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ABSTRACT

[

Previous studies have indicated that several béﬁefits,

most importantly that of gust alleviation; can be realized

by aircraft employing anounconventionaliuing; free to
pivot about a spanwise axis forward of the aerodynamic

center. To obtain reasonably high 1ift coefficients, a

- secondary surface, also free\to pivot, has been attached

‘to the wing in either a forward or aft poEitign with

respect to the wing pivot, This'is»known as a free-wing /

free~trimier concept,“developed by NASA, | | | b
vk At present, only an analytical model and limited

flight‘tests of a radiojpontrolledﬁmodel have been used :

to investigate this concept, This paper deecribes a

preliminary,wind'tﬁnnel analysis of a free-wing / free-

trimmer model, employing an aft-mounted, wing-tip trimmer,

It provides an introduction~and background for future

wind tunnel studies. | - ’
Relatively little data was obtained in support of

the analytical model due to problems encountered during

,ptesting. An analysis of these difficultles and their

~solutions is presented, with recommendations toward

3 future testing.

The concluSions arrived at in this 1nvest1gation are ;-
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(1)

(2)

()

The free-wing / free-trimmer configurétion is a
viable concept, and exhibited both static and
dynamic stability for a trimmer pivot at the 10

- percent chord position, More testing is needed

however, for a 19 percent of chord pivot, and
to determine the optimum direction for the
trimmer camber with respect to the wing camber.
Unless properly controlled, friction in the

mounting system and instrumentation can %lgnl—'

ficantly affect the panel response. Reduction
of this effect can be realized by increasing

~the size of the model and / or the tunnel velocity,

For the configurations tested the control was
far too sensitive, giving the full ﬁange of:
wing angle~of-attack for trimmer flap dlsplace-
ments of only a few degrees, To reduce this
sen81L1v1ty, the wing plvot axis should be
moved forward.

Further testing should include an analysis

of the maximum 1lift coefficient obtainable
with a trailing edge flap on the wing, and the
effect of configuration changes on the maximum
1irft,
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! . NOMENCLATURE

. LOWER CASE

a . lift-curve slope - 7
winé_span ,

c chord o ST : Ty

g | gr@vitationai constant ,

h distanbe from wingebiVOt to tirinmer pivot, distance
to a point, perpendicular from trailing vonte%y_

1 “dlstance from plvot to center of grav1ty |

m mass ' ST | 4

mfd millifarad ' L +

t time e |
distance from'pivot to aenodynemic center, distance
to a!pointV’perpendicular to bound vortex

vy .ﬁdlstance perpendicular to tralllng vortex to a

' p01nt on the trimmer
UPPLR CASE R
- AR aspect ratio
bl'\ wing 1ift coeffiCient~ |
Cm ‘ -~ wing pltchlng moment coeff1c1ent:' N
.~Cm$. parb1a1 der1v1t1ve of the pltchlng moment coeff-

L icient with respect to control surface deflectlon
bfrlctlonal torque - | v | |
moment of 1nert1a about about plvot
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aerodynamic pitching moment about pivot axis
Reynolds number

wing area

free-stream velocity

angle-of—attéék ' ; i
, j

angle formed by a vortex filiment and a line froﬁ
the the vortex end to a point

circulation

§ flap or contfol7deflection;vdamping ratio
6 angle of displacementv |
Ve v kinematic viscousity :
£ v:density
w upwash velocity 5
Ao ohms |
SUBSCRIPTS ‘
f reléting to flap
10‘ zero 1lift Valﬁe' 
0 infinite aspect ratio
t ' relating'fo:the frimmer
W reiafing to the wing
| OTHER | |
O firat derivitive with respect to{%ime |
bl ﬁ"SeCOndfderivitive'with‘respect to time ‘,
sr',ﬂﬂ correspbndiﬁg.td'gfcéptrol defléétion of ysuf
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INTRODUCTION

BACKGROUND .
Conventlonal low-wing loading aircraft have long
suffered from poor ride quality in turbulgnce. As a resﬁlt,
light aircraft have not’had the acceptance as a practicai
means of transportation, This problem is compounded by fhe

fact that light aircraft spend a major portion of their
flight time at lower altitudes, where tufbulence is likely
to be encountered, v |
Thé}ride qualit§ can be improved by an increase in
wing loading, but this results in a lower minimum flying
speed, and increased takeoff and landing distances, Since
a main advantage of light aircraft is their ability to
operate out of shorter fields, this is not a practical

solution, : ST

Methods of reducing gust loading, without an increase

in wing loading may»be,conveniently.classified according

'to the gust alléviation system employed:

(1) Pitching the entire aircraft by use of the
elevators to maintain a constant angle-of-attack,
(2) Vary the incidence of the wing to maintain a

g'constant angle-of-attack.

(3) Operatlxn“of flaps, sp01lers, or deflectoro to

,offset ‘the llft increments on the wing,
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A very effective approach to gust alleviation is the
free-wing concept, which may be broadly classified in “
category (2). However, it's gust alleviation performance

is considerably superior to that achievable by direct

mechanical control of the wing incidence angle. The

major dlsadvangege of the free~w1ng is the relatively low
maximum 1ift coe?flclent obtalnable.

