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Abstract To reduce the pitch link loads of variable speed rotors, variable tuning frequency fluid-

lastic isolators are proposed. This isolator utilizes the variation of centrifugal force due to the

change of rotor speed to change the tuning port area ratio, which can change the tuning frequency

of the isolator. A rotor model including the model of fluidlastic isolator is coupled with a fuselage

model to predict the steady responses of the rotor system in forward flight. The aeroelastic analyses

indicate that distinct performance improvement in pitch link load control can be achieved by the

utilization of variable frequency isolators compared with the constant tuning frequency isolators.

The 4/rev (per revolution) pitch link load is observed to be reduced by 87.6% compared with the

increase of 56.3% by the constant frequency isolator, when the rotor speed is reduced by 16.7%.

The isolation ability at different rotor speeds in different flight states is investigated. To achieve

overall load reduction within the whole range of rotor speed, the strategy of the variation of tuning

frequency is adjusted. The results indicate that the 4/rev pitch link load within the whole rotor speed

range is decreased.
� 2015 The Author. Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Varying rotor speed can be an effective means to improve
rotorcraft performance, which has been successfully applied
to A160, V-22 and X2 rotorcraft.1,2 The reduction of rotor

speed can decrease the blade tip speed and delay the
occurrence of shock wave. However, it can increase the rotor

advance ratio and the reverse inflow region. The increasing
advance ratio causes the increase of higher harmonic pitch link
loads due to dynamic stall,3,4 which may cause fatigue, vibra-

tion and strength problems. It is highly necessary to control
these troublesome pitch link loads.

Pitch link loads control is always a challenging topic in the

research of helicopters. Kim et al. utilized multiple trailing
edge flaps to control the blade loads and vibrations,5 and up
to 40% peak pitch link load reduction was observed in the
analysis. John et al. described the development of an active

pitch link of a swashplateless helicopter rotor, which utilized
a piezohydraulic actuator to control pitch link loads.6 Oxley
et al. proposed the concept of smart spring to attenuate higher
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Fig. 1 Configuration of variable tuning frequency fluidlastic pitch link isolator.
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harmonic pitch link loads.7 It could actively alter the boundary

condition of a beam structure, which was incorporated at the
root of the blade to control the vibrations. The analyses indi-
cated that 56% of the 4/rev and 38% of the 8/rev harmonic

loads were reduced. Han et al. proposed coupled fluidic pitch
links to control multiple harmonic pitch link loads.8 The fre-
quency responses indicated the effectiveness to reduce these

loads simultaneously. Scarborough et al. utilized coupled flu-
idic device to control pitch link loads.9 The analyses of the
two fluidic devices coupled with three different fluidic circuits

illustrated that the load reductions at the targeted odd and
even harmonics were at least 95% and 72%, respectively.
Han et al. utilized fluidlastic isolators to control higher har-
monic pitch link loads.10 The results indicated that the 4/rev

pitch link load could be distinctly reduced. The variation of
rotor speed decreased the performance of the fluidlastic isola-
tor. The previous research was focused on the pitch link loads

control of constant rotor speed helicopter rotors. How to
reduce the pitch link loads of variable speed rotors is still an
untouched research topic.

Fluidlastic technology can provide unique vibration isola-
tion and damping capabilities by combining fluids with bonded
elastomeric elements.11,12 This technology has been success-

fully applied to the model 427 helicopter to isolate the 4/rev
vibration from the rotor to the airframe.13 94% 4/rev vertical
vibration from the main rotor could be isolated. Fluidlastic
isolators have been proposed for higher harmonic pitch link

loads control.10 Although this tuned device is an effective
means to reduce higher harmonic pitch link loads, it is sensitive
to the excitation frequency due to the variation of rotor speed.

The change of rotor speed changes all the excitation frequen-
cies of the rotor blades, which can distinctly lower the perfor-
mance of the isolator. How to maintain the effectiveness of the

isolation at different rotor speeds is an important and chal-
lenging topic.

