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B NACA RM L57J25

By C. William Martz

SUMMARY

Oscilletory hinge-moment characteristles have been obtained from
free-flight tests of two rocket-powered models. Each model was equipped
with a 60° delte wing featuring a constant-chord, full-spen, trailing-
edge control hinged at 55 percent control chord. One control was modi-
fied by cutting a row of chordwise slots near the leading edge. Data
were obtalned at near zero angle of attack at Mach numbers from 0.5
to 1.8. Corresponding control reduced frequencies ranged from 0.l

- to 0.0k.

Results indicate that the hinge-line location of 55 percent control
chord did not prevent unstable control aerodynamic damping. Aerodynemic
control damping appeered to be more stabilizing as the amplitude of
oscillation was increased.

Control restoring moments were stable except for Mach numbers less
than sbout 0.85. The hinge-line location of 55 percent control chord
considerably reduced the relatively high restoring moments of the plain-
flap-type control.

The effect of the slots near the leading edge of one control was to
decrease the supersonic control restoring moments about 25 percent and
to decrease the magnitude of the azerodynemic control damping moments
especially at transonic speeds.

INTRODUCTION

Control "buzz" has been a problem ever since airplenes have flown
- at transonic speeds. Although this single degree-of-freedom flutter of
the control sbout its hinge axis is predicted by potential flow theory

(ref. 1), there is experimental indication that shock-separated flow also
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mey be a significant factor (E‘g 3) Some of the more recent
NACA investigations of this proﬁﬂggg e found in references L to 8.

Suggested ways of eliminatin% conﬁ ci‘buzz usually include the fol-
lowing: +the sddition of externsal ingjao the control system, stif-
fening the control system to incre@ige the ®ntrol natursl frequency, and
serodynamlic modifications. The las of tgﬁfb methods wes attempted in
the present investigation.

-! A
et J'r

It was notlced that the sapersonft wing theory of reference 1l pre-
dlets only stable damping moments for a surface with a plvot axis far
enough rearwerd of 1ts leading edge. Thus, it sppeared that theoretical
Justificetion existed for attempting to elimlnate buzz by the use of a
rearward hinge line 1f an assumptlion that the control would not be
affected by the presence of the wing were accepted. For the controls of
the present investigation, the axls location predicted for neutral aero-
dynamlic stablllity was about 54.5 percent chord.

Therefore, an investigation using a rocket-powered model and
employing tre free oscillation technigue was conducted to measure the
oscillatory hinge moments at near zero angle of attecx of two tralling-
edge controls hinged at 55 percent control chord and lnstalled on a
60° delta wing. One control was modified by cutting a row of chordwlse
slots near the leadling edge to insure stable aerodynamic control
restoring moments. Mach numbers ranged from 0.5 to 1.9 and Reynolds

number per foot varied from 2 x 106 to 13 x 106. Data were obteined et

control reduced frequencies of 0.12 %o 0.04 and at control oscillation
amplitudes up to +5°.

Results are presented herein snd compzred with potential flow theory
where esvailable.

Some preliminary results of one of the present test flights have
been presented previously in reference 7.

SYMRBOLS
c control chord, £t
v free-stream velocity, ft/sec
M Mach number
q free-stream dynamic pressure, lb/sq £t
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a;

In stabllity notation the symbols

Reynolds number based on a length of 1 foot

aerodynamic control hinge moment per unit deflection,
ft-1b/radian

Control hinge moment

control hinge-moment coefficient, T

control surface deflectlon, positive trailing edge down,
radians except z2s noted

time derivative of comtrol surface deflection, radians/sec
amplitude of control oscillation envelope, deg

aerodynamic control restoring-moment coefficient,
Real part of My

2M'q

s, Der radian

aerodynamic control dsmping-moment coefflicient,
Imeginary part of Mg
2M'gk

, per radian

ratio of actusl damping to critlcal damping
control demped netural frequency, radians/sec

control damped naturel frequency in still air, radians/sec

control reduced frequency, wc/2V

moment of control area rearward of and about hinge line, £t2
model longitudinal acceleration, ft/sec®

C : fin
h&,co and Chs,cn are defined

as follows:

i

&

Xn
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MODELS AND TESTS

Models

The models used in this investigetion consisted of a pointed cylin-
drical fuselage equipped with 60° clipped-delta wings. Vertical tail
fins provided yaw stebility. The models were ldentlcal except for the
control surface. The fuselage consisted of a fabricated aluminum-alloy
core wrapped with mahogany. The nose cone was plastic and the tail sec-
tion wes a maghesium tube. A dimensioned sketch of the models 1s shown
in figure 1 and photographs of the model, the control, and a motor-driven
caxn for exclting the control are shown in figures 2 and 3. A schematic
of & similar vlucking meckanism is shown in figure 3(b) of reference 6.

