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On Calculation of Transonic Rotor Noise
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------- FW-H eq. (without quadrupole)

~——-= FW-H eq. (with quadrupole, Schmitz et al. 1981)
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O EXPERIMENT (Boxwell et al. 1979)
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Abstract

Recently,the paper airplane are booming gradually recreation.Also,the study
of structures and aerodynamic characteristics are reviewed for the paper airp-
lane,This paper suggest the know-how about the skills of making and adjustment
of the flight in consideration of high performance,when the theory tied up wi-

th skill.Let us try to make and fly.
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Disaster Relief Helicopter, KV107H A
Motoi Yoshiwaka
Helicopters are the type of aircraft best suited for disaster relief
activities in the early stages of a major disaster.
In this paper, disaster relief helicopter KV107H A, developped by Kawasaki
and operated in Saudi Arabia, are described.
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Albert Einstein was supposed to have said "Every-
thing should be done as simply as possible, butno sim-
pler". Stated another way: When addressing a com-
plex, difficult problem, use the simplest approach that
yields a satisfactory solution. The statement can be
shown to be valid in many aspects of human endeavor,
including government, politics, science and technol-
ogy. Itisinstructive for us in the helicopter community
to review how this philosophy has influenced the devel-
opment of the inherently complex helicopter, how it
will affect future developments such as high speed ro-

torcraft, and how it determines good research.

Helicopter Development

The helicopter is a more complex system than the
fixed-wing airplane because of its dual vertical lift and
forward flight capabilities. Thus, following the suc-
cessful demonstration of fixed-wing flight by the
Wright brothers in 1903, helicopter developers faced
design problems in overcoming unequal lift generated
by the lifting rotors in forward flight, canceling gyro-
scopic precession with changes in attitude, providing
large lightweight power plants for hover and vertical

flight, incorporating anti-torque measures, providing

stability and control mechanisms that could operate
from zero to cruise speeds, ensuring minimum struc-
tural weight, aerodynamic drag and vibration. In the
forty-year period following the beginning of airplane
flight, early helicopter developers addressed these

problems with complex, multi-rotor configurations.

Typical of that era was the Ochmichon helicopter
(1923)that had four rotors and no less than five subsid-
iary variable-pitch propellers, and the Pescara design
that had two contra-rotating rotors, each of which
consisited of four biplane-type blades (1924). Complex
problems were solved with complex solutions, and al-
though these aircraft demonstrated some flight capabil-
ity, they were not practical, cost-effective machines. In
that same decade, however, a relatively simple solution
to rotating-wing flight was supplied by de la Cierva
with his autogiro. By incoroprating flapping and lag
hinges with cyclic and collective pitch controls, he ef-
fectively solved almmost all of the problems that
plagued the lelicopter developers of his day. Although
the autogiro did not possess true vertical flight capabil-
ity, it is not surprising that the first successful produc-
tion, multi-use helicopter was the simplest configura-
tion - a single lifting rotor incoroprating cyclic and col-

lective pitch controls. It was Sikorsky's R-4 helicopter,



introduced in 1943, but based on the ilegantly simple
Ciervo rotor system. The single lifting rotor configura-
tion encompasses the large majority of helicopters fly-
ing today, and is proof that Einstein was correct. The
successful helicopter is more complex than the airplane
because of its vertical flight capability, but is the least
complex rotorcraft configuration. Thus, it is as simple

as possible, but no simpler!

High Speed Rotorcraft

Because the lifting rotor flies edgewise through the
air and provides its own propulsive force, it has limited
maximum speed. Speed limitations can be delayed by
partially or completely unloading the rotor with a fixed
wing, by supplying additional propulsion, or by tilting
the rotors, to name but a few such approaches. Scores
of such configurations have been studied in parallel
with the pure helicopter since the beginning of this cen-
tury and continuing until today. Flight tests of some
such aircraft demonstrated substantial speed increases
compared to the helicopter, e.g. 300 mph versus less
than 200mph. The speed increase, of course, is realized
through additional complexity that translates to larger
empty weights and increased production and operating

costs.

There is no question that the pure helicopter is the
simplest and most cost effective vehicle having vertical
flight capability and modest forward speeds. The fixed-
wing airplane, once airborne, is the simplest and most
cost effective aircraft up to and beyond hypersonic
speeds. Except for very narrowly defined missions,
largely unidentified as yet, a hybrid aircraft that is nei-
ther a pure helicopter nor a pure airplane is probably not

simple enough to be cost effective.

