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MEASUREMENT OF SIDE FORCES OF A
H~FORCE ROTOR

ABSTRACT

As was reported in the Seventh European Forum, study of the use of tip
vanes has been underway to investigate both the impact of the vanes on hover
performance and on their potential use as force generators. It is the aim of
this paper to report on progress made to determine the forces that can be
generated. Model tests were run using a six foot diameter rotor with tip vanes
pivoted below the blade tips. Data were taken on the thrust, torque, and side-
force. The results obtained were in substantial agreement with the side force
predicted by using a simple wing model,

BACKGROUND

The primary motivation for utilizing vanes at the tips of helicopter rotor
blades is to provide a force in the plane of rotor which is independent of the
tilt of the 1ift vector. A force so obtained could be used in two separate
ways. It could be used as a propulsive force and so act as a propeller would in
a compound helicopter., Coupled with an added small wing, higher flight speeds
could be achieved but with less complexity than the propeller and its associated
drive system.

The second use for the force would be to provide the pilot with an indepen-
dent control force which would be of use at low flight speeds. It would allow
for more precision positioning in hover as well as for added maneuvering such as
lateral translation in N.O.E. flight.

Previous analytical studies have indicated the potential gains as a pro-—
pulsor and have been directed at the effect of the vanes upon hover performance
(1). Analysis showed that a significant gain in speed was possible. From tests
it was also found that the vanes, if properly located, would not adversely
affect hover performance. In some tests it was found that the vanes actually
increased performance (2). Such a gain was not consistently repeatable, however

(3)0

The arrangement of the vanes at the tips that has evolved is shown in
Figure 1. There it can be seen that the vanes are located below the tip. The
vanes are pivoted about an axis that is perpendicular to the chord plane of the
airfoil. The motion of the vanes is depicted in Figure 2. The action is simi-
lar to that used in the rotating vane propulsors used in some German tug boats

(4).

EXPERIMENTAL PROGRAM

No test data were available on the forces that can actually be developed by

tip vanes in the configuration shown. Consequently a test of a model rotor
equipped with tip vanes ws undertaken. An 80-inch (2.03 m), three bladed rotor
was fabricated with tip vanes located below the blade tips. The rotor had a

blade chord of 6.125 inches (.156 m), a vane chord of 6.125 inches (.156 m) with
a vane span of 6 inches (1.152 m). The model was mounted on a hover stand with

the plane of rotation at ten feet (3.05 m) above the floor. Two 8 horsepower
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(5.97 W), air motors were used to drive the rotor. Tests were run at with
selected values of blade pitch angle, blade vane angle and rotor speed.
Initially measurements were taken of the thrust, torque, rotor speed, and side
forces in two planes.

Design of H-Force Airfoil and Hub

Previous tests conducted by Velkoff and Parker (2), which compared various
tip vane configurations, indicated that a single downward tip vane attached to
the end of each blade might increase the performance of the rotor. High centri-
fugal forces at the blade tips presented an obvious constraint to the weight and
strength of the tip vane and its attachment. The use of T tips was considered
to reduce the bending moment and create symmetric lecading about the blade axis,
but the possibility of achieving increased performance while creating a side
force led to the use of the downward tip vanes.

The primary airfoil used the blades as well as for the tip vane was a NACA
0016. In order to provide for a seal between vane and blade surface, the sym-—
metric shape of the blades was altered by flattening the bottom of tips. This
provided a smooth surface for the tip vane to oscillate against, A smooth tran-
sition was achieved between the NACA 0016 and the "Clark Y" flat bottomed blade
tip. The "Clark Y" was formed to be l6-percent thick. Figure 3 illustrates the
blade configuration.

The motion of the tip vanes was controlled by an eccentric cam located in
the center of the hub. The amount of tip vane motion was adjustable, but had to
be fixed during operation. The push rods for the tips were enclosed in the bla-
des and were positioned aft of the quarter chord. This allowed the blade angle
to be fully adjustable without affecting the push rod movements since blade
pitch adjustment also took place at the same chord.

Blade and Tip Vane Design
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a wooden spline and a steel strap. The high centrifugal locads of the tip are
carried hy the steel strap. A "U" shaped clevis fits flush over the tip end of
the blade and resists the outward moment generated by the tip vane. Centrifugal
forces of the tip vane are alsoc transmitted through this clevis to the steel
strap.

