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NOTATION e
Dimensions in !
Symbol Description Units Force-Length-
Time System
k Linear spring constant or torsional Pounds per inch fi1!
spring constant or inch-pounds fl i
per radian
v Instantaneous velocity Inches per 1t-t
second '
a Instantaneous acceleration Inches per 1t—2
second®
f Frequency Cycles per t—1!
second
fn Natural frequency with damping Cycles per t-1 j
second
w Circular frequency, 27 times the Radians per i1 '
frequency in cycles per second second
A Natural circular frequency with Radlans per t-1
damping second
W ax Circular frequency at which maximun Radlans per ¢!
amplitude occurs second
v Natural circular frequency without Radians per t—1 ‘
damping, or the resonant circular second
frequency !
g Acceleration of gravity Inches per 12 I
second®
e Base of natural logarithms, 2.718 Numeric g
(nondimensional) ‘
] Logarithmic decrement Numeric
{(nondimensional)
w Welght Pounds f
l Length Inches l
¢ Time Seconds t
m Mass in ips units¥* Pound-second? fi1e?
per inch i
x Instantaneous value of displacement Inches l
X Maximum value, 1.e., amplitude, of Inches l
a sinusoidal displacement
¢ Linear damping force per unit Pound-seconds fUrt
velocity or torsional damping per inch or
torque per unit of angular inch-pounds .
velocity per radian St !
per second )

3#* The mass is determined by dividing the weight in pounde by the acceleration of gravity in inches

per gecond® and ig expressed as

» in pound-seconds® per inch. This is referred to as the inch-pound-
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gsecond (ips) unit; it has no other accepted name.
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NOTATION
Dimensions in
Symbol Deseription Units Force-Length-
Time System
C, Critical linear damping cocnstant or Pound-seconds fl7lt
eritical torslonal damping constant per inch or
Inch-pounds Flt
per radian
per second
¢ Phase angle by which force leads
displacement in forced vibration Radians
i VA Ratio of relative amplitude X, of the
mass of a system of one degree of Numeri
freedom to the amplitude of its ric
supporting structure when the latter
undergoes a motion z = X sin wt
%
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INSTRUMENTS AT THE DAVID TAYLOR MODEL BASIN FOR MEASURING VIBRATION
AND SHOCK ON SHIP STRUCTURES AND MACHINERY

ABSTRACT

The theory of the simple vibration- or shock-measuring instrument
and 1ts use for the recording of steady-state and transient motions is dis-
cussed briefly., Also, the lnherent errors in the use of these instruments 1is
discussed. Tables are presented listing the important characteristics of all
instruments used at the David Taylor Model Basin for the measurement of vibra-
tlon and shock. Photographs or schematic drawings and a brief deseription of
each instrument are also included.

INTRODUCTION .

During about fifteen years of vibration research work, the Davld
Taylor Model Basin and the U.S. Experimental Model Basin have assembled a
rather large and representatlive collectlon of vibration- and shock-measuring
instruments. Begun with the simple pallographs, Types A, B, and C, (1)¥%,
which were originally developed at the U.S. Experimental Model Baslin, this
collection grew rapidly as new instruments were purchased or designed and
bullt to suit the different requirements of varlous vibration problems that
were undertaken by the Taylor Model Basin durlng World War IT.

As a result of the wide varliations in instrumentation requirements
that had to be satisfled during the past five years, the vlibration and shock
instruments on hand or on order at the Taylor Model Basin cover a varlety of
possible applications. Among the instruments which are avallable, at least
one can be found that will sult the requirements of almost any type of vi-
bration investigation likely to occur in research for the Unlted States Navy.

The very fact that so many combinations of characteristics are
available. however, limits the number of instruments with the proper charac-
teristics for any particular application. In genersal, only a few of the
available instruments are satisfactory for s given test, and, of these, one
willl be best suited to the job. The problem therefore arises of choosing the
one or ones with the most suitable characteristics for every test. This can
rarely be done satisfactorily, even by an individual who has used and is
familiar with most of the instruments on hand, without considerable reference
to written and printed materlal which must be ‘gathered from a number of
sources. For most efficlent use of the instruments, it becomes necessary to
have available for ready reference in one source sufficlent informatlon about
all the instruments to permit comparison of their characteristics and the de-
termination of the most sultable one.

% Numbers in parentheses indicate references on page 99 of this report.
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The present report 1s the outgrowth of an informal table that was
prepared to serve this function for personnel of the Taylor Model Basin. The
original table listed, for the vibration instruments on hand and a number of
typical commercially available instruments, the more important characteris-
tics, such as frequency range, amplitude range, recording method, and weight,

<3

Ir T is the relative
displacement between the weight
and the instrument case, then

the behavior of the system is

described by the differential s //////'///
The present report is of somewhat greater scope, containing additional infor- 1l equation of motion ;f /1?
mation and photographs of the instruments listed, an introduction to the % O/
theory of vibration and shock instruments, and a discussion of the relative L mE@ + %) + ed, + kuy, = 0 %
merits of certain general features of these instruments. This report does 3 7 ¢ 7
N not contain a complete list of commercially available instruments, as the : or ‘:Eﬂ é :;loé:oosne
. number of such instruments ncw available commercially 1s too great to allow ,; styws [/ x = X sin wt
K inclusion of a complete 1list in a report such as this. However, some of the méE, + ek, + kx, = —mi (2] % 1 //
Record
best of these have been acquired by the Taylor Model Basin since the original /| . m vz/ ecen
S Dividing both sides of the equa- V|
i table was prepared, and are deseribed herein. g ﬂ? r
m = )
] The purpose of this report is to present in a systematic manner all ECK \\\\\\\\\\\\\\\\\\\\\\
k inst t ™
pertinent information that is known about the vibration and shock instruments - < b+ pPp, = —i 5] Figure 1 - Exsmple of a Typlesl
at the Taylor Model Basin. This information 1is arranged in tabular form for 1 m

the reference of personnel of the Taylor Model Basin and of organizations for

which this activity has performed or is likely to perform vibration measure-
ments of any kind.

THEORY OF THE VIBRATION OR SHUCK INSTRUMENT

The term "vibration instrument" as used in this report covers a
wide variety of devices, some of which are included only because they are
intended to measure a quantity associated with vibration.

Vibration Instrument

-w?X sinwt, and Equation [3] becomes

(4]

where p?2 =,,%. Since ¢ = Xsinwt, =
Z, + Zcipx'l + p¥x; = +wX sinwt
[+
where ¢,, the critical damping constant, is defined as 2Vkmor 2pm .
A solution to Equation [#] is given by the expression

T Conventionally, . X %:-sin(wt — @)
however, a vibration instrument is a device containing s spring-supported k %, = ¢ %" [Asinw,t + Beos w,t] + YT Pt (51
welght with some means of indicating or recording the relative motion between j "[(1 - -17) + <ZZ ;)

1 the welght and the case. The theory is discussed rather thoroughly in a num- *‘J where

ber of publications (2) (3) (4) and will be treated briefly here.

the vibrating body and 1s therefore subjected to the motions of that body.

If the kody is vibrating harmonically with an amplitude X * and a

¢ircular frequency « = 2af, then its displacement from neutral position at

Q)

K

¥ ~
@

and A and B are arbitrary constants depending on the initial conditions.
The first term on the right-hand side of Equation [5] gives the

—; A typical vibration instrument is shown schematically in Figure 1. ;”i -
; The weight, of massm, 1s attached to the Instrument case by a spring of 'jl =2
: Stiffness k. The dashpot between the weight and the instrument case intro- , "? ¢ = aretan c(fz
! duces a viscous damping constant ¢. The instrument is rigidly connected to ’ | Lo »?
N |

;

PEAPNIEN cod

— transient response of the instrument: this motion vanishes after a short time
time ¢ - —&opt 4
* ! owing to the diminution with time of the term e e Pt The second term
& = Xsinwt (] gives the steady-state response of the instrument and is a constant in a
) : given instrument for a given applied amplitude and frequency.
‘Ii ¥ See notation for explanation of symbols. %
L
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STEADY-STATE VIBRATION
The maximun value of the relative sinusoidal displacement or the

amplitude of the relative motion between the weight and the instrument case Q» Ei 3 !
I )

G N

i

1s seen to be

Xi
X

(61 -
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2
.
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/_/
l
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:, since sin (wt - ¢) in Equation [5] becomes unity; the phase angle between the i s / '\X‘XO 5
B 1.0,

| relative motion and the applied motion is as before, » g 3

. - g // oz |

‘ ¢ = arctan ) _ca_)_z (7] é //I// &0'25 0.3

f p? i~ 5‘2 / N 0.4

; S N 0.5

: It is convenient to discuss the behavior of vibration instruments / iﬁ\ 06 0.8

in terms of a nondimensional response which may be called Z, the dynamic mag- ////' " V%20l 5.0

: nification factor of the instrument. It is defined as ! v i

IL _(4)_2 i //;// L

: X 2 : —

7 = X _ p (8] /245; N —
X v w2 2 cC W 2
| (1 - F) + (zgc_ ;) 0 0 W e 3 3.5

. ; a Figure 2 - Dynamic Magnification Factor for the Ideal Vibration
The variations of Z and ¢ with the frequency ratio w/p are plotte Instrument Subjected to the Motion @ = X sinwt.

in Pigures 2 and 3, respectivel for various es
g ’ P ¥ ious valu of c/ Ce . X, is the amplitude of the relative displacement between the mass and the instrument case. The
The determining characteristic of a vibration instrument is its : parabolic curve, shown by the broken line, gives the jdeal accelerometer |

natural frequency relative to the frequency of the vibration being measured. response which has the equation;,;’-=

P2’

fi
i As seen from Equation [8] and Figure 2, an instrument with a natural fre- u_2
quency less than one-third the frequency of the vibration being measured re- y % =~ —wzr ~ —1
cords very nearly true amplitude for a large range of damping, whereas an T p?

&

and the relative amplitude between the element and the instrument case is ap-
proximately equal to the applied amplitude of vibration and the two motions )
are approximately 180 degrees out of phase. As the instrument case is moving |
with the body under test, it is apparent that the element remains effectively

instrument with a natural frequency higher than twice the frequency of the

vibration being measured has a response proportional to the acceleration of

the vibratory motions, i.e., the magnification factor fits a parabolic curve.
If damping 1s neglected, for simplicity of discussion, Equation (81

e Y B B, 25

" Aot | o Aiant Y0 w/
s »
e EEOE < A Selb e L

becomes ! motionless in space, acting as an absolute reference point or a seismic*
e
_w_2 w? 0)) ; 5 welght.

k 7= _ p? - D - Ldg 7

; X V(l . (_0_2 \2 1 w? 191 :::_5 * Instruments for recording the motion of the earth during earthquakes are called seismographs. The
4 7)2 ) - "2‘)‘2“ ! vibrometer is based on the same principle as the seismograph, i.e., it includes a spring-supported weight
k . with a valne of u/p conslderably greater than 1. The welght as employed in these instruments 1s often

‘ For values of ;’—2 considerably greater than 1, - caliediegselagio zadenti(a):
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Flgure 3 - Phase Angle for therIdeal Vi;r
atio |
Subjected to Motion z = Xsinutyt " nstrument =

Por w/p = 3, the value of X,/X in Equation {Gj diverges from unity -
by about 12 per cent, which is the dynamic magnification error. As the value
of w/p increases, the dynamic magnification error decreases and X, /X ap-
proaches unity. Any such instrument is therefore consldered to bé a seismo- ;
meter, or vibrometer, when it is used, for measuring vibrations at rrequencies
more than 3 times its own natural frequency. ‘

The effect of damping for Ec;_ =1, as shown in Figure 2, is to reduce Q)» .
n

1[.’ LN
Al

the dynamic magnification eérror, permitting use of =t
graph at frequencies below 3 times the

7
of 0.6 critical, g% = 0.6, permits use

racy down to the frequency w = p.

he instrument gs g seismo-

A H"l

natural frequency. A value of damping
of a vibrometer with acceptable accu-
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If the frequency ratio w/p is considerably smaller than. 1, then
from Equation [9], X,/Xis approximately equal to w¥p%. As p? is a constant
of the Instrument, X, is therefore proportional to w?’X, which is the accelera-
tion amplitude of the structure vibrating with the motion z = Xsin et.

The dotted curve in Figure 2 1s the graph of-§§J=%§plottedvon a
basis of w/p which is the ideal accelerometer response.A:It is apparent that,
for any value of ¢/¢, less than unity, X, 1s very nearly proportional to w?X,
or to the acceleration amplitude, up to §$=v%; for values of ¢/c, between 0.6
and 0.7, X, represents the acceleration amplitude with only a small error up
to w/p = 0.75.

It follows that the fundamental requirement for an accelerometer is
a natural frequency at least twice as high as the highest frequency of the
acceleration to be measured. If the applied moticn is not a pure sine motion
but contains higher-frequency harmonics, the components ét frequencies close
to the natural frequency of the instrument will be unduly magnified by reson-
ance effects unless the damping 1s fairly high, and the components at fre-
quencles considerably above the natural frequency of the instrument will be
represented as displacement amplitudes rather than acceleration amplitudes.

High damping {about 0.6 ¢, ) in an accelerometer therefore serves a
multiple purpose. Besides increasing the useful frequency range of the in-
strument, damping cuts down the resonant magnification of components'W1th fre-
quencies near the natural frequency of the instrument and in addition causes
the rapld dying-away of free vibrations of the instrument excited by sharp
transient pulses. .

The presence of damping, however, does Introduce an undesirable
feature in the behavior of a vibration instrument, namely the phase-shift er-
ror. The steady-state term of Egquation [5] contains the factor sin (wi - ¢).
As the applied motion is assumed to be X s5inwi, ¢ is Lhe angle by which the
phase of the recorded motion differs with respect to that of the applied
motion. But ¢ = arc tan%éé%ﬁ%g from Equation [7], and obviously depends on
the frequency of the applied motion. If the motion of the structure contains
components of different frequencies; the phase shift of all components will be
different, and the resultant record will not have exactly the same shape as
the original motion?. If the damping is known, however, the proper correction
factor may be applied by use of Figure 5. The phase-shift error is, in gen-
eral, negliglble in the vibrograph, for if the natural frequency of the in-
strument is low with respect to the fundamental freguency the phase shifts in
all the harmonics will be practically the same.
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TRANSIENT VIBRATION; SHOCK MOTION

Vibration instruments are often used in the measurement of shock.
As shock 1s essentially a rapidly applied transient motlon, not necessarily
sinusoidal in nature, Equation [5] does not generally describe properly the
response of an instrument to such excitation. Equation [3], the differentia]
equation of mbtion, is still valid, however, since it describes the behaviop
of the instrument when acted upon by %, an acceleration varying in an unspec-
ified manner with time.

The significance of the record obtained due to an applied transient,
or shock, motion may be deduced from consideration of Equation [3],

B+ iy + pley = —F (3]

which may also be written
. c . ..
z, + 2"0"27931 + pPe, = —&
[

If the acceleration ¥ is the required quantity, it may be found by
performing the operations indicated in the eipression on the left-hand side
of the equation. The term p?x, represents the actual record multiplied by the
instrument constant; this term represents the acceleration Z exactly for
steady-state vibration., If the frequency w of a transient motion is low rela-
tive to the instrument frequency, then ¥, and #,, which depend on w, are small
and p%x very nearly represents the true acceleration %.

