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THE SEVENTH SYMPOSIUM
Naval Research Laboratory

5 November 1947

VEHICULAR SHOCK AND VIBRATION INSTRUMENTATION AND MEASUREMENTS
WITH SPECIAL CONSIDERATION OF MILITARY VEHICLES

By

Frank E. Priebe

Squier Signal Laboratory

Experimental measurements are described, which were made during the war in order

to determine the frequencies and amplitudes of the vibrations and road shocks en-
countered in motor vehicles and trailers. A review of the instrumentation and the
results obtained from Prior investigators are given. The measurements were made in
the Aberdeen Proving Ground, since it was felt that this road represents the most
comnzon road conditions that give rise to large transient and steady state vibrations
in vehicles.

The purpose of these measurements was to obtain design data for electronic

equipment to be transported in vehicles over rough terrain.

It was found that three frequency ranges predominated:

The Spring Frequencies - 2 to 4 cycles
3 to 5 G max. amp.

The Tire Frequencies - 8 to 11 cycles

2 G max. amp.

The Structural Body Frequencies - 6o to ioo cycles
1 C max. amp.

The limsitations of the instrumentation and difficulties encountered during these
measurements. which must be taken into consideration in the interpretation of the
results, are pointed out.

On the Oasis of these investigations, the performances of several machines
avai•aobh'e for the purpose of simulating vehicular transportation are analyzed,

Prc,''Jd ures for obtaining calibrations of instruments and checking the perfor7.-
aiC, .are discussed.

Plans for future iunvest igat ions are discussed.
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PURPOSE

Various investigators have approached
the problem using widely varying tools.
Therefore, the results obtained must be
interpreted on the basis of the tools
used and, whenever possible, on the basis
of exact conditions under which the
measurements were made, such as location
of the point where the measurement was
made. It is the purpose of this report
to analyze the test results, taking the
above-mentioned facts into consideration.

It is also the purpose of this report
to list instruments that are or have been
used here and abroad for measurements,
their characteristics, applicability,
and limitations.

On the basis of these measurements,
machines are described that simulate
field conditions. These machines are
intended to be used as testing machines
for the purpose of shock testing elec-
tronic instruments or equipments to be
installed or transported in vehicles.
Several types of these machines have been
developed by the Armed Forces and by
industry. The characteristics of these
machines are illustrated and discussed.
The scope of the report is restricted
to land vehicles only, with particular
emphasis placed on road motor vehicles.

DISCUSSION

Requirement Placed on an Instrument to be
Used for Measuring Road Shock and Vibration
During Vehicular Transportation and Hand-
I ing.

Only within the last two decades has
equipment been made available for the study
of shock and vibration in vehicles. Not
all instruments used for laboratory ex-
periments are suitable for use in moving
vehicles. In the laboratory, experiments
can be conducted under ideal conditions -
for instance, a fixed set of reference
axis is generally available. This is
not the case in a vehicle, and measure-

ments are restricted to relative motions
only. None of the instruments have all
the characteristics desired. Compromises
have to be made or the characteristics of
the instrument have to be taken into con-
sideration in the interpretation of the
results obtained. For instance, not all
the instruments cover the desired fre-
quency range with the required sensi-
tivity.

Listed below are the requirements
that must be met by instruments in order
to make them ideal for use in vehicles:

I). The instrument must be able to
withstand the maximum vehicular vibra-
tion encountered without any damage to it.

2). The instrument must be of the
recording type.

3). The mechanism outside the vibra-
tion sensitive element must be so sturdy
that the error caused by the vibrations
of it is a minimum.

'4). The instrument itself, or if the
vibration sensitive element is separate
from the complete Instrument (vibration
pickup), should be light in weight and
physically small.

5). If possible, the frequency range
from at least 0 to ,400 cycles should be
recorded.

6). If displacements are measured,
it should be possible to record displace-
ments up to 6 inches. In general, such
an instrument is cumbersome, If this is
not possible, due to the space limitations,
the characteristics of the displacement
pickup should be such that the low-
frequency, high-amplitude displacements are
attenuated and do not saturate the in-
strument for higher frequency displace-
ments.

7). If velocities are measured,
velocities up to 100 inches per second
should be recorded.

8). If accelerations are measured,
the instrument should at least withstand
an acceleration of 10 g for vibration
measurements and 200 G for occasional shock
measurements.

2
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9). The minimum value of displace-
ment to be recorded should be at least
.I inch.

I0). The minimum velocity to be re-
corded should be at least 20 inches per

second.
II). The minimum acceleration to be

recorded should be at least . I g.
12). All recording instruments should

provide a known time scale; a minimum
speed of the recording medium of 5 inches
per second is desirable.

Static Measurements on Vehicles

The following information is of great
use in studying vibrations on vehicles
(see Ref. 21, Chapter 10):

I).
2).
3).
'4)
5).

Weight of vehicle (with load).
Center of gravity.
Moment of inertia,
Spring constants.
Frame and body stiffness.

Center of Gravity

The following quantities can be
measured readily:

I). The total weight of the ve-
hicle = WI- + W2.

2). The weight under the front
wheels = Wi.

3). The weight under the rear
wh ee I s = W2o

'4). The length of the wheel base = L.

Let (a) and (b) be the co-ordinates
(distances) of the projection of the
center of gravity onto the wheel base.
Measure from the front and rear axle,

then a - 2
W I+ W2

b = 14 1 o L
WI + W 2

Height of Center of Gravity

For the purpose of determining the
height of the center of gravity, it is

necessary to block the springs of the

vehicle and jack up the one side of the
vehicle a distance h = about 8 inches,
then the height of the center of gravity
above the plane through the contact point
of the tires is

G
2

H =AW . - approx.
Wh

where AW = the difference between the
weight on the low wheel and the wheel
that has been raised

G the distance between wheels

W total weight

h the height the wheels on one side
of the vehicle have been raised.

The above method is simple but not neces-
sarily the most precise one. General
Motors, in their proving ground, use the
following method (see Ref. 22).

Alternate Method of Determining the
Centroid of a Vehicle.

In this test the vehicle is sus-
pended on a platform in such a manner
that the platform and the vehicle form
a pendulum, which is free to swing about
an axis perpendicular to the wheel base
of the vehicle, and the period T1 of the
free vibration is measured. The test is
repeated with a platform which has dif-
ferent pendulum length; again the period
T of the free vibration is measured.
Then the height h0 of the center of gravity
above the platform (if the weight of the
platform is small compared with the weighat
of the vehicle)

3
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2

(T1
2 YJ - T 2

2 y2) - yk-' 2 2 2

ho =

7 2 Y ( T ,2 T 2 )
-9- (YI~ - Y2) - T 2

where y,, is measured from the point of
suspension of the first pendulum to its

baseline. Y2 is the corresponding measure-
ment on the second pendulum. T. = the
period of the second pendulum. In a
similar manner, the radius of gyration
and the moment of inertia can be de-

term i ned.

Moment of Inertia Determination

The springs of the car are blocked
so that the springs and the tires cannot
deflect, and the vehicle is supported
on a platform which rests on a knife-
edge below the rear axle and on a spring
below the front axle. The natural fre-
quency of the assembly and the spring
constant are determined.

82 k L2

Then I2 F2

L = Wheel base length

F = Natural frequency

The Spring Rates k

It is customary to measure the spring
rates directly on the vehicle. It is
done by placing the four wheels of the
vehicle on scales and changing gradually
the load on the scales by jacking up the
vehicle. In this manner, the spring rates

for up and down motion, roll, pitch and
the individual rates of the springs and
tires can be determined.

Frame and Body Stiffness

For this test the vehicle is supported
at the point where the springs are con-
nected to the body. A Lazan Oscillator
can be placed on the vehicle and the speed
adjusted as required to determine the

resonant frequency of the individual parts
of the body. The stiffness of the frame
can be determined by measuring the force
reqaired for twisting it. (It should be
noted that these spring rates are not
linear functions of the applied forces.)

Wheel Alignment

The alignment of the wheels and the
effect of unbalance of the wheels as
causes of vibrations are briefly mentioned.

Dynamic Laboratory Measurements

All the dynamic characteristics of a

vehicle may be determined by laboratory
drop tests.

Figure I illustrates the test pro-

cedure. The vehicle is jacked up on
blocks either under one wheel or under
the axle, and the blocks are then knocked
out from under it. By means of a recording
device described later in the test, the
amplitude of the displacement of either
a point of the body or the acceleration
of a point of the body is obtained. The
frequencies which predominate can be
identified as frequencies of the tires,
the vehicle springs, and the natural
frequencies of the body.

Wheel hop

Wheelhop is the vertical vibration of
the unsprung masses of the vehicle between

the tire and the suspension. Two different
types of vibration can be noted:

I) The tire leaves the ground and
then the frequency of the vibration becomes
higher, since the spring rate changes.
This vibration is called "tramp."

2) The tire stays in contact with the
ground. Then the frequency is the one
which is generally designated as the tire
frequency.

In general, it can be stated that an
obstruction greater than I" in a road and a

4
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Figure I

speed of the vehicle greater than 15 miles
per hour will cause the tire to jump off
the road. Figure 2 illustrates this phe-
nomenon as measured on the General Motors
Bump Rig. The Bump Rig consists of a large
drum. On this drum cams are mounted, and
the vehicle is placed so that the rear
wheels rest on the drum. If the car is
running and the speed increased, the wheels
will leave the drum until the amplitude
becomes less than plus or minus I inch.
If the speed is then decreased, the ampli-
tude will increase and jumping will con-
tinue until it stops suddenly at 3 inches.

Early Field Measurements by Other Foreign
and Domestic Laboratories

Field measurements have been made by
various investigators. However, very few
of the records have been correctly inter-
preted.

Observations can be made, for in-
stance, simply by driving behind the
vehicle to be tested and watching the re-
flection of a light beam from the rear
window. The shape of the Lissajous'
Figures observed In the reflection of the
rear window gives an estimate of the wave
form of the relative motion between the two
vehicles. If the light source is station-
ary, a good estimate of the amplitude of
the motion can be obtained.

As mentioned above, the absence of a
fixed reference system in a moving vehicle
increases greatly the difficulties in
making any measurements in a moving vehi-
cle.

Since it is not possible to make an
absolute measurement with an accurate sys-
tem of reference axis, most measurements
that have been made are based on the re-

DUL)M ONT

TYPE IT5 (I

,5
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Figure 2 Frequency of Rol
Wheelhop Due to

cording of the relative motion of a seismic

mass with respect to the vehicle or are the

recording of the forces that exist in cer-

tain structural members of the vehicle.

Since the forces involved, at which cer-

tain structural members of the vehicle

fail, can be very accurately determined, it

is possible to estimate from the field

failures on vehicles the maximum accelera-

'700 80o goo

ad Wave-Cycles per Minute

Road Wave - 3/4" Cams

tion the vehicle itself can withstand.
For instance, the deformation on tank type

T26EI due to shock suspension is such that
an overall acceleration of 6g will put the

tank out of operation. (see Ref. 25)

On the basis of these observations,

General Motors reports the following in-
formation:

Spring Frequencies Max. accelerations 2.2g

Passenger cars (civiflian type) I to 1.6 cps

Tanks, pitch frequencies .83 to 1.66 cps

Tanks, bounce frequencies 1.16 to 2.0 cps

Cross country vehicles and trucks I to 2.5 cps

Information is available that some vehicles will withstand as much as 9g, based

on measurements of deformation of parts.
Wheelhop

Passenger cars (13 cps
(1.2 inch displacement

(2.25 g acceleration

Engine Vibrations

Soft engine mountings
Hard engine mountings

6.6 to 20 cps
30 cps

1100

6
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High-Speed Motion Picture Studies

Very valuable information can be ob-
tained concerning the spring frequency and
tire frequency type of vehicular vibration
from the study of high-speed motion pic-
tures. Typical of examples of such films
are the following ones:

Ordnance Research & Developmenj Cen-
ter, Aberdeen Proving Ground

I) 40 mm Gun Mount M5 test of sus-
pension for designated APG-809.

2) Naval Research Lab. and Squier
Signal Laboratory.

For the purpose of evaluation of such
films, it is desirable to have a scale in
inches available in the field of view of
the camera. This can be achieved by simply
pasting alternately black and white tape
to the body of that part of the vehicle
that is to be studied. Several types of
cameras are available for such studies,
such as:

I) Eastman Kodak 16 mm High-Speed
Camera

2) Western Electric Fastex Camera

It is desirable not to let the speed
of the camera exceed u400 frames per second.
In some cases, the camera has to be modi-
fied irn order to have a steady speed at
this picture frequency.

Measurements made by the Chrysler Ordnance
Labc ratory

During the war the Chrysler Ordnance
Laboratory made some tests in connection
with failures of some automotive components
such as fuel gauges, headlights, relays,
etc. (Ref. 3 and 4).

All the components which were in-
vestigated by Chrysler were very light and,
also, rigidly mounted to the chassis of the
vehicle. It follows that the frequencies
observed were more or less the frequencies

of the supporting structure. Some of tne
individual structural parts J t:e vehicle
may have resonant frequencies as high as
800 cycles per second and 20 g in accelera-
tion peak amplitude.

Chrysler used a Bell Laboratory Erpi
Frequency Recording Analyzer and Sperry-MIT
vibration velocity pickups. Typical
records are shown in Figure 3. Measure-
ments were made either by striking the tire
with a ball-peen hammer or by driving the
vehicle over a rough cobblestone road.

Chrysler made other measurements in
order to eliminate the failures of head-
lights and gasoline tank sending units.
The maximum total acceleration measured on
a tank, Chrysler Ser. 634 (the roughest
riding tank in the Chrysler Proving Ground)
was 20. I g at 325 cycles. This accelera-
tion is abnormally high. Steel tracks and
steel bogie wheels were used. The remark-
able thing about these measurements is
their similarity when taken under the same
conditions, even though the instrumenta-
tion is not particularly designed for these
measurements. Another interesting feature
is the saw-tooth nature of the records.
This feature hi.s also been observed with
other types of instrumentation. For each
vehicle and for each individual installa-
tion of the measuring equipment, certain
frequencies will predominate and others
will be erntirely absent.

General Electric Displacement Recorder

I) Brief Description and Theory of
Operation

A seismic mass is suspended by a soft
spring inside a brass tube. The weight is
centered by means of some friction dampers
made out of felt. Attached to the mass is
a stylus that records the motion of the
weight on a wax paper record. The wax
paper moves with constant speed past the
stylus; simultaneously a timing signal can
be recorded.

7
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10 50 ý OG 1.50 O too tso 300 I,5O 400 450 500 550FREQUENCY - CYCLE75Z ECOND

600 650 "00 750 800

Figure 3 Typical Record made by Chrysler with Frequency Analyzer Setup

2) Schematic Diagram. See Figure 4.

3) Amplitude Range. Amplitudes up to

three inches may be recorded.

4) Frequency Range. From less than I

to 35 cycles per second.

5) Resonant Frequency. Less than I

cycle/sec.

6) Sample Records. See Figure 5.

7) Outstanding Characteristics, Ad-

vantages, and Disadvantages.

This instrument has the following ad-

vantages:

a) It has a very low resonant fre-

quency.

b) It has a sufficient amount of

damping so that the amplification is

not excessive at resonance.

c) The maximum amplitude to be re-

corded is limited only by the width of

the paper available.

d) The only power required is the one

necessary for the motor of the paper

drive of the paper transport. This
electric motor could be replaced by a

spring motor in order to make the in-

strument independent of any electrical

power source.

The following are the disadvantages:

WAX PMAA. A

.MWAY

Figure 4 Schematic Diagram of G. E. Vibra-
tion Recorder (Vertical Displace-

ment Recorder)
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Figure 5 Vehicular Vibration Test on Truck, 1/2 Ton, 4x4, F
on Roads in Monmouth County, New Jersey

a) Great bulkiness, (Instrument can-
not be used in installation when

space is at a premium.)
b) The recording of hich frequencies
is inaccurate, due to the response

limitations of the stylus and spurious
vibration of the spring.
c) At high amplitudes and high fre-

quencies the spring is vibrating in
many different transverse modes which
Interfere with the recording.
d) In the model used, the amplitude
range was 3 inches. This is not suf-
ficient, since the very low frequen-
cies greatly exceed this range.

e) The damping was not readily ad-
justable.
f) At low frequencies, the resonant
frequency of the instrument is easily
excited.

The Schrader Three-Compon- hc kceTerometer

I) Description and Theory of Opera-
t i on.

This accelerometer is an entirely
mechanical system using optical and photo-
graphic means for recording. The seismic
mass is mounted on a cantilever spring. An
adjustable damper In the form of an air
bellows is provided to cut down the amp!;-
tude at the resonant frequency. Figure 6
shows the schematic functional diagram of
-the instrument, The translatory motion of
the weight mounted on the cantilever spring
is -transformed into a rotational moti in af
a steel shaft. A mirror is mounted on this
steel shaft to provide a reflecting surface
for the light beam that is projected from. a
fixed stationary lamp. The light is re-

4',

iF-...
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flected into a photographic surface for
recording purposes and onto a ground glass
screen for visual observation purposes.
The motion of the light spot on the screen
or on the film is proportional to the angle
of rotation times the radius. In such
manner, an amplification of the recorded
vibrations is obtained.

2) Schematic Diagram. See Figure 6.

3) Frequency Range. 0 to 75 cycles.

4) Resonant Frequency. Between 75
and 150 cycles per second.

5) Ampl itude Range. 2 to 3 g.

6) Sample Record. See Figui- 7.

7) Outstanding Features, Advantages,
and Disadvantages.

The followi, iv ;,:tagzs are in favor
of the instrument.

Three components of acve• +,ion
perpendicular to each other are re.-
corded.
b) AK ridmping s •rovided so that-
Lhe ý'-.týLý,;ýý_ a,. bK. used satis-

factorily up to the vicinity of :esn-
oant frequency.
c) The magnification of t'e arnpiitucc
is obtained by mechanical and ootical
me;,is; rn eyectronic devices are re-
qui red

de The only electric power source
useJ serves for the purpose of film

ive / timing, and excitation and
heating of the recording lamp. Varia-
tions of the voltagei are permissible
within wide limits.

The disadvantages are:

a) The photographic film used is not
universally available.
b) The instrument weihs several

pounds and, when placed on a vibrating
object, changes the vibration ,hari.c-.
teristics of the object.

Figure 6 Schrader 3 Component Acceler-
ometer

c) The optical system is affected by
the temperature. The mirror changes
its focal length.
d) The calibration, especially at the

higher frequencies, is quite dif-
ficuit.
e) The loading of the film in the
camera is difficult,
f) The instrument lacks the rigidity
required to withstand vibrations and
shocks encountered

Shrader, T, rirdmensional VibroCraph,
;aode by the Vibration Specialty Co.,

_hiladeiphia, Pa,

I) Description ani Theory of Opera-
t ion.

This instrument operates on the same
principle as the Shrader three-dimensional
accelerometer system made by the Visration
Specialty Cor;patry. The only difference
from this type of accelerometer is that the
resonant frequency of the cantilever
springs is very iow, so that displacements
are reccrded,

whe V¢io h Made by the Westinghouse
Electric & Mf, Co.

1) [.'e~•ipti;n and Theory of Opera-
f io10

10

b
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The vcbrograph made by the Westing-
house Company is an instrument that can be
used for recording displacement amplitudes
encountered in vehicles.

Figure 8 illustrates the operation, in
schematic form, of this instrument. For
such an arrangement, the followi. g foriuia
describes the rela'•ive motio of the
seismic mass with respect ici the e

R ecord
o W2/Wo

w2 C W2
W (.- ) + (2-- -)
W Cc

here yo = relative motion of mass and
rame

a. = vibration ampl itude

W = vibration frequency
= natural frequency of the

vibrograph between mass aA'd frame

€

>..
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A

C D

Figure 8 Westinghouse Vibrograph Principle

of Operation

C = equivalent dampfng of vibro-
graph between mass and frame

Cc = value of critical da, ,)Ing

This relation is shown plotted on
Figure 9. ilt can Ve -'za; that for very

"'g/ r 4e

Figure 9

high frequencies this ratio approaches
unity very rapidly; this means yo = a., or
the mass is standing still with respect to
a fixed system of reference axis. The re-

3) Natural Frequency, 6.66 cycles per
second for ver-
tical operation

6.25 cycles per

secondi for hor-
izontal opera-
tion,

4t) Amplitude Range. At 950 cycles pe.

second the maximum amplitude range re.-
corded ic .002 inches; at 6.66 cycles per
second the mxiwurm amplitude recorded i•
.025 inches.

5) Outstanding Characteristics, A.d-
vantages, and Disadvantages.

The Westinghou.se Vibrograph has the
foll owing advanitages:

a) No -..tric power supplies are ra--
quire-, znce the instrument is en-
tirely spring operated.

12

Wa•.$

cording is made by impressing a fine groove
in a cellulose film. At the same time a
timing wave is recorded, which timing wave
is obtained by plucking a stiff reed at
frequent intervals. The frequency of this
reed is tuned to 30 cycles. The film speed
is approximately 1 .5 inches per second.
For study, the record must be observed
under a light that falls on the film almost
parallel with the surface of the film.
The overall dimensions of the Westinghouse
Vibrograph are 4,-1/L, inches x I, Inches x
6-3/4 inches. The magnification due to the
stylus is 8.5 (mechanical amplification).
The record can be studied under a low-power
microscope furnished with the instrument,
with magnification of 40. Therefore, the
total magnification is 340 times this, and
displacement amplitudes of 1/1000 inch or
less can easily be read within 5% accuracy.
The reproduction of the records has to be
made with a photographic microscope or by
tracing the curves directly on a Recordac
enlarger.

