDEM HELICOPTER STABILITY DERIVATIVES

67,175 Lb
0 Kt
Fwd
S.L., 90°F

o

.

D210-10858-2

122
1.1610000 06

XDELTAC

XBETA

XAL PHA
3.2988280-01
1.762867D0-02
2.278264D-02

LDELTAC

IBETA

ZALPHA
-7.317565D0 00
8.0170040-03
-7.1425930-01

MDELTAC

MBETA

MALPHA
-1.1572910-01
% 176253D-C4
-1.2741150-02

YOELTAC
YBETA

YALPHA -~

5.0104780-Q2
-1.0131160 Q0
3.4537240-03

LOELTAC
LOETA
LALPHA
8.84650300-03
-5.090¢31D0-02
2.4535870-03

NOELTAC
NSETA
NALPHA
-1.0415550~C2
1.050073C~-02
~1«7/391700-C3

o |



— |

PRCG A9740  JCB 6022

o

W

TABLE 3.25e

MASS
2.C8786¢D 03

Xy

XV

xXu
-1.728748D0-02
5.0153520-03
7.166976C=-03

4V

v

')
7.2107770-02
1.5€80350-92
~2.2469670-01

My

My

MW
2+5771620-03
-7.172594D-0¢
-2.64209¢€0-03

Yu

Yv

Yh
-5.46402040-02
-3.192515C-01
3.8C3165C-04

Lu

v

Lk
-1.7€V€16D-03
-1.620€632D0-02
5.65057€N-Ch

AL

NV

Nh
-1.3139110-94
1,€647¢60~-03
-6 ,0875760-06

STARILITY CERIVATIVES OUTPUT

IXx
1.C500000 C5

XP
xQ
XR
6.7176490-Cl1
T.67C689N~C1
-1.,2879360~C1

A

n

IR
-1.89172620-01
-1.6624320 20
-1.3902870-C1

MP

MQ

MR
-2.3684710-32
~64555759D-C1
-2.29%9880-01

Yp

YQ

YR
-1.15€031D <O
7.51€164D-431
~2.35€128D0-02

Le

LQ

LR
-7.1273460D~C1
4.6125600-71
6£.8916820-C2

NP

NQ

NR
-1.64356G6D-C3
-1.2363¢80-{1
-6.782330D-G2

Gross Weight

Airgpeed
C.G.
Altitude

319

Ivy
1.201J200 06

XCELD

XDELS

X0ELR
l.4767620-01
~1.5317150-02
-1.3757170-01

{OELB

ZDELS

ZCELR
8.0158810-02
-3.5876270-03
~1.€555290-02

MCELD

MDELS

MBDELR
1.8309930-01
2.5490940-04
5.8C051CC0~-03

ycoLs

YOELS

YCFLR
-2.CR235GD0~02
1.12E58SD 00
5.1882230-02

LCELD

LLELS

LCELR
-2434C235D-02
4.36°4196-01
-2.€285150-01

NCELD

NDFLS

NCELR
2.8776110-02
1. 3CC&£540-04
1.7C73800-21

TANDEM HELICOPTER STABILITY DERIVATIVES

67,175 Lb
0 Kt

Aft ‘
S.L., 90°F

D210-10858 -2

121
1.16190000N 06

XDELTAC

XBETA

XALPHA
3.2490140-01
1.5964360-02
2.2%08700~C2

ZDELTAC

ZBETA

ZALPHA
~7.3512630 00
4.9913710-C3
-7.1523170-01

MDELTAC

MBETA

MALPHA
~-8.55864220-02
-2.2931080-04
-9.3681660~-03

YDELTAC

YBETA

YALPHA
%.275381D-02
-1.013026D0 00
2.8021440-03

LODELTAC
LBETA
LALPHA
3.7854310-02
-5.1586330-02
l.79%6340-03

NOELTAC

NRETA

NALPHA
-3.8630670-03
6, 3496420-03
-1.3011170-03



JUEE N E A A B B B

—

FO6 AgTag  JCB 5834 D210-10858 -2

STABILITY CERIVATIVES OUTPUT

MASS
1.32¢€4820 03

Xy

Xy

Xh
-5.451897C-02
~4.£555620C-05
8.65563€¢C-02

L

v

AL
5.228761D0-02
1.¢€127€C-02
~4.797731C-11

L4

i)

Mw
9.246106C~05
2.0€2962C-05

-4.4C6201D-C2

YL

YV

Yh
-1.7368560-03
-1.13375€0-C1
-5.641082C-03

(¥

Lv

Lw
~6.755€7¢0-04
-1.9642)C0-N2
-3,2177C27D-03

MU

]

(9
~6.,7€0¢6980-0%
2.24%4510-02
-3,310¢45CC-04

XX
7.20C000D0 04

Xp
XQ
XR
-1.96C22¢D-C1
2.13C4840 CO
2.3764800-C2

20

2Q

ZR
4.625%1€D0 CC
-1.25¢951D0 C1
-3.50€2300-C2

MP
M)
¥R
1.3228580-C1
-1.5544150 <C
-2.4262220-01

yp

YQ

Yit
~2.8244T770-01
4,64S05C0=-C1
-54341482D-C2

Lp

L

LR
=043254680-01
1.172%€90-01
-1.351470D-C2

NP
NQ
NR
3.73C¥740-C3
~6.Ch24430D-C2
~€.6G27¢£130-C2

1yy
1.8€10200 06

XCELS

XCELS

XCELR
-1.5€1217C~02
-643515350~03
-1.23E8550-01

JCELD

2CELS

LLFLR
1.1552920 Q0
~£.56658€D-02
1.565445C-01

NCELS

MCELS

MCELR
1.14213C0-01
-3.170652C-13
1.283646( -02

YCELR
YCELS
YCFLR
=4 ,44C42080-02
1.0347150 Q0
1.688525D0~-91

LCELB

LCELS

LCELR
2.21721850-02
4.5CCsT116-01
-2.026130D0-01

NCELB

ACELS

NCELR
lecabBSEL-02
3.342028C-03
le14C552D-01L

122
1.0210000 cé

XOELTAC
XBETA
XALPHA
15920160 CO
-1.3368700~-02
2.5716480 C1

IOELTAC
ZRETA
LALPHA
-1.6352160 01
5.6327160 CO
-2.526100D0 C2

MOELTAC

MSETA

MALPHA
~1.2123170-Cl
5.,5234030~C3
-1.2651850 Cu

YOELTAC

YIETA

YALPHA
-2.3965770-C1
-5.206%3930 Cl
-1.73058680 QO

LOELTAC

LAETA

LALPHA
-1.256929D0-01
-5.352€6930 CO
-9.4393540-01

NOELTAC
NAETA
NALPHA
~8.6523160-CY
6.4588680-01
-9.5J058660D-02

Qh& TABLE 3.25f ., TANDEM HELICOPTER STABILITY DERIVATIVES
Gross Weight 43,000 b
Airspeed 170 Kt
C.G. Mia

Altitude 5000', STD

, 0

320




PRLG

O

AcTag

JCH 5824

MASS
1.7€7158C C3

XL

XV

Xh
-3,7¢€3¢65C-02
B.5eCC24D~-C4
4.8C€57€C-C2

L

v

Lw
2.270008C-02
l1.7¢L1C10-02
-6,3C7238C-01

V)

