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The furtherance of a comprehens ive shock ard vi-
bration program for the future needs of National Defense
depends upon the utilization of new ideas and novel
techniques, MNoreover, to keep our designers and tecch-
nologists in the forefront of applied science, it is
ezsential to dissemirato pertinent information as soon as
it becomns available,

The contents of this Bulletin demonstrate splendid co-
operation in prompt exchange of recently accumulated
knowiedge in this field, The matarial asgembled presents,
alsc, a study in contrast, Certain similarities and
differences between field tests of ships ard other types
of military vehicles are diacussed, In approach and poini
of view, the British shir target trinls are both revealing
and instructive to us, The procedures described and the
results obtained are impressive, Planning, organi:ation,
and experience are represented in the trials routine,
The fact that over 90 percent of the recordings were
suitable for analysis, indicates a professional * know-
how’ which is as yet beyond cur ken,

Our full-scale quantitative tests are juzt getting
under way, Plans and procedures are still in the form-
atjve stages, We are maturing througl precept and
example~-some:t imes the hard way, by trial and crror--but
we are acquiring knowladge, and our objectives wre in
focus,
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THE TENTH SYMPCSIUM
. Naval Research Laboratory
14 April 1948

ADMIRALTY FIELD INSTRUMENTATION
FOR SHOCK AND VIBRATION INVESTIQATION

By
J. Pausey, R. N, S. S.

There is presented an outline and discussion of the instruments used by the
Royal! Navy in conducting ship target vrisls, Relative merits of the measuring
devices employed and the manner of processing the resulting data are described.

It became apparent quite early in the
recent war that the effects of noncontact
underwater explosiens on ships were much
more serious than had been anticipated and
that it waz quite possible for a ship to be
put out of action as a fighting unit,
although the hull was not seriousiy
damaged, due to the disruptive effects of
shock on the internal! equipment. At first
there was little coordination in efforts to
investigate theis phenomena, individual
dezign departments carrying out their ocwn
experimental work and trying to devise means
to combat the trouble. At that time the
Electyical Department of the shore estab-
lishment H.M.S. VERNON, the function of vhich
vas to represent sea-going opinion in
connection with the design of electrical
equipment, became interested in *“shock”
effects .

It was apparent to this Department that
little was known of the magnitude and
severity of shock and vibration effects
experienced and that trials would have
to be carried out under sea conditions to
get some idea of these magnitules, so that
suitable methods of recordiag them on a
large scale could be developed. This
first trial was carried out in January, 1940

in the minesweeper H.M.S.’BORDE duringa
routine sweeping trip. The instruments
uged were crude and simple ‘“‘shock’ meters,
each of which consisted of 12 spring steel
stripsof lengths gradad from 3 am to 10 cm.
One end of esch contact was firmly fixed to
s steel block; the other had riveted to it
& small mass and was free tomove 1 cm down-
ward toward a steel bese. Any contact
which moved 1 cm was arranged to clip down.
Six of these meters were fitted to give
plus and minus accelerations in longi-
tudinal, athwartships, and vertical
directions. Crude and unsui:able as thesge
instruments were, they did give some idea
of the magnitude of acceleration and
displiacement which might be expected.

Methods of obtaining continuous records

were considered next. The functicns which
it was possible to obtain by varicus methods
were acceleration, velocity, and dis-
placement. It seemed that velocity might
be the best function to measure, as it
would be possible by one operation to
obtain either of the other values., A
velocity meter was constructed, consisting
of a search coil operating in the annular




gap of a cyiindeicz! electromagnet which
was suspended on a spring system of low
natural frequency. The magnetic field in
the gap was found to te uniform except at
the extremities. The base nf the in-
struvent, which carrizd the search coil, was
bolited rigidly to the item under test. On
being subjected to shock motion, the
search coil moved reiative td the spring
mounted mass and, therefore, had a voltage
generated in it proportional t> the rate of
ctange of flux linkage which (us the field
strength in the gap was uniform) was pro-
portional to the velocity of the search
coil relatjve to the magnet. This could
reasonably be taken 2s the absolute motion
of the base over the early part of the
record before movement of the magnet in-
troduced sn error. Such meters were
coupled to R-C amplifiers and thence to
C.R.0.'s fitted with continuous recording
film cemeras, so that it was possible to
obtain & velocity/time curve. Using this
type of instrument, smwali-scale sea trials
were carried out in H.M.Ships EURYALUS,
LONDCN, VANOC and JAVELIN.