In this work, variable tuning frequency fluidlastic isolators
embedded in blade pitch links are proposed to reduce higher

harmonic pitch link loads of variable speed rotors (see
Fig. 1). This topic has not been investigated in the previous

research. The balance mass is introduced in the fluidlastic iso-
lator. The centrifugal force on the balance mass varies with the
rotor speed, which causes the balance mass move in the radial

direction. The move of the balance mass changes the tuning
port area ratio of the fluidlastic isolator, which can change
its tuning frequency. In this way, the fluidlastic isolator adjusts

its tuning frequency following the rotor speed, which is utilized
to reduce the pitch link loads of variable speed rotors. The
influence of the flight states on the isolation ability is investi-

gated. The strategy to vary the tuning frequency with the rotor
speed for the performance improvement of the isolator is
addressed.
2. Model

To evaluate the potential of variable frequency fluidlastic iso-
lators in pitch link load control of variable speed rotors, the

steady responses of the rotor system need to be calculated.
To analyze the pitch link loads in steady flight, the model of
the coupled rotor and fuselage system including a rotor model,

a fuselage model and a propulsive trim method is derived. The
rotor model includes a moderate deflection beam model as the
blade structure model, blade kinematics, the Leishman–

Beddoes aerodynamic model to predict the unsteady aerody-
namics and the Pitt-Peters inflow model to calculate the
induced velocity over the rotor disk. This rotor model is

derived based on the generalized force formulation.10,14,15

The hub force and moments generated by the rotor are bal-
anced by the fuselage. The fuselage is treated as a rigid body
with aerodynamics.

For the propulsive trim analysis, three pitch controls and two
rotor attitude angles are set as the input variables to solve the
three-force and two-moment equilibrium equations.16 The

forces and moments on the rotor and fuselage are shown in

Fig. 2. The control input vector is x¼ ½h0 h1c h1s as /s �T,
and the output vector is y¼ ½y1 y2 y3 y4 y5 �T = 0. h0, h1c



Fig. 2 Forces and moments on rotor and fuselage.
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and h1s are rotor collective, lateral and longitudinal pitch angles.
as is longitudinal tilt of rotor shaft and /s lateral tilt of rotor
shaft. The tail rotor balances the rotor torque. The side force

introduced by the tail rotor is calculated by the main rotor tor-
que divided by the longitudinal length from the tail rotor to
the main rotor shaft. The equilibrium equations of the coupled

rotor and fuselage system in the non-dimensional form are

y1 ¼ CT � CW

y2 ¼ CD þ CH � CTas
y3 ¼ CY þ CYF

þ CTus

y4 ¼ CMY
þ CMYF

þ CWð�has � �xCGÞ � �hCD

y5 ¼ CMX
þ CMXF

þ CWð�hus � �yCGÞ þ �hCYF

8>>>>>><
>>>>>>:

ð1Þ

where CD is fuselage drag coefficient, CH rotor drag coefficient,
CMX

rotor rolling moment coefficient, CMXF
fuselage rolling

moment coefficient, CMY
rotor pitching moment coefficient,

CMYF
fuselage pitching moment coefficient, CT thrust
Fig. 3 Flowchart o
coefficient, CW weight coefficient, CY rotor side force coeffi-

cient, CYF
fuselage side force coefficient, and h vertical distance

from helicopter mass center to hub center. xCG and yCG are

longitudinal and lateral distance from helicopter center to

rotor shaft. ðÞ denotes ðÞ=R and R is rotor radius. Newton–

Raphson method is utilized to calculate the trim values in
hover and forward flight. The flowchart of the propulsive trim
is illustrated in Fig. 3.

The mechanism of fluidlastic isolators is described in Ref.11

The kinetic energy of the tuning mass is amplified by the lever-
age effect (see Fig. 4). The increase of the arm length b or the
decrease of the arm length a can be utilized to absorb more

kinetic energy. The tuning port area ratio G denotes the rela-
tion of velocity amplification. Large tuning port area ratio
can be utilized to reduce the weight of the isolator. The natural

frequency and damping ratio of the isolator are defined as

f ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

kpl

mtðG� 1Þ2
s

ð2Þ

n ¼ cpl

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
kplmtðG� 1Þ2

q ð3Þ

where kpl is pitch link stiffness, mt tuning mass, G tuning port

area ratio, and cpl damping in pitch link. For the isolation of

pylon systems, the tuning frequency of isolation is independent
of the fuselage and pylon inertia.13 It is related to the support

stiffness between the fuselage and pylon. Similarly, for the
isolation of pitch link loads from blades to swashplates, the
tuning frequency is determined by

xt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

kpl
ðG� 1ÞGmt

s
ð4Þ

Then, the tuning mass can be expressed as

mt ¼ kpl
ðG� 1ÞGx2

t

ð5Þ

The tuning frequency is determined by the frequency of the
harmonic load to be isolated. If the n/rev pitch link load is
f propulsive trim.