MV

Mh
lené€11SC-04
2.1755926C-04
-5.64692¢(-C3

yi

YV

Yh
~2.4%46220-~03
-1.204%420-~01
~6.H16171C-03

Ly

Lv

)
-6,4G713EC~04
-l.64104%C-02
~2.5812740-03

NL

MV

N
-3.7£2521C-05
2.2C2742L-02
-6.544(RCC-04

YTABILITY CERIVAVIVES QUTPLT

(XX
G«52C000D C4

Xp

xQ

XR
1.526773D-C2
2.3317746D0 CO
3.91€07€6D-C2

P

20

IR
3.25¢0270 CO
-1.0674720 C1
-6£.65E556D-02

P

rQ

MR
1.2e0%560-Cl
-1.4532¢28D0 00
~2.4854820)~-C1

Ye

Yd

YR
-Ga327384D-01
6.86ET960-01
~1.6605410-Cl

Lp

LQ

LK
-6.3627550=C1
1.4249130-01
-G,.,56€£¢720-03

NP

NQ

NP e
~-8.342535n-C3
=2.5176510=02
-t .3 3(‘6‘0”"02

ivy
1.161000C 0o

XCELAR

XCELS

XCELR
-3.256%380-02
-1.2265380-02
-1.¢225520-~01

2CELB

2CLLS

ICELR
8,485737C-~01
~4,2£79150-02
1.654301C~01

VCELA

MCELS

MCELR
2.8CC4570~01
-4.7¢873110~03
1, CEE€7550~-02

YCELS

YCFELS

YCELR
-8,12C229C-02
1.CC78640 )0
2.5708217C-01

LCELB

LCELS

LCELR
S.£7C7520-0)
3.5€56650-~01
-1l.731056C-01

NCELB

NCELS

NCELR
5.71336£6E-013
l.8C297<0-03
«23846EN-01

o~ e

D210-10858-2

122
1.121000D C6

XDELTAC

XBETA

XALPHA
6.618385D-C1
2.4196130-01
1.2981C1D0 (1

LOELTAC
LBETA
ZALPHA
-1.1754850 Cl
4.7287650 GO
-1.7032400 C2

MOELTAC
MBETA
MALPHA
~le4442570~-Cl
5.,8759950~C2
~1.5249290 CO

YOELTAC

YBETA

YALPHA
-3.0031050-C1
-3.5779440 01
-2.€6513510 CC

LOELTAC

LBETA

LALPHA
-1.0625410-C1
~4,4315660 00
-6.970610D0-01

NDELTAC
MBETA
NAL PHA
-1+3%1408D~C2
6.2184510-Cl
~1.7073600-C1

TABLE 3.25g. TANDEM HELICOPTER STABILITY DERIVATIVES

Gross Weight
Airspeed
C.G.
Altitude

57,500 Lb
160 Kt
Pwd

5000', STD

321




=06 A9T740 JOB 5948 D210-10858 -2

PSTABILITY CERIVATIVES OUTPUT

MASS
1.7871580 03

Xy

XV

Xw
-3.829855D-02
1.48767SN-03
4.4780290-02

4V

v

w
2.38537¢0-02
1.5230720-02
-6.3C32700-01

MU

My

My
-2.770440C-04
-1.5540750-04
-1.0C94ACEN 03

Yu

Yv

Yw
-1.84%317C-03
-1.33038¢0~-01
-5.2552550-03

Ly

Lv

LW
-8.6869220-04
-1.657190D-02
-2.181695N-03

NU

NV

Ny
-3.945455D0~-05
1.5C5687N~-03
=3.386699D-04

IXX
9.5000000 04

xp

XQ

XR
3.149131D-01
1+773113D0 20
5.0026910-02

P

20

1R
3.28C%64D CO
-8,0396990 CO
-2.,6020890-01

MP

MQ

MR -
9.506712D-02
-1.35C6720 00
-2.50C2640-01

YpP

YQ

YR
-1.376090n 00
6.57£84580-01
-1.6517030-01

LP

LQ

LR
-6.8515660~01
1.7167750-01
-2.151235D0-02

NP
NQ
NR'
3.4731600-03
~3.84C4540-02
-€.61€321D-02

Gross Weight

Airspeed
C.G.
Altitude

322

Iyy
1.1610000 06

XDELD

X0OELS

XDELR
6.,4764820-02
-4.8529200-03
-1.€448190-01

ZDELB

ZNELS

LCELR
8.106575D0-01
~5.853009D-02
1.76€1350-01

MDELS

MDELS

MDELR
2.715946D=21
~-%.P489480-03
1. 196007D0-02

YDELR

YDELS

YCELR
~4,8027190-02
L.0181120 00
-8.£82088D0-03

LOELB

LDELS

LCELR
1.4932130-02
4.1062200-21
-2.3715750-01

NDELB

NDELS

NDELR
6.5%$62740-03
1.8300030-03
1.37C6600-01

TABLE 3.25h . TANDEM HELICOPTER STABILITY DERIVATIVES

57,500 Lb
160 Kt
Aft

5000', STD

122
1.1210000 06

XDELTAC

XBETA

XALPHA
6.0425720-01
4.0178450-01
1.209403D 01

IDELTAC

1BETA

LALPHA
-1.1714300 01
4.113434D 00
-1. 7023550 02

MDELTAC

MBETA

MALPHA
-5,4088670-02
~4.1971660-02
-2.7266910-01

YOELTAC

YBETA

YALPHA
~2.2269650-01
-3.5930210 0Ol
~1.4193120 00

LOELTAC

LBETA

LALPHA
~9.7000110-02
~4. 5836830 00
~5.8922090-01

NDEL TAC

NBETA

NAL PHA
~1.124011D-02
4.066483D-01
-9.0656000-02

—
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rSTABILITY DERIVATIVES OUTPUT
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QU

MASS
2.08786¢€C 03

XU
Xv
Xh
-3.14145¢D-02
2.11363CD~03
2.61632CND-02

L

v

W
7.8529220-02
1.493678D-02
-5.1799320-01

MU

MV

Pw
3.383074C-05
7.3288440-0F
-4,4C7400D-03

yu

Yv

YW
-2.890716D-03
-1.,0654710-01
~9.0338320D-03

Lu

LV

Lw
~9.4801650-04
-1.614931D-02
-2.029669N-013

NU

NV

Nw
-7.2C402CD-05
2.027020D0-03
-8.86207E5D-04

IXx
1.05C0000 05

xe

XQ

XR
2,015993n-Cl
2.1671390 30
6.1600910n-C2

P

2Q

IR
2.655278D0 00
-8.3516310 CO
~4.8383110-02

Mp

M

MR
1.07171954D-01
-1.367536D CO
-2.6120920-01

YP

YQ

YR
-1.288994n CN
7.1876950=01
=-2.,19227¢D-01

LpP

LQ

LR
=6.94¢0400-01
176 4€¢520-C1
=9.936¢370-03

NP

NQ

NR.
-8.5301330-03
~2.064901D-02
-6.5247740-02
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1vy
1.2010000 06

XDEL®

X0ELS

XCELR
-1.3923910-02
-1.6525130-02
-1.73¢4160-01

ICELB

IOELS

1CELR
6.5752070-01
~3.8G39750-02
1.5350080-01

VDELR

MDELS

VCELR
2.561844D-01
~6.,40€043D-03
1.03369600-02

YOELE

YCELS

YOELR
-8,538804D0-02
1.0160580 00
2.62C5750-01

LCELD

LCELS

LCELR
2.8122730-03
4.C161380-01
-1.,8743720-01

NDELD

NOELS

MCELR
4.€539370-03
1.1221710-03
1.5208570-01

g TABLE 3,25{. TANDEM HELICOPTER STABILITY DERIVATIVES
Gross Weight 67,175 b
Airspeed 150 Kt
C.G! Fwd
Altitude 5000', STD

D210-10858-2

122
1.1610000 06

XOELVAC

XBETA

XALPHA
2.5164470-01
5.3499830-01
6.6223830 00

LOELTAC
IBETA
ZALPHA
-9.666114D 00
3.7807710 00
-1.3111350 Q2

MDELTAC
MBETA
MAL PHA
-1.226163D-C4{
1.8575560-02
-1.,115593D0 00

YDELTAC

YBETA

YALPHA
~2.,8646630-01
-2.7728360 01
-2.2866270 00

LOELTAC

LBETA

LALPHA
-9.92585%0-02
-4,087683D0 00
~5.1374620-01

NDELTAC
NBETA
NALPHA
~1.49465250-02
5.1580920-01
~2.243153D0-01
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rSTABILITY CERIVATIVES QUTPUTY

TABLE 3.25j . TANDEM HELICOPTER STABILITY DERIVATIVES

MASS
2.08786¢D 02

Xu

XV

XW
-3,112%320-02
2.,6485550-023
2.€6433630-02

4V

1A

Iw
R.3¢2713D-03
1.286¢2¢C~02
-5.173148C~01

4"

My

M
~-1.766€95C~-04
~2.04147C0-04
-1.927282C-C3

YUy

YV

Yh
-2.7741660-02
-1.0697280-01
~1.51763¢0-03

tu

Lv

Lh
-1.0429010-03
-1.65951€0-02
-1.6¢6877¢D-03

NU

NV

Nw
-%¢31956€N-05
1.6€64415D-03
-6.9100020-04

XX
1.€500000 05

xp

XQ

XR
3.3R25520-01
1.8521980 €O
5.,1617€2640-02

P

Q

IR
2.6481920 CO
-7.508155D 0C
-1.5009820-Cl

MP
MQ
MR .
9,217588D-52
-1.2042730 CO
-2+586411D0-C1

Yp

YQ

YR
=1.3066420 C)
7.8001520-01
-2.12C0510-01

LP

LQ

LR
-7.142¢97D-01
2.07238D0-01
-1.22C7630~C2

NP

NQ

NR -
-5.1364740-03
-2.186R04N~-02
~6.9166719N-C2

Gross Weight

Airspeed
c.G’
Altitude
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tyy
1.2C10000 06

XCELY

XDELS

XDELR
3.278208D-02
~1.52€4350-03
-1.6794050-01

LDELB

IZDELS

ICELR
€.7120610-01
-4.7152760-02
2.0165240-01

MCELB

MCELS

FOELR
2.5467110-01
-6.5032440D-03
1.1251060-02

YCELR

YDELS

YCELR
-7.2261520-02
1.C1530840D 00
8.1534500-02

LCELD

LCELS

LCELR
5.,1296130-03
4.0854140-01
~2.2838800-01

NDELA

ANDELS

ADELR
5.459516N-03
1.27854¢0-03
1.5418960~01

67,175 Lb
150 Kt
Aft

5000', STD

D210~-10858 -2

1zz
1.1610000 06

XDELTAC

XAETA

XALPHA
2.1735960-01
6.7041570-01
6.6910160 00

IDELTAC
LBETA
LALPHA
-9.6%42280 00
3.2575330 QO
-1.3094540 02

MOELTAC

MBETA

MALPHA
~T.369116D-02
~5.1674730-02
~445037500~-Cl

YOELTAC

YOFTA

YALPHA
-2.4899990~-01
-2.7836890 C1
-1.9180910 00

LDELTAC
LBETA
LALPHA
-9, 2004050~C2
-4.200835D CO
-4.9834670-01

NDELTAC

NBETA

NALPHA
-1.5776020-02
4,2130510-01
~-1. 74990950~C1
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3.4.2 Tilt Rotor Flying Qualities
The stability and control data presented in volume 1 for the
tilt rotor aircraft are based upon calculated aircraft deriva-
tive data. The contribution of the airframe to the derivatives
has been estimated using DATCOM and the R.Ae.S.data sheets.,
The rotor contributions are based upon scaled M-222 test data
and calculated data to extrapclate test experience. The com-

puter programs used in this extrapolation are D-88 and C-41.