By this time it had become apparent that
the investigation of shock and vibration
effects were of extremely widespread
interest and in order to study the problem
fuliy and to avoid duplice.ion of effort,
the Admirelty Shock Commit.ee, which
consisted of representatives of Admiralry
design and research departments, was
formed. Part of the terms of reference of
this committee were to control and direct
experiments necessary to investigate the
nature and severity of shock in warships
resul ting from moncontact underwater
explcsions. This naturally introduced the
quastion of instrumentation on a large
scale .

In the CAMERON Trials variocus types of
accelerometers, displacement meters,
velocity meters, strain gauges, and
resonance meters were used. The troubles
expericenced in operating these various
instrumentz and the resuits obtained have
been set out fuliy in the CAMERON Report and
it is not proposed to ealarge further on

thst trial in this psper. Results ob-
tained tended to confirm the opinion that
veiocity wes the simplest function to
measure and that displacement and accel-
eration could be obtained from the velocity
records. Fron then on, other existing
methods of continuous recerding were
dropped, and velocity meters came to be
used eslmost exclusively. It was realized
that the instrument as it stood was by no
means idesal. It weighed 35 1bs, could cope
only with maxinum displacements up to 2
inches total, and introduced errors in the
record ( due tomvement of the seismic mass)
quite soon after the start-of recording.
On the other hand, as far as ‘“ahock’
was concerned, the important part of the
record was obtsained. Furtherwore, the
impedance of the instrument was low, and it
gave a comparatively large voltage output.
This made possibis the use of low gain
smplifiers having maximum amplification of
sbout 200, which was of great vclue in work
on board ship wnere pickup effects were
liable to be very troublesome. Attempts
were made to develop the instrument in the
way of weight reduction and increase in
messurable displacement, but, owing to
scaff shortage and the necessity for
keeping the ses trials programme going,
these progressed very siowly.

It was evident that the method of in-
stallation of recording equipment used on
the CAMERON (namely, putting everything in
the target vessel) would not be practical
in the future trials envisaged, and it was
decided to obtain a snall vesael and to
fit it out as a floating isboratory. The
ship selected for this work was M.V,
ENDSLEIGH - a2 small coasting vessel
(pictured in Figure 1) of some 200 tons,
length 103 feet, and beam 23 feet. The
original hold space was subdivided and
decked in to form compartments as shown
in Figure 2. The instrument room contained
all the C.R.0's and other recording
equipment (see Figures 3,4, and 5) whichwere
mounted on a sprung beach.

A continuous processing machine for
35 om film {shown in Figure 6) was in-
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Fig, 3 instrument Spsce: Supply
and Instrument Panel (Looking
to Starboard)

Fig, 4 Instrument Space: Instrument
Bench (Forwazd Side)

Fig. 5 Instrumont Space: Instrument
Bench (After Side)
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Fig, 6 No. ! Dark Room, Processing Kachine for 35 mm Film (Looking Aft)

stalled in No. 1 darkroom, In addition,
the ship hada small machine shop (Figure 7)
and a compartment known as the test room
(Figure 8) where testing, repair, and
construction of electronic equipment we-e
carried out.

