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A description cf a six-compénent'modgl rotor test stand is presented in
which stréin gage beams are used tolmeaSu?e the forces and moments. A model
helicopter having a single six-foot diameﬁér,"QVOvbladed teetering rotor was
rigidly fixed to the stand and was testeé in a,h@veriig flight attitude at
varioua coliéctiveablade pitch asngles, rotor angui&i'yelocities, and cyclic
blade pitch engles. The resulting steady state torques, thrusts, horizontal
forces, and rotor flapping angles were measured to check the vél%dity of the
design. The regults indicate that the rotor test stend data i8 accurste snd

repeatable.
Tatroduction:

The Porreatal Research Center, Princston Unlversity, under the spensorship
and with the financial assistance of the Office of Raval Resesrch 1s currsntly
engaged in an inveatigetion into the problems »f hellcopher asiability and
contrel. The methed of attack, in general, has bheen the paralleling of =z
theoretical analysis with an experimental analyzis of & suitable model. In
experiments in which rotors ware used, the rotors were inltially subjected to =
vhorosugh static test angrysis which requlred a rotor test stand. 1n the pest,
tals need nas been £illed by s kalfs-edge type balance vhich was capable of
meszuring thrust and torgue oniy.

Tha thaporetical analysls of the dynamis staollity of o medel hnelicopter nesr
hovering fiight Indiceted that several of the stability derivatives could be
determined from a stetic @est analysis. This howvever required among other thingﬁ

the wmeasuremest of the {ransient horizontal force édue to the displacement of the



Lip rath plane by s oxcliz vlads niteh angle. In ar much a5 the detercinaninn of
21l the important otahility derivatives frorm flight tests had proved difficult,
it appeared that the problem could be alleviated somevhat by coustructing a
sulteble rotor test stand and evaluating thesge seversl derivatives.

This report then, describes the design end instrunentation of the test

stand and also includes the steady state test reasulis from a medel helicopter.

Description of Test Eguipment:

Tie test components empioyed in this experimental research program
inciuded the rotor static test stand, a model helicopter with egsociated contrels
and instrumentaticn, and 8 complietely enclosed test spaces. The medel helicopter,
its controls and instirumentailon, and the test facllity are described in
reference 1. Tne rotoyr system is the same one used ian reference 1 and has the

following characteristics:

Rotor diameter, f%. &

Thatbey of blades e
30)idity ratio LGl
Blade section (mo “twist or taper) NACA OU15

Airfoil section beglns et 0.6 £u. radius
A general view of the rotor test stand; the model helicopter and the test
fariility is {llustrated {n figure 1. The base of the teas stend s 3 section
steel channel. The mast is wade up of four sections, of which threes are
shown in the Vigees. the lowsr gaction 18 a modified Axifsrvensial snd rem: axls
along with ihair raspeetive housoings from a small auntomobile. The lower

diffeventisl side gear snd shaft are resireired from turning by a rectangulac

beaw nlnned to the sheft. The "fres" epd of this bemn rests on the outer face



¢t 8 fixed rcller bearing. Four SR-4 fype e-7 ptraic.goges are mounted on this
VIRL W0 838 50 AuliiGiacicuwa L0 IOTE 8 SULRbiiemass D2 damr o wl srsbW Lag e
torque. The rbtafioﬁ'of‘this lover skhaft under loed ls in such & directicn 88

to rqtatelthe’"free" end of the beam into the fixed rcller bearing, which upon
engagesert with tﬁe'beam,~reéiats the torgue.

The upper rear axle mates with the middle ssction by meens of a splined
coupling. Thie second section consists of & ball kzaving sugported sheft sud
housing. The third section is not shown but is identizcl with the seceond seztion.

The fourth section consists of the rotor hud, <tne strain-gege beams, and
space for the incorporation of both cyclic and cnllective blade pitch controls if
required latver. A cross-seciional view is shown in figure 2. 4s sy be zeen
from this figure, tbe rotor hub is keyed to the shaft and is driven thoough s
bealli-vearing slip-Jjoint and universal Jjeint. 1t is independantly supported Ly
twe pall-bearings which aere seated in the thrust-moment splder. A cross-sectlonal
view of thils spider is shown in Tigure 3. Four HR- type a~7 siraln-gagee are
nomted on each arm of the spilder, two on the top and twn on the tottom. Cue
of each pair of gzges on esch arm are so interconnected as to measure the thrust
and cancel cuib the moments. ‘The rolling and pitchiag woments ere meesursd by
interconnscting the remalning gages on opposite armes In such s manneyr as Lo caacel
out the thrust in each circuitb.

The thrvst-moment spilzr is supported by the side and drsg force strein-
gogs beamz. A bali and socket Joint ig wsed for the copnvetion. In ovder that
the roto:r hub would have & relstively oiiff asupport, 1t wes necessary fo decign
the horizomtel force besms o bave a bendlng stiffness that wes not comxensurable

with the strains 4o be measured. o sileviate thils oroblam. ilhe heam was nade
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considerably thicker thsn required and then slitted as indicated in figure 2 to

give +the nroner strenghth ™t olage the abraliz gegzns ot oo aelisbhle
the neutral plane of the heam. An SR-b4 type &-7 straln gage wes mounted on the
siitted gides of each of four beams and the gages on opposite beams were intgr-
connected ip a similar menner s8 ¢ moment gages. A total number of twenty-
eight gages were used to messure the six-components: eight gages for the thrust
snd four esch for the torqQue, rolling wxoment, pitching moment, side force and
drag ferce. The gsges were conn2cted In a bridge type circuit and were
temperature compenssied. All weesurements were recerded by an oscillograph.