The longitudinal derivatives for the design point aircrafit are
given in Table 3.26 and include the effect of wing-rotor in-

terference.

The rotor data ased in calculation of yaw and yaw rate deriva-
tives are shown in Tables 3.28 to 3.33 the airplane lateral deriva-

tive data is given in Tables 3.34 to 3.36.

325



|
%
g

oy

ALT = 0
G.W. = 274,750
C.G. @ 25%
v CL
- (per deg)
140 .1434
180 .1481
220 .1523
260 .1545
300 .1561
340 .1601
380 .1675
C.G. @ 34%
140 .1434
180 .1481
220 .1523
260 .1545
300 .1561
340 .1601
380 .1675
G.W. = 60,000
C.G. @ 10%
140 .1426
180 .1478
220 .1522
260 .1545
300 .1560
340 .1600
380 .1674

C
(perMaeg)

-.0209
-.0275
-.0319
-.0379
-.0450
-.0529

-.0616

-.0080
-.0142
-.9182
-.0240
-.0309
-.0385
~.0465

-.0867

(pa

rad/sec)
39.55 -27.22
43.57 -24.55
45.92 -24.45
49.56 -24.88
53.83 -25.82
58.06 -26.98
61.76 -28.40
39.55 -26.25
43.57 -23.68
45.92 -23.58
49.56 -23.99
53.83 =24.90
58.06 -26.02
61.76 -27.39
39.63 -28.87
43.61 -26.05
45.94 -25.94
49.57 -26.39
53.84 -27.40
58.06 -28.62
61.77 -30.13

D210-10858-2

Cc
raéggzc)
-83.25
-82.21
-81.84
-82.55
-84.16
~-86.61
-90.09

-80.94
-79.83
-79.39
-79.97
-8l.44
-83.72
-87.00

-87.22
-86.27
~86.04
-86.95
-88.80
-91.55
-95.37

TABLE 3.26. LONGITUDINAL DERIVATIVES AS FUNCTION OF ALTITUDE,

GROS5 WEIGHT, ANC C.G.
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ALT = 14000'

G.W. = 74,750

C.G. @ 34%
v CL, CMq
140 1480  -.0061
180 .1510  -.0124
220 .1547  -.0165
260 .1566  -.0226
300 .1578  -.02°8
340 .1616  -.0376
380 .1687  -.0459

G.W. = 60,000

C.G. @ 10%
140 .1461  -.0413
180 .1503  -.0485
220 .1544  -.0536
260 .1565  -.0602
200 .1578  -.0677
340 .1615  -.0764
380 .1687  ~-.0864

TABLE 3,26,

NP%
38.09
42.21
44.67
48.43
52.87
57.29

61.19

38.26
31.32
44.70
48.45
52.89
57.30

61.20

Eﬂé
=-26.25
-23.68
-23.58
-23.99
-24.90
-26.02

-27/39

-28.87
-26.05
~25.94
~26.39
-27.40
-28.62

-30.13

D210-10858-2

~81.70
~80.42
~79.83
-80.30
-81.67
-83.88

-87.10

-87.94
-86.82
-86.44
-87.24
-89.01
-91.68

-95.44

LONGITUDINAL DERIVATIVES AS FUNCTION OF ALTITUDE,
GROSS WEIGHT, AND C.G. LOCATION (Continued)

327
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1985 T/R VTOL C.T.

Sea Level Rotor (includes circulation effects)
v FXa Fy, MYa MY& an
, 140 576 106 1884 -1878 9,150
b 180 1136 0 1946 -1745 17,140
: 220 1834 -168 1265 -1465 23,500
: 260 2439 -400 168 -1172 26,600
: 300 2900 -677 -1858 - 919 27,750
340 3250 -970 -5120 - 650 28,050
380 3450 -1294 -9400 - 380 27,400
1lb/deg 1lb/deg ft lb/deg £ft/lb/ £t 1lb/sec
deg/sec

Airframe Rotor Off

v CLawaN ‘Lag Mayg
140 .1032 .0773 .0265
180 .1035 .0791 .0265
220 .1053 .0812 .0265
260 .1085 .0839 .0265
300 .1125 .0871 .0265
340 .1190 .0910 .0265
380 .1288 .0958 .0265

TABLE 3,27 . BASELINE TILT ROTOR LONGITUDINAL
DERIVATIVES

328
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_'J" ¢ "i‘,v' v{

140
180
220
260
300
340

380

TABLE

140
180
220
260
300
340
380

TABLE

-1.3492
-1.0738
- 9135
- .8068
- 7424
- .7000
- .6739

Cny Rotors On

3.28 . Cp, DERIVATIVES

. 7287
.5400
.4323
.3387
.2800
.2430
.2175

3.29. C,

-1.3429 -1.3194
-1.0703 -1.0617
- .9125 - .9087
- .8074 - .8054
- 7434 - .7423
-~ .7016 - .7009
- 6759 - .6755
Cgr Rotors On
.7338 .6061
.5388 .4621
.4279 «3769
.3320 .2957
.2723 .2452
.2343 .2132
.2084 .1914

-1.4655

-1.1355

.9537
.8458
.7660
.7209
.6939

.9714
6917
.5373
.4644
.3385
.2898

«2567

DERIVATIVES (RADIAN MEASURE)

329
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=-1.4031
-1.1113
- .9435
- .8317
- .7644
- 7211

- .6953

« 7795
5717
.4536
.3515
.2879
.2476
«2203
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140
180
220
260
300
340
380

TABLE

140
180
220
260
300
340
380

TABLE

.9022
.8576
.8313
.8461
.8945
.9681

1.0417

Cyr Rotors On

.9566
.9114
.8834
.8946
.9395
1.0057

1.0735

.9566
.9114
.8834
.8946
.9395
1.0057

1.0735

.8877
.8415
.8151
.8318
.8858
.9668

1.0485

3.30, Cy, DERIVATIVES (RADIAN MEASURE)

3.31.

.4026
.3611
.3146
.2633
.2212
.1893
.1640

Cnp

CQD Rotors On

-.4072

-.3611

.3116

.2582

.2047

.1820

~.1562

.3544

.3293

.2904

.2432

.2035

1734

-.5100
-.4334
-.3673
-.3032
-.2524
-.2144

-.1847

DERIVATIVES (RADIAN MEASURE)
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.9455
.8987
.8705
.8834
.9336
1.0067

1.0823

~.4337
~.3845
-.3316
-.2748
-.2284
-.1936

-.1662
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140
180
220
260
300
340
380

~1.0460
-1.1455
~1.2017
~1.1862
-1.1402
-1.0921

~1.0456

TABLE 3.32, Cgp

140
180
220
260
300
340
380

TABLE 3.

