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EXPERIMENTS ON BALANCED CONTROL SURFACES
FOR RIGID AIRSHIPS.

By R. Joxes, M.A., and D. H. WinLiams, B.Sc.

Reports and Memoranda No. 653. December, 1919.

SUMMARY —(a) Infroductory. (Reasons for inguiry.)—The experiments
were conducted at the request of the Airship Design Department of the
Admiralty in order to obtain data to assist in designing balanced control
surfaces for airships of the R.38 class,

(b) Range of investigation.—(i) Pitching moments (about C.G.) were
measured on a model of R.33 (see R. & M. 361) with stabilising surfaces of
the same overall dimensions: The balancing area did not, however, extend
along the whole length of the control surfaces, but was confined to the
outer end of the elevators, loss of length being partially balanced by
increased width. Two different balancing areas were used. The effect of
cutting off a piece of the fin immediately in front of the balancing area
was investigated.

L
(ii) Forces on a control surface and moments about the hinge were
measured on larger models with corresponding balancing areas. A model
of the hull of R.31 was used (see R, & M. 302), the angles of yaw of the
ship being 0°, 2° and 5° and the inclination of control surface to the axis
of the ship varying between — 307 and -+ 30°. Speed effect was also
considered.

(¢) Conclusions.—The moments about C.G. of the ship due to control
surfaces on the complete model showed that even though the absolute
moment increases with area of control surface it does not increase per unit
area. Thisisprobably due to the shielding of the balancing area by the fin, for
on removing the corner of the fin the moment increases when both hull
and elevators are turned in the same sense. The control surfaces appear
to be much more efficient than those of the original R.33.

The moments about the hinge indicate that the largest balancing area
used in the second set of experiments is more than sufficient. In the great
majority of the observations the (lateral force) /V* increases with speed.
The lateral force per unit area at first decreases with increasing area and
then increases. Removing the corner of the fin in front of the balancing
area causes the lateral force to increase or decrease when the ship and fin
are turned in the same or opposite directions respectively, and moment
to decrease throughout.

(d) Application and further developments.—Itis probable that the cause
of the inefficiency of the R.33 control surfaces compared with the present
ones is the gap that exists between the control surfaces and the fin in
the former case. Further experiments are necessary. Pressure plotting
the fins and control surfaces should give valuable information to assist
in the design of efficient stabilising surfaces,
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The investigation was undertaken in response to a request
from the Airship Design Department of the Admiralty for infor-
mation concerning a suitable balancing area for rigid airship
rudders in connection with the design of stabilising and controlling
surfaces for R.38 class airships.

The experiments carried out were :—

I. A determination of the moments about an axis through
the centre of gravity of the forces on a model of a
complete airship (i.e., hull and stabilising surface) with
controlling surfaces set at different angles to the axis
of the ship and with the axis of the ship inclined at
different angles to the wind.

IT. A determination of moments about the hinge and
forces on the rudder only when detached from the
remainder of the model.

I. The experiments were all carried out in a 7-ft. channel.

For the first set of experiments a model of the rigid airship
R.33 (see R. & M. 361) was used : new fins were fitted on to meet
the requirements of the experiments. For symmetry the varia-
tions were made in the elevators (not the rudders) as both elevators
are of the same size. The same vertical stabilising areas were
used throughout. Thus the pitching moments about an axis
through the C.G. (i.e., an axis 283 inches from the nose of the
model) were found at different angles of pitch and with different
elevator settings. In addition the vertical force and longitudinal
force have been determined with the elevators set amidships and
at angles - 20°, The wind speed throughout was 40 ft /sec.

A drawing of the fins and elevators used is given in
Fig. 1. The hinge about which the elevators turn is in the
same position as in R. & M. 361, but whereas in that report they
have a balancing area extending along the whole length of the
elevators in front of the hinge. in the present cases the balancing
area extends only for 11 mms. and 16 mms. in two cases, and in
the third case there is no balancing area at all. Further, in one
case the corners of the fins immediately in front of the balancing
areas have been cut off at an angle of 30° with the outside edge
of the fin as shown in the figare. The balancing area will be
designated A and the corner of the fin B.

Following the method of R. & M. 361, the moments about the
C.G. with the elevators set amidships have been subtracted from
the cnrrespondmg moment with the elevators set at different
angles and the * moment due to the elevators ™ obtained. In
representing these quantities graphically a mean has been taken
of the values at positive and negative angles of pitch and
elevators.
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The results are tabulated and plotted as follows :—
Table. Fi

d.
Shape of elevators and fins

Moments when balancing area A = 0 = 1
¥ ) i . A=11X19mm?® 32
" 5 » A =16 X 19 mm,? 3
a = trmngula.r piece cut off fin ... 4
., due to elevators - —_—
Longitudinal force and normal force 5
Sketch of flow past fins 4 - -

OO =1 O O B U RD -

Discussion of results.—I. In the first pl&oe it is necessary to
explain the presence of two columns of figures (marked * and T
in the tables) for certain elevator settings. The columns marked *
are the actual moments measured, but on plotting the results
against angle of elevator it was found that the values obtained
did not lie on the curve as well as could be expected. This gave
rise to the opinion that the accuracy of the observations was
doubtful, particularly as it had been found difficult to set such
small elevators accurately at any desired angle, and moreover,
as the * hinge ” on which the elevators were turned consisted of
copper wire, it is possible that during some of the experiments
the wire was not stiff enough to withstand the action of the wind
on the elevators, even though the wire had been frequently
renewed. Accordingly, the second column marked { has been
added, the values given having been interpolated by eross plotting
against angle of elevator setting. -

