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members of the David Taylor Model Basin staff.

The frame was cast and machined by the Norfolk Navy Yard. The armatures
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by the Philadelphia Navy Yard.

All other work, including assembly and test, was accomplished by the
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J.R. McRae.
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RESTRICTED

CONSTRUCTION AND OPERATION OF THE TAYLOR MODEL BASIN

5000-POUND* VIBRATION GENERATOR

0"1 ABSTRACT

460 A self-contained motor-driven vibration generator is described which

is capable of developing sinusoidal forces and moments in several directions.

This device is to be used for the excitation of structures and large models

in their natural frequencies of vibration as a means of studying the charac-

teristics of these structures.

The design and construction of the machine are described, and in-

structions are given for its operation and maintenance.

The generator, with control equipment, weighs only about 6000 pounds,

so that it can readily be transported by truck and handled by lifting facili-

ties to be found in most shipyards and technical establishments. It is de-

signed to exert alternating forces up to 5000 pounds continuously and 20,000

pounds occasionally, at speeds from 360 RPM to about 1500 RPM. It can develop

moments, both tilting and torsional, up to about 9400 foot-pounds continuously

and 37,600 occasionally, at the same speeds.

INTRODUCTION

In the late 1920's, German scientists and engineers developed a tech-

nique for the investigation of the elastic properties of structures by a de-

termination of their vibration characteristics. Their proposal (1) (2)** was

to mount a vibration machine on the structure, utilizing a series of rotating

eccentric weights driven by a motor to set the structure in resonant vibra-

tion, and then to compare the stiffness thus found with a calculated value.

If the structure were found to be more limber than was estimated, or to have

a lower natural frequency, it could be assumed that the joints were not suf-

ficiently rigid, or that there was a defect somewhere in the construction.

When this scheme was brought to the attention of the then Bureau of

Construction and Repair and of the U.S. Experimental Model Basin in 1929, the

possibilities of investigating the elastic characteristics of ship structures

and of models representing them looked attractive, so much so that arrange-

ments were made to purchase from the Losenhausen Werke, in DUsseldorf, Ger-

many, a large vibration generator, weighing about 50,000 pounds, and a small

one weighing about 140 pounds.t

C* The rating of a vibration generator is expressed customarily in terms of the maximum periodic force

which it can develop for continuous operation and does not represent its weight. It so happens that

the nominal force rating and the weight of this machine are of the same order of magnitude.

Numbers in parentheses indicate references on page 22 of this report.

t These two machines are to be described in two separate TMB reports, similar Lo this one.
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The small machine has been in almost continuous use since it was

delivered in 1931, and the large machine has been employed on a number of

occasions (3).
The need has been felt for some years past for a machine intermedi-

ate in weight between these two, one which could be transported and handled

readily and yet would be sufficiently powerful to excite relatively large

structures at intermediate frequencies, a task which the small Losenhausen

machine could not perform. A machine of intermediate size and American man-

ufacture was borrowed from the Rock Island Arsenal several years ago for two

ship projects, but this machine was found not sufficiently adaptable for gen-

eral use. With its separate motor and belt drive, it was clumsy and awkward

to install and operate.

The Taylor Model Basin began developing new specifications for an

intermediate type of vibration generator in 1939, and during 1940 it endeav-

ored, without success, to interest commercial firms in this country in the

design and construction of such a machine. In 1941 it built the machine de-

scribed in this report.

The new specifications called for a vibration generator similar to

the small Losenhausen machine, in which two parallel shafts carrying eccen-

tric weights were to be mounted in a frame which could be easily attached to

any structure to be tested. The four ends of the two shafts were to carry

weights capable of being set in balance or made eccentric, and the two shafts

were to be made to rotate in opposite directions at exactly the same speed,

by integral electric motors, and a train of gears between the shafts.

The general scheme of construction of the TMB machine is shown in

Figure 1. The large Losenhausen vibration generator is of the same general

type. It differs from the one shown in having two large shaft gears meshing

with each other, instead of two shaft gears and two idler gears in between,

in having external motors which may be connected to the eccentric shafts

through either of two trains of gears, and in having only two eccentric-

weight assemblies instead of four.

The design adopted for the medium-weight machine, employing over-

hanging eccentric weights, necessitates great stiffness in the shaft; this

in turn requires a large shaft inside the motor armature even though the

motor itself is required to deliver only a relatively small amount of power.

When it was found possible to solve the problem of building a 6-

or 7-inch shaft inside an armature of a 5-kw motor by utilizing the two ar-

matures which were held as spares for the old towing-carriage motors in the

Experimental Model Basin at the Washington Navy Yard, the final design of an

intermediate vibration generator was undertaken by the Taylor Model Basin
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Figure 1 - Schematic Arrangement of Double-Shaft Vibration Generator

Two shafts driven by electric motors, or other convenient means, are geared together

to rotate in opposite directions. Eccentric or unbalanced weights

on the shaft ends create the desired periodic forces.

engineering staff. The Taylor Model Basin constructed the machine in its own

shops, with the help of the Norfolk Navy Yard in making and machining the

steel frame castings, of the Naval Gun Factory in winding the field coils and

the armatures, and of the Philadelphia Navy Yard in dynamically balancing the

completed unit.