Most accelerometer records are analyzed on the assumption, whether
Justified or not, that the condition just stated exists. I¢ the assumption is

not correct, the acceleration curve deduced from the record may be consider-

8bly in error. It is nearly hopeless to attempt to apply the necessary cor-

rections, however, owing to the extreme difficulty of accurate double differ-

entiation by graphical or mechanical means. Accelerometers used for recording
shock or transient accelerations should therefore have as high a natural fre-

quency as practicable.

It is often desired to deduce the velocity-time relation, or
displacement-time relation, of a transient motion from the record oktained
with a vibration instrument. The significance of the record in terms of these
quantitles may be seen by successive integrations of Equation (31.

t t
o0 ¢ .
[wldt -+ 2-"—1) (xldt + 2)2
v, J s
0

0 (4

or
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z, + Zprl + prldt =
0

(1]

— %

and

£ Lt
o+ 22p[wgdt + 5[ [mrdtdt = —a (12
0 00

where the ccnstants of integration vanish if z =0, 2,=0, £=0, and 2,=0
at time ¢ = 0, that is, if the instrument and the structure are initially at
rest and at zero, or datum, position.

It is apparent from Equation [11] that the velocity-time relation
of a transient motion may thecretically be deduced from the record of any vi-
bration instrument by addition of the record, its differential curve, and its
integral curve, all multiplied by appropriate factors. THe inherent efrors
and the laborious procedures involved in such a process, however, ordinarily
preclude its use. A velocity mefter is generally used if velocitles are re-
quired. ,

In the previous discussion, the term z, has been treated as though
it were equivalent to the recorded displacement. Actually, however, z, rep-
resents the relative displacement between the inertia element and the case
of the instrument and has merely been assumed to be equiyalent to the record-
ed displacement. Such an assumption is correct for displacement meters and
acceleration meters, but is not correct for.velocity meters. The voltage
generated by a velocity meter is proportional to the velocity of the element
relative to the case. In 2 discussion of the record of a velocity meter, it
is therefore convenient to introduce a new ordinate w which represents the
actual record and is therefore identical with z,. Then

¢ ¢

%, = Jal‘ldt = Judt

H 0

¢ ¢t ¢t

[ = ”azldtdt = ”udtdt
00 00

0
and Equation [11] becomes

and

{ ¢
u + ch-p wdt + p° fudtdt = — [13]
% 00

v

The record u therefore r nts the

1A%

1]

eprese pplied velocity %; only if the two
integrated terms on the left-hand side are negligible relative to w. This
condition holds whernever the time interval from 0 to ¢ 1s very short relative
to the natural period of the inertia element and if the damping is low. To

give reliable results, therefore, a velocity meter should have low damping
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and the ratio of the natural period of the inertia element to the period of
the applied motion should be large.

Equation [12]) applies in the determination of displacement from the
record of a transient motion. As Equation [12] and [13] are completely anal-
ogous, the consideration discussed in connection with Equation [13] applies
equally well to Equation [12]. For the record to indicate the true transient
displacement, both the damping and the natural frequency of the element shoulg
be as low as possible; a sample check for the size of the correction factors
should be made when in doubt.

It may not always be feasible to obtain a sufficiently low frequency
and at the same time retain other satisfactory characteristics in 2 displace-
ment meter. When it is not feasible, the simplest method of obtaining shock
displacement may be to use an accelerometer with low damping and a relatively
high natural frequency. Then the third term on the left-hand side in Equa-
tion [12], 1.e., p%/];l dt d¢, is practically equal to the shock displacement.
The second integral ‘curve of the record may be obtained rather simply by use
of an integraph, and this curve multiplied by the scale factor p2 represents
the variation in time of the actual shock displacement. It should be noted
that the sensitivity of an accelerometer varies Inversely as the square of the
natural frequency of its inertia element.
limit for the frequency.

cLib

Hence there is a practical upper

The superimposed high-frequency vibrations, or "hash," that appear
almost inevitably in accelerometer records are generally irrelevant as regards
displacement and may be faired through without appreciably increasing the er-
rors involved in the integration process provided they are recorded clearly.

It should be kept in mind that the foregoing discussion is based on

simple single-degree-of-freedom theory and on the assumption that where elec-

trical recording is used no distortion is introduced by the recording system.
While these assumptions are feiprly

RULES 8.3 3Ly

safe for steady-state measurements they re-
qQuire careful investigation in the

case or transient measurements.

METHODS OF DETECTING, INDICATING, AND RECORDING VIBRATION OR SHOCK

In addition to a weight, or sensitive element, flexibly attached to

the vibration instrument embodies some means of making apparent to

the observer the relative motion between the element and the case that con-
stitutes the response of the instrument to the applied motion )
complished by a detecting or transmitting . .
relative motion, producing a signael w
suitable recording or indicating devi

a case,

‘Pthis is ac-
device which is activated by the

hich 18 recorded or indicated by a
ce,
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A considerable number of detecting and recording schemes are cur-
rently in use, each of which has iés own particular merits and fleids of
applicationrn, These methods fall into fthree general categories, i.e., mechan-
ical, optical, and electrical (5). Although the electrizal methods in general
are capable of the greatest sensitivity and versatility, they are often rather
unwieldy in application when used for field work. The mechanical methods are
popular for certain applications by virtue of the small amount of total equip-
ment required, the immediate availability of the record for inspection, and
general ruggedness of parts. The optical methods combine the freedom from
accessory equipment that is characteristic of the mechanical methods with high
amplification, but the equipment is generally lesz rugged.

MECHANICAL METHODS

Detection in the mechanical methods generally consists merely in
transmitting the motion of the element to the appropriate indicating or re-
cording device by a lever or suitable linkage. The sensitlvity obtainable
with such methods depends on the amplification in the lever system, which
ranges from about unity, in direct recording schemes as in the TMB shock-
displacement gage, Figure 4a, to about 50, which 1s the effective amplifica-
tion of a dial gage, as used in the Karelitz vibrometer, Figure 5a.

Indication in the mechanical methods is generally given by dial
gages; the band swept out by the dial-gage pointer swinging back and forth in-
dicates the double amplitude of the vibration being measured. Another useful
method is that used in the Cordero vibrometer, in which the amplitude is in-
dicated on a radial scale by the apparent point of intersection of the oppo-
site sides of a tapered pointer which is vibrating; see Figure 5b.

Mechanical recording is generally obtained by a scriber scratching
on a prepared surface. Such devices as a stylus scratching on waxed paper,
chemically sensitized paper, or strip celluloid, a psn writing on paper, or a
steel seriber scratching on plated brass are among the most commonly used
ones. Several actual applications of mechanical transmission and recording
or indicating are illustrated schematically in Figure U.

OPTICAL METHODS
) Optical methods of detection usually embody mechanical transforma-
tion of the linear motion of the element to rotational motion of a member
supporting a mirror. A light beam is reflected from the rotating mirror to
a screen for viewing or to a photographic film for recording. This scheme
permits the attainment of high magnification and resultant high sensitivity.

- - T : - K . : "j -
. . J - - - T 1
) R SRR
— AT e - - L ﬁ\ A -
3 PR A - N -




T et AP R -

e St

St SR AT T Ty

I |

o St |

o4

o e A

e

e et e airravemir et 0

. & - kel o o
i -jr' - a N
- AR T av e 2 - N
12
4

~ ]
Roll Dirgction of
Glfidirs Applied Motion

Dicplacement

\ Stylus

Figure 4a - TMB Sﬁock-Displacement Gage

The shock-displacement gage. employs direct scratch
recording on a circuler chromium-plated brass disk.
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Figure S5a - Karelitz Vibrometer

Figure 5b - Cordero Vibrometer

indicating: by a gear train the magnification

is obtained within the gage. of the pointer image.

tained by a simple mechanical linkage.

Figure 5 - Schematic Arrangements Showing Two Methods of
Indication Involving Mechanical Transmission

The optical lever used in certain instruments developed at the
Taylor Model Basin utilizes a Tuckerman optical strain gage and a recording
autocollimator., This system yields a magnification of about 76. Another

L <1

-z

The Cordero vibrometer indicates amplitudes
£rom the radial graduations at the point of
apparent intersection of the extreme positions
Magnification is ob-

method, applicable to fairly low-frequency work and used successfully in the

Shrader tri-dimensional vibrograph, employs a mirror mounted on a spindle
which is caused to rotate by the relative motion between the selsmic weight
and the instrument case.

ed 1s shown in Figure 6.

The photographic recording that 1s a usual characteristic of the
optical methods may be a decided 1liability in field measurements since the
records are not available for immedlate inspection. Faulty records, which

A schematic arrangement of the two methods describe

sometimes occur owing to defective operation of the instrument or accidental

exposure of the emulsion during handling or processing, are often not dis-

covered until it is too late to repeat the test run.

recording 1s used in an accelerometer for recording transient motions, it
should he noted that ths light intensify sheould be suffisisnt te rseord cle
ly at the high "writing" speeds occasioned by superimposed high-frequency v
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ELECTRICAL METHODS

The many electrical methods of detection, each with its particular
faults and merits and its own special field of application, have a number of
noteworthy features in common. In general they permit the attainment of high
sensitivity, measurement with good precision over a wide range of sensitiv-
ity, compactness of the pickup devices, and location of recording instruments
at a considerable distance from the pickup (6).

However, electrical plckups generally necessitate the use of con-
siderable accessory equipment that 1s both bulky and delicate, and their ef-
fectlve operation is dependent upon a steady, rellable source of electrie
power, The presence of specialized personnel for setup, maintenance, and re-
pair 1is also required. These characteristics are distinctly disadvantageous.
In addition, the photographic recording usually employed introduces the lia-
bilities previously mentioned under optical recording.

The versatility of electrical instruments 1s such fhat, for many
applications, they are greatly superior to mechanlical instruments in spite of
the disadvantages listed and are used instead of the latter because of the
rigorous test requirements.

The principal electrical methods of detection employed in instru-
ments at the Taylor Model Basin are the following:

a. Use of wire-resistance strain gages, in which the strains arising
from motion of the sensitive element are detected and recorded by electronic
apparatus (7) (8);

b. Application of the generator principle, utilizing a coll moving in
a magnetic field, the signal being proportional to the veloclity of relative
motion between the coll and the magnet (9);

¢. Utilization of piezoelectric effect, in which the pressure on a
plezoelectric crystal generates a charge proportional to the pressure or to
the displacement between the ends of the crystal (10);

d. Frequency~deviation methods (11), which use an oscilliating circult
with a coil (or capacitor) whose inductance (or capacitance) 1s changed by
the displacement of the sensitive element, causing a corresponding change in
the frequency of the osclllating circuit;

e. The photoelectric method, which employs a photocell to determine
the variation in light intensity caused by relative motion between a fixed
and a moving member;
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f. Reluctance-variation methods, in which the displacement of a metal
spacer varies the reluctance of the core of a coil, producling a corresponding
change in inductance which is detected by a bridge circuit;

g. Application of the Gayhart telemeter principle {(12), which uses two
oppositely wound coils connected in series which are attached to the moving
element and which act as the secondary of a transformer, the primary coil of
which is attached to the instrument case.

Although the individual requirements for accessory equipment vary
with the particular method used, there is a certain amount of equipment that
is practically a necessity for successful use of electrical, or electronic,
methods with oseillographic recording. This equipment consists of a voltage
regulator and variable transformer, or Variac, to assure a reasonably high and
steady voltage supply; an amplifier, generally with accompanying power supply;
an audio oscillator and microvolter for calibration purposes; and finally,
elther a string oscillograph or a cathode-ray oscillograph with a camera, and
for transient work, a sweep generator. A saving feature of all this i3 that
many of the items suffice for the operation of two to four or more instru-
ments and channels simultaneously, so that the amount of equipment per pickup
or channel generally decreases as the number of pickups or channels used in-
creases. Recently deslgned equipment such as the TMB strain indicator (7)
has greatly simplified certain instrument requirements.

CLASSIFICATION OF INSTRUMENTS

In order to conform more closely with the stated purpose of this
report, the data on the instruments are presented primarily in tabular form.
All availlable information that is considered pertinent in determining the

sultability of the instruments for any given application is given in the ta-

bles. Photographs or schematic dlagrams of every instrument are also includ-

ed with such additional descriptive material as may be required for a better
understanding of the operation of the instruments.

TABLES OF CHARACTERISTICS OF INSTRUMENTS

For ease of reference, all instruments are classified into groups
based on the different types of measurements for which they have been used or
are intended to be used at the Taylor Model Basin.

The classification used, and the corresponding table numbers under
which the instruments are listed, are as. follgw :
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I. Instruments for Steady-State Vibration

A. Accelerometers for Measurement of Steady-State
Vibration

B. Vibrometers and Vibrographs
1. Indicating Instruments

(a) - Instruments for Indicating the Amplitude of
Steady~-State Vibration Table 2

(b) Instruments for Indicating the Frequency of
Steady-State Vibration Table 3

2. Recording Instruments
(a) Instruments for Displacement-Time Recording

Table 1

of Linear Vibrations Table 4
{b) Instruments for Recording Torsional
Vibrations (13) Table 5

II. Instruments for Transient Motions

A. Displacement and Velocity Meters for Measurement
of Transient Motions Table 6

B. Indicating "Accelerometers" for Measurement of

Transient Motions Table 7
C. Recording Accelerometers for Measurement of
Transient Motions Table 8

The groups described in the previous paragraph are somewhat arbi-
trary in nature, Jbeing based on experience at the Taylor Model Basin, and are
by no means mutually exclusive. A number of the instruments on hand may
properly be listed in more than one category, and duplicate listings are given
for these instruments. Any instrument, therefore, that 1s considered sultable

