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HINGE MOMENTS

Introduction

The matter herein presented represents the results of
an investigation on hinge moments of ailerons on a 1/12.5 scale

model of a main wing airfoil of the XP3D-l Navy Patrol Boatl).

The data obtained were then employed in the calculation of
stick forces due to aileron moments on the full scale airplane, the
calculations covering a flying range of eighty to one hundred eighty
miles per hour.

Description of Apparatus

The aileron was a 1/12.5 scale model of a main wing airfoil
of the XP3D-1 Navy Patrol Boat having the N.A.C.A. #2218 airfoil
section at the root and the N.A.C.A. #2211% airfoil section at the
tip. Aspect ratio equals 6.97 and span 91.25 inches (232 em.).

The aileron span was 24 inches (80.96 em.) and the aileron mean chord
was 2,395 inches (6.077 cm.). Aileron area was 370,446 em.2.

The aileron was.hinged to the wing by three ball bearing
hinges spaced as shown in the figure.

Measureaments were made at various angles of attack, the
wing chord being set at an angle of 5° to the fuselage axis.

The investigations were canducted in the wind tunnel at
the Guggenheim Aeronautics Laboratory at the California Institute of

Technologyz).

l)’I'he XP3D-1 - Tne Navy Patrol Boat designed and being built by the
Douglas Aircraft Company, Inc., Santa Monica, California. .

2)cf. C.B. Millikan and A.L. Klein: "Description and Calibration of
the 10 ft. wind tunnel at the California Institute of Technology",
Transactions of A.S.M.Z., Aeronautical Engineering, (1932-33).
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The principle of measuring aileron hinge moments by means
of the differential pressure on two orifices is an adaptation of the
measuring device as developed and used in the measurement of the drag
of a spheres).

The apparatus consists essentially of a moment arm bearing
an oxygen jet. (Figure 1). The amm is rigidly secured to the aileron
at one end and held in position by a relatively rigid spring at the
other.

A gap of .015"™ exists between the moving bloek which
carries the jet of the moment arm and a fixed block having two orifices.
Compressed oxyzen is supplised to the orifice block from a gas cylinder
through a standard pressure regulating unit.

A difference in pressure is measured on the manonmeter
directly connected to the orifices in the fixed blockx depending on
the position of the movable jet relative to the fixed orifices. That
is, as a load is applied to the aileron, & proportional movement of the
arm causes & movement of the jet rslative to the orifices with a cor-
regponding variation in the differential air pressure in the orifices.

Calibration of the device is made by application of known
moments. Corresponding deflections are read on the manometer.

The moments caused by the wind loads in an actual run are
then obtained by reading the manometer deflections and picking off
the corresponding values of moment from thz calibration curve.

The device is a new application of the principle and con-
siderable experinentsl work was done in adapting the device for the

measurement of hinge moments.

3)et, C.B. Milliken and A.L. Kleir: "Effect of Turbulence", Aircreft
Engineering, August 1933.
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Experimental data obtained as & result of the first runs
with the device were not reliable. The results were due in & large
measure to the more or less crude comstruction of the parts together
with unsatisfactory means of securing the parts rigidly. A systematic
investigation of the possible causes of the discrepancies was there-
fore undertaken.

Three svrirgs were used during the investigation. Originally
a transverse flet spring secured at both ends was used. With this setup
the moment arm attached at the midspan. The difficulty of securing
this type of spring rigidly,together with difficulty in adjusting seme,
made its use unsatisfactory.

The above spring was repleced by & round hairpin spring
(.087"), which was held securely in the wing in an adjustable bloeck
at one end and in the moment arm at the other.

Thile results were considerably improved, d4ifficulty in re-
production of data still prevailed.

The setup was further modified by soldering all parts where
counnections were made, in order to eliminate slipping. Calibration could
now be reproduced with considersbly improved results, slthough a drift
persisted in the datsa.

As a final modification of the apparstus & loop was intro-
duced in the heirpin spring.