An extension to the free-wing concept is the NASA- "
conceived free-wing / free-crimmer,rwhich provides suffi-
cieht trimming power to allow the use of high~1ift trailing
edge flaps on the wing,

FREE-WING CONCEPT

The original concept of the freeiwing was disclosed

in U.S8, Patent No, 2347230 issued to Daniel R, Zuck in 1944,

In 1945, he built a small prototype which waskneyer

successfully flown, _
As conceived by Zuck, the two wing panels of a free-

wing alrcraft are fxee to rotate independently about a

-spanwise ax1s,Aand are controlled by means of a tralllng-

edge flap;'The panels are'subject only to aerodynamic

pitChing moments'and unrestricted by mechaﬁical cohstraints.

Static pitching stability is provided by pivoting the

panels forward of the aerodynamic’cehter, and equilibritm

is obtained by a balance of moments created by the tralllng-~

redge control 'surface and 1ift and drag forcco.‘

The gust allev1atlon feature of this concept is that
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the wing tends %o maintain a prescribed 1lift coefficient

- when subjected to a change in flow direction, While all

alrcraft have this tendcncy(\the greatly reduced pitching
moment of inertia of the free-w1ng panels results in a
morf rapid response to gust impuises;
PREVIOUS FREE-WING WORK

The flrst analytical study(1) to predict the dynamlc

longitudinal response of a free-wing aircraft allowed

“independent motion of the left and right panels. The

result of this study wég‘the developmenﬁfof the complete
set of equations of motion for an aircra%%\employing fke‘
free-w1ng concept, and the eValuatlon of three hypothetldel
subsonloualrcraft, ranglng in gross wemght from 3000 to '
50 000 pounds. -

4 The lateral and longitudinal equations of motlon were
linearized about straight .and level conditions, and the
algcraft response to gust and control 1nputs determlned by
examlnlng the characteristic roots of the motion equatlons.

The following conclusions were drawn from thls work:

(1) Most atmospheric effects were greatly reduced,

p' partlcularly the root-mean~squa“e load factor and rolling
~ disturbances, The rms fuselage pltch rate was slgnlflcantly

increased in com arlson with equivalent flxed-nlng aircraft,
(2) a1 sthk—flxod modes of motlon were stable,
except for the splral mode, :
- (3) The lateral-directional handllng qualities were
unsatisfactory because of the comblnatlon of low roll
damplng and‘splral dlvergence." :
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< (4) Artjfical stability augmentation, in the form of
a simple rpil damper, provided excellent lateral control

and turbulence penetration characteristics,

From the results of this study, a second study(a)
was performed to provide a reclistic and comprehensive
analysis of thé practical aspects of utilizing the free-
‘wing'concept for light aircraft., This study was basically
analytical in nature, but was supported by limited wind

tunnel tests of pitch and yaw models.

The conclusions from this report were:

(1) The free-wing concept can be applied to unsopist?
icated low wihg loading aircraft to provide ride quality
equal or superior to aircraft with much higher wing loading.

(2) Tor free-wing aircraft without differential wing
panel freedom, all pertinent handling qualities, and
certification criteria can be met without recourse to
stabllity augmentation, |

(3) Differential pitch freedom between the left and
right wing panels should not be permitted for aircraft in
this class; although the serious lateral deficiencies
accompanying such freedom can be corrected with passive
mechanical devices, ‘ '

(1) Leading edge slats are necessary for takeoff and
landing to compensate for the low maximum 1ift coefficient
inherent in free-wing aircraft,

o (5) The free-~wing panels should be balanced about the
spanwlse hinge axis with leading edge slats retracted;
thus a ballast weight penalty is incurred. '

FREE-WING / FREE-TRIMMER CONCEPT |
The free-wing / freeftrimmér cbncept is a NASA~

conceived extension to the free-wing to provide sufficient




= =

\

trimming power for tﬂe use of high-lift trailing-edge flaps,

:The wing is controlled by a pitching moment about the

ihinge axis by aerodynamic 1lift on a small trimmer attached

to 'the wing, This trimmer is located either fore or aft

~of the wing pivot, and is also allowed to pivot freely

abdut a spanwise axis forWard of it's aerodynamic center,
Pitch control of the entire assembly is providéﬁ‘by a
frailing'edge flap on the trimming surface,

PREVIOUS ANALYTICAL WORK

An analytibalushudy(B)

of the free-wing / free~
trimmer concept as appliéd to small aircraft was performéd
by Battelle Columbus Laboratories under contract to NASA,
This study was limited to stick~fixed iongitudinal motion,
gust alleviation chéracte;istics, and an assessment of the
responsé to symmetric vertical turbulence and control
surface step'inputs.

A preiiminary design 6f seVeral'conceptual freenwing/

free-trimmer aircraft was performed to provide representa-

‘tive dimensional and mass parameters for the mathematical

models, Both fore and aft trimmers were Considered' with

varying moment armu, and tho 1cft and rlght wing panels
were restrlcted to uymmotrlc deflection only.