2) Frequency Range. IC to 250
cyc lesisec.

I-



b) The inertia of the recording sty-

)us is as loN as possible to prev4nt

local resona ne of parts.

c) The amp`ification is constant over

a wide range of frequeni ies,,

The following are disadvantages-.

a) The records ren-uire special opti-
cal equipment for e;amination°
b) The instrument has the tendency to

"bottom" at \ery iow frequencies and

at large displacements; however, d-r-
ing a test made at Coles Signal Lab-

oratory at normal driving sreeds ýn a
tank ML4, bottoming never occurred.

The Brush System of Recording Vibrations;

i0 Description and Theory of Oeeratioi

The Brush system of recording v:bra-

tions consists of the foilo'virc component
instruments:

12 volt st:orage bart .ery
bynamotor, Jconette Genem.,otor, 12 voit

input, 110 volt 60 cycle output,

Amplifier, Brush type OA-1 is used,

Direct-inking crystal osci!Iograph
type OBC or 031 is used.

integra .ting box used only t•.

Roche]le salt pickups.

The component part which is unusual

for the Brush system and in which this

system deviates from any other direct
recording system is the oscillograph° The

osci l lograph is so constructed that the
record is instantaneously visible without

any further treatment,

The record is made with ink vn paper

by means of a very fine and ight-weight

pen, The pen is actuated by a piezo-
electric crystal. If a signal is applied
to the electrodes of this crystal, the

crystal element twists about its axis.
T-is motion is transmitted by a neoprene

shaft to the pen- For full scale deflec-

tion 900 volis are required; therefore,

special am iifiers are necessary. T-
types of oscillographs were used, or:
type OBC, is twice as sensitive as thr

other one, type 06D Type OBC has two 3

inch pens and type OBD has two 2 inch

pells. ype S.0 covers a freaue ny rge

that is -flat from I to 60 cyc-ne; itype
OB9 has a flat characteristic from i to

I20 cycles. Frequencies of several hun-
dred cycles may be detected if the input

signal is strong enough,

Both oscillographs, type OC and

t-ype OFIý, have two channels available so

that two vibrations can be recorded at the

some time-

The damping of the pen is such that

no free vibrations can be observed when the

pan is rmca, ved by hand and then suddenly

rel e.see,.

The overall characteristics of the
Lype 0• A p4r -PpIifiae d the 06 and 0BD
nsca lographs are shown in Figures 10 and

nThe second curve rn t. w, hs gives

deflect'on in ming, if - alectr-1c
£oshele salt crystal In vehicu-

- measurements of vVb_, it is neces-

sary to use an integr,ý: g circuit in
combination with a crystal, not for the
cc;venience of meresuring dispelAcement or

velocity but in order to avoid pirkiep of
stray voltages by the long cryst-il cords
and, also, in order to minimize the effect

of erroneous recordings due to the motion
of the connecting cords of the pickups.

Very good shielding is required for

all cords in the input circuit of the

amplifier, since its input impedance is
very high (over W0 meguhms).

2) Frequency Range. The frequency
range of the OBC type oscillograph ex-

tends nominally from I to 60 cycles. The
frequency range of the OBD osciilograph

extends from I to 120 cycles.

3) Resonant Frequency. The resonant

frequency depends on the type of pickup

ý0 H F i D E iýT ý A L

S.... s

• ,,
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used I 'i, . Iu ograph ha5
a definite peak at 85 cIcles, snd the
O0 e ty,- of oscillograph. ic. slight rise
in chmracteristic at 30 cycieo.

) A . -. The ampl itud,-,
range: o-p •-e-. n' LJJ s- z c n s1tivity of the
PCk-Up uz-(d T! v, :wga riaqe whIrh •,an
b ee,- r- : ,:•: f,-"0 00! V to 700 Vo

5) Octstandl:-g Character-,
Advantages, and DK ad.- ¾oa

Ths following features made th,; Brush
vibration recording system highly t. abIe
for exploratory or preliminary ir--.iga-
tions,

a) The record is instantly at
after it hos be1n taxker no
processing of the record io -_,

b) ]hc syst,4-. i a very simple to oper-

ate No sp ;ia skitl is required.

8) h' sp 1;J Ath which the paper
hoe r ohraýh t he os cilog raph is con-

-oant, Three sýeeds are available;

, 25, and 6 n1/s "

Tih f 1 o1 d.•.- s dis dvarni'ja-es r0etrict

the aýpW i or,.0i

a) T Se system1 is not very easy to cal-

b) The r'we consumption during opera-

tgj- is q ite hý::h

TicT f anc/ range is quite limit -

na *}: c !I slt crystal and the
Pyre- erE; very fragile, eaily

---------. - . ;fec'ed by tempera-
b re\2 -'-4---ons
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The Brush Magnetic Penmotor BL902 as the Rochelle salt motor. The construc-
tion is much more rigid, and the damage

Some of the disadvantages of the Brush done to it, due to accidental electrical

Crystal Penmotor are eliminated by the overloads, can be neglected.

Magnetic Penmotor.
This device comes with an assembly

This oscillograph element has the fol- of six pen motors so that at least five

lowing characteristics: simultaneous records can be made.

a) Frequency range 0 to 70 cycles/sec.
b) Sensitivity 1.1 mm/volt, I.& mm/ma.
c) Impedance 1500 ohms resistance.
d) Damping 250 ohms critical - 500
ohms satisfactory.
e) Amplitude 23 mm max. 0-70 cycles.
f) Pen length 3 inches.

The impedance Is much lower than the
impedance of the Rochelle salt motor;
therefore, the magnetic device is not
subject as much to electrostatic pickup

The Glenn L. Martin Dynamic Measurement
Equipment.

I) Description and Theory of Operation

The equipment consists of the fol-

lowing basic components:

a) A carrier signal source (oscilla-
tor) operating at about 1500 cycles
per second.
b) A modulating bridge circuit.

9-I

,-9

-1

0
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c) An amplifier.

d) A fu•! wave rectifier (rectifying
the output of bridge circuit).
e) A galvanometer type recording os-

ci Ilog roph.
f) A camera containing the recording
film.

The system Is a carrier system. The
frequency amplified remains constant, while
the amplitude of the signal fed from the
modulating bridge to the amplifier (the
carrier) changes with the initartaneous
value of the vibration. The envelope
going through all the peak of the carrier
is proportional to the vibration accelera-.
tion. The carrier f reuency is ampIified,
and the outLput of the amplifier is recti
fled and fed ints a recording galvanoi: ter.
If the ch-aracteristic of thc galvanometer

s such that t ds not respond to the
crrier frequen., no filter has to be
used for fittern-- :: carrier smnnai,
This can be achi - . i,:• every c as;

since +the systejs s ii _ ite i n tis E-. •'
b -;.:t", up to only one-, VJý h ýf u- h I cFr-

r•"fequency.

All the -- c .,-.•- used for the
- -- ',-- ' • - -4• , -• "1- fur~Lshed froa

E G.- rO "-9 j, e9a ý :IzýY. V4 0ý ac- C-

-"ýd to the proper A-', valua by means
of L r'otary converter ccsntained in the

L. power supply.

"T F1-- - - )st I" P .im ted to t0 e usZ
of re> - rne ,'-' 6 V4 -on pickups. Vibra-
tic -,: < - oo 1t: r' types and ccs;' st ruc--
t ; oin c L, u ,-e d, such as di ce
men tnd c- '• a strain gauge ci its.
and oaIh r g f, es I the 'ý are Psui t e fto
carrie'1 operption.

2) Frequency Rangce. The fre-,uency
range extends from 0 to L400 cy.-c. er
sen1ndd depending on the galvasomer and
vibration Oickup used,

3) Resonan,". Fraquencyo T -

frequency depends on the type of -ja-v,'.

easter and the vibration pic!up us-.i

4) :m-plitude Range. The amplitude
range depends on the particular pickup
used. The G. L. Martin reluctance vari-
ation accelerometers can be used as high
as i2 g in acceleration,

5) Outstanding Characteristics,
Advantages and Disadvantages.

The following characteristics are in
favor of the G. L Martin dynamic measuring
a y stem:

a) The frequesicy range extends from C

to 1/4 of the carrier frequency. This
;a9 ec the instrument very suitable for
low-frequency measurements and easy to
calibrate,
L) Independence of the system from the
requency characteristic of the anpli-

fier,
c) Adequate control of the amplifica-

tcon of the system. The amplifier can
be adjusted to any desired value.
d) Vers-=tility of the system. Various
types of pickup devices may be used.
The fcflowing have been successfully
used at the Squier Signal Laboratory:

Go L. U Iartn Reluctance Variation Ac-
cel erometer
Statham Str-ain 3 kluge Accelerometer
Modified Shraf-er type Acceaerometer
Tuning For!, Accelerometers

Displace-ment indicators

e) The input impes'a,%-e of the system
is very l'i-v (500 ohms); therefore, the
danger of interference due to magnetic
or electrostitic fields of erroneous
voltages >s minimized.
f) Ac miny channels may be arranged
fcr as ase desired or as galvanometers
are available in the oscillograph. It
is possibl e to keep an accurate record
of the co3rrect operation of the system
by us~ig 'dum:n, pickups' and timing

The fa-:-;:-r' Iisted below limit the use
u : c Q er!:j L,e Martin dynamic recording
sysWe:• in cc t-. , instances'
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a) The great bulk and weight of the
galvanometer oscillograph, power sup-
ply amplifiers and associated equip-
ment.
b) The sensitivity of the galvanometer
and vacuum tubes to mechanical vibra-
tions.
c) Upper limit of the frequency range
is given by the carrier frequency and
the sensitivity of the galvanometers
used.

For further information see Ref. 15
and 16.

Calibration of Vibration Pickups

The calibration of a vibration pickup
has to be made on a device which permits
the quantity to be calibrated to be
measured accurately by some other basic
means, or permits the quantity for which
the pickup has to be calibrated to be
held constant over a wide range of fre-
quenci es.

Displacement pickups are generally
calibrated on any vibration table for fre-
quency ranges from 10 up to 60 cycleso
If this is done, the following has to be
kept in mind:

The amplitude of a vibrating table
varies with frequency.

If the vibrating table is large, the
amplitude varies across the table with the
position of the pickup.

In order to account for these diffi-
culties, the following expedients are used:

The table is built as Tight as pos-
sible.

In order to obtain absolute measure-
ments of amplitude, a Gaertner Scientific
Company travelling microscope, with filar
micrometer and scale, is used for optical
measurements.

1) Standard Procedures for Cal ibra-
ting Vibration Pickups.

The procedure of cal ibrating is .ery
simple, provided a vibration machire it.
available which has a large flywheel. The
amplitude of the machine is determined as
a functi-on of frequency. Next, the pickup
is mounted on the machine and a recording
device connected, and the operation is
started. Then the machine is brought up to
speed - for instance, 40 cycles per second
- and the power shut off on the vibration
machine motor. As the vibration machine
coasts to a stop, the machine will pass
through all frequencies - from, for in-

stance, 40 cycles to 0 cycles - and enough
information can be obtained to plot fre-
quency against displacement.

This procedure is possible only for
displacement pickups, since all vibration
machines have a vibration wave shape that
is rich in high-frequency components. If
acceleronieters are used and if these ac-
celerometers have a natural frequency in-
side the range of these high-frequency
harmonics, then the higher frequencies will
always be accentuated. The rntural fre-
quency of the accelerometer will also
always be shock excited and predominant.
(See Ref. II)

2) Precision Method of Calibrating
Acceleration and Velocity Pickups.

In order to obtain a calibration for a
frequency range as large as possible, it is
necessary to have a sinusoidal driving
force of as pure a wave form as possible.
Devices with such characteristic, designed
on the basis of the principle of operation
of the dynamic loud-speaker, are available
from several manufacturers. For measure-
ment purposes, it is desirable to have the
natural frequency of the spring suspension
of the moving coil outside the range of the
measurement.

3) Precision Calibration Method for
Pickup used by General Radio.

Instrumentation. The instruments used
were as follows:

I-

I7
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a) Audio Oscillator, Gen. Radio Corp.
Type 713B, Serial No. 623

b) "D.C." Power Supply, Gen. Radio

Corp. Type 672A, Seri al No. 10 1

c) Sound Level Meter, Gen. Rad io

Corp. Type 7b95, Serial No. 718

d) Attenuation Boz, Gen. Radio Corp.

Type 2'49T, Serial No. 4~28
e) Vacuum Tube Voltmeter, Gen. Raflio

Corp. Type 727A
f) Primary Frequency Std., Gen. Radio
Corp. Type C21HLD
g) *Current Meter, W~eston Thermal

A. C.
h) *0sci 11 locirapli, Th rea I nch R, C. k
i ) Constant accs riation vibration

jig (as de.siqneu by General Radio
Corp.). This rc'em is under develop-

ment and is not a commercially a,/.-l
a bI e p ro du ct AllI the at;ove inst ru-

ments, excelpt thcrs- marked with an

asteris?, arc within 2% accuracy,

Because of thK,ý function, those in-

st ruments sc.- 1.ýý 6ý- 't necessarily

have to h,ý '-racsy'. The
~--y standard ha-ý a p- rrbV

oone p art In two m iI In

Thea can st&n t aczc2 - ý v' b~ brat I P

j ig is a dev~ce r - c 3ou d .peafk'-.r

a rd 'c,1-ul- n - o ,z &f f I' e I rag n zt a r.d

a coi! to which a si~' d'cuirucr is
5u, p .iie& The moving co~1 az,;taes iuA
dal motion in the field of the wgrqne
Since the. an-d size of the coil

such t, -__ sin a stTcng., con-

stant - --. ,l if the curra-nt

ithrou"V i. , i- - rsico crat:

,,he maors'L-ft f~e~ stri,:;gth of an2y
coil carrying curren~t is; directly r-o
ti-~.al to the cur rent. The fý-_ n g'
on the currsrnz-carrying coil1 Is rjrc. l
prop') rt fn al to Itsmragnetic flel. s2d9

Since, by Newton's Law- force Cr8-al -pý

the RMS value ef the:a-;-enat ~
stant with changina frequen - -' -

stre.ngth7 h-.;nce the fzi -c e , he -, i ;

value of acceleration of the moving coil,

will be constant. Taking precautions to

keep the current to the coils constant, we

thus have a constant acceleration vibration

j ig.

Analysis of Records Obtained.

All records obtained with vibration

recording instruments are qiuite complex.

The rec~rrded wave generally contains many
frequencies. Strictly speaking, a harmonic

analysis should be made, and the individual

frequency components should be determined.

This method is actually used. (See Ref. 3
and 4)

The instrument used for such automatic

record~ng is the Erpi recording frequency
analyzer with a frequency range from 10 to
5000 cyc~es.

A sirmilar Instrument that can be used

ior such applicationG is the General Radio

762-A vibration analyzer (See Ref. 5).

flow-evei', in every case a fair ap-

p'ox~-aioncan be made~and the frequencies
ad-d a~plitucdes can be determined if some

simple rules are observed.

In most cases, the frequencies of the

vibratftu c-en be~ obt,4 m1ed with the timing
wav- c.oý ty calcu~ation from the tape speed,
which is acssjm4..rl to be constant.

Figure 12d shows l 1combination of

two, harmonic. fequencý-, c~f a frequency

Figur Lý shows the combination of
twc viaiu of f-equency ratio 2-, the

"a ku-d 1% 1 9L he 30.-rycle vibration Is

about twiýx, i-e amplitude of the 15-.cycle

x 9ýj r,. -. K i zreccrd i s a t yp IcalI ex-

ia;4- -1 tzo i Y~ the d15ff icul ties en-

S' in the analysls when the two

~- :err-rs a not. widely separated.

ýf thi, - :,,uenc/ ratio is less than 2

-~ t~ ~ fir9euencles are formed,
F lW ý'h- ý:rates such a case. The
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bea-t -;quency is producedc by twc f"equaen

cles 0, and 50 cps, T1h frtequency of the
beat effect is 10 cpso The amplitude
fluctuates betweer, the difference and the
sum of the a-plitudes of the frequency
cornentse.ts,

The ka-ieocl i oT,,p•761A Vibration Metevo

) Descrvptic n and Theory of Opera-,

The GeoaRal di Type 761A Vibration
I-.teA (Figure 1i) is essentially a vacuum
Lube volt meter tiai indicates the RMS
value of the vibratiI., under measurement

in combination ,4ith -d -s,; ies of integi al:f;g
circits, No indWcatio- of the frequancy
of vibratioch is made. The detailead aory
of the instrument K gisver in RefL 5, 7,
and W. The in•. run•nt makes it possible
to read either di•p, acenent, velocity, or

c .... Ku- . A RuShKe-ls salt accelerato n
pickup is used ý . 5r -:- , se"F. vzs ele-
-Ment. -Tio int. ., .i, jyý a; luilt

r• - Wnpilfier ad- 01i be c-----•---
tý. n rcuit by meaw of p.. ý Iton

c S0. An attSUS 0;! -' h-9 l

-.i '-.;,,i operate.;. i i , K r fud tci permitli
ma ! U -e,4 , I f4 v . , . V ti1 a f o !10

Acceleration may ba wiasL. hum I W
- " ic es/sec2

to~ So 1W~-

49 - . - -

,a .? ', Le messaredl fo m .09;
:/,ý.:' POPMA;:: nd g an the f•e-e

.o,'! '- 00 C (dependinr on h. fW e
q•If4 4};) • the 4av 4 0A', of the -,. o

,- , r ths f-..- ',:,( of th-

v-A.8ln u-i be daete.aned it it4 YuC aw-
la g g 99 0

Lei X 'Le tnie I s L a=;-et me.s
a"•s V be tha e,',•. oci't.,.; .y ',@ r.i - .. •
vibr'ation MOW-l:

"than- V = .?T F X•

V
-J . 9 - -

2 P ),

If an •. frequency analysis is to be
made, a Cenera'T Radio Type 762-A vibration
analyzeim should be used. With this device,
a frequency spectrum can be obtained.

2) Frequency Range. Linear from 2 to
100 cyclesý

3) Resonant Frequency. Approx. 1500
cycles for Rochelle Salt Crystal.

4) Amplitude Range. Displacement

.001 to 30 inches (depending on the fre-
quency). Velocity .001 to 300 inches/sec.
(dependi, on the frequency). Acceleration
I to 3000 iKches/sec.2o

,) O-ts-cading Characteristics, Ad-
vantages. and Disadvantages.

The instrument is self-contained (all
batte•'e s and power supplies are contained
in the case of thu instrument). A call-
bratior, whic-h is accurate within a few per
cent can be wade by attaching the instru-
ment to a 50-cyu e source and adjusting
the int vo)ýa-ge to a predetentined valuer,

Fie~h, Te-ý ýy ... • ,! '. O •.

me- up2 road in the vici ity of Fort
MozrdrVo- U lu o' roads road selected

However. thL co tiv. -&- the secondary
toads "UL 0nl0 - K!1ata

made T-.•nrC. ?t-o o W•e & - lo use"
g -wy i: - u- se 9f0 tho funson 00T.

.e -..,.n oinr, •-'oundo for

-. . of a vehicle on this
------------ .: 4 strated by a high-speed

. - o f19 taken by the Auto-
mot 1-4 -•A'1 and Development Center en-

tt at -0 mwG, Mount M, test of sus-
., .. ¶ AF 809.,
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Figure 13 G. R. Vibration 4F C R naraticn Test S:-

Description of Test Roads

I) Coarse Washboard or coarse co-
rugatlon road,

This is a concrete road with sfrni-,
soidal waves spaced about 6 feet apart,

2) Belgian Block Road. This road is
constructed out of cobblestone, (Belgian
blocks). The blocks are not laid unifcq•nly
but in waves. These waven are 2 Inches
high and 8 feet crest to crest. The waves
are so designed that they exist not only
along the direction of travel but, also,

perpendicular to it.

3) Radial Washboard Road, This i doad
consists of diagonal washboards I to 2
inchea high and saparatec ý to 2 'feet,
This road introduces tramping ac t ion of
the suspension.

4) individual Corru--n4ict,. Th~s is a
samoot- concrete roed with transversa sinu-
soýda7 waves 3 inchos hig)h spaced 30 feet
ap4 rý,,

5) In addi tion to the four roads
aiernie2d above, the Perryman cross country

test course was used on one vehicle for
ove•ra2 comparison. This road is hilly and
purpdzvy maintained at its worst- con-
d t io1o

It may be stated that travel or these
rc ds is so severe that a thousand maes of
dri'5ng over them represents approximately
100 thousand miles of normal driving.
Listed below are the normal speeds at which
a vehicle may travel across these roads:

Coarse washboard road
Belgian block road
Radial corrugations
Single corrugations

5 mph
20 mph

15 mph
20 mph

II
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Speeds higher than those indicated above

result in destruction of the vehicle. This

serves as an indication of the severity of

the roads.

Machines Simulating Rough Rides.

On the basis of the measurements made

on these roads, machines simulating the

vibrations and shocks encountered have been

built by various investigators. These

machines are listed-below:

The Canadian Indicating Instruments
Testrng Machine.

The SAE Automobile Headlight Testing

Machine.
The Chrysler Headlight Testing Ma-

chine.
The General Motors Shake Rig.

The General Motors Bounce Rig.
The SCEL Bump Testing Machine.

The SCEL Tumbling Machine,

I) The Canadian 1ir-Icating Instrument

Testiý-ri Machine.

