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MEIORANDJM REPORT

for thc
Army Alr .Forces,”mauerleL.Command
'VJRATLO\* SURVEYS OF THE P-Ii7- ~B RUDDER
AND FIN~R'JDD¢_;R \SSE LY

By"Theodore Theodorsen and. Arquur A. Regler _

The nresent worm ras COHQJC ea 1n connectlon w1th a

s%ddﬁ'of the flut te" chara terlstics of tle P-47 tall

.

assembly. he original fabric- overed radaer d851gndted

by "I" was subsequently replaced bv a mctal-covered rudqer

designated by "II."hb'Thé fin was also somewhat. relniorced
end . the vibration results on the -combination "of this rein-
forcq; f;n_and_tne.ﬁétaL,rudder is given under- III. This
combination, which fé:npﬁ iﬁ'u$éi(Apfil 1943), proved cdm-
pletely satisfacto}j;fr@ﬁ.a»Vibrafion standuoint and has

subsequently been tested in lig 1t to a true speed of theé

-

brdeb]of;éOO miies per “o%*.“ As{a matter of récord the”
vibration survey is thereforé.gi‘én3

In .these surveys, néte thaf SOme tests wéfé conductéd
with the tab link fiéidly f stened to the center hinge post;
some with the talb free, The rudder was tested suspended
on a low~frequency rubber mounting, thus being in a "floating"
condition, The finerudder unit was tested with the base

of the rudder solidly fixed to a heavy base support,
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In each figure the plus and minus sign deslgnates opposite
phases of the amplitude and the slze of the sign, the approx-
imate amplitude on an arbitrary but relatively correct scale,
Nodal lines are drawn in some of the flgures, The desipgnatlon
of each response mode is as usual a matter of conjecture, The
flgures are otherwlise self-e¢xplanatory, It 1s noped these
may serve as a standard of comparison for new designs of high-
speed rudder assemblies,

I. Fabric Rudder without Fing

Sketch Cycles per Remarks
second
A 33 Tab locked, driver at light as shown,
‘#Mainly bending < two nodal lines,
B L3 Bending plus substantlal torslon,
two nodal lines,
C T1 Malnly bending, some torsion present,
hree nodal lines,
D 108 Mainly bending, three nodal lines.
E 135 Apparently four nodal lines present
P 10% Driver olaced as shown; malnly bendling
plus-tip torsion, three nodal lines.
G 121 Mainly bending plus more of the tilp
torsion, three nodal lines,
H 13 Much torsion present, three (or four)
nodal lines.
I 247 High-order bending torslon, seven

or eight nodal lines,
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II. All-Metal Rudder without Fin:

Sketeh Cycles per

A
MY
&
1 B
]
C
D
B
B
G

second

L7

o
35

100
128

161
50

Remarks

Tab fast, driver placed as shown;
bending plus tab in phase; two .
nodal lines.

Bendling plus tab out of phase; two
nodal lines.

Coupled torsion and bending, two
nodal lines.

Bending, three nodal lines.

ainly bending plus tip torsion,
three nodal lines.

Mainly bending plus slight tip
torsion, four nodal lines.

Tab free, mainly bending; small tab
movement out of phase, two nodal
lines.

IIT. All-~Metal Rudder with Reinforced Metal Fin:

Sketch

Cycles per

OQwr

second

50
7t

Remarks

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., april 28, 1943,
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~ Fabric

\\ Metal
_ Metal
g\“‘_~___

I. NEW FABRIC RUDDER NO. 89RS54000 FOR P-l47-B AIRPLANE

Vleight................... ll-705 POundS
-BalANnCO®..cssc0s000c0eeeee 1 inch-pound over balance

Center of gravitye....e... 4 feet 9.1 inches from top
_ 2 feet 6.6 inches from bottom

Maximum dimensions....... 7 feet 3.7 inches by 2 fee
3.5 inches

Hinge line about l inches back from leading edge.

Natural frequencies, suspended in rubber and tab locked
to center hinge post:

‘Cyel nd - 33, 1,8, 77, 108, 135, 103, 121,
ycles per seco _;35’ 2&7' ‘

Rudder similar to this failed in the 8-foot high-speed
tunnel at 460 miles per hour. Predominant frequency
at failure about 140 cycles per second., Top part of
rudder falled, fabric ripped, trailing edge gone. -
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New Fabric Rudder - 89R5400
-Ouspended in Rubber

33 v

lab Fast

Driver




New Fabric Rudder 89 R 54000
Suspended n Rubber

Tab Fast Sept. 9, 1942
FITY 108V

L-653

Driver

%
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New Fabric Rudder
Ouspended 1n Rubber

Tab Tight to center hinge post..

E=1aA

89 R 54000

Sept. 10, 1942
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New Fabric Rudder -
Suspended In Rubber
Tab Fast '

83 R 54000 .
Sept. 10, 1942
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121U

New Fabric Rudder- 89 R 5400

Suspended in Rubber . g
Tab Fast oq7~ Oept.10,1942
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II. NEW ALL-METAL RUDDER :NO..93R54500 FOR P-47-B AIRPLANE

BRREL . o ccsasssaaipossscevussnesessers  HE pounds

Balanceooooooooﬁoooqodqooooooooooo.e 22 1nch-ppunds under
balance

Center of gravity................... h feet 109 inches from
_ top
3 feet 1.2 inches from
bottom

Maximum dimensions..ececcceceseceees 7 feet 3 inches by 2 feet
6 -inches '

Hinge line about L.5 inches from leading edge near tip
55 inches from leading edge near root

Radius of gyration about hinge line. 7.l inches

Natural frequencies, suspended in rubber and tab locked to
center hinge post, driver at light:

L7, 57, 85, 100, 128, 161 cycles per second

Natural frequencies, suspended in rubber and tab loose:

50,
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All- Metal Rudder
Suspended in Rubber-

47~  Tab Locked

93R54500

Sept. 10, 1942
57 ~
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All - Metal Rudder
Suspenc'ed in Rubber

93R54500
Sepr 'O, 1942

Tab | ocked

fab 1

100 ~

"i\th'
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All-Meral Rudder 93R54500
Suspended in Rubber ' Serr‘ 10, 1942

Tab Locked
128 ~ 6] ~

Driver

— — ——
-— — emn e
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Al flelal /udder

Tab | nose

50 v

G

93 R 54560

fcpf: /0, /342
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III.

REINFORCED METAL FIN AND ALL-METAL RUDDER FOR
P=-47B AIRPLANE
Fin Data
Part No. 89J55000, 3896
weight..'..‘........'... 47 pounds
Maximum heightecececeecsse 66 inches
Maximum lengtheeecececeess 49 inches
Maximum thicknessSe.eeceee.. 5.5 inches
Rudder Data
Part No. 93R54500, MFG 9-42
Weight.................. 42 pomlds

Maximum heightseceee.e.. 87 inches
Maximum chordeecececcecess 29 inches

Natural frequencies of assembly
as mounted on stand in sound laboratory:

17, 50, 64, 74



1~653

All Metal Kudder

93 R S4500

Sept /Z /942
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Al Mela/ Aydder 93 R 54500

s

20 v | Sepl /6 /9%2
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Al Mela/ fudder

64

-

93 R 54500

Sept. 16 1942
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Al Melal!  fiudder

T4 N

95 KR Ss4500

Sept /6, /1942
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P-47-B rudder and fin-rudder assembly.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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