.2882
.0722

-.1503

.2095

.2426

.2645

-1
-1
-1
-1
-1
-1

-1

Clp Rotors On
.0468 -1.0436
.1455 -1.1435
.2015 -1.1992
.1861 -1.1833
.1402 -1.1369
.0922 -1.0888
.0457 -1.0421

-1.0898
-1.1876
-1.2451
-1.2282
-1.1797
-1.1296
-1.0818

DERIVATIVES (RADIAN MEASURE)

CyD Rotors On

.2882 .2514
.0722 .0500
.0605 -.0753
.1503 -.1608
.2095 -.2173
.2426 -.2487
.2045 -.2693

.3634

.1116
-.0417
-.1438
-.2111
-.2490
-.2744

33, CYp DERIVATIVES (RADIAN MEASURE)

371

D210-10858 -2

-1.0803
-1.1830
-1.2414
-1.2246
-1.1759
-1.1258
~1.0779

.3070

.0769
-.0644
-.1600
~-.2231
-.2623
-.2817
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C“B Rotors On

140 +.00595 .00686 .00686 .00588 +.00681
180 +.00692 .00718 .00718 .00618 .00715
é 220 .00661 .00759 .00759 .00661 .00762
: 260 .00108 .00808 .00808 .00711 .00813
300 .00715 .00850 .00850 .00759 .00862
340 .00803 .00900 .00900 .00818 .00918
380 .00858 .00954 .00954 .00880 .00978

TABLE 3.34. Cp_, DERIVATIVES (PER DEGREE)

8

Cp, Rotors On

140 -.00482 -.00460 -.00476 -.00454 -.00449
180 -.00381 -.00342 -.00371 -.00357 -.00348
220 -.00310 -.-=3-4 -.00298 -.00290 -.00278
260 -.00249 -.00245 -.00237 -.00227 -.00217
300 -.00221 -.00219 -.00210 -.00201 -.00191
340 -.00204 -.00204 -.00195 -.00186 -.00177
380 -.00198 -.00199 -.00190 -.00180 -.00174

TABLE 3.35. CEB DERIVATIVES (PER DEGREE)

332

RSN SEICEIE R

[ ——

TR YTV



h:

140
180
220
260
300
340

380

TABLE 3.36.

Cye Rotors On

-.04217 -.04217 -.04217
-.04394 -.04394 -.04394
-.04494 -.04494 -.04494
-.04511 -.04511 -.04511
-.04512 -.04512 -.04512
-.04435 -.04435 -.04435
-.04374 -.04374 ~.04374

CyB DERIVATIVES (PER DEGREE)

323

-.04288
-.04479
-.04588
-.04610
-.04615
-.04538

-.04479

D210-10858-2

-.04288
-.04479
-.04588
-.04610
-.04615
~.04538

~-.04479

[
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3.4.3 Tilt Rotor
A. GUST SENSITIVITY REDUCTION BY DIRECT LIFT CONTROL

A.] BACKGROUND

The one hundred passenger tilt rotor VTOL transport is to
be evaluated against the gust sensitivity criteria which
requires that the incremental normal acceleration factor
per feet per second of vertical gust should not exceed a
value of .018 at 10,000 feet, growing in approximately
linear manner to an allowable An/UDE of .037 at 30,000 feet.
It was recognized in the study guidelines that unless
special measures were taken a tilt rotor itransport would
probably have aerodynamic characteristics which tended to
produce gust sensitivities above these criteria. Since
the tilt rotor transport will operate at relatively lower
altitudes and therefore in a more severe turbulence en-
vironment then most other types of passenger carrying air-
craft, a gust alleviation system based on direct lift
control is probably an essential feature for passenger
acceptance.

A.2 BASIC CHARACTERISTICS

Evaluation of the subject designs (Figure 1) at 10,000 feet
and at 14,000 feet, the optimal cruise altitude indicates
that the criterion is exceeded even at maximum operating
gross weight, while values of A,/Upp greater than 0.05 are

attained at the most likely minimum operating gross weight

334
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(minimum fuel, ten passengers). Theée are consérvative
results obtained using FAR 25-341 which addresses limit
load gust conditions rather than ride quality evaluations.

A preliminary study has been made of the requirements of

flap and spoiler operation to reduce gust sensitivity to
the criterion levels. The study indicates that this may
be accomplished with no significant weight penalty since
the flap and spoiler excursions estimated for this purpose
fall well inside the range envisioned for roll control.

A.3 APPROACH TO GUST ALLEVIATION

The conclusions in the study are based on the formulae
given in the Federal Aviation Regulations, Volume III,
Part 25, Paragraph 25-341 and on MIL-F-8785B (ASG). The
normal acceleration produced by a gust increases with the
aircraft lift curve slope and reduces with wing loading.
Since wing loading is fixed by other considerations in the
design point aircrart, lift curve slope is che parameter
which must be modified to control gust sensitivity. This
may be accomplished by the application of flap or spoiler
in proportion to change in angle of attack caused by the
gust. The system required to do this is defined by:

(a) Gain: Ratio of flap or spoiler applied per unit

. Change in angle of attack caused by a gust.
(b) Authority: what level of gust will the system be

designed to handle?
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(c) Rotor or Frequency Response: How fast does the

system need to act?

These parameters have been evaluated for critical conditions
of aircraft weight and altitude, and conservative assump-
tions have been made at each stage. Gains have been
selected on the basis of the FAR formulae while gust
intensity and wavelength is based on MIL-F-8785 B (ASG)

Gain:

At a minimum operating gross weight of 55,726 pounds at
10,000 feet and a maximum cruise speed of 296.5 knots EAS a
net lift curve slope of .05 per degree is required to re-
duce Ap/Upp to a value of .018. This is a reduction of
.116/degree to be provided by geared spoiler or flap oper-

ation. The flap and spoiler lift curve slope character-

istics are g;& .025 and .014 per degree respectively.
F

Assuming the presence of a system which applies flap or spoiler

in proportion to aircraft angle of attack, flap or spoiler

. . ac
contributions to net E—L is given by
a

da dBF da
_ 4CL,
dBF

Thus the required gains are

Grrap = .116 = 4.64 degrees per degree of gust induced
.025 angle of attack

336



D210-10858-2

and GgporLgr = .116 = 8.03 degrees per degree of gust induced
. .014 angle of attack

At higher values of gross weight these gains will result in

B it e i oA i

values of An/Ude substantially smaller than .013. It should
be noted that the FAR 25, Paragraph 25.341 formulae are for
structural type gust frequencies so that better performance
may also be expected when tvpical turbulence spectra are
associated with these gains.

Authority:

Making the conservative assumption that there is no reduction
in incremental angle of attack when the direct lift control

is working, the flap or spoiler angle demanded is

8 = G' A Q
= G. Upg radians.,
Vras
In the case being discussed VTAS = 586 feet per second so that
BF = 4.62 X UDE X 57.3 degrees
584
= .455 UDE
= r7
and BSPOILER 8,03 X UDE X £7.3
f‘H& 584
= 0,79 UDE
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Discrete Gust Representation

Following MIL F-8785B(ASG) it was estimated that Dryden scale
random turbulance may be r. ~esented by discrete gust
intensities in the range 10-15 feet per second at frequencies
in the range of the short period mode. Such gust levels require
authorities of

BrLap =  4.55 to 6.8 degrees

BSPOILER = 7.9 to 12 degrees
which are substantially less than the 20 degrees of flap and

45 degrees of spoiler provided for roll control.

Rate of Operation

A gust tuned to the highest frequency short period has a
length of approximately 255 feet. Assuming a (l-cosine)

wave form a 15 FT/SEC gust produces a maximum rate of change
of angle of attack of 10.6 degrees per second. Hence maximum

rate of application of flap and spoiler required are

8 = 4,64 X 10.6 < 50 degrees/second

FLAP

BSPOILER = £.03 X 10.6 T 85 degrees /second

Installed Control Power

The controls of the one hurdred passenger transport are designed
to meet a time constant requirement of 0.2 seconds. (Paragraph
4,1.1,3 Study Guidelines). This requires average )ates of

operation of flap and spoiler of at least
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BI-‘LAP .63 X 20 degrees/second = 63 degs/second
e S

BSPOILER .63 X 45 degrees/second = 142 degs/second
.2

Thus the installed rates of operation are more than adequate to

provide the maximum rates of operation demanded by a direct

lift control system.

Conclusions Regarding Direct Lift Control for Gust Sensitivity

Reduction

It is concluded that the control applications required to
reduce gust sensitivity to within the criteria values are
available in the basic design and that the introduction of a
DLC system would not incur significant structural load or
control power pcnalties. The only major additional system
requirements and weight penalties would be those associated
with gust sensing equipment and avionics for signal condition-
ing and transmission of commainds to the control surface

actuators. This is estimated to be approximately 35 pounds.
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3.5 COSTING METHODOLOGY

Flyaway Costs

The airframe costs were calculated using factors of $90,00

arrived at as follows:
Tilt Rotor

Airframe = Empty Weight - (wP + Wop + wEN + WAV)

Helic~opter

Airframe = Empty Weight - (wR + wDR + WEN + wAV)

Where:

W, = Weight of Props /
W.,= Weight of Drive System
W.,,= Weight of Engines

W...= Weight of Avionics

W, = Weight of Rotors

It s™ould be noted that in the equations used for calcvlating

airframe maintenance costs, which use airframe weight. the

weight of the avionics systems was included in the airfcame
since the AIA methodology does not make provision for calculating
avionics maintenance cost as a separate item.