This machine i jxce&1ent for produc-

tion testing. It consists of a hinged

board with a I inch s -. e cam which is

located IE inches i crrhe hinges under the

board and is rotated at a speed of lzo RPM.

in such way, repeated shocks are produced
at the rate of 480 CPM.

The folL'cK~c. comments are made con-,

cernino, this machine:

a) -rhiKdrop height is not high enough.
b) The impulse time '--. too snort.,
c) The repetition rate Fs toe fast,

d) Results cannot always be dup7 I-
cated with this machine.

2) The SAE Headlight Testir.] , -.hine.

This machine is sho.-wn in Figtrr"ý 14.

It has a camn actuaitin a springln.'ded

cantilever which carries equipment ••.
tested. This machine was used for i,
automotive supl ressor equipment 1LI ;qho

Figure 14 Vibration Machine, S.A.E.
Design and Specifications

war. Up to this time, no performance

records have been taken.

3) The Chrysl er Headlight Testing

iachine (Rn•f 4N)

This machine is a modification of the

SAE machine.

4) The Generai Motors Shake Rig.

This machine K.s '-c -. - sd in Ref. 34.

The machine ccns-ists of 11, .s'-aft, close to
the ground, w.hich is rotat d- at speeds up

to 1600 RP i".. end are links which

cennect t so, r-zrf point on the suspension of

a truck syste. This fixture pumps the
wheels up and w%.. ,ith a fixed amplitude

and at ar- d- s-red frequency up to 1600

5) Th• Geniva! Motors Bounce Rig.

,flK• iev ce K. described in Ref. 22,

iý consi' it- 'iK.large rotatino drum w'hich

s. pports e. ;,,els of ýhe vehicle and

whJc-F, has ýý - d.: orn ts circumference
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wave-like cams which bounce the wheels up
and down. Maximum amplitudes can be ob-
tained at the resonant frequencies of the
vehicle. This is an excellent device for

studying the performance of the vehicle;
however, the space requirements for such

installation are quite large.

6) The SCEL Bump Testing Machine.

This machine is similar to the machine

described under (4) but differs from it, in
that the release of the truck suspension
system after it has been pulled down by a

cam is very sudden. This produces a sudden
snap action which bounces objects placed in
the cargo compartment of the vehicle up
into the air, resulting in repeated impacts
which are destructive to equipment stored

In the compartment.

7) The SCEL Tumbling Machine.

The tumbling machine simulates trans-
portation shocks encountered during trans-
portation, when the objects are carried
loose in the vehicle. Figure 15 shows the

-4-, :

9 "-t

.:--

A

S%/

Figure 15 Tumbling Machine
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construction of this machine. The machine
is designed so that objects tumbled in it
fall approximately the same distance as

they would be thrown in the air if they
were transported in a vehicle. For de-
tailed information see Ref. 36 and 37.

CONCLUSiONS AND FUTURE WORK

Additional work is in progress on the

foilowing subjects:

Characteristics of various electrical
and electronic acce~erometers.

Methods of obtah. -; g the frequency
amplitude characteristic of various elastic
elements as a funct ion of the naturaI fre-
quency oF these elements.

Description of methods and procedures
used for 'testing s,. mounts.

A descrlpt{
mechanical and

-f -: -• operation ol

i.hods used for ,. a Z anh an,,
.mT vcal solution ofn ec'f-.

....... ,nts made w t
the in t.ruments descr -ed h'ave bee- re-

p .d in test reports I I to 7. 3S,
Re % 27 to 33.

machine:- i-.- - •
eths -e r esu tus,

-.: a - va table fhisL

wil, s'v-1sa road conditions encountered
duringq ,v-Fportatlon. In the future,
tests wiH be made with some of these
machines to determine the shock resistance
cf various components and the equivalent of
field an•d laboratory tests (number of hours
on Taboralary test equivaleit to number of
miles of transportation over rough ter-

ra! n) ,

Design and application principles for
co-pcn•.•ts and subassemblies wil be es-

It is -recommended that after compleo-
tion of the basic resz-arch work being con.-
ducteco now in varicus laboratories, a
standardization program for shock and
vibratiori testing be initiated for the pur-
po-se of 3'mpl 'fying tCie vzarous shork test-
in, p roer now in use for performance
test i 11g,

ItH ; os - ed that a unifled pro-
duen ion teýnt rn- rr-,-'h-d be estabsished ,,hich

01 ->�

- - -,�: -

fi ~-,. ' ný-ý0zIC
i s e yrap-

;e a t I y a p-

fEfL-w -

Nyklest 'dd, qc, f-il!t Bo h Co. 1944-

2. Akcchao,1ca1 Vib;--, f;ons
J. P. Den Fr-og. LcGraw Nil! o, C'o.

3- Chrysler Co(rporatoin Enotn'r-e-g: Fe #ort-

Subject.: vibratio7,i, Al4 2e i,, Taokk :,
CGal:e and! Oil P1c' n• nl l ts-, o(•l'•• ;c:•" I --

4. Chvysler os n-rnnEng,''-i t
Desc-,-It 1on: Losses on A-t-' A ?.,," ,

Subject: Larobs, 1*ncoanesce-,-ce

C,. -- -

-:jol

3 -i DescrrIoPt :n
t 11.,' 97-1

Fue I
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SOME TESTS ON MILITARY LAND VEHICLES

By

C. D. Montgomery

Aberdeen Proving Ground

Shock and vibration of military automtotive vehicles are grouped into three
categories: those occurring during operation; those occurring when vehicle weapons
are fired; and those occurring under impact of Projectile hits. Each cateffory is
briefly discussed, with examples of the test work accop7l5ished. Particular emphasis
is placed on these problems as related to track-laying combat vehicles.

INTRODUCTION

During the war, the analytical ap-

proach to a problem was often subordinated
to the need for immediate answers. Certain
specific shock and vibration data were
obtained to meet the requirements of the
Signal Corps, but, in general, it was
quick er to manufacture two comparabie
items for test in order to evaluate cte-.
sign changes. This was a quick but ex-
pensive way to make improvements which,
however, did not produce quantitative
results for post-war designers. Much
of the military vehicle test work was
based on the judgment of experienced
engineering personnel, It was a wise
decision to obtain speedy test results
in this manner; however, at present we are
only beginning to investigate thoroughly
the shock and vibration characteristics of
all standard military vehicles.

The general shock and vibration
problems for military vehicles may be
grouped, for test purposes, as'

l, Those occurring during vehicle
operat ion.

2. Those occurring when vehicle
weapons are fired.

3. Those occurring under impact
of projectile hits.

For this discussion, shock will be
considered as a severe transient vibra-
tion condition. Ride vibration is fairly
regularly repeated vehicle mroltc•i, depend-
ert upon the vehicle mass ,'-•. suspension
system, in conjunction .ih operating
and road, or terrain characteristics

(see test areas, Figures I and 2). Ride
vibration may be thought of as the vibra-
tion limits within which the motion is
not disquieting to a person riding in a
vehicle. The frequency range of 50 to
150 cycles per minute of moderate ac-
celerations, with small displacements,
is not unpleasant. Unfortunately, other
factors such as tire vibrations and
spring bottoming cause ride vibraticqs
which are not In the range of comfort.

The engine, transmission, differen-
tial, and wheels are all exciters of
vehicle vibrations. In addition, there
are the shocks and vibrations imposed by
the motion of the truck over the road or
terrain. At given speeds, the engine
and power train components will vibrate
at known values which can be determined

and attenuated by rubber mountings for

27
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the engi!ne, interph, tones. ;NsLruiitA panels,

etc,

In general, except where roN.U ir..
regularities occur in resona;ýce with the
vehicle suspension, road impulses arie
a ttenuate> KI iý t ; Mainsprings and shock
absorbers. Lti when a truck is driven
against • ý,og (FIicure 3), the mainspring

will taý,e the impulses; ho,-ever, the shock
imposed 4Mi cause the truck and its
cornponents to vibrate severe~y, it has
been found that engine vibrations of c:
stopped truck do not correspond w!ii th 6
predominant vibrations recorded on an
operating vehicle. The predombn't-; engre
vibrations, when underway, are ofects.d
by transmission and other po.'u - r;i

harmonic vibrations, and road, o tr .,

irregularities. Large acceIer1 ' o1
rate-.changes of acceleration nc. ,
cross-country opercation, t.

de . -4ti uction of vehicle parts. These large
accelerations occur after the vehicle
springs bottom against the spring stop~s.
Bottomrn;rt is a iore general occurrence
dur'ing crcsscc,,.nr-1y operation than during
road' oT.eration.

During a co-oper i. ve. Signal Corps
and Oronance Project, i 1as determined
that 'LO maximUM instantaneous vertical
acceltration II a wheeled vehicle is de-
pendent upon, the forward speed of the
vehicle, that the frequencies of vibra-

irt a•c independent of road pro-
e, and tha' the effect of vehicle speed

is . i excep. for high speeds or resonant
St ic•ct ns• ! - tIlas determined, also, that
v eitica a accelerations are two to

"•.cceleration (except for
through pitch or roll

e. • i., e d t Lis test. In general, the
VS-!. ,rnq vibrations had the
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Figure 4 Special Test, Churchville Area. Light Tank M24 (T24)

The springs did not bottom during any of
this operation.

At present, a study is underway to
determine the effect of a I ight tank
hitting a twelve inch log obstacle at
speeds up to 15 miles per hour. Accelera.-
tions in three olants are being recorded
of the center of gravity of the tank as
well as at other points on the vehicle.
Glenn L. Martin accelerometers are being
used, with cables trailed from the test
vehicle to a truck containing a Hathaway
oscillograoh and Glenn L. Martin ampli-
fi ers.

During this test and within the
limits of the present instrumentation,
accelerations as high as five g have
been recorded at the top of the gun.
This condition is aggravated by looseness
in the elevating mechanism. Severe opera-
tion of this type also produces impact
accelerations as high as four and one-half

g at the center of gravi 4 y of the tank.
in general, other value, ere less than
three g. The spring suspension has been
designed to withstand a four g shock load.
Our problem at present is to refine the
instrumentation to permit more reliable
and higher frequency shock determina-
tions; in particular, we are investigating
the use of telemetering the acceleration
data to a convenient recording point.

Prior to the work now being prose-
cuted, various mechanical devices were
tested, all of which were excited by the
initial shock, after which they would vi-
brate at their natural frequencies. Seis-
mic recording devices are satisfactory for
recording low-frequency ride vibrations.
Peak reading accelerometers have been used.
A considerable number of displacement-time
studies have been taken using camera speeds
ranging from normal up to 5000 frames per
second. Displacements are then measured
from the projected film. Although labori-

" x,•"
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Figure 5 Heavy Tank, M26, Firing of 90 mm Gun M3 Using A.P.Co Ammunition

ous, this is a very reliable method for
obtaining data, as well as a graphical
illustration of the test.:.

Strain gauges have been used to
measure the shock loads on test items.
In general, electronic amplifying and
recording equipment must be kept out of
tank s.

FIRING SHOCKS

Displacement-tiime studies have been
made of the firing shocks from tanks and
gun motor carriages. It is a general
practice that the displacements caused
by firing shocks be recorded on all new
mounts. There is a general ti id in
tanks for a completely gyrostabil'ized gun
and turret. A knowledge of the firing
shocks which occur would facilitate the
design of these new fire contro! iteiso
Frankford Arsenal now has an actiA, tesiA
project on the determination of fi~'ng
test shocks.

IMPACTS

Another group of shock and vibrations
associated with w-ilitar" vehicles ,o cc-ur
from projectile impacts and lanoJA mine
blasts. There are two classes of tank
equipment whic'li must be protzcted frorn
projectile impacts or rflne blasts:

1. Those items . nt•ol to tlhe
operation of the tarn' whi - a:e neeodiA to
permit the tau to pe.rform u.nder it. un

power in order tt, return to its base,,
2. Stowage items or nonessenrtial

functioning parts which must not become
seconds ry missiles inside the tank. A
secondary missile occurs from objects
being propelled lnside a vehicle by the
Fowrce of projectlle Impacts.

'roo f a r . ' light and medium taun.k
hills, it was , eaýl•rifned that:

i. Brac', tL solidly mounted to the
armor" will sco~ e secondary missiles when
impacted,

32
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Figure 6 Heavy Tank M26, Operation or 36" and 48" Vertical Walls

2. Approximately 18 inches from the
impact area the accelerations will be
high, but the displacement will be low,
and little damage will be suffered by
mechanical equipment. At the point of
impact, the high frequency of shock will,
in turn, produce high accelerations in
the order of 5000 to 8000 g with small
displacements (except for impact area),
along with low-frequency vibration with
large-displacement amplitudes. Much
test work was of a qualitative nature,
with shocks produced by proof projectiles
fired at known velocities.

3. Electrical apparatus mounted in
armor plate is sure to be damaged.

4. Stowage and brackets should be
strap mounted, spaced at least one and
one-half Inches from the armor.

5. Nothing should be mounted on the
front armor plate, unless mounted In long,
flexible straps supported over a consider-

able distance and allowing movement under
an impact. The tank steering mechanism
should not be mounted on the front plate.

6. Good welding is better than other
fastening means; however, bolts or screws
are better than poor welding.

The aforementioned conclusions were
reached during a co-operative Ordnance
project in which General Electric, Westing-
house, and Dr. Edgerton, of M.I.T., par-
ticipated.

There are many improvements in tanks
and military trucks which are traceable
to the meager shock and vibration work
accomplished to date. To mention a few -
there are the torsion bar suspensions,
rubber bushed track, gyrostabilized guns,
and shock mountings of all sorts. Where
possible, Ordnance has benefited by the
shock and vibration work of the automotive
industry. This applies particularly to
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Figure 7 1/U4 Ton Truck. Operation in Munson Test Area

the wheeled vehic!,es. The net gain from

shock and vibration studies to date is an

indication that more data may lead the

way to further advances in military ve-

hicle design. The newer vehicle designs

will be capable of higher cross-country

speeds (Figure 7), which will impose
greater shock loads and vibrations. Al-

though we are going through growing pains

with our present instrumentation, we feel

that the data obtained wril eventually
prove of value.

REFERENCES

1. Paul C. Rocke - Protection Engineering for delicate Military Equipment - Mech.
Engineering Vol. 65, No. 8 - Aug 43 - pp 581.

2. Project 5-1-6; Study of Vibration and Shock. Effects on Components and Acces-
sories of Combat Vehicles.

3. Fire Control Engineering Report No. lo5l, "Transmission of Road Impulses to Fire

Control Instruments Transported in Military Vehicles."

4" Composite film on typical operations in Automotive Division, D&PS prepared by
Mr. J. Beach, Project Engineer.

.. -W-%
m

34.

U



CONFIDENTIAL

2

z
0
I-

0
C-

Irb 10%ý I00 'U C.P.S.

FREQUENCY

Fi gu re

for wheeled

(a) Road impulses are effectively
attenuated by the mainsprings and tires,
except when road irregularities are in
resonance with either spring system. For
the case of a single impulse such as is
obtained over the "Single Bump" road,
the form of the initial impulse is barely
transmitted to the chassis, but the free
vibration resulting from the impulse is
severe. In general then, the effect of
road irregularities on wheeled vehicles
Is to set the chassis vibrating at the
natural frequencies attendant, with the
spring systems of the vehicle.

(b) Vibrations in the vertical direc-
tion occur in three distinct frequency
bands: 2-5 cps, 8-15 cps, and 60-200 cps.
These predominant frequencies correspond,

respectively, to the vertical and rocking
modes of the chassis on the main springs,
the vibration of the wheels and axles

on the tires, and the natural frequency
of the elastic structure of the vehicle
chassis. The vibrations between 20 and
60 cps were due mainly to motor vibrations,
although in some cases body structural
vibrations ranged that low. Vibrations
other than those due to the motor in this
range were practically impossible to corre-
late with some spring system of the ve-
hicle.

(c) Rocking modes of the vehicles
were recorded mainly by the vertical pick-

ups. Because the chassis motion is a
mixture of the vertical and rocking vibra-
tional modes, however, it is difficult
to discern each mode individually on the
records or on the vibration spectra.
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BELGIAN BLOCK RD.-15 MPH=-
SINGLE BUMP RD. -7 MPH= +T

2.5 g

25g
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,owing generalized results
vehicles were obtained:
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(d) The low frequency vibrations,
from 2-5 cps in most cases, have the
largest associated accelerations. In some
vehicles, however, the high frequency
structural vibrations are more severe.

Such exceptions can be noted by comparison
of individual vibration spectra.

(e) Under the test conditions speci-
fied, the maximum transient or instan-
taneous acceleration of the chassis did
not exceed 3.5 g for any vehicle tested.
This value, however, was obtained when the
recording pen struck the "stops", and a

value of between 5 and 7 g could be extra-
po Iated.

(f) Vertical vibrations are more

severe than those in the crosswise or
longitudinal directions. By comparing
the vibration spectra of a given vehicle

for the three directions, as shown in
Figures 2 and 3. it will be seen that

the vertical vibrations have accelerations
of two to three times those of the vibra-
tions in the other two planes, except for
the high frequency vibrations. This
stafement however, is true only for the
vehicles and test conditions reported. Vi-
brations in the crosswise and longitudinal
direction are due mainly to tramp, yawing,
and sideshake of the wheels and axles,
and at certain critical speeds with cer-
tain suspension designs these vibrations
can become appreciable.

(g) Effects of Loading - It can be

seen that loading lowers slightly the
frequencies of vibration in the two ranges,
2-5 cps and 8-15 cps, and decreases the
accelerations associated with the 2-5 cps
range. Both the accelerations and fre-
quencies of the body structural vibrations
are increased, probably because the loads
were not secured to the vehicle. From
these results, it is evident that the

FREQUENCY

Figure 2

I

38



CONFIDENTIAL L

BELGIAN BLOCK RD_-15M.PH.=9

39

.59 - -

.59 BELGIAN BLOCK RD. 15 MPH
.5g-SINGLE BUMP RD.-7 MP.H=I-+

,sgi .~

.5 g- - - --- I
1 9

S10 rk 100'u CP.S

FREQUENCY

Figure 3

unloaded condition is the worst. It
should be remembered, however, that as
the load is increased and the springs
become effectively softer, the possi-
bilities of "bottoming" the springs, and
thereby obtaining impact, become greater.

(h) Since the vibration of the chassis
on the main springs causes the major por-
tion of the chassis acceleration, the
most advantageous position for instruments
in a wheeled vehicle would be at or near
the intersection of the rotational axes
of the vehicle chassis. For the 2-1/2 ton
truck, this position with reference to
the cargo space is along the longitudinal
center line, as close to the cab as possi-
ble. Figure 14 shows the vibration spec-
trum for another vehicle, a one-ton cargo
trailer with no load. The same three
principal frequency bands are indicated.

(i) The maximum instantaneous ac-
celeration of the chassis of a wheeled
vehicle is dependent upon the forward
speed, Figure 5 is a plot of the average
maximum instantaneous accelerations, in-
cluding both positive and negative values,
against forward speed for three vehicles.
The curves obtained are open to question
since they are based on too little data.
They are presented, however, for the value
of the further investigation they sug-
gest. These curves are an incidental
result of the tests actually carried out,
since no tests were planned to determine
such a relationship. The curves in Figure
5 indicate that an approximate equation
relating maximum acceleration, forward
speed and the spring stiffness might pos-
sibly be obtained. If such a relation-
ship could be established, it would be a
great aid in the design of shock-mounted
installations.
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3. Tabular Summary - A tabular summary
of the results for wheeled vehicles are
presented in Tables I to IV on page
142.

These tables show the maximum ac-
celerations recorded for the predominant
frequency bands which can be seen upon
inspection of the vibration spectra. The
tabular summaries are intended for quick
comparison of results on different ve-
hicles or on different parts of one
vehicle. For specific information on any
vehicle, the corresponding vibration spec-
trum should be consulted.

RECOMMENDATIONS

The results of this work disclosed
that the problem of vibrations and impacts
transmitted to fire control instruments
in military vehicles is of such magnitude
and complexity that a general solution

could not possibly be obtained in four
months of work represented by this report.
It is recommended, therefore, that a pro-
ject be initiated to carry out a complete
research on the subject. The work should
include the following phases:

(a) An extensive survey of work al-
ready done in this field by various in-
dustrial and governmental agencies.

(b) Laboratory investigations to cor-
relate impact and vibration measurements
with "strength of materials" theory. This
phase of the work would necessarily develop
instrumentation and measuring techniques
essential for the following phases.

(c) Measurements of the actual im-
pacts occurring in military vehicles due
to road irregularities, recoil, and pro-
jectile impact.
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(d) Further investigation of vibra-
tions on the basis of the results of this

report. Tests should be designed to es-

tablish the indicated relationships be-

tween acceleration and the variables

determining the motions of the vehicles.

(e) The design, development, or

purchase of vibration and impact testing

machines to fit the requirements dictated

by the previous phases.

RECAPITULATION

Accelerations were recorded for each

vehicle in three directions-vertical,
crosswise and longitudinal. The results

2
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of these tests, which did not include
spring bottoming, indicate that road

irregularities cause wheeled vehicles

to vibrate at the natural frequencies of

the spring systems of the vehicle. The

actual motion was very complex, however,

and the predominant frequencies of vibra-

tion occurred in the ranges of 2-5 cps,

8-15 cps, and 60-200 cps. These fre-

quency ranges are the natural frequencies

respectively of the main springs, the

tires, and the body structures. The

maximum recorded acceleration was 3.5 g,

but the recording pen struck its mechani-

cal stop at that value and a maximum value

between' 5 and 7 g was extrapolated from

the records.
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Table I. Truck, 6x 6 No Load

POSITION VERTICAL MAX ACCELERATIONS MAX.