PRINCIPLES OF OPERATION

With a vibration generator of the type shown in Figure 1, it is

possible by proper mounting and adjustment to produce linear vibration in

either the vertical or the horizontal direction, to produce periodic tilting

moments, and to excite torsional vibration. The frame of the machine is

built in the form of a rectangular parallelepiped so that it can be mounted

conveniently in any desired position on a structure.

C The arrangement of the eccentrics to produce vertical forces normal

to the plane through the shaft axes is illustrated schematically by the top

row of isometric views in Figure 2. To obtain horizontal excitation, the

generator is mounted with the plane through the shaft axes in a vertical di-

rection, as shown subsequently in Figure 15 on page 18.

M111111,IYI

,.,,,~,,~~~ ~~U(SPIIII I - ---- -*---*- --- --------~II-~-- -- ~-~-RCr~-- _

,,ilu 1111



STARTING POSITION

RESULTANT ZERO

- REVOLUTION FROM

STARTING POSITION

- REVOLUTION FROM
STARTING POSITION

FORCES NORMAL TO BASE OF MACHINE

RESULTANT UP RESULTANT ZERO

SREVOLUTION FROM
STARTING POSITION

RESULTANT DOWN

TILTING MOMENT
ABOUT HORIZONTAL AXIS PERPENDICULAR TO SHAFT AXIS

MOMENT ZERO FORCE NEAR END UP, FAR END DOWN MOMENT ZERO FORCE NEAR END DOWN, FAR END UP

TORSIONAL MOMENT
ABOUT VERTICAL AXIS PERPENDICULAR TO SHAFT AXIS

MOMENT CLOCKWISE MOMENT ZERO MOMENT COUNTER-CLOCKWISE MOMENT ZERO

0

Figure 2 - Types of Cyclic or Periodic Forces and Moments
by Various Positions of the Unbalanced Weights

in the Medium Vibration Generator

Produced

Tilting moments about an axis perpendicular to both shafts and ly-

ing in the plane of the two shafts can be attained by adjusting the unbalance

as shown in the middle row of views in Figure 2. To produce torsional vibra-

tion about an axis perpendicular to the plane through the shafts and passing

through the center of the machine, the eccentric weights are disposed as shown

in the lower row of isometric views in Figure 2.

The procedure for determining the natural frequencies of hulls,

turrets, propulsion units, or other ship elements consists in mounting the

machine to give force excitation in the desired direction, setting a rela-

tively small angle of eccentricity, and increasing the speed slowly through

0
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the speed range. After the resonant frequencies have been determined by not-

ing the speeds at which the maximum amplitudes of vibration occur, it is usu-

ally desirable to increase the eccentricity within the permissible range* and

to run at a resonant frequency while the structure is explored by suitable

vibration instruments. This gives the investigator the opportunity to deter-

mine definitely the mode of vibration.

COMMON APPLICATIONS

The medium vibration generator, although of moderate size and

weight, is sufficiently powerful to be useful on relatively large structures

such as ships. For example, it can be applied to the vibration of hull struc-

tures to determine their natural frequencies, their modes of vibration, and

the resonant frequencies in any number of structural components.

It is possible in this way to simulate the exciting forces of blade

frequency in a ship which is essentially complete but which has not yet gone

to sea, and to determine which gun and instrument foundations, and which

parts of the ship will vibrate in resonance with these exciting forces. An

opportunity is thus afforded of modifying or stiffening the deficient struc-

tures before the first sea trials are run.

Setting up alternating forces at one end of a ship structure at

the resonant frequency of the structure results in flexure of the entire hull

and the development of corresponding strains in longitudinal strength members.

Because of the alternating nature of these strains, it is possible to measure

them easily and rapidly, even though they are small, and thus to arrive at a

knowledge of the distribution of stress in the structure. For tests of this

kind, the strains that can be produced are limited by the damping in the

structure and by considerations of possible local damage if large amplitudes

occur. There is thus no guarantee in advance that sufficient strain will be

produced for an adequate exploration.

The medium vibration generator has been used successfully with sen-

sitive amplitude meters for determining the natural hull frequencies and

modes of vibration of large battleship hulls, but the strains produced by

this machine on such large vessels are too small to be measured by available

equipment.

This machine can be attached to the end of the propeller shaft of

a ship in place of the propeller and used to simulate unbalanced or periodic

C forces caused by the propeller (4). The propeller shaft can then be rotated

so as to rotate the line of action of the forces, but unfortunately, with

* The data for these ranges are given subsequently in the report.
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existing equipment, this operation can be performed only in dock. A varia-
tion of this method, with the vessel afloat, can be undertaken if the gen-
erator can be placed above the water and attached by a strut or arm to the

point where the periodic exciting force is to be applied.