The equations of motion for the longitudinal direct-

ion were developed, resulting in thirteen equations and

variables representing the five degrees of freedom system,

A linear analysis was performed of the gust alleviation

L i e g S . . ket e e m e e g opehe SO et T, S Y e S
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characteristics and handling qualities as indicated by
the characteristic roots associated with the stick-fixed
longitudinal modes,,

The following conclusions were drawn from this

.1nvest1gatlon' e

(1) For the trimmer to w1ng area ratio con51dered
(1/6), the most promising configuration employs aft-
mounted wing tip trimmer surfaces with a one-chord moment
arm, SRRy o

(2) For vertical gust alleviation, forward trimmers
are inferior to ‘aft-mounted surfaces‘

(3) Mass balancing of the trimmer’ surface about it's
hinge axis is vital to the characteristic mode stablllty. :

(4) Longitudinal displacement of the fuselage center
of grav1tJ appears to be more 81gn1f1cant for free-wing /

free~krimuer configurations than for pure free-w1ng alrcraft

(5) Small varlatlonu in the wing assembly center of
gravity (for a few percent of wing chefd) have no signifi=-
cant effect on the 1n-fllght characteristic modes, :

(6) Forward trlmmer conflguratlons are more eff1c1ent
from a weight standp01nt than aft-mounted conflguratlons.l
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PURPOSE OF THIS INVESTIGATION
' !
The purpose of this wérk is to test a model, rep-
resentative of the free-wing/ffée-trimmer. in the

3 by 4 foot wind tunnel belonging to the Aeronatitical

‘Engineering Department, California Polytechnic State u,-

University, San Luis Obispo.‘ This report describes the
problems encountered, attempts at correction and an
analysis of possible methods of avoiding these
difficulties. | |

Thevresﬁlts of this study are intended to provide
support of the analytical investig;fiogjperformed fori
NASA Drydén Flight Research Center,(B) and as a
background for future wind tunnel tests. Furthermore,
an assessment of configuration'changes on the static and
dynamic éharacteristics of the free-wing/free-trimmer

system is included.

it
I

~ SCOPE

The investigation described in this report is limited

to control—fiXed.lbngitudinal'motion'of a free-wing/

,freeetrimmer syStem_inkwhich the wing:is.inoted~at

the 19 perCentkchord poSition.‘ The trimmef was mounted

NS
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aft of the wing pi&ot~on the wing tip, at a distance of
one wing chord from %he wing pivot to the trimmer pivot,
The trimmer yas also confined to longitudinaid
motion only, but two pivot locations were evaluated,
these béing at 10 percenf,and 19 percent of the,trimmery'
chord, Flap sizes of 10, 20 and 30 percent of the trimmer
chord were anaiized for their effect on phe system, and

due to the extreme sensitivity of the trimmer, a small

- trimmer ‘was also tested,

In all cases the wing/trimmer system was mounted

vertically in the tunhei to eliminate gravitational

~influences and provide a response more indicative of the

aerodynamic moments associated with the configuration.
When possible, geometric parameters were maintained

consistant with those in the analytical study of the

free-wing/free~trimmer concept, Since time was limited,

as thorough as an investigation as,.possible was not con-

ducted, and testing was limited to determining general

- characteristics and fesponse of the system to configuration

changes rather thgn'the‘accumulation of data points,



PROCEDURE

CONSTRUCTION OF THE WING T

| The model of the w1ng used in the testlng described
in thls report was constructed of solid wood nlth a chord
of 5 and a span of 20 inches g1v1ng an AR of 4. | |
Max1mum thlckness of the w1ng was 12 percent of the
chord, and whlle the proflle dld not exactly correspond
to a NASA 23012, sectlon, it was suff1c1ently close that

\
subsequent calculatlons were based on thls proflle data.

It was de31red to malntaln geometrlc s1m11arlty w1th @ |

the analytlcal model in Reference 3, which used a w1ngi

- aspect ratlo 6 but since the above wing was already

~available, it was used in this 1nvest1gatlon,' An

endplate was attached to one end of the model, and

as a result testlng was done w1th effectlvely aliwik

semispan model of a w1ng of an aspect ratio 8. |
Booms were mounted on_ the root and the tlp of the wing

to allow for support of- the trlmmer, and mass balancing
of the'W1ng/tr1mmer conflguratlon aboLtlthe w1ng plvot.
‘The booms were: allgned ‘with the w1ng chord so as to
give a visual reference of wing angle- of—attack whlle

in the wing tunnel.
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CONSTRUCTION OF TRIMMER
The aft location of the trimmer in this investigation
was selected since it was desired to instrument the trimmer

,

4 A
50 as to have an accurate and permanent récord of it's

o

‘angular variation with.respect to the wing chord, Any

~instrumentation mounted in front of the wing would inter-

fere with the flow over the wing, while for an aft
location, the only influence on the system would be drag,
which for a small range of angles-of-attack would act
through the wing pivot and thus contribute nothing to -

\~A

the moment about the pivot. The tln-mounted position

- was used ‘to not only take advantage of the upwash due

to tip vortices, but to conform to Configuration 1c in
Reference 3, : o

The ratio of trimmer area to wingvareakis 1 to 6
and the ratio of thelr reopectlve aspoct ratlos is 1 to
L, Wthh reculto 1n a trimmer of chord 2,9 and a span
of 5,8 inches, Tor ease of constructlon‘and low,welght,

the trimmerbwaskmade from solid balsa wood with a NACA

123012 section profile, The trimmer was mounted and

supported to the tip boom by an éightheinch shaft and

two bearings located in the boom. The variation in

pivot poSition was accomplished by holes'in .the tfimmer

at 10 and 19 percent chord in which the shaft could be

s]lpped Ma s8 balanc1ng was prov1ded by a threaded

“rod attached to the support rod between the trimmer

DU T Py
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~ disturbances which would result from a weight directly ..