The wings were of solid magnesium alloy and had an NACA 65A005 alr-
foill section. One wing panel embodied a constant-chord (l3-percent
exposed wing-root chord), full-span, tralling-edge control. The control
was hinged at its 55 percent chord and was supported by two bearings.
The inboard bearing, located inside the fuselage, wasg a self-alining
ball bearing and the outboard beering was e Journal bearing.

The controls were made of steel and hed s modified double wedge
sectlon with a blunt tralling edge. BSee figure 1 for control section.
The gap between the wilng and the control was 0.07 inch for model A and
0.06 inch for model B. The control of model B differed from the control
of model A 1In that e row of slots was cut near the leading edge as shown
in figures 1 and 2. The total slot area was 16.5 percent of the control
area.

Experimentally determined dynamicel constants of both models are
presented in table I.

Preflight Tests

Preflight tests were conducted to determine the structural or tare
damping of the control system as well as to obtain the spring constant
and lnertia of the control system. It was found that the tare damping
of the system remained feirly constant under no load after the bearings
were cleaned and lubrilcated with Molykote (e commercial preparatlion
similar in appearance to graphite). Considersble effort was expended
to evaluste the effect of external control loads on the tare damping.
However, this effect was obscured by frictlon between the loading
epperatus and the control surface at the polnt of load application.

Since it was anticipated that the controls would osclllate during
flight at frequencies less than the still-sir value, an ettempt was made
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to determine what effect oscillation frequency would have on the tare
damping. This was done by clamping welghts near the tralling edge of
the control surface so as to increase the ilnertia of the system and
thereby lower the natural frequency. Tare damping records for three
additional frequencies (down to about 20 cps) were obtalned for both
models. Results of these tests are presented in the sectlon entitled
"Results and Discussion.”

Flight Tests

The flight tests were conducted at the Langley Pilotless Alreraft
Research Station at Wallops Island, Va. Both models were boosted to a
Mach number of about 1.9 and coasted back down the Mech number range.
It was during this coasting perilod that the data were obtained. Longi-
tudinel deceleration varied from 1/2 to 7 times the acceleration of
gravity.

Existing flight conditions resulted 1In the values of Reynolds num-~
ber and dynamic pressure presented in figures 4 and 5 as a function of
Mach number.

INSTRUMENTATION

Inductance-type instruments measured time histories of control
deflection, total pressure, and normal acceleration of both wing panels.
These dete were telemetered to a ground recelving station and recorded.
Response of the measuring and recording instrumentation was such as to
require only a small correction to the recorded data at the frequencies
encountered in the tests.

A radiosonde was used to obtain atmospheric date at all flight
eltitudes. Flight-path data were obtained from SCR-584 tracking redar,
end CW Doppler radar was used to determine flight velocity and longi-
tudingl acceleration.

TECHNIQUE

The free-oscillation technique was used in this investigation. The
controls were plucked periodlcally by means of & motor-driven cam (see
fig. 3 for photographs of the control plucking system) and the resultant
free oscillations of the control were recorded as shown in figure 6.
With the assumptions that the control motion was effectively restricted
to one degree of freedom and that the zerodynamic demping forces on the
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control could be represented adequately by viscous forces, the ln-phase
or restoring comporent of the control hinge moments was obtalned from
the frequency of the control oscillatlions and the control out-of-phase
or damping component was determined from the rate of logarithmic growth
or decay of the oscillation. The procedure used in reducing the date
to obtain the aerodynamic hinge-moment coeffilclents 1s presented in the
appendix.

The frequency of the plucking action was 3 cycles per second for

both models. The amplitude at which the controls of models A and B were
relessed at the end of thelr respective plucking actions was 2.75° and T7°.