GENERAL FEATURES

The design problem to be met in the development of the TMB 5000-
pound vibration generator was complicated by the fact that a machine was re-
quired which would be sufficiently powerful to excite vibrations in large
structures in any of a variety of desired modes and directions, and which

would at the same time be so designed that it could be handled by the lift-

ing facilities most frequently available and passed down hatches and through

doors of standard size in a ship.

The final design is basically similar to that of the small Losen-
hausen vibration generator previously mentioned, in that

1. It has two parallel shafts geared together by a train of helical
idler gears so that the shafts rotate at the same speed in opposite direc-

tions; see Figure 1.

2. It carries two similar d-c shunt motor armatures, one on each main
shaft, housed entirely within the frame.

3. The excitation is caused by eccentric masses attached to the ends
of each shaft.

4. The shafts are carried in roller bearings so that the machine will

operate in any position.

Three general views of the machine are shown in Figure 3 and a
longitudinal sectional view through one shaft in Figure 4. It will be noted
that because of the overhanging eccentric weights, placed in these positions
to make them easily accessible for changing the eccentricity, the shaft is of

massive construction and self-aligning roller bearings are used to take care

of whatever bending may occur. One bearing at one end takes all the thrust;
this is equal to the weight of the entire rotor, with the eccentrics, when

the machine is run with the shaft vertical.

The general construction of the rotors and the frame and the rela-
tive position of all parts are shown in Figures 5, 6, 7, and 8.

(Text continued on page 11)

-------~I-~ I ii ill I I II



7

Shaft Centerlines

Cover Plates

Fitting ... on Access Holes
Fitting U

for

Starting Terminal
Crank Box

eBox
Tachometer

Generator

Release for
Starting Crank Shaft V- Belt Drive for

Tachometer Lifting.
_ " Eye Bolt 4'- 4

2 Bolting Pads

Inner Eccentric Bolt Holes Guard for a Guard for

for Mounting Eccentric Eccentric
Outer Eccentric

Guard for Eccentric

Figure 3 - General Views of the TMB Medium Vibration Generator

When the generator is set up for operation, the top and both ends must remain accessible. The eccentrics

are shown here in the position of zero eccentricity. The weight as shown is 5600 pounds.
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Eccentrics shown
Shim as necessary Field Pole and

Coil Assembly
Eccentrics shown
in position of
zero eccentricity

Figure 4 - Longitudinal Sectional Elevation of TMB Medium Vibration Generator

The center portion of the cast-steel generator frame serves also as the field-magnet frame for the two motors.

The eccentrics are shown in the position of zero eccentricity.
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Figure 5 - General View of One Rotor

This view shows the bearing cartridges, shaft gear, armature, commutator, and brush rigging.
The inner eccentrics are keyed to the tapered ends of the shaft.

C

Figure 6 - End View of One Rotor

This view shows the self-aligning roller bearing, bearing cartridge, brush rigging, commutator,
and armature. The bearing cartridge around the outer race is employed because the

generator frame is split on a plane through the shaft centerline.
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Figure 7 - General View of Lower Half of Frame with Both Rotors in Place,
Looking from Commutator End

This photograph shows the manner in which the bearing cartridges fit into the frame.

Figure 8 - General View of Lower Half of Frame, with Rotors in Place,
Looking from Gear End

Four of the frame-clamping bolts are shown here.
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Figure 9 -Eccentric Assemblies, One with and One without Cover Plate
The assembly at the right shows the relative position of the inner and outer weights

at the position of maximum eccentricity. The two keyways in the inner
eccentric were not yet cut when this photograph was taken.

Eccentricities of the masses at the shaft ends are produced by

rotating the outer eccentric about the inner eccentric which is attached rig-

idly to the shaft. The eccentricity of the inner eccentric with respect to

the shaft is equal to the eccentricity of the outer eccentric with respect to

the inner eccentric; both eccentricities are 2 inches, as shown in Figure 9.

Therefore, by rotating the outer eccentric with respect to the inner eccen-

tric, an eccentricity varying from zero to 4 inches is possible.