11

and boom, to reduce the effect on the trimmer of flow

)

W

in front of the trimmer. | o /
MOUNTING SYSTEM -
The initial plan for mounting the wing/trimmer

model was to support it on a single 3/16 inch shaft

- extending through the wind tunnel floor, isolated from
T :

tunnel vibfafions. This shaft in turn is supported by
tWo bearings external to the wind tuhnel, and since it
rotates with the wing, the instrumentation for the wing
is also external to the tunnel. This mounting system
is shown by the photograph in Figure (3).

‘Since the wing was to be located outside of the

influence of the tunnel wall boundary_layer, the free

length of the support‘shaft from bearing to model is
about 4 inches. It was found that this length of shaft

. resulted in insufficient rigidity of the model inithe

wind tunnel. KTb correct this prcblem, a three-wife,
Y~-braced s&stem was deVised to support the upper end of
the wing in the tunnel, since a shaft extending from the
top of the turmel would disturb the flow over the aft- |
mouhted_tfimmer‘surface. The three wires were isolated
from the‘tunnelrvibrafioqs by running them through the
tunnel walls and gttaching theﬁ to a rigid framework
built around'the~fest sé¢tign, As shown in Pigure ()

the lower mOunt,Was also attached to the support struc-
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FIGURE 1: FREE-WING/FREE-TRIMMER MODEL AND
LOWER MOUNT
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FIGURE 3: LOWER MOUNT/SUPPORT
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‘ replaced by a resolver of cons1derably less frlctlon.

16.

ture so that any vibrations induced in the frameWOrk
from the floor would be plcked up equally by the lower
mount and upper w1re supports.f This system seemed to
work well, since durlng testing, no vibrations oould
be felt in any of the mounting components.

' INSTRUMENTATION

mhe method for obtalnlng a permanent record of the

- time response of a free w1ng model descrlbed in NASA

report CR-2046 was 1n1at1ally used in this 1nvest1gatlon.

_Thls approach cons1sts of monitering with a strlpf;

chart recorder the variation in voltage acrioss a 360

degree potentiometer connected to the pivot axis of the

model.

b

For the free-w1ng/free—tr1mmer conflguratlon, two
potentiometers were used to record the angular changes
in both the wing and the trlmmer, and readout was to
a dual—channel, Vtr1p chart recorder.’vThe locatlon of
the potentlometel are shown in Figures 1 and 3, and the
01rcu1t 1s 1llustrateo\schematlcally in Flgure 5 ,

“As testlng of the free- wrng/ﬁree-trlmmer model
progressed,v;t:beoape?apparent that frlctlonalgtorque

in’the"potentiometers was of sufficient magnitude to

mask the trlmmer response due ‘o aerodynamlc moments,

P [I—
and alter the WInE response. As;a result, the mrlmmer

potentlometer was removed and the w1ng potentlometer ‘

b

7
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Since this resolverveperates by changes in the electric
fielg strength, it was necessary to incorporate a signal
generator and half-wave rectifier as indicated in the
circuit shown in Fiéure 6.A

CALIBRATION AND COMPUTATIOﬁ'OF INERTIA PARAMETERS

| The wing and trimmer potentiometers were calibrated
with the strip-chart recorder so as to read 1 degreemm
angular change for imm pen movementyand calibration ?upe
are shown in Figure 7 for angles of T 20 degrees. Ae |

indicated, the potentiometers were found to be linear

over the range of T 1o degrees with vary slight variations

beyond that range. "
For both the trimmer and wing circuits, the D.C.

power supply was adjusted to give 40 V.D.C at 100 mA

- current. The potentiometer was then set so that 12.5

volts was indicated on the power supply meter, giving

the initial zero potentiometer position. The gain and

sensitivity of the recorder was.then adjusted to give

imm deflection per degree of rotation,’and the pen'

positioned to zef? on the recording paper.

With the callbra?lons completed, the moment of

,inertla of the w1ng and:trlmmer, and frlctlon in the

system was estlmated.: The»w1ng/tr1mmer combination was

supported by 1ts ax1s, dlsplaced, and allowed to

0801llate, resulted in the trace shown in Flgure 8.

. This system 1s a 51mple pendulum,‘ln which the motlon '

e ven i el caddad L
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~and the results are shown in Table 1.
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.is governed by the'expressiOni

I.6 + mglsin® + Fsgn® = 0
3 y
2 .
//

The moment of 1nert1a and frictional damping are then

computed'from the oscillation response by the relations:

v

v Iy'= mgL/wz

nd  F =&mgl/4

©

where w is the frequency and 5 is the amplitude decay per

vcycle. The contrlbutlonwto the moment of inertia of

addlng the mass balan01ne welghts is then computed

analytlcally and added to that determined above to find
e

the total w1ng/tr1mmer inertia about the w1ng pivot axis,

[

A similar analys1s was performed to find the trimmer-

moments of 1nert1a, however it was found that the 1nert1a ‘

of the trimmer alone was too small to prov1de suffﬁolent

”response. A welght was therefore added to- the trlmmer
%o increase the moment of 1nert1a, the comblnatlon was
- osolllated, and then the 1nert1a of the welght was