ACCURACY

It 1s estimated thet errors in the basic quantitles are about as
follows:

Quentity Error

M et e e e e e e e e e e e e e s e e e e e e e e e +0.0L
Vot e e e e e e e e e e e e e e e e e e e s e e e e e e e +10
D ¢ o s o s o o o o s o s 8 e e e 4 e o 4 &« o s s e o s s a +50
By, ABE & - ¢ 4t 4 e e e s e s e e e e e e e e e s e e +0.k
M, dBZ « . ¢ 4 4 e s e 4 e e e e s e e e e e e e e e e +0.2
Eos PETCENT ¢« + ¢ + ¢« o« o« ¢ o « o o « o 4« o s 4« « 2 s o« o E5 to £l0
E, percent . . . 0 0 i i b b i i e e e i e e e e e e e s TS5 to 110
T o L= o 1 o +1

RESULTS AND DISCUSSION

Control Tare Demping

Control structural or tare demping values are presented in figure 7
as & functlon of deflectlon amplitude. The data labeled "originel calil-
bration" were measured by the Langley Instrument Research Division about
two weeks before the flight tests were conducted. The data for the
curves labeled "on launcher" were obtained seconds before the flight
tests. These values were later found to be somewnat greater than those
of the original calibration. Since the on launcher values were recorded
et the time of the flight test, they were used in the reduction of the
aerodynamic control damping data.

As previously mentioned, the effect of freguency on tare damping
was investigated for both controls at frequencies ranging from the control
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still-air frequency (see table I) to gbout 20 cycles per second through
direct damping measurements. Results of these mweasurements indicated
that the tare damping of the control systems was not viscous or hyster-
etic, but correlated best to the premise that percent critlical damping
is indevendent of frequency of oscillation. This result was used in
the reduction of the flight data &s shown In the sppendix.

Control Aerodynamic Damping

Measured varlations of control damping moment coefficlent with Mach
number ere presented in figure 8 to iIndicate (in coefficient form) the
reletive amounts of tare darmping and eerodynamic damping which comprise
the total control demping. Both sets of tere damping data are included
to show the effect of thelr differences on the azerodynamic damping
results. As can be seen, the aerodynamlc deamping is a small part of
the total control damping at low subsonic speeds and at the higher super-
sonic speeds. It is in these ranges thet moderate differences in tare
damping correspond to large percentage changes in aerodynamic damping.

Figure 8 shows that the total damping of the control system was
stable throughout the Mach number range for the oscillation amplitudes
presented. Thils vlot a2lso indicates that the location of the hinge
axis at 55 percent control chord did not prevent the occurrence of
unstable aerodynemic control damping. However, the instabilities were
mild and resulted in constant amplitude oscillations only slightly
greater than the initial input amplitude.

The effect of oscillation smplitude is shown in figure 9 in which
the aerodynamic control damping moment coefficient Ché ® 1ls presented
b

as a function of Mach number for various deflections. The on launcher
tare damping values were used in obtalning these results. The data show
that the aerodynamic control damping was more stable at the larger ampli-
tudes of osecilletlion. However, it should be pointed out that this effect
wes not large and could have been distorted considerably by inaccuracies
in tare damping values. Shown for comparison in figure 9(a) are theoreti-
cal values of Ché,w extracted from reference 1. These values were com-

puted for the measured values of reduced-frequency pearsmeter which are
presented in figure 10 as a function .of Mech number for both models.

The fact that the small amplitude data at the lowest Mach numbers
indicate unstable aerodynamic damping is believed to be an indication
of incorrect values of tare damping. As previously pointed out, the
aerodynamlic damping is very sensitive to changes in tare damping at these
low Mech numbers. For the same reason, it is felt that the higher super-
sonic data indicate only that the sercdynamic damping is very close to
zero and becomes more stable with increasing Mach number.
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Concerning the effects of the slots in one control, it appears that
the absolute megnlitude of serodynamlic damping 1s decreased by the slots
especlally at transonic speeds. There 1s no signiflcant difference in
the genersl level of aerodynemic demping for the slotted control.

Control Restoring Moments

The serodynemic in-phase or restorlng moment coefficient Ch5 o
2

is presented in figure 11 as a function of Mech number for both controls
investigated. These data were measured et the deflection ranges indl-
cated. It should be mentioned that frequency was found ©o have no
systemstic varlation with amplitude of oscillation for the model B con-
trol as messured at several Mach nurbers and remained within about

tl% cycles per second of its mean value for amplitudes up to +6°.

Shown in figure 11 for comparison are theoretlcel values computed from
the potential flow results of reference 1 whicn do not consider the
presence of the wing or the control cut-out for the bearing support.

The experimental results of both controls indicate steble restoring
moments except for Mach numbers less than about 0.85. Although this
was nol expected, 1t 1s reasonable to attribute this stability to the
control cut-out which epparently kad a powerful load relieving effect
on the control aree forward of the hinge line.