IN LOW MEDIUM HIGH INST.

VEHICLE FRED. G FREQ. G FREQ. G ACCEL.

FRONT LEFT 2-4 1.7 3-II .8 75-100 2.3 1.9

CEN. RIGHT 3-5 3.5 9-15 1.5 50-80 3.5

REAR 3-5 2.4 8-15 1.6 30-150 .3 2.4

LONGITUDINAL MAX. ACCELERATIONS

FRONT LEFT ------ .--- 1- 8-25 1.5 90-110 .3 1.5

REAR --- 10-25 I.3 70-140 75 1.3

CROSSWISE MAX. ACCELERATIONS

FRONT LEFT 2 1.1 10-16 I.I 80-110 .1 1.1

REAR . 1025 1.5 120-150 .9 1.5

Table II I.

WEAPONS CARRIER

POSITION VERTICAL MAX ACCELERATIONS MAX

IN LOW I MEDIUM HIGH INST

VEHICLE FRED] G FREQ. G FRED. G ACCEL

2-3 I.5 5-10 1.7 60-100 2 2

LONGITUDINAL MAX. ACCELERATIONS

S-- 690 1. .8
CROSSWISE MAX. ACCELERATIONS

3L4 9 .6 1 13-15 1 6 140-80 1.5 1.5

CARGO TRAILER -I TON-NO LOAD
VERTICAL MAX ACCELERATIONS

CENTER 3-5 10 -lI II .5650-0113 22

LONGITUDINAL MAX ACCELERATIONS

OF - I-- 1 8-20 - 91 70-130 1 5 16
CROSSWISE MAX. ACCELERATI IONS

FLOOR =2-4 .9 122-32 .6 -53 I0 ° 17 .2
CARGO TRAILER-I TON- 800# LD

VERTICAL MAX. ACCELERATIONSCENTER 2-3 1 10 1 8-11 1 1,1 160-110 1 28 2 8
LONGITUDINAL MAX. ACCELERATION$

OF --- I -- 120-40°1 L3 175-130T 5 ,.6
CROSSWISE MAX ACCELERATIONSFLOOR -- -- 1 35-421 L3 1 65-1101__,7 21

Table II. Truck, 6x6 1700# Load

POSITION VERTICAL MAX. ACCELERATIONS MAX.

IN LOW MEDIUM HIGH INST.

VEHICLE FREQ G FRED. G FRED. G ACCEL.

FRONT LEFT 2-3 II 7-18 .7 70-86 .7 1.7

CEN. RIGHT 2-4 1.2 6-40 .7 110-140 .3 1.4

REAR LEFT 2-4 1.5 7-30 .8 110-190 3.1 3.1

LONGITUDINAL MAX. ACCELERATIONS

FRONT LEFT 7-8 .8 18-21 1 .3 75-90 1.4 1.7

CEN RIGHT 7-12 .4 20-42 .2 110-140 .3 7
REAR LEFT ---.. 8- 36 .4 60-100 .2 .5

CROSSWISE MAX ACCELERATIONS

FRONT LEFT --.- - 10-25 .6 40-130 .2 .95

CEN. RIGHT 1-8 .5 6-20 .4 70-140 .6 .95

REAR LEFT 2-5 1.4 10-22 1.2 60- 190 1.1 1.6

Table IV.

M-14 TRAILER- NO LOAD
POSITION VERTICAL MAX ACCELERATIONS MAX

IN LOW MEDIUM HIGH INST.

VEHICLE FREQ. GI FRE0D G FREQ. G ACCEL.

RIGHT 18-4 1,5 14-34 .3 50-70 10 15

LONGITUDINAL MAX. ACCELERATIONS

REAR OF 3.6-20 .7 0--- I -- 1l1O-130 1 .2 1.2

CROSSWISE MAX. ACCELERATIONS

FLOOR 18-8 .6 20-70 .2 --- -- .6

40mm AA GUN CARRIAGE
VERTICAL MAX. ACCELERATIONS

GUN 2-5 II 9-30 .3 ý110-160 3 1.3

CROSSWISE MAX. ACCELERATIONS

CRADLE 1.8-4 1.010-301.4 -- 0-- ,0

SIGHT-

VERTICAL MAX. ACCELERATIONS

2-3 117 1-33 1 .7 1 80-1011.,
LONGITUDINAL MAX. ACCELERATIONS

3-4 11.01 --- I -- I30-40 1 15

1.7

1.5
VERTICAL MAX. ACCELERATIONS

2-4 l.8 127-36 2 190-1o I,7 1.7
CROSSWISE MAX ACCELERATIONS

I.8RA '1.2 20_25 1.8 ! 85_100 .7 L8
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DISCUSSION OF THE THREE PRECEDING PAPERS

MR. B. J. W. GRIER, TMB: A few supple-

mentary remarks may be in order. Road

shocks normally are not confined to a

single pulse, but may consist of many

pulses. The initial displacement may be

amplified in succeeding violent vibrations

or may be diminished, depending upon the

shock pulse and its frequency, the natural

frequency of the suspensions, and their

phase relationships. Considered as a

rigid body on a single suspension, the

vehicle Itself has six degrees of freedom;

however, this is not the actual case.

In fact, the vehicle has more than one

suspension with several component parts

attached, which have their own modes of

vibration.

An excellent example of this com-

plexity Is the Radar Set AN/TPL-I, which

has not been mentio-led. This set Is a

transportable unit mounted in a trailer

body, which Is supported by a set of

vehicle tires. When transported from

one field of operations to another, it is,

in turn, mounted in trailer M-I. This

equipment was field tested at the Aberdeen

Proving Ground, and measurements were made

at various locations. The records obtained

indicated the complexity of the problem;

however, after careful analysis, the

principal modes of vibration and necessary

data were obtained.

It can be emphasized here that the

chief modes of vibration in military ve-

hicles are bounce and pitch, while roll Is

much less severe. This was borne out in

the motion pictures of field tests of

military vehicles shown by the reproduc-

tions in the paper from Aberdeen Proving

Ground. Bounce, as referred to here, is

the vertical displacement of the vehicle

body, and pitch is the rotation about the
transverse axis of the vehicle body. As

was shown in the film, pitch action en-

countered In tanks often causes bottoming

of the vehicle suspensions and results

In severe damage to equipment, as well as

to the vehicle and its personnel.

Records show that pitch frequencies

and bounce frequencies differ but slightly

from each other. This is due to the in-

herent design characteristics, where the

radius of gyration of the vehicle is ap-

proximately one-half the wheel base.

I shall mention, briefly, the follow-

ing phases of the problem which have been

completed or are underway at the Signal

Corps Engineering Laboratories:

I. Simulation of actual road shock

and vibration conditions in the laboratory.

2. Establishment of adequate perform-

ance speci~fications for equipment which is

installed in vehicles and equipment which

is transported in vehicles.
3. Revision of equipment design re-

quirements in the light of the above.

,. Compilation and correlation of

data on rail transportation with other

modes of transportation, to arrive at com-

plete statements on over-all requirements.

5. Measurements to determine the na-

ture of shock and vibration encountered

by all types of military vehicles when

subject to Arctic conditions.

In connection with the simulation

of actual road shocks and vibrations, many

devices have been designed and tested -

some of which are the Bump Rig, Tumbling

Test Machine and modified vibration
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machines. The Bump Rig consists of equip-
ment designed to be attached to the rear
suspension of the Army 2-1/2-ton truck
6x6 for the purpose of shock exciting
the system. The Tumbling Test Machine
was designed to simulate conditions en-
countered by equipment being transported
loosely stored in military vehicles.
Modifications of existing vibration
machines were necessary to obtain in-
creased amplitudes and accelerations at
low frequencies, which are predominant
in military vehicles.

The subject of vehicular vibrations
and shocks encountered by equipment while
mounted in military vehicles subject to
Arctic conditions is of great interest
to the Army. No technical data is avail-
able on this subject. Army engineers
who have participated In Arctic opera-
tions report various opinions of damage
due to vehicular shocks and vibrations.
It is assumed that these conditions are
different, due to varying types of road
conditions and the types of vehicles
normally used in Arctic transportation.
Vibration measuring equipments are being
assembled by the Signal Corps Engineering
Laboratories for field tests, which are
soon to be underway.

DR. 4IOLDMAN, NMRI: Personnel and comfort
problems have not been mentioned. While
the matter of comfort may not seem very
military, have any measurements been made
of vibration and shock in vehicles to which
personnel would be subjected?

MR. GRIER: There Is no specific data at
present regarding personnel comfort. I
think that this topic has been neglected.
We have felt that personnel Is an ex-
pendable item.

MR. PRIEBE, SQUIER SIGNAL LABORATORY:
Generally, the driver protects himself.
If he feels that the vibrations are be-
coming too severe, ht. slows down. I drove
a Jeep over the washboard course, acci-
dentally, at 25 miles per hour and stopped

very suddenly. You can't go very far under
those conditions. Your foot gets off the
gas pedal, the machine slows down, or
something happens that the vehicle breaks
down before any damage occurs to personnel.

MR. MONTGOMERY, ABERDEEN PROVING GROUND:
What Mr. Priebe says is generally true -
we do make light of the driver; but when
the driver operated for long distances,
everybody had to give a little thought
to his comfort. A special seat was made
which consisted of soft springs plus shock
absorbers. Some commercial companies are
furt her developing it. Some changes have
been made in the tank seats. Even though
we make fun of it, a little work Is being
done in that direction.

MR. ARMSTRONG, NOL: Everyone seems to shy
away from the subject of spring bottoming.
Is any work being done on Investigating
peak accelerations or shock patterns?

MR. PRIEBE: Work is underway in the
development of instrumentation for that
particular problem. The problem of bottom-
ing is not as bad as generally stated.

We have some rubber bump snubbers on which
bottoming takes place. At present we
cannot very well use instruments.

MR. GRIER: In addition, quite a bit of
work has been done on torsional sus-
pensions. In that direction, inertial
controlled dampers have been used, with
quite good results, In preventing bottom-
ing. The shortcoming was to get the proper
amount of instrumentation to measure the
condition where various types of materials
come in contact with each other.

MR. PRIEBE: Difficulty was encountered
with using instruments. This cannot be
overemphasized. No illustrations have
been shown of the instrumentation (or at
least part of it) being carried on a truck
which travels beside the vehicle at the
same speed as the vehicle being tested.
In this case cable effects are present,
and the long cables are very difficult*to
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handle. Investigation of the suggestion of
using telemetering would be very much ap-
preciated.

MR. RICH, TMB: It becomes evident that the
whole group of laboratories have incidental
problems at some time. It would be of
value if some meeting of the entire group,
or just those laboratories concerned, could
be devoted to instrumentation problems.
All could greatly benefit from a meeting

of that kind.

DR. KLEIN, NRL: In answer to that, you
will find a summary in Bulletin No. 5,
Page 61, encouraging each of you to ex-
press his needs in terms of instrumenta-

tion. We are planning, for the benefit
of all, to hold a symposium in which the
subject of Instrumentation will be em-
phasized. Everyone real.izes the great
need for precise measurements and for
instrumentations to get these mleasure-
ments. Don't fail to read the article
and to give the Committee an idea of your
needs in Instrumentation and how urgent
it is to set this meeting, or symposium,
or colloquium, for the discussion of
instrumentation.

MR. CUNNINGHAM, NRL: Mr. Montgomery,
would you discuss some of the actual dif-

ficulties with the trailer recording sys-
tem?

MR. MONTGOMERY: The arrangement is six
accelerometers on a light tank, which we
run over the washboard course. We have

200-foot, wire-covered cables on stands.
the cables are looped back. As the vehicle
progresses, it will pull the cables, allow-
ing the tank to go only the 200 feet.
This is well in theory, but when pulling
cables across the ground and across the
vehicle, with the probability of residual
magnetism in the tank, other signals will
be induced in the circuits.

DR. BALL, NOL: I am interested in the
economics of the Army programs. One of
the incentives which we have for laboratory

45

simulation is the matter of cost. Most *'

field work requires a lot of personnel
and a lot of expenditure. Does the Army'•:
have a similar driving force?

MR. PRIEBE: The joint program was under-

taken during the later phases of the war
when money and personnel in the Armed
Forces were still available. Now the
economic situation forces us to reduce
the number of field tests and go to labora-
tory tests. We feel that field tests in
the ArtJc region are necessary. Nothing
has been said about conditions in the
Arctic region. There, sleds are pulled
behind vehicles which are traversed over
rough terrain - principally ice. It has
been found, for example, that oil tanks

split open with a few miles of driving.
These field tests are necessary, and after
that we can continue in the laboratory.

MR. MONTGOMERY: Maybe I should have
started with an introduction of what we
have at Aberdeen. We have every type of
standard military vehicle - not only one,
but several of a given type - trailers,
tanks, gun motor carriers, etc., and the

Ordnance Department would be will ing to
co-operate with anyone who wants to use
the facilities. A great deal of work
has been done with the Signal Corps using
the Belgian Block course. The facilities
for tests are available to anyone who
makes the right contacts. If you are In-
terested in running over prepared courses,
we have prepared courses plus any variety
of cross-country conditions - slope opera-
tion, etc. We can simulate anything -
closely, if not accurately.

DR. KLEIN: The subject of simulation in
the laboratory versus full-scale tests
is being studied by all activities. The

British can give us a lesson in the sub-
ject of simulation, because their funds
are more drastically cut than ours.

COL. BRIGHT, BRITISH SUPPLY OFFICE: Yes,
in England we are running on a smaller
scale now because of the economic crisis.
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We are forced to laboratory simulation to

a greater extent than you are. In England

we have a fighting vehicle proving es-

tablishment which, to us, is identical

with what the proving ground at Aberdeen

is over here. We have been working on

much the same lines as regards shock and

vibration, but probably more from the

laboratory point of view, to cut cost.

Against that, we had a longer period during

the war when we were interested in these

problems. One of the things which has

not been stressed in these papers but which

we came up against is that although it is

perfectly true that the driver of the

vehicle will protect himself from ex-

cessive shock, still the fact remains that

you must consider the fatigue of the

driver. He must be able to fight ef-

ficiently, even at the end of a long day.

We must consider shock and vibration and

how it affects the driver if we expect

him to drive in convoy, for example, where

he cannot regulate the speed of the ve-

hicle. Possibly on that side we have done

rather more, whereas on the full-scale

side we have probably done less. We are

now emphasizing the laboratory side more

in England than you are here.

DR. KLEIN: Before we leave the subject

of the driver, we should be thinking

further along these lines. With the

prospects of higher speeds in the future,

the driver must be considered if effec-

tiveness in operation is to be achieved.

Since Dr. Goldman is the lone man repre-

senting the interests of the driver, it

will be encouraging to his group to know

that several activities are thinking along

these lines. Each activity is considering

what might be done to help personnel as

well as machines. Here at NRL, at TMB, and

at several other organizations programs

are underway, in co-operation with medical

shock and vibration groups, for the benefit

of personnel.

MR. JASPER, TMB: I notice that in sum-

marizing the data on road vehicles, the

information has been based mainly on fre-

quencies and peak accelerations. I was
wondering if any effort has been made to

summarize the number of cycles at each

frequency and, also, the number of cycles

during individual shocks?

MR. PRIEBE: We obtained some instruments
from Chrysler on which we recorded the

number of times acceleration was exceeded

at a certain frequency. These were peak

reading Instruments which had magnetic

release. They did not prove too useful,

and we have not made exhaustive studies,

as yet, but contemplate doing so. We

also used the biot pendulum to analyze the

records we have accumulated. We have some

of these records now and must find out

what to do about them.

MR. McGOLDRICK, TMB: In the same connec-

tion is there any definite reason for the

measurement of acceleration rather than

velocity or displacement?

MR. PRIEBE: Acceleration was decided

upon In a conference with Dr.. Mindlin

because acceleration represents force.

Some displacement as well as velocity

measurements were made. Velocity measure-

ments are discussed in the paper by the

Frankford Arsenal, and displacement meas-

urements are discussed in earlier papers

which covered the displacement measure-

ments made with General Electric Instru-

ments. However, in working at high fre-

quencies, attendant forces are concealed

in displacement measurement.

DR. TRENT, NRL: I should like to see if

we could tie in some of the results with

information gathered in a recent visit

to England, pertaining to shock in ships.

In that case, in their studies of under-
water shock, the frequencies involved lay

in three bands: below 5 cycles, or the

low-frequency band; those from 30 to 100

or 200 cycles, the medium-frequency band;

and the high-frequency band, of the order

of kilocycles - I or above. The high-

frequency band is characterized by high

peak acceleration. Unless the equipment
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is made of brittle castings, nothing
happens. In the low-frequency band, large
displacements can cause some trouble
from misalignment of shafts. The medium-
frequency band is the one which damages

the equipment mounted on the ship. The

point to emphasize, I think, is that what
tears up the equipment is not necessarily
acceleration, but how much strain is im-

parted to the equipment. Mr. Struthers,
here at NRL, does non-destructive testing
which involves acceleration of about 1000

g. If these three frequency bands are
found in military vehicles, is there one
band you can put your finger on as ruin-

ing equipment?

MR. PRIEBE: Yes, the paper presented by r-ý
Mr. Lee gives some results of destructive &.

tests on electronic equipment carried in _i:
military vehicles. The bands which are
most damaging to equipment have fre-•ir:
quencies which lie between 8 and 60 cycles
per second. The two frequency bands are
due to tires and to resonant vibrations
of the components and equipments carried
In vehicles. Repeated low-frequency
accelerations in the neighborhood of 14 g
have components which continuously excite
resonant frequencies of the destructive
va iety.
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The material presented so far has
dealt with instrumentation for measuring
vehicular vibration and the results ob-
tained on many vehicles. Just how these
vibrations and incidental shocks will

affect equipment is of considerable in-
terest. This is an account of an experi-
mental attempt to obtain data on this
problem, principally with regard to elec-
tronic components.

In general, earlier papers showed
that vehicular vibration is characterized
by a very complex wave form, but with

characteristic periodicities which can be
traced directly to the different elastic
systems of the vehicle. It was shown that
these periodicities may be grouped into
distinct and different frequency sectors.
The absolute accelerations are relatively
small - a maximum of about 3 g in most
cases. Offhand, it might be assumed that,
since the accelerations are so low, there
need be little concern for this type of
problem, but I will attempt to show that
a long time application of vehicular vi-
bration can cause considerable damage to
the equipment.

In the previous discussions, the
question arose as to which was the more
significant aspect - the characteristic

frequencies of the vehicle or the magni-
tudes of the acceleration. Both of these
factors are involved and, in addition,
the time of application is also extremely
important. As pointed out in the pre-
ceding papers, the vehicle movement is
extremely complex and, despite the nominal
periodicity mentioned, there are many
discontinuities in the wave forms. Since
the excitation is continuous while the
vehicle Is in motion and this wave form

is capable of exciting and producing
stress repititions in almost any elastic
element, many of the failures are due to
fatigue and wear. The total number of
stress repititions, which is the fatigue
criterion, depends on the length of time
the vehicular vibration is applied.

We concern ourselves with three

problems:
I. The types and extent of the

damage to electronic components when

used in vehicular installations.

2. The relative effectiveness of
various types of shock mounts in terms,
again, of damage to the equipment.

3. As corollary to (2), the em-
phatic consequences of using the wrong
shock mount for vehicular applications.
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DAMAGE TO COMPONENTS AND EQUIPMENTS;
EFFECTIVENESS OF SHOCK MOUNTS

By

Norman Lee
Coles Signal Laboratory

The types and extent of damage to electronic components, when used in vehicular
installations, are described. The relative effectiveness of various types of shock
mounts, -in terms of damage to equipments, are indicated. The consequences of usinng
wrong shock mounts for vehicular applications are demonstrated.
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These tests Involved large numbers

of components and a long time excitation

in a typical vehicular installation;

therefore, they are considered quite

representative of the effects of vehicular

applications in the field. Although

the results of these tests were originally

to be interpreted in terms of damage, I

shall attempt to correlate some of the

results with vehicular vibration data.

These tests were initiated to de-
termine the effectiveness of various types
of shock mounts. Although there had been
many efforts and much speculation on
vehicular shock mounting problems toward
more satisfactory results, it had been
difficult to translate them into actual
practices because of the difficulty in
resolving most vibration and shock con-
siderations in terms of damage to equip-
ment.

At the outset, to determine the

magnitude of the problem and the need for
further work, a preliminary test was run
involving a newly developed shock mount, a
widely used typical commercial shock mount
and the technique of bolting the equipment
down solidly to the vehicle. Four chassis
were fabricated; each one incorporated
four typical oscillator circuits, eight
miniature type tubes, sixteen ceramic
capacitors and a number of resistors. One
of the chassis was of 1/32 inch steel and
was bolted solidly to the equipment.
The second chassis was of 1/8 inch steel
and was supported on experimental shock
mounts. The third chassis was of I/8
inch steel and was supported on a repre-
sentative commercial shock mount in ac-
cordance with common practice at the time.
The fourth chassis was also of 1/8 inch

steel and was bolted solidly to the ve-
hicle. These chassis were placed on a
frame in a panel truck (see Figure I) and
were driven over representative roads for

1,000 miles.