for use in a given type of measurement is listed in the appropriate table for
that type.
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TABLE 1 1 ' 3
i TABLE 1 (continued) :
Accelerometers for Measurement of Steady-State Vlibration =
= :
3 X "
i N :
; | | = PNatural Overall Dimensions Accossory Method of Mounti !
Practical Practical Single Direction of Method of Method of | M “requency Welght Power s unting | o '
. -2 o ! ethod of = (LxixH) or (DxH) Equipment on Vibrati 1gure
Name Frequeggasr Range Amplituu; Range Sensitivity Vitration Detection Recording Damping of léjll’gment pounds inches Required Required S tructureng Numbey Remarks
Sprines P@ ’ Holds maximum of 40 inches of
BuOrd torpedo 3.0% in. per g mounted maes, Stylua on ! 35 6-v Timer, if |Bolted or cl: d ;
0 to 30 0.25 to 25 Any one nochand.cal 011, not 7 3M 5 %10 0 clampe paper which permits 30 seconds
accelerometer on record '10;:6323.‘0 waxed paper sd Juétable dry cell desired to structure 7 of record .
Brush VP-5 vt Usual Held against ;
About 80 mv Piezoelectric 0scillo- " 1500 0.l 3x2 110-v a.c. | electronic or clamped 8
sccgigﬁgion 10 to 500 0.001 to 10 RMS per g Any one erystal graphic None equipment* to etructure i
Single damped- 0il1 f1ilm Usual Bolted 1
s 22.5 guv per g Metalectric Oscillo- between 215 4,2 Li/2x2x6 110-v a.c. | electronic | Poited or clamped
tilev . .. .
coomteteeser 0 to 50 IR per’ 5 volte Any one strain gage | graphic il equipment* | o structure 2 | Pevelopnent inactive :
plates,
adjustable o0 i
Double Very 1ittle, | 11400 Battery box Not currently in use, requires
Varies, about s internsl = Type D Type D and usual |Bolt filter. Of Historic interest
cantilever 1 to 2000 , Hetalectric 0scillo- ntern 1800 0- nd usua ed or clamped
10 to 800 : 45 uv per Any one : scillo 1.0 8x21/2x2 110-v a.c. 10 only. Statham accelerometer
sccelerometer cstimated g strain gace hi damping 2100 . X x electronic to structure
' er U5 volts gag graphic * employs similar principle
Types A to E per U5 °£a lééﬁ::ilc 3500 equipment more effectively.
Tuckerman
DVL~type 0.1 . Optical lever, | Photo- 011, not 6 98 (with v Bolted or clamped . =
accclerometer 0t 35 RL02ol5 og igcoggr 8 Any one Tuckerman graphie adJuétable [ ! recorder] R o=y e ggﬁ"ﬁﬁ‘e‘ to structure o daieurrentiy a e
strain gage T
Jacklin
3~ component '
linear
accelerometer
t
Low-frequency 1.25 in. per g |
A elements 0 to 60 0.01 f0 1.5 on record About 100 | !
Low-frequency 0.80 in. per ou Recorder :
B elements 0.02 to 2. on rec d 011 £1lm s Recorder, :
3 cord Two horizontal - - between cogg§-01 Tx 11 x 1l 35-anmp, Hone Bolted or clanud 12 Egggirecgrggrmégtgapakﬁ of .
and one vertical | Optical lever 0%0= stationary wit control unit, 12-v d.c. to structurs lapetts seé intenchangeabl
High-frequency similtaneously graphic and moving 0 ' 12x53/8x10 . ements are Interchangeable. .
A elemente 0 to 150 0.06 t0 12.5 About surfaces About 250
High-froquency 0.15 in. per g .
B elements !
-
5 Jacklin . 011 fim iR Recog?er, Recorder,u
~component 0.1 to 15 About 0 Angular about betw ' About T x11 x 1l 35=amp, Bolted or clamped .
0 to 25 out 0.1 in, etween hout 50 control None 12 On order.
lap rad/sec? 2* |3 perpendicular tic Photo- control unit, 12-v d.c. to structure
accelerometer e per rad/sec t:gxcs Rl graphic :ﬁ%t,ﬁgm ug(j;t' 12 x5 3/8 x 10
surfaces X
6_Jac‘.:11n 'y .
component | Combines in one recorder 3 Shant oo P b . i
eccelerometor er 3 linear elements and 3 anguisr elements with the same characteristics as those above E On order
% * Usual electronic equipment consists of amplifier and power supply; Variac transformer end regulstor; oscillator
- i snd microvolter; csthode-ray oscillograph and camera, or string oscillogragph. : .
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? TABLE 1 (continued) ;
} Accelerometers for Measurement of Steady-State Vibration . '
ol . TABLE 1 (continued)
o e ———
4 Practical | Practical Single
: Hame Frequency Range | Ampli*ude Range Sensitivity D%zgggéggn“ ggggggigfx g:ggggigé Mgthod of » Haturel
x‘ CPS 2 amping |m g, Frgqggcy Weight O}rirxa}(}nbmer(xgigr)m Porer é&cgseor{ Hstho% gr Mounting | gy o
3 or b uipment on Vibrating .18‘“ Remarks
.'i ——— of gégmsnt pounds inchse Required Requirsd etructurs Rumbsr
graph-type 1Or:hx'ecord, :
| accslerometer nchss per g
0 te 0.001 to 0.08 5.76
, 0to1 0.002 to 0.16 2.65 7k
: aroup I** g to1.5 0.004 to O.I'é!l- 1.33 Vertical Spring- o 2.16
- THAN 1 W B | e | st i -
¢ o 2. .01 0 1. . weight ylus on pot, 3.83 Adaptsd from 3 pall
! 0 to3 0.016 to 1.0 o'zg mechanical | ¥axed paper | adjustable 3.35 40 20 x 8 x 14 110-v a.c.| Synehronous. | Foltsd or clampsd 13 ’ pettograph.
. g go g 8.83 t0 1.2 0.36 - 1sver v 1 _?Zg timer to atructuré
0 .05 to 2.0 0. one O
t Group II** g go !; 0.10 to !ég o.zu normal to 5.42
] 0.15 to 6. 0.1 baee T7.00 Usse g
: 5 pscial weight and
jx 0tod 0.20 to 9.0 0.1 1219 two-spring suapeneion,
: v Seismic 140
: Consolidated 25 mv per g 1ndu o 2
accelerometer 0 to 35 0.02 to 15 “:‘;:i’,rlz;v Ang one "f?‘é?gﬁggg' g;gélliig YMagnstic 1020-91’5
reluctance 0.8 23Mx21/2 1oy a.o| Thidee,  Imoltad or clampsd |
- x 23/ °1"§”‘"°“é2 to structurs
adur equipmsni
3-component 0 to 50 0.05 to 5 About 0.3 1n, | a0 horizontal | gpesee Photo- Atr e
) accslerometsr per g simntaneously lever graphic dashpot
3 About 100 15 6x51/2x91/2 6-v d.c. Nons Bo%gsgtgacg&ralgpsd 15
Wimperie 3 . /4% in.
] accsleroneter 0 to 0.25 or;‘:/ggcg 0 per ft/sec? Horizontal Heg};gxem%cal E?xig::{e Foxmment
i on soale inagnet Placed on May be photographed
| About 0.22 eI 2 kx21/2 Nons None horizontal plane 16 for rscording,
1\ oul .22 pamp
t Stathan per & for 13- i
ohm imped g o
L acceleronctor 0 to 850 1 to 500 about 0.1 v e bridgs Oscillo- oitioen
7 RMS per g (max) to base circuit graphic eﬂ e 5-K¢ carrisr Bolted to Resistance: Imput, §86.3 ohms
for hign support i & 20-v d.c. : t Output, 686.3 ohme
! inmpedance load inertia mase 1670 0.5 R Gl max) Eg"i{lg“p},’l}y,' (53143“ 32}‘3’3,,) 17 Input current: 30 ms (max)
About 13 p amp < grap Input voltege: 20 v (max)
er g for 15-
H acig:}:"oa: . 0 ohar %mpedenze; Any one St}‘g%:;;isrea i
e -
| ghgomter | o1 | otz (meeEiwe | g il | oemo. | e ——T
4 for high to base moate graphic fluta 125y |Modifisa B  Boltsd to frout qutput, 23?-‘* =
b impedence loed 300 0. 2x11/Mx21/2 e 1-A etrain structure 1 nput currents ma (max
z - - inertia mass 5 d.c. (max) amplifier (5-40 screws) 1 Input voltage: 12.5 v (max)
About 34 p amp
i Stethsm per g for 13- A “‘Eﬁiﬁxﬂé’”
] acceleroneter 0 to 60 0.05 to 1.5 gboutmgegance; pgia‘i'{zl bridgs 0scillo- organo~ Topal
) $-1.5-120 RES per 2 ‘}’;’m) 1o base circuit graphic B11100ns slactronie
{ for high support fuid 5ov .0 equégmsnt el Reeistancs: oncpu:. -152.3 ohms
inert o :C. u 126.
| impedance load SELLeRRoes 15 0.8 e 3482"31/83/4 (max) wodified MM atructura T} input current: 40'ma (n:Zx(im119
i About 17 p emp lﬁéﬁf‘x{g%n (5-40 acrews) Input voltage: 5 v (max)
I Stethan g B Strein wires
& atcoletomster 0 to 90 0.1 & 1.8 av Any one orming Ueual
; & R:5-120 9 0 5 ;Bsoutsl,a ?v noaal bridge 0scillo- Organo- slectronic
f por g (max) to bese circuit graphic silicone equipment® Bolted t Resistence: Input, 136.2 ohms
§ for high support fluid Sev d.c et el : output, 136.2 ohz
-;LL impedance load inertia maas 185 0.5 2x1 1/ x21/e {max)  |modified THB (533“&?53:;) T | oput currents 40 ma (max)
j ** The opringe listed in Oroup I replace the pallograph displaces t snit 1-A strein Anput voltage: 5 v (max)
% used with a special weight and two-spring suspension ae shoe'n 1:... lgnigursgx‘%G( The springs listed in Croup II are i
] * yUsual electronic equipment consists of amplifier and powor supply; Variac transformer and rsgulator: oscillator
! and microvolter: cathode-ray oscillograph and camera, or string oacillograph.
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TABLE 2
' Instruments for Indicating the Amplitude of Steady-State Vibration |
3 ! .
’{ Natural ‘m ‘Q
d Practical fractical Single |pireotion off Method of |Method of | Freouency Weight —
f Nane Frequency Range* Amplitude Range* D\iligratio'n Detection |Indication |of Element | pounds 3
' CPM mils CPM
l -
’ Vibrating t—g
1
5 Cordero . one ‘Mechanica arm on 300 2 .
g vibromster 500 to 2000 0.5 %o 15 Any lever am 0
H -
: i Vibrating %N
: lodified Mechanical About 42
: Cordero 00 to 2000 1 to 35 Any one arm_on 00 21/2
. vibrometer > lever scale 3
L R vibration Piezoelgctric
= L1219 ratio crystal Pi 5
‘ meter and 120 to 30,000 0.05 to 30,000 | Any one | piclwp and |, Heter [ g5 409 S,
: > Shure ¢rystal integrating |TS33ing of h U3
. pickup cirouits amplitude eter, 23
g Direct
measurement
' Vertical
. Karelitz of motion
i 400 to 2000 0.5 to 25 and Dial gage 200 35
vibrometer " relative to
! horizonbal seismic
& weight
‘ Direct
; t
: Westinghouse measuremen
! 1bhandt 600 to 6000 1 to 50 Any one rgiaz?fnieogo Dial gage Aaggt y ’
‘ vibrometer
3 seismic J
} weight !
| * fThe ranges of frequencies angd amplitudes given are not necessarily concurrent. i.e.. the mintmum amplitude -_«4:
cannot always be measured at the lowest frequency since enough force must be produced to overcome the inherent {
‘griction of 13he particular instrument i conversely, the maeximum amplitude listed cannot always be measured at |
rL he maximum frequency. |
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TABLE 2 (continued)
Overall Dimensions y Method of Mounting .
{LxWxH) or (DxH) R§°x§§ed on Vibrating g&g};gﬁ, Remarks
inches q Structure
6x21 /2 ‘x 1 None Held against 182 Good for qualitative check
structure of amplitude.
- Held against Good for qualitative check
6x2 /2 x11/2 -lone structure 18b of amplitude.
Plclup P Pick;.xp ig acceleroxgcteré Meter reads
Y . elf- acceleration or integrates to give
21/ sztng 2xy contained aHgigsgr sgv]:ﬁzgg(zi-e 19 velocities and displacements., May be
13 ;c 5 }’( 13 batteries &¢ = used with GR vibration analyzer which
! ? weighs 32 pounds and is 16 1/2 x91/2
x 10 1/l inches.
M 1/2x4/2x10| None Sgg ggrﬁgg\’;‘ggd <0
Held against
b x3 None or set on 21 Hand-held operation preferabie.
structure
»
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TABLE 3 TABLE 3 (continued)
Instruments for Indicating the Frequency of Steady-State Vibration 1 !
Wi ¢
| & |
I
Practical Overall Dimensions i
Weight ' Pover Method of Mounting on Pigure
Name e Hethod of Detection |Method of Indication pounds | (L¥Hxl) or (Dxk) | Reaioed Vibrating Steucture e Rerarks. !
CEM - :
Single-row unit 11/2 53/ x13/M4x4 7
180 o 2000 R t vibration of | Reed with largest '
esonant vibration .
Frahmts reeds Doggée;goglv uggits a reed at its natural | amplitude indicates ‘? : None Set on or near structure 22 Other gg#;gnugrg: 12,500
1500 to 3000 frequency correct frequency 2 53/ x 2 3/ x I NYs .
2500 to 5000
1500 to 9000
0.35~-inch to 0.5-inch
E Westinghouse Adjustment of length ggsggggtaziggggégn (depending on instrument)
reed 500 to 20,000 of reed to give frequency indicated 0.5 91/4% x13/M%x11/4 None Held against structure 23 motion of reed equals
vibrometer proper f{requency on seale :gg{gﬁgmtely one mil
e.
T —— | Strong light is required for
s Rotational speed of Sebas o = Held in hand; structure sifechive use. U A
2 ?ggggg’gg;‘:) 500 to 8000 slotted disk 1s varied °2§§§§ggn2;2§dt° 0.6 23/% x25/8 Hone viewed through rotating 2y ;:a;-e:gxﬁ;eo‘;u:calg?elggggri;7
to "stop" motion indicated on scale slotted disk per cent unreliable
Variable frequency ~10- Held in hand or set on Dim surroundings required
Strobotac 600 te 14,500 flashing 1ight; et el 9 71/2x81/2%91/2 ALSEENE0 convenient base 25 for effoctive use.
stroboscopic principle
Gives much stronger light than
Varisble frequency | pyocning ¢ 110-v a.e HEAO in hend or Set on 26 Strobotac; Strobotac used f
Strebolux 600 to 6000 flashing light; asning trequency 32 12 x 11 x 12 G convenient base 20 H ac used for
stroboscopic prix'lciple indicated on scale frequency control.
-4 ==
=) Communieations Dim surroundings required for
-‘ Variable frequency Probe 1; Probe, 5 3/4 x 2 x 2; Held in hend or set on ffective use. Use d-¢ 11lu-~
Measurement 2 = effe use. Use d-c i}
H Laboratories 600 to 600,000 flashing 1ight; ﬁiiﬁ;’;ﬁfﬁ;“‘;ﬁ;‘ﬁ cabinet,’ ' cabinet, ! 10-v a.¢. convenient base i minator only when necessary.
H Stroboscope stroboscopic principle 50 16 7/8 x 9 3/1 x 8 3/4 %
} )
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TABIE 4 - Instruments for Displacement-Time Recording of iinear Vibrations
Practical Practical Single | gensitivity or Direction of Hethod of Mathod off Metho
Name Feequeney Range® | Amplibude Range® Iégniricat‘{on Vibration Detection | Recording Dampgngt
9 L
B Piezoalzcgric S 3
erysta seillo-
Bruch TP-1 600 to 6000 0.01 to about 25 0.28 v RMS Any one selsmically | graphic None ‘
vibration pickup per mil mounted o L‘)
Vertical or Seismic Stvlu @» ‘a'
horizontel weight, Lty 0% Pricti
Adjusteble hanical waxed paper,| <% on
Cox vibration 400 to 3000 2 to 350 {separate mac| aper of stylus
recorder e 1,2, b4, 0r £g§§§3§? tgzgn;rgﬁg;l‘on spgeg.s on wax 3
Seismic
dulum
TMB clectrical pen & OsciXlo~ Inher
vibration pickup| 200 to 2000 0.1 to 250 Up to 1000 Horizontal t;:;iggiser graphic fg?ztigg
{pendwlum-type) coupling A
60 to 700 bv?-tica% Seé‘slnluc -
TMB Type A vertical, ut may be pendulum, yius on Inherent
palioggapn 120 to 700 5 to 500 1.75 adapted for | mechanical waxed paper { friction
horizontal horizontal lever
50 to 1000 Vertical Seismic AL
T™B Type B vertical, 3 to 225 2.0 but may be pendulum Stylus on daih rt
allograpn 170 to 1000 * adapted for ¢ H waxed paper ashpot,
RS ereE horizontal horizontal m°§2$2i°al adjustable
Seismic Alr
gg‘flgggpﬁ 150 to 1000 2 to 150 3.0 Horizontal | Pendulum, wzile'}i“;ag’e‘r déisheot s 8
lever adjustable y
TMB Type H Adjustabl i Alr
'ype 1 djustable pendulun Stylus on
pallograph 120 to 1800 1 to 250 2L, or Horizontal meggigicai waxed papar ag§§2€g§ia
Seismic AL
THB Type v 60 to 1800 1 to 250 Adjustable pendulun Styl =
, ylua on 5
palicgraph 5 2, 4%, 0rb Vertical me:clhanical- vaxed paper aﬂ?ﬁg‘égﬁie
ever
Seismic
Fhoteelectric = y RIS
) 00 to 3000 5 my per endulum 0 -
vibration piclup > 5 0.5 to 125 mil single Vertical phgtoelectfic gigéﬁig
cell
Shrader . Vertical Selsmic
tr%g%?ggiéggal 150 to 3000 About 0.5 to 25 About 50 hggg t“g 1 weé%ht{ Photo-
I zonta, optical -
o simultaneously gever gZerhie
rader Vertical Seis
tridimensional 450 to 3000 About 0.5 to 25 about 50 and two geig?t? fhoto- Felf’in -
Vibrograpn horizontal optical graphic °°i*
simultaneously lever springs :
Sperry-MIT - :
Consolidated . Vertisal 5 ]
large linear- 300 to 18,000 1 to 750 72nmvsgz} or horizontal ;giigécagggnet Oscillo- 0il1, [
vibretion piekup g (separate units)| & soil © | graphic adjustable i
Sparry-mlp - 0.1 to 250 ;
Sondolidated | 900 to 60,000 (varics with U A0 novirontay  |Soiomie magnet| o0y, N
£ n./aec movi = (433
vibration ploloup il (separate units)| " a goil© | eraphic
Consoi&dated 0-05t§o 103
Type 4-102 02 to 42,020 vertical, 110 mv pe Seis
velocity pickup i 0.05 to 1000 1n./sxe)cr Any one movTég gignet Oseillo- 041 ~
horizontai a coil ng graphic @)b @
vesiingre 660 to 15,0 812 Seismic Friction %
Yeatinghouse 860 to 15,000 0.1 to 25 mechanical i Stylus on d
» W tylus
vibrograph 50 microsecpe Any ona mecgégggél cellulold of gny
lever film celluloid
Aslania 450 to 6000 1t - P ceded s Y
ibroexa © 209 (Feduces te 2 Any one pa€t§§g°§r:§° Stylus on jof ::iigs -
mes or 1 time chani, waxed paper on Wa \
' oo :
* The ranges of fraquencies and amplitudes glven ar — | -
. mensured t neces
2lways be measurcd at the lowest frequency sinca ohoay o sarily concurrent, i.e., t 2
; . ougn force » l.e., the minimum amplitude cznnot =
particular inatrument; conversaly, the maXimum amplitude 1is“egu§:n§§tp§§3§°§dbt° overcome the inherant griction of the -
i Y8 ba maasured at the maximum frequency. ‘g_
1l - - T -
5 ron—— . L - -
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TABLE 4 (continued)