The effect of setting the elevators over is best seen in Fig. 6,
in which the moment due to elevators has been plotted. As was
to be expected this moment increases with the area of elevator,
though not to the extent anticipated, for the moment per umit
area of elevator does not increase in general, even though the
additional surface A added to the elevators was added to that
part of the control surface generally considered most efficient,
i.e., that part away from the hull. It is possible that the fins
alueld the balancing areas when the elevators are inclined and
thus decrease the efficiency of the added part. An argument
in favour of this supposition appears to be afforded in the results
obtained on the moment due to elevators, when triangular pieces
of the fins were cut off immediately in front of the balancing areas
and when hull and elevators are turned in the same sense. Fig. 6
shows that at negative angles of yaw and negative angles of
elevators (or positive in both cases) the moment due to elevator
increases when the triangular pieces are removed, the reverse
being the case when the hull and elevators are turned in opposite
senses, though to a less marked extent. The sketches appended
in Fig. 8 show what presumably takes place. This indicates that
the restoring moment acting in order to bring an airship back
to a straight course after a turn would be greater if a portion of
the fin immediately in front of the rudder were to be cut off,
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since the most efficient part of the rudder would then be more
exposed to the wind. On the other hand the “ upsetting”
moment is less when the rudders are being used to make the ship,
when turning, turn in a smaller circle.

It is, however, possible that, should the gap between the
control surfaces and fins be too large or not so arranged as to
bring the most efficient part of the rudder into more direct action,
its existence would not be an advantage. If it were not so, it
would be difficult to explain’ the small moment due to the control
surfaces obtained with the original R.33 fins. These have been
reproduced from R. & M. 361 and plotted in Fig. 6. A glance
shows that the moment is less than that due to the smallest
elevators in the present series, even though the area of the R.33
elevators was much larger than that of the largest of the three
sots of elevators described. It must, however, be borne in mind
that in the R.33 elevators the balancing areas extended all along
the control surfaces, but they were only 10 mm. wide on the
model, whereas in the present case the leading edge of balancing
area was 19 mm. in front of the hinge.

Attention may be drawn to Fig. 7 showing the longitudinal
and normal force on the model with elevators amidships and over
at -+ 20°. At zero angle of yaw, turning the elevators over
increases the drag by nearly 20 per cent., and gives rise to a
normal force which is equal to that on the ship at an angle of
pitch of 4 or 5 degrees with elevators amidships.

IT. In the second set of experiments, in view of the fact that
the size of the elevators used on the R.33 model were so small
and that consequently the forces and moments on them would
be small, it was decided to make use of the large model of R.31
described in R. & M. 302 and to make models of fins and elevators
in proportion. One model elevator was deemed sufficient and
the size was such that it could be fixed on to a spindle which could
be mounted in the chuck of the balance and the forces and moments
would be measured in the ordinary way. Each of the remaining
stabilising surfaces was made of one piece and of the same overall
dimensions as the fin and the elevator on which the forces were
measured. The area of the unbalanced rudder was 14-15 sq. ins.
and the model was so arranged that a balancing area 2, 3 or 4
8q. ins, could be added to the rudder and a corresponding piece
of the fin removed. In each case the length of the balancing area
added was 2 ins., the width thus being 1, 1-5 or 2 ins. Further,
it was possible to remove the corner of the fin immediately in
front of the balancing area as in the previous set of experiments.

The forces and moments were measured with the angle between
the control surface and the fin varying between — 30° and - 30°
and with the axis of the airship hull inclined to the wind at 0°,
2° and 5°. The length of the model hull was so large that angles
larger than 5° could not be considered.



130

The wind speeds at which the experiments were conducted
were :—

Angle of Yaw of Ship. Balancing Area (3q. ins.). Speed (ft [sec.).
0° and 5° = eea | O Fx 1and 2 x 2... Forces 40 50 60
Moments — — 60
" and' 5" oo w« | 2% 1-5 with triangular Forces — 50 —
piece in place and Moments — — 60
2 %X land 2 x 2 with
triangular piece cut
off.
° v 0, 2% 1, 2X 1I-5and | Forces — 50 —-
2% 2 Moments — — 60

In presenting the results, the drag and cross wind force in 1bs.
(¢.e., the forces along and perpendicular to the direction of the
relative wind) have been divided by the square of the wind speed
in ft/sec., and similarly for the moments about the hinge in
Ibs. /ft. In addition the lateral force on the control surface itself
has been calculated (i.e., the force perpendicular to the surface,
not to the axis of the ship).

The presence of such a large model in the wind channel has,
of course, an appreciable effect on the wind speed in the channel.
In order to estimate this efiect a few pitot readings were taken
on both sides of the hull with the latter at zero and at 5° incidence.
With the same difference of pressure between the hole in the side
of the channel and the atmosphere as in the unobstrueted channel
at 40 and 60 ft /sec., the percentage increase (-4) or decrease (—)
in the speed squared was as follows :(—

Angle of Incidence 0°, Angle of Invidence + 57,
Position of Pitot.
Distance up stream 2 _ :
from Control Hinge Lateral Distanoe of Pitot from Control Hinge (y) (it.).
{x) 3
26° Fort. 20" Starboard. 26° Porr. | 26" Sterboard,
8’ — 1-0 — 15 — 8:0 —
4 4+ 1:5 -+ 10 — 45 0
] — 30 — 30 — 60 — b

The value taken when dividing the forces and moments by
the square of the speed was that obtained at a distance of 7-5 ft.
up stream from the balance : appropriate corrections based on
the above observations were consequently applied.

In addition a few pitot readings were taken in the neighbour-
hood of the airship near the fin. The end of the pitot was in line
with the control hinge at a distance below the axis of the model
of 45 ins. The horizontal distance of the pitot from the fin was
varied from 1 in. to 12 ins.
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/ith the model at zero incidence the following table gives the
ratio of the speed 7-5 ft. up-stream of the balance as determined
above, to the speed in the neighbourhood of the fin -—

|12

Distance from fins (ins.]l 1 [ 2 8
1-02 \ 1-00

4 6
Ratio of speeds o | 1025 | 1-19; | 118, | 1-03,
. |

The values obtained for the forces and moments have been
tabulated and plotted as follows :—

Table. Fig.