The damage after this test was prin-

cipally in the oscillator assemblies,. It

was noted that one of the chassis using
shock mounts was damaged considerably
more than even the chassis which were
bolted down solidly. In the light of
what has been disclosed in preceding
papers, however, the reasons for this are
apparent. The resonant frequency of this
chassis on its shock mount was about 12
cycles per second. If you remember, one
of the strong frequency sectors in wheeled
vehicles was from 8 to 12 cycles per
second, and it was due to the axle system.
Consequently, the shock mount amplified the

vehicle vibration in this range and, in

combination with the fact that it had a
relatively sharp discontinuity in its load
deflection curve, the impulses passed on
to the components had an extremely high
harmonic content. This could excite the
components more than they would have been
if they were subjected just to the vehicle
vibration.

In most cases, the failures of the
oscillators were due to parted turns in the
choke coils. Although the choke coils
were placed with a 1/8 inch spacing to

nearest surface, there was sufficient
excitation so they vibrated against the
surface and finally wore through some of
the turns. This is a wear phenomena and,
of course, the damage is dependent on
both the stimuli applied to it and the

length of time they are appl ied. The
importance of providing sufficient clear-
ance is evident.

The frame was then given 40 drops

on a hard surface by lifting one corner
of the frame 10 times and dropping it
from a height of 12 inches. The results
are shown in Figure 2.

The purpose of this test was to

get some indication of the consequences
of rough handling. It had been our experi-
ence that this was a particularly important
factor in the life of the equipment. Many
of our equipments, which were satisfactory
once they were installed, failed in trans-
portation due solely to the dropping and
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tumbling. This test was somewhat extreme,
however, because of the large number of
drops, and the results should be inter-

preted in that light. The reason for the

large number of drops was that, since it
was not a carefully controlled test,

dependence was put on the averaging pos-

sibilities of a multiplicity of drops to

eliminate random effects.

This test indicated that a more

exhaustive investigation was required,

because of the emphatic differences in

damage in the various chassis. In par-

ticular, the shock mount which represented

a widely used practice produced an ex-
cessive amount of failures.

Having shown, then, that this problem
was a serious one, a similar test was

devised to determine the best shock mount-

ing solution. Six large chassis were
devised, each one incorporating a larger

quantity of components: twenty-two minia-
ture type tubes, eight metal 6-volt tubes,

sixteen ceramic capacitors, twenty-four
tubular capacitors, sixteen plate chokes

and eight vitreous enamel resistors (see
Figure 3). The six chassis were identical

in construction. Chassis No. I and No. 2
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Figure 3

were supported on shock mounts developed
at the Signal Corps Engineering Labora-
tories, of two different load ratings.
Chassis No. 3 and No. 4 were mounted on
essentially compression mounts of another
manufacturer; the difference between the
two being a different rubber compound.
Chassis No. 5 was mounted on a shock
mount almost identical to No. 6 but of
greater stiffness and more damping.
Chassis No. 6 was mounted on a commercial

shock mount of the type used in the
previous test and was used as a control.

These chassis were mounted on a
frame placed in the same vehicle and
driven 2,200 miles over representative
roads. The frames were systematically
shifted after every 400 miles to eliminate
the variables introduced by different

locations of the chassis in the vehicle.
After the 2,200-mile ride, the six chassis
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were inspected and the damage noted (see
Figure 14). The frame on which the chassis

were mounted was then again given drops
by lifting the corner of the frame, and
again the damage was noted (see Figure 5).

In this test, no effort was made to
use chassis bolted solidly to the vehicle.
Because of a number of considerations not
pertinent to the vibration problem, shock
mounts are desirable on military equipment
when it is possible to use them, and the
prime emphasis in these tests was to

determine the adequacy of the alternatives
which were available at the time. The

choice of the operating load on the shock
mounts represented either a prevailing
practice or the manufacturer's recommenda-
tion.

The damage produced by the vehicle's

motion depended on whether the component
was vulnerable to fatigue and wear. In
general, with the exception of those
components which failed due to the high
accelerations in the dropping test, com-
ponents failed due to the consequences
of the long time of application of the
vibration. Leads failed in fatigue;

components wore, as In the choke coils;
soldered joints parted; and, on inspection
of some of the inoperative tubes, it was
noted that even these failures were due
to fatigue and wear. The problem of
fatigue is susceptible to a straight-
forward solution, since its parameters are
known. It appears that the failures due
to internal wear occur when an excited
element vibrates and its constraints are
not true nodes. There is relative move-
ment between the element and its con-
straints. This relative movement pro-
duces a large amount of wear in a com-
paratively short time and is particularly

true in the case of vacuum tube N. The
extent of damage to individual components
is best seen by examination of the graphs.

As far as military vehicular vibra-
tion itself is concerned, it appears that
a considerable improvement can bi made

over some of the present techniques, by
the use of shock mounts properly selected.
In general, the characteristics required

for an adequate vehicular shock mount are
a relatively high resonant frequency from

25 to 35 cycles per second (the vehicle
spectra included in the paper on "Trans-
mission of Road Impulses to Fire Control
Instruments" show that this is a fairly
vibration-free sector), a relatively long
displacement possibility (about 3/16 inch),

a smooth load deflection curve and as much
damping as it is possible to incorporate
in the mount. At the present stage of
the art, however, it appears that, despite
this, some failures will always occur
after a long vehicular ride.

The results of the test indicate
that the designer has an enormous respon-
sibility in using shock mounts, because,
through improper selection, he may increase
the damage involved in the equipment by a
factor of six; or he may decrease the

life of the equipment by almost the same
factor.

While this test was an expedient at
the time it was performed, equipment
designed for vehicular installations,
despite the fact that the art has pro-
gressed somewhat, must still be verified
by means of such an empirical test. Al-
though the designer now knows what is

going to be applied to the equipment,
he still must have information on the
capabilities of the components in terms
of this type of excitation. However, this
information is non-existent, particularly
for electronic components.
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DISCUSSION

MR. TREITEL, NRL: Mr. Lee, could you give

more detail about the tube failures? For

instance, it was stated that during the
test the components were not energized.

Then what constituted a tube failure?

MR. LEE, COLES SIGNAL LABORATORY:. After
completion of the tests, the tubes were

put into a tube checker. In some cases
inter-element shorts were Indicated, and

in others opens were indicated.

MR. TREITEL. Do you think there would have
been a higher percentage of tube failures,

especially in the miniature series, if

the tubes had been energized?

MR. LEE: Probably so in the filament type
tubes, but quite a few failures were due

to the time element involved. With all the
energy coming up from the base and causing
the elements to vibrate, since there

wasn't any support at the top, there prob-
ably was some relative movement between
the grid support and the filament. In

some of the tubes the grid wire had act-

ually worn through the mica spacers. It
was a good deal of trouble to energize
them, and we felt that quite a bit of the

equipment is actually driven around cold

and that the tests were enough to give

us the answer we wanted; but you are right.

MR. HENOCH, BuSHIPS: In using different

mounts, with the same rubber elements in
them, were any of these elements adjust-

able as faras physical properties and ge-

ometry are concerned?

M&. LEE: The mounts were the same as far
as geometry is concerned. In most cases

natural rubber compounds were used. We

have, possibly, not as valid a story as
we should have on quantitative data, but we

know the right direction to go. If we
can, we work out something that resonates

between 25 and 35 cycles per second. As

for the equipment, the resonant frequen-
cies are relatively high -- possibly 60

cycles per second, 60 to 100. We use

wrought materials with the best physical

properties which can stand a good deal

of elongation and deformation. As far as

we can, we are also trying to make use of
strain-energy phenomena to get as much

yielding as we can without permanent

damage.

MR. WALSH, NRL: A word of caution should
be expressed about forming any conclusions

on the relative merits of natural rubber

or synthetic rubber based on these tests.
When the compound was changed in the mount

under discussion, the characteristics of

load deflection curve were changed. The
initial portion of the load deflection
curve was stiffened, which got the natural
frequency of the load on the mounts out of

the driving frequency range of the truck.
This could have been accomplished by chang-

ing the durometer of the natural rubber
mount. Therefore, no conclusions should be
drawn on natural rubber versus synthetic
rubber mounts. Initial slope of the load

deflection curve of the mounting must be

considered in the case of steady state vi-
bration, and the slope should b, chosen so
that the load on the mount is Rot resonant

with any of the exciting frequencies of

the truck. It is not a question of the
natural rubber mount being a good or a
bad mount. It is clearly a case of a good
mount being misapplied.

MR. LEE: I did not intend to imply that.

DR. KLEIN, NRL: Mr. Lee mentioned Navy
type shock mounts as being different.

Does the theory of shock mounts discrimin-

ate -- are there other distinctions?

MR. WACSH: In answer to Dr. Klein's
question, the drop test which Mr. Lee per-

formed comes closer to the Navy high-
impact shock test than the tests of the
equipment in. the truck. This drop test

subjects the equipment to a velocity
change, and the impact characteristic of

C :.
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the high-impact shock test is a velocity
change.

MR. JASPER, TMB: You spoke about several
mounts having the same geometry. Isn't it
the load deflection curve which indicates

the suitability of the mounting, and
the geometry doesn't enter into it?

MR. LEE: Yes, you can't select shock

mounting on the basis of how it looks.

MR. PRIEBE, SQUIER SIGNAL LABORATORY: I

want to point out that in the Army the

space requirement and time are moving
factors. We have a given space in a tank
where we have to put electronic equipment,
and it has-to fill certain performance
requirements. As to shock protection

devices, they are a necessary evil. Either
we don't think about the matter at all, or
it's the last thing we think about. Hence,
we had to make this study on the basis
of geometry.

MR. JASPER: Regarding shock mounting of
equipment in trucks, have you found any
definite frequency for which you design
the mountings for road vehicles?

MR. LEE: As a general practice, we try
to keep the frequency between 25 and 30
cycles per second.

MR. JASPER: Do you use Barry mounts?

MR. LEE: We have used them on some of our
equipment.
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SOME GERMAN METHODS OF INVESTIGATING FORCES IN VEHICLES

By

Frances F. Vane, TNB

This paper concerns dynamic motions and forces observed in tanks, trucks and
railroad equipment during U. S. Naval Technical Mission to the MAN* Research Insti-
tute in Augsburg, Gernrany in October 1946.

In October 19u46, a U. S. Naval Tech-
nical Mission was sent to Augsburg, Germany
to bring to the United States the labora-
tory equipment in the MAN* Research In-
stitute. The information presented was
obtained from engineers at the Research
Institute. Although the MAN industry
is known in this country principally for
the manufacture of diesel engines, the
industry also made locomotives, railroad
cars, armored vehicles, and trucks. It
was logical, therefore, that the staff of
the Research Institute should become
interested in the investigations of motions
and forces in vehicles. We will describe
some of their methods in measuring forces
that might be applied to problems in this
country.

INSTRUMENTATION

Instruments used in these investiga-
tions warrant consideration first, since
the validity of results and the trials
and tribulations in obtaining results are
dependent upon them. Instruments for
determining riding qualities of vehicles
are identical in principle to many used in
the United States. Their American equiva-
lents have been or will be described by
other papers. Discussion of this topic

"* AN - Machinenfabrik-Augsburg-Nurnburg

is therefore omitted here. The Lehr in-
ductive strain gage however, was used
with unique applications in many field
investigations and will be described.

THE LEHR INDUCTIVE STRAIN GAGE

The Lehr inductive strain gage depends
on the relative motion between a magnet
and its armature. As shown in the wiring
diagram in Figure I the gage magnet and
its comparison magnet each have two coils.
The primary coils of each magnet are in
series with a 10,000 CPS carrier frequency
generator. The secondary coils of the
two magnets are connected oppositely,
so that the coil of the comparison magnet
is always at higher voltage than that ex-
pected in the coil of the gage magnet.
This is accomplished by suitable adjust-
ment of the magnet gaps. Then, as the
gap of the strain gage magnet changes, a
current flows and there is a change in
the amplitude of the carrier wave in the
secondary coils. A copper-oxide recti-
fier cuts off all signals below the zero
line and the string galvanometer, with
a natural frequency of 2,000 CPS, filters
the carrier frequency and the higher
strain frequencies. The gage is satis-
factory for a range of frequencies from
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a. Gage magnet and armature
b. Comparison magnet and armature
c. Primary coils
d. Secondary coils
f. Galvanometer string

Figure I Wiring Diagram of the Lehr ;-ductive

Strain Gage.

1/60 to 1,000 CPS, and the accuracy is
plus or minus one percent.

A typical installation for the opera-
tion of the gage and for recording strains
is shown in Figure 2. The storage bat-
teries are for the d-c motor which drives
the 10,000 CPS carrier generator. The
"measuring" boxes contain comparison
magnets, milliammeters for checking pri-
mary and secondary coil currents, and
connections to the gages and to the string
oscillographs. The oscillograph was
specially rigged; the galvanometers were
moved back about 30 inches to obtain
greater magnification. In this way a
gage installation was obtained which was
sensitive enough for the purposes of the
Research Institute without incurring
electronic difficulties inherent in ampli-

Figure 2 Typical Installation for Operating
and Recording with the Lehr Induc-
tive Strain Gage

fier design. The dermans admitted that
the complete equipment was bulky but con-
tended that they were able to install the
-entire outfit in comparatively small
vehicles.

The component parts of the strain
gage itself are shown in the drawing,
Figure 3. Each half of the gage was
mounted on a conical pin soldered to the
member whose strain was to be measured.
The magnet, with primary and secondary
coils, was fastened to one-half the gage
and the armature to the other half.

The gages were made in 50 mm and
20 mm gage lengths. The newest gages were
temperature-compensated by the judicious
use of material so that the gage expanded
at the same rate as the steel member to
which it was fastened. The centers of
gravity of the two halves were arranged
so that accelerations up to 2,000 g af-
fected both portions equally, leaving the
strain values unaffected.

The inductive strain gage was adapted
for use in loading rings, pressure gages,
and pressure boxes, and was used in measur-
ing accelerations, torsions and deflec-
tions. The gage installation is useful
for three reasons: the gage operates
satisfactorily up to fairly high tempera-
tures, it can be calibrated after in-
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I,b

Gage magnet
Magnet coils
Armature
Conical mountirg pins

Figure 3 Diagram of th, Let Inductive Strain Gage

stallation, and no electronic ampl ifiers
are necessary. The disadvantages are the
bulkiness of the installation, the elabor-
ate equipment needed for soldering gage
pins in place, and uncertainty about the
true gage length.

FIELD INVESTIGATIONS

We are now ready to see how the in-
ductive strain gage and its adaptations
were used for investigations on a variety

of vehicles.

Locomotives

The inductive strain gage was used to

measure strains in the connecting rod of
a locomotive for the German Railroad
(deutsches Relic hsbahngese t lsc haft) during
regular runs. As shown in Figure '4, gages

were connected to the weD and flanues

of the connecting rod and the leads were
conducted through protective tubing to
the recording equipment. There are four
points of bending in the leads, but the
amount of bending at each point is small.
This can be seen more clearly in Figure 5

for three of these points of bending. The
results of this particular test indicated
that the stresses in the connecting rod
were not excessive.

Railroad Cars

Another problem the German Railroad
had was in regard to car axles. The data

for the calculation of loads to which a
railroad car axle is subjected during
service was inadequate. The weight sup-
ported by the axle is only a fraction of
the real load. Lateral forces on the

dh C
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Figure 4 Gage Installation and Gage Leads on Figure 5 Details of Gage Leads on the Con-

the Connecting Rod of a Locomotive necting Rod of a Locomotive

wheels and on the rims are not amenable
to calculation. When the train is moving,

the wheel flanges press alternately against
the right and left track, resulting in

a weaving motion of the car. Strain gages

were Installed as indicated in Figure 6.

Pairs of gages were installed on oppo-
site sides of the axle so that bending

strains, as well as axial strains, could
be measured. The gages were connected to
the recording system through slip rings.
Service loads were measured on passenger
car axles up to 88 mph (1410 km/hr) and on

freight car axles up to 47 mph (75 km/hr),
with the loads greater for the freight car
axles than for the passenger car axles.

The lateral rail impacts added materially
to the loads on the axles; on the other
hand, the impact due to rail joints did

not add appreciably to the loads. As a
result of this investigation, a greater

knowledge was obtained of the dimensions
necessary to reduce fatigue failures on
railroad car axles.

Caterpillar Tread Vehicles

Two investigations will be presented

here, one of deflections in link bolts of
tractor treads, the other an evaluation

of drive shaft forces of a tank during
braking.

D 7 Tractor. -To improve the design
of tract treads it was deemed necessary

to find peak forces in the tread links
during operation of the vehicle. The

bending of the link bolts was believed

to be a good index of the forces involved.
A considerable amount of experimentation

was necessary before an installation was
finally built that would satisfactorily

record the bending stresses in a link bolt.

A drawing of the D 7 tractor is shown

in Figure 7, and a more detailed view of
the track treads in Figure 8. An auxiliary

chain track, moving at the same speed as
the track tread, is used to transmit the

signal from the gage through slip rings
to the recording system in the vehicle.
A diagram of the slip rings is shown in

Figure 9. The gage installation on the

link bolt is shown in Figures 10 and II.

The highest tractive force in the

track tread was 9,400 pounds, ('4,280 kg)
at a speed of 38 mph (60 kg/hr). The

tests Indicated that speed alone was not

decisive in increasing track link tread

forces, both other conditions-the nature of
the ground, the position of the member in

its path, centrifugal forces, and the weight
of the vehicle-were of Importance. As
a consequence of this investigation,
weight was saved in new designs thus
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b, Inductive strain gages for measuring axial and bending strains.
e. Inductive strain gages for measuring torsion,

a. Slip rings.

Figure 6. Strain Gage Installation on a Railroad Car Axle

Figure 7. Diagram of a D 7 Tractor

enabling the track tread to be operated
at higher speeds.

Tank. -The problem was to measure
axial, bending, and torsional forces in the

drive shaft of the tank at various speeds
and during braking. Exterior views of the
vehicle are shown in Figures 12 and 13.
At the ends of the drive wheels the hous-
ings for the slip ring installations are
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Figure 8 Track Tread and the Signal Chain
Track of a D 7 Tractor

a. Location of the inductive strain gage to
measure bending.

Figure 10 Diagram of the Gage Installation on
a Link Bolt of a D 7 Tractor

f" 4.

Figure 9 Slip Rings on the D 7 Tractor Figure II General Arrangement of Gage and
Leads on the Track of a D 7 Tractor
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Figure 12 Panther Tank - Front View

Figure 13 Panther Tank - Side View

shown. The operating and recording equip-

ment fitted into the vehicle is shown in
Figure 141.

Trucks

It was desirable in this instance

to measure bending and torsional strains
which occur in the rear axle of a truck
during starting and braking. The gages

for measuring axial and bending strains
are shown at the right of the differen-

tial housing, and those for measuring
torsional loads are shown at the left of

the differential housing, in Figure 15.
A more detailed view of the gage instal-
lation is shown in Figure 16.

Figure 141 Installation of Operating and Re-

cording Equipment in the Panther
Tank

Figure 15 Strain Gage Installation on the Rear
Axle of a Type LI Truck
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under actual operating conditions were
the source of real design information.
Strenuous efforts were made to obtain
"this information and were exemplified by
the tests briefly described.

DISCUSSION

Question: Were the Germans able to reduce
all the data that they accumulated on these
tests to an analytical method, to enable
engineers to design proper crankshafts
from them?

on the

asu re
engine
engine

Figure 16 Details of Gage Installation
Axle

Engines

Tests have been made to me

strains during operation in diesel
components such as connecting rods,
frames, cylinder heads, and cranksh
A typical example is that of the

shaft, shown in Figure 17, where

Figure 17 Gage Installation on a Crankshaft

were installed inside the hollow crank
pins to measure torsion. Leads were
conducted through copper tubes, along the
lubrication borings to slip rings at the
end of the crankshaft.

The director of the MAN Research

Institute, Dr, Lehr, believed that tests

Answer: Perhaps not completely, but they
have always made efforts to get to that
point.

Question: Has anyone here been able to
do this?

hafts. Answer: Not to my knowledge. As far as
crank- the Germans are concerned, I know very

gages little about what was done in this direc-
tion at other laboratories. The labora-
tory we are discussing was really under
Dr. Lehr, who was the Director. He is
the man you know as the writer of the
book on Vibration Techniques. Dr. Lehr
believed in giving equal emphasis to all

parts of the work. He was the real guiding
spirit; all others were helpers. He was
a man of great energy, and wide interests
in development of instruments, in analysis
and in dissemination of information. He
even lectured the Army on how to deflect
spring suspensions. Even after taking all
these measurements, they still have to cut

TM 26515 and try to design a suitable crankshaft.

Question: Do they know precisely which
way to go as a result of these measure-
ments?

Answer: Previous experience showed them
the general direction to follow. In that
way there was a choice of two or three
possibilities. Without any experience
and with random guessing, you would have

to eliminate 90 percent of the tried fac-
tors before you could arrive at a solution.

TM9 28"
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MR. PRIEBE, of Squier Signal Laboratory
asked, "Have you any records which were

taken from this instrumentation?"

Answer: I saved about 90 reports which

include results on some of these tests and

reports on laboratory tests - both statist-
ical and dynamic laboratory tests on com-

ponents: Those can be made available by
"Commander Radford. We have finally come
to the point where we are finished with
them, and Commander Radford is the re-

pository.

MR. TREITEL, NRL - The instrument problem
comes up again. Can you tell us a little
about German slip rings - the materials
used, the speeds at which they operated,
and the magnitude of the signal from the

pick-up device?