By heating the tunnel to an epproximate eQuilibrium tenpera-
ture before commencinz a run, it was found that more consistent results
were obtained. By this procedure the effect of temperature change wes
reduced to & minimum.

During the experiment it was noted that en error was intro-
duced in the manometer reading, resulting from tunnel eir. This error

veried with aileron angle. ZExamirstion disclosed the fact that with the
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tunnel running, air was blowing into the orifices. This difficulty was
corrected by shielding the orifices with wax.

A vibrator operated by compressed air was installed in the
model in order to minimize the effect of friection on the aileron hinges.
Speclal attention was directed toward the cleanliness of the bearings.

It is believed that the data obtained from the final setup
are quite consistent.

Cbservations were made at wind velocities of 123 and 143 miles
per hour.

The following convention was used in designeting moments,
(Pig. 2):

A moment tending to produce clockwise rotation as viewed from
fhe pilot's seat 18 considered positive. All values refer to an aileron

on the right wing.
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Reduction of Observations
calcelaliom

The sad-Fsmaddien=o0f the hinge moment from the net monments

obtained from applyinz the deflections resulting from the wind loads
to the calibration curve,is made as follows:
All results are reduced to the form of dimensionless coef-

ficients. M
CH=E'ST

C = hirge moment

ptd
=2
[N}

moment in gm. em. as measured on the aileron

= 1pV2 = kinetic energy (a measure of velocity)

area of aileron in cm.z

mean chord of aileron

o o W O
1

= span of aileron
l/;i= mass density of air
For the ailercn used in this investigation, the following

conctant is employed:

c oz I - 1 _ M _  .000442 M
H ™ gst = q(370.45)(6.077) ~ 2248.61(q) ~ )

Figures A and B represent the value of hinge moment coefficient nlotied
against "Angle of Attack™ and "Aileron Setting™ respectively. The values
of Cyg plotted, represent the average value obtained for any particular
setup, a total of about sixty runs having been made. The smell varia-
tion of values obtained on successive runs may be noted from typical data

sheets.
Calculation of Stick Forces on Full Scale Airplane

The followirg imethod was employed in calculating the stick

forces resulting from the aileron moments at various speeds:

Lift of Airmlane

A value of ly, (winz loading), equals Ting Area

20012 ,
equals —i’%—él = 15.45, where weizht = lift = 20013# and wing area = 1296 ft.Z2

From 1, = %TDVch’ the value of Cp, = , where .° = density of

ipve
air stendard conditions and "7" is expressed in feet per second. For the

value of Cy, obtained for each value of "7, the correstonding angle of



-8 -
attacx is obtained from the curve of Lift Coefficient vs. Angle of
Attack4). Fig. 6.
The coefficient of hinge moment "Cyx" was then obtained for
the angle of attack corresponding to the Lift Coefficient for the respec-
tive velocities of the airplane in miles vper hour.
The velue of "CH" was substituted in the formula:
M

CH = —-
H qSt

where Cy = hinge moment coefficlent
= "g" in lbs./ft.2 for par-ticular V in m.p.h.

0
1

S = aileron area (actual airplane)

mean aileron chord {actual airplane)

ot
1]

The moment on the aileron of the full scale airplasne, therefors,
is given by:™ W =Cy q S t. The values of aileron moments for
a one to one differential were calculuted and plotted {Fizs. 3, 4 and 5).

Since the differential of the aileron movement in the actual
plane is not one to one, it was necessary to calculate the values of the
moments from the aileron anzles resulting from the difTerential employed
in the XP3D=1l. Fig. 7 is the curve of aileron angle vs. the wheel angle
for the XP3D-1l. Froma this fizure was obtained the negative angsle of one

aileroun corresnonding to the vositive ansle of the opposite aileron.
. The aileron moment was then caleulated for a particular aileroa
setting. The value obtained was then corrected in the order of the ratio
obtained froa figure 8, Curve of Ratio of Ailcron iloment tc ‘theel lloment.
Fig. 9@ summarizes the hinge mmoment investigation and renresents
curves of the ‘Yheel :oment plotted against veloelty in miles per hour for
the XP3D~l. The aileron anzle in actual flizht will be small, while a
large vortion of the range covered by Fig. 7 represents conditions not

encountered in flizht, the results are of interest and are included herewith.