For pcwer supply, two diesel generators
were instalied, a mein set of SO kw, 220
velts D.C. in the generator room and an
auxiliary 30 kw, 220 volts D.C. set in the
mein engine room. The main A.C. supply for
instruments was provided by a 14 KVA motor
alternator supplied from either diesel
generator. In addition, 2z 5KVAmotor
alternator, supplied from a 110 volt, 150
ampere hour battery in the battery room
was fitted to provide steady voltage supply
to the amplifier during recording.

As previously stated, the amplifiers,
osclliographs, recording cameras, and
auxiliary apparstus were mounted on a
sapring support.:d bench, 12 x 5 feet,
situated centraily in the inntrument room.

Provision was made for recording 38 signals
sipultaneously. Each emplifier is sssociated
with a particular oscillograph trace and
the inputs of al)] amplifiers are perinanently
wired by means of single core screened
cable to plug points on the instrument room

control board. These may be linked p as
desired by means of flexible leadr to

similar plug points which are wired per-
manentiy to the instrument distributicn
board in the hattery room. This board
wag the point et which connection with the
target ship was arrangad.

The arrangetent envisaged was thut the
target vessel would bemoored head and stern
and that a dum> Uarge would alsc be moored
in a similar manner at a safe distance and

in line with the target. Inustruments were
mounted in the terget vessel, leads being
takeii ¢to a common terminal beard sited

within the target at some convenient point.
From this board, connection was made to the
l1aborstory vessel by means of suitable mefiti-
core, watertight cables. The multi-core

i o m———rn

- A~ < A AE

A S koo

o




THH
HHHT
I

*

‘-
e
=
{3

Tl
]

e i
R HA LR
vhae

sy
[

S 323910 B0




1 PR TR TR RS

cables were carried scross the water on 2
ceries of floats. The latter were secured
together by means of steel wire ropes which
were arranged to prevent sny strain, due to
rough weather, .oming upon the cables,
This esrrengement proved very satisfactory,
although great care hud to be taken to
avoid any rough edges at which chafing of
the cables might occur.

It was possible to 2lip the cables
from the ENDSLEIGH, if an emergency arose,
and to be away from the trials site within
15 minutes.

The staff required to cperate this
vensel consistedof six scientific officers,
two laboratory mechanics, and tes isbouress,
together with the ship’s crew consisting of
a skipper, two enzineers, a mate, and two
deckhande.

The trials routine adopted was as
follows: Two hours before ihe time of
firing a ahot, all the bench equipment was
checked over to ensure thatC. R. O '
cameras, ampiifiers, and auxiliary gear
were functioning correctly. Then each
individual instrument circuit was tested
for continuity and insulation resistance to
be sure that no cable or other fesult had
developed. Next, each instrument was
checked to enuure that it was operating.
Finally, all velocity meter magnet currents
were accurately adjusted.

8.

At the same time, the naval firing
party had been fitting the charge and pre-
paring theglead for remote electrical
detonation, while the working party were
checking pumping arrangements, closing
watertight doors, etc.

Three quarters of an hour before the
shot, the instrument party closed up in the
instrument room on ENDSLEIGH and loaded
film in the cameras, switchec on amplifiers,
C.R.0.’s, etc. The charge was lowered into
the watecr and its firing cable connected
through to ENDSLEIGH where it was teated
for continuity and insulation resistance and
finally coupled to the firing batrtery
circuit. At the appropriate moment, an
automatic firing switch was energized in
the instrument room. This started the
cameras, injected a calibrating signal into
the ampliflers, and fired the charge.

This srrangement has been used with but
minor modifications in all the triale
carried out since CAMERCH .

Trizls have been completedon a PARTHIAN
Class submarine PROTEUS, a specially built
centre sectionof an A Claas gubmarine JOB9
the destroyer AMBUSCADE, and the cruiser
EMERALD. The most novel of these trials
were those carried out cn JOB 9, as this
target was submerged for most shots. In
order that connections could be made to the
terget, a2 float was introduced at the end
of the buoyant cable line and a farge bight
of ceble (about 200 feet long) was left
between this float and JOB 9. The cables
were led into the pressure hul}l through
special submarine cable glends. Throughout
these trials velocity metersof the original
type have been the main mesns of instru-
mentation,

The reliability of recordings has
improved progressively, and it is estimated
that more than 90 percent of the 4000
recorcs taken have been suitable for
enalysis.