- e

Hatural
Overall Dimensions Accessory |Method of Mounti:
Frequency | Weight 1t Pover NE | pigure. [
XWxH) or (DxH) Equipment on Vibrating ey, Remarks
of %%;mcnt pounds inches Required Roquired STRIetNE . Rumber
BB Usual Hand-hald with
suspended 0.6 31/2x23/ 110-v a.c¢. |electronic | probe against 28
by probe equipment** structura
hop1obd 1 110-v a.c. Set on, bolted, Adapter added to Cox
Beerl 29 12 x91/8 x91/2]  and Yone or clamped te¢ 29 | torsiograph to convart
. 6-v d.c. structure for linear vibrationa.
Usual Set on, bolted,
60 30 71/2 x 10 216 [110-v a.c. |alectronic or clamped to 30
equipment*#* structure
verigcal 0 32x91/2 x Synchronous| Set on, bolted, May be adapted ot Yecording
I U 1 110-v a.c. or clamped to N Fpaid
horiggntal 233 timer structure horizontal vibrations.
v rlgcal Synch Set on, bolted May b t
e 5 .- ynchronous 2 ay be adapted for recording
ront St ko 20 x8xak  10-va.e. ST or Slamped to 52 | horizontal vibrations.
Sst on, boltsd,
€0 25 15 %x71/2x11 [110-v a.c. Syng?;ggous or clamped to 33
structure
Set on, bolted
o 60 18 x 9 x111/2 |110-v a.e. Syngggggous or clamped to ' 34
structure
Set on, bolted
chronous 4 ' May be adapted for recording
20 7 18 1/2 x 9 1/2 x [110-v a.c. |Synehron or clarped to 3 y
W72 timer strﬁ?gure 5 horizontal motions,
Usual Set on, bolted,
215 M 12x6x7 110-v a.c. |electronic | or clamped to 36 In process of development.
aquipment¥¥ structure
6-v d.c. or Set on, bolted
360 20 6x8x11 |NOVa.c. Nene or clamped to Instrument has been medified
with p 31
Feotirier structure to give magnification listed,
- ant [ Pickup generates a voltage pronop-
Uoual 3g¢ on, bolited, 3% ge prof
2L0 6.8 6 1/2 x4 1/2 x4 | 110-v a.c.|olectronic or clamped %o 38 tionad jcolved ocLtyaNin Mnteprating
equipment** structure ;é:g?it is used to obtain displace-
5 ysual Set on, bolted, Pickup generates a voltage propor-
300 0.33 2x3 110-v a.c.|electronic | or clamped to 39 | tional to velocity, An integrating
equipment** structure cir:uit is used to obtain displace-
ment .
900 -ohm noninductive-wound d-c¢ coil
resistance. Pickup generates a
voltage proportional to velocity.
540 None, Usual Set on, boited, An integrating circuit is used to
(damped) 0.6 2x23/M self- aiectronic or clamped to 4o obtain displacement. Sensitivity
generating|equipment** structure gradually decreases with increas-
ing single amplitudes above 300
mils. Prequency response flat plus
or minus 5 per cent over entire
range up to 25 mils.
May be used hand-held with a prohe
3et on, bolted, adapber. At 25 mils singla amplitude
400 10 71/2x5xb3/M None None or clamped to L3 the maximum frequency is 3000 CP¥
structure usinug probe, may ba used to record
deflection up to 25 mils as long as
the accelerator does not exceed 6.25 g
Plashlight
hattery Hand-held with g Capable of recording deflections up
300 3.2 1x5x3 for None probe against 12 to 1 inch as long as the acceleration
timer i structure is less than 20 g.

** Usual electronic equipment consists of amplifier and power supply; variac transformer and voltage regulator;
oscillator and microvolter; cathode-ray oscillograph and camera, or string oseillograph.
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TABLE 5 1
P, : TABLE 5 (continued)
Instruments for Recording Torsional Vibrations i -
T i~
W @
Practical Practical Singls Sensitivit: Method of | M ' ¥
& y or cthod o ethod of Natural 11 Dim -
Hame Frequency Range® | Amplitude Range* |y-onieyaarion | Hethod of Detection| peiording | Damping Prequency Weight grera ensions | poyep Accsssory Hethod of Pigure
CFi degrees (LxWxH) or (DxH) Equipment Attaching Remarks
B of Element pounds inches Required Required to Shaft iitnben
.
; Inertia element, Priction of | 3 Ampl 1tud : b
o 600 to 5000 0.03 to 3.5 About 0.4 bell crank Stylus on 1" styius on 10T E Attached by e range may bs
. . - -V a.c. 't ner:
torsiograph 3 in./deg (max) transmitoien waxed paper |, ¥ U8 o8 About 300 28 1/2 12x91/4x91/2 X None Belt on & 3 gmlgaggglgg using
: X 6-v 4.c. puliey engine shaft.
¢
i Power SUPDLY |1y 3/ x 6 x 10 1/4 Piclups
ps A
> ¢ De%-;ends on li)epends on Pha:e-:kﬁift 1:11 0 ) 24 1/2 fast(le\ned to end Principal component of
Phase=-shif s piclup gear, pickup gear gear=-too carrier scillo- Detector unit of shaft.
torsiograph [0°0 b0 50,000 about 0.03 about 1/2 in. wave due to graphic None 12 1/2 W8 x8x9 110-v 2 Cathode-ray| pyann pear torsiograph is the
o per degree vibration -€. | oscillograph|(gnl ey may be 4% |phase-shift detector
P%ckusg %Z::ﬁ 5 5/8 x 5 1/2 and camera |yejdeq angwhers %ear; m}\ist beJdgvised
or each nsw job.
€, 120 teeth | 5 3/l x 6 172 along shaft
g 11, 120 testh | 9 3/4 x 4 3/8
THB pnotoelec- Inertia element with ] Light-ri
tric torsional{500 to 50,000%% |, .0 oo\ 5 uiggrigght slotted cylinder, 0Oscilio- Dry 110-v a.c. unit angg Fg;tg}x::gttsiggd g;yiggegﬂizr;ﬁg
vili)rgtion intensity photoelectric graphic friction About 400 8 31/2 x5 3/% ¢ and cat}imgde-ray i-inch diamstse| %5 snd rotating csse
pickup detection R Golic 03;!1 b ‘é.ograph collet relativs to insr-
and camera. tle element.
Consolidated Sperry
0.075 t0 § Tnertia el & Pastened to end
torsional e 1.2 mv per a elcrent, Oseillo D calibrator, S Velocity meter
vibration |90 to 60,000 {varies with a magnet moving Atrrtes v 600 /2 5 x 110-v a.c. | smplifier, |25, 2haft With | 0 orinciple, integrat
e ‘ frequency) eg/sec about coil graphic friction 3/ 5 ang string ‘I-in:l;lgé:émeter r Sinied usegt-‘ ing
oscillograph
General Hotors Inertia element St Fastensd to snd
machanical 1000 to 20,000%% | 0,05 to 2,5 |About 0.2 in, mechanical ' ieoa Dry of shaft with by iy
STR16 2105} . per degrec anical sensitized 480 9 1/2 61/% x 10 None None ° 47 |provided for analyzing
torsiograph & lever paper friction , 1 1ng};1§i€meter polar diagrem obtainsd
THB-Sperry Inertia cl Sperry
torsional About 1.2 ertia clement, calibratopr, |Fastsnsd to snd
vibration 900 to 60,000%% 0.075 to § 2 my ragnet moving Oscillo- Dry Y h of shaf't with
pickup per deg/scc about coil graphic friction LLLEI 1) 51/2 31/2x51/2 1oy ace g?;glggr?;é T-inch diametsr b
1 oscillograph collst
* The ranges of frequencies and amplitudes 1 :
) given are not nscessarily concurrent, i.e t 1
cannot always neasure e rent, 1.8., the minimum amplitude
fric:';hnlg?:hzepa::ﬁ:x!igrazns}égwﬁgﬁ“cgﬁsglx{g:ﬁy Séﬂce enough force must be produced to overcome the Enherent ** The upper frequency Jimit is approximbe; it is based on manufgcturers data or on consideration of the mechanical
the maximum frequency, ’ ¥, the maximum amplituds listed cannot always be measured at construction of ths pickup. Present TMB facilities permit calibration only up to 10,000 CPH.
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TABLE 6 :
TABLE 6 (continued)
Displacement and Velocity Meters for Measurement of Trans lent Motions |
Practical Practical Single | sengytivity or | Direction of fu, HMethod of | Method of @ ‘Qb Natural )
Ham Frequegl’cyM Range* Ampli.ij:‘\.zd}e1 Range* | J-00 fieation | Vibration Hethod of Detection Recording | Damping Frequency | Vieight OYE;S}(%{)Dge?Sg.?{?s Power %Eﬁigsg:{ Hethodvgg Mg;mting Figure .
nches Vi 3 % m on ded:1 5
of g%ﬁment pounds inches Required | Romiiped Structurens Number Remarks i
Selsmic weight, g
British-type _ About 30 mv electromagnet’ |0scillo. | Fiherent 30 About 180 v ffecy ’
velocity 430 to 5000 0.001 to 1.0 per in. /sec Any one moves relative graphic friction, s vertical, o 8 110-v a.c. Usual Bago bolted ggggg;:}vse;:ei%hgi‘ 37
neter to coil oW 1 7 x91/2 6"“"3 electronic to structure 19 Seismis magoet, 30
; horizontal -y d.¢. | equipment pounés. gnet,
Modified Seismic weight, Tnh 4 Currently bein i
R . g nedified tc
: British-type About 30 mv electroragnet  |0scillo- erent 3y About 180 Serewed to o e c
velocity 400 to 5000 0.001 to 7.0 per in./sec Any one moves relative graphic frgl.ction, [ vertical, 30 8 %10 1/ OSVaatcy 1 Uzunl oxpendable base e:czﬁgsga:);e :{e\;&;h;;.:gl{g»h
mebor to coii ; 0w 3 2ho = S 2 and clectronde | 001 ie welded to| 90 lnitding botmeon rellors
mobor horizontal 6-v d.c cquipment ¥ pitiing belmean reller bear-
i 0 structure xngsiam]i. setsmic negnet cf
criginal meter.
gonsolﬂlated Xex’zica% ‘{r Seismtc wei@‘xg, 4
arge linear 300 to 18,000 0.001 to 0.750 mv orizonta electromagne Oscillo~ 01}, Usual U
vibration ’ . . per in./sec (separate moves relative graghic adjustable 240 68 (61/2 x41/72 x4 }110-v a.c. | electronic Base bolted scd without integrating
N -v a.c. 38 circuit for velocit:
pickup wnits) to coil equipment** to structure recording i 4
- Seriber |
T8 sho on Friction
displacement | 800 to 10,000 | 0.01 to 1.0 1.0 inch Any one Selsmic welght, |o34gmed |of seriber
e ' per inch by direct recording |POLish L ohibc 520 89 25 x 12 x 15 110-v a.c. None e oated 51
disk
* The ranges of frequencies and amplitudss given are not recessarily concurrent, i.e., the minimum litude cannot
always be measured at the lowest frequency since snough force must bz produced to overcome the 1nher§§€ friction of % Usual electronic equipment consists of amplifier and pover supply; Variac transformer and regulator; oseillator
the particular instrument; conversely, the maximum amplitude 1isted cannot always be measured at the maximum frequency. and microvolter; cathode-ray oscillograph and camera, or string oscillogreph.
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TABLE 7 TABLE 7 (continued)
Indicating Accelerometers for Measurement of Trans ient Motions
Di &
Natural Nt Overall Dimensions Method of Mounting
Practical Single Method of |Prequency Welght .- {LxxH) or (DxH) R“Kiﬁea on Vibrating }'}umb;{. Remarke
Name Amplitude Range |Method of Indication | Meaning of Indication Damping of E%gment pounds inchee eq! Structure
g C
2 1ted to
Amount of flattening 4 21/2x21/2x None Ba 52
Copper-ball Flattening of small of target is presumed None 1.5 Y 21/2 structure
accelerometer 12 to 3200 copper tall by 4o be a measure of the
. large steel ball peak acceleration
1 P
Fracture of plug ’ Screwed to 1/2-inch Several plugs are used
resumed Yo indicate 11/2 x 23/4 None stud which is 53 in an attempt to bracket
Hoes-plug 100 to 4500 paciLee of That @ definite vaive | None 500 to 2600 | 1.25 / 3/ welded te structure the actual peak acceleration.
accelerometer akellite piug of acceleration has
been attained
A more detailed analysis of
the meaning of the indication
Useful in comparing made by thie instrument is
ehogktgever}hiee‘,{ F1 possible. Thie anely:is doee
Total displacement of variatlon of pea not prosuppose that the motion
Multifrequency eechpof 10 displacement with Fr 12;31"“ i 95/8x35/8x9| None E:gigugg 54 18 characterized by an impulsive
“reed gage 5 to 20,000 interchangeable reeds natural frequency scoiber 25 to 2000 | 19 1/2 velocity. A Type II instrument
Type 1 of different frequency| of reed le compared } % 00 . is under development end is de-
scribed on waxed paper| with theorctical re- ecribed on pege 91 Figure 54,
sponse to certain See TMB Report 613, in preparation
arbitrary shocks.,
Break-contact ie
presumed to indicate
attainmment of a
de{inige valuﬁ of . Clamped in T-cell .
s acceleration. Use o . o i112ed TMB neon make-or-
MRL contact ﬁeg;;gax}!giﬁisggon a number of cells -é §eﬁ1x“§’.}$‘}§' 110-v a.c. holdeg wh%ch %e 55 break indicator; see Figure 58.
accelerometer 5 %o 500 of contact ‘;;Mng permits bracketing Hone 0.1 Ported SolpstuehTS
preloaded spring- Ha;:(he pe%k :a;ue.
mass unit e-contact may be
considered to
indicate impulsive
velocity as well ae
acceleration
e = ?mmgtofiindentacion t
entation o n putty le supposed Bolted to
. conical rod in to_indicate peak ?ﬂiﬁgg 3x51/2 None structure 56
Pavty gage 25 to 2000 guct:; cylinder, acceleration. May be 35 to 200 6.2
mASS~-spring interprated in terms pl\;:tp\ztty
units per gage of effective T2 Btance
impulsive velocity
Break-~contact is
presumed to indicate -
angmment of a
definite value of y
Serewed to 1/2-inch
acceleration. Use of Utilizes TMB neon mgke-or-
TR 7-reed E}egﬁ:ical ho‘gigg;};g a number of cells : 33/ x31/2 110-v a.c. p-elzzgdtghég};uigure 51 break indicator; see Figure 58.
acostoremger | 0 T 104000 17 e contack of permits bracketing |  Hone 30 to 3900 | 3 1/4 ‘
preloaded cantllever the peek value.
reede Make-contact may be
considered to
indicate impulsive
velocity ae well as
acceleration
hy
| o I
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Recording Accelerometers for Measurement of Translent Motions