Diagram showing tail of model and fin ... — 9
Forces and moments, angle of incidence 07 ... 6 10
» 23 " " L) th) 20 see 7 11

i) 1 " 1 i) . 50 “as 8 12
Lateral force per unit area 9 -

Discussion of results. (IT).—An examination of the moment
curves given in Figs. 10-12 will show that the moments about the
hinge on the rudder with 4 sq. ins. balancing area A is negligible
for small angles of rudder, and even at 25° is only about one-fourth
of that when A = 0 (0° angle of incidence of ship). At 5° angle
of incidence of ship and - 20° angle of rudder it is but little larger
than one-fourth of the moment on the unbalanced rudder.
Accordingly on an airship a balancing area proportional to the
4 5q. ins. used would probably be more than sufficient, as it would
be desirable to have the rudders under, rather than over, balanced.

The speed effect on the forces is such that the lateral force
increases at a higher rate than the square of the speed. On
examining the tables it will be found that this is generally true
except at the larger angles of inclination and at small values
of the lateral force. The latter deviation is probably due to
errors of observation, since the cross wind force to be observed
was extremely, small. The moment readings at 40 ft /sec. were
so small that it was considered inadvisable to make use of them
in endeavouring to find a speed effeet on the moments. A few
readings were taken at 50 ft/see. at the larger angles of yaw,
and the evidence derived from these observations showed that
the moment coefficient increased with the speed.

Attention may be drawn to the manner in which the lateral
force on the rudder varied with the area. Figures are given in
Table 9 showing the general effect. In this table the value of
Y /V® at 4 5° and - 15° angles of control obtained from Tables
6, 7 and 8 have been divided by the appropriate area of rudder.
The statement made in the first part of this report that the
moment due to elevators per unit area does not increase is sup-
ported by the figures given in the table. It will be seen that the
lateral force at - 15° angle of control decreases in every case
upon the addition of 2 =q. ins. balaneing area. This is more or
less true at -~ 5°, but since the forces at 5° are small, only about
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one-third of those at 15°, small errors of observation would give
rise to appreciable differences. On adding a further 2 sq. ins. the
lateral force per unit area at 15” increases, particularly so when
the triangular part is removed from the fin and the angle of
control setting is positive. At 5° this is hardly the case except
perhaps on the positive side at 5° angle of yaw. The difference
arising out: of the removal of the triangular part is seen in Figs. 10
and 12, in which the force and moment, with and without the
triangular part in place, are plotted together (the dotted curves
apply to the case where the triangle is removed). At zero
incidence of the ship the lateral forece is slightly increased
numerically over the whole range on removing the corner of
the fin, whereas at |- 5°, it increases numerically for positive
control settings and decreases for negative settings, a result
agreeing with the conclusions arrived at from the measure-
ments of moments about the C.G. desecribed earlier. Moreover,
the moment about the hinge is reduced numerically throughout,
showing that a balancing area of this type is more efficient for
balancing purposes when a part of the fin immediately in front
of the balancing area is removed. These deductions support the
suggestions made regarding the shielding effects of the fin when
the rudder hinge is not placed at the leading edge of the fin.

Control surfaces similar to those described in the present
report are to be fitted to R.38 and full-scale trials on this ship
when completed should provide valuable information on the
efficiency of control surfaces. Model experiments have already
been carried out, and the results show that control surfaces of
the type dealt with above are more efficient than those used on
earlier ships.



TasLe 1.
PITCHING MOMENTS (LBS/FT.) ABOUT C.G. ON A MODEL OF R.33 FITTED WITH NEW ELEVATORS.
Balancing Area = 0.

Anglo of Elovatars (degreos).
Angle of
Pitch ! 0
(degs.). —20 LT -0 | =8 ; o 5 10 16 20
| ; :
— 20 0-204 0-1356 -+ 0:047, — 0-035 — 0-128; — 0:116 | — 0-198 | — 0-275 | — 0-341 — 0405
— 156 0+12] 0-052; — 0:037 — 0116 — 0:206 — 0106 | — 0-272 | — 0:342 | — 0-411 | — 0471
— 10 0-081 0-011, — 0:069, — 0'150, — 0+236 — 0+228 | — 0-204 | — 0-352 | — 0-418 — 0473
— B 0-079 0-011, - 0:0724 — 0-145; — 0+226 — 0:218 0-281 | — 0-337 | — 0-397 | — 0:448
— @ 0094, 0025, — 0:062; | — 0-126; | — 0-203 — 0+194 | — 0:2567 | — 0-310 | — 0-375 | — 0-422
— 4 0-121 0055 — 0020 — 0-089; | — 0:163 — 0+180 | — 0-204 | — 0:261 | — D-323 — 0877
— 3 - - — — — 0:126; | — 0-116 | — 0-169 | — 0-226 | — 0-288 — 0:339
-_ 2 0. 156 0-101 + 0:032, | — 0-025; | — 0:000; { — 0:077 | — 0-132 | — 0-188 | — 0-249 | — 0-301
— 1 _— —_ —_ —_— — 0044 — 0:084 | — 0:084 | -~ 0-141 | — 0-205 — 0260
0 0-222 0-166 0-102 -+ 0:053; | — 0:001 4 0:006 | — 0:043 | — 0099 | — 0-167 | — 0-224
+ 1 0-248 0-207 0:150 0:098 -+ 0+044 0050 - — = _—
2 0-298 0-248 0-189 0+135 0081 0-085 | -+ 0-030,| — 0-032, | — 0-100 | — 0178
3 0-322 0-283 0-224 0-167 0-114 0118 | - — S— —
4 0-352 0-310 0:250 0104 0-135 0-1890 | 4 0-080 | - 00065 | — 0-0756 | — 0-149
0 0:382 0-342 0-281 0-226 0164 01656 0+104 0-025; | — 0-056 | — 0130
8 0-412 0-362 0-301 0-240 0-173 0176 0-110 0-0305 | — 0058 | — 0-1356
10 0-431 0-360 0:308 0:246 0174 0:176 0-106 | 4 0-019 | — 0-086; | — 0-142
15 0-420 0-348 0:278 0-214 0-133 0:187 ‘ -+ 0:060 | — 0:035 | — 0-118 | — 0:193
20 0-341 0-271 0:-196 0129 0:041 0:048 [ — 0-032, | — 0-124 | — 0-211 | — 0-281

* Actual observed moments, probable value of angle of elevators 0°: 6,
t Probable value of moments with elevators at 0, obtained by interpolation off a smooth curve,

A=0

Area of 1 elevator, sq. ft. 0-0153
Distance of C,G. from nose, 284 ins,

A =11 x 19 mm.?