Helicopter Theory

The Einstein maxim applies to helicopter theory and
design analyses as well. The helicopter is a complex

vehicle that operates in a very complex flow field with

many mutual interactive effects. Nevertheless, rela-
tively simple theories that are used to explain and pre-
dict helicopter behavior often are as successful, and
sometimes more so, and certainly easier to apply, than
complex analyses that try to account for all possible pa-
rameters and influences. This suggests a "down-up"
approach, as opposed to a "top-down" approach. Thus,
the simplest theory should be applied to a given situa-
tion, provided that it was previously verified by good
experimental data. If there is a discrepancy, one or
more of the simplifying assumptions is eliminated to
see if the agreement with the data is improved suffi-
ciently for the intended use. If so, there is no need for
further complexity. This approach is in contrast to de-
veloping complex computer codes that account for all
known parameters and that strive to eliminate all pos-
sible assumptions. When applied to cases wherein a
simpler analysis would be sufficient, this "top-down"
approach may be more prone to computational errors,
may be less open to physical interpretation, and is cer-

tainly more costly to apply.

Numerous examples can be given to illustrate the
concept. Consider the use of momentum theory in heli-
copter analyses. Simple momentum theory with uni-
form inflow is sufficient to predict, for low and moder-
ate disk loading helicopters, power requirements in for-
ward flight. Blade-element/momentum approaches
(omne step up in complexity), can predict blade load and
wake velocity distributions fairly well, except in the vi-
cinity of the tip. Vertex models of varying degrees of
complexity (rigid, prescribed and free wake analyses)
are available for various uses. The simple, rigid wake
analysis is sufficient to predict flapping behavior in for-
ward flight, whereas the more computationally com-
plex prescribed and free wake analyses may be neces-
sary to predict outboard-blade loading for high disk
loads. It is well to remember that complex analyses,
such as free wake, are prone to exhibit numerical insta-
bilities and may over predict higher harmonics of blade
loading. The inclusion of unsteady aerodynamics,
compressibility effects, and blade-vortex interactions
are often necessary to explain experimental phenom-

ena. Simultaneous inclusion of all such parameters,



however, leads to extremely complex programs and
may mask the dominant effect and thus the understand-

ing of each parameter.

In conducting research that is aimed at advancing
understanding of helicopter behavior and the ability to
predict such behavior, the "bottom-up" approach sug-
gests that:

+ Search for significant or dominant, as opposed to
all, parameters to explain specific behavior.

* Verify analyses with small and large scale experi-
ments that are planned to provide verification.

+ Use a combination of simplest verified analyses
and experimental data to develop good predictive
capability.

+ Use simplified analyses for the design and optimi-

zation process.

In contrast, the "bottom-up" approach suggests what

not to do:

+ Avoid very complex, large-or full-scale test set-
ups that attempt to measure everything.
* Don't rush into early development and flight tests
before doing extensive analyses and small-scale
wind-tunnel tests.
+ Don't expect basic understanding to come from

complex, complete system tests.

International cooperation in conducting and dis-
seminating research information should be encouraged.
In brief, the development of tools for building improved
rotorcraft should be freely available, although the appli-
cation of such tools to develop specific aircraft is recog-

nized as proprietary.

Future Trends

Current emphases in helicopter design for future
generation systems stress reduced life cycle costs, in-
creased reliability and safety, improved handling quali-

ties with automated "user-friendly" controls, reduced

vibrations, lower internal and external noise, and less
importantly, higher cruise speeds. Although some of
there appear contradictory, and indeed are, many im-
provements can be achieved with an improved under-
standing of the aerodynamic, dynamic, structures and
other disciplines that govern helicopter behavior, and of
their interdisciplinary nature; with incorporation of
multi-disciplinary, computationally efficient design op-
timization techniques; and with advanced manufactur-
ing methods. Greatly reduced vibration levels, for ex-
ample, can be realized by reducing the vibratory forces
at the source, instead of by costly and heavy active vi-
bration suppression systems. This can be achieved by
properly tailoring the spanwise and chordwise mass and
stiffness distributions of composite rotor blades. Im-
proved performance and lower noise at little or no in-
crease in weight or complexity can be realized through
proper three-dimensional design of the rotor blades as
pioneered by Westland's BERP blade. Soft in-plane
bearingless rotors offer simplicity, reliability and lower
weight than comparable rotors with articulated rotor
systems Advanced turbine engines, transmissions and
shafting offer promise of increased reliability and de-
creased weight and noise, as does advanced technology
anti-torque/directional control systems. The exploita-
tion of smart structures technology to rotors, driven by
improvements in actuators, sensors and distributed con-
trol systems can bring about a number of advantages:
redundancy (multiple actuators per blade); efficiency
(allows azimuthal and radial distribution of loads); IBC
(individual blade control for vibration and noise reduc-
tions); 2/rev. control possible (to alleviate dynamic stall
and advancing blade transonic drag); multiple harmon-
ics (to minimize dynamic stresses and gust loading);
wide frequency band including non-harmonic input (for
noise control); lower power requirement; and less com-
plexity of swash plate actuation. The achievement of
these advances are dependent in large measure on ex-
panded research programs carved out by a partnership
of universities, government research laboratories and

the rotorcraft industry.