Fig. 4 Variable frequency fluidlastic isolator.
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isolated, the isolator is tuned to nX. X is rotor speed. Given
suitable tuning port area ratio, the tuning mass can be deter-
mined by Eq. (5).

The shift of the excitation frequency from the tuning fre-
quency due to the change of rotor speed lowers the perfor-
mance of fluidlastic isolators. To enhance the ability in pitch
link load control of variable speed rotors, fluidlastic isolators

have to adjust their tuning frequencies with the rotor speeds.
A variable tuning frequency fluidlastic isolator is proposed.
The physical model and mathematical model of the variable

frequency isolator are shown in Fig. 4. As the rotor changes
the rotor speed, the centrifugal force on the balance mass
located at one side of the fluid can make it slide in the radial

direction to change the tuning port area ratio. In this way,
the tuning frequency of the fluidlastic isolator can vary to fol-
low the change of rotor speed. At the rotor speed X0, the force
on the balance mass has the relation

mX2
0r0 ¼ kx0 ð6Þ

where r0 is the radial location of the isolator, k the stiffness
attached to the balance mass, and x0 the initial displacement

of the balance mass. The tuning port area ratio can be
expressed as

G0 ¼ bþ x0

a
ð7Þ

The balance mass can move in the radial direction. Since
the displacement of the balance mass is relatively small com-
pared with the radial location of the pitch link, the influence

of this displacement on the centrifugal force is omitted. When
the rotor speed changes to X, the forces on the balance mass
have the relation

mX2r0 ¼ kx ð8Þ
The tuning port area ratio changes to

G ¼ bþ x

a
¼ G0 þ x0

a

X2

X2
0

� 1

 !
ð9Þ

The tuning frequency with the rotor speed can be expressed
as
xX

xX0

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðG0 � 1ÞG0

ðG� 1ÞG

s

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðG0 � 1ÞG0

G0 � 1þ x0

a

X2

X2
0

� 1

 !" #
G0 þ x0

a

X2

X2
0

� 1

 !" #
vuuuut ð10Þ

The ratio x0/a needs to be prescribed to determine the tun-
ing frequencies at different rotor speeds. We need to specify

two tuning frequencies xX and xX0
at the corresponding rotor

speeds X and X0 to determine the ratio. The coupling of the
isolator model with the rotor model can follow Ref.10

3. Aeroelastic analyses

The aeroelastic analyses concentrate on the typical 4/rev pitch
link loads of a four bladed rotor. The influence of the isolator

on the blade dynamic characteristics is presented. The effects
of the parameters of the isolator and the flight states of
the helicopter on the performance of the isolator are

investigated.

3.1. Baseline parameters

3.1.1. Fuselage and rotor

The weight of the baseline helicopter is 3000 kg. In the fuselage

model, only the aerodynamic drag is considered in the analyses
and the ratio of the equivalent flat plate area to the rotor disk
area is 0.005. The vertical distance from the helicopter mass
center to the hub center is 1.5 m. The longitudinal distance

from the hub center of the tail rotor to the mass centre of
the helicopter is 7.5 m. The longitudinal distance and lateral
distance from the helicopter center to the rotor shaft are zero.

The baseline blade has uniform mass and stiffness distribution.
The parameters of the rotor are listed in Table 1. The fan plot
of the rotor blade is shown in Fig. 5. ‘F’, ‘L’ and ‘T’ denote the

frequencies in the flapwise, lagwise and torsional directions,
and ‘1’, ‘2’ and ‘3’ denote the harmonic numbers. At the nor-
mal rotor speed, the fundamental flap, lag and torsional fre-
quency ratios are 1.30, 1.40 and 7.50, respectively.