0:0175

A=16 x 19 mm.*?
0:0185

Scale of model 1/120 full size.

b |



TaBLE 2.
PITCHING MOMENTS (LBS/FT.) ABOUT C.G. ON A MODEL OF R.33 FITTED WITH NEW ELEVATORS.

Balancing area 11 X 19 mm.?

Angle | Angle of Elevators (degrees).
of |
Pitch y
(degs. ). — 20 — 15 — 10 — & 0 5 10 15 20
— 20 -+ 0-199 0-153 -+ 0:054, — 0-021 — 0112 — 0-198 — 0-259 — 0:336 — 0-409
— 15 0:-113 0- 0860 — 0-038 — 0107 — 0-197 — 0273 — 0-340 — 0-4086 — 0-465
— 10 0-068 0-009, | — 0-078 — 0-149 — 0:229 — 0-295 — 0:347 — 0-411 — 0-456
— 8 0-064 0-005 — 0-078 — 0+146 — 0-224 — 0-284 — 0-341 — 0:397 — 0-456
— 6 0092 0:026 — 0-060 — 0125 — 0-202 — 0:259 — 0-311 — 0-368 — 0-433
-— & 0-112 0:058 — 0-023; — 0-089 — 0-158 — 0-208 — 0+263 — 0+324 — 0-412
— 3 —_ —_ — — —0:120 | — 0177 — D-232 — 0+280 — 0-368
— 2 0-143 0-096, 4+ 0-023, — 0:032; — 0:096 — 0-139, — 0197 — D257 — 0-338
— 1 — — — — 0-053 — 0098, — 0-152 — 0-214 — 0-311
0 0-201 0164 0-006 + 0-046 — 0-006 — 0-056; — 0-107 — 0-182 — 0-261
+ 1 0-242 0-208 0-146 0-091 - 0-039 —_ — — =
2 0-283 02561 | 0-181 0-138 0-077, + 0-018 — 0040 — 0-123 — 0177
3 0-320 0-283 | 0:219 0+ 167 0107 - — — =
4 0-342 0309 0-244 0-194 0-135 -+ 0-069 -+ 0-003 — 0074, | — 0148
6 0-372 0-343 | 0-283 0-226 0-165 0-093, -+ 0-023 — 0061 — 0136
8 0-407 0:370 0-301 0-244 0-176 0-099, + 0-026 — 0-058 — 0136
10 0-429 | 0+-381 0-311 0+252 0-179 0-098; L 0-021 — 0-085 — 0-141
15 0-431 0:368 | 0-293 0-222 0-143 -+ 0+053 — 0-023 — 0-111 — 0-187
20 0373 0:298 | 0-208 0-145 0-062 — 0-034 — 0105 — 0+189 — 0264
| | . g

FEI



TasLe 3.
PITCHING MOMENTS (LBS/KT.) ABOUT C.G. ON A MODEL OF R.33 FITTED WITH NEW ELEVATORS,
Balancing Area 16 < 19 mm.*

Angle of Elevators (degrees),

|
% i e =T NS i =
Piteh =% v
(degs.). | —20 - 15 =110 - I 5 10 15 20
| ’ : ‘BT
— 20 |4 01907 0:1385 |4 0:067;| — 0:0255| — 0:044 | — 0-143 | — 0-131 — 0280 | — 0-289 | — 0370 — 0-440
— 15 0126 0:0565 |— 0:027 | — 0-108; | — 0-119 | — 0-192 | — 0-206 | — 0208 | — 0-868 | — 0-4356 | — 0-404
— 10 0-007 0:016 | — 0:067 | — 0-144 | — 0-156 | — 0-247 | — 0-240 -~ 0:312 | — 0-378 | — 0-431 — 0482
— B 0-007 0-015 |[— 0:064 | — 0-144 | — 0-151 | — 0+237 | —0-233 | — 0+208 | — 0-357 | — 0-414 | — 0-454
— B 0100 0:083 |— 0044 | —0-118 | — 0128 | — 0211 | — 0+206 | — 0266 | — 0326 | — 0+379 | — 0-426
- 4 0+122 0055 |— 0+013;| — 0-080;| — 0:003 | — 0-187 | — 0-160 | — 0:2156 | — 0+273 | — (-332 — 0-376
= |3 -— — - — — —0-131 | —0-1256 | — 0-183 | — 04286 | — 0:202 | — 0-343
—_ 0+ 1566 0-101 |4 0-030 | — 0:019 | — 0-020 [ — 0-002; | — 0-083 | — 0-137; | — 0-199 | — 0-251 — 0-302
- 1 — _— —_ — —_ — 0048 | — 0-037 | — 0004, | — 0-154 | — 0-210 | — 0-261
0 0-216 0-167 0-122 4 0:060; | - 0:0565 4 0-002 | 4 0-005 | — 0-050; | — 0-110 [ — 0172 | — 0-221
4+ 1 0+ 250 0215 0+ 164 0107 0-006 0037 0043 —_— —_ — —
2 0+301 0-253 0-207 0-147 01356 0:074; 0076 4 0:021 | — 0:060; | — 0116 — 0:178
3 0330 0-288 0-230 0-179 0166 0-105 0106 - — —— —
4 0+ 366 0-314 0-264 0-205 0191 0126 0-131 0:-064 | — 0-010,( — 0-084 | — 0155
6 0-303 0-349 0-205 0-239 0-223 0-1565 0-162 0-086 | + 0-0115| — 0-0687; | — 0-143
8 0-422 0-371 0-312 0-253 0238 0-163 0:-171 0:080 | + 0:0104( — 0:0715 | — 0147
10 0441 0387 0:321 0258 0:238 0+ 159, 0167 0:084 | + 0:001 | — 0081 — 0160
15 0-440 0367 0:207 0227 02056 0+ 105 0-115 f 0-0355 | — 0-045 | — 0:131; | — 0-200
20 0371 0290 0200 0138, 0:-116 0027, 0030 | — 0-062 | — 0-139; | — 0-220 — 0-273