At the root end of the blade another clevis attaches the blade to the hub.
These clevi were specially fitted to each blade to ensure proper alignment of
the tip vane push rod which passes through the clevis and the wall of the hub.
The inboard portion of the clevis is a threaded 3/4" spindle used to firmly
attach the blade to the hub. The push rod passes through the center axis of
this spindle,

The weight of the tip vanes was reduced by making the front section from
so0lid balsa wood. The tail section was made of a balsa wood rib structure
covered with a 1/32" balsa skin. A layer of epoxy resin and fiberblas cloth was
added to make it stronger and more durable. The rotation of the tip vanes about
their quarter chord was achieved using a steel pin with two bearings
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housed in a steel sleeve. The sleeve was epoxied into the solid balsa section
of the tip. The spindle pin protruded out of the tip vane, so that it could be
attached to the clevis located on the blade tip. Another pin located 0.8 in
(2.03 em) of an inch aft of the quarter chord was used to transmit motion from
the push rods to the tip vane. The comnection of the push rod to the pin was
made with a spherical bearing rod end located in a recess at the tip of the main
blade.

The tip vanes were balanced chordwise about their rotating pins to reduce
the centrifugal loads in the push rods and cam mechanisms. The chordwise
center of gravity of each tip was shifted to within a few hundredths of an inch
aft of the quarter chord. This balancing technique created an effective 32
grams of tensile force per g of tip acceleration. At full speed operation, this
resulted in a 35 pound load. The push rods were made of hollow steel tubes to

further reduce centrifugal loading on the root fittings. At each end of the
rods a solid threaded section was welded in place. The rod ends at the tip end

had left handed threads and those in the hub had right handed threads. The com-

bination of right and left handed threads allowed the rod to be used like a turn
buckle, This proivded an adjustment method for the zero position of the tip
vanes,

Design of Hub and Cam Mechanism

The mount between each of the blades and the hub was rigid, but allowed
rotation of the blades about their gquarter chord. This simplified the linkage
mechanism between the cam and the push rods. This meant that the rotor was
rigid and in plane and fixed relative to the shaft, The hub itself is bowl
shaped with the cam operating in the center, The hub is made of an aluminum
cylinder that has 3/4 of an inch thick walls with a 9 inch outer diameter and 3
inches high. The cylinder has three equally spaced mounting positions for the
blades. The bottom of the cylinder is attached to a steel plate that is
fastened to the drive shaft.

In the center of the hub is an eccentric cam. The cam drives the push rods
that control the tip vane movement. The zero azimuth of the tip motion is held
fixed to the ground reference by means of an overhead boom and a rubber hose
that prevents the eccentric center of the cam from rotating with the blades.

The cam is made of two solid cylinders that are held from rotation by the hose.
One cylinder is mounted inside the other but they are not mounted con-—
centrically. The eccentricity of the cam is adjusted by rotating the cylinders
and locking them into place with set screws. A bearing is mounted in a ring
that surrounds the cam and follows the eccentric motion. 7Three actuation pins
mounted on the ring move in a circular fashion. The torque to drive the cam and
the push rods comes form the drive shaft. Figure 4 shows how the motion is con-
verted from eccentric circular motion to the linear motion of the push rods
using the slider pin cam follower. The pin is mounted on the eccentric portion
of the cam. A small roller bearing separates it from the slotted slider cam

follower. As the pin moves in a circular path within the rotating hub, it
drives the push rod radially.

Three rubber straps are used between the central drive shaft and the hub to
allow the ring to move eccentrically while maintaining azimuthal position. The
eccentric motion of the ring provides the circular motion to the pins as shown
in Figure 4. The resulting motion of the tips, if plotted against azimuth
position, would look nearly sinusolidal, A study of the motion generated during
a static test of a prototype for this cam showed that actual motion differed by
only a few percent from the pure sinusoidal motion (5).
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Test Stand and Instrumentation

The entire measurement system has been automated te reduce the work load of
the operator during the test. All data is measured and sent directly to the
computer for storage. The operator is needed only to control the rotational
speed and operate an on—site remote computer terminal., Data is displayed on the
terminal virtually instanteously.

Mechanical System

The mechanical portion of the instrumentation system includes the test
stand which support and peowers the rotor, as well as the fluxures used to iso~
late the forces for individual measurement. Rotor speed was measured by means
of a magnetic pickup sensing a 56 toothed gear and a digital counter,

The test stand is comprised of a fixed base structure and a mast. The
rotor mast is supported to the base by flexures. The mast which houses a 7 foot
drive shaft is suspended inside and above the fixed base of the test stand. The
base of the test stand is a welded steel frame firmly bolted to the floor. Two
drive motors are mounted directly to the base. Power is transmitted to the
drive shaft by means of two opposing belt and pully systems. Driving torque is
measured by a strain gage flexure. The electrical signals are passed through a
set of slip rings to the stationary system. The torque flexure has been used in
earlier testing and was recalibrated for these tests.