The TMB medium vibration generator differs from the small Losen-

hausen machine, however, in that eccentricity in the former can be set in on-

ly one direction on each end of the shaft. If, for example, the TMB machine

is set to produce forces as indicated in the upper row of views in Figure 2,

page 12, and it is desired to produce tilting moments or torsional moments as

shown in the middle and lower rows, it is necessary to shift the eccentric-

weight assembly on one end of each shaft through 180 degrees by pulling it

off the shaft, turning it to the new position, and reassembling. To make

Sthis rotation possible, the inner eccentric on each shaft is designed with

two identical keyways 180 degrees apart. To produce tilting moments, both

assemblies on the same end of the machine must be shifted. To produce

--
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STARTING POSITION

RESULTANT ZERO

SREVOLUTION FROM
STARTING POSITION

T REVOLUTION FROM
STARTING POSITION

FORCES NORMAL TO BASE OF MACHINE

RESULTANT UP RESULTANT ZERO

- REVOLUTION FROM
STARTING POSITION

RESULTANT DOWN

TILTING MOMENT
ABOUT HORIZONTAL AXIS PERPENDICULAR TO SHAFT AXIS

MOMENT ZERO FORCE NEAR END UP, FAR END DOWN MOMENT ZERO FORCE NEAR END DOWN, FAR END UP

TORSIONAL MOMENT
ABOUT VERTICAL AXIS PERPENDICULAR TO SHAFT AXIS

MOMENT CLOCKWISE MOMENT ZERO MOMENT COUNTER-CLOCKWISE MOMENT ZERO

Figure 2 - Types of Cyclic or Periodic Forces and Moments Produced
by Various Positions of the Unbalanced Weights

in the Medium Vibration Generator

torsional moments, the two assemblies shifted should be on opposite ends of

the machine, one on each shaft.

The nominal driving or exciting force, acting as shown in Figure 2

to produce forces normal to the base of the machine, is 5000 pounds, but the

generator can produce a driving force of 20,000 pounds at speeds varying from

360 RPM to 2000 RPM. The 20,000-pound load, however, is not recommended for

continuous operation. For best results, the speeds should be limited to the

range from 60 RPM to 1500 RPM.

0
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Principal engineering data are as follows:

Overall dimensions

Total weight of generator only

Weight of control gear

Practical speed range

Weight of each eccentric assembly*

Rated power at 800 RPM of both armatures

Rated field current, all fields

Maximum armature current, both armatures

Eccentricity

Eccentricity variable in 3-degree increments

Nominal driving force

Maximum driving force

Length 53 inches
Width 49 inches
Height 25 inches

5600 pounds

500 pounds

60 to 1500 RPM

339 pounds

15 HP

2.5 amperes

112 amperes

4 sin---inches;** maximum
2

eccentricity is 4 inches

0 to 180 degrees

5000 pounds

20,000 pounds

SPEED CONTROL APPARATUS

All vibration generators require rather precise and stable speed

control to keep them running at a speed corresponding to resonance in the

structure. For the 5000-pound vibration generator, this end was to be at-

tained by driving it from an a-c/d-c motor generator set which could be sup-

plied with a-c power from any convenient source. Because of the weight of

this set, and the difficulty in procuring special electrical machinery in

1941, an improvised d-c control was made up and has been used with success

in a number of field tests.

The generator with its controls is shown in Figure 10. A schematic

diagram of the electrical hookup is shown in Figure 11. The variable arma-

ture voltage is obtained from a potentiometer, but a series rheostat is also

used for finer control. The line voltage is thrown directly across the field

in series with the field rheostat. The armatures are connected in series, and

the fields are connected in series. The motors are therefore simultaneously

controlled. Instruments on the panel indicate line voltage, armature voltage,

armature current, field current, and approximate RPM. Incoming power termi-

nals on the back of the panel are marked to correspond to correct polarity.

Cables, one carrying the armature current and the other the field current,

* This includes the weight of the tapered end of the shaft.

For a definition of a and a derivation of this formula see the Appendix.

C
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Field Current

Armoture
voitoge

Figure 10 - TMB Medium Vibration Generator with Control Apparatus
The meter indicates the line voltage impressed on the control panel when the double-pole knife switch
is closed. The handle operating the voltage divider must be in low position as shown so that the
initial voltage impressed on the armature circuit will not be too great when the starting switch is
closed. The series rheostat is used for fine speed control. If the single-pole knife switch is open,
the portable ammeter reads armature current. If it is closed, the ammeter is shunted. Armature volt-
age is indicated by a meter at the top of the panel. An adjacent meter indicates the field current
controlled by the field rheostat. A meter indicates the approximate RPM of the machine. Two non-
interchangeable Crouse-Hinds polarity plugs connect the control panel to the cables leading to the
machine. The machine ends of the cables are tagged to correspond to the letters in the terminal box.
The incoming power terminals are on the back of the panel opposite the double-pole switch and are
marked + and - to indicate proper polarity.

are connected to the control panel by non-interchangeable Crouse-Hinds polar-
ity plugs and to the machine by attaching the tagged lugs to their correspond-
ing terminals. The armatures, if the machine is properly connected as shown,
will rotate as shown by the arrows in Figures 1, 2, and 3.
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Power Supply
220 volts d-c.

