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TEsts 1n.the ho- by 80 foot wind tunnel were made aﬁ airspeeds from J{

{f;ho to 195 knots.' The aircraft was mcunted w1th and without roll freedom,ﬁl

f[fRotor pylon configuration varlables 1ncluded the following swashplate ff

'?"stabilization by mechanlcally coupling the swashplate to the W1ng or.

.f:fuselage, pylon restraint stiffness and damplng, hub restralnt and

;fdeltauthree combined with swashplate retardatlon. Tlme hiutorzes ware- _,H
?.recorded of pyion motions and rotor loads followzng pulse type excit&tionsl
;fof the pylon._ It was found that damping of the low frequency whlrl moda

iflncreased w1th swashplate stabillzatlon, pyion stiffness, and_hub_re;tralnt;
© INTRODUCTION

. The results of w1nd tunnel and flight te ts on the XV-3 are presented.
;Tin references l 2 and 3 Durlng the fllght tests, the alfcraft was_'j}fﬁf
' converted between helicoyter and alrplane mode with no . dlfﬂlcul At
 high prop-rotor advance ratlos, large flappmng angles counled with preces—;;
1sion of- the rotor produced in-plane forces whzch tended to reauce the  N: _j_
éshort perlod d&mpxng of the alrcraft Delta three (pltcn~flap couplzng) .i;

.and flayplng hlnge restralnt were pr0posed as posoible solutlons.:

' ”2  Prellmlnary to further fllght testlng, full-scale w1nd tunnel testv'. f;
;were made in 1962.. Durlng these tests a pylon rotor 1natab111ty vas:; '-” i
_experienced at 130 knots wzth a delta bhree of 20_. Control modlllca~"

tions combined Jith flapplng hlnge resﬁrainu increased the upeed llmlt_ﬁ§ }f;
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;;fbuf if.waé foﬁﬁd tﬁat.delté%;hrée adversél” ﬁ!_L;ﬁédﬁéb%thj;
Zi tabi&iﬁ#.. The 1nstabillty va» characierlzed.by a, lOW‘; ecucncy.nreée;¥ _~
-?sion of the pylonwrotor sygtem in. a dlrectlon oppoglue to roLor TQt&Gngfi 
___(backward whirl mode) el | i _ o
| An analytlcal and experlmen al program was lnltiatEL.bJ the ;éll  ::“.f:k“

fHelicopter Company which resulted in the deflnltlon of and Jbuaj oF ueveral

-mndes Of pylon-rotor instabilluy. Regultg of tn1: progr';_ e 1¢euented ]'J,T

E”in reference h where 1t is shown. tha he mode of ln538£¢_.uj enﬁounueled

in the: 1962 tests, namely, a backward TOuOT whlri modc, hould be predlcted
iboth,by computer and by small ocale model tESu TEuulua an _nad a. Irequency.
iof about l to .3 per rev._ '"’hlu is 1n contraut to: Lhe fo ard pylon Whlrl
;mo&e which h&s a frequency near Lh o of the pyion uupporu nauural frequency.ji;
lﬂbr either of the whirl modes, 1n~glane foreea due. to Ilapplng are phased |

fin a &irection that contrlbu:t;eu to the 1nstab111ty au hlgh advance ratzos._.fﬁ"

iAnalyses and results of small scale teSus indlcated that these forces could o
{be reduced or. eliminated by mcdificatlons to the rotor control system.“_; -

fWith one of these modificaxions, the swashplate (and hence the rotor tip o

ifth plane) is coupled to the Wzng tlp or fuselage rather than to ‘the

=in cxder to m&int&in 8 favorable orientatlon of the tlp path plana

¥ th'respect to the aircraft Another modlficatlon, swashplate retardatio _ ;£

l(a re-indexing of the swashp”

{e.W1tn respect to the bla&es), was found to _f:

5minimize the adverse effects elta-three.. o

A full sca?e w1nd tunnel n*ogram Was . 1n1t1ated to verify the theo- HH'T 8
:retlcal analJvls as well as to 1nvest1gate rotor-pylon configuratiOns

..[

Q“ea to 1m@rovc pylon rotov stability. Configurations investagated
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LWéiej;lépping'ninﬁe ves uraint;_gvlon-mounb'stl*_negu,”

jcoupllng o eancl uhe ﬁleﬁ, W1nb, or fus elage._ These o
;-were uected or nomlﬁal Ve 1ueu Oa oeluw»ugree of 22 and 357. Testy were

,made_on-both the convenﬁional.winé tunnel'suppor;'wiﬁh atlaciment poinis

[a Lhe ulng wnd w1uh a mount whilch alloved the aircraft to roll.' The
¥lauter nounu or voll £x eé_mount was considered as a suls ol compuler’

-studies-which showed nat wing Lln Vel pigal or woil "'ecﬁow would ad-

fversely af"ent measured rotor “tabll; y levelu.