The mast and drive shaft were mounted to the base with steel flexures and
with a rubber diaphram. This mechanism allowed vertical deflection and pivoting
about the rubber plate. The resulting motion was similar to that of a ball
joint whose pivot could also move vertically. TFigure 5 shows the H-force
flexures.

Thrust was measured with two strain gage flexures mounted just below the
rubber plate. Deflections at this point are primarily vertical. Side forces
were measured with steel flexures attached to the mast 23 inches above the
rubber pivot plate. At this point the freedom of movement is primarily horizon-
tal in both x and y directions with very slight vertical translation associated
with thrust changes. The side force flexures are mounted at 90 degree intervals
around the shaft. Fach has a vertical and a horizontal flexure connected toform
an upside down L shaped leg. The horizontal section is connected to spring
steel flexures which are also attached to the mast. The combination of ver-
tical, horizontal, and spring steel flexures separate the x, y, and z movements
of the mast, The arrangement is shown in Figure 6. Each of the four horizon-—
tal forces are measured in the four vertical flexures. Two of them are x direc~
tion sensitive, and the other two are y direction sensitive. The strain gages
used to measure side forces are mounted near the base where the larger bending
moments give greater sensitivity. The spring steel members allow the mast to
move in both the x, and y directions without being restricted by the stiff axis
of the other flexures.

VIBRATION

The natural frequency of the mast and rotor was observed to be 4 Hz.

System damping was very small. It was necessary to accelerate and decelerate
through the natural frequency as rapidly as possible. The rotor was balanced
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using a Production Measurement Corporation Model 206 vibration analyzer. The
resulting amplitude of wvibration was 2 to 5 thousands of an inch depending on
the testing configuration. The amplitude of vibration was monitored through out
the testing procedure with the vibration analyzer. When large vibration was
observed, the rotor was rebalanced using the vibration analyzer. Much of the
fluctuation in the side force channels was due to inbalance and shaft whirl
creating periodic fluctuations of constant amplitude.

Measurement System

The electrical portion of the measurement systrem consists of the strain
gage elements, carrier amplifiers, operational dc amplifiers, and an analog to
digital interface. Six measurements were made using strain gage flexures.

These include torque, thrust, and four side force measurements. The side forces
measured were planer, requiring only two measured components; the other two side
force measurements were redundant and provided a means for checking results.

The H-force flexures are used to restrain the lateral movement of the mast
relative to the hase, There are four strain gages mounted on each of the
flexures. Figure 6 depicts a schematic of the electrical system. The bridge
circuit is shown is used on all measurement flexures. Only the torque channel
required slip rings to pass electrical signals fromt the rotating shaft. The
four side force and thrust measurements are wired directly to the carrier ampli-
fiers. The strain gages used are type ED-DY-100BR-350 made by Micro
Measurements. They are steel compensated with a gage factor of 3.17. The
bridge measured only the bending component of stress.

Each of the s$ix measurement channels require a carrier amplifier circuit to
provide an excitation voltage and to detect the change in output voltage. Two
carrier amplifiers, a Consolidated Engineering Corporation Type 1-118 carrier
anplifier and a Consolidated Electrodynamics Corporation Type 1-127 were used.
Another gset of amplifiers was designed to adapt the low output voltage to the
required +/- 16 volt scale of an A/D converter.

Sampling and Averaging Technique

Data was interfaced to the computer directly through the A/D converter, As
mentioned earlier, the A/D could sample only 3 channels. The switching was done
manually by the operator. A General Terminal Corporation type GT-100 terminal
was used in the lab to display data and direct the operator when to switch
active channels. Sampling of each of the three active channels was done
simultaneously. The sampling rate was set by the rotor speed so that data was
taken every degree of revolution. The buffer of the A/D required that 4096 data
points be taken for each channel. A subroutine was used to average only the
first 3600 data points. 7The result was a time averaged signal for exactly 10
revolutions.