In summary, future helicopters will have features

that include: all-composite rotor blades which feature



advanced transonic airfoils and tip shapes; low drag
composite hubs with 60 percent fewer parts than their
metal counterparts; high-strength, light weight compos-
ite materials that comprise almost all of the airframe's
control and drive systems, and its primary and second-
ary structures, encompassing major elements of its
landing gear and much of its rotor system including the
hubs and upper controls; extensive streamlining which
includes retractable landing gear; vibration isolation
modules for the cockpit and cabin; a cockpit module

with an integrated avionics system that contains a digi-

tal automatic flight-control system with provisions for
installation of fly-by-wire or fiber-optic flight controls,
cathode-ray-tube displays that can be accessed through
multi-function keyboards that permit and other func-
tion; a 200 knot design cruise speed, a light-weight pro-
pulsion system; and a rotor system incorporating smart
structures technology. The inclusion of advanced fea-
tures will increase the benefit/cost ratio and will not
violate "Everything as simple as possible, but no sim-

pler™!

A UNIVERSITY CENTER FOR ROTORCRAFT EDUCATION AND RESEARCH

Alfred Gessow
University of Maryland, USA

University training of a comprehensive nature in
acronautical(i.e. fixed-wing aircraft) technology has
long been available worldwide at a large number of
high quality, degree-granting institutions. The gradu-
ates of such programs are able to contribute, and to pro-
vide leadership in, aeronautical research laboratories
and industry. Up until 1982, similar training in rotor-
craft technology was not offered in spite of, or perhaps
because of, the greater complexity of the helicopter sys-
tem and its operating environment. The situation
changed in that year with the establishment of three
U.S. Center of Excellence in rotorcraft. The objectives
of the Centers are twofold: to provide comprehensive
graduate training in rotorcraft technology, and to con-
duct long term basic research in that field to comple-
ment the applied,near term research and development
conducted by the government laboratories and the heli-
copter industry. The success in meeting these objec-
tives will be demonstrated with a description of the
Center for Rotorcraft Education and Research (CRER)
at the University of Maryland.

The concept of a center, in which the work is carried
out at a centralized location with a collection of person-
nel and facilities working to a common objective is es-
sential. A center: ensures multi- and inter-disciplinary

research; provides critical mass of - and attracts - out-
standing faculty and graduate students; pools funding
for high cost facilities, equipment, support services and
personnel; permits long-term planning and commit-
ment; promotes leveraging of core funding, and stimu-

lates research offshoots.

The advantages of a center approach to specialized
education and research can be illustrated with
Maryland's CRER. In the thirteen years of existence, it
has awarded 125 masters degrees, and 30 doctorates.
Over 250 presentations have been made at major con-
ferences by faculty and students, together with over 150
publications in leading professional journals. During
this past year alone, 39 conference papers and presenta-

tions were made, together with 25 journal publications.

At present, there are nine full time rotorcraft faculty
who teach and conduct research, three research scien-
tists, two engineers who provide technical support for
the experimental research, and forty-nine enrolled
graduate students. With the start-up of the smart struc-
tures program in 1992, an additional nine faculty mem-
bers and 36 graduate students concerned with research
in advanced sensors, actuators and controls, were added
to the program.



Educational program: High achieving from the U.S.

and abroad who have their first (the B.S.) engineering
degree, and are strongly attracted to the rotorcraft field,
are admitted into the program. Most of the students
receife stipends and free tuition ad Rotorcraft Fellows
or Graduate Research Assistants. A number of students
are on leave from industry, goverment laboratories and
the military and are thus self-supporting. Although
most students are U.S. citizens, many come from vari-
ous countries in Europe, Asia, and the mid- and far east.
Because of their comprehensive training, graduates
find good positions in the rotorcraft industry, universi-

ties, in government research centers and in the military.

Because the helicopter is a multi- and interdiscipli-
nary system, each student upon graduation has taken
most, if not all, of the specialized helicopter courses of-
fered by CRER. Theses include specialized courses in
helicopter aerodynamics, dynamics, stability and con-
trol, composite structures and design. In recent years,
additional courses are offered in control systems, com-
putational fluid dynamics and acoustics, engineering
optimization, and smart structures. In addition to these
graduate courses, an undergraduate helicopter theory

course is offered as a senior elective.