Assuming the control wheel in the cocikpit of the PuD-1 to
have a diameter of twelve inches, the total force in lbs. that it will be
necessary for the pilot to apply to the clrcumference of tihe wheel in
order to obtain a particular aileron anzle will be numericelly equal to

the moment.

- s oy = i o > = -

4)ce. Report 127, paze 23, fig. 4, by C.3. Liillixan and A.L. Klein
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: FIG. 8

FIG, 9

Figures (8 & 9) - View of setup showing the original spring



FIG. 11

Final setup showing modified hairpin spring. The investigations
were conducted with the setup  as shown.



FIG. 12

View of instruments

FIG. 13

The XP3D-1 model in the wind tunnel ready for test



FIG, 14

View of the model showing setup for calibration before placing the
model in the wind tunnel,






FIG. 17

FIG. 18

Figures 17 and 18. Views of the XP3D-l Rigged in the Wind Tunnel.
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TABLE OF "g" #OR VARIOUS AIR SPEEDS

- Impact pressure in
Airspeed 1bs./ft.2 S <t
mepehe One std. atmosphere

=2116.8 #/etf = q

60 9,229

80 ' 16,405 155.1

100 254577 155.1

120 37.065 155.1

140 50,570 ; 155.1

160 66.214

[ e aom i e e e

155.1

155.1

180 84,037 ~185.1



MODIL CONSTANTS

. - 2 (= .
Aileron Apea (Full Scale) = 62.3 ft.“ (3ach aileron)
(fodel Scale) = 370.446 cm.g
Aileron Span (Full Scale) = 300 in.
(ilodel Seale) = 24 in.
= 60.96 cm.

Afleron lean Chord (Full Scale) = 2.49 ft,
(llodel Scale) = 60.77 cm.

ANICLT NF ATTACY CORRESYNIDING TO
LIFT COZFFICIENT ¥OR VARIOUS SPEIDS

TJeight of Plane = 20013 lbs.
Ting Area (S) = 1296 Tt.°
7 . )
1 2 2y w
& = w0 V=G C, = = =
N 2/0 L L o V2 ‘[4,//2 .‘rg
/= 2013 = 35,45 U= ,002378 {std)
w " 1296 :
’//
_ 20013
CL = 1296 .001189 (mph)® (1.47)%
/
— T T ————
Mmepeh. | 80 100 -~ 120 140 . 160 . 180 |
T T LD T _ T T T T T R L A L L R T e i e e o e ' ———— e ,.,,_-‘
cL © 0.94 | 0.602 . 0.416 . 0,307 0.235 , .186