* Actual observed moments, Probable values of angle of elevators — 6° and | 0-5°,
t Probable value of moments with elevators at — 6° and 0° obtained by interpolation off a smooth curve,

cel



TasLE 4.

PITCHING MOMENTS (LBS/FT.) ON A MODEL OF R.33 FITTED WITH NEW ELEVATORS,

Balancing Area 16 X 19 mm?®,

Triangular piece cut off fin.

Angle of Elevators (degrees),

of ' | | |
teh | 16
(degs.), —20 —15 - 10 i 0 ] 10— | 20
L] ‘ 1.
I —_— —_—
]

— 20 0-178 0-133 -+ 0-039 — (:044 — 0+129 — 0-227 | — 0-812 | — 0+372 ] — 0:396 — 0-4564
— 15 0-110 0-061 — 0-041 — 0-123 — 0-210 — 0-301 | — 0-380 | — 0-438 | — 0-457 — 0-505
— 10 0-082 0-023 — 0-071; | — 0-152 — 0-232 | — 0:810 | — 0-379 | — 0-437 [ — 0:450 — 0-488
— 8 0-100 0-028; — 0-066; | — 0-146 — 0223 | — 0202 | — 0-360 | — 0-410 | — 0:420 — 0-402
— 6 0-119 0-045 — 0:051; | — 0-126 — 0:198 | — 0262 | — 0-332 | — 0-380 | — 0:392 — 0:430
— & 0:125 0-067, — 0:015 — 0-086;, | — 0-154 — 0212 | — 0-275 | — 0-323  — 0:335 0875
— 3 — —_ — — — 0:116 — 0+170 | — 0-238 | — 0-290 s 0:300 | — 0+338
— 2 0-158 0-109, - 0-038 — 0022 — 0077 f— 0:-130 | — 0-196 | — 0-249 | — 0:259 — 0-302
= = — o = — 0:082 | — 0:001;| — 0:155 | — 0201 | — 0:216 — 0:256
0 0:217 0-175 0115 4= 0059 4 0+008, l — 0046, | — 0-112 | — 04163 | — 0-176 | — 0:218

4+ 1 0-256 0-220 0159 0-101 0066 ! - - — | - —
2 0-295 0-261 0-202 0:-148 | 0:096 | 4 0:027;| — 0-046, | — 0-105 | — 0-]122 - 0+173

3 0-332 0+296 0238 0+ 180 0:120 | — - - | — —
4 0-361 0-326 0+268 0-214 0:156 | 0:076 | — 0-009, | — 0-088, — 0-085 | — 0149
(] 0- 3905 0-368 0-308 0-250 0190 0104 I L+ 0:019 [ — 0-049,| — 0:065 ' — 0133
8 0-420 0-393 0-330 0- 268 0: 204 0-115 | 4 0-028; | — 0-046; — 0:057 — 0-130
10 0-448 0-411 0-343 0-275 0208 0113 l + 0023 | — 0-060, | — 0:074 | — 0-133
15 0-460 0-397 0-324 0-248 0167 + 0:071;| — 0-024 | — 0-096 | — 0-117 — 0166
20 0-309 0-325 0-244 0160 [ 0081 i — 0:017 | — 0-1065 | — 0-178 | = 0:195  — 0:236

| 1]

* Actual observed moments, probable value of an
1 Probable value of moments with elevators at 15

§le of elevators 13-5°

, obtained by interpolation off a smooth curve,

9E1



Report N° 653. BALANCED CONTROLS rFor RIGID AIRSHIPS. Fle. L.
Dagram shewing Fins and.Elevalors.
q |
e

The top Fin is oigéz same overall dimensions as the
Qgpt_zognnrfq;]nﬁr\s, made In one piece similar fo the

......... Horizontal.




Report N?653.

BALANCED CONTROLS ror RIGID AIRSHIPS.
VARIATION o MOMENTS with ANGLE or PircH

AnND Epeva E
A=0.
> /F\\
v ?*/r ~>
lo-3 4 e S
. /// . C”"’—h"““ e
/X /| AT §
o \\ // A f \N g
. o < -
N 1A/ //// T8
AP B S < /// i __\_‘\\'\
e ,- ¥ i 3
Q N — S / f _/'--1'-—-1..\\
! z // /// L e
e
\h‘#‘ il

ANB B -4 -2 08 6 ~4 € 0 2 4 & 8 0O E K ©6 8

Angle of Pitch (Degrees).

¥ Actual cbserved Moments, probable angle of Elevators 0-5°
1 Proboble value of Moments with Elevators at O°

6528/ IE0. IETS. 5f2).

CER.Lre. 38,
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Report N°653.

IGID AIRSHIPS,

TROLS ror R

VARIATION or MOMENTS with ANGLE oF PricH

BaLANCED ConN

A =1l x 19mm?