The time averaging feature whch the computer provided was a very important

part of the measurement system. Because of signal fluctuation averaging was
necessary. Sampling was done for exactly 10 revolutions to reduce the biasing
of the measurement. Some biasing could have occurred due to the beat frequency

which was several times slower than the rotating frequency.
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Interactive Procedure

During the test, only the blade angle and the speed were entered by the
operator. All other measurements were made with the A/D link as previously men-—
tioned. The frequency counter used to measure the speed was a Simpson model
710,

The roteor operation was steady under all conditions tested. Previous
testing of an H~force rotor with a single blade had indicated unusually high
performance with dramatic changes in thrust and torque. No such large changes
were observed. The speed was always allowed to settle to a steady state before
measurement data were taken.

Calibration

Each of the six measurement channels were calibrated with known weights.
Calibration data were taken using the same computer link methods as those used
for actual measurements. Two programs were used to find and check the sen-
sitivity of each channel.

The first program recorded the voltage equivalent outputs of each of the
measurement channels, while a known load was applied in one of the primary coor-
dinate directions. This program also calculated a linear least squares curve
fit for the primary measurement and each of the secondary measurements.

Ideally, there wuld be no sensitivity in the secondary channels; but unfor-—
tunately the attempt to isolate each axis of measurement was not perfect and
some "crosstalk” between channels was observed. The calibration data was
graphed, and linear trends were observed for both primary and secondary sen-—
sitivities.

A second calibration program was used to check the results of the first.
This program used the linear least squares sensitivities found by the previous
program to calculate the effective forces. This program was also interactive
and displayed these results on the laboratory terminal during the calibration
procedure. This proved to be a very advantageous feature, and allowed calibra-
tion checks of not only each independent measurement channel, but also combined
loading conditions of thrust and side force that simulated actual running
conditions.

The interacting effects between the thrust and side force measurements

were found to be significant and had to be accounted for. A matrix of the
interactions was set up based upon the actual calibration and was used in the
data reduction.

Measurement Accuracy

The accuracy of any measurement system is a function of all possible errors
affecting that system. Possible sources of measurement error included the
hysteresis of the rubber diaphram and the steel flexures, zero drift of the
carrier amplifiers and the voltage increasing amplifiers, and drift of amplifier
gain for the carrier amplifiers and the voltage increasing amplifiers. Included
are bias due to taking only 3600 data points in 10 revolutions and the beat fre-

quency effect, and calibration errors due to cross talk and due to static sen-—
sitivity error.
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The values of H~Force 1 and H-Force 2 shown here are actually average values
of H1-H3 and H2-H4, The following accuracies are representative of accurcy of
the data.

Direction Accuracy
H-Force 1 X +/= 0.2 lbs
H-Force 2 Y +/- 0.2 1bs
Thrust yA +/= 0.3 1bs
Torque +/- 4%
Speed +/- 1 count

Tt should be noted that these calibration measurements were made with no
rotation.

Experimental Results

The rotor was tested with tip vane angles of +/- 0, 3, 6, Y, 12 degrees.
Each of these tip angles were tested with blade angles of 0, 3, 6, 9, 1Z
degrees. Data were taken for all of these cases at tip speeds of 217, 224, 232
ft/see. Another similar set of data was taken with the tip vanes removed.

The same rotor blades were used through out the testing, and an attempt was
made to maintain equal testing conditions for each of the tests. Changes in air
density were accounted for. Atmospheric pressure and wet and dry—-bulb tem-—
peratures were used to find the air density from a psychrometric chart. Typical
Reynolds numbers at the tips were from 6.86 x 102 to 7.51 x 10°,

Results

The magnitude of the side force genmerated is shown in Figure 7. These data
show the increase in side force generated with increasing vane angle magnitude,
The data for a blade pitch angle of 3 degrees. The data for 664, 643, and 6Z1
rpm are collapsed onto one curve at 664 rpm. Two separate sets of data were
taken at each data point. The force increase with vane angle shows an almost
linear increase up to the 9 degree magnitude and a fall off occurs when the 12
degree case is reached.

Figure 8 illustrates the results for several blade pitch angles using the
664 rpm data alone. It can be seen that the curve for a blade pitch of 0 degrees
is quite separate from the other data. The 3, 6, and 9 degree data are well
grouped except for the 9 degree case at the vane angle of 12 degrees where some
stall phenomena may be occurring. These results imply that in the 3 to 9° pitch
range there is little influence of blade pitch on the tip vane performance but a
very significant interaction must be taking place between 0 and 3 degrees. This
situation is graphically portrayed in Figure 9 where the H-force is plotted ver-
sus the blade pitch angle. Except for the zero vane angle magnitude, all other
vane magnitude show a severe effect of blade pitch change from O to 3 degrees.
Thus it appears that significant coupling is taking place.