Other major systems costs were calculated as shown below:

340
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Cost of Dynamic System

Tilt Rotor = $80 (WDR + wp)

Helicopter = $80 (wDR + W

R

Cost of Engines

Tilt Rotor and Helicopter = EN($280HP0°785)
where:
EN = Number of Engines
HP = Static SHP at SL/STD for 1 engine

Cost of Avionics

Tilt Rotor or Helicopter = $250,000

OPERATING COSTS

Direct operating costs were developed using the Aerospace
Industries Assc. ia.ion's (AIA) "Standard Method of Estimating
Direct Operating Costs of Turbine Powered VTOL Transport
Aircraft" dated 1968, modified as agreed on at the guideline
review coordination meeting, as follows:

Crew Costs

.067 Gross Weight

$/FH = 1000

+ 134

Engine Maintenance Costs

Labor ($/FH) 0.65 (AIA Costs)

"

Material ($/FH) 0.65 (AIA Ccsts)

341
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Maintenance Burden

$/FH = 1.5(DL,p + DL + DLpo)

Where:
DLyp = Direct Labor Costs for Airframe Maintenance
DLEN = Direct Labor Costs for Engine Maintenance
DLDS = Direct Labor Costs for Dynamic System

Maintenance
The selected utilizations, 2500 and 3500 flight
hours per year, reasonably cover the values for
the tilt rotor and tandem helicopter for 150 to
200 n mi average flight distances as read from the

AIA utilization curve, based on block time.

The attachment to NASA Document FPV:237-2 of Appendix 1,
Volume II list other factors used in calculating the direct

operating costs.

Cost oif Avionics

Tilt Rotor or Helicopter = $250,000

The selections of $90 to $110 per pound for airframe and $80 per
pound for dynamic system together correspond to a reasonable
number of producticn aircraft. The airframe price range also
allows for uncertainty in the production costs of advanced

materials used in the airframe design,
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3.6 DESIGN DETAILS

This section contains data on the various aircraft systems
sufficient to estimate the aircraft size, weight and perform-
ance. The systems requiring definition or configuration
selectinn are drive system, rotor system, flight-control system
and fuel system. Each of these aircraft systems are described

in the following sections.

TANDEM ROTOR HELICOPTER -~ PROPULSION SYSTEM SELECTION

The propulsion system for the design point tandem helicopter
was based upon detailed design studies and evaluations per-
formed in the design of the HLH vehicle and reported in
Reference 4 .
The final system is a three engine configuration mounted at
the rear of the fuselage. One engine is located in the rear
pylon and the other two on each side of the rear pylon. All
three engines drive into a combiner transmission box located
at the base of the rear pylon directly over the baggage
compartment., The combiner transmission drives two shafts -
one forward to the forward rotor transmission and one aft
up the rear pylon to the aft rotor transmission. A schematic
of this layout is shown in Figure 3. 35,
In selecting a propulsion system configuration, there are
four major areas to be examined:

1) Ergine location

2) Rotor - Rotor Shafting

3) Engine - dtive systems

4) Number of ergines
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SELECTED COMMERCIAL HELICOPTER PROPULSION SYSTEM.

i) FIGURE 3.35.
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Engine location was selected by considering a wide range of

. possible locations and using a process of elimination.
Engines located within the primary fuselage structure were
eliminated because of the complex fire walls required,
difficult engine access and safety problems posed by engine
failure modes.
Engines located on the upper fuselage were rejected on crash-
worthiness grounds. 1In a crash with inertia loads, primarily
down and forward, engine masses might separate from their
mounts and penetrate the passenger cabin.
Aft engine mounting arrangements are far superior from a
crashworthiness standpoint since their crash separation traject-
ories have much less chance of infringing on occupied areas
and engine fires are as far removed from passengers and crew
as possible.
The engine location decision was based upon these considerations
and, in addition, aft engine location minimizes engine noise
and vibration in the passenger area.

Rotor to Rotor Shafting and Engine Drive System

Thrree different rotor to rotor shafting layouts were considered
as shown schematically in Figure 3.36.
The relative complexity of these systems was evaluated (without
engine input gearing). Option C is superior (2gear boxes,
30 gears). This version, however, would require either an

A‘U integrally 1lubricated support bearing for the aft shaft or

lubrication lines up the aft pylon. Option B is next least

R ' 3453
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complex (3 boxes, 30 gears), and Option A last (3 boxes, 32
gears). System weight was considered, giving Option A and B
equal weight and Option C 5% heavier. Option A is best from a
CG standpoint since it provides the most forward CG. A further
advantage of Option A becomes apparent when the engines are
added to the system; since engines could be coupled in using

a short extension aft of the forward synchronizing shaft with-
out adding a gear box.

Options B and C require the introduction of engine gearing on
the forward side of the bevel pinion.

Also, Option A allowed front drive engines to be mounted witn-
out overhanging the aft aircraft contour; Options B and C
require an overhang.

Option A also rates the highest from the point of view of
airframe interface problems. The combiner gear box can be
simply supported from existing structure. Options B anéd C
need added structural support.

Option A was selected as the best overall system combining low
weight and best center of gravity with minimum additional gear

box and support structure requirements,

Engine Drive Arrangements and Number of Engines

The engine drive arrangements for two, three and four engines

are shown in Table 3-37. The preferred system is Option la (2
engines) since it is the least complex; however, the OEI
requirements for vehicle performance cause the installed power

of the vehicle to increace as engine number decreases., This

. Y47
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SYSTEM* CONFIGURATION
NOo. | wo. NO. N, WT I EVALUATION
BOXES | GEARS | SHAFTS | (T \pacmOR

M-

PREFERRED
< w TWIN=ENG INE SYSTEM: |

EASIEST POWER-
PLANT INSTALLA-
: OPTION 1A TION

: — P

3 35 4 96.9| 1.0 |MINIMUM AIRFRAME
INTERFACE PROBLEMS

SIMPLEST DRIVE
SYSTEM

SECOND-CHOICE
SYSTEM:

THREE-ENGINE

POWERPLANT
INSTALLATION
COMPLICATED BY
3 37 5 97.0! 1.02 CENTER ENGINE INLET
TWO MORE SPUR
GEARS IN DRIVE
SYSTEM

LEAST DESIRABLE
FOUR-ENGINE SYSTEM:

MOST COMPLEX

ENGINE INSTALLA-
OPTION 1B TION

THREE MORE
3 38 6 96.9| 0.96 |GEARS IN DRIVE
SYSTEM »

* DRIVE SYSTEM AND ENGINE WEIGHT AT
SAME TRANSMISSION RATING.

-

.y  TABLE 3.37. COMPARISON OF SELECTED ENGINE-DRIVE ARRANGEMENTS. h
} AND
FIGURE 3.37
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effect has a large impact on gross weighc and installed power

L n e e MRS

.- as shown in Figqures 3.38 and 3.39 , but the incremental weight
saved per engine decreases as engine number increases. Three
engines were considered to be the best compromise resulting in
the propulsion system selected for the design point tandem
helicopter. This selection was made on the basis of minimum
cost as shown in Figure 3.40 .

The three engines mounted aft drive directly into a combiner
box as shown in the schematic of Figure 3.3% The combiner
box drives two output shafts which in turn provide power input
to the fore and aft rotor transmissions. The engines are
ruoberized versions of a Lycoming LTC4V-1 rated at a maximum
power of 4820 horsepower per engine at sea level, standard day
and operating at 16,000 RPM. The combiner box has an overall
ratio of 1.6:1 with engine input gear critical mesh torques

of 2,531 foot-pounds.

Each rotor transmission has an overall ratio of 49,75:1

and transmits a maximum of 7,953 horsepower to each rotor.
This corresponds to a maximum cutput torque of 207,847
foot-pounds. The overall transmission efficiency is 97%.

Rotor System

The rotor selected for the tandem helicopter is fully
articulated and 68,9feet in diameter. The rotor solidity is
0.099 and has a 12° twist. The des’'gn tip speed is 720 feet
il per second (l.e., RPM = 200.96). The rotors are four-bladed
with fiberglass blades similar to the XCH-62 design. The

blades incorporate a multiple load path wrap around root end
34
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TANDEM HELICOPTER ~ 100 PASSENGERS
NUMBER OF ENGINES TRADE STUDY

W/A = 9.0 LB/FT?
‘ VTIP = 725 FPS

e+ ey R RTINS
+
]
'

25p- %10

15}

10p

INSTALLED POWER - SHP

2 3 4
WLG NUMBER OF ENGINES

FIGURE 3.38 . NUMBER OF ENGINE TRADE -~ INSTALLED POWER.
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TANDEM HELICOPTER - 100 PASSENGERS
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? TANDEM HELICOPTER - 100 PASSENGERS
? NUMBER OF ENGINES STUDY
W/A = 9.0 LB/FT?

VTIP = 725 FPS
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FIGURE 3.40. NUMBER OF ENGINE TRADE - DIRECT OPERATING COSsT.
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and a fiberglass D spar. The airfoil section skins are fiber-
glass crossply, stiffened by Nomex honercomb core. A titanium
nose cap provides leading edge erosion protection.

The blades are fitted with lightening strike protection,
electrical de-ice and are estimated to have a mean time between
removals of 2,000 hours.

A schematic of the hub and blade is shown in Figure 3.41.

The hub is fitted with frequency selective lag dampers.