Table 1 Parameters of baseline rotor.

Parameter Value

Number of rotor blades 4

Normal rotor speed (100%) (r/min) 300

Rotor speed range (r/min) 250–350

Rotor radius (m) 6.0

Blade chord length (m) 0.4

Airfoil NACA0012

Blade linear pretwist (�) �8

Blade mass (kg) 60.0

Pitch link arm (m) 0.1

Pitch link stiffness (N/m) 1.0 � 107

Fig. 5 Fan plot of rotor blade.

Fig. 6 Baseline pitch link force at forward speed of 100 km/h

and 150 km/h.
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Varying rotor speed usually achieves better power reduc-
tion at low to medium flight speeds. We concentrate on the

pitch link load control at these flight states. Fig. 6 shows the
4/rev pitch link load with the rotor speed at the sea level, when
the forward speed is 100 km/h and 150 km/h. It is obvious that

the 4/rev pitch link load decreases sharply with increasing
rotor speed. The loads at 150 km/h are much higher than those
at 100 km/h. Higher forward speed and lower rotor speed can

cause higher pitch link loads, which is corresponding to higher
advance ratios. With decreasing rotor speed, the lagwise fre-
quency ratio increases and approaches the value 2.0, which
introduces the problem of 2/rev resonance. This causes a sharp
increase of pitch link loads.17

3.1.2. Isolator

To show the advantage of variable tuning frequency fluidlastic
isolators over constant tuning frequency fluidlastic isolators,
we compare the pitch link loads of these two types of isolators.

The variable frequency isolator has the same parameters as the
constant frequency isolator, except the tuning port area ratio,
since the variable frequency isolator adjusts the tuning port

area ratio to achieve the variation of tuning frequency.
The constant frequency isolator is tuned to isolate the 4/rev

pitch link load at the normal rotor speed 300 r/min. The tuning

port area ratio is set to a suitable value 40.0. The tuning mass
is determined by Eq. (5) with the pitch link stiffness in Table 1,
which is 0.4059 kg.

At lower rotor speeds, the pitch link has to survive larger
loads. We pay more attention to the load control at lower
rotor speeds. The variable frequency isolator can have two
optimized tuning frequencies and is tuned to 300 r/min and

250 r/min. Except the tuning port area ratio, other parameters
are the same as the constant frequency isolator. By using the
above parameters, the ratio x0=a can be solved by Eq. (10).

The tuning port area ratios with the rotor speed for the con-
stant and variable tuning frequency isolators are shown in
Fig. 7(a). The tuning port area ratio is almost linear with the

rotor speed for the variable frequency isolator. With the reduc-
tion of rotor speed, the tuning port area ratio increases and the
tuning frequency decreases to match the decreasing rotor speed

(excitation frequency). Fig. 7(b) shows the tuning frequency
ratios with the rotor speed. The ratio is defined to be the fre-
quency divided by the rotor speed. In this way, it is convenient
to determine whether the isolator works at the optimized tun-

ing frequency. For the constant frequency isolator, the fre-
quency ratio decreases with the rotor speed. At the rotor
speed of 250 r/min, the ratio is 4.8, which distinctly deviates

from the excitation frequency ratio 4.0 at that rotor speed.
From the rotor speed 250 r/min to 350 r/min, the variable fre-
quency isolator has much better tuning frequencies than the

constant frequency isolator. It can be concluded that the vari-
able frequency isolator can have a better overall performance
than the constant frequency isolator. At the rotor speed of
350 r/min, both deviate from the tuning frequency ratio of 4.0.

The fundamental torsional frequency ratios with the rotor
speed are shown in Fig. 7(c). It is obvious that the frequency
ratios decrease distinctly, when the isolators are embedded in

the pitch links compared with the case without absorber.
The torsional frequency of the pitch link with the constant fre-
quency isolator crosses the 4/rev resonance region at the rotor

speed of 273 r/min. The blade with the variable frequency iso-
lator avoids this resonance.

3.2. Pitch link loads reduction

Usually damping is not preferred for tuned isolators. The
influence of damping on the performance of the fluidlastic iso-
lator with the constant tuning frequency is shown in Fig. 8.