Il
{
il
i

' +2,4° 40,19 1,20 -2.0°  -2.6°

d

| ={_ correaponding *6.6°




aileron

Ixneriment lince Morents
Setup AileronT 309

Run_20
he = 15,000

ez 1,116

air nressure = 22,1 cm. Hg,
Calibration
-~ arm = 9,00" = 20.86 cm.
v a a ~ aversee A g M
grams d
Positive moments only: o
L0 4007 40.7 . 40,7 R
20 39,7 39.6  39.65 1.05 457.0
50 38,0 37.9  37.95  2.75 1143.0
100 35.2  35.0 35,1 5.6  2286.0
150 32.3 31,9 32,1 8.6  3430.0
200 38.7 g 28,7 12.0  4570.0
250 26.9 & 25.85  14.85  5710.0
‘300  23.2 . 23.2 23,2  17.5  6850.0
350  21.0 21,0 197  7990.0
t, = 27.0° ty = 27,0°
tp = 28,3° t2 % 20,00
w4, a’ W La m cmv e d a“”a";"" Loa u Oy
_0.40.7 40, 8 40.85 O | 0.40.7 40,5 40,60 |
8 26,0 26,0 26,00 14.65 5780 .1435 ~8 26.0 26.1 26,05 14,55 5760 .143
_ =6 26.1 26,2 26,15 14,50, 5710 .1415 -6 20.2 26.2 26,20 14,40 5680 .14l
2 26.0 26,0 26.00 14.65 5780 1435 -2 26.0 26,0 26,00 14,60 5750 .1425
0 25,7 25.8 25.75 14.90 5890, ,1461 0 25.8 25,9 25,85 14,75 5520 .144
4'25,5 25.4 25.45 15,20 6000 .149 4 25,6 25,5 25,556 15.05 5940 «1475
B 25,3 25.4 25.35 15,30 60501500 _{5.;25.5:25 5,25.50 15,10 59562.:1_&
10 25,4°25.6 25.5 15, 15f9?_° .1488 10 25.5.25,5 25,50 15.10 5950 .148
11 24.7 24,7 24,7 15.95.6300 , .15635 11°24.7 24.8 24,75 15,85 6250 ,155 |
| 12 23.5 23.9 25.9 16.75 6625 ole4z 12 24,0, 24.0.24,00 26,60 0 6550 .1625.
 14'23.8 23.6 23.7 16 .95 é—'fédﬂ W66 | | 14,24,0 23, 7'25.‘55‘16».780 6650 4165
16 23.7 25,5 25.6 17.05 6740 .167 = 16 (23,6 23, 823,70 /16,90 6690 .166 .
18 ~3 1 “3??._1_“}1‘5‘5 6950.1'72 18 :123.2] 23,20 17, Qolrgg_'_lpﬂlb..]_._?o f




Experiment Aileron iingze iloment Run__ 30
Setun__iileron -7° he = 15.000
/Yf = 1l.118
air pressure = 22,1 Cleiige
Calibration
-arm = 12,20" = 30.99 cm.
+arm = 9.47" = 24,05 cn.
! T T I T
¥l i a : a average a i u i
grams <‘ a i
Positive moments: b ey = S 3
L0 ] 44.6 | 44.8 44,6 0 !
.20 ;43,5 . 43,5 | 43,5 | 1.1 | 48l |
T80 ! 4l.e5 7 41,8 [ T4ler | 2,737 1202
%0 Tso.85 ! 40.7 | 40,77 | 3.835 | 1682
11001 739.15 39,1 | 39,12 | 5,48 | 2400 ]
(150 ¢ 38.6 36.6 _§ 8.0 1 3603 |
Negative moments: ’
0 44,6 | 44.6 | 44.6 0 0
L 20 | 46,1 ; 46.1 , 46,1 1.5 619,
50 | 482 | e8| 45 | 3.55 | Isoo
'ty = 25,20
tz = 26.5°
.7 A TAverd: : !
o(ud;d? 3 Lal M om {M'CH
B olany ThheT | 44. "f'B”'Z T 10 }' 1
i .ei45 5 ,45 5 :45 5  =0.8 =350 -,0087 : "’-6 ‘}_5"J:§ 45.1 45,12 = .85;-370 -.0092
4 45:2 45 2 ,45 2 ‘-o 5 =200, -~99_‘5_9_.- =4 44.8 ;ytg 44.8 _.-_.551-200 -.0050
-2 45.0 45 0 |45.0 lé-o. .--120 =+0030 {-a 44,6 | 44.5/44.55 - .28-120'-.0029
0; 44. 85 44.85144 .85! 0. 15 - | [.0:44.5 44.4 44.45 - ,18/- 60 _=+0010 |
z 44 7 44.75.44,72 -0,02 - ] Lzt - 44. .§344 .35 = .08‘- 40'-.0009 |
44.8 ‘44,6 44,6 c.1 50 0012 | C4,44.3 44.2 44.25 o jo i o |
, 6 4.5 44 5_ 44~5M;>owngloo 0025 | - 6 44,2 44, 1 44. 153 10| g;o; +0012 |
‘ 3144 3 44.3 144.3 P 0ed zoo 20050 | a 44.0 45 9: 43, 95_"_»7‘.7;5_9”_;_49;’” .ooaﬂ
10:45.95 44,0 ;43 .97 0. 73 330 40082 1o 143, 65,43 6 643,62 .eg_.rls_gof #0075 |
112/43,0 43,1 43.05] 1.65 730 .0181_4 12 42 8 |42, 7&42 75 1450 evof 0166 |
T " e s i
1"'1“ 3 .41.3 (41.3 3.4 1500 .0372 | 114 41,0 | 41.0|41.0 3. 251430, 0355 |
~18,40.2 {40.2 |40. 2 4.5 2000 .0497 . |16 39,7 !39 7; 9.7 | 4.55/2025] .0502 |
|18’ 39.4 | 139.4 ! 5.3 [2550 .0583 | |18 38.9-; 13849 | 5.35{2380] .0591 }
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CALCULATION OF WISEL OUINT FNR N9 0 0T 510