' ubtracted from the results. The strlp chart recordlngs

and computed results are shown in &1gure 9 and Table 1
g

When later 1n the testlng program, the resolver Was :fr

‘osubstltuted 1n place of the potentlometer, a 31m11ar

-

Q
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N

BN

Description® m T

IT. of item

T. corrected for

of item(s) (grf ;(mm) (seE1) (Siug—ina) Weight(slug-ina)
weight . 17,9 70" 10,83 L0111 e
trimmer and " .o® .
weight e 1 o | R S
200 chord 52'4? 47’6,¢11‘42 0123 ree
19% plvot'_ o e L
trimmer alone 14,5 =e=  ;meai? ~L,0012 .0028
trimmer and , .'-”z - |
welght Q. 6% 0127
20% chord 524 4] 52£§h,11163 0127
]O/o pivot ‘ \\\:_\/(‘) ' e
trimmer alone 14,5 --:Q§§§r-- +0016 » 0035
trimmer and !
weight . - , ,
50% ChOI‘d 31.0 49.) 11.42 .0122 ““““““
19% pivot _
trimmer alonev13.1 —— ———ia .0011 0027
trimmer and ,
weight =z : _ 0129,
- 30% chord 21.0 52.5 1142 L0129 i
- To% plvot s = — |
trlmmer aJone T3}Tﬁ”ﬁ~=lag-—-- .0018;. 0037
wing | 855 35 7.616 . 523 .9901

TABLE 2: FRICTIONAL TORQUE

1 ;[gf,

Description m T Condi
of item ~ (sr) Gum) "7 (in-lbs)!
trimmer po»ontlometer 17.9 70,916 4299

w1ng potcntlometer 855 BL 202 128
vresolver L 822 18 .160 0521
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analysis wag- performed to compute its' friction, and the
resﬁlt is sﬂgwn along with the pot friction in Table 2.

A &alibration test was performed, and the resolver was

found to be linear in the range of X TO»degrees with
about one degree variation at & 15 degrees. For these

tests the signal generator was set at a.frequency of

1-kHz, with an RMS voltage of 15, and the galn sen51t1v1ty

was again adjusted to give one degree per mm deflectlon
reading on the strip recorder,
TESTING PROCEDURE

At the start of this investigition, a testing pro-
cedure was established to proviae a systematic and

comprehensive analysis of the free-wing/free-trimmer

%

concept, Simply stated, this procedure consists of deter-

mining the trim condixibns for various control‘deflections;
then disturbing the syétem positively and negativeiy
and recording the time response to these diSﬁurbancés;

Unfof%unatély, a large number of problems were

'encounteréd?throughoutvtesting, and this outlined -

procedure could not be adhered~to, . Furthermore, these

difficulties and the limited time available,imade a

‘;SJstematlc approach to solv1ng these problemo 1mposslble

‘afto follow,

Inltlally, a trimmer w1th a 10 percent chord flap

: surface, plvoted at the 19 percent chord p051t10n, was

constructed and tested Ln_the w1nd tunnel. Only the wing

e
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potcntlometer was connected, but not calibrated at thls
time, so the actual angle-of-attack of the w1ng and trlm-
mer could not be determlncd although the wing response

could be! mbnitored, The lower mount was isolated from thol}K

tunnel but the support wires were attached to the tunnel
walls, ‘

A ptable system was observed for small flap deflection
angles; however for flap angles greater than about 5v'

degrees, an oscillation occured in the tr}mmer-surface,

“which increased iﬁ maghitude as the deflection angle

increased, As a result of the trimmer motion, a corres-

- ponding small oscillation was induced in the wing.

(6]

It scemed most likely that the trimmer oscillation
was the result of flowlseparation in the region of the
flap, since thebReynoulds number’(5 x 10%) indicated
laminar flow over the flap. The trimmer alone was then

tested'in’a smaller'tunnel‘(15" x 18" test section),

: toﬂverify-this assunption. Leading?edge grit and vortex

generdtors attached to the trimmer seemed‘to'haVe little

if any effect on the trlmmor os01llatlono, however, a

spanw1so rod hold Just above or belOW‘the trimmer surfaoe :

: completely ellmlnatcd the oo01llatlone.

As a rosult of these tests, two new trhmmer were

: conetructed hav1ng flap chords of 20 and )O percent of
, thertrlmmer;chord. The 1ntent¢ono,were,to_reduce the

‘amount of control deflection required to trim the wing
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J
and thus prevent flow separation, When tested in the wind

tunnel, however, the same characteristics were observed
asvfor the origingl trimmer, It was later determined that
the observed results were due to a block of WOod attached
to the tunnel floor to support the models. This block‘wes
not only allowing the transmisson of tunnel vibrations

to the model, but dlsturblng the flow over the trﬁmmer.
Wlth the ellmlnat1on of these effects, the oscillation

disappeared, and the.results of trimmer angle-of-attack

for control deflections shown in Figures 15 and 16

were obtained,
When testing Was'continued in the large tunnel, it

was decided to investigate the effect of trimmer camber

. in the same direction and opposite to the wing camber

direction, since the orientation was not clear from the
investigation of Reference 3. Also at this time, future
testing was llmlted to an investigation of four trlmmer
conflguratlonm only, these being the 20 and 30 percent
flap chord trimmers plvoted at the 10 and:}9 percent
chord positions, ' :
‘No significant difference in static resnonse was

observed due to camber dlrectlon, although dynamlc reo-;

ponse . of the w1ng/tr1mmer system seemed to give the moet g

promlse for camber orlentetlon 1n ‘the same dlrectlon.