‘Baseline’ means the pitch link load without any isolator.
The 4/rev pitch link load increases distinctly with the forward
speed. It is obvious that the fluidlastic isolator can effectively

reduce the 4/rev pitch link load. With decreasing damping,



Fig. 7 Tuning port area ratios, tuning frequency ratios and blade torsional frequency ratios with rotor speed.

Fig. 8 Influence of damping on 4/rev pitch link load.

Fig. 9 4/rev pitch link load with rotor speed.

Fig. 10 Influence of helicopter weight and flight altitude on

performance of isolator.
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the fluidlastic isolator can achieve better performance. In the

following analysis, 1% critical damping in the fluidlastic isola-
tor is utilized.

Fig. 9 shows the 4/rev pitch link load with the rotor speed

at the forward speed of 150 km/h. It is obvious that the vari-
able frequency fluidlastic isolator works very well, especially
at lower rotor speeds. At the rotor speed of 270 r/min, the

4/rev pitch link load for the constant frequency isolator is
unusually larger, which is due to the rotor speed approaching
the resonance speed of 273 r/min as shown in Fig. 7(c). At the
rotor speed of 250 r/min, the 4/rev pitch link load increases by
56.3% for the constant frequency isolator. The 4/rev pitch link

load decreases by 87.6% for the variable frequency isolator.
When the rotor speed is larger than 325 r/min, the constant
frequency isolator has better performance than the variable

frequency isolator. At these rotor speeds, the baseline 4/rev
pitch link loads are much smaller than the loads at lower rotor
speeds. It is unnecessary to worry about the isolation ability at

these rotor speeds.
Fig. 10(a) shows the influence of helicopter weight on the

performance of the isolator at the forward speed of 150 km/h.



Fig. 12 Performance comparison between two different variable

frequency isolators.
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It is obvious that the ratio has little variation with the weight.
Fig. 10(b) shows the influence of flight altitude on the perfor-
mance of the isolator at the forward speed of 100 km/h. At

lower rotor speeds, the effect on the isolation ability is substan-
tially small. With increasing rotor speed, especially at higher
rotor speeds, it is obvious that the isolation ability decreases

with increasing flight altitude. At these rotor speeds, the
baseline 4/rev pitch link load is rather small. Even if the
ratio is larger than 1.0, the loads at these rotor speeds are still

small.

3.3. Performance improvement

To improve the performance of variable frequency fluidlastic
isolators at higher rotor speeds, the strategy to vary the tuning
frequency is adjusted. The fluidlastic isolator is tuned
optimally at the rotor speeds of 270 r/min and 330 r/min to

determine the parameters of the variable frequency isolator.
The tuning port area ratio and tuning frequency ratio with
the rotor speed are shown in Fig. 11. The variation of the tun-

ing port area ratio is linear with the rotor speed. The tuning
frequency ratios are more close to 4.0 than the ratios in
Fig. 7(b).

Fig. 12 shows the ratios of the pitch link load to the
baseline load. It is obvious that the new designed variable fre-
quency fluidlastic isolator can achieve overall 4/rev pitch link
load reduction from the rotor speed 250 r/min to 350 r/min.

The load is reduced by 86.4% for the new designed isolator
and the previous value is increased by 22.1%. However, the
load is reduced by 58.1% at the rotor speed of 250 r/min.

The previous value is decreased by 87.6%. The performance
decreases at lower rotor speeds, which is due to the selection
of tuning frequencies. The previous design tuned the isolator

optimally at the rotor speeds of 300 r/min and 250 r/min.
The new design tunes the isolator at the rotor speeds of
270 r/min and 330 r/min. The previous design can achieve

better performance at lower rotor speeds. The new strategy
can achieve overall load control within the whole range of
rotor speed.
Fig. 11 Tuning port area ratio and tuning frequency ratop with

rotor speed.
4. Conclusions

To reduce higher harmonic pitch link loads of variable speed
rotors, variable tuning frequency fluidlastic isolators are pro-

posed, which can change the tuning frequency following the
variation of rotor speed. A coupled rotor and fuselage model
is derived to analyze the pitch link loads in forward flight.
The investigation yields the following conclusions:

(1) Distinct performance improvement can be achieved by
the variable frequency fluidlastic isolator compared with

the constant frequency isolator. The 4/rev pitch link
load can be reduced by 87.6% compared with the
increase of 56.3% by the constant frequency isolator,

when the rotor speed is reduced by 16.7%.
(2) The helicopter weight has substantially small influence

on the isolation ability.