/8 A/ -
P8
P 4~k A e oferil
i R T / s
- S SR 4 |
1 [
I\ AN
/////
RN N AN
WOCSOBON NN NN
BRSO P
AT N S WY
o T P e R
V3 T e
| 1] LY
a5 MY
\\ \ \\_\ ‘\ _
s / |
/) RSN |/
- % %78 373 % Nwm

om0 R A B D B D

Angle of Pitch (Degrees).

=B -6 -4 2 0 8 6




Report N°663. Fic. 4.

BALANCED CONTROLS ror RIGID AIRSHIPS.
VARIATION OF MOMENTS with ANGLE or PITCH
anp ELEVATOR ANGLE.

A = 16 x 19 mm?
o4 - iy /_\\ ~
1 N
o3 )/r_...-"'""'"""""-ﬁ-n i
ot IS T e ___.L‘n.,:.

‘/é/:gmg

/r-'-'—‘_""ﬂ».....,\
<1 A /// // B
/,w (: Y / /r ‘n-.\_\\
..._-»//;J/i!,// A et S0 I
A AN b T
" ///{ ///// \\““\. -
TN
i/ E 7
A
257 1
\\ /'/

-8 46 420 B 6 4 2 0 2 4 © & O'I2 ¥4 6 1B

Angle of Pitch (Degrees).

* Actual observed Moments, probable angle of Elevators 0-5°
t Probable velue of Moments witih Elevators at O°




Report N°653. Fie. 5

BALANCED CONTROLS ror RIGID AIRSHIPS,
VARIATION OF MOMENTS wiTH ANGLE oF PITCH
AND ELEVATOR ANGLE.

A =16 x |19 mm? i
Mﬂmmwr E
T~
- =5 3
= o
< il \\gk
B/ / ;‘/ TG
e ab = g
'e\i\ /¥ // AT e =
o = NV
= .
% L\L\r—-—‘/}/‘f {é///r/r"'_ - 5
o5 / Lo
> = “‘\-..____.4../‘/) /// r/ ’,r"# wb‘:‘ﬂ\
{ 4 "‘o.‘d
s 4 b Al 1T -
&l f &R TTRBS
4 20
e > ¥
A,
/4‘£§/
-5 46 -4 2 -0 8 6 4 2 0 2 4 6 &8 O R 4 % B
Angle of Pitch (Degrees)

* Actual cbserved moments, probable angle of Elevators B5°
t Probable values of Moments with Elevators ab 15°

!




Report N°653. i Fic. 6

BALANCED CONTROLS ror RIGID AIRSHIPS,

MoMENTS pue TO E1LEVATORS,
e A=0
uAnlle z
B A=iGx
a A = 16x19mm? (triangular piece cut OFF Fir).
of Ei¢vetiors
' "
]
1 | ;L i i - [ 3 /jr‘(/ !
/. =
15
g 1 |~
‘L‘-—‘?_“-.‘ § 1 : =
W T~ i
=
’ —= — L\ i < | :ﬂ-—-— 10
HL""“'--._ N | ,-/ E o
L‘""x 2 e
/
01E 1\."‘;"-‘._-_ — .’/4 l_ |
|
B ‘1;;-- - ’___’-5‘15. L 53,
A i Ei
20 -8 6 M 2 -0 & 6 4 2 O 2 4 6 & 0 12 M 6 8 20
Argle of Pitch.

(Degrees)




Report N°653. Fis.Z.

BALANCED CONTROL FOR RIGID AIRSHIPS.
VARIATION oF NORMAL anp LONGITUDINAL FORCE wWiTH ANGLE
Yaw AanND VA
A- i8x19 mm?

AR permp force. |
\\  Foree
o- \\\'\
N forde
o SRk ol

-O-l ‘HK E
- — ST S 2%
N v
-0 . o
_\\ \J I,/n
= " 7 H
= S 1O
/h \ 7 .
o7 2 . N - -1 1
' < T ~ 0 4
L% l__v“.--l— ———r .,F’
8 7 > a—r g & —b=
o “p' - ‘
=09 P =
- Wi ce
ot | ‘.“e Bt
=f1 t_’_ E—
-2

D8 % M R -0 -8 6 -4 2 O 2 4 6 8 0O 2 M4 B B

Angle of Pitch (Degrees),

—




Report NPE53, i Fi6.8.

BALANCED CONTROLS ror RIGID AIRSHIPS.

Hull and Elevators Furned in the same_sense.
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Report N? 653 Fic. 10.

BALANCED CONTROLS ror RIGID AIRSHIPS.

ANGLE oF YAW or AIRSHIP O.
Lateral Force onthe Conbrol and Moment™s aloaut the Hinge,

. A=

e A =2xlsq.ins.
a A =2xl5 =

X A =2x2

Dotted lines indicale values of Y
after the triangular piece was removed

from Fin.
9' ——%
8
s
7 -
(5]
s .
Yx 105 4 \\ //
vz
wp" Lateral i
Nx 2} ! = nal Drtq
| =
O
-1 ——f—

9-30’25;33"15 -0 -5 O 5 1© 5 20 & 30
Angle of Rudder:
{ )EgFEZS). )
Wind Speed: Latzral Force: 50 ft/sec; Moments:60fis

6528 (820.1275.5/2. Chades & Read, Lid,  Phomsicho, 38



Report N°653. Fic. 11,

BALANCED CONTROLS ror RiGID AIRSHIPS.
ANGLE oF YAW oF AiRsHIP 2°

Lareral Force on the Contrd and Moments aloout
the Hnge. Wind Speed: Lateral Force soft/sec ;
Moments : 60 ft./sec.

«A=Q |
AT
x A=2x2] |
.
T RN Motent
s angl ¥
,Nx?‘ \"\ Ce.
T - \\
# NS
\\\
N
..s
| A
£ =T ///
; %7
WRERY,
Lo % s

-45 40 35 305 20 -6 -0 5 0 § ©O Eﬂ?ﬁ&)-’.ﬁ"‘oﬁ

Angle of Rudders (Degrees).




Report N°653.

FeJ2.

