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uses two, 1500 
, the transmission 

structural aluminum fairings. The 

forces and moments generated by the rotor. 

TA has actuators for both primary trim 
and dynamic excitation. The primary 

actuator pushrods are connected to the 
swashplate by means of a walking beam, as 
shown in Fig. 5. The fulcrum of each walking 
beam is supported by a bearing connected to a 
rotary actuator which introduces the dynamic 
content through rotation about an eccentric cam. 

C test, 3000 psi hydraulic fluid for 
tuators is routed up the wind tunnel 

hydraulic control block located 
TA, Fig. 6. This control block 

ins the emergency shutoff valves and the 
tion dampers needed to regulate the 

ssure supply. From this control 
block, hydraulic lines are routed to a hydraulic 
slipring which functions to transmit the 
hydraulic supply and return pressure to the 
rotating frame. The hydraulic slipring is 
commercially available and made by Glyco, Inc. 
Two supply and two return hydraulic lines pass 
from the hydraulic slipring to the hub adaptor 
through the rotor shaft as shown in Fig. 7. The 
hydraulic slipring has a center hole to allow 
passage of instrumentation and control lines up 
the rotor shaft from the electrical slipring and 
phototach. The rotor hub adaptor, which 
connects the rotor hub to the RTA rotor shaft 
adaptor, was made new by HFW to allow 
distribution of instrumentation and hydraulic 
lines to each of the 1 C actuators. The hub 

ntire weight of the the 
raulic slipring, electrical 
h assemblies in order to 

path through the rotor 
ear the hydraulic 
ovide centering 

ue for the electri 
ut take no axial loa 

attached to a hub of 
rotor used for the 

ned by NASA and 
ade loads, blade 
ssures. Table 1 
e instrumentation. 

e provided to both monitor 
to provide information on 

all blade loading. 
our torsional strain gages along the blade span 
nd four accelerometers at the blade tip will 

ormation on the blade angle of attack 
C excitation. In particular, i t  is 
know i f  the blade ch motion at the 

blade tip follows the I pitch control 
introduced at the blade root. The blade torsional 
dynamics could make this motion quite 
different. In addition, surface-mounted 
pressure transducers installed at the leading 
edge of the blade will be used to detect the 
presence of VI. The data from these 
transducers will be used to suggest 
pitch schedules to reduce BVI noise generation. 

Individual blade control is achieved by 
replacing the pitchlinks of the rotor system by 
the servo-actuators shown in Fig. 8. The 
working cylinder is controlled by a 
Series servo valve located on the 
Actuator displacement is measured by two 
LVDTs and axial stress is measured by a full- 
bridge strain gage on each of the actuators. The 
characteristics of these actuators have been 
listed in Table . Figure 9 presents a plot of 
the maximum itch deflection possible as a 
function of the input frequency. The actuators 

ned to operate under a centrifugal 

In the event of hydraulic power loss or 
emergency manual shutdown, the actuators can 
be locked to center 
rotor revolution. Th 

to bottom on Fig. 8, has been 
a channel cut into its mi 

section. This channel is tapered to allow 
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axial force of 10,000 N. 

ators are controlled by a controller 
computer systems referred t 

nd monitoring systems. 
s are made by Dy4 and use the 68000 
microprocessor. The controller block 

diagram is shown in Fig. 10. 

The signals for the I C actuators are generated 
only by the main system. However, both 
systems monitor the position of the 
actuators and check for operational err 
This redundancy has been added to greatly 

ossibility of uncontrolled actuator 
travel and running with blades out-of-track. 

or open-loop testing, the amplitude and phase 
f each harmonic (1 to 12 per revolution) is 
nverted to a time domain control through 
urier synthesis. These controls are sent to 

e actuator servo valves. A Fourier transform 
of the first LV T measurement signal is then 
performed by the main system to determine the 
harmonic content of the response motion. By 
comparing the harmonic response amplitudes 
and phases to those commanded, a proportional 
error signal is generated to further correct the 
actuator motion if required in order to achieve 
zero position error. 

llel with the main system, the 
functions to double check the 

positions of the actuators. It receives LVDT 
input informatio from the second LVDT (two 
per actuator). 0th the main and monitoring 
systems have failure identification hardware 

itions requiring 
r example, if the 

one system does 
position, then an 

erated. Other error 

motion. 

r (PC) is attached to 
ms to allow easy 

e the new system can 
12/rev, that approach is 

allows the harmonics 
troduced from a 

t of commands. 
programmed contro 

list, the possibility of erroneous user input is 
greatly reduced. The PC is also needed to 
introduce exacting ratios of harmonics, like 
those needed to produce a pulse in blade 
over a narrow azimuth range. 

To maintain safety during the wind tunnel test, 
the commands from the PC input file will be 
stepped through one at a time. Further, each 
command cannot be implemented until an 
overall gain in common to all actuators is set to 
zero first. However, after the open-loop 

C and rotor system safety of 
wind tunnel entries will have 
et approach replaced by a self- 

adaptive, closed-loop controller. This 
controller will then automatically choose the 
correct harmonic amplitudes and phases needed 
to suppress vibration, noise, loads, and/or to 
improve rotor performance. 

rimary objective of the 
rogram is to evaluate the feasibility of the 
dividual blade control concept as a viable 

means of active rotor control. If the benefits to 
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le-frequency HHC 
rev could reduce 

rotor. Other 

ormance index 
(J) of the form 

J =  + + + + 

matrices can be done either by direct 
examination of the single-fre uency response 

sion analysis as 
g these transfer 

matrices, simultaneous optimization of thrust 
ibration and noise 
the values of the 

matrices in the 

On the other hand, using our ie r synthesis 

gh spanning the 

ions have been conducted to 
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The rotor hub forces and moments were 
t NASA Ames Research Center using 

mprehensive Analytical 
erodynamic and Dynamics 

ics) for the isolated 
12 shows the effe 

at an advance ratio of 
ce index, J, was created as 
tory drag force, side force, 

vertical force, rolling moment, pitching 
moment, and torque. (Since the half-peak-to- 
peak values are positive, a quadratic 
performance index is not needed.) As seen in 
the figure, the 2/rev input was seen to 
significantly lower or raise the overall forces 
and moments, depending on the relative phase of 

On the other hand, Fig. 13 shows that +2 deg. 
C input at an advance ratio of 0.30 produces 
ghtly beneficial effects for 2/ 

9 deg. 3/rev, 4/rev and 
detrimental. The reason is that the S2 deg. IBC 
input amplitude is too high since the baseline 
hub loads are already fairly low at this advance 
ratio. This illustrates that study of hub loads 
reduction in areas where the loads are already 
low is perhaps not the best use of the wind 
tunnel test time. Figures 14 and 15 show t 
when +1 deg. 3/rev, 4/rev, and 5/rev I 
input is applied at an advance ratio of 0.10, that 
the hub forces (Fig. 14) and hub moments (Fig. 
15) can be reduced, though not necessarily at 
the same time. 

Simulations done at the NASA Langley Research 
nput can also be used to 

complex motion were considered. Figure 16 
shows a number of simple harmonics can 
produce significant reductions in BVI noise 
levels. 
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