(3) The flight altitude has substantially small influence on
the isolation ability at low to medium rotor speeds,
and the isolation ability decreases at high rotor speeds.

(4) The strategy of the variation of the tuning frequency can

be designed to achieve overall load reduction within the
whole range of rotor speed.

Acknowledgements

This study was co-supported by the National Natural Science
Foundation of China (Nos. 11202097 and 11472129),
Aeronautical Science Foundation of China (No.

2013ZA52014) and the Fundamental Research Funds for the
Central Universities (No. NS2014007).

References

1. Prouty RW. Should we consider variable rotor speeds? Vertiflite

2004;50(4):24–7.

2. DiOttavio J, Friedmann D. Operational benefits of an optimal,

widely variable speed rotor. 66th American Helicopter Society

International annual forum 2010; 2010 May 11–13; Phoenix, AZ.

New York: American Helicopter Society International; 2010.

p. 1865–71.

http://refhub.elsevier.com/S1000-9361(15)00161-2/h0005
http://refhub.elsevier.com/S1000-9361(15)00161-2/h0005


Pitch link loads reduction of variable speed rotors by variable tuning frequency fluidlastic isolators 1415
3. Abhishek A, Datta A, Chopra I. Prediction of UH-60A structural

loads using multibody analysis and swashplate dynamics. 62nd

American Helicopter Society International annual forum 2006; 2006

May 9–11; Phoenix, AZ. New York: American Helicopter Society

International; 2006. p. 611–24.

4. Yeager WT, Wilbur ML. Loads and performance data from a

wind-tunnel test of generic model helicopter rotor blades. Wash-

ington D.C.: NASA; 2005. Report No.: NASA/TP-2005-213937.

5. Kim JS, Smith EC, Wang KW. Helicopter blade loads control via

multiple trailing-edge flaps. 62nd American Helicopter Society

International annual forum 2006; 2006 May 9–11; Phoenix, AZ.

New York: American Helicopter Society International; 2006.

p. 1000–10.

6. John S, Wereley NM, Sirohi J. Development of a piezohydraulic

active pitch link for a swashplateless helicopter rotor. J Aircr

2009;46(1):328–31.

7. Oxley G, Nitzsche F, Feszty D. Smart spring control of vibration

on helicopter rotor blades. J Aircr 2009;46(2):692–6.

8. Han D, Rahn CD, Smith EC. Loads reduction using coupled fluid

pitch links. 52nd AIAA/ASME/ASCE/AHS/ASC structures,

structural dynamics, and material conference; 2011 April 4–7;

Denver, CO. Reston, VA: AIAA; 2011.

9. Scarborough III LH, Rahn CD, Smith EC, Koudela KL. Coupled

pitch links for multi-harmonic isolation using fluidic circuits.

Proceedings of the ASME 2012 international design engineering

technical conferences & computers and information in engineering

conference, IDETC/CIE 2012; 2012 August 12–15; Chicago, IL.

New York: American Society of Mechanical Engineering; 2012.

p. 819–27.

10. Han D, Rahn CD, Smith EC. Higher harmonic pitch link loads

reduction using fluidlastic isolators. Proc Inst Mech Eng G: J

Aerosp Eng 2014;228(3):455–69.
11. McGuire DP. Fluidlastic� dampers and isolators for vibration

control in helicopters. 50th American Helicopter Society

International annual forum 1994; 1994 May 11–13; Washington,

D.C. New York: American Helicopter Society International; 1994.

p. 295–4.

12. Panda B, Mychalowycz E, Tarzanin FJ. Application of passive

dampers to modern helicopters. Smart Mater Struct 1996;5

(5):509–16.

13. Smith MR, Redinger WS. The model 427 pylon isolation system.

55th American Helicopter Society International annual forum 1999;
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