Series Field Rheostat

Single - Pole
Series Armature Rheostat Knife Switch 125- Ampere

Fuses

White Starting SiwitchWhite

Black V0

F A A F3 To Increase Speed

Starting
Relay

F A A F
2 2 4 4

Red

White

Figure 11 - Schematic Wiring Diagram for TMB Medium Vibration Generator

This shows 220' volts direct current impressed on the circuit through a single-throw, double-pole
switch, with 125-ampere fuses in the line. The starting switch closes the field circuit, which,
when it builds up, activates the starting relay to close the armature circuit. This is a safety
measure taken to insure that the field is energized when the armature voltage is impressed.

SPEED INDICATOR

As the frequencies at which resonance occurs form a principal part

of the instrumental observations during a vibration test, the RPM-ind-icating

mechanism of a vibration generator has an important function.

For the 5000-pound machine, this mechanism consists of an electric

tachometer generator mounted in a recess at the top of the frame, driven by a

V-belt from a pulley on the end of one of the main shafts, as shown in Figure

3 on page 7, and a voltmeter-type indicator which is connected to the genera-

tor by an electric cable. The speed is indicated on a meter mounted on the

control panel, Figure 10, reading directly in revolutions per minute. If the

generator of the tachometer is driven by a belt and pulley, as in this case,

C any error in the effective diameter of the pulley will cause an error in the

indicated speed, and hence a calibration curve is required for accuracy. The

present calibration curve is shown in Figure 12.
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100ooo INSTALLATION INSTRUCTIONS

The principal requirement

800/ for the installation of any vibration

generator is that it be rigidly at-
atached to the structure under inves-

S600

tigation. To facilitate this, the

medium vibration generator is fitted
Un
400 with four sets of bolting pads, each

set lying in one plane.

200 If the surface against

which the machine is to rest is plane

and rigid, four or six studs can be
0 200 400 600 800 1000 welded to the structure to be tested,

Meter Reading in RPM welded to the structure to be tested,

Figure 12 - Calibration Curve of and the machine can be clamped firmly
RPM Meter on Control Panel in place with these studs.

If the surface is not plane,
a mounting plate or frame can be welded or otherwise secured to it, and the
studs can be secured to this plate or frame. Bolts can be used for mounting

if the heads are accessible. Bolts or studs should be of high-grade steel,

+ .005" + .005"

-.005" - 005"-29.375" -* 29.375"

0£
oo
+

4-

iO

+1

0LO
U*

0
0 Side Frame
rn

2Drill Bushing Liner and Bushing
00
+

to2 D. Tubular Arm--* 8 / ,, 3 ."

N Ii- 0 D x 0.947" I.D.

Bottom Frame

Figure 13 - Drilling Templates
These templates are for use in drilling the sub-base for through-bolting to the vibration generator,

or for use in holding studs which are to be welded to the sub-base or to the basic structure.
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Figure 14 -TMB 5000-Pound Vibration Generator Mounted for Vertical Excitation

The eccentrics are shown here in the 180-degree position at maximum throw. The control apparatus

is in the background. The tachometer generator is in the recess at the top of the machine

in the rear. The terminal box is in the same recess at the front.

3/4 inch in diameter. Bolts with fine threads, and elastic stop nuts or the

equivalent, are recommended.

C Two drilling templates, as shown in Figure 13, are provided with

the generator for locating bolt or stud holes, or for holding studs 
while

they are welded in position.

For vertical excitation, the generator is mounted as shown in Fig-

ure 14. This mounting is easily achieved in a variety of locations, and is

~ __~~
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Figure 15 - TMB 5000-Pound Vibration Generator
Mounted for Horizontal Excitation

Note the substantial braces to prevent the machine from rocking. In this view,

the control cables are connected to the terminal box.

inherently stable. For horizontal excitation the machine must be set up on

end, and if it cannot be secured to a vertical bulkhead it will be necessary

to provide braces to prevent rocking, as shown in Figure 15.

TEST PROCEDURE

SETTING THE ECCENTRICITY

To set eccentricity in the assembly at each end of each shaft, the

outer eccentric, Piece 37, Figure 16, must be rotated with respect to the 
in-

ner eccentric, Piece 44. First the locking block, Piece 42, is backed off by

inserting the T-handle wrench in Hole 43. A special spanner wrench provided

with the machine is then used to hold the outer eccentric, Piece 37, 
in place

with respect to the frame while the shaft and inner eccentric are rotated by

the hand crank shown in Figure 16. Before turning the crank it is necessary
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S4'-0

Crank T -Handle Wrench Lifting Eyebolt

Guard for Eccentric O

Rotation Rotation

To Set To Set

A 46

Inner Eccentric Bolt Holes Tachometer

Outer Eccentric \ Spanner Wrench for Mounting Drive Pulley

Enlarged Section A-A

Figure 16 - Diagram Illustrating Method of Setting Eccentricity

to push it down so that the worm gear will engage the helical gear on the

shaft. When the desired eccentricity has been obtained, the Locking Block 42

is tightened in place with the socket wrench. The eccentricity on the eccen-

tric assembly nearest the crank should always be set first.