It might be polinted out that the hinge-line locetion at 55 percent
chord effectively reduces the relstiveliy high hinge moments of the plain
flap-tyve control (leading-edge hinge line). Values of ch&,w for the

rlaln flap, if based on the same moment area as the present test results
(that rearward of 55 percent control chord), would vary from sebout -5
to -12 (ref. 4).

Comparison of the slotted-control data with the solid-control data
inéicates that the effect of the slots was to reduce the absolute magnl-
tuce of Ch& " Thus, it appears thet the slots acted to spoll the 1lift

3

on the control resrward of the hinge line as well as forward of the hinge
line. The reduction in restoring moxent varied from 20 to 30 percent at
supersonlc speeds.

Other Remarks
Comparison of the hinge-moment results of the present test with the

theory of reference 1 is poor. The primery reason for this result is
believed to be the load relieving effect of the control bearing support
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cut-outs. The fact that the controls acted as though their hinge lines
were forward of 50 percent control meen aerodynsmic chord is indicated
by the stable restoring moments. This suggests that the effective hinge-
line location with respect to damping moments also was forward of the
actual locatlon. Thus, 1t appears that an actual hinge-line locatlon
rearward of 55 percent control chord (to counteract the effect of the
cutout) would have been a better cholce to prevent unsteble serodynsmic
demping. More specifically, the possibility of "buzz" prevention by
means of a rearward hinge line location still exists.

CONCLUDING REMARKS

The use of a hinge-line locatlon of 55 percent control chord did
not prevent the occurrence of unsteble control aerodynemic damplng. How-
ever, the instability was mild and resulted in limited amplitude oscllla-
tions only slightly greater then the initial amplitude.

Aerodynamic control demping eppeared to be more stabilizing at the

lerger oscillation amplitudes for all Mach numbers snd control ampllitudes
tested.

Control restorling moments were stable except for Mach numbers less
than sbout 0.85. The hinge-line location at 55 percent chord considerably

reduced the relatlively high restoring moments of the plain flap-type
control.

The effect of the slots near the leading edge of one control was to
decreese the supersonlc control restoring moments about 25 percent and
to decrease the absolute magnitude of the aerodynamic damping moments
especially at transonlc speeds.

Langley Aerconautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Fleld, Va., September 30, 1957.
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APPENDIX

METHOD OF DATA REDUCTION

The general solution to the single-degree-of-freedom moment equation

(15 + DS + KB = 0) governing the free motion of the control about its
hinge axls 1s the damped sinuscid

where

-DE
5 = Aje 2l sin (wt + @)

control mass inertia about the hinge line, N slug-ft2

££-1b

torsional dempling constant of the system,
radians?sec

torsional spring constant of the system, ft-1b/radian

constants dependent upon inltiel condltlons and unimportant
to thls investigetion

time, sec

2
the control oselllation frequency, K _ (LL) , radians/sec

T 2T

d(loge A)

the logarithmic demping factor, Fra

, Per sec

emplitude of control osclllation envelope

A dot over a syrbol indicates a filrst-order time derivative and two
dots indicete a second-order time derivative.

Subscripts o refer to preflight values measured 1n still alr.

By measuring the freguency and logerlithmic demplng factor of the
control oscillatior, values of D and K can be calculeted knowing
the control system inertie. These values lnclude both structural and
aerodynamic terms. The following relationships were used to extract
the serodynamic coefflcients:
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For the in-phase or restoring-moment coefficient,

Aerodynamic / Total Structural Accelerationall
restoring = restoring| - restoring; - resitoring
moment \ moment moment moment

or
-C 2M'q8=.T.w2+(D—-)28—KOS-aUsin8
hy o 2T l

where U 1s the control mass unbalance about the hinge line and ay

is the model longitudinal acceleration. Since the effect of damping on
the total restoring moment was negligible for the small values of damping
obtained and because the control mass unbalance was qulte small, the
final working form became

_L WP - %

c = -
b, w oMTq

These values of Ch8 o should be considered average or effective because
2

of possible aerodynamic nonlinearities.

For the out-~of-phase or damping moment coefflcient,

Aerodynamic ; Total Structural
damping = {(demping]| - damping
moment moment moment

or

. c £ S DS woe

-Chﬁ,w<§\7)( 1'q)8 = DS DO o 5]
The modifying factor %% is used in the last term to account for the
chenge in frequency between the preflight still-air measurements of
structural damplng and the flight measurements of total damping. TIts
use resulted from measurements which indicated that the structural
Gamping was neither viscous nor hysteretic but such that percent criti-
cal damping was independent of frequency. In final form,

W
e _ D - Do EE
5,0 = EV 2M'q

2 -



12 S NACA RM L57J25

or, since D = 2T

Crg, g =~ <2 (¢ - &)
3 E_V‘_mq-

rer radian, where the subscript o agein refers to preflight still-air
values.