1The trlmmer osc111atlon observed earller 1n the test

-kkprogram, Was agaln apparent for modcrate flap deflectlons
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for all trimmer configurations., It also became clear
that the wing trim angle was extremelyksensitive to flap
deflection, ,

P . . - Ll
Since it seemed critical to eliminate the %rlmmer

oscillation problem before testing continued, a frame

was constructed around the test section to which the model

support wires were attached, This totally gisdléfédlfthe
model from the tunnel wall vibrations other than those,
induced in fhe flowfield by the wind tunnel, however,
no significant changes in the_trimmer oscillation was
observed, -

The only remaining expl&natibnvof this osgillatory
behavior was that the flbw direction invthe;viciﬁity
of the trimmer must be changing,thué‘Causing the trimmer
to 030111ate seeking equ111br1um. Due to the’ locatlon

of the trlmmer, thp moot obv1ous factor to cause thls

- is the upwash from the tlp vortex of the wing, Wlth the

wing osc1llat1ng in 1ts' stall region, the slgnlflcant

'variationkin 1ift and thus upwash vélocity at the trimmer5

P

'would cause a change in effective angie—of ~attack of the:

trlmmer.

_ To verify thls assumptlon, the w1ng and trimmer -

: potentlometers were callbrated and connected to their

respectlve surfaces 1n order to obtaln the w1ng ‘and

- trlmmer angles-of—attack for varlous control deflectlons.~”

At thls p01nt it st dlSCOVered thaL one 81ngle equ11~



b

e . .’.—k ,' R T
~to return to a new equlllbrlum position after a dlstur~
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i

ibrium posgition was difficult to establish, especially
in the case of the trimmer, and the dynamic response

of the system was not at all as anticipated. From these
test:results, it was concluded that the torque due to
friction in the trimmer potentiometer was sufficiently
large to affect the response of‘the trimmer and mask the
aerodynamic trim position, | |

The trimmer potentiometer was disconnected for ali:

succeeding tests, although the wing remained connected
since its! anéle—of-attack and response to a disturbance
ia a critical parameter, With most of the friction in the
trimmer thus eiiminated, the wing was observed’to have

a change in angle-of-attack of 10 to 12 degrees resul-~

" ting from a trimmer flap deflection cf‘only 2 to 4

degrees, depending upon whether the trimmer was pivoted
at the 19 or 10 percent chord position, While trimmer
oscillation was not always accompanied by the wing oper-

ating in its' stall region, there was sufficient evidence

~ to support the assumption ofAVarying~upWash on the trimmer,

There was still a tendency of the wing in some cases
bance. Slnce frlctlon in the wing potentlometer was the
llkely cause of thls, the potentlometer was replaced by

a reoolver, ﬂnd the flnal few tests were conducted As

expected. much of this problen was ellmlnated and the

"irecponae~of the.w1ng 1mproved.
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' RESULTS R

Due to the extreme control sensitivity of the free-

wing / free-trimmer model, there was considerable difficulty

in obtaining more than a few data points for a comparitive

- study., Only two trim conditions could be obtained with

any consistency and degree of reliability in the range

of positive 1lift coefficients., These trim points were

at wing angles~of-attack in the range of -1 to 1 degree
and at about 10 degrees, corresponding to control deflec-
tions of O to 3 degrees, and a trimmer pivot location of
ten percent of chord, | N

.The'wihg seemed to be less éensitive to control
deflection at these points, and once trim was established,
the response was very similar in each test. The wing
response fdr displacements to +10 and =15 degrees at these
trim conditions are shown in Figure 10, The only difference
noted was an inconsistency in the number‘ofVOSCillations5
which seemed to be thé résult of variations in thejtunnel
vélocity due to temperétﬁrerchange in the fluid coupling
drivevsystem; ' k |

k The COnditions for which reliable responses were

obtained are listed in Table_3;'As indicated by this

table, the amount of data obtained in this investigation

was small, so.an analysis of the dynamic response was not
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attempted,

TABLE 3: INITIAL TRIM CONDITIONS OF THE TEST POINTS

Trimmer plvot Flap siée' lap deflec- Wlng angle of
location (% c) ce / C tion (deg) attack (deg)
10 .20 0 1
10 ; .20 : 0] 1
10 .20 "'2 b . —]

}

10 .20 1 :?IA/,;'/ 1‘ 5
10

(small trimmer) «20 0 0
10

(small trimmer) .20 -2 =9
10

(small trimmer) '?O 3 -1
10 \

(reversed camber) - 20 0 -1
19 e 20 - 0 . 3
19 .20 = 2

- Flguro 11 shows a comparlson of the 050111at10n
patterns obtalncd for four dlfferent conflguratlons with
zero control deflectlon in all cases, It is seen that a
similar osc1llatlon exists for both the small and large
trlmmor surfaces when the wing and trvmmer cambers have

~ the same dlrectlon and the plvot is at the 10 percent
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chord position.,When the pivot is moved to the 19 percent
poéition, the wing responds from a negative displacement

by rotating to it's stall region where it is trapped in

- a constant amplitude oscillation, For the trimmer with a

camber direction opposite to that of the Wing, an unsatis-
factory oscillation is seen to occur,