Althougk all six-components were instrumented, omly the thrust, torque, and
horizontel Tovce were meesursd In the tests described herein. U 1a estimated
that dspending upon the sensitivity of the galvenometer uged iIn the cscillograph,
the thrust could be read withiun £ 0.5 1b.; the torque within T 0.05 ft. ib.; the
drag force w.thin T 0.2 lb. For the direct resding SR-4 contrcl box, the thrust
nculd be read within % 0.1 lb.; the torgue within * 0.03 ft. 1b.

The presently used yoior bhub has been desligned for s two-bladed flappiang
rotor with off set flapping hinges. By redesigning the hub, any conventicnsl
rotor system may be statically tested. It is also Lo be noted that the support
structure has been kept small and compact for possidle use in wind tuncels.

¥hen rotor blsdes coly sxre to be tested, the rotor hub will be driven

through the Aifferential oy an zleciric motor.
Test Procsdure:

ihe tegts conducted were relstively slmpie. The model wes run at normsl

rotar speed and the collective bisde pitch angle was reduced nunbtll toe thrust
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was zerc. Tue blades wers checked For irecking snd the rotor stopped. Tie blade
nitoh angien Wers Yhan aglilhenbed, he rotor was staried 3 :
zero blade pitch, 935 RPM, steady state data were taken at spproximately 20
intervales and constant rotor speed until the blades begsn to stall. The
coliective blede pitch angle was then reduced in approximatély 29 intervals and
constant speed witil zero thrust wes again reached. fThe same vun with the
exception or zero thrust was repeated at a rovor speed of 1155 RPM. Constant
rotor speed was maintained within 2% by use of s strobeotac-strobolux. Thrust,
torque, blade pitch angle, and rotor RPM were recorded.

For the second group of tests, the rotor wes run at several different
collective hlade pltch angles and rotor speeds. In each condition, several values
of cyclic blade pilich angles were introduced. The resultunt rotor tilt angles
and horizontal forces were recorded as well as the thrust, torque, collective and

cyclic blade pitch anglesg, end rotor speed.

Test Results and Discussion:

The test results are presented in figures & and 5 end were obtained from a
direct reading SR-4 controi box. Figure & iz a plot of thrust coefficient, Clr
versus collective Dlads pltch angle, é% snd a2 cumparison with the theory
presented in the appendix of reference 2. A= mey be sees from the figure, the
theory and experimental data compsre very well. The slope of the lift curve
used in the theory was obteined from reference 3 from date on s NACA OCLS airfoil
of infinite aspect ravio, and the gpproximate Reynoids number corresponding to
the blude threc-quarter-radius station. fThe value used was 5.5 per radian for

a Reynolds puxber of 340,000,



Figure 5 is a plot of torgue coefiicient, C ny versus thrust coefficient,
-,

m . I - . - , . Sh A
e, ANA & COEUATIARON with the cheovv v reyevanca 2. A8 may be geen. bhe WDeGTy

erd experimental dats élso-compare very well. However, in order io accurately
predict the torgue coefficient, it is necessary to express.the local profile-
drag cosfficient as a function of the locel 1ift coefficient. It was found
that by making the spproximation that

g, 1
"1
c, = 0.0i02 + 0.70(37)

Cd,
the theory could accurately predict the experimental data. Iu order to indicate
the degrse of approximation involved, this curve is plotted in figure 6 along
with the infinite aspect railo characteristics cf the airfoll section ag
obtelned from reference 3. AS8 may be seen, a very 2losz approximation of the
variation of the profile drag coefficlent with 1ift coefficienv is obtained.

The lack of scatter 4in the data of figures 4 and 5 and the lack of any
noticeable hysteresis is pointed out az an indication of the matiafectory
operation ¢ the thruvat and torques messuring equipment.

The steady siste, zerd air speed results of introducing a cyclic blade
pitch angle are well known and the model 4i1d not deviate from the expected
pattern. The rotor Tispping angle with respect to the sheft wes indentical
within experimental error to the cyclic blade piteh angle introduced and the
thrust vector remeined perpzrdisular to the tip-path plane., Thegs teste were
made as a further validstion of ths instrumentation. Thie data wan considered
somevhat superfluoue and is not included in the repart.

Although, all traces indicated vibratory forces or momente at rotor
harmonic frequencies, there was no indication of anything new thet could not be

explained from geometric considerstions.
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It was not possible teo reasure the itransieant rotor flapping angles

acourately encngh at thia time une to instromentption dirdicnlities. ¥For thnie

reason, the desired stabllity dexivatives were not obteined.

Conclusions:

A six-component strain-gage model rotor test stand has been developed and
a.ppl;ed to the static thrust anslysis of a helicopter nodel baving & six-foot
diemeter two-bladed teetering rotor. Frowm these tests it i8 concluded that the

rotor itest stend ylelds accurate and repeatable results.
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FIGURE 3. PLANVIEW OF THRUST-MOME 1T STRAIN GAGE SPIDER.
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