Practical Practical Single Direction of Method of Hethod of Method of
Mame Frequeg;g Range | Amplitude Range Sensitivity Vibration Detection Recording Damping
g
Brush VP-5 Piezoelectric | 0Oscillo-
erystal ) About 80 mv Any one hie None
aceileration 10 to 500 0.001 to 10 RHS per g crystal graphi
pickup 5
g Sty 011, not
ted mass yaus on no'
Bulrd torpedo 0.04 in. per g Any one moun b Y ,
accolaronctan 0 to 30 0.25 to 25 on record wy mecll'izen;:ial waxed paper | adjustable
s i
ale 22.5 uv per g Metalectric | Oscillo- cbuosn
damped- . 45 volts one arid parallel
centilever Oheo)0 0.1 to 18 perapgﬂe a4 Any strain gage graphic platcs,
accclerometer adjustable
Double Vei'ytlittie.
Atout 45 uv - nterna
cantilcver 1 to 2000 Metalectric Oscillo dsmpd; )
accelerometer, 10 to 8oo estimated’ vggzsgag;i‘igg Any one strain gages | graphic p1§s'€i‘e°
Types A to E meterial
Weightea
0.185 av fan
Metelectric 10 to 5000 cylinder, Osciilo~
accelerometar 10 to 5000 estimated peragpgixe'dvolt Any one metalectric graphic None
strain gages,
Seismic
25 mv per g
Consolideted inductance, Oscillo-
eccelerometer 0 to 35 0.02 to 15 “1§gr;z;¥°1t Any one variable graphic Hagnetic
reluctance
THB ge%lo- On record,
graph type inches per
accelerometer S per g
0 to 1 0.001 to 0.08 5.26
8 go } . °'8°§ to 0.13 2.63
o1, 0.004 to 0.3 1.33 Vertical Spring-
Group I* 0 to 2 0.007 to 0.63 0.71 only mgun:%d ety
0 to 2.5 0.013 to 1.0 0.3 weight, Stylus on | gaghpot,
0 to 3 0.016 to 1.0 0.2 mechanical | WaXed paper | ,a4ystable
0 to 2 0.03 to 1.2 0.66 lever
Group II¥ ot 0.3 b & o3
roup ] 5 to 4, 0.2 Any one
0 to 0.15 to 6.5 0.4 i
0 to 0.20 to 9.0 0.1
* The springs listed in Group 1 re

used with a specisl welght and two-

pluce the pallograph Adisplacemen
&pring sugpensio

ne spa i

Ny SCo Flgure i

t spring. fThe springs listea

in Q8roup I are

& L/ 7 A ot oy DT, -
o
v
[
P
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TABLE 8 (continued)

t 4
rrogiency | wotgns | TSR DIOISINS | power | Aocessory. | ethod of Howntans | pugure
of Element | pounds inches Required Required Structure .
CPS
Usual B Held aga(iln:t or 8
110~y a.c. electronic ¢lamped to
e 0.4 2hsie 10-v equipment** structure
Holde maximum of Y40 inches
Gav Timer, if | Bolted or clamped 7 of paper which permits 20
35 73/ 5x10 dry cell - desired to structure seconde of record.
Usuel _
Bolted or claumped | Development inactivs.
215 4,2 L1/2x2x6 110-v a.c. Zéﬁﬁ;ﬁgﬁ%ﬁ» to structurc 9
ﬁgg Batgery ng Bolted or clamped
L and usua cl 10
1800 Type D,1.0 8 ngp]e/g x2 |10-vacc. | o3ectronic to structure
ggoo equipment*#*
00
Battery DOX | Serewed to 5/8-inch
andjusuel tud which fe 59
15,000 1/2 11/2x11/2 x2 100y a.¢. | Gyactronic - s
equipment®* welded to structure
1000~CPS
bridge, 1ted or clamped
23Mx21/2 =5 usuel Bolte m
0.8 x 2 3/4 10-v e clectronic to etructure
equipment**
2.16
§§g Adapted from Type B
. Ot 1ted or clamped = apte i
.32 e W0 xExak UIRA o Syn’ﬁ?;ekx: e Boto etructure 15| pe1logreph.
7.8
5.42 o
1599 Uses special welght an
3-9 two~spring suspension.
12.1
4.0
b illator
1y; Variec trensformer end regulator; oec
L4 al electronic equipment consiste of amplifier end power supply;
enduri\gciovolter; cathgde-ray oecillogreph erd camera, or string oscillogreph.
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TABLE 8 (continued
( ) 1 TABLE 8 (continued)
Practicel Practical Single Direction of Method of Mebhod of g Natural Weight | Overall Dimensions P Accessory thod of Mounting Figure
Name Frequency Range 11itude Range Seneitivity of | Methoq of ! b Brequency edgh (LxWxH) or (Dxi) SHEE Equipment on Vibrating Remarks
4 CPlsr b g e Vibration Detection Recording | Damping \ \ of Element | pounde 1nches Required | paciireq Structure Number
About 0.22 p amp
Strain wires
per g for 15~ B
d ing Resistence: Input, 686.3 ohme .
. Statham ohm impedance; Any one form Organo- ~ 5-KC carrier,| Bolted to vr 2
accelerometer 0 to 80 1 to 500 | about 0.1 nv rornal et grosiao" | silieon iy 1670 0.5 2x11/mx21/2 | 200 50« I power supply, Srueture 17 Input cupp iR, G6.3 ohme
R-500-700 Ri.srggrhggt(lmax) to base support fluiq oscillograph | (5-40 screws Input current: 20 v {(max)
impedsnce load inertia mass R
About 13 p am
per g r6f15-" St}‘ainih'ires L0 ]
Stathan ohm impedance; one orming - Modificd MB| Bolted to Reeistance: Input, 236.4 ohme
acceleromeber 0 to 150 0.1 to 12 about 2.3 mv e bridge Oecillo- 2’{%?23,1 300 0.5 2x1 1/ x21/2 12'5("’ ‘)i"" 1-A strain | etructure 17 output, 236.4 onms
Ar-12vV-250 RMS per g (max) to base circuit graphic flutd max amplifier (5-40 screws) Input current: 60 ma (max)
for high support Input voltsge: 12.5 v (max)
impedance load inertia mase
"gg“t 13;’ L Strain wires Ueual
Stethsm onm %m;)edanZe- Any one forming Segtronis : £, 136.2 ohms
acceleroneter 0 to 90 0.1 to 5 about 1.8 mv normal bridge 0scillo~ Oi‘sanO- i equiggent** Bolted to Resietance.oirégﬁt, }%GE ptivind
- - 2 .
R-5-120 RMS per g (max) to base gorentt graphic Siiicen 185 0.5 2x 11 x21/2| o0 4 | noatried muy  SPpucture " Input current: U0 ma (max)
for high tnoupp (max 1-A strain| (5-40 ecrews) Input voltage: 5 v (max)
impedance load ertia mass amplifier .
Stat f,';; l; ?%rp _?;n_p Stgainiwires - lvsgal N . p
atham ohm 1mpedance; one orming 210 electronic Resistance: Input, 126.3 ohme
; ecgﬁe;gxfgger 0 to 60 0.05 to 1.5 about §.5 my ggane]_ bi‘idgit Oscillo~ gﬁ?{ggn equipment** | paieq to o\.x't:putzl:+ 126.3 ohms
r ‘ RES per g (max) to vase oo graphic fluid 15 0.8 23/8 x1 3/ 37y dee. or structure 17 Input current: 40 ma (max)
| for high support x 2 3/8 (max | modified ™MB | (5 15" g crews) Input voltsge: 5 v (max)
impedsnce load inertia mass l;xgliﬁ:}'n
Weetinghouse 0.62 x j0-1*
cryetal 10 to 5000, 10 to 5000 " coulombs Piezoelectric | 0Oscillo- 1
accelerormeter Any one cryetal None Usual Serewed to
per g Ty graphic 15,000 0.6 1x2 110-7 a.c. elgg'_ﬁggic 1/2"13 stud 60
THB crystal 0 x 10-12 .
accelerometor, 10 to 5000 10 to 5000 dons Piezoelectric | 0
eingle~faced e Any one S erystal it ot None Veual Screved 4o
ver g Ty graphic 15,000 0.6 1x2 110-v a.c. elgggg;‘uc 1/2"13 stud 60
TMB crystal B
0.77 x 10°*
ec;gigf;ﬁﬁer, 10 to 5000 10 to 5000 °§‘;}.°mbs Any one Pie:ggléggric 0501}:{10- TNone Usual Serencd o .
'y !
g grephic 15,000 0.6 1x2 110-v a.c. eligﬁggic 1/2"213 etud &0
** Usual clectronic equipment consiets of amplifier a . §
end microvolter; cethode-ray oecillogragh eng came;a’ngrpgzgi' nguggézilggé;g trensformer end regulator; oscillator * The springs listed in Group I replace the pallogreph displecement spring. The springe listed in Group II are
) used with a epecial weight and two-epring euspeneion; see Figure 13.
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DESCRIPTION OF INSTRUMENTS
To familiarize the reader with the physical appearance and the
principles of operation of the various shock and vibratlon instruments cur-
rently available at the Taylor Model Basin, photographs, schematic diagrams,
and a brief verbal description of each instrument are given in this section,

T™MB 15248

Figure Ta

Figure 7 - BuOrd Torpedo Accelerometer

Mhd n nanalnn

This accelcorometer was originally designed for recording the accelerations to which a torpedo is sub-
jected when it strikes the water after being launched freo

m an ot mans

en eireraft. An extremely high natural fre-
quency was not considered to be of prime importance for the type of work for which it was to be employed.

The instrument requires no external source of power, except small dry cells, and is small enough to be
mounted in a torpedo or in other installetions where only limited space is available.

cylindrical case in which a mass is supported by flexure springs.
oil for damping;

It consists of &

The case is sealed and is filled with
&h arm attached to the mass projects through a sylphon bellows, transmitting the motion
to a mechanical lever which scribes on waxed paper. It has a paper capacity of 40 inches which makes
obtainable a maximum tize record of approximately 30 secords. The paper is driven by a 6-volt d-c midget
motor. As calibrated at the Taylor Model Basin the instrument has =

& linear response up to a frequency of
2000 CPM. The instrument has proved useful for measurement of low-frequency accelerations.
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Figure 8a
Mounting
Blocks
Efetirical A ; }
*  Connections M hY
Crystals

——

Y
AT A A A S LA A110 YIS AL AT

Crystals

Steel Case
Figure 8b

Figure 8 - Brush VP-5 Acceleration Pickup
Thie pickup iz of the 3

¢xup is of ke imertlia-type with a

Plezoelectric crystal as the sensit
sketch in Figure 8b shows the srrang

amand

ive element. The upper
exment of the crystais. The crystal is mounted in the case so that
it bends because of its inertia vwhen the case is subjected

to vibration. Cherges appear on the large
flat surfaces when the crystal is bent so as ¢

“O put one crystal in tension and the other ¢
compression.
used for frequencies up to 1500 CPS,

It may be
but should not be subjected ¢
The pickup should not be subjected ¢

vO accelerations greater than 10 g.
O temperatures above 120 degrees fahrenheit.
This type of instrument may be used with an

indicating meter for steady-state vibration, or with a
cathode-ray oscillograph for recording purposes

- The input impedance of the amplifying devices should
be about 5 megohms.
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Figure 9a

Short Vibration Arm
Meialectric strain goge
mounted on near side

e LON VibratioN Arim
Metalectric strain goge
mounted on for sice

Figure 90
Figure 9 - Single Damped-Cantlilever Accelerometer

Thy 1a element is a steel cantilever reed of uniform thickness (0.1l inch) with a metalectri; sl’.ra.:;n

e he base. Damping is obtained by two flat plates (damping venes) attached to the reed,
e v botwor et asi‘ixed parallel damping plates. The space between the vanes and the plates is of
e e ot 008 wic> ch and is filled with oil which remains in place by capillary attraction. The
25 ine m Ofb: -:t:?:‘xednby changing the oil or the clearance. With the strain-detecting equipment cur-
i:::;i;ga::ilable at the Taylor Model Basin, accelerations as small as 0.1 g may be measured.