The response curyes‘shown in Figures 10 and 11 were
fron thé last few tests conducted in this’investigation,“
in which the potentiometer had been replaced by a resolver,

As an indication of the effects of potentiometer friction,

_Figure 12 is from a test run with both the‘trimmer-and

wing connected to their respecﬁi#e potentiometers., From
an initial trim position of =6,5 degrees, the wing was
displaced to 15 degrees positivé and released, The effect

of overdamping in the trimmer response due to friction is

- clearly indicated, while wing response is more as to be

expected, When the system returned to equilibrium, both

the wing and trimmer stabilized at new positions, Further-

‘more, when the wing was displaced to -10 degrees and

released, there was no response of the trimmer, and again

nev equilibrium positions_were established,
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DISCUSSION -

E The largest problem cncounbered in this 1nvestlgqt1mn
xwas the mdgnltudc of the frictional forces with respect to "
the aerodynamic moments, In particular, the frlction in
the trimmer potontlomoter was &etermlncd tc be as great as
the acrodynamic moments associated with the trimmer, so
little if no response was obtained,
~ The substitutibn of the resolver shbwed a definite
improvement in wing response,ﬁand‘in future tests the
relétive magnitude of the friction should be reduced even:
more. The two ways of accomplishing this ére»to devise an
alternate method Qf‘rec0rding angular disglacementsg or to
- increase the aerodynamic momehts“of the wing and trimmgr
surfacca. N | |
Unless an ejectrlcal recordlng schene can be devmscd
which has less friction than the'reskoer used in thlS
 1nvost1gaL3on, it would appcar that hlgh-spcod photography
vould be the ‘best approach to e1¢m3nat1ng frlct%on.
UnfortunaLcly, th& would be cost]y, and some of the w1ng
and trimmer rcuponse would be lost it | : | |
The most pract‘cal appr ach to rcduc:ng the frlctlcnal
efiecto is to inecrease - bmther the model qlze or the tunncl

flow velocmby, remultlng in an 1ncrea¢e in the Roynolqs
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V"f numbcr. It may ‘be shown that the ratlo of the aerodynamlc-

momonto about a pivot located a dlstancc x from the

'aerodjnamic center,, to a constant frictional torque is;

B

M. ) x ¢
Foo2 L M
AN

2

~ The variation of this ratic with Reynolds number is

plotted in Figure 13 for paraméter values representative

of this study. As 1nd¢cated by these curves, ratios of 5

F

~and 2) to one could be obtalned for the same trimmer'and

wing respectively, by an increase in tunnel velocity to

50 feet per second, and the use of résblvers~on both

surfaces. Ali added benéfit of the increase in Reynolds

nunber would be less tendency df flowtseperatioh over the

Another crltlca] factor in obtalnlng conalstant

results in a free-wing / free-trlmmer analybls is the

~ control seno¢t1v1ty.,lt‘was very dlfflcult to measure,the
.actual trimmer flap déflection, due to the limited range
of travel correspondlng to full w1ng dcflectlon. As a
'”“ 'resu1t, most of the flap angles were estlmated rather than
ffmeasured.‘WLth a decrease‘ln control sens1t1v1ty, a wider

range of'initial'trim conditions could be established.=

Deflnlng the control scn»1t¢v1ty as the partial

' ;der1vat1ve of the wlng4anglo-of-attack thh ropnect to

e



\

Wing test point
8@ Trimmer test point

w Test points for a
~velocity of BQ fps

- - Flé'Wing (c=5")

Trimmer (c=3")

“]“.‘..L i IR DA U Y TV SRPPALPRILI T

' 1‘ T™1T =1 | 2DSIE ER L ) u' L AEa gra ace ws |
F o5 3 ¢+ 6 % 6

s 10 L oo

- REYNOLD'S NUMBER, Rn

Nt

i 1 (]
L} LN ¥ !

O «dn
=N

O
B e oS

~ FIGURE 13 { MAGNITUDE OF THE AERODYNAMIC MOMENTS
| ~ ASSOCIATED WITH REYNOLDS NUMBER
|

3 v

s



A

fahtnas?

e

38

trimmer flap deflection, it's relationship to the model
geometric parameters can be determined,

Referring to Figure 14, a moment balance about the

wing and trimmer pivots gives;

- ( ot ) ( ' )
Ch == (C, =—C \ Equation 1
Loy ™ gs¢ Y A , |

S . Vi

and

c
C;, = -t Co ] ' (Equation 2)
t xt t(s
where C is the pitching mbmenfvcoefficient of the

m
, tls , o , .
trimmer due to a flap deflection angle of § . For a small

range of flap deflectioy the change in the moment coeffi-
cient is apppoximately linear, thereforej;:

+’s m—— = + SC
s . as | mt ~ mts,

ﬁ-

‘,Cmtlg = Cmt

and Equation 2 can be expressed as

+ §C ) , 7,(Equatidn 3)

. PR
c. = -t (¢ o
X b

1 g

g

With the further relation,



" FIGURE 14: TREE-BODY DIAGRAM OF THE FREE-WING/FREE-

TRIMMER CONFIGURATION
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= == ‘ -
\:; a 1’0
the angle~of-attack of the wing can be expressed in terms
of control deflection as; | |
c Sy h ct | “ o L
A = —(c, - (c, +S C, )+, (Equation 4)
o Xa S ¢ xt My tsv e ;

sty

‘The control sensitivity is therefore;