SRENT AL

+7% Afleron Angle

"iles ner Hour ll 82 100 122 140 160 180
aSt 2540 | 3980 | 5740 | 7830 | 10280 | 13030
An~le of Attack 6.6 2e4 el ~l.2 -2 -2.6
CH( 799 044 | 039 | 0365 | .035 | .034 | .034
%00 = CyyaSt 112 156 209 274 350 434
| Cpty fl e 0008 | oot | oz | 008 | 000
GgmTomst | 6 | b9 |54 | o | 0.0 | onz
.....5_7_),“-_ --‘__-ﬁ...%_._.Ei_r.]:.s.t?_p 209.0 | 274.0 | 350.0 | 434.0
L:.: X 90) = 4 _po) 105.58 | 15441 L2.14.7 239.4 | 330.8 | 436.2
- ;—150 Allgron Ancgle
SH(150) #2005 | 075 o [ .oss .oé_v-_ .063
(15°) = CiaSt 204 229 4.7 533 337 sl
Cit( 15°) 309 | =w007 | =1020 | -.028 | -.082 | -.037
1{-15°) = CiaSt +25.4 |-27.9 |- 114 |- 219 |-328 |- 481
7459 204 290 4y 533 637 | a6l
=l g0l -(, 2o 178,86 |326.9 | 527 | 9s2 | 1os | 1za2
+22° Lilceron in-le
Cit( 2217) A5 | L1183 | L1089 | G187 | L105 | .105
(aa %) T St 292 450 325 A38 | 1397 | 1370
Sty _gp'9) =262 =071 |-.073 | o084 [ -,087 |-.089
1i(.22°21 CoraSt h?.s - 281 [-440 |-662 |-°94 |-1220
L
2 0) 292 450 625 833 | 1337 | 1370
M T ugproy= igpioy f| 44945 731 | 1074 | 1509 | 1982 | 2590