Develop-
ment of this instrument has been suspended.
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of Metalectric Strain Gages
Figure 10a

Figure 10 - Double Cantilever Accelerometer

This instrument is made of a fabric plastic material in the form of a double cantilever.

strain gages mounted on each side of both cantilevers comprise a bridge circuit which yi
sensitivity. It sho2ld be used with a low-

demping present is the internsl damping of the plastic material,
critical damping. A series of these ingtruments, Types A to F
availsble. These instruments were the first electrical accelero

Model Basin. 4Although they are not in current use,
in core recent designs.
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Figure 11a - DVL-Type Acéelerometer with Tuclkerman Optical St

Figure 11

The DVL accelerometer was built at the Taylor Model Basin on the basis
It is similar in mechanicel construction to the subsequently designed Bu
cept that the spring-mass system has =

Tuckerman strain gage with photcgraphic recorder for obtaini
for recording the motion.

by oil for damping.

bigher

petary

N - T I

pass Tilter in measuring steady-state vibration.

e

Figure 10b - Wheatstone-Bridge Hookup

Metalectric
elds optimum

The only
which is approximately 2 per cent of

> each with a different sengitivity, is

meters developed and used at the Taylor
the metalectric strain

-g&ge principle is employed

rain Gage and Recorder
-~ DVL-Type Accelerometer

of a previous German design.
Ord torpedo accelerometer ex-
It employs a
magnificetion required and
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—— Inertia Moss

Figure 11b - DVL-Type Accelerometexr

Camerag turned 90 degrees from normol position —————»

Flaxure Spring

Light
Tuckerman Optical Strain Gage
Transformer
.‘““.‘-T}r- q‘::---:_\-_ - Prisrn'-'u 'V', a:
R Path of Light ———
/:"’A .‘l \ -
u |: =
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Accelerometer Gover Plate

Figure 1lc - Tuckerman Optical Strain Gage und Recorder
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& Plate
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Figure 12a - Recording Unit of Jacklin Accelerometer Figure 12c¢ - Cross Sectlon of Vertical
Linear Elesment
Figure 12 - Jacklin Three-Component Linear Accelerometer
Figure 12b - Isometric View of Vertical
This accelerometer records optically three orthogonel components of linear acceleratioms. The inertia Linear Element
elements consist of hollow cylinders mounted on flexure springs. When subjected to acceleration, the
elexent moves relative to a stationary core which 1s separated from the element by an oil f£ilm provid-
ing the required demping. A novel optical lever reflects a light trace to a moving film, magnifying '
the motion of the element approximately 1250 times. The instrument operates entirely on storage .
batteries and consists of two units, one containing the inertia elements, optical system, and f£ilm '
magazine, and the other containing the drive motor and spring-wound Cambridge timer. ‘
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Accelerometer
Inertia Element

. U-Shaped.

Bracket

TMBS892

Figure 1lha
Additional
Accelerometer
i Flexure Spring
Spnngs Armature Frame
Iran Tob obove Copper Tob Copper Tob obove Iron Tob

Inductonce Gail

Iron Laminotions

TMB 15245 Rubber Gosket

Figure 13 - TMB Pallograph-Type Accelerometer
This instrument is the Type B pallograph modified for recording low-frequency accelerations. The

[: -
modificetion for recording acceleration lcas than g consists of a shiff =
low-frequency spring £

& sUITT spriig replacing the regular
pring for the pallograph.

Thus ail the mechanical features of the pallograph are re- =
tained in the accelerometer. For recording acceleration up to about 10 g, the pallograph spring is

removed and the seismic weight is replaced by a lighter weight. A U-shaped bracket which bridges

the weight is bolted to the freme of the pallograph, and the mass is supported from above and below
by two springs attached to the bridge as shown.

| i
As in the pallograph, a dashpot which produces 3 Armoture Domping Circuit
ad Justable air damping can be used if required.
Figure 1lib
Figure i4% - Consolidated Accelerometer

This pickup is an accelerometer of the variable-reluctance type with magnetic demping. It is designed

- .gsamr LR

to operate in a bridge circuit using 1000- to 1200-cycle carrier current. The pickup comtains two ir-
ductances which are connected in series to form two arms of the bridge. Acceleration of the entire
ﬁ;;} pickup cenges the armaiture carrying the iren and copper tabs to move in the eir gaps. This motion
\:‘r i:roduces opposite changes in the impedances of the two inductances with respect to one another, and
; thus the bridge balance is altered to give a modulatel carrier output whose euvelope varies in pro-
=3 portion to the impressed acceleration. The natural frequency and damping of the seismic system are so
L;;‘ chosen &s o give the plckup a uniform response te eccelerations over a freguency rapge from 0 to 30
_,_i" cycles'per second. Above 30 cycles the response drops off rapidly. The magnetic damping vwhich is used
L is reletively Littlé affected by temperature veriations, and a uniform frequency response over a wide
= range of temperatures is obtaineble.
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@\ _Z/—Cumera Film
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Source of Light —-‘\_,\
T™B 9880 \: ‘I
Figure 15a - Shrader Accelerometer with Film Magazine Attached ro ot ) | B
| Figure 15 - Shrader Three-Component Accelerometer \ S
Mi
The inertia elements of this instrument are three steel cantilever reeds mounted at angles of 90 degrees s
to each other. Relative motion between the case and the end of any one of the reeds rotates a spindle g = = Seindle
and smell mirrdar. Each mirror reflects a beam of light onto a moving £ilm. Visual readings way be a
obtained by measuring the width of each light trace o a ground glass plete in the Front of the instru-
m;nt. It has been impossible to obtain an accurste calibration of this instrument owing to high- ‘%
esuencyaharmonics which obscure the actual motion. Originally a thin metal diaphragm was attached ’ Massi—
'E.: the :n.. of each cantilever to provide air damping. The damping principle used has merit but the Gantilever Reed
iree fibrations of the metal diaphragm introduce undesi:
c rable effects. Air 4
under development at the Taylor Model Basin for this ingtrument SIS iR dastpsts 48
' Alr - Damping Chamber ——
m m /%1/ 2777, 777 /
i i
- Needis \Valve

Figure 15¢ - Cross Section of Vertical Element as Modified at the Taylor Model Basin
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Figure 16a
Figure 16 - Wimperis Accelerometer \
This is a dial-irdicating accelerometer for recording small, relatively steady, unidirectional accel- -
erations up to 8 feet per second® (sbout 1/4 g). i
The instrument will measure accelerations only in a horizontal pleme. An adjustmeat is provided for .=_..‘
leveling the ingtrument before ‘taking measurements. The indicating lever is pivoted and has & small
weight attached to it which acts against a coil spring at the pivot; it is magnetically damped by a
copper plate passing through a permenent magnetic field. o
d
If desired, a record of the accelerations may be obtained by phrotographing the movement of the in- 3
dicating lever. .
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TMB 22301 TMB 22302
Figure 1Ta - Photograph of 12-g

Figure 1Tb - Photograph of 500-g
Statham Accelerometer

Statham Accelerometer

Case End Plote Cantilever Gasket

H D i
Bock Cover Z ?ﬂ/‘u’?}/.—i\\i“
% T F:f/ \\\ Mass Support
4 / 7\
Mass é -Front Cover
Z
% Adjustable Stop
Diaphrogm :
Z N
U AV
Stop Pin ? /é §

Gasket

Oil Reservoir Terminal Cover

el 1
QUSRAIINY RN AN

‘%;grjg ' i - giv?%)(j :

Figure 17c - Cross-Sectional View of Statham Accelerometer

igure 17 - Statham Accelerometer

The Statham acceivrometer utilizes the strain-sensitive wire
i3 v principle. In ord B
sitivity the strain-sensitt ® rder to obtain high sen

Ve Wires serve as supporting springs for the mass or inertia element. TIn
this manner a high ratio of strain to lmposed acceleration is obtained,

vo accslsration, the strain wires which comprise a bridge circwit ars changed in iength thereby un-
h N, R P
;;,ch:.lci:g the bridge circuit. The output signel is amplified and recorded by electronic equipment.
e instrument is entirely enclosed, and the case is filled with a sil |
icone
requived damping. fluid which provides the

When the mass is gubjected
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Direction of
Applied Motion

Coil Spring

Indicator

Reoding token ot
opparent intersection
of the extreme position
of the pointer

THB 9894

Figure 18a - Cordero Vibrometer Figure 18c - Schematic Arrangememt
of Cordero Vibrometer

TMB 15249

Figure 18b - Modified Cordero Vibrometer
Figure 18 - Cordero Vibrometers

The Corderoc vibrometer is a hand-held amplitude-indiceting instrument. The welght of the case in
the hand acts as a seismic mass which remains motionless while the probe follows the motion of the
vibrating body. The probe acts against a compression spring and is connected to the indicating
pointer by a simple mechanical linkage which magnifies the motion. The tapered indicator moves
back and forth across the radially graduated face which, when read at the intersection of the two
extreme indicator positions, indicates the double amplitude in mils. The modified or increased-
range Cordero has a stiffer spring to ensure continuous contact at the higher accelerations pro-
duced at larger ampliiiudes; the weight of the case is heavier inm order Lo maimbain its seismic
effect against a stiffer spring, and the magnification at the linkage is approximately one-half
that of the original instrument, thus permitting indication of twice the amplitude for the same
motion of the indicating pointer. A schematic arrangement of the Cordero vibrometer is shown in
Figure 18c. This instrument is particularly useful for exploring the vibration of large
and for obtaining comparative amplitudes. .
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Figure 19a - GR Vibration Meter and Pickup

The GR vibration meter indicatss RMS values of displacement, velocity, and acceleration when used to
measure steady-state motion. It is convenient to carry, nseds no external source of power, and results
are indicated for immediate information. The pickup used with this meter is a Shure piezoelectric
crystal accelerometer similer to the Brush VP-5 pickup described in Figure 7. An amplifying circuit
and two integrating circuits enable the a-c meter to indicate accslerations, velocities, or amplitudes
of steady-state vibration over a wide range. The a—c meter is celibrated to give readings in RMS values
of microinches, microinches per second, or microinches per second®. When used for measuring small
vibratior amplitudes, the vibration meter itself should not be in a location which is very noisy or
subject to vibration. Becauss of the large R-C components (time constants) in this instrument, tran-—
sient currents initiated by throwing & switch should be allowed 5 or 10 seconds to stabllize before

reading the meter. The pickup should not be subjected to acceleration greater than 10 g EMS, or to
temperature higher than 120 degrees fahrenheit.

TMBITT23

Figure 19b - GR Vibration Analyzer

The GR vibration analyzer is a self-contained instrument used with the GR vibration meter in separating
and determining the relative amplitudes of the various harmonics of a complex steady-state vibration.

Tha anol TN . - A
The analyzer input conmnecic te the oubput of the vib

the analyzer in order to obtalin the ratio of the amplitude of eac

poses relative-amplitude data are sufficient.
instrument is found in the instructions mounted in the cover of the instrument

Figure 19 - General Radio Vibration Meter and Analyzer

Tallon meter, and the rrequency range is scanned on

h harmonic component to the amplitude
of the fundamental component. Absolute readings msy also be made with the analyzer, but for mo;t ;mr
) o -

Complete information for the operation and check of the

ad bl
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Figure 20b

Figure 20a

Figure 20 - Karelitz Vibrometer
The Karelitz vibrometer has a sprin
b g-mounted weight with freedom of
vwelght acts as a seismic element, and the relati b e the save rooutons.  hs

ve motions between it and thi o
and in one horizontal direction are indicated by disl gages. o e e

This instrument wa,
vibration-indicating instruments aveilable at the Taylor M e g e caxder

odel Basin. It hagb I
seded by other indicating vibrometers and recording instruments. § been largely super-

T™MB 9893

Figure 2la

Figure 21b
Pigure 21 - Westinghouse Hand Vibrometer

'Jik}is amplitude-indicating instrument is similar in principle to the Karelitz vibrometer described in
figure 20, except that it is much smaller and lends itself readily to hend use It can be used b
allowi it to re % s . o 7
aio ng st on the vibrating body and resding the dial indication, but it bas been found that

hand-held operation is more satisfactory. It has a greater fre
x . quency and amplit
Karelitz vibrometer. prtie range than the
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Vibrating Reeds
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Figure 22a '
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Figure 22b

Figure 22 - Frahm's Reeds

Each instrument has a set of reeds, all of different matiral frequencies, designed to give continuous
frequency indications through a given range of frequencies. Indication of the frequency is given by
resonant vibration of the reed at, or closest,to the frequency of the vibrating body. The white enameled
ends of the reeds aid in determining which reed is in resomance. In order not to produce excessive
stresses in the reeds, care should be observed in the use of the instrument to see that the reeds do
not vibrate continuously with dcuble amplitude greater than 3/%

3/% inch for frequencies up to about 3600
CPM, and correspondingly less for higher frequencies. Where vibrations are excessive, this can be
accomplished by cushioning the instrument with the hand rather than applying it directly to the vibrat-
ing tedy.

s’
i

A

Pigure 23 - Westinghouse Reed Vibrometer

This frequency meter consists of a thin steel reed clamped between rollers and extending fraa them as a
cantilever. Rotation of one of the rollers, by means of a thumb nut, increases or dec

length of th~ reed with a corresponding change in the natural frequency of the reed. This frequency is
indicated by the pcsition of a pointer on the fixed end of the reed along a calibrated frequency scale
on the frame. To measure vibretion frequency the head of the instrument is held against the vibrating
body and the reed is slowly extended by turning the thumb nui until the reed vibrates at & meximm an-
plitude. If the reed is not tuned exactly to the vibration frequency, beating will oceur which disappears
when the reed is tuned exactly. The meter may be used to estimate small amplitudes of vibration, as
0.001-inch amplitude of vibration applied at the head of the instrument produces appraximetely 1/2-inch
motion at the end of the reed, that is, the amplitude is magnified about 500 times by the reed.
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TMB 15250
o Figure 25 -~ Strobotac
i Ths Strobotac employs stroboscopic light pulses to determine the frequency of moving objects anmd to
5 study their behavior while in motion. The frequency of the "stopped" motion is read on a lighted
o ] ‘ ‘ scale at the top of the instrument which indicates the flashing frequency required to "stop" the
} cC : . ‘ . motion. In contrast to the Strobomeca, described under Figure 24, the Strobotac is most effective
) e S in dim light. .
2y
=
TMB 18589
Figure 24 - Strobomeca {Rotoscope)
This is & mechanical stroboscope for determining the frequency of vibration or the speed of a rotating
body. A slotted disk 1s rotated by a spring-wound motor at variable speeds from 500 to 2000 RPM.

The speed of rotation 1s indicated by the scale and pdinter on the periphery of the instrument. Ob-
servations are made by viewing the vibrating body through the eyeplece ard varying the speed until the .
body appears to be statlonary. Frequencies above 2000 CPM can be determined by substituting for the

single-slot disk a disk with a greater number of equally spaced redial slots. Frequencies above or

below the range of the instrument may be fourd by measuring submultiples and multiples,

respectively, ey
of the actual frequency. Readings should be taken using the upper 85 per cent of the scale only, since 4 -
the lower 15 per cent is not reliable. Fairly strong lighting 1s required for effective use of the
Strobomeca.

: ' o 2 “ 3 ) y," ' R
(g ) THB 16590
B ) .
/ - .

Figure 26 - Strobolux I

o The Strobolur 1s, in effect, a modification of the Strobotac intended to give an increased output of
T light. A Strobotac or other pulse-generating device is conmected to the Stroboluz to control the
frequency of the light flashes. The Strobolux is particularly applicable where the motion ander
study covers a large area or requires falrly intense light flashes for the study of fine details.

In the photograph the light has been removed from the case.
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Figure 27 - Communications Measurement Laboratories Stroboscope

This stroboscope is of fairly recent design and employs the same principle of stroboscopic light as
does the Strobotac described in Figure 25, However, it has a maximum frequency range which is rmch
hicher than that of the Strobotac. Another feature of this instrument is that the glow tube is en-
cased in a small probe at the end of a flexible cable, making it possible to examine small inacces-
sible objects which are sometimes difficult to observe when the light is mounted in the cabinet. On
the other hand, the weight of the total assembly, including cabinet, is greater than that of the
Strobotac, so that for most applications it is not as convenient for use in field woxrk.