Research facilities: The research philosophy of

CRER emphasizes a close coupling between theory and
experiment. In line with this emphasis, the rotorcraft
program has developed a number of unique experimen-
tal facilities over the last thirteen years. In particular,
two comprehensive model rotor test rigs have been de-
veloped. A rig with a fully articulated 4-bladed rotor
hub is designed to accommodate rotors up to six foot in
diameter. This rotor rig is being used to study rotor per-
formance and rotor wake developments at full scale tip
Mach numbers, as well as to study rotor/airframe inter-
actional aerodynamics. The second test rig is based on
a Froude scaled bearingless 2 or 4 bladed rotor. It is
designed with body roll and pitch degrees of freedom to
study aeroelastic stability and ground/air resonance in
hover and forward flight. This rotor has a unique
swashplate excitation system to excite blade modes at

various frequencies. Both rotor rigs operated by the

Rotorcraft Center have "fly-by-wire" cyclic and collec-
tive pitch controls,along with remote shaft angle con-
trol. Both systems utilize six component balances to
measure total rotor loads, and torque disks to measure
rotor power. Multi-channel slip ring units are used to
transmit measurements from the rotating frame to the

multi-channel high speed data acquisition system.

In the last several years, a new test facility has been
developed for the testing of rotors in hover. This facil-
ity also serves as a development, assemply, system inte-
gration and instrumentation calibration site for both the
bearingless and articulated rotor systems operated by
the Rotorcraft Center. This facility is also used for the
development of improved optical methods of rotor
wake visualization and rotor/body interactional aerody-
namic studies. Other tests in the hover tower have in-
cluded studies of aeroelastic stability and ground/air

resonance using the Froude scaled rotor system.

Extensive testing has been conducted with the ar-
ticulated rotor hub system, both in hover and in forward
flight in the 8' by 11' test section Glenn L. Martin wind
tunnel. These tests have included rotor/body interac-
tion aerodynamics, comprehensive velocity field mea-
surements, and rotor wake flow visualization using la-
ser sheet and wide-field shadowgraphy. More recent
studies have concentrated on rotor/lifting surface inter-

actional aerodynamics.

The Rotorcraft Center has a comprehensive struc-
tural dynamics test facility that is used for the investiga-
tion of advanced testing techniques in the determination
of structural frequencies, mode shapes, and damping
characteristics. This facility is enhanced by a ten-foot
diameter vacuum chamber that provides a capability to
study structural dynamic characteristics of rotors in the
absence of aerodynamic loading. Various blade modes
can be excited using piezoelectric crystals mounted at

several different locations along the blade.

Experience in composite fabrication and testing
along with the analytical modeling capabilities has been

utilized to design and build composite blades for use on



both rotor rigs. Recent tests with the bearingless rotor
rig in the Glenn L. Martin wind tunnel have used a set
of Froude scaled blades that were munufactured at the
Other blades sets that have been
manufactured at the Center have included blades with

Rotorcraft Center.

embedded "smart" structural elements. Theses blades
permit active control of blade twist and bending. Other
blades have been manufactured with part-span trailing-
edge flaps, again actuated by "smart" structural ele-
ments. Future tests are planned in which these "smart”
blades will be used to study the reduction of rotor vibra-
tory loads, as well as to aid in rotor acoustic signature
reduction. Itis also planned to use this blade manufac-
turing capability to allow further experimental studies

on the aeroelastic optimization of helicopter rotors.

The composite research laborarory is comprised of
facilities that allow the full spectrum of specimen
manufacture, preparation, inspection, and testing. The
manufacture of composite components and specimens
is centered around an autoclave. A layup facility allows
the fabrication of flat laminates with arbitrary stacking
sequences. Additional manufacturing capabiities in-
clude a filament winder and a vacuum hot press that
permits the formation of composite components with
embedded sensors, actuators and processoors. Inspec-
tion capabilities within the laboratory include optical
techniques and radiography. A stereoscopic micro-
scope with high intensity eyepieces, a light source, and
a camera adapter allows visual inspection and photo-
graphic recording of composite components. The labo-
ratory has an X-ray machine to nondestructively inspect
composite speciments. Testing is centered around a
uniaxial testing machine capable of 220,000 pounds of
load in tension or in compression under static and cyclic
conditions. An annular furnace allows speciments to be
exposed to temperatures up to 2100 while under load.
The laboratory also has a hot/wet environmental cham-
ber that allows the conditioning of composite speci-

mens under controlled heat and relative humidity.