The same procedure is then used to set the other eccentrics; the

setting on all four shaft ends must of course be the same. The eccentric

angle may be adjusted in increments of 3 degrees. Care should be observed

not to turn past the proper setting as it would then be necessary to turn the

eccentric almost one revolution in order to approach the setting from the

same direction as before. This is due to the fact that the starting crank

will disengage when turned in the opposite direction. If, during the final

settings of large eccentricities, the eccentricity is turned past the desired

setting, the other eccentrics will have passed dead center and will fall down.

If the eccentricity setting is greater than about 30 degrees the

eccentric moment is greater than the starting torque obtained with the normal

armature starting current, and to start the machine it is necessary to turn

it over slowly by the crank until the eccentric weights are on top dead cen-

ter. The crank will automatically be thrown out of gear after the shafts

start turning.

C Table I gives for the different angle settings the net eccentricity

in inches of the center of gravity of the disk with respect to tM center of

the shaft, the speed in revolutions per minute at which the nominal driving

force of 5000 pounds is developed, and the speed in revolutions per minute at
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TABLE 1

Forces Developed at Various Speeds and Eccentric Settings

Angle of Eccen- Speed for Speed forAngle of Eccen- Speed for Speed for
Stigtity50-b2,0-bAngle of Eccen- Speed for Speed for50-l 2,0-b
Atngo ic 5000-b 20,000- b Setting trict 5000-1b 20,000-1bSetting tricity Setting tricityDrvn Diig

SDriving Driving C Driving Driving
d egrees inches Force ForteC e Force Force

degrees inchRPM RPM degrees inches RPM RPM

3 0.105 1114 2230 93 2.90 211 423
6 0.209 788 1i58 96 2.97 209 418
9 0.314 643 127 99 3.04 207 413

12 0.18 557 1115 102 3.11 205 409
15 0.522 - 499 997 105 3.17 203 405
18 0.626 455 911 108 3.24 201 401
21 0.729 422 844 111 3.30 198 397
24 0.8 32 395 790 114 3.36 197 393
27 0.938 372 744 117 3.41 195 390
30 1.035 354 708 120 3.46 193 387

33 1.136 338 676 123 3.52 192 384
36 1.236 324 649 126 3.56 191 381
39 1.335 312 623 129 3.61 190 379
42 1.434 301 602 132 3.65 189 377
45 1.531 291 583 135 3.70 187 375

48 1.627 282 565 138 3.74 186 373
51 1.722 274 549 141 3.77 186 37154 i. 16 2 7 535 14 3.80 18i 36
57 1.909 261 521 147 3.84 18 36
6o 2.00 255 510 150 3.86 183 367

63 2.:0 214 499 153 3.89 183 366
66 2.16 24 486 156 3.91 182 36
69 2.27 239 478 159 3.93 182 36
72 2.35 235 470 162 3.95 181 363
75 2.4 231 462 165 3.96 181 362

18 2.52 227 454 168 3.98 181 361
1 260 224 447 171 3.99 181 361

84 2.68 220 440 174 3.99 181 361
87 2.5 217 434 177 4.00 180 360
90 2.3 214 428 180 4.00 180 360

which the maximum driving force of 20,000 pounds is reached. The moment,

either tilting or torsional, developed at any speed is equal to one-half the

total driving force developed times the fixed moment arm of 3.75 feet. The

method of deriving the values in Table 1 is explained in detail in the Ap-

pendix.

In Figure 17 a set of curves showing the variation of exciting

force with RPM at several different settings of eccentricity is presented.

This supplements the data in Table 1 and is convenient for estimating the

approximate speed and eccentricity needed to develop a given exciting force.

O
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this purpose.Figure 17 - Force Curves for Various Eccentric SettingsLUBOPERIATING PERSONNEL

The TMB 5000-pound vibration generator is lubricated entirely byAgrease. Grease-gun fittings arthe services of at least two technicians: one tohese

should be supplied with Number 3 Marfak grease. A special grease gun is sup-

plied with the machine. Marfak grease Nnmber 2 is applied directly, with aoperate the surfacmachine andof the idother to takears throughe instrumental obser vations on

the mstructure being tested. Two persons are requirer and also to change the ec-are
centric settings.

Icadium-plated to prevent corrosion and are lubricated only by grease appliedrsons

befoduring the vibration tests; sound-power lock the elephones are found convenient for

thiare also greaposed during assembly.LUBRICATION

C TOOLS
The tools consist of a spanner wrench erator is lubricated wenchtirely byfor

grease. Grease-gun fittingsty, are provided for all four main bearings; theset-

tingshould be supplied wccentricith Number 3 Marfak grease. A special grease gun is sup-ty.
plied with the machine. Marfak grease Number 2 is applied directly, with a

brush, to the surface of the idler gears through the hand holes available in

the macnine. The contiguous surfaces of the inner and outer eccentrics are

cadium-plated to prevent corrosion and are lubricated only by grease applied

before assembly. Notches used to lock the eccentricity are not plated but

are also greased during assembly.

o TOOLS

The tools consist of a spanner wrench and a T-handle wrench for

setting the eccentricity, and a crank to be used in starting with large set-

tings of eccentricity and in setting the eccentricity.
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SPARES

There are two spare roller bearings for the main shafts. One dozen

spare brushes for the motors are on hand.