The limi*ing factor on helicopter speed and maneuver load
factor at high speed is generally high pitch link lcads due to
stall flutter. Figure 2.42 shows a semi-empirical conservative
criteria for the inception of stall flutter and it has been
used to size the rotor solidity to maintain an adequate
maneuver margin from stall flutter. The three tandem helicopt-
ers are shown at 1 g and 1.25 g's at cruise speed.

These aircraft can pull 1.25 g's in a sustained maneuver at
cruise speed without stall flutter induced loads. A maneuver
load factor was not specified in the guidelines (Section4.0)
and is not specified in FAR requirements. However, a maneuver
capability of 1.25 g's (corresponding to a 37° banked turn
capability with a turn r&aJius of 3,227 feet at cruise speed)

is considered adequate for a commercial helicopter flying in

an Air Traffic Control System.

Fly~By-Wire Control System

The fly-by-wire control system envisaged for the design tandem
helicopter is the flight control system recently flown on the

Boeing Model 347 helicopter, except that in the commercial case

3.3
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STALL LIMIT
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FIGURE 3.42. TANDEM HELICOPTER - SULIDITY SIZING.
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a quadruple system would be used instead of the triple re-
dundancy of the 347 system. This additional channel provides
the means to design a fail operable control system. In this
context "fail operable" is intended to mean that with any
single failure the pilot suffers no control degradation.

The elements and functions of the control system are listed
in Table 3.38 and a basic block diagram schematic is shown

in Figure 3.43.

Fuel System

The location of the fuel tanks below the aft cabin floor
requires that "crashworthy" fuel cells be used. The crash-
worthy fuels cells used in the tandem helicopter design are
based on experience with the CH-47C.

The CH-47C crashworthy fuel cells were designed and developed
to meet the crashworthy requirements of MIL-T-27422B, which
requires high tear resistance and the ability to meet an
impact test of 65 feet per second. The cell construction is
of a very high strength with a tensile strength of approximately
36,000 poun-is.

To prevent the cell from tearing when installed on an aircraft
when a load is applied in any direction, all hard mounting
points are designed as frangible attachment. This will allow
the cell to move in the compartment without rupturing.

All of the connections into the fuel lines have breakaway
self-sealing valves which are designed to break when a load is
applied from any direction and seal the fuel tank and the

fuel lines. The part of the valve on the tank is designed
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to be flush with the structure so that no hang up takes place
on the structure, thus preventing the fuel cell from being
restricted in movement under impact conditions. The impact
tests carried out are the human survivable levels of 65 feet
per second with a time duration not to exceed .005 seconds.
All impact levels above this are considered to be non-

survivable and the need to prevent fire is not so great.
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SUBSYSTEMS - TILT ROTOR

Some of the subsystem requirements for the design point tilt
rotor have been established in performing the design study.
The main systems which impact the weight, cost and performance
are a) drive system, b) rotor system, ¢) control system, d)
fuel system, and e) nacelle tilt actuation.

Tilt Rotor Transmission

The transmission for the design point aircraft is shown
schematically in Figure 3.44 . In each nacelle there are two
engines which drive through overrunning clutches into the
transfer case. The drive system components are listed in
Table 3.39 with the des.gn torques and the conditions

which size each box.

nhe transfer case is sized in cruise at NRP 14,000 feet altitude
for a total horsepower (2 engines) of 5,824 at cruise RPM,

The critical mesh torque in the transfer case is 2,525 foot-
pounds at 6,050 RPM.

The output of the transfer case drives into the No. 1 bevel
box which is agein sized in cruise at NRP 14,000 feet. This
bevel has a reduction ratio of 1:2 and transmits 5,800 horse-
power at 5,05C RPM to give a critical mesh torque of 6,030
foot-pounds.

The second bevel set is sized for the same flight ccondition
and transmits 5,576 horsepower at an output RPM of 4,590 to
give a maximum torque of 6,700 foot- pounds.

The main rotor transmission is an overall 25:1 reduction ratio

360
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to give a rotor shaft RPM of 183.5 and is sized by the cruise
torque at NRP (14,000 feet) which is 164,000 foot-pounds.

The primary drive train is all sized in cruise at NRP 14,000
feet, however, the system is almost a match at hover sea level
standard .naximum power.

This bevel has a reducti-n ratio of 1:2 and transmits 5,800
horsepower at 5,050 RPM to give a critical mesh torque of
6,030 foot-pounds. The second bevel set is sized for the

same flight condition and transmits 5,756 horsepower at an
output RPM of 4,590 to give a maximum torque of 6,700 foot-
pounds.

The main rotor transmission is an overall 25:1 reduction r=tio
to give a rotor shaft RPM of 183.5 and is siced by the cruise
torque at NRP (14,000 feet) which is 164,000 foot- pounds.

The primary drive train is all sized in cruise at NRP 14,000
feet, however, the system is almost a match at hover sea level
standard day, maximum power.,

The main rotor transmission torque at sea level standard is
157,000 foot-pounds at hover RPM, The transmission is rated
at 4.5% higher torque than the ground rule rejuirement of
maximum power AEQ at sea level standard day.

The cross shaft bevel boxes are sized by the hover OEI re-
quirement at sea level 90 degrees F including a torque split
allowance to meet the hover roll co:itrol requirement.

The transmission losses used in the analysis are shown in
Figure 3.39 and combine tc give an overall transmission

efficiency of 77 T = 0.974.
363
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Rotor System

The rotor system used in the tilt rotor design is a hingeless
soft in-plane rotor. The rotor has three blades and is

56.3 feet in diameter. The rotor solidity is 0,089 giving a
blade chord of 31.8 inches. Figure 3.45 shows the characteristics
of the blade. The hingeless rotor is attractive for the
commercial application since it enables a simpler hub design

than the other alternatives (gimballed or articulated).

The rotor out~-of-plane flapping excursions are low which

should make passenger acceptance of the large rotor prppulsion
system easier. The advantage of design simplicity should
favorably impact the maintenance and reliability of the aircraft.

Tilt Rotor - Fly-5y-Wire Controls

The tilt rotor control system requires extensive mixing, gain
and shaping changes as a function of flight condition and

is, therefore, a good candidate for fly-by-wire controls. A
block diagram of a possible system is shown in Figure 3.46.
Each of the control inputs is converted to electrical signal
using linear variable displacemnent transducers. Four trans-
ducers on each control provide inputs to four fly-by -wire
channels. Lach channel drives one of four driver actuators on
each control. The main actuators are hydraulic and are dual
actuators which receive command frem the four driver actuators.
The control logic for failure sensi, 5 must be designed to
utilize the quadruply redundant system to be "fail operable”
with any single failure -:d "fail safe" with double failure.

3A5
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In this instance "fail operable" is intended to reflect no

degr-rdation of controls in the event of a single failure,

Tail Rotor Fuel System

The fuel tanks are located in the wing. Four self-sealing
integral fuel cells are used each with a capacity or 175
gallons. Each tank contains ar integral fuel pump and cross
feed valving allows for fuel re-disrtribution in flight. The
system is designed for pressure refueling aut 300 gallons per

minute and incorporates fuel dump values for jettison.

2 me .y
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¢¢‘, 4.1 HANDLING QUALITIES AND FLIGHT SAFETY
4.1.1 Handlirg Qualities Criteria (low speed powered lift mode)

Except where specific criteria are given, handling

qualities shall comply with the recommendations of

AGARD-R~577-70. Two levels of criteria are stated; the

- first is intended for normal operation and the second
for operation following any reasonable single failure
of the gas generator or control system. Definitions
of the two levels are:

Level 1l: Flying qualities are as near optimal as
possible and the aircraft can be flowby the
average commercial pilot.

Level 2: Flying qualities are adequate to continue
flight and land. The pilot work load is
increased but is still within the capabili-
ties of the average conmercial pilot.

4.1.1.1 Attitude Control Power (S.L., ISA + 31°F)

Level 1: At all aircraft weights and at all speeds up
to Veons the low speed control power shall be
sufficient to satisfy the most critical of

‘ , the two following sets of conditions.
conditions (a) -- to be satisfied simultan-
- eously
(1) Trim with the most critical CG position.
(2) In each control channel provide maneuvering
control power equal to t-e most critical
of the requirements givei. in Table 4.1.
Maximum Angular * " Attitude aAngle
Axis Acceleration afte- * 1 sec after
a Step Input == | a_Step Input
|
I
0-40 kts 40-Veq, . i 0-40 kn| 40-V o, .
Roll + 0.6 rad/sec? 1+0.4 rad/so> - ! _iU deg| + 6 deg -
D
Pitch :0f33 rad/sec? +0.3 rad/sec? + 6 degl + 5 deg
Yaw +0.25 rad/sec?|+0.2 rad/sec? + 5 deg| + 3 deg
TABLE 4.1
3 *For purposes of the design study these should be construed

as control moment/lnertla rather than acceleration measured
with a control input.
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Level 2:

These maneuver control powers are applied so
that 100% of the most critical and at least
30% of exzch of the remaining two need occur

simultancously.