HOTATION -

}Kﬁﬂ-ﬁf _'5"3hub spring stiffnecs per bla&e,_invlb/blade
fkﬁfénd_ky_ _swasthate'counling iﬁ pitch and ya TESDeCtlfeljifwill be:Of
. ir szcubplate is pylon utablllued (flxed to pylon) wmll be.

-;.l O 1f stablllzed with respect Lo thc alrcraft or wmng (see e

 f¢gure 3£) | |
igi;f'i;'t';-dynamlc pressure, lb/SO-?t
S ..: ; g _Wlng_ ares. (116 Sq_f’t),'- Sq-:ﬁ‘t
;T:,: f-' *__total uhruéu obt alned au the difference between roﬁo on and

.rotor o?f drag or correvnondlng o, V ana mount coniiguraulon, lu_.

:q f“1}.z5 | angle of attack of the Fuselage refergnce-liné (see.figure_Qa);;ﬁf:
 5;  ?;  :  rotor zlapplng, p051t1ve w1th blade *1apn1ng forward deg
'53i;ﬂ;y- R pltch ?lap coupling ratlo, tan 63 239/ 295, deg
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iiefgeue}'je_éﬁasﬁﬁlate reterdation (see reference h),.posltive when thete;f?
| swashplate is rotated 1n 8. direction opposite to rotor'
D .'. rotation, deg .-: . - ._. | | | _.
:fé:f.j::-' .jratlo of measured damping to critlcal damplng (see fmgure 6ff':.
L for derivatlon), expressed as either & ratlo or percent o
' _crzuleal _ . | -
};QfFTe_e;.:. blade pltch deg ‘.: R o -
};ﬁjt a,nd ﬁﬁ pylon angular d;splacememtu 1n pltch and yaw reopectlvely,:e i
..._: _ : 905131ve when AV*; rlgh‘ pylon is dCWn and inbcar& deg
3f¢9;.i ie | bla&e azimuth. locaulon, 0 vhen blade is, Vertlcally up, c?.meg.-.:'E
C{) and.gg pyion'statlc natural freqpencmes in pmﬁch an& yaw reppectlvelya
. :_'PET.S?c' ' R S - ' ' : ' :

6 rotor speed, rom

- ATRCRAFT AND EQUIPMENT -
Tinrcraft'Details and Mounting'-':

..; ;jThe xV-3 is shown in flgures 1(3) and (b) mounted in the hO by 80n_:eei
iifoot wind tunnel vmth the wzng mount and the roll free installations -
i respectlve ukeuches of the XV-3 and roll free mount arraﬁgements.are ; -
:ipreuented in rigure 2.. A.summary o;.geomeurlc data for the alrcraft lS
lepreaentea in ¢able I A llut oF the con41guratlon“ tested is shown 1n.:

iable II. The nylons were flfed in uhe horizontal or alrylane pogltlon._§ ;”

: LOT all the EEutu-
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The Wlng mount 1nuﬁallat10n in. the Jlnd tunnel Waq ~ident ca1i§Q §héf;ff
iused for the tests of reference 1, s 'uketch of the roll ;rgé.mdﬁthﬁfé§Ef;ﬁ
sented in Ilgure E(b) ohoﬁs_the_relaolve positlon pzsohe_roli:axi; anﬁ!f:ii 
 the aircraft ' Limits in}roli of .the #ircraft.wéfe'+3o; ;mﬁé'éiwcraftfﬁéﬁﬁfﬁ
:restralned 1n “oll bj Lord mounto reuultlng 1ﬁ a uyctem gta sic natural |
 frequency 1n,roll of O 5 cvcles/ge __A solenoid acuuaued louklnﬁ Ulﬂ ﬁ ;};

;used to center the model in. a sta LC cond tlon,;-
. swashplete, Hub and Pylon -~

The.p;lnary changeg.maae to the orlglnél £V~3.rotoM~pjlon uuvnoru”   fi
 system are descrmbea in the fqlqulng par&g;gpgu.._De tail photographs d~.
: the rn.ghL pylonuhuo a3 uemblﬁ and diaerams:of'théaswashnlaﬁe:scabillzatlon;d
'Eer coupllng llnkage and pylon TEQt?&lﬁt arrangemenys_are shown ﬂn 1;guré;2f*