Smart structures facilities include high voltage am-
plifiers for piezo and ER fluids, an electron beam sput-

tering system, hardware and software for real-time con-

trol implementation, and an ultra high speed digital

controller.

Research program: The research program is balanced
between six disciplines: aerodynamics, computational
{luid dynamics, dynamics, flight mechanics, composite
structures and smart structures. There is strong cou-
pling between these disciplines. For example, unsteady
aerodynamics and rotor wake developments from the
aerodynamics program are incorporated into the dy-
namics and stability and control programs. Although
the research is basic, i.e. designed to increase the under-
standing and prediction of helicopter behavior, frequent
contacts with industry and others in the rotorcraft com-
munity ensure its relevance. The topics are most often
opportunity, rather than problem, driven. Over the
years, significant contributions have been made, tech-
nology transfer demonstrated, and a number of collabo-
rations with industry, Army and Navy research labora-
tories, and NASA.

Current research topics include: unsteady aerody-
namics, rotor wakes and rotor/airframe interference;
simulation modeling, design optimization and system
identificaition for flight mechanics; understanding
noise mechanisms, quantitatively predict far field
noise, reduce rotor acoustic signature; dynamics of
composite rotors, vibration and loads reduction with
tuned pitch links, loads and stability of advanced tilt-
rotors, aeroelastic optimization of rotors, modeling of
elastomeric lag dampers, and rotor system health moni-
toring; structural integrity, multiaxial energy absorp-
tion, damage detection and mitigation, repair, and dam-
age tolerance of composite structures; and exploration
and development of smart structures applications to ro-
torcraft, including the construction and testing of smart
rotors with various smart materials, actuators and

damping mechanisms.

Some notable research contributions include:

» Developed first finite element analysis to analyze
bearingless rotors, now widely used by industry



+ Developed comprehensive time-domain unsteady
acrodynamic model for a rotor, now widely adopted
by industry, academia, research laboratories

+ Formulated first aeroelastic analysis of a composite
rotor and showed the influence of couplings on rotor
stability and loads Today a major topic of research

with potential payoff in rotor perfomance

« Developed comprehensive UMARC code with
advenced aerodynamic and structural modeling for
analyses of coupled trim, aeromechanical stability,
loads and optimization for multi-configuration ro-

tors.

+ Coupled flight dynamics - aeroelastic stability
analysis for an elastic rotor in maneuvers, important

for bearingless rotors

« Design oriented aeroelastic optimization with com-
posite tailoring of rotor blades (efficient sensitivity

analysis)

« Structural modeling and testing of thin-walled
swept composite beams in vacuum chamber,

Unique experimental data for validation studies

+ Rotor-airframe-wing interactional aerodynamics
(AGARD validation test case)

+ Robust free wake model for single and multi rotors

+ Refinement of wide-field shadowgraph technique
for rotor wake visualization in hover and forward
flight

+ Development of a new, nonlinear, time-domain
elastomeric damper model, and implementation in
UMARC (University of Maryland Advvanced Ro-
tor Code)

+ 3-D unsteady aerodynamic model for a trailing-

edge blade flap

+ Bending-extension-torsion model for smart blade

with skewed actuators (surface-bonded and embed-

ded induced strain actuators)

+ Fabrication and testing of scaled smart rotor mod-
els: controllable twist model with embedded
piezoceramics; and trailing-edge flap model actu-

ated with piezobimorphs

+ Development of high-force, high-displacement ac-
tuators for flaperon and nose-droop stall delay ap-

plications

+ Full-scale smart blade development using magneto-
strictive actuator and extension-torsion cooupled

tube (for vibration control)

+ Energy absorption of composite structures for off-

loading condition

« Structural integrity of composite flexbeams with

taper

Funding: CRER was started initially with core funding
supplied by the Army Research Office (ARO). As the
program grew, additional support was made available
from other sources. Today, 27% of the total funds is
supplied by ARO, 39% from the University of Mary-
land in the form of travel money, tuition remission, fel-
lowships and the like, 22% from research grants from
industry, NASA and other federal research laboratories,
and 12% from the Army for the smart structures pro-
gram. By any measure, such as research output per dol-
lar or trained and motivated graduates per dollar, CRER

is extremely cost effective.



Bearingless Rotor Model in the Glenn L.
Martin Wind Tunnel, 6 ft. diameter,
Froude scaled

Bearingless rotor rig for stability testing,
body pitch and roll motions about gimbal

Baron 3'-diameter, 4'-length microproces-
sor-controlled autoclave : 750°F, 250 psi
— General purpose fabrication of thermo-
set and thermoplastic composite speci-
mens and structures

U&M Test Facilities
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