Answer: I'm going to stick my neck out

and hope my memory is correct. The partic-
ular method of wiping they had made uniform
resistance. The total order of resistance
was a tenth of an ohm. The slip ring noise
was less than one percent for normal sig-
nals. They used silver-alloy rings. I

don't remember the composition of the alloy,
but it was very similar to the last alloy
used by the Model Basin. The magnitude of
the signal from the pick-up device was of
the order of millivolts.

DR. TRENT, NRL - Did you manage to bring
any of this equipment to the States?

Answer: Yes, we brought over quite a lot

of equipment and set it up in this country.

MR. CUNNINGHAM, NRL - Why did the 6ermans
avoid the use of the vacuum tube?

Answer: Because Dr. Lehr, of this labora.
tory, wanted an instrument that could be
used under all conditions and had probably
had trouble with vacuum tubes. Before the

laboratory was established in 1937, when

he was still teaching in Berlin, he did
work for a time trying to develop the
capacitance type of strain gage. He gave
up after a while and started using the

inductance strain gage.

DR. TRENT, NRL - In evaluating this tube

situation, we must remember that the
Germans had practically only one tube - the
RVl2P2000. It was the only tube in Germany.
They were not in as good shape as either

the British or ourselves in the develop-,
ment of tubes.

MR. THOMPSON, NRL - Since this strain gage
is a magnetic device, was the sensitivity
of the gage a function of attachment?

Answer: It was felt that magnetic leakage

was no cause for concern, HoK., ver, the
first question we raised with l-d engineers
was, "What is the gage lenrgh Pus influenced
by the attachment to the device?r They
thought that heat treati.ent prevented
changes in the length of the gage. For
soldering they had a special alloy which
melted at 450 degrees F., but this alloy
was almost as good as silver solder. They

felt that it did not cause enough effect
to change materials in the vicinity of
the gage and thought the heat was small
enough to matter. We asked how the conical
mounting pins in a circular seat influenced
the length of the gage. They did not have
much of an answer. At that time Dr. Lehr
was not living.
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EMPIRICAL TESTS ON UNITS OF
PORTABLE ELECTRONIC EQUIPMENTS

By

F. F. Koptonak

Watson Laboratories

A description of a series of empirical tests on units of land-based, portable
electronic equipments and a discussion of the correlation between field and labora-
tory test failures are presented. The relative merits of rigid and flexible chassis
construction are discussed. Types of equipments used and the effects of field and
laboratory tests are illustrated.

Almost all Army and Navy contracts
for electronic equipment contain a clause
requiring that the gear be capable of
withstanding the mechanical shocks and
vibration encountered in field service.
To measure the conditions which equip-
ments transported over the land must
withstand and to tend towards the es-

tablishment of uniform test requirements,
the Army and Navy entered into a joint
research program. The data here presented

covers a phase of the program. It de-

scribes a series of empirical tests made
on units of land-based, portable electronic
equipment to determine the correlation
between field test failures and laboratory
test failures and to determine the relative
merits of rigid and flexible chassis
con st ruct i on.

To make the empirical information
gained as useful and as representative
as possible, rigid and flexible units
were tested, with and without transit
cases, in various types of vehicles.
Unfortunately, it was generally impossible
to test more than one equipment of a given
type. Therefore, the results indicate
broad trends and do not provide detailed
data on any given equipment.

Laboratory tests conducted on various

units were those employed by many agencies
to indicate a check on the ability of
equipments of this type to meet shock
and vibration requirements. Those for
shock were the standard Navy shock tests;
I. 2, and 3 foot blows (per spec. RE9281,B
given on the HI shock machine for light-
weight equipment). For vibration, on
Army test procedures the equipment was
vibrated in three mutually perpendicular
directions, with the frequency cycling
from 10 to 55 cycles per second and verti-
cal amplitude being 1/64, inch at 15 cps
and 3/128 inch at 55 cps. Crosswise zmpli-
tude was 1/64 inch at 10 cps and 1/32 inch
at 55 cps. Vibration continued for two
hours in each of the three directions.

On- Navy vibration test procedures,
the equipment was secured to a table and
vibrated for one minute at each discrete
frequency between 23 cps and 55 cps, with
an amplitude of 0.005 inch. Also, the
equipment was secured to a table and
vibrated for one minute on each separate
frequency between 10 cps and 55 cps, with

0.03-Inch amplitude from 10 to 33 cps and
0.008-inch amplitude from 33 to 55 cps.
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Field tests conducted were of the
following nature:

i. Unit placed loosely in an un-
loaded 1-1/2 ton 6x6 Army truck which was
driven over rough roads in the vicinity
of Shark River Hills, near Belmar, New
Jersey, the duration of the drive was
1-1/2 hours.

2. Unit was placed loosely In its
transit case on the floor of a 1-1/2 ton
Army truck and first driven over an old
golf course for about 30 minutes at a speed
of about 5 miles per hour. The most severe
part of this run was when the truck drove
over a two-foot-high bunker four times,
causing front wheels and then rear wheels
to leave the ground. The truck was then
driven over a corduroy road at about 25
miles per hour for 30 minutes. This
produced a discernible high-frequency vi-
bration on the floor of tha truck. Then
the truck was driv ;- over a road that was
particularly rough, containing several
cross gulleys made by rains. Dur ing this
run (lasting 1-1/2 hours), the passerger
in the front seat had considerable dif-
ficulty "holding on" and felt very much
jounced at the end :,f ?' minutes. The
equipment bounced into the air about six
inches and fell back to the floor of the
truck about eight times for each round of
the course. It took about 10 minutes for
each round,

3. Unit without case was placed in a
cardboard carton without packing and ship-
ped via Haval Air Cargo Express from
Washington, D. C. to Oakland, California
and back to Washington, D. C.

4. Unit in transit case was pushed
off the 45-inch tailboard of a tr-'ck to
a hard gravel road three times. Nathode
ray tubes were removed.

5. Unit not in its transit case was
dropped three times from a height of 55
inches to a hard gravel road. Cathode
ray tubes were removed.

6. Equipments were placed loosely
on the back of an unloaded 3/L1-ton t4x4
truck, weapons carrier, and driven several
times over the Belgiuin Block road at 18
to 20 miles per hour, then over the oc-
casional bumps at 15 miles per hour, and
then over the washboard road at a speed
regulated to coincide with the vehicle
spring resonance.

7. Again, equipment placed loosely
in the back of a 1-1/2 ton 6x6 truck, and
the truck then was driven several times
over the Belgium Block road at 22 to 26
miles per hour. Under these conditions,
the equipment bounced into the air about
six inches, although the truck wheels did
not leave the ground. (The acceleration
of the floor of the truck exceeded one
g, because the weight of the wheels caused
the springs to pull the chassis down when-
ever it bounced resonantly.) The truck
was then driven over the occasional bumps
at about 23 miles per hour. On this run,
the rear four wheels of the truck left the
ground when going over the bumps, and the
equipment bounced about 10 inches in the
air. The passenger found it was much more
comfortable to stand, during these tests,
than to sit on the car seat mounted in the
back of the truck. At one point, one
unit (BC-606D Radio Receiver) bounced 18
inches into the air.

8. Then equipment was placed loosely
in the cargo space of various Army vehicles
and driven 1624 miles over paved roads,
720 miles over secondary roads, and 824
miles cross country over the Wirsing
Area of the proving grounds.

The various units tested included the
TS-3'4/AP Oscilloscope, the TS-34A/AP
Oscilloscope, the TS-35A/AP Signal Gener-
ator, the BC-1306 Radio Transmitter-
Receiver, the BC-603D Radio Receiver, and
the BC-221AE Frequency Meter. Figures
I through 13 present more detailed ac-
counts of the types of equipments used
in the various tests and indicate the
types of failures which occurred under
field and laboratory tests.
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An analysis of the data accumulated
on these tests Indicates that:

I. Some of the damage caused by

shocks received in the field is duplicated

by laboratory tests on the HI shock machine

and by low-frequency vibration tests,

10-33 cps.

2. Almost none of the damage caused
by field tests is duplicated by high-

frequency vibration tests, 10-55 cps,

which have the additional disadvantage

of causing many failures that do not

occur in the field.
3. The units With strong, rigid

chassis were damaged less than the units
with flimsier, flexible chassis.

Most notable about all the tests is

the fact that very few vacuum tubes failed

(ruggedized tubes were not used), and

usually the units would operate electrical-

ly, either in spite of the mechanical
damage or, at least, as soon as simple

repairs were made. Electron tubes which
were not held in place with retainers

tended to come out of their sockets during

both field and laboratory shock tests.
The electron tubes that broke generally

did so because they collided with other

items.

Neither the truck nor the airplane
vibrations caused nearly as much damage to

to the equipment as the shocks caused.

The only damage sustained by the unit

shipped across the continent and back

again via air cargo express was shock

damage. On all equipments tested, only

one pigtail-mounted piece of apparatus
broke loose on the field tests, whereas

many of these Items broke loose on high-
frequency tests.

Units receiving both HI shock tests
and low-frequency vibration tests ex-

hibited a total of 23 field failures.
Thirteen of these were duplicated by the

laboratory HI shock and lower frequency
vibration tests. Units which were sub-

jected to the high-frequency, large-

amplitude vibration tests exhibited 26
field failures. Only two of these were
duplicated by the high-frequency vibra-
tion tests, which also caused 28 failures

that were not duplicated in the field.

This data seems to indicate that the

high-frequency vibration test is of no

value as a means of detecting weaknesses

in the equipment which might result in

field failures. The HI shock test and the

low-frequency vibration test do not seem

to provide an entirely satisfactory screen-

ing test. The tumbling that the equip-

ment receives when transported for long
distances subjects it to shocks from every

direction as it bounces into the air and

falls in almost every conceivable posi-
tion.

Further analysis revealed that the

amount of damage which occurred in the

field Increased as the duration or severi-
ty of the field test increased. For ex-

ample, the TS-3I4/AP Oscilloscope had one

failure when it was dropped three times
from a height of 48 inches. On the other

hand, two failures occurred when It was

transported for a short time over reason-

ably rough roads. Five failures occurred
on the two short trips oververy rough

roads. Finally, eight failures occurred

on the long, 3000-mile test at Aberdeen.
The degree and amount of tumbling which

the equipment received was an Important
factor governing the number of failures
that occurred. It is apparent, then, that

a few controlled drops do not make a satis-

factory screening test any more than a

high-frequency vibration test makes a
satisfactory screening test.

The strong, rigid equipments with-
stood field tests better than the flexible,
weak equipments did. This occurred, prin-

cipally, because the designers did not

make proper allowances for the large

excursions which flexible elements have

under shock excitation. None of the

structural deformations interfered with
the electrical operations of the equip-
ments.
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The data covered indicate the desira-
bility of subjecting units of portable
electronic equipment to laboratory tests
which more nearly simulate field condi-
tions. The ideal laboratory machine, for
simulating vehicular transport, would
provide vibrations of about five inches
amplitude at about three cycles per second.
Superimposed on these would be high-
frequency vibrations of only a few mils
amplitude. These would approximate the
high-frequency, transient chassis vibra-
tions superimposed on the fundamental
spring vibration of Army vehicles. Equip-
ment placed loosely in the cargo spaces
of land vehicles would be placed unfastened
on the platform of this vibration table.
It would then receive a tumbling test that
simulates field conditJons quite closely.

Equipment ordinarily secured rigidly to
the vehicle would be secured rigidly to the
vibration machine. It would be subjected
to rather slowly applied accelerations of
the type that occur in the field when
vehicles go over rough roads.

Since it is advisable, wherever
possible, to utilize existing testing
facilities instead of specifying new ones,
a departure from this rule appears war-
ranted In the case under discussion. Both
the field measurements described in Squier
Laboratory reports and the empirical tests
described here indicate that existing
vibration and shock test requirements for
land-based, portable electronic equipments
require some consideration for change.

DISCUSSION

MR. CUNNINGHAM, NRL: I feel that the
type of shock tests described were not
realistic. I doubt the validity of such
tests. For example, in field tests, would
a service man be justified in allowing the
equipment to bounce six to ten inches --
wouldn't he lash it down?

MR. KOPTONAK, WATSON LABORATORIES:
The field abuse ordinarily encountered will
not general*ly approach that which I have
described. In view of these conditions,
we realized that some of the tests ampli-
fied failures. The intent of this test
was not overlooked, and the actual field
conditions may reach the state outlined.

MR. PRIEBE, SQUIER SIGNAL LABORA-
TORY: These are actual field conditions.
Under combat conditions, the operator
does not have much time to secure all the
gear. In combat areas you have those wide
terrains with shell holes over which you
have to drive with equipment in a hurry.

DR. VIGNESS, NRL: In testing on a
light-weight machine, it seems surprising

that anyone would expect a piece of equip-
ment to pass this sort of test where you
have multiple repetitions of small shocks.
The light-weight machine and the shock
tests which you have seen in Building
10 are intended for a small number of
shocks -- not a large number of small
shocks, but a small number of rather large
magnitude. To screen out the equipments
that failed due to a very large number of
multiple shocks in the back of a truck
requires another type of test differing
from that given in the Navy.

MR. LEE, COLES SIGNAL LABORATORY:
Let me comment on the light-weight impact
machine. We have been using it mostly as
a matter of correlation with the dropping
test. You know how difficult it is to
get reproducible drop t-ests. We have
used it on about 15 tests. It is an
excellent qual ity controlled shock. In
one particular case we detected a number
of tubes badly cemented into sockets.
This could not have been found unless the
impact test machine were used. Of course,
we must use judgement in interpreting re-
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suits, but it does point out things that

are bad practice.

DR. VIGNESS: Any way in which equip-

ment is treated in a rough manner is

generally a screening test. The impact

type test which we have in the high-

impact type machines here is pretty repre-

sentative of rough treatment that equip-

ment might get in service. It just does

not do everything, but it does very well

in certain cases. It is something that

we can repeat -- something we can put into

specifications. It might be well to use

that, even though it doesn't simulate all

types of practice.

MR. WALSH, NRL: I think that the

Army people should be congratulated for

their work and their very forthright way

of getting at the problem. I should like

to ask the author to review relative

failures they got on field tests versus

laboratory tests. Did any failures show

up in the laboratory which did not show

up in the field?

MR. KOPTONAK: As pointed out, we

listed the comparative numbers of failures

obtained through field conditions and
then resorted to an indication of the

numbers of failures on Army or Navy vibra-

tion high-impact shock tests. When we

compared them, shocks obtained through

simulated or laboratory methods exceeded

those in the field. Speaking of numbers,

I could compare one or two equipments.

The Oscillograph showed 23 failures in

laboratory tests, while in field tests it

ran to 16. Further analysis is required

for classification of types. We did not

obtain detailed descriptions of the types.

Only overall consideration of failures

was evaluated.

MR. WALSH: It would seem that the

type of failure is the important point,

not the numbers of failures. If in the

laboratory tests the breakage of com-

ponents is different than in the field,

then the type of component that fails is

important.

MR. KOPTONAK: It would be so con-

sidered. That was taken into account in

comparing relative numbers of failures

due to field and laboratory conditions.

On pages 74 through 79 appear illustrations which were not referred to directly

in the text of this article, but which supplement the material contained therein.
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2 AMP FUSE BROKE ON
FIELD TEST

"V103-2 AND VI05 WERE
SHATTERED BY CRO ON
FIELD TEST

6SL7 AND 6X5 TUBES
CAME OUT OF THEIR
SOCKETS ON LAB. SHOCK
TEST

JACK COVER CAME OFF

AND CHAIN BROKE ON
FIELD TEST

Figure la TS-34/AP Oscilloscope
This is a rather flexible .050 inch thick mild steel chassis containing many
large cut-outs and having rather flexible component mounting panels attached
to it. The apparatus side of the chassis is shown.

CIO- I0, c10Ol-6 LEAD BETWEEN '4CII7 BROKE LOOSE NSF ORMER TERMINALON ARMY VIBRATION AND C109-2 BROKE ONTEST FIELD AND LAB. VIBRATION
R166 CAME LOOSE ON ELECOR ASSEMBLY TESTS
ARMY VIBRATION TEST )SCREW CAME OUTS0ON2 FIELD TEST

.FILAMENT LEAD TO 5Y3
BROKEN AT C109-2 ON
FIELD TEST

RESISTOR i
MOUNTING BOARDS .
_OO SE NED ONARMY VIBRATION

rEST ' .

01OI BROKE LOOSE ON
"-7UGST02 CAME APART FIELD AND LAB. TESTZSLUGS ON R F COILS~

LOOSENED ON-FIELD
TEST OF TS-34A/AP

ON ARMY VIBRATION
TEST

Figure lb Oscilloscope Wiring Side of Chassis with Cover Removed.
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"SCREW WHICH HIT INSIDE
OF COVER ON FIELD AND

LABORATORY SHOCK TEST

CRO TUBE SHIELD FOOT
BENT UP ON FIELD AND

S"' - LAB. SHOCK TEST

IO
C.

Figure 2a TS-34A/AP Oscilloscope
This is a ruggedized version of the TS-34. The chassis is reinforced with

flanges and around the outside of the flimsy shielding cover is a strong
louvered cover. This unit was tested in the transit case (Fig. 2c) shown

on the next slide. This case is made of .040 inch aluminum and has no pad-
ding in it. Retainers are provided for all tubes in this unit.

,-SHIELDING COVER /-SEAT FOR OSCILLOSCOPE DAMAGED

LOUVERED COVER

"CATCHES RENDERED INOPERATIVE ON FIELD TEST

Figure 2b TS-34A/AP Oscilloscope Cover
Figure 2c TS-34A/AP Oscilloscope Transit

Case.
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METER BACK SPRING SNAGGED ON FIELD--

TEST AND SCREWS HOLDING MECHANISM IN
CASE LOOSENED ON NAVY VIBRATION TEST

'N

N

i

CRYSTAL HOLDER CAME
OUT ON FIELD AND NAVY
VIBRATION TEST

\

CATCHES WOULD NOT
STAY CLOSED ON FIELD
TEST

\-HANDLE BENT ON FIELD TEST

Figure 3a This unit has a rather flexible 1/16 inch aluminum chassis which is spot

welded together. It also includes a section of wave guide.

2K25 CAME'
OUT ON FIELD

TEST

SPOT WELDS WHICH BROKE ON NAVY
VIBRATION TEST

£ I.

0 r

NUTS FOR HOLDING CHASSIS IN CASE

THAT LOOSENED ON NAVY VIBRATION
TEST

Figure 3b The cover of this unit is its carrying case. Retainers
are provided for all tubes.
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.ANTENNA LEAD CAME
UNSCREWED ON FIELD
TEST

Figure " B(-1306 Radio Transmitter Receiver.

This unit has a thin aluminum chassis which is very rigid because it is small

in size and because the mounted components are light in weight.

CORNER PIECE FOR VR105
JACK THAT CONNECTS FROM
RECIVER TO CASE BROKE
ON FIELD TEST

Figure 4b The cover for this unit forms the transit case.
tubes.

BOTTLE CAME LOOSE
ITS SOCKET ON FIELD TEST

Retainers are provided for all
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.6SL7 ENVELOPE SHATTERED ON
LABORATORY SHOCK TEST

6V6 WAS EJECTED

FROM ITS SOCKET
ON LAB. SHOCK TEST,

SLOTS SPREAD
ON FIELD AND
LAB. SHOCK TEST

Figure 5a This is one unit of a tank set. It is rigid with a casting
for its front panel and a 3/64 inch thick sheet steel cover

and chassis.

0O*000*0 S
0000

° i*0

-CORNER OF CAST FRONT PANEL BROKE
ON FIELD TEST

Figure 5b BC-603-D Tank Set, Wiring side
with cover removed.

-<-Figure 5c Although it is ordinarily sup-

ported on shock mounts, it was tested
as a portable box of electronic gear
without any mounts. No electron tube
retainers are provided in this unit.
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"/-,TERMINAL NUTS ON BATTERY CAME OFF
ON ARMY VIBRATION TEST

"WIRES TO TERMINAL BOARD BROKE OFF ON ARMY

VIBRATION TEST

Figure 6 Dry cell batteries are kept in the bottom compartment of the case.

Retainers are provided for all tubes.
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VIBRATION AND SHOCKS ENCOUNTERED BY MINES DURING SHIPMENT
IN A RAILROAD FREIGHT CAR

by

R. fl. Suessle, NOL

In order to prevent detonation of mines during shipment in railroad cars, test

instruments were placed in some of the mine cases to study the shocks occurring in

transit. These data are discussed.

One phase of the Mine and Depth

Charge Program at NOL during the war was

to make certain that any weapon released

for use by the fleet would be undamaged

during its shipment to the fleet. Pri-

marily, the mine or depth charge had to

be perfectly safe at all times. Secondar-

ily, it had to be in a working condition

when it reached its destination.

The quickest and most practical way

of assuring that a weapon was rugged

enough to withstand field vibrations was

to subject it to a laboratory vibration or

shock test which was more severe than any

vibration or shock to be expected in the

field. Obviously, to devise adequate

laboratory tests, vibration conditions

aboard various transportation carriers

had to be determined. Data of this type

were sparse and in most cases non-existent.

The laboratory had to take it upon itself

to measure field conditions.

Early in 1943 the Naval Ordnance

Laboratory continuous vibration recording

equipment was assembled. There were

several factors which guided the selection

of the type of equipment employed.* First,

the equipment had to be assembled rapidly

because of wartime urgencies. Second, it

had to be versatile, since measurements

were contemplated aboard trucks, trains,

planes, naval vessels, etc. Third, a

permanent record of the measurements was

desirable. And fourth, it had to be

portable.