If one now looks at the effect of vane magnitude on the thrust as shown in

Figure 10, some interaction seems present but no strong trends are apparent. A
slight fall-off in thrust seems to occur as the vane magnitude is increased from
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zero but at higher vane values the glight fall off recovers. Torque variation
with tip angle is shown on Figure 11. At the lower blade angles a gradual
increase in forque occurs with increasing vane angle magnitude as one would
expect, At the blade pitch of 12 degrees the jump in torque with blade pitch
and vane angle is probably due to some stall phenomena.

Figure 12 presents typical figure of merit results. Data are shown for all
rpm for the base line rotor with no tip vanes, vanes at 0 degrees magnitude, and
for the 6 degree vane angle case. Although a significant drop in M is found
when the tip vanes are added, only a small decrease occurs as the vanes are
oscillated through + 6 degrees. The large impact caused by the addition of
the vanes can be seen more vreadily in Figure 13. There the torque coefficient,
CQ is plotted against ¢t3/2 for two cases: no tip vanes, and with tip vanes at
+ 0 degrees. The large torque increase with the addition of tip vanes is clearly
evident.

1f the effective drag coefficient of the vanes is calculated using the data
shown in Figure 13, it is found that for the vanes, Cj = 0.0227 (Calculations
may be found in the appendix.) This value is higher than the value one would
expect even at a relatively low Reynolds number. It is believed that some flow
interaction and separation may be cccurring at the juncture of the tip vane and
the undersurface of the blade leading to an increase in drag of the vane-blade
combination.

Calculations of the H-forces based upon calculated vane l1lift were conducted
and are presented in the appendix.

Discussion

It is apparent from the data that the tip vanes can produce useful side
forces. The values can be predicted to first order by simple aerodynamic wing
theory as shown in the appendix. The drag of the vanes was somewhat higher than
a well designed wvane—blade interaction should allow. No evidence of enhanced
performance was found with the configuration used for the H-force tests. The
configuration, however, was markedly different than that found to be optimum

(2).

The significant changes in force generation that occurred for blade pitch
changes from O to 3 degrees was considered carefully. It is believed that the
position of the vane, whether nose in or nose out, could possibly cause a change
in the flow distribution near the blade tip. That is, the vortex patterns of
the blade tip and tip vane could interact differently in the various vane posi-
tions. Since it was found from prior study that hover performance is exquisitci~
vely sensitive to any variations in vane configuration, such vane position
changes could possibly affect the local flow significantly (2). If this
occurred, then the lift distribution on the blade might not remain constant
around the azimuth and a resulting steady moment could be introduced into the
rotor mast supports. With the instrumentation used in these tests, no provision
was made to measutre moments, but only side forces. Thus with the test rig used,
any moments produced could lead to pollution of the side force data.

It is believed that the side force data for the zero blade pitch case would
not be gignificantly affected by the possible moments since little or no rotor
1lift is being produced and hence no gsignificant 1ift induced vorticies would be
expected,
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Because of this concern over the possible generation of rotor moments due

to tip vane motion, a complete revision of the instrumentation has been under—
taken. This revision is outlined in appendix II. Only preliminary tests have
been run and no results can be reported from that system at this time.
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APPENDIX I

List of Symbols

AR = aspect ratio of vane

A - = rotor disk area

Ay = yane

Ayer = wetted area of vane

Aref = Ay

b = number of blades

Ccl = a constant defined within equation
Cp = total drag coefficient oif vane
Cdp = profile drag coefficient of vane
Cq = drag coefficient of vane—no oscillation
Cg = gkin friction coefficient

Cq = torque coefficient, = Q/ AVyR

Cr = Thrust coefficient

e = gpan efficiency factor (Oswald factor)
Fy = horizontal foree in x direction

K = g constant

N = rotor speed, rpm

Q = torque due to vane drag

Ry = rotor radius to blade tip

R = radius to vane pivot

Vo = rotor tip speed

vane tangential velocity

= density

rotor rotational speed

tip vane amplitude

= azimuth position of vane/blade

3

Drag Coefficient Calculation

The effective drag-coefficient for the tip vane at zero blade angle and
zero tip angle can be calculated as follows. The drag of the vane is given by

Do = Cop Vo Aur /2 )
Now Qv= Dir-kv.b 2
wi Cav= Bu/pAVER :
So s C'_p-;f/a Ve Av lZV/Z(,Oﬁ Vr® ) 4

\h'=“ng' N Vo = LR
Cor= Cov (‘Z"/IZ),)( A%) b/z 5

For the case shown in the Cq — CT3/2 plot, Ay = .26 sq ft (.0242 sq m), Ry =
37.86 in, R = 40.0, N = 621 rpm, b = 3 blades, then Cg, = .003158 Cp,. The
increase in Cq from the figure is .000605-,00039 = ,00315. Thus Cpy = 0.0227.