‘conditions (b) -- to be satisfied

simultaneously

(1) Trim in a 25 kt TAS cross wind with

the most critical CG position

(2)

In each control channel provide
maneuvering control power equal to 50%

of the valuee given in the previous

table,

Simultaneous control power
need be no greater than 100% - 30% - 30%.

At all aircraft weights and at any speed up
to Vcon, the low speed control power shall
be sufficient to satisfy, simultaneously,

the following:

(1) Trim after any reasonable single failure

of gas generator or control system.

(2)

In each control channel, provide man-

euver ing control power equal to the
most critical of the requirements given

in Table 4

.2,

Simultaneous maneuver

control power need be no greater than
100% - 30% - 30%.

Maximum Angular * Attitude Angle
Axis Acceleration after in 1 sec after
) a Step Input a Step Input
0-40 kn 40 kn - Veon 0-40 kn | 40 kn-V¢q
Roll + 0.3 rad/sec? F 0.2 rad/sec? 3+ Sdeg| + 3 deg
Pitch + 0.2 rad/sec?| + 0.2 rad/sec? + 3 deg | + 3 deg
Yaw + 0.15 rad/secJ +0.15 rad/sec? + 2deg| + 2 deg

TABLE 4.2

*For purpcses of the design study these should be construed
as ccontrol moment/inertia rather than acceleration measured
with a control input.

A-
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4.1.1.2 Flight Path control power (S.L. to 1000 ft., ISA
+ 31°F)

‘Ta 4.1.1.2.1 VTOL (0-40 Kt TAS and zero rate of descent)

e

PO

L 2 1 o Y-

At all aircraft weights and at the conditions for 50%
of the maximum attitude control power specified in
para. l.l.1 it shall be possible to produce the follow-
ing incremental accelerations for height control.
Level i-

(a) In free air + 0.1lg

(b) wWith wheels just clear of the ground - 0.10g

+ 0.05g.
Level 2:
(a) In free air - O.lg, + C.S5g

(b) with wheels just clear of the ground ~ 0.10qg,
+ 0.00g.

It shall also be possible to produce the following
horizontal incremental acceleration, but not. simul-
taneously with height control.

Level 1: +0.15g

Level 2: +0.10g

At all aircraft weights it shall be possible to produce

the following stabilized net vertical force-weight
ratios without attitude cor.trol inputs.

Level 1: 1.05 in free air

=|=

Level 2: 1.03 in free air

E
W

4,1.1.2.2 VTOL Approach (40 kts to Vcop)

At the maximum landing weight and in 25 kt crosswind,
the aircraft shall be capable of making an approach at
2000 FPM rate of descent while simultaneously deceler-
ating at 0.15g along the flight path.

-
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3

A

It shall be possible to produce the following incremental
normal accelerations in less than 1.5 seconds for

flight path tracking when more than 0.lg but less than
0.3g can be developed by aircraft rotation using pitch
control.

Level 1: 0.1lg

I+

Level 2: + 0.05g

It shall be possible to produce the following incremental
normal acceleration in less than 0.5 seconds for flare
and touchdown control when more than 0.lg but less than
0.3g can be developed by aircraft rotation using

pitch control.

Level 1: + 0.lg

Level 2: 40.05g

It shall ke pessible to produce the following incremental
normal acceleration in less than 0.5 seconds for flare
and touchdown control when more than 0.lg but less than
0.15g can be developed by aircraft rotation using

pitch control.

Level 1: + O.lg

Level 2: 4+ 0.05g

4.1.1.3 VTOL Control System Lags (S.L. to 1000 ft., ISA + 31°F)

The effective time constant (time to 63% of the final
value) for attitude contrcl moments and for flight path
control forces shall not exceed the levels given in
Table 4.3.

Level 1 Level 2
Attitude
control Moments . 0.2 sec C.3 sec
Flight Path
control Forces 0.3 sec 0.5 sec
TABIE 4.3

The step input is assumed tu be applied at the
pilots control.

D210-10858 -2



D210-10858 -2

4.1.1.4 sStability (S.L. to 1000 ft., ISA + 31°F)

4.1.1.4.1 Low Speecd and Hovering Stability

Level 1: The short pecriod oscillatory modes shall meet
the optimum zone specified in Figure 4.1 while
maintaining other oscillatory modes damped.
Aperiocdic modes, if unstable, shall have a
time to doublec amplitude of greater than
20 sec.

Level 2: The short period oscillatory modes meet the
Level 2 Lune given in Figure 4.,1. Other
oscillatory modes may be unstable provided
their frequency is less than 0.84 rad/sec
and their time to double amplitude greater
than 12 sec. Aperiodic modes, if unstable,
shall have a time to double amplitude of
greater than 12 sec.

4.1.1.5 Miscellancous Requirements

For those aircraft which contain a tail rotor or anti-
torque device and the aircraft operating at the most
critical cambination of airspeed, altitude, gross weight
and center of gravity (c.g.), the following requirements
shall be met subsequeni to the loss of tail rotor thrust

‘!’ (ta1l rotor inteact) or complete separation of the anti-
torque tail rotor and tail rotor gearbox from the
aircraft in forward flight:

a. The longitudinal c.g. shall not shift forward more
than 25% of the tctal c.g. range.

Lo b.//The aircraft shall not pitch uncontrollably.
[

c. At the speed for minimum power required, the air-
craft shall have sufficient directional stability
to maintain level flight at a sideslip angle no
greater than 20 degrees.

d. It shall be possible to perform a safe landing on
a level paved surface without exceeding a sideward
drift component of 6 KTAS at sea level standard
day conditions.

4.1.2 VTOL Takeoff and Landing Safety Criteria

“hl With the selected takeoff or landing operational
procedure, any reasonable single failure of gas genera-
tor or control system, together with a simultaneous
discrete gust as defined by MIL-F-8785B (ASG),
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about any axis, the aircraft shall be capable of
continued sustained flight.

The airfield shall be assumed to be at sea level and
the atmosphere ISA + 31°F with a 25 kt cross wind.

The maximum takeoff weight and maximum landing weight
shall be the same.

Rolling Takeoff and Landing Safety Criteria

A requirement comparable to that given in Section 4.1.2

shall be satisfied.

climb out an?d landing gradients shall be (15:1) and
(30:1) with and without a configuration change.

conversion Requirements

1t must be possible to stop and reverse the conversion
procedure quickly and safely without undue complicated
operation of the powered lift controls.

Fuel Reserves

VTOL
Holding at 5000 ft. and 20 min,
most economical speed
Flight to alternate airport SO nm

These reserves are to be calculated on the basis
that the flight to the alternate airport shall be
at the most economic fuel consumption condition,
and the hold at 5000 ft. is on the descent at the
alternate airport.

System Failures
Upon any single reasonable failure of the propulsion

or the control systems, while at maximum VTOL design
gross weight, the aircraft shall be capable of con-

tinuing sustained flight. This includes, upon an engine
failure, sustained hovering flight out of ground effect,

sea level 90°F day, at maximum design takeoff gross
weight. An emergency rating of 1.09 times the engine
takeoff power rating is permit.ed on the operative
engines,
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4.2 PERFORMANCE
4.2.1 Aircraft Operating Capability

Maximum rate of descent for gear design shall be 483U
ft. per minute,

Airports are at sea level with an ambient air temperature
of 90°F.

4.2.2 Payload - Range

Each passenger will be assumed to have a weight of 180

1b. (160 lb. per passenger and 20 lb. of non-revenue .
baggage). No revenue cargo is assumed. Nonstop range

is standard atmosphere still air at maximum payload at

normal cruise airspeed and without using reserve fuel .

shall be as dictated in the Statement of Work.

4.2.3 Cruise Airspeed and Altitude

Cruise speed shall be as specified in the Statemernt of
Work. Cruise altitude shall be such that the cruise
distance is at least one-half of the total stage length.

4.2.4 Mission Profile

The mission profile is shown in Figure 4.2. Maximum
airapeed shall not exceed 250 kt IAS bLelow 10,000 ft.
altitude. For pressurized operation, climb rates shall
be such that the rate of cabin pressure altitude

change does not c¢xceed 500 fpm and descent rates shall
be such that the rate of cabin prescure altitude change
does not exceed 300 fpm.

4.3 NOISE LEVELS

As specified in the Statement of work.

4.4 GENERAL DESIGN GUIDELINES
4,4.1 Number of Crew and Cabin Attendants

Accommodation and equipment shall be provided for a
flight crew of two and for one cabin attendant per 50
passengers. 1In addition, some provision shall be made
on the flight deck for an occasiaonal f!ijht observer,
Each crewman plus gear weighs 190 pounds, and each
cabin attendant plus gear weichs 140 pounds,
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DESCENT
2000 ft., ———— AIR MANEUVER
ACCELERATION
AIR TO CLIMB SPEED 1000 ft. DECELERATION &
MANEUVER CONVERS ION
LANDING
TAKEOFF -—
TAXI OUT TAXI IN
TIME DISTANCE
SEGMENT VTOL VTOL REMARKS « |
Taxi Out 1 min. 0
Takecf{, Transition
& Conversion to )
Conventional Flight 0.5 min.
Air Maneuver
(Origin) 0.5 min.
Acceleration to
Climb Speed As Calculated
Climb As calculated At opti: ‘1imb Spd
. s lculated At Cons\ .t Inteqral
Cruise As Ca 1000 ft. Altitudes (Mo
Enroute Altitude Chanc
Descent to ed 5000 fpm maximum
2000 ft. As Calculat

rate of Descent

Air Maneuver at
2000 ft. (destination)

1.5 min.