% : o ¢ S. he . o :
K EL—- o = b —i-Cm' , : (Equation 5)
38 Xa 8 ¢ x tg , ' :
t
- + . and since Ch is negative,»the'angle-of~attack of the
; i ‘ tS :
é Lo ”,w1ng cnanges pogltlvely for a poaltlve flap dcflectlon.

grec for trlmmer plvot 1ocatlons of 10 ‘and 19 percont

i 71,52 “*of chord The Value of C was obtalncd from page 192 of
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It may be shown by a similar analysis, that the
addition of a flap on the wing will have little, if no
effect on the control sensitivity. Since it is also un-

desirable to decrease the trimmer-wing area ratio, due to-

a corresponding deﬁrease in aerodynamic moments, the most

practical meane of reduc1ng the control senelt1v1tj, is to
increase thegklvot»to aerodynamlc center dlstance on
both the wing and trlmmcrtrA reduction in “trimmer flap

area will alsoj}esult in less control effectiveness,

since Cm is-decreased, In Reference 5, a radio-controlled

t
model employing the free-wing/free-trimmer concept was

constructed and tested, To prevent an overly sensitive‘

respcnse, it was found necessary to pivot the wing at

the 5 percent chOrd position, the trimmer at 13 percent,

and to reduce ‘the trlmmer flap area by 50 percent

A more fOWard plvot location would result in a more

stable syotem, as the tests at the 10 and 19 percent

pivot locations seemed to'indicate.'ln many cases, trimmer

~oscillation was noticed at the 19 percent pivot, even

"for very small control deflections.

v,The tests conducted of the trimmer itself also

indicated a slight oscillation at the 19 percent chord
: position,ewhile the more foward pivot was very stable,
 These. results aro shown in Figure 15 and 16 along w1th

"the predlctod recults. Since the trlmmer aspect ratlo

Wao;very low,rthe slopeeo£,-the-11ft curve is estimated
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from Page L of Reference 6 as,'

S a, = L — , and
L 14-41 + (WARt/a )2 ’

the lift coéfficient from Equatlon e

Insuffiéient test results were obtained for the
wing/trimmer ponfiguration with opposite camber directions,
SO a compariétn cannot be made to the data obtained fof“‘
the same orlontatlon. However, the few tests that were
run beemcd to indicate that a better dynamlc response
resulted for cambers in the same direction, but more tests
aré neétho verify this,

o «” E ,vThe'wing trim angle for the conditions listed in

)

T~ Table 3 are shown plotted in Figure 17 along with the

| 1nalytlcal results obtained from Equation 5, The wide
scatter;ng of the data points is to be expected due to
theﬂﬁature of the estimated control déflection angles,
howéver théy do tend} to approximate the'va1Ues'sh0wn
by the 11nes. | RIS

As a flnal con51deratnon, an estlmate of the upwash~

velocity to be expected in the v101n1ty 01 the trimmer.
1s computed -Slnce the trlmmer establlshes 1ts' equll--b
Cdibrium 9051t10ns accordlng to the lift coeffL01ent
the upwas h 1s a factor only in determlnlng the angle.

~of dlgplacement of the trlmmer with reupect to the w1ng,'

and free stroam d;rec»xon.vThls effect is 1nc1uded here,v

o
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however, for completeness.

By replac1ng the w1ng with a 51ngle horseonoe vortex,

the c1rcu1at10n is_ constant, and from Page 157 of Reference
7, equal to;

VSC:

Slnce a seml—span w1ng is belng analyzed only half of
the horseshae vortex is considered, Neglectlng the con=-

trlbutlon of the bound vortex, “the upwash at a point due

to thewtrall;ng vortex is;

n

O ( cosx + cosg) (Equation 6)

S
7 ,l

where h is the perpendlcular distance from the vortex®
core to the point belng con51dered ‘and & and ﬁ are
: ;ithe angleﬁ between a line from the p01nt to the ends of

tho vortex and- the vortex fllament If x is the distance

:aft to the p01nt~from the bound vortex, Equatlon 6 becomes,

I

w =g ﬁ‘"f
VSCy

1 X
= -_— v
8?h[ %@ma}

'Figure'18‘shows the variation in upwash aéross the

P
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trimmer for the model tested in this investigation,

I

RECOMMENDATIONS

-t

o
S

i

From the resulte of thls lnvestlgatlon, the

ofollowlng recommendations for ’uture wind tunnel testing

A
are presented

o

(1) The ratio of aerodynamie\momento to frlctlonal
Sy torque must’ ‘be as high as pos51ble.,The easiest
N way of doing this is by increasing the chord of
the test model and/or increasing the flow velocity
(2) The control sensitivity must be adjusted to give
a greater range of flap deflectlon for the same
change in wing angle-of-attack thus maklng
it easier to determine flap deflection and
obtain a wider range of trim conditions, This
can be accomplished by moving the wing pivot

N foward, : : B

(3) Further testlng is needed to determlne the
l(q)&A flap should be added to the wing to determlne
~ the maximum 11f ~coefficient that can be obtalned

~ for changes in plvot position and distance

i petween the wing and trimmer pivot p01nto.

(5) If angular changes are to be measured eléc-

& Lrlcally, a re solver should be used, and the

‘results verified by llmlLod high-speed photography}"

i

S
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