(&) through. 3(%)

g Swashplane uOdlAiC&thﬂu- . The swashplate was modified for_the-_.}’T"

fPresent testg by moving it from & pocztlon forward oP ‘the hub. to the'f{ '” :
:'present position near. the tranum1551on. The: cycllc plbﬁh control vag:
fdisconnected and the swashplate was connecbed to the blade ' hrough arns.;,l
mounted on the end of the collective pluch bube.- (aee ilgure 3c. )
'.Prov151ons were . made to obtaln nom;nal valueg of 20 and 35 of 63 and
 swashplate retardatxon, & . Retardatlon was cbtained'by re- 1ndeY1ng
Ethe rotaﬁing part of* the swashplate Wluh respect to the hub in & dlrectlon.

 oprsite-to rotor rotation.
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Swashplate St&blllzatlon.wz The swashplate was: stabillzed by coupllng'fﬂf

:;:the swashplate to the W1ng or. fuoelage as’ 1llustrated 1n the sketches of

5 :f1gure 3(f) (for wzng coupling) . | | | ._ | |
_ ‘As shown in figure 3(g), the swashplate was moved in the pitch direction
fithrough a fast—response hydraullc boost Swashplate stabilization, kx f'

g“(or ky), could be set by choo 1ng proper. comblnatlons of connectzng rdd 3 .
i'pouitlons on. the bell cranks._ A torque tube runnxng through the wing to fq ."T
ffthe luaelage enabled the coupllng of . the swashplate to the fuuelage.i The  :in
€;swashalate was coupled to the W1ng tlp rather than the fuselage &fter 1t |
:fwas found that relatlve w1ng~tlp—fuse1age motion Ain torsion was negllgible;  j;
.,Wlth wing stablllzation, the rear connecting rod was attached at the pivot  }?}
; point of* the rear bell crank The swashplate wa.s coupled to the wmng o

;:w1thout hydraulzc boost in’ the yaw directlon. o

Hub and Pylon Reotraint _' Hub restralnt ﬁas dbfained by ins tai;a£i§ﬁ ;f;;
féf torqpe sprlngs in llne wzth the flapplng hlnge.f.'  _ L . . i
| The origlnal N-3 pylon actuator mounts and the baues ¢or uhe dampers;;il?
ﬂénd Lord mounts were relnforced._ Durlng the tests, pylon stlffness WGBS . |
;changed by 1nterchanglng Lord mounts of dlfferent StlffneSS. Pylon;mount_.
idamplng vas changed by adaustment cf the v1scous dampers. Ehe dampers |
:iwere removed for a magor part of' the testlng because the flex1blllty in.
jéthelr mounts complzcated the evaluatlon of both the mechanlcal damping |

jand stlffness of the system

Pylon Actuators. . An hydruallc actuator was installed in the’ right s
prlon restralnt llnkage as shown in flgures 3(e) and (g) Statlcally

fthe hydraullc actuator could pulse the pylon up 1- 1/2 and back agaln'
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w1th step 1npuus._ The pylon canver51on actuator Wag used to pulge the
pylon for teot conflguratlons and condltlons where the rotor was heavily

fdampedl
TESTS AND PROCEDURE

Table II 15 an lndex to the teut runs- and alrcraft conflguratzons..'
{}Be?ore power~on te tlng was done on elther support sy Lem,-the blades __ 
':WETE removed and ba81c aerodynamlc data were dbtalned for an angle ofn
'Qattack range of about -5 to 6 and for the full range of alrgpeedﬂ to
}be used with the bladeu on. The blades on uests vere made at alrupeeds..
ﬁbetween LO and 195 knots with the Tovor opeed set at 32L e and angle of
faxtack at ~2 Rotor speed was varied from 280 o k00 rom. _or uelected
xaifspeeds.  The angle- oi—awtack range WAS —5 to SG
_Q_Fpr_each-cqnfiguraﬁion, thg angle~of—attack, roﬁor'thrust_and rotor. 
:fé?ged-we:e_held chstant}while the airspeed was_inpreased. “When the. .
; §arge£fvalue;-of_airspeed were.reacheé;'gngle~of-attack,:rotor speed and;:
3 #Qt5f.thrust vere set anc gﬁeady—staté ;ixncomponent Toree and.moment
7:§aua were recorded u;ﬁng_thc win&.tunnei balancé system.. Thé_oscillographé'
’ Were started and the nylcn vas pulned with either the hjdraullc actuat or7 
; §% fﬁe'pyloﬁ conversion_actuatqr. Direct writing_qscillog:qphs were .
1iﬁ§ed-iﬁgordei to evaluate pylon dam@ing,_frequency;_and rotor componentfj-'
ijioadf prior 1o advancing to the next tes. condition. For some coniigu-
 1raﬁions and alr peeaa; angle o;—autank - rotor thrust and rotor upeed were _