NACA RM L57J25 ] 13

REFERENCES

Nelson, Herbert C., Rainey, Ruby A., end Watkins, Charles E.: Lift
end Moment Coefficients Expanded to the Seventh Power of Frequency
for Oscillating Rectanguler Wings in Supersonic Flow and Applied
to a Specific Flutter Problem. NACA TN 3076, 195h4.

. Erickson, Albert L., and Stephenson, Jack D.: A Suggested Method

of Analyzing for Transonic Flutter of Control Surfaces Based on
Availasble Experimental Evidence. NACA RM ATF30, 1947.

. Henning, Allen B.: Results of a Rocket-Model Imnvestigation of Control-

Surface Buzz snd Flutter on a L-Percent-Thick Unswept Wing and
on 6-, 9-, and 12-Percent-Thick Swept Wings at Transonic Speeds.
NACA RM 153129, 1953.

Reese, Devid =., Jr., and Carlson, William C. A.: An Experimental
Investigation of the Hinge-Moment Characterlstics of a Constant-
Chord Control Surface Oscillating at High Frequency. NACA
RM A55J2k, 1955.

Tuovila, W. J., and Hess, Robert W.: Aerodynemic Damping at Mach
Numbers of 1.3 and 1.6 of a Control Surface on a Two-Dimensionsl
Wing by the Free-Oscillation Method. NACA RM L56A26a, 1956.

Martz, C. William: Experimentel Hinge Moments on Freely Oscillating
Flap-Type Control Surfaces. NACA RM L56G20, 1956.

Thormpson, Robert F., and Clevenson, Sherman A.: Aerodynamics of
Oscillating Control Surfaces at Trensonic Speeds. NACA RM L57D22b,
1957.

Thompson, Robert F., and Moseley, Willliam C., Jr.: Effect of Hinge-
Line Position on the Oscillating Hinge Moments and Flutter Charac-
teristics of a Flep-Type Control et Transonic Speeds. NACA
RM L57Cll, 1957.



1k : < NACA RM L57J25

TABLE I

Dynamic Constants of Models

Model A Model B
Wing first bending (control wing), ¢ps . « « . . —— 225
Wing first bending (no-control wing), cps . . . 226 227
Control-wing mode, CPS « « + o + « o « « & « « & 162 278
See following sketch:
| -
1 Node
ol
P Node” \ '
AN I /
- /
Model A !
/ i
/ Node I
Model B |
Control still-alr frequency, Cps . « « « « « o . 76.1 al.l
No other wing or control modes were apparent from
the sheke tests up to a frequency of 350 cwps.
Control inerties about hinge line, slug-f‘l:.2 « .« . 0.0002455 0.0001698
Control mess unbalasnce (tall heavy),
SIlUug-£t ¢ &+ ¢ 4 i h h et e e e e s e e e e 0.000343 0.000808
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(for Model B control only)
0.20 slot filled with
paraplex

control surface hinge line

(for Model B control only)
Thirty four 0.187 alots
through confrol spaced
0,201 on cenlerd.

asc A A

Figure 1.- Details of control damping model. All dimensions are in inches.
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3 i

(v) Wing-control close-up; model B. L-5T7-2775

Figure 2.- Model pnctographs.
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(v) Cam follower and control system. L-57-2776

Figure 3.- Photographs of model plucking system.

17



18 R NACA RM 157325

14108

Y

Vi

i2 : —
/0
/7 IQ\_Model B
/\\—Model A

-
] B //
L~

4 6 8 1.0 .2 [.4 1.6 1.8
m

Figure L.- Variation oi Reynolds number with Mach nurber.
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(a) Model A.

Figure 6.- Sample telemeter records.
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(b) Model B.

Figure 6.- Continued.
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Figure 6.~ Concluded.
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08

06 \
\ __On Ilauncher
I 1 ]
£ /

04 ) L Origional calibration
NI
— 1
.02 —

© | > 3 P 5 3
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(a) Model A.
.06 ‘ l
\ LOn launcher
04 \ \ // [ _ [
‘ \ XA Origional calibration
gO ‘\\ ><’\ -
‘<,\ N \\\
02 — = —
—_—
0] 2 4 © 8 {0 12
AS
(b) Model B.

Figure T.- Variation of measured tare damping with oscillation
amplitude.
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Figure 9.- Concluded.
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