TMB 15251
Figure 28 - Brush DP-1 Vibration Pickup

This vibration pickup is similar to the Brush VP-5 pickup described in Figure 8 in that 1t employs the
piezoelectric crystal principle. When applied to & body having vibratory motion
4

the pickup converts
the motion into an electrical potential of similar charactert; stice, permitsy 2 P
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vibration amplitude, frequency, and harmonic content. 'Phis » however, is a displacement-type pickup %
delivering a voltage which is directly proportional to +he emplitude of motion and independent of frei .
quency within its lirear range. To achlieve this response, the crystal elemant ig actuated directly by al
a drive pin which bears against the vibrating body. A fixed stop is provided to protect the element .
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TM8 14556
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Figure 29a - Cox Vibration Recorder with TMB Horizontal Adapter
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' Figure 29b - Cox Vibration Recorder with TMB Vertical Adapter .
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Figure 29¢ - View Showing Adapter for Horizontal Vibration
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Figurc 294 - View Showing Adapter for Vertical Vibration
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Figure 29 - Cox Vibration Recorder

This instrument is primariiy & mechanical torsiograph which has been adapted to record vertical and
horizontal linear vibrations. It records with a stylus on waxed paper end has six paper sveeds. Two
timing styluses are provided, one foxr l-second or 1/5-aecond timing, and another for ;.n external
timing such as a shaft contactor. To record horizontel vibrations, the revolving pulley is locked in
placs by a clamping ring and a seismic pendulum is attachsd to the torsional seismic element as shown
in Figure 29a. In adapting the instrument for recording vertical vibrations a similar attachment is
made except that the pendulum is held in a horizoutal positim by a flexible spring which is attached

to the side of the case as shown in Figure 20b. A .commercial linear edapter is now avallable for use
with this instrument.
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Flexure-Spring Pivots

Power Receptacle

-

) Pendulum—>»|

T™MB 5987

Figure 30a

Figure 30b

Figure 30 - TMB Electrical Vibration Pilckup (Pendulum-Type)

This instrument was one of the earlier electric vibration pickups used at the Taylor Model Basin.
Although used successfully on several tests, the experimental model was never improved in mechanical
design. It consists of an exciting or primary coil carrying alternating current, causing an alter-
natirg flux to pass through an air gap. A pair of series-connected, oppositely wound coils are at-
tached to the case; the primary coil fastened to the end of a pendulum comprises the seismic element.
When an equal area of both fixed coils is in the flux field, the resultant voltage is zero. Any dis-
placement from zero position produces a resultant voltage proportional to this displacement. Thus
the signael coming from the fixed coils is characterized by amplitude modulation, the modulating fre-
quency being the same as the frequency of the vibration. The upper frequency limit of the instrument
is determined by the carrier frequency. A control providing for a static calibration of the instru-
ment consists of a micrometer-screw adjustment which shifts the oppositely wound coils from zero
position a known amount.




Figure 31 - TMB Type A Pallograph
The initial development of the pallograph at the Experimental Model Basin in 1933 originated from the

nesd for a porteble instrument which would permii accurate recording of the jiarge amplitudes and very
low frequencies of vibration encountered during shipboard vibration tests with vibration generators.
The fundamental principle of the pallographs is similar to that of the typicel vibration instrument
shown in the schematic diagram, Figure 1.

The Type A pallograph is designed for recording vertical vibrations and consists of a seismic mass
suspended pendulun-fashion by an arm which is supported by flexure springs attached to the frame. The
required low frequency is obtained by employing the instability principle for suspending the seismic
mass. The basic idea of the instability principle is that the restoring spring is attached in such a
way that its lever arm decreases as the spring is extended and vice versa. In this manner the product
of the change of lever arm end the change in restoring force, which determines the restoring torque,
for a change in angular position can be mede to approach zero resulting in a period of vibration which
approsches infinity. The magnification is obtained through a simple mechanical linkage, and the motion
is recorded on waxed paper. The Type A pallograph may also be adepted for measuring h;rizontal vibra-
tions by mounting the instrument in a vertical plane and removing the springs to allow
{he siesmic weight attached to hang as & pendulum. N
that for vertical measurement.

the long arm with
The natural frequency of this system is higher than
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Figure 32 - TMB Type B Pallograph

The Type B pallograph is & smaller and lighter version. of the Type A. It has a slightly lower natural
frequency, is suitable for higher frequencies, and weighs one-third as m.uch as Type A. It also l.ms.a
dashpot with adjusteble air damping which is perticularly useful .in shipboard work when the ship is
pitching or rolling. The maximum amplitude obtsineble, however; is one-half that ?f Type A. Type B
mey elso be edapted for recording horizontal vibrations in the same mamner as described in Figure 31,
its natural frequency being considerably increased.

-
== e = ; :.-\‘ (%%

v I

v



.

66

0 e

BEATLEE WITH T

Figure 33a

Seismic Moss Woxed Poper

—
{ £ )
Directlon of :
Applied Motion R Gail \ Mognet
- AN Springs s
iy g I*\\NV\AA

¢ ™ Timer

Stylus

Ll

Flexure Plate Displocemenl Stylus
Figure 33b
Figure 33 - TMB Type C Pallograph
The Type C pallograph was developed specifically to record vibration of ship superstructures. It is
a horizontal vibrograph and weighs only 25 powmds. I% has the same type of magnification, recording,

and timing as the Type B, but its natwural frequency is slightly higher. The seismic mass is supported
as an inverted pendulum with two springs, one on each side, used to restore it to its vertical position.

J—
g
;);-J
IS 67
o
o
N
! /
" @
5

.

e = e g e i
|

T™B 18574

N

TMB 18572

Figure 34b - Covers in Place
3 Figure 34 - TMB Type H Psllograph

ot The Type H pallograph for horizontel recording incorporates the improved
| featires of the Type V pallograph (see Figure 35) while essentially
j corresponding to the old Type C pallograph

~l‘ ’ 'l o __;,..,g,;g.._::—— -*—vv»—‘_ o~ ) l
- - ——t R — e - Tz e b ‘: pe )
i b T - =T iz
I - =




68

TR TR

s gy

69

e e robm—g ————————

N
13)/)/ 'Q“d;
B
e
R
.
.8
I
o]
fhad
‘Ei‘
T™MB [5244°
Figure 36a
LR
'TTO Oscillograph
-3
= 3 megohms
: Mass ___
TMB 15971 >
. : S
- =
i Figure 35 - TMB Type V Pallograph with Covers Removed ' Frolocel g%
| Spring
‘ This is a new type of vertical pallograph recently completed. Essentially it corresponds to the Type = ; .
) B pallograph, but it incorporates many new features which aid in vibration measurement. Adjustable E a‘i' Doshpoi g
i linkage ratios of 6:1, 411, and 2:1 are available so that magnifications may be varied to suit the b i Q
N amplitude being measured. The instrument is provided with two timers, one for indicating shaft rev- ‘L ]
olutions (for ship measurements) or some other indication of relative time, and the other for indicat— DE —_-T_]i |_|7
ing time in seconds. Two paper speeds are provided of approximately 2 inches per second and 1 inch bbb gg"i:ﬂ‘kt}-—_
per second, and an adjustment is provided for using either a constant paper spsed or a variable speed. : Buwatls
Improvement in the design of the mechanical linkages has been made by replecing pin joints with flexure \L. N Figure 36b
ivots where possible. ’
- ’ ) Figure 36 - Photoelectric Vibration Pickup
= This pickup is currently in development at the Taylor Model Basin. It is essentially a seismic-pendulum
) i 9- instrument similar to the pallographs. It has, however, a higher natural frequency and a lower amplitude
) & range, and is smaller and lighter then the pallographs. The relative motion between a slot in the seismic
’)>)\ @ element and & slot in the case produces variations in the intensity of a light source which are detected
2 =t by = photoelectric cell. The use of alectroniec equivment is required for recording the signal obtained.
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TMB 9878 Figure 38b
Figure 37 -~ Shrader Tri-Dimensional Vibrograph B Figure 38 ~ Sperry-MIT-Consolidated Large Linear-Vibration Pickup
The Shrader vibrograph has a spring-mownted seismic mass with three degrees of freedom in translation. The seismic element of this pickup is”a guided magnet suspended on coil springs. The output voltage
The motion of the instrument case relative to the seismic mass rotates a spindle to which a small mirror . is generated by the relative motlon between this magnet, which produces a radial magmetic field, and
is attached for each direction of motion. Each mirror reflects a light trace which is recorded on v 8 coil fixed to the base. The signal is therefore proportional to the applied velocity. Over the
moving film. . useful range of the instrument the output voltage is proportional to the product of the amplitude
and frequency of the motion applied to the case. The pickup has externally adjustable oil damping.
Visual readings may be made by measuring the width of the light trace on the ground-glass view plate It is available in ‘two types, one for vertical measurement and one for horizontal measurement. An
at the front of the instrument. In meking visual measuremente, the camera magazine may be replaced by o integrating smplifier is used for measuring displacements.
a rotating mirror and the wave form gstudied. :
As originally received, the instrument had a magnification factor of about 300 times but it was sub-
sequently modified to reduce the magnification to 50 times, thereby increasing the range by a factor
' of 6. -
A schematic arrangement of this instrument is showr in Figure 6b. D))) T\\%
- o
=
f[’?' T A '_"_‘” e A ) .
. L — L T . 8 ovE T ey

=




T2

TMB 9892

Figure 39 - Sperry-MIT-Consolidated Small Linear-Vibration Pickup

This instrument is identical in principle with the large Sperry pickup described in Figure 38. It is,
however, considerably smaller and lighter than the large pickup, and may therefore be vused in applica-
tions for which the large pickup is either too bulky or too heavy. Owing to its small size, it hss
& higher natural frequency and smaller travel than the large wit, and congequently is not suitable
for as low frequencies and as large amplitudes. The oil damping of this pickup is not adjustable.
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Figure 40 - Consolidated Type U4-102 Velocity Pickup
This pickup is similer in principle to the Consolidated pickup shown in Figure 38. However, the
Type 4-102 pickup has the inertia mass supported on double, flat, helical springs which respond to
acceleration in one direction only, thus eliminating bearing surfaces and accompenying friction.
High sensitivity and output are obtained by the use of a double-ended coil in a push-pull circuit
(the two parts being in fields of opposite polarity). This coil is oppositely wound from the center
out and is mownted securely to the case and surrounded by the seismic magnet. Voltage output is
proportional to the velocity of the case.
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TMB 9673 =
Figure 41b - Covers HRemoved ’:1
<7
Figure 41a - Covers in Place z;
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Figure 4l1c - Schematic Diagram )
Figure 41 - Type IE Westinghouse Vibrograph 7
The Type LE Westinghowse vibregraph is e smell mechanical seismograph consisting of a spring-mounted =

selsmic mass and & system of mechanicel levers for recording and magnification. A schematic errange-
ment of the instrument is shown in Figure 4lc.  The recording stylus scribes on a moving celluloid v 3
strip, which is driven by a spring-wound motor. A record of time is obtsined from an intermittently =

excited, tuned, timing stylus which also scribes on the moving celluloid. The instrument may either

be mowmted on the vibrating structure or held in the hand and used with & probe for exploration of the
structure. A simple adjustment converts the instrument from one condition to the other. IVES
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Figure 42 - Askania Vibrograph

The Askania hand vibrograph measures vibration in the direction of the pickup rod. It consists of a
case containing a spring-wound chart-feeding mechsnism and a plickup rod guided in bearings and supported
relative to the case by a helical spring. The tension in the spring is adjusteble; when set for maxi-
mum tension, the pickup rod will theoretically follow vibrations with accelerations up to 20 g. The
motion of the pickup rod is magnified six times by a mechanical lever which scribes on waxed paper. By
rmeans of an additionsl lever arrangement (attenuator) which cen be attached to the case, the total
recording magnification cen be reduced from six to two times or to one time.

The time-mark recorder is normally actuated by a seconds contact controlled by the clockwork drive.
Provision is also made for operating the timer from external contacts.

The entire instrument hand-held comprises the inertia mess. An additional weight is sometimes attached
40 the omse of this instrument to increase the inertia mass which effectively loweras its natural fre-

quency.
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Figurs 43a
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Figure 43b - Torsional Pickup Unit

Figure 43 - Cox Torsiograph

The Cox torsiograph is a mechanical instrument for recording ths amplitudes and frequsncies of tor—
sional vibration. It may also be adaptsd to record linear vibrations as shown and described in Figure
29. The basic msmber of the instrumsnt is a light aluminum pulley 100 millimeters in diameter, which
{s driven from the test shaft by a short, stiff belt.

Within the pulley iz 2 flywheel or inertis mass
elastically connected to the pulley; this mass tends to revolve wmiformly owing to its inertia. The
fluctuations of rotation causs velative motions between the pulley and the flywheel, which are
mitted by a rocker arm and comnscting rod through a hollow spindle to ths recording stylus. The
records on waxed paper which msy be driven at six different speeds by a synchronous motor or
driven directly by the pulley. Magnifications of 331, 6:1, 12:1,
adjustmsnt of the stylus and support arm.

trans-
stylus
may bs
or 24:1 may be obtained by proper
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Figure Ala - Detsctor Unit and Power Supply

Figure U4 - Phase-Shift Torsilcgrapt

The phase-shift torsiograph was originally developed by General Motors Research Laboratories for meas-—
uring torsional vibrations on a shaft insids a crankcase. The basic members of the instrument are a
steel gear attached to the sheft, two iron-core coils, and the dstector unit with power supply. The
gear may be mounted almost anywhere on the shaft, and the two coils ers mounted, genorally, on a brack-
et attached to the crankcase in such a way that they ars 180 degrses apart and close to ths gear tssth.
Several pickups have bssn prspared at the Taylor Model Basin in which the gear is fixed to a shaft
which is in twrn fastened to the end of the crank shaft; the colils are attached to a disk which ridss

on & bearing on the pickup shaft. This disk is snubbed, providing a fixed refsrsnce point for the
coils.

Motion of the gear tseth past the coils produces & periodic voltage signal whoss phase angls, rela-
tive to a signal having a frequsncy equal to the mean tooth frequency, varies in stsp with the tor-
sional vibration. The detector unit combinss these signals for observation on a cathods-ray oscillo-

graph. The number of gsar teeth used dspends on ths expected torsionsl amplituds and ths rotation speed
of ths shaft.
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figure 44b ~ Two-Inch Pickup Gear = TMB14564
= Figure 45a - Experimental Model
- Carrier Wheel .
) Gy
”“ ”““l] i Figure 45 -« Photoelectric Torsional Vibration Pickup
' \\ = e The photoelectric torsional vibration pickup contains an inertia flywhzel driven through an elastic
4 NN 3

connection by & rotating shaft. Any relative motion between a series of slots attached to the seismic
'—Goil 7 mas$ and a series of corresponding slots attached to the rotating shaft varies the amount of light

\ which passes through the slots. This light is then reflascted to a photoelectric cell. These varia-

0 Ruanan tions are proporticnal to thc amplitude of torsional vibration. 1In this model the light ring and
photocell are in a unit separate from the pickup; however, an improved pickup has been built in which
the light ring and photocell ride on the pickup shaft. A cross-sectional view of the latter model
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is shown in Figure 45b.
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Figure 46c - Cross-Sectional Isometric View of Torsional Pickup

Figure 46 - Consolidated Torsional Vibration Pickup |
with Collet Adapter

The Consolidated torsional vibration pickup contains an inertia flywheel driven through an elastic 7
connection by the rotating shaft of the pickup. An output voltage is generated by the relative
motion between a coil fixed to the shaft and a magnetic field moving with the inertia flywheel, and
is therefore proportional to the angular velocity of torsional vibration. Over the useful range of
the instrument this output voltage is proportional to the velocity or to the product of the amplitude
and frequency of the motion applied to the pickup shaft. The output signal is generally fed through !
an integrating amplifier, as with the Sperry linear pickups, for recording amplitude.
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Figure 47a

Figure 47 - General Motors Mechanical Torsilograph

The General Motors mechanical torsiograph is a displacement type of vibration pickup consisting of au
inertia flywheel driven through an elastic connection with the shaft under test. An indicating finger

is connected to the seismic mass and to the shaft through a mechanical-linkage system.