H-forece Calculation

The geometry of the wvane, the flow angles and the 1ift and drag forces are
shown in figure 14. 17-13



To simplify the calculation the following assunptions were made.

1. Neglect the horizontal flow of air as it approaches the blade due to the

radial inflow in hover. The hover contraction does not exist with zero
blade angle. Assume that the velocity relative to the blade is always in

the tangential direction with magnitude Rye
2. Neglect the effect of any flow along the axis of the vane (2-D assumption)

3. Neglect the flow turning in the vicinity of the blade, and use the free
BEEeREnEe Ot tEnidveads BntolEFEnGt TATREIS bE O Rnp £6uERd EREB N EDe
of rotation or outward in the radial direction. The drag will always act
in the tangential direction.

The force in the x direction beconmes:

Fy = L sin¥ - D cos ¥ 6

The vane lift is L= C..‘o VJ’Av‘/z 7

and Clmr=‘“°( 8

4 = dc‘-/;,(d\ = Qo /( [+ Q /'H'MZ) 9

and A= ’TS;VHP 10

z
The vane total drag is: Dy = CJ"{’ Var /?u‘/z- 11
-

and Cp = C‘Df’+ C: [VQAZ) 12

Cqp can be calculated from C"{P =K Cf— Awef/ﬁre[ 13
K: I-BS"

Note Awet/Aref = 2

Substitute equations 9 and 10 into equation 8, then substitute equation
13 into 12 for Cp. WNext substitute the equation 8 obtained into equation 7 for
lift and equation 11 for drag. One obtains upon substitdtion into equation 6
for Fy

FulB)e Cp (S04 )P - Goeos Yo G ytsimFeos ¥ 14

The average value of the force can be obtained by solving for the mean
value of Fy 25

——

Fo = _{,i,/();, (E)d ¥ s

which becomes

% = £
Fxr = &7 16
since upon integration the drag terms drop out.

17-14



For the example case with:

AR =fassuming no end plate effect of blade, ¥ = 9°, 2 = 0.00234 slugs/ft3, e =
.93, N = 621 rpm, V, = 205.2 ft/sec, A, = 0.26 sq. ft., 90 = 5.75 then Cpp =
0.016, a = 2.03 and the side force FXb = 1.Y8 1lb per blade. The total side
force is Fy = 5.94 1b. per blade.

This result is close to the value of 5.84 measured at zero pitch angle and
a vane amplitude of 9°., Thus it appears that little end plate effect from the
rotor blades is achieved.

Reference:

Shevell, R. 8., Fundamentals of Flight, Prentice-Hall Inc., Englewood Cliffs,
New Jersey, pages 145-183, 1983

APPENDIX II

Revised Instrumentation System

In order to be able to determine if there was an interaction between any
1ift changes due to vane motion and the side force weasurements, modifications
were made to the test stand instrumentation. An added set of flexures with

gages was installed at the base of the mast and a revised data system was incor-—
porated. A very brief description of these changes will be presented here.

Transducers

At the base of the mast, the rubber support diaphragm was replaced with
another set of flexures. These were arranged at 90 degrees and were equipped
with 350 Ohm strain gages. The entire mast was now suspended in flexures, so
arranged that the forces in two planes located 30 in. (0.76 m) apart could be
measured. By determining the X and Y forces in each of these planes it would
then be possible to evaluate both the thrust and the moments generated by the
action of the tip vanes as well as the azimuth of the peak force. The strain
gages were connected to revised carrier amplifiers, solid state units that are
expected to have less drift.

The data system used in the tests described in the body of the paper uti-
lized an interactive system with the VAX 750 computer. The revised system uti-
lized a2 local data acquisition system based upon a Wavetek 60U0 data system.
The data system acquires the data, stores it on a separate floppy disk for each
case, processes it, and allows plots of the data to be made. The calibratiom,
crosstalk matrix and data reduction system is essentially a modification of the
older system.

Initial checkout runs of the new system have been made with the rotor and
tip vanes activated. As of the time of this presentation, no data have been
taken for record, but some indications exist that some moment may be generated
due to tip vane motiom,
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