BALANCED CONTROLS ror RIGID AIRSHIPS.

ANGLE oF YAW OF AIRSHIP 5°

Lareral Force on Fhe Controls and Moment's alout-
the Hinge. Wind Spead: Lateral Force soft/sec. Mom™soft/s

Dotted curves indicabe the values of
YardN after the Erianguler pece was
removed fFrom fin. A

4]

- = /
7

/

x A=2x2|« b / s

Q0 = p W P& 0w ON @ O

T

~4
- =

:: A7 \K\g

30252045 -0-5 O 5 0 I5 20 25 30

Angle of Rudder @ggm)
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TABLE 5.

LONGITUDINAL AND NORMAL FORCES ON A MODEL
OF R.33 FITTED WITH NEW ELEVATORS.

Balancing Area 16 % 19 mm.?

X = Longitudinal Forge. Z = Normal Force.
Avigle of Angle of Elevators,
Pitch 1 — d SUN | ge s 2 ..
(dega. ). ! — 29° 0° T
— Xlbs.| ZlIbs. | —Xlbs.| Zlbs. |— Xlbs.| Zlbs,
— 20 | 0-053 -+ 0-846 0-034 + 0-716 0-045 + 0-613
— 35 [ "0=076 0-591 | 0-048 | 0-471 0-061 | 0-359
— 10 0-086 0-369 . 0-062 0-261 0-072 | 0160
=y 0-088 0-201 " 0-066 0-165 0-073 | 0-092
— 6 0-083 0-229 0-067 0-007 0-075 -+ 0-030
. 0-082 0-165 0-066 0:050 0-078 — 0-210
—_ 2 0-082 0-110 0-069 4 0-011| 0-079 — 0-060
0 0-082 0-067 0:-070 | — 0-020 0-082 — 0+095
4 2 0077 + 0:031 0-068 |— 0-054| 0-082 | — 0.146
4 0:075 — 0:015| 0-068 — (-106 0-085 — 0-205
(1 0078 .—0-0']'3I 0-070 — 0+ 165 0-080 | — 0-275
8 0-077 | — 0-136 0-071 — 0-239 0-094 |— 0.347
10 0:080 [ 0-206 0-074 — 0-316 0-100 = 0431
15 0-097 — 0-:308 0002 fi5= 0:-536 0:117 | — 0+651
20 0-127 — 0-661| 0-125 — 0-801 0-150 — p-012

B7532) K
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TABLE 6.
FORCES AND MOMENTS ON THE CONTROL SURFACES.
D = Drag, C = Cross wind force, Y lateral force on the control
surface

measured in lbs. and N the moment about the hinge
in Ibs. /ft. V is the wind speed in ft /sec.

When A = (] A} BIRITE Y
Area of Control
Surface = 00982 0-112 0-119 0126 sq. ft.

Angle of Yaw of Ship 0°.

A=0.
e WindSpaed.iB!tfneo.I 50 1t [sec. I M_It,’m-
Rudder| _ 10op | 105¢ | 100v | 10D | 1000 | 100 | 10D | 1000 | 10% | 100w
dega) |~ | v [V | W |V |V | W ‘ B Nl e, i
| ' '
0 | 0140 0 ‘ 0 1|0'14_l3 0 0 | 0-143‘ 0 0 0
5 (0272134 1-35 0-256 | 1°44 | 1-46 | 0°251 | 1-41 | 1-43 | — 0-88
10 | 0612 2-84| 2:91 0-604 271 279 0617 300 3-07|— 1'82
15 | 122 4'1D| 427 1-24 | 416 435 126 | 426 444 | — 3-20
20 191 473 50 192 | 472 509 195 478 |516| — 393
25 | 250 | 491|550 2-51 1 401 551 264 4905 555 I~ 446
30 | 3-12 ‘ 512 599304 506 590 311 505|592 — 517
| | |

A =2" x 1”. Bin place. B is the corner of the fin immediately
in front of A cut off at angle of 30° with the axis of the ship.

| |
o |osos| o | o |oais| o \ 0 o022 0 o “
5 | 0400 1-50, 1°54 0390 1-51 1-54 0397 154 | 157  — 0-42
10 0-780 | 2:99  3:08 0-790 302 3-11 0'815 3°10 320 — 004
15 | 147, | 4°49 472|149 | 449 471 156 | 4°62| 495 — 1'89
20 |2:36 | 562 6:00 241 562|609 2:40 | 573|620 — 2:62
25 |328 |6°25 705313 |6:03 679|317 |6°11|6°87 | — 276
30 | 405 e-ml-.'-se 404 | 654|769 | 405 3-52‘7'68\—3'02

A=2"x2 B in place.

[ 1
0 0168 0 0 0176 0 0 o178| o | o | "o
5 0416 157 160 0-430 160 163 0-437 165|168 0
10 0912 3-32 343 0-010 3-45 356 0:950 350 362 0
15 | 171 |4-89 516 174 | 516|545 | 1'79 | 524 | 553 | — 045
20 272 658 7'10 278 ‘a-sa 7-31 | 2:80 | 666 7-22 | — 090
25 |3:84 | 745 837 |3:90 |7'51 845 |3-94 |7-55|852 — 118
30 469 |7-38 867|672 |7-40 (875|472 |7-52|8'62| — 2-41
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TaBrLE 7.
Angle of yaw of Ship 2°.

B in place.

A =2" % 1"

le

V = 50 ft fsec.

V=60
ft jsec. |

50 ft fesc.

“.‘

Ru;dﬂ'
{degs. ).

‘— 10D )'V{ 100 V= i 10%Y jve
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TasLu B.