REFERENCES

(1) "Rein dynamische Verfahren zur Untersuchung der Beanspruch-

ungen von Bauwerken" (Purely Dynamical Methods of Investigating Structural

Stresses), by R. Bernhard, Der Stahlbau, Heft 6, 1929.

(2) "Theorie und Praxis der SchwingungsprUfmaschinen" (Theory and

Practice of Vibration Testing Machines), by William Sp'th, Ph.D., Julius

Springer Verlag, 1934; EMB Translation 51, March 1938.

(3) "Vibration Tests on USS HAMILTON (DD141) at Washington Navy
Yard," by R.T. McGoldrick, EMB Report 372, December 1933.

(4) "Vibration Test on Shaft Bossing of USS HAMILTON (DD141) at
Norfolk Navy Yard, June 11, 1931," EMB Report 305, July 1931.

Additional photographs of the medium vibration generator and its
parts are listed for reference as follows:

TMBTMB TitleNumber

6668 SKF Self-Aligning Main Shaft Bearings

6669 Shaft Bearing Housing, without Shaft or Bearings, Commutator End
6670 Gages for Checking Position and Parallelism of Recesses for Main

and Idler Shaft Bearing Housings
6680 Rotor, Complete with Roller Bearings, Cartridges, and Brush

Rigging but without Eccentric Weights
6672 Cast Steel Frame, Lower Half, with Lower Pole Pieces and Cranking

Shaft
6673 Shaft Bearing Housings, without Bearings, Showing Idler Gears of

Original Design
6674 Lower Half of Frame, with Bearing Housings, Brush Rigging, and

Lower Pole Pieces

9167 Horizontal Mounting Plate

9168 Mounting Template for Vertical Excitation

9169 Mounting Template Horizontal Excitation

9170 Vertical Mounting Plate

II I I II I I I i ---



23

The complete set of the working plans is listed here for convenience:

TMB Number

A-2352
A-2353
A-2353a
A-2354
A-2354a
A-2355
S-342
A-2356
A-235
A-2359
A-2359
A-2360
A-2361
A-2362
A-2363
A-2364
A-2365
A-2366
A-2367
A-2368
A-2368a
A-2369
A-2370
A-2371
A-2372
A-2373
A-2374
A-2375
A-2376
A-237
A-237
A-23g9
A-230
A-2381
A-5343
A-5344
A-5346
A-5346
A-5669
A-5670
A-5671
A-5672
A-5673
A-5674
A-6117
A-6118
A-6139
A-6140
A-6141
A-6142

Alt. III
Alt. I
Alt. I-II
Alt. I

Alt. I
Alt. II
Alt. II
Alt. II
Alt. I
Alt. I
Alt. I
Alt. I

Alt. II
Alt. I
Alt. I
Alt. II

Alt. I
Alt. I
Alt. I
Alt. I
Alt. II

Alt. I
Alt. III
Alt. III
Alt. I
Alt. I
Alt. I

Alt. I

Title

Drawing Reference Sheet
Gear Detail - 1
Forgings for Gears
Gear Detail - 2
Forgings for Gears
Forging Detail
Forging Detail
Lower Frame Casting - 1I
Lower Frame Casting - 2
Lower Frame Casting - 3
Upper Frame Casting - 1
Upper Frame Casting - 2
Upper Frame Casting - 3
Gaging Layout
Gaging Detail - 1I
Gaging Detail - 2
Commutator Clamping Rings and Closure Nuts
Armature Flange - Commutator End
Armature Flange - Gear End
Motor Shaft Detail
Forging Sketch for Motor Shaft
Main Cartridge - Gear End
Armature Assembly
Main Bearing Closure
Outer Eccentric Detail
Inner Eccentric and Crank Detail
Guard for Eccentric
Miscellaneous Details
Tachometer Drive - 1I
Tachometer Drive - 2
Gear End Elevation - Assembly
Section AA - Assembly
Main Bearing Cartridge
Drilling Templates
Revision of Gear Train
Shaft Support Brackets
Gear Detail
Revised Gear Mount
Dust Covers for Frame
Shield for Gears - Assembly
Shield for Gears - Weldment
Shield for Gears - Detail
Shield for Gears - Weldment
Shield for Gears - Detail
Alterations to Balance Weights
Spanner Wrench
Tachometer Drive Details
Tachometer Drive Details
Tachometer Drive Details
Tachometer Drive Housing