The equipment consisted of the fol-

lowing units, as shown in Figure I: three

Shure Type 1G3 Rochelle salt pickups;

one 50-cycle calibrator; three Oeneral

Radio Vibration Meters, Type 731-A; one

three-channel oscilloscope; one 6eneral

Radio moving picture camera; and a power

supply. The principle of operation of the

equipment was to detect and amplify the

output of the three Rochelle salt crystal

pickups and photograph the cathode ray

traces of these outputs.

The three crystal pickups were mounted

rigidly to the object on which measurements

were to be taken, so that vibrations along

the three major ax:es were recorded, The

output of the crystal pickups was fed

into the three Ueneral Radio Vibration

Meters. Since most vibration signals en-

countered had complex wave forms, the

Vibration Meters were used only as arp.li-

fiers and integrators and never as direct-

reading instruments. The use of the 3ener-

al Radio Vibration Meters saved valuable

time which would have been spent on the

construction of amplifiers to match the

crystal pickups.
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SHURE
CRYSTAL 3 G. R
PICKUPS CALIBRATOR VIBRATION

T METERS

Figure I Block Diagram of Contin

Calibration was provided by a 3-volt,
60-cycle signal taken from the filament
transformer of the oscilloscope. The
calibrator had a three-point selector
switch. Position T completed the cir-
cuits from all three pickup units to the
oscilloscope for signal recording; posi-
tion N left all three circuits open so
that a microphonics reading could be taken;
and position C completed the circuit from
transformer to the oscilloscope for a
calibration trace.

The three-channel oscilloscope was
designed and built at NOL. It contained
three 2" AP-5 Cathode Ray Tubes and a
direct current amplifier for each. This
oscilloscope had no sweep circuit, and
any signal appeared on the screen as a
horizontal line. The oscilloscope also
contained a relaxation oscillator which
flashed a 1/25-watt argon tube. This
provided the time base for frequency
measurement.

The shutterless camera was a contin-
uous-recording, motor-driven type using
35 millimeter film, on which were focused
the three oscillograph traces and timing
signal.

In ,ay 1945, the vibrations encoun-
tered by mines transported by railroad
freight cars were measured during a trip
on a standard freight train from Washing-
ton, D. C. to Rouses Point, N. Y. The
recording equipment was installed in a
Pennsylvania Railroad caboose, and the
mines were placed in a standard box car

G. R.
CAMERA

uous Vibration Recording Equipment

directly ahead of the caboose. The
necessary leads and cables were connecoted
to the instruments in the caboose through
a hole in the box car. The freight car and
caboose used for the test were just ahead
of the caboose of the train crew during
the entire trip.

The five mines were blocked in place
along one side of the car from the door to
the rear, with their longitudinal axes
parallel to the transverse axis of the
car. The three crystal pickups were
mounted in the mechanism compartments of
the mines. From Washington, D. C. to
Carbondale, Pennsylvania records were
taken with the pickups mounted in the
end mine, which was located over the
wheel. From Carbondale, Pennsylvania
to Rouses Point, N. Y. records were
taken with the pickups mounted in the
mine nearest the door of the car.

A Cambridge Accelerometer was also
attached to the tail plate of one of the
mines. The two directions of shock re-
corded with the accelerometer were the
vertical and fore and aft directions with
respect to the train. The maximum ac-
celeration recorded in the vertical direc-
tion was 1.8 g, while the average accelera-
tion ran about 3.2 g. The maximum
acceleration recorded in the fore and aft
direction was 14.6 g, and the average was
about 5.6 g.

The predominant frequencies recorded
in the vertical direction were 2400 cpm
and 236 cpm. The former was undoubtedly
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the natural frequency of the freight car

bed, and the latter was the natural fre-

quency of the spring suspension of the

car. The springs of the freight car were

designed to have a natural frequency of

125 cpm when fully loaded. Assuming this

value, the natural frequency of the car

as loaded for this test would De approxi-

mately 200 cpm. This compares favorably

with the 236-cycle average frequency re-

corded. The maximum acceleration recorded

at this low frequency was 1.4 g peak to

peak, and the average was .74 g.

Table I

VIBRATION OF MINES IN FREIGHT CAR

FORE E

AVERAGE FREQUENCY 26

AVERAGE ACCELERATION

MAXIMUM ACCELERATION

FREQUENCY 35

MAXIMUM FREQUENCY 39

ACCELERATION

ý AFT_ CROSSWISE VERTICAL

"30 1170 2400

26 .35 .70

73 .80 2.04

00 1700 2230

00 1770 3300

39 46 1.50

Frequencies - Cycles per minute

Accelerations - G's (peak to peak)

ON.
N.'.

N.'

N.

N.

I-,
I..I.

The directions of vibration referred
to are with respect to the train. In

almost all cases, the vibrations measured

in the mine located over the wheels were

more severe than those measured near the

center of the car. All accelerations

listed in Table I are peak to peak.

Measurements similar to those taken

on the freight car have been made on some

truck types, destroyers, PT boats, and

various other transportation carriers.

The results obtained are by no means

comprehensive but have been valuable in

laboratory vibration tests.

DISCUSSION

MR. N. H. JASPER, DTM3, asked: "On the

General Radio Vibration Meters, did you

have any trouble with drifting of cali-

bration with change of sensitivity?"

Answer: A calibration trace was taken

directly before each reading. That was

the reason for installing a calibrator

in there.
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GENERAL DISCUSSION

DR. KLEIN: Are there any points to be
brought up for the general agenda?

DR. TRENT: I would like to make some
remarks concerning the Standards Committee.
The work this committee has done so far
is published in the Bulletin, and we have
asked for constructive criticism. I
would like to report that the number of
comments which have come in so far is ex-
tremely small. We thought we would really
get In your hair and you would be mad at
us. Please do look these recommendations
over carefully and if you have any criti-
cisms, we should like to have them as a
basis of deliberation before the next
meeting.

DR. KLEIN: The Agenda Committee would like
su'ggestions from you regarding the next
meeting. Tentatively, It is to be a
discussion of shock and vibration pertain-
ing to aircraft and land structures--shore
buildings nearby. The next meeting would,
in a way, conclude our survey work. We
have been reviewing and summarizing the
field of shock and vibration in general.
With this review, our respective programs
should be oriented more effectively.

Are there any suggestions or comments
about the symposia--past or future?

MR. JASPER: I should like to inquire
about further discussion on shipboard
vibrations.

DR. KLEIN: According to the Definitions
and Standards Committee, shock is a form
of vibration and both were included in the
earlier reviews. To be sure, the subject
of shipboard vibration was not discussed
at length; all we are trying to do here
in these symposia is to summarize what we

know now and where we are going-by merely
touching these various fields on the sur-
face.

MR. LEE: This may be out of order, but
do you have any policy regarding having
representatives of commercial firms attend
the symposia?

DR. KLEIN: So far, our Invitations are
limited to the government agencies and
to those organizations which have con-
tracts with government agencies In the
field of shock and vibration. However,
we are trying to work out procedures
whereby certain concerns in this field may
be Invited to our meetings to the mutual
benefit of the government agencies as well
as the industrial firms.

The Centralizing GrouLt has been asked
by several panels of the ROB Committees
to state our function. They seem to be
satisfied with the progress we have made
during our existence so far. Perhaps
Dr. Stephenson would like to say a few
words about the RDB organization to ac-
quaint you with this new setup.

DR. STEPHENSON: I think you are all famil-
iar with the fact that there is a research
and development board which reports direct-
ly to the Secretary of National Defense.
This board Is relatively new and the var-
ious committees are working out a system
to make it effective, in general, the
committees are broken down into panels and
these, In turn, may be divided Into sub-
panels or sub-committees. There is a
continuous problem as to the assignment
of a particular line of work under a com-
mittee or panel. At present, shock and
vibrations is In the program of the Acous-
tics Panel of the Electronics Committee.
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The question may be asked, should shock

and vibration logically be placed under

acoustics or a mechanics committee? Un-

fortunately, none of the present com-

mittees specifically cover mechanics so

the immediate question is, shall shock

and vibration be continued under the

Acoustics Panel until a Mechanics Panel or

Committee is established?

Such a mechanics panel or committee

may well be established if there is suf-

ficient demand for It. From my personal

experience, I would say that it is desir-

able for any group to be definitely as-

signed tQ a panel, and that one that

may not be considered ideal Is still bet-

ter than none. The reason for this state-

ment is that RDB will soon have a strong
influence on the budget for all the armed

services and that it is highly desirable

to be sponsored by some committee. As a

member of the Acoustics Panel, I think

I can assure you that your interests will

be represented.

Mr. Walsh stated that he felt shock

and vibration was definitely applied

mechan~ics and should be soon assigned.

Dr. Stephenson suggested that some

educational work might well be done to

convince RDB that the research and devel-

opment programs in the field of mechanics

should be recognized by the establishment

of an RDB committee for that field.
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THE MULTI FREQUENCY REED GAGE

Vibration Section Staff

Taylor Model Basin

The multifrequency reed gage is an

instrument whose function is to make

possible the analysis of a given shock

motion from the deflection of a series of

reeds of different natural frequencies.

The gage consists of a set of reeds

of different natural frequencies rigidly

fastened as cantilevers in a heavy frame.

The frame, in turn, is fastened rigidly to

the structure subjected to shock motions.

The reeds have masses at their extremities

to which styluses are fastened to record

the motion of the reeds on waxed paper.

In the Type I multifrequency reed gage,

(see Figure I) the waxed paper remains

stationary. The Type 2 multifrequency

reed gage (see Figures 2 and 3) has an

inertia-actuated platen to which the

waxed paper is fastened. In the latter

K -� �-

Figure 2 Type 2 Multifrequency Reed Gage -
Front Showing Reeds

uE��I

Figure I Type I Multifrequency Reed Gage

Figure 3 Type 2 Multifrequency Reed Gage -
Back Showing Mechanism for inertia

Actuation of the Platen
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gage the number of oscillations of the
individual reeds can be observed.

Since the instrument was devised to
measure shock motions, a discussion of
the general characteristics of shock
motions and of the adequacy of the reed
gage in recording them is in order.

The Standards Committee has tentative-
ly promulgated the following definitions:

Shock Notion: Mechanical shock mo-
tions exist in a system if the transient
which occurs between two steady states
produces significant relative displace-
ments between points in the system.

Applied Shock: Any excitation which,
if applied to a system, produces shock
motions within the system is classified as
applied shock.

It is generally agreed that the time
duration of the specific motion considered
is an important factor, as far Ps shock
intensety is concerned, because:

I. A high instantaneous accelera-
tion does not necessarily indicate high
shock since high accilerations which last
for very short periods can have little
shock effect.

2. A high velocity does not neces-
sarily indicate high shock; a high velocity
must be acquired in a relatively short
time to produce a shock effect.

3. A large displacement does not
necessarily indicate high shock. The
large displacement must take place in a
relatively short time to have shock effect.

It is apparent that the ree-c' gage
cannot reveal all the components of a
complicated shock motion. It appears
upon analysis however, that at least for
the types of shock motion encountered
on shipboard, the reed gage records suf-
ficient information for deducing the

maximum velocity and the type of motion
describing the shock motion. For most
practical purposes this information is
sufficient for determining the intensity
of "shock".

The response of a reed to various
motions impressed on the gage has been
calculated on the assumption that the
reed behaves as a system with one degree
of freedom. This assumption seems reason-
able, since the second mode of a canti-
lever reed has six times the frequency
of the fundamental and, except for the
case of resonance, amplitudes in the
higher modes should be small.

Under steady state conditions, it is
known that the amplitude of a system of
one degree of freedom depends on the
ratio of the "frequency' of the impressed
force to the natural frequency of the
system. It is to be expected that the
deflections of the various reeds will be
unequal upon the application of an arbi-
trary force to the support of the reed
gage. For the Type I reed gage the only
data recorded are the maximum reed deflec-
tions. Thus, the problem becomes that of
deducing the nature of the impressed force
or applied shock from the magnitude of
the reed deflections.

The mathematical equations for the
theoretical values of the reed deflections
have been derived for the following types
of impressed motions frequently encountered
in the study of shock motions:

I. Velocity
a) Step velocity
b) Rectangular pulse of velocity

2. Acceleration
a) Step acceleration
b) Rectangular pulse of accelera-

tion
3. Simple Harmonic Motion

a) X = Xo sin wit

b) X = Xo cos ot

c) X = X0 (I - cos Wet)
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These equations may. be used to evalu-
ate the shock excitation imparted to the
single-degree-of-freedom system. In the

case of the Type II gage the user must
be determined whether the deflection traces

of the various reeds simulate any of the

theoretical deflection-time curves com-
outed for one degree systems of correspond-
ing natural frequencies. If the recorded
curves correspond to the standard types of
impressed shock motions except for a scale
factor, then for all practical purposes
the shock motion may be defined by multi-
plying the ideal displacement-time,

89

velocity-time, or acceleration-time func-
tion by the appropriate scale factor.

With the Type I gage the process is

more complicated. Since only the peak

deflections of the reeds are known, the

nature of the impressed motion is not

revealed by the deflection of a single

reed. In this case it is necessary to

tabulate the reed deflections. These

tabulated values are then compared with

the peak values tabulated from the theo-

retical curves corresponding to various

types of impressed motions.
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INTRODUCTORY REMARKS ON SHOCK INSTRUMENTATION

BY

I. V-igness, NRL

PROLOGUE

This discussion will attempt to answer
partially some common questions that are

often in the minds of those involved in

problems relating to mechanical shock
measurements. In a qualitative manner, it
will cover the following:

I. What must be measured in order to

determine shock motions adequately?

2.. What are the usual types of
measurements?

3. Of what use are the measurements?

The paper is written in the hope that it

may provoke thought and discussion that can
be aired in a forthcoming Symposium on
these problems, at which time these and

other problems will be considered in de-
tail.

SHOCK MOTION DETERMINATION

To determine completely the shock
motions of a point, all that is required

is that these motions be recorded accurate-
ly as a function of time. It is immaterial
whether they be acceleration, velocity, or

displacement. Generally, rotational com-
ponents are not considered, so that the
records involve only the translational
motions along the three principal direc-
tions. Distortions and strains that occur

in a region can be determined by shock
measurements at several locations or by de-
termining the relative motions between
points of interest. As will be more ap-
parent later, the type of instrument to be

used depends upon the frequency range of
interest, the amplitudes involved, the pos-

sible elaborateness of the setup, the other
economic and special considerations.

AMPLITUDE AND FREQUENCY REQUIREMENTS

As a result of experience, it has been

found that the mechanical vibration fre-
quency range of most interest to the Navy
with respect to shock damage covers, rough-

ly, from 5 cps to 5000 cps. The most
damaging part of this range is probably be-
tween 10 and 500 cps for most types of

equ'ipment. Also as a result of experience,

it is known that when serious (but not
disabling) structural damage occurs on
board a ship (caused by non-contact under-
water explosions), accelerations up to
5000 g (g = unit of gravity), velocities
up to 40 feet per second, and displacements
up to several inches may occur in the
yicinity. It has been observed that the

maximum accelerations expected vary about

linearly with the frequency, up to about
5000 g at 5000 cps; the maximum probable
velocity is nearly independent of frequency
in the above range; the value for any one
component does not generally exceed 10 feet

per second; and the displacements vary in-
versely with the frequency, attaining a
magnitude of several inches only at the

lowest end of the above frequency range.

INSTRUMENTS AND THEIR SPECIAL CHARACTERIS-
TICS

The instruments considered are those

in the present state of development. They
include only the types suitable for "high-
impact" shock measurements and are grouped
as: accelerometers, velocity meters, dis-

placement meters, impact gauges, and tuned
reed gauges.
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Accelerometers - It can be stated with

safety that an accelerometer is the most

accurate and dependable type of instrument

for high-frequency (above 500 cps) com-

ponents of shock motion. Accelerometers

can easily be constructed that have no
natural frequencies below 20,000 cps and
that give a good signal output, if one is
satisfied with only high-frequency re-
sponse. They have the following advan-
tages:

I. They are light, small, rigid, and

rugged.
, 2. They have no displacement limi-

tations (such limitations are generally

caused by low-frequency seismic masses
bumping their stops).

They have the following disadvantages:

I. The crystal types have very high
impedance.

Z. As a result of the high impedance,
spurious signals are often introduced by
mechanical deformation of the cable con-
nector.

3. Cumulative errors occur in inte-
grated records that make, derived velocity
and displacement curves much less accurate
than the acceleration curve for integra-
tions over more than a short period of
time.

4. It is not reasonable to expect an
accelerometer to measure accurately both
the low-frequency and high-frequency com-
ponents of shock, when on the same record
the high-frequency amplitudes may be 10 to
100 times as great as important low-
frequency amplitudes.

Acceleration records are usually very com-

plicated and, to the uninitiated, they
often appear unreasonable, but when careful
work is done, greater experience leads to
greater confidence in their results. How-
ever, until more suitable connecting cables
are obtained, the quartz crystal acceler-

ometer should be regarded as unsuitable for
normal field work. Rochelle salt type
accelerometers, low-frequency strain gauge

types, and many others designed for rela-
tively low frequencies and amplitudes, have
proven satisfactory for field work for
their limited range.

Velocity Meters - Velocity meters
operate on an electromagnetic principle;
generally a voltage is induced in a coil of
wire by the rate of change of magnetic
flux. So, contrary to the accelerometer
where there is nearly no relative motion
between parts, the velocity meter generally
requires considerable motion. This rela-
tive motion is between a seismic mass of
long period and the main frame of the
meter. The disadvantages of the available
types suitable for shipboard use are:

I. They are heavy and bulky.
2. Their seismic element is usually

limited to two inches displacement overall.
3. Their frequency range is limited

from about twice their natural frequency
(about 7 cps - natural frequency) to some
indefinite value, generally somewhat great-
er than 1000 cps.

4. They possess a damping factor of
unknown magnitude and nature.

For shipboard field work,
vantages of the velocity
are outstanding - namely:

however, the ad-
meter at present

I. The impedance of the velocity
meter is very low, and the output signal is
very high.

2. It covers the most important fre-

quency range between about 15 and 1000 cps
without accentuating either high or low
frequencies. (This is because the range of
amplitudes of probable velocities is in-
dependent of the frequency.)

3. Accelerations or displacements,
within the above frequency range, can be
derived from the velocity records with a
single differentiation or integration.
This provides better accuracy for the de-
rived records than would be possible if
double differentiation or Integration were
required.
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As a consequence, for field work,

where weight is not of too great importance

and where conditions for measurements are

poor, the velocity measurements have pre-

dominated. For measurements on machines

and equipment in the laboratory, accelera-

tion measurements have often been made to

cover the high-frequency range and dis-
placement measurements to cover the low-
frequency range.

Displacement Meters - There are a

great variety of types of displacement

measuring pickups. They extend from the

techniques involving high-speed movies,

streak photography, and photoelectric
methods to simple slide wire voltage di-
viders. For field work, where nr station-

ary reference is normally available, the

displacements measured are usually rela-

tive, although a few seismic type displace-

ment instruments have been built. In the

laboratory, some of the displacement
measuring techniques, particularly the

streak photography and photoelectric
methods, are capatbTe of very great ac-

curacy. However, for field work, they ex-

cel only for low-frequency work (up to a

few hundred cps). Of course, the high-

speed movie records show such a wealth of

information besides the displacement of a

single point, that this type deserves
special consideration.

Impact Gauges - Impact gauges consist

of various devices that (when subjected to
an acceleration) crush, break, deform, or

indent mechanical parts, or they may make

or break electrical contacts. The contact-

break types will respond to very short

duration acceleration pulses (less than
0.0001 second) and, consequently, generally

indicate higher values of peak acceleration

than are obtained by other methods. The

other types of these gauges respond best to
accelerations of longe'r duration than

0.0001 second. The time is dependent upon

the displacement required for their record
and, generally, should give lower values

than recorded by an instrument capable of

recording to 5000 cps. In addition, the

impact gauges are complicated by dynamic

overshooting and by rattling after a defor-
mation is made; however, dependent on the

instrument, when an impact gauge is used,

it definitely sets an upper limit, which

value the acceleration does not exceed for

a given frequency. Of course, the limit

may be too high by several hundred per

cent; nevertheless, the results may be of

considerable value. A moral of this story

is not to expect (maximum) values of ac-

celeration as recorded by different impact
gauges or accelerometers, under identical

conditions, to be the same unless the fre-

quency response of the instrument is known,
to be the same; and even when the frequency

response is the same, the dynamic over-

shooting may cause considerable variation.

Tuned Reed Gauges - A reed gauge con-

sists of a number of reeds, each of a defi-

nite frequency, and chosen to cover the
frequency spectrum of most interest. It is

usually assumed that a reed approximates a

single-degree-of-freedom system and that

the deflection of the reed by any shock

disturbance is a measure of the "response"

of a single-degree-of-freedom system to
that shock motion. Thus, it may be said

that the reed gauge analyzes the shock

motion by measuring directly the proba-

bility of damage to simple systems as

caused by the shock motion. The reed gauge
has the following advantages:

1. It is simple, direct-reading,

easy to operate, and requires no synchro-

nization or timing problems and no auxili-
ary equipment.

2. It gives a directly useful answer.

The disadvantages are:

I. It is heavy and bulky.
2. Because of the small, displacements

of the high-frequency reeds, measurements

of response for reeds having natural fre-

quencies greater than about 200 cps are
very inaccurate and may well be disregard-

ed.
3. While some information can be

interpreted from the reed gauge records as

C.,
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to the nature of the shock function, it is
inadequate for most purposes.