CALCULLTIN! OF TIZTL L0TTNT TOR415° ATLIMON AIGLD
Ii1les per Hour p 80 i 100 { 120 | 140 | 160 ;180
qst 2540 | o980 | sva0 | 7830 | lozso 1030
Anzle of Attack | 6.6°0 2.4°1 0.1°§ -1.2° -2° ! -2.8°
Cry (25°) || .oso5 | .o75 | .o71 | .o0e8 087 | .058
M, T CpaSt (as°) | =204 | 209 | 407 ﬁ'{ 533 67 | 861
o= cast xyy  (18°) || w8 | 421 | 572 1 75 o7 | 121
Cy (11,391 20073 | =4001 |-.0075 | =,012 | -.0L5 | ~.017
1, = CyaSt (-11.3°90 18.5 | s.e8 | 43.1 | 94,0 ) 154 | 221
iy = CpaSt x 1%— (-11.30) 1.2 | = o3 1=2.9 | - 6.3 [ -10.3 [-14.8
4y (+159) 28,3 | 42.1 57.2 75 97 121
hy (-11.3°) +1.2 | = W3 |- 2.9 - 8.3 | =10.3 }-14.8
My = My350) = Mp(o11.30) || 278 | 42.4 6041 8l.3 | 107,35 ilsz).e
CALCULATION OF TLIZL VOMNT FOR4-3° AILIRON ANGLE
:idles per iour 8o | 100 120 140 | 166 | 180
ast 2540 | 3980 | 5740 | 7830 | 10280 |13030
Angle of attack 6.6°| 2.4° 0a1° | -1.2° 2% | -2,6°
Cy (3°) || .o27 lowes {.on45 | .o13 | .onss {.o120
i, = oSt () | sa.5 |75.5 | 80.e | 102 | 129 |156.5
My T OGSt x & (°) § o8 {105 {110 | 145 | 13,4 | 22.3
Cy (-2.79)f.0083 }jooso  |.0043 .004 | .0038 {.0035
1, = CqqSt (-2l 211 |19.0 | 2e.7 | 213 | 30.0 | 45.6
7 3 CmySt x % (220l 2.5 | 2.2 2.8 5.5 | 4.3 | 5.1
Mg(4-30) T e 105 |1 | 105 | 1os | oms |
S a2.70) 2.3 | 2.2 2.3 5.5 | 4.5 | 5.1
My = g a0y = y(l,70) 7.5 | 8.3 9.1 il.o 14.1 17.2




(o]
CALCULATIO . N& "MIIL 10T FOR+-22Y AILURON ANGLE

‘ﬁ
¥

tidiles per iiour a0 100 120 140 160 180
a5t 2540 | 3980 | 5740 | 7830 | 10280 {13030
Angle of ittack 5.89 2,4° 0.19} .1,2° -20 -5.80
Cx (222°) || .115 | 113 | .00 | .lo7 .106 .105
et - 010 : } N
N, = CgaSt (221°) || 292 | 4s0 | 25 | ese | loes [1370 |
v = 1 o - '
*ngy = cgast x5 (221°) 4 41.7 | 643 | 883 | 120 154 105 |
Cy (.140) 010 | =.005 {-.007 | 023 ! -.029 |-.033 |
Jamonr et v e v ¥
4, = CyaSt (-14°) 25.4 | -19.9 | -97.5 [-180.5 | - 208 |- 430 |
7 = CHeSt x %3- (-14°) 1.27 |-~ .88 | -2.72 | 3,65 | -4.75 |-5.97
i
My (+223°) 41,7 84.3 88,3 120 154 196
iy (-149) 1.27 |- .85 | -2.72 | 3,85 | —4.73 |5.97
My = -Mg(i230) = Mg(_pq0) |j 40,43 | 65.15 | 91.02 | 125.65 |158.75 ROL.97
—
*Aileron Moment ,
**+theal Moment ;
J'For actual plane
i
CALCULATION NF "MEZ .DLENT FOR+7° AIL:ANN ANGLE
- : —
#iles per Hour il 80 100 120 140 160 120
qSt 2540 | 3980 | 5740 | 7830 | 10280 | 13030
Angle of Attack 6.60] 2.4°] 0.10} 1,20 -20 | -2.8°
/
c 7°) 044 | .039 | .0385 | .035 .034 .34
1, = Cyast (2°) 12} 158 209 274 350 434
- ity = CigSt x -,,-%-5- (7°) 14.8 | 20.5 | 27.5 | 36.1 48.1 57.1
Cy (=°) 006 |.0033 | .0031 | .0028 | .0025 | .0021
4 T Cast [~4°) 15.3 | 13.2 | 17.8 | 22.0 | 25.8 | 27.4
T n e e L7 40 .
[ty = Cast x 51 4% 1.6 | .4 1.9 2.3 2.7 2.9
v (+7°) 14.8 | 20,5 | 27.5 | 36.1 46,1 57.1
|y (=) l 1.8 | 1.4 1.9 2.5 2.7 2.9
- . S
Nz b Cr = Mo ¢} P12 19.1 25.6 33.8 4244 4.2
I B T N f LR