Date

28 Mar 1941
13 Feb 1941

9 Apr 1941
13 Feb 1941
9 Apr 1941

13 Feb 1941
26 Feb 1941
20 Feb 1941
20 Feb 1941
20 Feb 1941
20 Feb 1941
20 Feb 1941
20 Feb 1941
18 Feb 1941
18 Feb 1941
18 Feb 1941
20 Feb 1941
21 Feb 1941
21 Feb 1941
27 Feb 1941
27 Feb 1941

6 Mar 1941
27 Feb 1941

6 Mar 1941
5 Mar 1941
5 Mar 1941
5 Mar 1941
6 Mar 1941

27 Mar 1941
27 Mar 1941
27 Mar 1941
27 Mar 1941
27 Mar 1941
28 Mar 1941
19 Jun 1942
19 Jun 1942
19 Jun 1942
19 Jun 1942
21 Sep 1942
21 Sep 1942
21 Sep 1942
21 Sep 1942
21 Sep 1942
21 Sep 1942
23 Jan 1943
22 Jan 1943
26 Jan 1943
26 Jan 1943
26 Jan 1943
26 Jan 1943

C
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APPENDIX

DERIVATION OF ECCENTRICITIES, FORCES, AND MOMENTS

In Figure 18 there is shown a diagrammatic representation of one

end of one eccentric, corresponding to the left-hand shaft in Figure 16 on

page 19, when set for zero eccentricity.

In Figure 18, C is the center of the inner eccentric which has an

eccentricity of 2 inches, S is the center of the shaft, and G is the center

of gravity of the entire eccentric assembly, including the end of the shaft.

The statement that G is the center of

Top Center mass of the entire assembly when set

at zero eccentricity is based upon
Rotation the assumption that the spanner-wrench

and lock-wrench holes and the unfilled

portions of the bolt holes and keyways

Shaft KG Shave an insignificant effect upon the

2" position of the center of mass. Actu-

c_ ally this is not the case, but the

To Set small dynamic balancing weights shown
Ecnrcin Figures 14 and 15 compensate for

these irregularities.

To set the eccentrics for

Figure 18 - Diagram of Inner and Outer any given driving force listed in
Eccentrics at Zero Eccentricity Table 1 on page 20 the angle of set-

ting is selected from that table or

from the graphs of Figure 17. The inner eccentric is then turned in the di-

rection indicated in Figure 18 until the proper angle is obtained, as shown

by the protractor on the inner eccentric, while the outer eccentric is held

with the spanner wrench. The relative positions of the two eccentrics are

then shown in Figure 19.

This figure shows the assembly set at an eccentricity of a degrees.

The center of the inner eccentric has been shifted from the point C to the

point C1. As the outer eccentric is prevented from rotating by the spanner

wrench shown in Figure 16, the center of the circle forming the periphery of

the outside eccentric is at the point G, 2 inches vertically above the point

C1 . As the point G is still the center of gravity of the entire assembly, the

eccentricity e is now represented by the straight-line distance from S to G.

To derive the eccentricity e in terms of known factors, reference

to the diagram at the right of Figure 19 shows that as C1G is equal and par-

allel to CS, and as the side CS is common, the triangle CGS is equal to the

~ I I II II -3n.
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Top Genter

G
s

G e2"
IcShoft S

C/ C

I

tC

Figure 19 - Diagram Showing Relative Position of Parts
as Inner Eccentric Is Shifted

triangle SCIC. Then the chord GS is equal in length to the chord CC, and

since SC is 2 inches, the eccentricity e is equal to 2 x 2 sin a. This gives
e = 4 sin in inches, which is the value used in computing the eccentrici-

ties listed in Table 1.

When the angle a becomes 180 degrees, sin- -equals 1 and the full

eccentricity of 4 inches is obtained. The inner and outer eccentrics are

then in the relative positions shown at the right of Figure 9 on page 11.

Any unbalanced mass while rotating sets up a force

F = mew 2

where F is the force in pounds,

m is the unbalanced mass* in pound-seconds2 per inch,
e is the eccentricity of the unbalanced mass about the center of

rotation in inches, and

w is the angular velocity of rotation in radians per second.

In this particular machine the speed of rotation is read in revolu-

tions per minute, and the unbalanced rotating mass m = 4(339). Therefore we

can write

F = ke(RPM)2

where

k= m (60)2 = 386 x -0.0385
(60)o 386 -6

* This mass is the total of all four eccentric assemblies.
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Therefore

F = 0.0385 e (RPM)2

Since the resultant driving force is sinusoldal the force F is the single

amplitude value of the peak driving force.

When the machine is set to produce tilting or torsional moment,

the value of the moment is equal to half the driving force multiplied by

the fixed moment arm of 3.75 feet. Therefore

M= 3.750- = 1.875 F

where M is the maximum tilting or torsional moment in pound-feet.
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