Decelerating Approach
and Conversion to
Powered Lift Flight
2000 ft. to 1000 ft.

As Calculated

1000 fpm maximum
Rate of Descent

Transition and
landing from 1000 ft.
to Touchdown

‘As Calculated

1000 fpm maximum Rate
of Descent Down to

35 f¢t.

600 fpm Maximum Rate
of Descent Below 35%tl

Taxi In

1 min.

R e LM N 3,

FIGURE 4.2 V/STOI, MISSION PROFILE DEFINITION
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Aircraft Design Life

Aircraft design life shall be 40,000 hours,

Baggage Hold

1.5 cubic feelL per passenger shall be provided in locked
overhead compartment, under seat, or near door rack for
carry on luggage. 2.5 cubic feet shall be provided

for checked luggage.

Auxiliary Power Unit (APU)

The aircraft shall be equipped with an APU to meet the
needs of starting, ground air conditioning and heating.

Aircraft Materials

The aircraft designs are to be based on a 1985 opera-
tional time period. The contractor shall assume that
the airframe structural weight will ! reduced approxi-
mately 25% by the use of composite materials.

All wWeather Capability

It is to be assumed that by 1985, a system to permit

all weather operation will have been established and
that the V/STOL short-haul transport system will use it.

C.G. Limits

The allowable center of gravity travel shall be a(ﬁéif
load)shift of + 5% of the passenger cabin length.-

Cruise Stability

The aircraft ac configured for cruise flight shall
be statically stable with a stability margin of 0.05
at the critical center of gravity without stability
augmentation.

Standard weight Items

The weights shall be as provided in Table 4.4.
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ITEM

WEIGHT

WHEELS, TIRES, AND BRAKES

COMPANY OPTIMUM

INSTRUMENTS (Flight and Navigation)

ELECTRICAL (Excluding Generating
Equipment)

ELECTRONICS (Communication, Flight,
and Navigation)

AUXILIARY POWER UNIT INSTALLATION

1200 1bs.

SEATS AND BELTS

PASSENGER: DOUBLE
TRIPLE
CREW SEATS: CABIN CREW

FLIGHT CREW

16 1b/passenger
16 1b/passenger

16 lb/crew
mnember

40 lb/crew
member

LAVATORY

300 1b/unit

BEVERAGE ONLY

200 lb/total

AIR STAIR

400 1b

4.4.10 Fly-by-wire Control Systems

Fly-by-wire control systems are permitted. Control
configured vehicles (cCv), such as tailless tilt rotor

configuration, are not permitted.

4.4.11 Gearboxes

The rotor gearboxes shall be designed for the maximum
rated encine power and torque under sea level standard

day conditions.

4.4.12 Engines

Rubberized versions of existing engine designs are
permitted, as appropriate for commercial service in
1985. The engine specific weight shall be pounds
per shaft horsepower, and as a guideline example fuel

consumption values are

-~




=
-—
——
—

D210-10858 -2

4.5 PASSENGER COMFORT

;L This section is concerned with criteria related to
passenger comfort rather than passenger safety. These
criteria usually impose more severe design restrictions
than do the safety criteria. Because of their possible
impact on economics, the penalties they incur should be
carefully considered during the course of the study.

As a goal, the aircraft shall have a level of comfort
equal to that provided in the tourist section of-
commercial jet airliners. The maximum vibration level
should at least no exceed + .05g at frequencies up to
20 Hz.

4.5.1 Attitude changes in Normal Oreration

The fuselage deck attitude relative to the horizontal
shall not exceed +20 degrees or be less than -10 degrees.

4.5.2 Force Changes in Normal Operation

The maximum force changes acting on the passeuger, due
to a normal maneuver, shall not exceed

DRI 4

.; ! + 0, laterally - . . ) .
RN \ani Y 2. o
Iy . + 0.49 longitudlnally\ =TT

i —

+ 0.4g - 0.2g vertically -

These force changes are measured relative to a set of
axes fixed in the passenger seat such that, in level,
unaccelerated flight, the gravitational vector is
along the vertical axis..

4.5.3 cabin Noise

The sound level in the flight crew and passenger cabins
shall not exceed speech interference levels, namely

75 db for takeoff and 70 db for cruise. The three
preferred octave bands for this basis shall have mid-
range frequencies of 500, 1000, and 2000 Hz.

4.5.4 Ride Qualities in Turbulence

Short haul V/STOL transport missions, particularly 3

those of less than about 100 sm st:ge length, are most :
. economically operated at altitudes wiich are low ‘
e 81 compared with medium and lorng range missions operated

by conventional jet transports.
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Since the air turbulence rms level increases rapidly

below an altitude of 30,0M ft. it is clear that accep-
(~j table ride qualities are going to be more difficult

to attain in short haul V/STOL transports. It is even

possible that ride qualities considerations may have

a primary influence in both aircraft design and

operating techniques.

In Figure 4.3 an approximate boundary condition feor
acceptable ride qualities is given as a function of the
gust sensitivity parameter, an/Ugqe, versus altitude.

It is not required that initial aircraft conceptual
designs meet these ride qualities criteria. It will

be expected that final conceptual designs will be [
evaluated to determine their gust sensitivity. For

this purpose each final conceptual design will be
evaluated at cruise altitude and for cruise at 10,000

feet and the respective gust sensitivity value will be
compared with this ride qualities boundary. Should

the final design fail to meet this criteria the con-
tractor shall present the weight penalty which would

occur if the zircraft meet this criteria.

(a, = incremental normal ccceleration, g units;

Uge = derived gust velocity, ft/sec).

4.5.5 Passenger Cabin Requirements
{ > Aisle width - 19 inches
pA—
Seat pitch - 34 inches
Seat width ~ 21 inches (overall)
Dual Aisle
cabin baggage

Overhead -~ carry-on soft-type only
Under seat - room for attache case (9" x lé6" x 23")

Floor mounted coat rack (capacity for 80% of passengers)
Bevérage service

Lavoratories - one~per 50 passengers

Magazine racks - one per 50 passengers (maximum of two)

(i Folding table - one per seat

-
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Air vent - oneper passenger

Two entrance doors - one with self-contained means of
egress

Ticket center
Attendants seats
4.6 ECONOMICS

To be provided by NASA.
o
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NATIOMAL AERONAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER
MOFFETY FIELD, CALIFORNIA 94035

FPV:237-2 . February 14, 1974

Boeing Vertol Company
Attn: Mr. J. Magee
P.0. Box 16858
Philadelphia, PA 19142

Reference: Contract NAS2-3043

In accordance with the guicdzline review coordination meeting held
at the Ames Research Center on February 11 and 12, 1974, the
changes made to Appendix A of the contract Statement of Work are
enclosed.
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Woodrow L. Cook
Chief, V/STOL Projects Office
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Comem ssaems w Pews o

A t!me,histbry of afrcraft uotfon to a step coutrol Input nbo@t'cach'<
axis fs to be fnﬁuishcd. These tiue histories are required only for

the fiaal des Lgn. e
In plice of MIL-Y--37385B for gfust definitien, conlractor shall conslier
a sharp-adge gust of 15 (t anplitude, 5 sec duration, to be cousidered

herizontal, latecal and leagitudinal only.

oy i h e e s e

Sectfon 4.7 . e SR
of + 5% of passenger cubiu tength, howvever, the limits are left to the
eontractor. to provide the best eempronise between design, control ravgin,

and loadability.

Section 4.8 _

Pp-Sosiuputirp Y -

The aircraft as configured for cruise flight shall be designed to have
positive manenver stability at the critlical ceuter of gravity, uiticut
stability augrentation,

Sectfon 4.9 ) .
The wefght of 1200 pounds for standard weight itcns shall bé considered
uniastalled weight, :

Sactica b.11 ' .

Tue unain gear bosthall be flat rated to hover pover at sea level, SO0°F
at takcoff gross weight. JToput sections to rain box to be rated at
raxfnia engine output horsepcwer,

Seetion 4.12

In the sfizfng of Lhe engioes the contresctor sha2ll use a $¥C of A2 1%
fuel per hour/hwrscpever @nd on oengfne veight of 15 1b/shaft Lorsegcsar.

08 Rolg oscZ I

A-20

’,

[ J . - { . s . \‘
S ' D210-10858-2
- : .
Reference Contrvact NAS2-8048 o .
: Section 1.1 S . | ' 5

R,

- r————



