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ABSTRACT

, A "rote.t:.ng arm" epparatus, :Lnstalled in the
Maneuvering Tank at the Experimental Towing Tank,
Stevens Institute of Technology, provides a meeans
of towing models of ships and other forms in cir-
cular pathss The diameter of the circle traversed
may be adjusted from ten to sixty-five feet, The
speed of rotation may be a.d;;usted from one to. six
revolutions per minute,

The rotating arm equipment, constructed under
Contract NObs 22087 between the United States Navy

end the Experimental Towing Tank, was put into op=-
_eration in October, 1945, . '




NEED FOR A ROTATING ARM

For many years cons1derab1e attention has been givan +to the
hydrodynamics of ships moving in. circular paths, In particular,
the David Teylor Model Basin and the Experimental Towing Tank have

. jointly furthered these studies both by analytical work and model

testss As the investigetions progressed, it became -apparent that
existing test techniques did not supply suff;clent data to deter=
mine completely the forces actinge. Furthermore, the analytical .
approach could advance further if supplementlng experimental data

" could be supplled.

In 1942, a seventy-f1ve foot square meneuvering tenk, known
as Tank No. 2, was built at the Experimental Towing Tenk under the
sponsorship of‘the NDRC for tactical tests of ship modelse The

. test technique developed for these studies involved the use of free=

running models carrying their owm ‘propulsive and steering equipment,

It was thus possible to observe both the steering and turning char-
acteristics of models directly, In addition, measurements of the

lateral forcé acting on ‘the rudders were made with a dynamometer

carried in the model. However, no other force measurements could

be obtained readily while the model was in circular motion.

It was apparent that need éxisted for & type of instrumenta-.
tion compareble to that used in a towing tank where a model can be
towed by a. carriege equlpped'w1th a system of dynemometers for mees-.

| uring the lateral and longitudinal forces acting on thé hull, To

state the problem another way, a towing carriage cepable of travel-,
ing in clrcular paths was requlred.

This need had been recovnlzed at the Experimental Towing Tank

; in 1939, at which time a small-scale rotating arm apparatus was con=
' structed end used in a limited number of tests which were- conducted

in a swimming pool. The arm could be extended to cover a maximum
diameter of 20 feet, It carried indicaters at its outer end, but was

" useful only for work: with models of &dbout 27 inches length and a 1it-

tle more than one pound displacement,

It was decided, therefore, to install in Tank No. 2, & new and
enlarged roteting arm, -large enough to. tow the five to eight foot mod=
els ordinerily used at the Experimental Towing Tank. It should also
be able to carry the necessary complement of dynamometers needed for
a complete plcture of the hydrodynamics of a form traveling ‘in a clr-

~cular peath,







DESIGN OF THE ROTATING ARM APPARATUS

Genqr.alépécincat ions

¢

In January 1945 the Experimentel Towing Ta.nk undertook the de-
sign and installation of a rotating arm apparatus under the following
general specifications:

(1) Provision for Dynsmometers.

The arm should be equipped to Carty suitable force
. measuring dynamometers. Either existing "towing
" tank" dynamometers or instruments especially de-
signed. for the arm might be used.

(2) Turning Diemeters

Minimum diameters of asbout two ship lengths were de=
sired = ten feet for a five-foot model. Maximum di-
ameters- were limited by the seventy-five foot diame=
‘ter of the tank end by the mechanical problems mci-
dent to bu:.ldmg en arm of great radius, ;

(3) Speed of Rota‘blon

The speed of rotetion of the arm was to 'be adjustable
from one to six revolutions per minute, s¢6 .that the
speed renges for models traveling at ‘the extreme maxi-
mum end minimum diameters would be amply .covered.