4. The reeds possess a large amount
of friction damping of indeterminate
nature.

OF WHAT USE ARE SHOCK MEASUREMENTS?

There has been criticism that many
shock measurements have been made promptly
stored away, with no study or analysis.
What has happened is that the records were
examined, sometimes rather superficially,
and then put away. A large number of com-
plicated curves are very unsatisfactory for
discussion, so obvious amplitudes, fre-
quencies, and other characteristics of the
curves have been selected and reported.
Exclusive of Crossroads, the amount of
field shock measurement has not been large,
but much useful information has been ob-
tai ned.

Shock measurements are made for three
principal reasons:

I. To determine magnitudes and other
characteristics of shock motion so that
machines can be built that will simulate
these general magnitudes and characteris-
tics.

2. To make possible the use of simple
shock motions that can be devised and de-
livered by machines that can be made to
simulate certain components of the field
shock or be equivalent to certain phases of
shock. This, of course, requires a knowl-
edge of the general functions. Simple
shock motions make shock possible an ana-
lytical study of shock effects.

3. To provide information for the
designer which will allow him to intel-
ligently design his equipment.

Thus far, the first factor has had
most emphasis, the second factor has had a
small amount of consideration, and the
third factor has been largely neglected.
Undoubtedly, the first two factors will
continue to be of most importance and the
"develop-and-test' method of making shock-
resistant material will continue to be

necessary; but the process can be shortened
into a smaller number of cycles of "de-
velop and test" if the designer is given
good simple information that is obtainable
from a more detailed study and a more care-
ful and systematic analysis of the shock
records. These methods should include not
only the superficial method previously em-
ployed but, also, a study of the response
of structures to the measured shock
functions. This should be done primarily
by electrical analogues of a relatively
small number of types of mechanical systems
and should aim at telling the designer, by
only a few numerical values, what strength,
rigidity, and clearances are required for
any mechanical system under the most severe
condition of shock for which protection is
required.

EPILOGUE

In answer to the three questions
originally raised, the following are pro-
posed:

I. Adequate measurement of a shock
motion requires a time function of either
displacement velocity or acceleration.
This gives only the translational motion
of a point and will describe only that.
Additional information concerning distor-
tion and relative motion between parts may
be essential in many cases.

Z. Because of the wide amplitude and
frequency ranges that are required for
coverage for the measurement of shock
motions, it is not practically possible for
one type of instrument to suffice through-
out. Consequently, accelerometers are used
to bring out the high-frequency end of the
spectrum, velocity meters are used to cover
the middle (and by far the most important)
region of this spectrum, and displacement
meters are best over the low-frequency end.
Special consideration is given to high-
speed moving pictures, which can provide
such a wealth of information concerning
distortion and relative motion as well as
making possible simple displacement re-
cordings. Impact and reed type gauges are
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used to provide, quickly and easily, infor-
mation concerning special properties of the
shock motion.

3. The information obtained from
shock measurements is used to construct
machines to simulate the shock and to pro-
vide designers with information for more

intelligent design of shock-resistant
equipment.

The greatest need at the present time
is the extension of our knowledge of the
nature of shock in the field and the re-
duction of measurements to such a form that
they will be of use to the equipment
designer.
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SAVISULL

During its last two conventions, the

Society for Experimental Stress Analysis

has emphasized mechanical shock and its

related problems. At the Chicago meeting

in May, 1947, as well as at the New York

meeting In December, 1947, symposia were

conducted on shock and impact. Most of

the papers and discussions will be pub-

lished in the Society's journal some time

late In 1947 and In 1948. However, it

seems that a few of the titles of the

papers presented and some abstracts are

of interest to the personnel associated

with Savibull. From the May meeting:

I. Lateral Vibration and Stress In a

Beam Under Shock Machine Loading - E. G.

Fischer, Westinghouse Research Labora-

tories, East Pittsburgh, Pa. This paper

solved the Bernouilli-Euler beam equation

for the lateral vibration of a uniform

bar on the assumptions that Its ends are

simply supported and subjected to a sud-

den velocity. It also described tests

on the bar mounted to a shock machine

of the medium size used by the Navy.

Fair agreement was obtained between theo-

retical and experimental results, and it

should be noted that this is a fruitful

approach to a study of shock machine

performance. Fischer pointed out that

the accelerations determined from his

theoretical solution were unbounded, but

Professor Mindl in, of Columbia University,

observed that the differential equation

of motion of the beam was not complete

as used and, In particular, took no ac-

count of internal damping. In the very

interesting and important paper presented

by Professor Mindlin (No. 6 below), allow-

ance was made for internal damping and

fair agreement was obtained between theo-

retical and experimental values of ac-
celeration which are finite.

2. Determination of the Effect of
Ground Impact Forces in Drop Testing of

Airplanes - A. H. Pendersun and J. G.

McCarthy, The Glenn L. Martin Company,
Baltimore, Md.

3. The Experimental Determination
of the Dynamic Structural Response of an
Airplane to Impact Loadings - W. M.

Claflin, Grumman Aircraft Engineering
Corporation, Bethpage, N. Y.

These two papers on airplanes were

devoted to impacts induced by landing

forces. In particular, the paper by Mr.
Claflin described the use of a structural
model dynamically similar to an airplane.
This work provides another example of ex-

periments designed to evaluate response of

structures to shock. The author stated

that despite the relatively small size

of the model, useful data were obtained
for determining the performance of the
prototype.

4. Effects of Impacts on Simple Elas-
tic Structures In Terms of Equivalent

Static Loads - J. M. Frankland and G. E.
Hudson, David Taylor Model Basin, Navy
Department, Washington, D. C.

5. Determining the Effects of Impacts

on a Mechanical System by Tests Using
Electro-Mechanical Equivalents - R. 0.

Fehr, General Electric Company, Schenec-
tady, N. Y.

This paper described an important
example of the use of the electrical
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analogy for studying characteristics of
mechanical shock. The impact accelera-
tion was detected by an accelerometer
whose output was recorded on a sound track
of a motion picture film. The record on
the sound track could be played back via
a reproducing unit Into a capacity-
inductance-resistance circuit representing
the analogue of the mechanical system
under study. The author estimated that
errors In the analysis are less than 15%
for the overall system. He considers the
results to be of practical significance.

6. Influence of Damping on the Re-
sponse t'o Shock of Distributed Elastic
Systems - R. D. Mindlin, Columbia Uni-
versity, New York, N. Y.

7. Some Characteristics of Navy "High
Impact" Type Shock Machines - I. Vigness,
Naval Research Laboratory, Washington, D.C.

8. High Speed Impact Testing Machines
at the University of Illinois - N. M.
Newmark, University of Illinois, Urbana,
Ill.

A paper presented on moderately high
velocity impact testing machines. The
machines were shown by means of lantern
slides. One was of the rotary type and
the other a short guillotine type with a
pneumatic cylinder and piston on top of it.
The rotary type was somewhat like that
used by Nadai at Westinghouse some years
ago. Rotating discs carry near the peri-
phery a movable tup which can be sprung
out and caused to strike one end of a
tensile specimen, the other end of which
is fixed to ground. The guillotine type
is used primarily for thrusting a steel
capped piston transversely against a beam
which has its ends supported on the ground.
An adaptation to tensile testing is made
by having the piston strike an auxilliary
hammer which, in turn, strikes one end of
a tensile specimen fixed to ground. The
latter method is not satisfactory and
illustrates vividly one of the difficul-
ties overcome by use of the Guillotine

Impact resting Machine in the Material
Laboratory, New York.

19. A Proposed New Type of Shock
Instrument - W. P. Welch, Westinghouse
Research Laboratories, East Pittsburgh,
Pa.

This paper described preliminary
design plans for a shock measuring and re-
cording instrument. The Instrument con-
sists essentially of damped mass-spring
system with stylus and recording drum. The
mass is supported from flexure plates and
and has the stylus affixed to one end and
wire coil for electromagnetic damping af-
fixed to the other end. It Is proposed
to use a permanent magnet as part of a
magnetic circuit in order to provide the
necessary damping. The effect of the
damping was studied on a Westinghouse
Transient Analyzer which schematically
is a resistance-inductance-capacitance
analogue of the mechanical system. A
tentative conclusion Is that 0.5 of criti-
cal is the most practicable value of the
fractional damping factor. While the
principle of the Instrument is satisfac-
tory, it is considered that much develop-
ment is needed to produce a useful device
for field tests.

The following papers were presented
at the December meeting, in New York:

I. Studies of Transient Stresses in
an Airplane Model Wing During Drop Tests -
0. N. Leal, R. L. Bisplinghoff and T. H. H.
Plan, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

2. A Direct-Coupled Amplifier for
Recording Dynamic Strain - W. R. Mehaffey,
J. N. Van Scoyoc and D. S. Schover,
Armour Research Foundation, Chicago,
Illinois.

There are many applications of strain
gauges in which the presence of high
frequencies makes the use of the carrier
systems impractical for field measure-

K
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ments. The need for measuring static as
well as dynamic strains makes a direct-

coupled amplifier a logical choice. This

paper described the design and construc-

tion of a direct-coupled amplifier to

meet the severe problems ot stability and

frequency response essential to strain

gauge measurements over a wide range of

frequencies.

The amplifier consists of four bal-

anced push-pull stages and Is stabilized
by means of current and voltage feedback.
A novel input circuit is used to provide

push-pull Input directly from the bridge.

The amplifier has a flat frequency re-

sponse with 500-foot cables from zero to

20 kilocycles. This response is obtained

by a compensating feedback circuit which
.is adjusted to correct for the frequency

response of the cable system.

The amplifier power supplies are of

the regulated type and adjusted to hold a

constant output voltage for large changes

in line voltages. The filament and plate
voltages are regulated as well as the d-c

bridge excitation voltage.

Each amplifier channel is divided

into a bridge section, amplifier section,
and a power supply section. These sec-

tions are constructed on separate chassis

units which are arranged to plug into a

compartment of an amplifier cabinet.

3. Transients in Mechanical Sys-
tems - J. T. Muller, Bell Telephone Labora-
tories, Inc., Whippany, N. J.

This was a review of the shock work
associated with shock mount design as
performed at the Whippany location of the

Bell Telephone Laboratories. The data
and theories presented are the result of
studies of shock mounts which have suc-
cessfully withstood the action of shock
machines. A definition of shock and the
magnitude of the physical constants as-
sociated with it were discussed as well as
the machines which produce shock or mechan-

ical transients. Since we are dealing
with transients, the mathematical analysis
was performed by means of the Laplace
transforms. Four impulses were shown,
together with their transforms, and the

result of these impulses on a solid body

were discussed, particularly the motion
which results from the application of a
mechanical transient.

Next, a complete system, consisting

of a base, a resilient medium or shock
mount, and a solid mass and its mathemati-
cal analysis, was considered. Slides of a
series of curves illustrated the interest-
ing points of the above-mentioned theories.
The transient analysis also gives solu-

tions for the motions which occur after
the pulse has disappeared. The results of
this analysis can be used to great ad-

vantage in the proper design of shock

mounts. With the aid of a model, some of
those interesting features were demon-
strated. Viscous damping and frictional

damping were discussed and the results
given in a family of curves. These theo-
retical considerations have led to a method

of selecting the best natural frequency

for a system so that it has maximum

resistance against shock.

4. Theoretical and Experimental

Investigation of Buckling Shock Mount -
C. E. Crede and S. E. Young, The Barry

Corporation, Cambridge, Mass.

This paper considered the buckling
type of shock mount as a protective medium.
A tneoretical investigation and experi-

mental verification of the acceleration
transmitted by a buckling shock mount to
the mounted equipment were included. The
effect upon flexible components of the
equipment was analyzed. Equations and
curves were provided for selecting charac-
teristics of the mounts required for

optimum performance. An account of the
design and performance of a shock machine,
constructed to verify the theoretical in-
vestigation, was included.
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The following are comments by Dr.
Vigness, NRL, on linear versus "buckling"

type shock mounts in relation to the papers
by Mr. Muller and by Messrs. Crede and

Young:

Mr. Muller has considered shock mounts
with the usual linear force-deflection
curve over a large part of the action;
and Messrs. Crede and Young have con-
sidered a shock mount in which the force
is nearly constant, regardless of the de-
flection -- except for very small or very
large deflections. It can be easily shown
that the latter, buckling type of mount
will absorb more energy, for a given
displacement and for a given force trans-
mitted to the equipment it supports, than
can any other type of mount. This also
means that this type of mount will get the
equipment it supports to move along with
the shock motions with the least maxi-
mum force on this equipment for a given
displacement available across the mount.

At first glance, this buckling type
mount appears the better type to use for
shock installations. However, it presents
unknown factors and addition,' problems
that require considerable study before it
can be said safely that it is better than
the linear mount, under general condi-
tions. As with most controversial methods,
it is probable that as our knowledge in-
creases, we will find that some conditions
dictate one type of method and other
conditions require the other method.

As compared with the linear mount,
the most obvious disadvantages of the
buckling type mount are:

(a) When displacement occurs across
the buckling mount, forces are suddenly
applied to the supported equipment. This
" shock excites' most of the supported
parts into transients at their natural
frequencies. Practically, as this force
is relatively small and does take an
appreciable time for its attainment, it is
not likely that its effect will be serious

under conditions of shock. It is an un-
known factor, however, and requires further
study. It is to be noted that these
transients will be excited each time the
mount passes through zero deflection.

(b) Under excitation of steady state
vibration, the linear mount is resonant
at a definite frequency, but the non-
linear mount has its resonant frequency
a function of amplitude of vibration.
if one assumes a design condition of
identical maximum displacement (D) across
the two types of mounts and the same
energy absorbed in the mounts under the
given maximum displacement, there results,
as shown in Figure I, a restoring force
(F) for the buckling mount and a restor-
ing force (2F at D) for the linear mount.
It can be shown that, for an amplitude
of vibration (Xo), the period of the
buckling type mount will be shorter than
that of the linear mount until Xo is
slightly greater than 0.6 D. For greater
amplitudes, the period of the buckling
mount is greater than that of the linear

until for X0 = D, we have a ratio of '4
77.

2F

F

LU0n-,

0
LL

0
0 X D

DISPLACEMENT
Figure I

It appears that, with normal damping,
the effective stiffness of the buckling
mount is greater than that of the linear

100



CONFI DENTIAL

mount for frequencies and amplitudes

probable on shipboard. However, we are

still worried about the sudden change of

force as the displacement goes through
zero.

5. A pendulum Analyser for Mechani-

cal Transients - J. N. Macduff, Poly-

technic Institute of Brooklyn, Brooklyn,
N. Y.

This article described the Pendulum

Analyser constructed at the Polytechnic

Institute of Brooklyn in conjunction with

the Signal Corps Engineering Laboratories.

Its basic purpose is to furnish design

information for equipment subjected to

transient shock and vibration. It ac-

complishes this end by means of a model

analogy between a simple torsional pendu-

lum and the full-scale degree of freedom

system. The basic theory of the analyser

was developed, and response curves for

various simple pulses were presented.

Dr. Vigness presents these comments on the

paper by Mr. Macduff:

A first step in determining the

probable damaging effect that a shock has

on a structure is to study simple struc-

tures. The simplest structure of interest

is that possessing but a single degree of

freedom, such as a mass on a spring. If

the base of the spring is subjected to a

shock motion, it may be stated that the

probability of damage is greater, the

greater the spring deflection. If one

is concerned about the spring, it is more

likely to fail at large deflections. If

one is worried about the force on the mass,

it is also greater at larger deflections.

The deflection across the spring

is commonly called the "response" of the
mass to the shock motion. The magnitude

of the response is often expressed in

terms of non-dimensional units, such as
"static deflection" which is the deflec-

tion of the spring caused by the weight

of the mass it is supporting. This is,

therefore, the deflection caused by one

g, or one unit of gravity.

A first step in designing simple

shock-resistant equipment -- say, a single-

degree-of-freedom system -- would be to

determine the forces acting on the equip-

ment. These forces may be expressed in

terms of the number of units of gravity

acting on the system. The study of this

response of single-degree-of-freedom

systems to typical shock motions will

give the designer the required information

for this simple system.

A torsion pendulum analyser is a

convenient single-degree-of-freedom system

useful for the analysis of shock motions --

i.e., the determination of the response

of the system to the shock motions. The

top of the pendulum wire is twisted by

an amount proportional to the acceleration
of the shock motion by tracing an accelera-

tion curve with a pointer which is at the

end of an arm attached to the pendulum

wire. This is done at a uniform rate

along the time axis. The rotation of the

mass supported by the wire will measure

the response. By varying the moment of

inertia of this mass about the wire axis,

the frequency of the system can be changed.
The speed of tracing can be conveniently

slow, if the natural frequency of the

pendulum is made low, for if one changes

the speed of tracing and the natural

frequency by the same amount, the response
curves are similar. Therefore, one can

use the response curve made by a slow

transient on a low-frequency system to

determine the response of the same tran-

sient on a faster time scale on a higher

frequency system. By these methods,

curves of response, or equivalent "g",
versus the frequency of the system can be

plotted for all types of shock under con-

sideration. From these curves the designer

determines the forces on his equipment

and the deflection across his mounting

system for any shock considered and for

any natural frequency single-degree-of-
freedom system.

Mechanical methods, such as the

pendulum analyser, are slow and not prac-

tically capable of extension to systems of

I re
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greater complication than those of a
single degree of freedom. Electrical
cirucits usually can be devised that have
differential equations which are the same
in form as any given mechanical circuit.
If proper electrical functions are im-
pressed at proper points on an electrical
analogue of a mechanical system, then
voltages or currents, at some locations,
have the same form, as mechanical motions
or forces on the mechanical system. The
mechanical response curve for a system
can be determined quite readily, therefore,
by electrical measurements only.

The electrical method has its disad-
vantages, of course; otherwise its use
would be much more general. Chiefly, these
are:

(a) Records of shock motions are
usually obtained as curves, on paper or
film, which are difficult to transfer
back to the necessary electrical signal
to actuate the electrical system.

(b) The transient must be fed to the
electrical analyser at a fairly high speed
if circuit components of inductances and
capacities are to be kept at reasonable
values,

(c) The damping in a mechanical
circuit is often less than that of the
electrical circuit unless inductances
of very low resistance are used.

It is probable that the mechanical
analyser will continue to be used for

simple systems but that the electrical
analyser will be more generally used.
After the response, or number of units
of static deflection, or equivalent "g",
effective for a number of different mechan-
ical systems of reasonable simplicity
has been determined for typical shocks,
much work needs to be done to find out
to what degree these simple systems ap-
proximate practical systems, so that a
designer with normal experience can select
merely an effective "g , or some simple
equivalent term, around which his equip-
ment may be designed.

6. Vehicular Shock and Vibration
instrumentation and Measurements with
Special Consideration of Military Ve-
hicles - F. K. Priebe, Signal Corps
Engineering Laboratories, Fort Monmouth,
N. J.

7. Shock Testing Technology at the
Naval Ordnance Laboratory - J. H. Arm-
strong, Naval Ordnance Laboratory, Wash-
ington, D. C.

8. The Photo-Grid Process for Measur-
ing Strain Caused by Underwater Explo-
sions - D. D. MacLaren, Columbia, Uni-
versity, New York, N. Y.

9. Displacement Measurement by
Mechanical Interferometry - R. Weller
and B. M. Shepard, Naval Ordnance Labora-
tory, Washington, D. C.

"The Editor, Shock and Vibration Bulletin,
Naval Research Laboratory,
Washington, D. C.

"During the war, a new type of shock-4axve material was developed by Dr. Clark W.
Chamberlain. This may be of interest to the Shock and Vibration Panel. It is de-
scribed on following page.

"Very truly yours,

Stuart fl. Chamberlain,
Associate Professor of

Engineering Research.
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"THE PRINCIPLE OF THE CHAMBERLAIN SHOCK-
WAVE ABSORBER"

"A shock wave consists of a sudden

pulse of acoustic energy, which rises
rapidly to a maximum amplitude and falls

off less rapidly thereafter. This pulse is
made up of a fundamental frequency, and

many strong harmonics or multiples of this

frequency. The steeper, or more abrupt,

the pulse is, the higher is the dominant
frequency of the shock wave.

"The Chamberlain shock-wave absorber

employs a series of mismatched acoustic

impedances to diminish the amplitude of the

shock wave passing through it. These mis-

matched impedances are provided by an as-
sembly of copper or steel sheets which are

subjected to heavy pressure to remove all

the air between the metallic layers, except

for an irreducible residual air film 'of a

few molecules thickness. This assembly is

placed in a tight fitting, welded steel

cover and evacuated so that atmospheric
pressure helps to keep the sheets pressed
tightly together.

"When a shock wave enters the absorb-
er, a portion of the acoustic energy is re-

flected back at each metal-air boundary,
some energy is absorbed, and some energy is

transmitted to the next metal-air boundary,
etc., so that the amplitude of the trans-
mitted shock wave tends to decrease ex-

ponentially as it progresses through the
absorber. Higher frequencies are attenua-

ted more than lower frequencies, tending to
round off the transmitted pulse and to

reduce the accelerations and, therefore,
the forces on the body receiving the

transmitted pulse. The energy reflected at
each metal-air boundary undergoes multiple
reflection between the various surfaces,
and before this energy can emerge from the
absorber as a series of delayed acoustic
pulses, absorption at reflection degrades

this energy into heat. This heat, tiny in
amount, appearing in the air films and in

the metallic sheets comprising the ab-
sorber, is presumably radiated away from

the absorber as radiant heat."
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