Sovaried individuelly.
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s DATA AC”U’IuI Iou AIID BEDUC’I‘ZOI\T

.. The.meaaurements obtaxnea @uﬁaﬁg the tests ConulatEQ:O; 6-éomponént
_Lorce and moment data obtained Lrom tqe Wln& tunnel balance sys tem, and
_0531llograph data ;or the poultlcn“ and loads listed ﬁn Table III. |
:Lov1es on the rlgh* pylon motlon wer e made Lor moss of the hlgh apeed i  
testa as well as for all lor damncd nvlon o¢01llau10n

Thruut vas evaluated from Lhe Wﬁna Lunnel force data by uubtraéelng.;
power—on drag from the blades-ofT drag valve for Vorrespondlng angles—of—:
attack and dynam1c pressure.. | e | |
i The valuea'o: pylon damplng ratlo used in this: repor:v were obtalned
 graph1cally as. 1nd1cate& 1n ¢1gure 4 ' ”he meuhod is eSﬂenilally a com-: 
parison of the measured rate of decay w1th uhaﬁ calculated Tor & one~ g
degree -~ freedom oprlng~maas damper system. A pr1n01pal llmztaulon of
;the method 13 uhat damplug above l5% crluical could not be evaluated
l agcurately,and_ﬁhe.gama_for these_case are presently belng redﬂced u51né

| computer technigues.
RESULTS

Tlme ﬁlstorles of pyion dlsplaceﬁénu and rotor Ilapplng are ahown
3in figures:5 and 6 for,several test condltlong._ The COnditlono chosen
.:;ndigate'ﬁhe.effect of changes.iﬁ swashplate coupling on the rate of fiiv
.-decéy of the right pylon oscillation after the pylon wes pﬁised,:;The:i.ﬁ

-~ dashed lines on the displacement traces represent the backward whirl'grfg


Dow
Text Box
8


Ii:low frequency mode for: which an increase in damping vas a primaxy objeo— ii?f
:tive of the test program The forward whirl mode may be seen for the e
folower values of swashplate stabilization &g & higher freqnency component
' superimposed on’ the lower freqnency oscillations. o _ '_ _
| The damping ratios (1n texms of. % critical damping, see Figure h) of
| the backwar& whirl mode are presented 8g8- functions of airspeed in figures
 .7 to ll Damping as a. function of thrust is presented 1n figure 12.; As
;Lmay be geen. from the figures,'crossover speeds or airspeeds Tor. neutial o
i:stability were not Obtained for some of the configurations. Since the ::;;fuL
I damp1ng deteriorated abruptly before reaching a crossover sﬁeed severai
:lof the test runs were terminated as soon as any rednotion in damping wes ;_':”
;:noticed The data points corresDondins to dﬂm?ins ﬁb@v& 15% critical were ff
fonoted on the plots by the symbols at 15% critical damping with arrows -
:attache& Freqpencies shown for high damping are based on estimations
:;for the time to com@lete one«half cyole | - . o
| .'. In summary, the results substantiate the. theoretical predictions of oﬂo_.
__feference 4 namely that increases in damplng of the 1ow frequeney backn..
-;ward whiri mode ran be obtained with swashnlate stabilizatlon 1ncrease

in pvlon faanesw or wwth hub reotraint Increasing-thrust was oﬁabi?iziég;;
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_ﬂwihgf. S

Reference area - sq ft '
~ Span (distance between pylons) 't
" Aspect ratio
- Incidence, deg

Airfoil section

_Fuselage

Length, £t
‘Depth, £t :
']Maximum width, ft

';Rotor (2 blades)

i; Diameter, £t
"~ Blade section.
~.Chord, in =
7 Solidity ' :
Blade twist deg/ft radius

_Pmmr'
Engine (USAF designatio

" Engine rating (hp/rpm/ alﬁ
Rotor engine speed ratlo L

30.33
5.31

-~ h.05

2.0
NACA 0015

S 11.0
056'

R-985

3h50/23oo/23oo
712
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