(4) ‘Acceleration -

In order to obtain a complete test run within 260° of
turn, and thus avoid running a model in its wake, suf-
“ficient drifing power was to beoprovided to ‘accelerate
"the arm to test speed within 90 , Originally it was
. felt that some sort of catapult mlght be required to .
'accomphsh this, but actual operation showed that prop=
er manipulation of the speed controls obviated this neede

Alt e‘rnaté‘ Des 1gn Cons iderations

A number of alternate designs for the arm were considered,
Prom the standpoint of lightness, a lattice construction eppeared
attractive, However, to insure a satisfactory degree of stiffness
for the structure as a whole, unduly complicated systems of guy
wires were indicated. A Furthermére, none of the lattice arrange=
ments gave much promlse of torsioneal stiffness of the horlzontal

’
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‘arm. Such stiffness would be needed to counteract the drag of the

model being towed, especially if thé modeél were an underwater body
such as a torpedo or submarine. ; - -

Design considerations flnally pointed to the d351rab111ty of
constructing the arm of duraluminum. tubing, - Orlginal thoughts that
suitable material would be unobtainable becausé of the war were diss
pelled when a quantity of tubing of the proper type was located in
"excess stock™, The tubing, prepared for & project which had since
been cancelled, measured five inches in outside diameter and had a
quarter 1nch'wa11. Its outer surface had been ground making it ad=
mirably sulted for. the applicatlona

(

Features of the Final Design

A general assembly drawing, 6n the opposite page, shows the.
principal features of the rotating arm structure. They are:

(1).:5 horizontal duraluminum erm with a simple system of
stiffening struts,

(2) a vertical steel shaft with bearings top and bottom
and with suitable keyways for transmittlng the driv-
ing torque to the .arm,

(3) a welded steel supportlng base, mounted in the center .
of the tank,

(4) = driVe‘assembly, located at the top of the vertical
: shaftA ihcluding a gear box and motor.

The horizontal arm is fitted on either side with parallel rails

. to which a carrlage can be attached; at any attitude and any radius,

SR S

The carriage, in turn, carries dynamometers and other test equipment,
The arm, together with the stiffening struts, is mounted on the ver=-
tical-.drive shaft in such a way that the arm can be moved vertically.
This provides az adjustment accomodating wvarious arrangements of dy=-
namometers and modeéls wiich might involve different spacings between
the arm and the water _surfeacs,

The vertical drive Shaft can be properly plumbed by §hifting its’
1lower bearing horizontally. The upper bearing of the shaft is support-
ed by a frame-work fastened to the roof trusses of the building, Near
the top of the vertical shaft, a slip-ring and brush assembly supply
the means for connecting electrlcal instruménts on. the arm with a sta=-
tionary point on shore. Initially, nine conductors were provided for,
but the slip-ring design is of a multi-=-deck sandwich form, so that ad-
ditional circuits can be added at a later date.

At its ioﬁer end, the vertical shaft is supported by a three-

- legged steel supportlng base, bolted to the tank floor for easy re=<

moval,e




The -drive mechanism, which is located at the top of the shaft,
is a variable speed motor and a reduction gears . The motor speed is_.
electron:.ca.lly controlled, the desired.speed. being selected by a po=
tentiometer, The accuracy in speed regulation is of the order of 1%
‘The specified speed range of the atrm and the'.dh_aracter:.stlcs of the
drive motor call for reduction gear ratio of 652.5 : 1. However, & .
peir of externelly mounted .gears between the motor a.nd gear box ellow
en extension of the speed range-above 6 r.p.m. A4n over=riding, or
"free=wheeling", olutch protects the high-ratio gear box from damage
which might be caused by the arm's coasting; the motor can thus drive
the arm, but the arm cennot drive against the worm of the.gear box

when the power is cut off. As en additional protection, & shear pin, °

. interposed between the arm and the clutch, serves as an overall guard
against demage to .any part of the dr:we system caugsed by a shock or
impact loa.d.
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OPERAT ION OF THE ROTATING ARM.

The rotating arm has been in use since October 1945, Its op-
eration. hags not only been quite satisfactory, but has exceeded expec-
tations, g -

The ogtst_anding operating charecteristic is its extremely smooth
motion end freedom from vibration. Use of certain "towing teank" dyn,_a-,
mometers on the arm, for example, reveal greater steadiness of scale

: readings than those. encountered on ‘the towing tank carriage.

The practical outcome of this stability of operation has been
the successful use of "small motion" dynamometers especially designed
for use on the arm, These instruments embody stiff springs which de=
felct over a meximum range of & few hundreths of an inch., Their mo=
tion is detected and transmitted by electronic means through the slip

rings to a shore station. Simulteneous readings-of resistance, lateral,

and rudder forces aocting on the Iull may thus be obtained while the
model (with or without self=propulsion) is being towed by the arm,
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