A =0, Angle of yaw of Ship = 5°,
Angle of V = 40 ft [sec. V = 50 {t faee, Vo 60 {1 fave,
Rudder - _— - z =
(dega.). | — 1*D V2 10:C [V 10°Y [V — 10D Vs 100 [V I0AY /VE —1PD VY MV 10V [V | 10PNV
| |
— 30 2:-34 [ 4.72 — 5-27 2:43 — 4:67 526 248 — 4481 — bH41 4:15
— 25 1-83 | — 4:66 — b5-01 1-88 - 466 5-01 104 — 464 — 610 4-10
_ 90 | 12 | — 446 — 4-64 1-32 - 442 - 4-02 146 - k46 | — 4681 1) sigg
| 1-19 — 4:26 — 4-41 1:30 — #+33 - 4-53 1-43 ~ 406 — 4-67 |)
— 15 0-62 | — 3-34 — 3-3 066, — 340 3-47 073 - 369 - 366 2:30
— 10 0-26, | — 218 — 214 0:27 | — 2:30 - 2-21 026 - 227 — 2-29 1-26
— b 0-11 | — 0-88 — 0-88 0-11 — 079 - 070, 011 - 0-81; — 0:81; | - 0-42
0 0-22 - 0-49 4 0-50 0-10 - 053, 4 0-55 018, f- 0-55 | -+ 0-56; | — 0-17
+ 6 0-47, 1-02, 1-97 0-49 200 2411 049, 1:77 1:83 | — 1:20
10 1-11 | 3-64 3-80 1-06 370 3-85 1-10 378 304 | — 2-38
15 2:04 | 5-15 554 2:00 583 500 200 He48 5-82 | — 3-96
20 294 6-13 680 2:04 | G-16 G882 2.04 624 01 — b+14
25 3:76 6-44 746 3:81 LR 760 386 el 765 — 6-26
30 458 6-61 8-035 450 0-54 800 464 | 640 7-93 | — 674
J | | | |
A=2"x1" B in place.
4 | | | |
— 30 3-20 ! — 6-00 — 679 « 520 — 597 — 670 380 — B08 — B-88 306
— 25 2:45 — 581 — 6-30 250 — 5+83 — 634 2:61 — H+86 ~ 641 ‘ 340
— 20 1-656 — 506 — b5-32 1:6G9 — 504 | — 5-31 1:78 — H1b — Hedd | 2:86
— 15 0-90 — 3-72 — 3-82 0-93 — 378 | — 3+R8 003 — 3-93 — 404 1-82
— 10 0-47 — 2-47 — 2-50 0-43 — 240 — 242 045 — 2-498 — 202 | 000
— b 023 — 1-056 — 1-05 0-24 — 0:99 — 009 023 — 103 — 1:08 | 4+ 0-42
0 0-26 + 0-48 + 0:50 025 | 4 0-48 4= 0450 025 A 048 L B0 — 0+19,
+ 5 | 080 2-22 2-32 0+ 60 | 2:92 230 02 2-30 2:31 | — 0-908
10, 1-27 414 4-32 126 | 4-20 4-98 1-33 4420 440 — 1-99
15 2-1b 5-69 6-02 2:19 H81 G621 2-24 hH-8Y 668 == 2-36
20 3-36 7-00 7-85 3-36 7418 704 330 724 708 — 3-682
25 4-32 T-47 8- 50 4-28 765 8-62 405 7:66 | 8:76 | — 4:30
30 5:30 7-76 9-40 5-20 T-72 l 038 G20 712 \ 0-36 — 4-66
| | |

171
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TaBLE 9.
LATERAL FORCE per unit arvea/V2,

A == {) A=9" 4 1* A=2”X1”‘5 A=2” X 2”.
Area of Control Surface—  0-0982 0112 0-119 0-126 sq. ft.
o~ | Anglo of Control — 5% l o= 5%
)‘ﬂsl@ DI » R o - | s . e o
Yaw of B in place, B removed, B in place, B removed,
Ship. B i) et g |_ fi ey =0
| v 50 80 | 50 40 i 50 60 50
I AARE RN SN e BEE VT ATEL S - T
: - | r
0+ A=0 1:38 % J0-% | 1449 x 10-*| 1-46 x 104 — - | - — =
A== 1 1-38 1-38 140 1:38 x 104 s — | — —
A=3x2 1-27 1-29 1:34 1-42 —_— — = —
1o | A=0 — ( 1-16 x 10-* - .- - 1:82 x 10-¢ — —_—
A=2x1 — 1-04 — — —_ 1-81 - S =
A=2%X10 — 007 — — ‘ - 1:83 — —_
| A=2x2 = 1-03 = = £ 1-82 — »
5° ‘ A=0 0-90 x 10-*| 0-81 x 10-* 0-83 x 10-* — | 2-01 x 10-*| 2-15 x 10-¢| 1-87 x 10-4 —_
A=2x1 | 0-04 | 0-88 0-92 0-88 % 104 207 213 2:12 2:10 x 104
A=2x%x2 0-83 | 084 0-80 [[0°72 X 10-“ 2:16 ] 2:00 I 2-12 2:22
S—— ———r—— —— — N T — _| ——— E— —— — L — — [
Angle of Control — 15°, + 156°,
| oW REr | S8 T =
1 1 ’ A=0 4:30 % 10-%| 4:48 % 10-* 4-52 % 104 - ' — | —_ ’ —_— -
A=2x1 4.-22 4-21 442 4-26 x 10-4 — — — —_
A=2x2 410 433 440 4-54 — —_— — —
2° A=0 — 3:07 x 10-¢ — — — 5:10 x 10-4 — —_
A=2%x1 — 3:70 - — — 509 —- —
A=2%16 - - 3:73 — — — 506 — | —_—
A=2x2 = 379 £ = - 511 —
5° A=0 345 x 10-4 3-54 % 10-* 3:73 x 104 - | 5+64 x 10-* 5:79 x 10-* 5-93 x 10-* —
A=2x1 | 3.41 346 361 3-41 x 10-4| 5-88 555 5-88 549 x 10-4
j A=2x12 L 3-47 3:-73 5:78 580 | 5-84 6-25

|a-54 .| 8478 343 i

£F1