Any angular

displacement between the seismic mass and rotating shaft actuates the stylus finger which records the
motion on chemically sensitized paper attached to a hand held member which is momentarily held against
the stylus. The indicator should always revolve in a direction that causes the stylus finger to drag
(not push) around the surface of the sensitized paper disk. An extra arm is provided for scribing
torsiograms of shafts rotating counterclockwise. In operation the sensitized paper disk, mounted on a
supporting metal disk, is brought in contact with the indicating finger for about one shaft revolution.
Thus & poler diagram of the torsionel vibration is obtained. A transparent scale is provided for meas-

uring the amplitude of the record.
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Figure 48 - TMB-Sperry Torsional Vibration Pickup

This pickup was designed and built at the Taylor Model Basin and is identical in principle to the Con-
solidated pickup shown in Figure 46. However, in designing the TMB pickup, considerable attention was
given to its mechanical strength. In several endurance tests made by the Taylor Model Basin on diesel-
engine crankshafts, delay was caused by the repeated failure of certain perts of the Consolidated pick-
ups. Parts thet had failed in engine-endurance itests were redesigned with a view toward increasing the
durability of the pickup for such tests.

Initial tests indicate that the new pickup is durable and has greater semsitivity.
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Figure 49 - Britiéh-Type Velocity Meter

This velocity meter consists of a pickup coil, which is attached rigidly to the instrument case, and a
seismically supported d-c¢ electromagnet which produces a uniform radial magnetic field. The seismic
magnet is guided by steel rollers so that it has freedom of motion only in a direction perpendicular
to the base of the ifastrument. The output voltage, which is proportional to the velocity of the imposed
motion under the conditions discussed on Page 9, is generated by the relative motion between the coil
and the radial magnetic rield. Thls Instrument, although identical in principle with the large Sperry-
MIT pickup shown in Figure 38, is considerably sturdier in construction tuv withstand the severe shocks
it is intended to measure.
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Figure 50 - Modified British-Type Veloclty Meter

This instrument is & modification of the velocity meter described in Figure 49. No changes have been

made in the basic principles of operation.

However, an attempt has been made to improve several of

the mechanical features of the instrument which have proved undesirable on field tests. In the modi-
fied version the seismic magnet and pickup coil are entirely enclosed by the case and the seismic

magnet is guided by the walls of the case.

The case is provided with threads so that the instrument,

when mounted either vertically or horizontally, can be screwed to an expendable base which is welded

to the test structure.
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. Figure 51a
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Figure 51 - T™B Shock Displacement Gage

Tis instrument employs as the inertia element a spring-mounted seismic weight restrained llers
to one, degree of i‘reedou'l. Tt is similar to the pallographs in prineiple hs-r wag SA:.:: zfnabz»;:nﬂ 1y
for tixe purpose of obtaining time-displacement records of large- ‘amplijt:ude_ : h .._1: d—---o---— r —----N.
magnification of the actual motion is required, and the instrument ds o Sopsesnent o e
plated disk by a steel scriber attached directly to the seismic ele:ng‘:r 8 on a rotating chrere~
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Figure 52 - Copper-Ball Accelerometer

The copper-ball accelerometer is designed to indicate accelerations in three directions. It consists
of a steel bail held in a case by point contact with six annesled copper balls, two in each direction
of motion, which are held in place by set serews in the instrument case. When the pickup is acceler-
ated, the copper balls are deformed by the steel ball. The deformation of the copper balls depends
on the magnitude and duration of the acceleration. This instrument is not recommended for motions
involving successive accelerations since, after the initial acceleration, & cpace is created between
the steel and copper balls and a hammering effect is produced by successive sccelerations. A later
design of the instrument employs a spring-loaded wedge between the copper balls and the instrument
case for the purpose of keeping the steel and copper balls in contact throughout Lhe motion being

measured.
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‘ Figure 53b - Cross-Sectional View
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Pigure 55 - Mass-Plug Accelerometer

The mass-plug Bocelercmeter (14) consists of a loading piece of ¥mown weight which screws onto one end
of a btakelite piuz which has s reduced section at mid-length. The other end of the plug screws into the

plug support which sers®s into the body of the instrument. The accelerometer may be attached to the ¥ f@
test body by serewing it onte e §/2-inch mounting stud which is welded to the latter. In this type of =
g8gc it camnot be arblirorilly sosumed that the tensile force on the twned down part of the plug is the =

suze as the equivalent force acting on the seismic element when the case is accelerated. Dynemic factors

due to the oseillatory motion of the systea and involving the dwration of the spplied scceleration must <
te teken into sccount ss shown in THR Report 481, (15).
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Figures 54a - 1ype I Gage
Figure 5% - Multifrequency Reed Gages

Type I gage was desiwed at the Taylor Model Basin to measure shock caused by explocions (16). As shown
here it consists of ten reeds of different frequencies with small masses attached at the ends. It has
been found preferable to reduce the number of reeds to eight in order to prevent one from coming in con-
tact with another. The relative motion of the reeds and the instrument case is recorded on waxed paper.
For impulsive shock motions the total displacement of the reeds is considered to indicate the velocity
associated with the shock. At present a theoretical study of this instrument is being meade to determine
the exact significance of its records. It appears trom preiiminary studies that a good approximation to
the nature of the applied shock motion may ve obtained in the following mammer: The "frequency spectrum"
of the record, i.e., the variation of peak displacement with the natural frequency of the reed, is compared
with the frequency spectra theoretically computed for a number cf standard arbitrary shocks. The instru-
ment is considered particularly useful in comparing shock severities.

Type II gage was desisned to give more information about the actual motions of the individuval reeds thun
can be obtained from a peak-indicating instrument. The main advantage of Type IX over Type I 1s that it
shows whether multiple shocks occur which mask out the reed deflections due to the initial shock. For
single shocks it is believed that Type I is adequate far analysis of the motion. The target on which the
styluses vrecord is attached to a sliding plate and hence the oscillatory movement of the reeds {s revealed

It was considered of primary importance thet no external power be required for the operation of this ine
strument. The plate is free to move about two inches in a direction parallel to the lengths of the reeds.
The shock motion which is being recorded actuates an inertia element which releases a mechanism, allovin.:
the plate holding the paper to respond to a spring force. A dashpot is provided and tae speed with which
the paper holder moves when rcleased can be variad by changing the damping. No time record is provided
but certain time relations of the impressed motion can be related to the resonance frequencies of the reeds.

A recently proposed anslysis of the reed-gage record consists chiefly of comparing the amplitudes and mo-
tions of the reeds with previously calculated amplitudes and motions of a similar single-degree-of-freedom
system under several different types of impressed motion, such as step velocity, step acceleration, and
simple harmonic motion.
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Figure 53b - Cross-Sectional View e
! Figure 53 - Mass-Plug Accelerometer

The mass-plug accelerometer (14) consists of a leading piece of lmown weight which screws cnto one end

l of a bakeli.te plug which has a reduced section at wid-1ength. The otk
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Figures 54a - Type I Gage

Figure 54 - Multifrequency Reed Gages

Type I gage was desimed at the Paylor Model Basin to measure shock caused by explosions (16). As shown
hers it consists of ten reeds of different frequencies with small messes attached at the ends. It has
been found preferable to reduce the number of reeds to eight in order to prevent one from coming in con-
tact with ancther. The relative motion of the reeds and the instrument case is recorded on waxed paper.
For impulsive shock motions the total displacement of the reeds is considered to indicate the velocity
associated with the shock. At present a theoretical study of this instirument is being mede to determine
the exact signiricance of its records. It appears from prelimivary studies that a good approximstion to
the nature of the applied shock motion may be obtained in the follousing mamner: The "frequency spectrum"
of the record, i.e., the variation of pesk displacement with the natural frequency of the reed, is compared
with the frequency spectra theoretically computed for a number of standard arbitrary shocks. The instru-
ment is considered particulerly useful in comparing shock severities.

Type II gage was desisned to give more information about the actual motions of the individual reeds thun
can be obtained from a peak-indicating instrument. The main adveatage of Type II over Type I is that it
shows whether multiple shocks occur which mask out the rced deflections due to the initial shock. For

single shocks it is believed that Type I is adequaete far analysis of the motion.

styluses vecord is attached to a sliding plate and hence the oscillatory movement
T4 eom

It was considered of primery importance that no external power be required for
strument. The plate is free to move abcut two inches in a direction parallel tw

The target on which the
of Lhe is revealed.
the operation of this in-
the lengths of the reeds.
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The shock motion which is being recorded actuates an inertia element which releases a mechanism, allowin~
the plate holding the paper to respond to a spring force. A deshpot is provided and the speed with which
the paper holder moves when released can be varied by changing the damping. No time record is provided
but certain time relations of the impressed motion can be related to the resonance frequencies ¢f the reeds.

A recently proposed analysis of the reed-guge record consists chiefly of comparing the amplitules and mo-
tions of the reeds with previously calculated amplitudes and moiions of & gimilar single-degree-of-frecdom
system under several different types of impressed motion, such as step velocity, siep acceleration, and
simple harmonic motion. '

bl
) i

; The other end of Lhe plug scersws into the = A

' plug support which screws into the body of the instrument. The accelerometer may be attached to the Q:,, [y
test body by screwing it onto a 1/2-inch mounting stud which is welded to the latter. In this type of o :
gsge it connot bs arbitrarilly assumed ibal Lhe tensile force on the turned down part of the plug is the ”‘i

seme as the equivalent force acting on the seismic element when the case is accelerated. Dynamic factors
!' due to the oscillatory motion of the system and involving the dwration of the applied acceleration must 2
be teken into account as shown in TMB Report 481, (15). .
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Figure 54c - Type II Guge, Rear View 6))

AT S\ A i =g

1

by

I

g T

CRU—

1

kT

¢

bl

Sl

§i

Ve

93

TMB 14573

Figure 558 - Seven-Cell Unit T™B 9176
Figure 55b —~ Three-Cell Unit
Figure 55 - NRL Contact Accelerometer

This instrument has an inertia element consisting of a small steel cantilever reed with a small weight
attached to the end. The proper adjustment of either of two set screws on each side of the mass produces
The bent reed thus exerts & force which keeps the mass in contact with the
screw. When a given value of acceleration is reached, the mass remains momentarily behind, owing to its
inertia, and the contact is broken. This is indicated by the lighting of a neon bulb on the TMB contact
jndicator shown in Figure 58. Two types of 1oaded holders sre shown in the above photographs, one hold-
ing seven cells and the other three. A single cell is also shown in Figure 55a. Because no indication
is obtained of the duration of the acceleration, the usefulness of such instruments in studying shock

moticns is limited.

a pre-load on the cantilever.
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Figure 57 - TMB Seven-Reed Contact Accelerometer

! The TMB seven-reed contact accelerometer is similer in principle tc the NRL contact accelerometer de-

T™B 14574 —3 scribed in Figure 55. The reeds of the TVB unit are of uniform thickness and tlmg act as a uniform

cantilever when subjected to accelerstion. The reeds are interchangeable, and by choosing reeds of

Figure 56a : proper thickness a desired range of acceleration may be indicated. The limitations mentioned under

Figure 55 apply here also.
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Figure 58a - TMB Seven-Channel Electronic Contact Indicutor
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Figure 56b
Figure 56 - Putty Gage

This gage consists of eight spring-loaded masses of different; frequencies ranging from 35 to 200 CPS. .
Fach mass hfs abcylirdricn‘l rod with a conical %ip, which rune exially through the spring. When the
instrument is subjected to an acceleration, the motion of the i
i rod against the i duces an
indentation in the plasticine cylinder wh 8 spring force pro

ich is considered to indicate pee. .

k acceleration Plasti
has teen found b\lperi()r to putty because it retains its proper ties over a longer per iod of time
condition of the pl sticine is a ecx itical factor in the ar mount o erntation oduced and is the ch

it £ 2 3 £ ind P!
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A paper recently presented at a shock and vibration s

ymposium discus s L1k : -
ing the characteristics of this instrument (17) ses the results of situdies concert
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Make Gircuit Break Circuit
¥igure 58¢c - Wiring Diagram of Simple Electrical Make-and-Break Circuit

Figure 58 - TMB Contact Indicator

This electronic device, cperated on 110-volt alternating current, or on a storage and B-battery, indi-
cates the momentary opening of e circuit by the lighting of a neon buldb which remains 1it until the cix-
cuit is reset. It is used with the NRL contact accelerometer, Figure 55, or with the TMB seven-reed
contact accelerometer, Figure 57, to indicate a contact break. It can be used either with two 3-channel
units or with one T-channel unit.

With switch at R and the contact normally open, the grid closest to the cathode has e negative voltage
vhile the other grid is at ground level. The grid closest to the cathode prevents the thyratron tube
from firing. Bovever, when the contact closes, this grid voltage rises to ground potential and the tube
fires, lighting the neon buldb,

With switch at L and the contact normally closed, the grid closest to the cathode is at ground poten-
tial. The second grid has a negative voltege which prevents the tube from firing. However, when the
contact opens, the grid closest to the cathodc acquires a positive voltage sufficient to fire the tube.

When the thyratron tube is fired, the neon “ulb will continue to glow wntil the reset switch is opened
which tekes the positive charge from the plate or anode

Figure 58c shows e simple electrical circuit for indicating meke-and-break comtect. Compared to the

electronic device, it has thz serious disadvantage that arci
g my oceur across t ts, thus
indicating a false mske or a delayed bresk, 4 § the contact points,
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' Figure 59 - Metalectric Accelerometer

— This instrument consisls of a weighted steel cylinder used us the Ligh-frequency inertia elcrent with
metalectric strain gages sttached to it. Strains are produced in tae steel cylirnder when it is subjrots3
, to acceleration; these strains are proportional to the acceleration and are rezorded with standsrd ele-s-
: tronic equipment. No damping is provided.
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i CONCLUSION
The data presented in this report show that a wide selection of

%) equipment 1s now avallable for the study of vibration and shock. However, it

: @ is not felt at the Taylor Model Basin that the problem of developing adegusate

v instruments for this purpose has been entirely solved, and further efforts
%, are still being exerted in this directlon, for the following reasons:

1. The frequency range over which instruments may be used should bes

2 extended.
' ’ 2. Instruments are needed to satisfy more adequately the contradictory
3 dual objectives, maximum sensitivity and wide frequency range.
e ; 3. Instruments for many applications need redesign so that their peer.
il formance will be more rellable.

A 4. TInstruments of increased flexibility, with consequent reduction of
the number of types, can simplify the instrumentation requirements for a pac-
4 ; ticular investigation.

5. Improvement of the method of recording reduces considerably the
time necessary for the analysis of records.

E Development and improvement of instruments is a slow process, with

i many set-backs. However, it has been the experience of the Taylor Model

Basin that, as a result of the progress made here and elsewhere in this ifield

Quartz Grystals to date, successful investigations which previously were impossible or a2t best
; extremely difficult to make can now be made readily.

Springs

_____ === TP LT LT LTI,

%
SV \\\\\\\x
Lead 7 /
Branch of the Structural Mechanics Department. Manufacturers’ operating man-

-
/"’-—"“- g ) uals and instruction books were freely used in compiling this information as
%%% // ) well as information published by other naval establishments. Many helpful
Y
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