In addition, certain maximur recording
instruments, such as relative displacement
indicators and copper crusher accelerometer
units, both of wiich have been fully des-
cribed in the CAMERCN Report, were used.

Certaisn other methods of recording have
been devised and tested in trials subsequent
to CAMERON. On PROTEUS an attempt was
made to measure whipping of the ship by
means of an instrument which was called
the low- frequency shock meter. The require-
ment from this instrument was that it should
measure low frequency motion of the order
of 2 cycles per second but having large
displacements. The instrument consisted
essentially of a tranaformer of vziiable
coupling (Figure 9). The secondary coil
embraces a core which is common to two
magnetic circuits and movable in an air gap
with respect to them. This arrangement
was cmployed for the reasons that it allows
a convenient sensitivity adjustment and
that it reduces the unbalanced varying
magnetic forcez to a second order of magni-
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tude (Figure 10). The natural frequency
of the instrument was approximately 60
cycles per second and it was subjected to
slight oil damping.

The transformer primaries were fed with
a 3000-cycle per second 3-volt supply.
The instrument had a !inear response for
acceiarations up to 2 g. The output of the
instrument wvas set so that the band width
was reduced to zero by the spplication of
an gcceleration of 2 g. This acceleration
vas easily obtained simply by inverting the
whole lastrument. A record is shown in
Figure 11, the variation in width of the
3000-cycle band being proportional to
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acceleration., Double integration was
carried out by hand to produce displacement.

Thia instrument showed conaiderable
promisa but, in a re-allocation of work,
whip measurement was moved out of our
province and, owing to the pressure of
other work, further development was
dropped.

Another instrument which was mentioned
briefly in CAMERON Report and on which
further experimental work was carried out
in sucoeeding trials was the high-frequency
veldcity meter. This operatad on the same
electronegnetic principle as the standard
velocity meter, but, instead of making
the natural frequency of the sprung system
as low as rossible, it was decided to
mount on a comparatively stiff sprung
systeni (say, 50 or 100 cyclies per second),
accept the error thus caused and try to
correct for it elecironically the theory
being given in the appendix.

It appears that by taking the output
from such s meter and adding to it certain
proportions of {ta own single and double
integrals, the sbaolute motion of the base
could be obtained.

Attention was then turned to examining
the possibilities of producing electronic
means of adding the requisite proportions
of the output signal.

The first amplifying mixers developad
made provision for the addition of both
single end double integral proportions, but
it was found that damping was low enough
to sllow the first integral term to be
neglected. Within the limits of this
assumption the ratio of output to input
voltege of the correcting network as a
fqution of frequency ia proportional to
1 -0, This quantity is plotted in Figure
12,

Various methods of i:n:egration were
attempted but without cowplete success.

The output obteined from the meter was
very much smaller then that from the
standard veloclty mezer, owlng to the
stifiness of the springs which resulted (n
very linited refiative movement betwsin
magrizt end search coil., In conséjuence
high amj:3ification became necesssiy. Thiz
brought in its train &1} the usuai troubizs
of siray pickup, valve noise, and vibration
effects which are very much more diffieult
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to eliminate on board ship than under
shore laboratory conditions. In addition,
it was necegsary that the devics shouvld
have both a frequency response spproximating
that which has already been discussed and
good transient respongse. In the metheds
vhich were tried, one or the cther could ne
obtained but not both, Consequently, it was
felt that further investigation an the
taboratory ship would not prove frultful,
and the question of electronic correction
has been dropped temporagily until such time
as it can be investigated in ¢ ane shore
faboratory.

Theoretically, it cheaild be possible to
analyse and correct records obtained from
the H.F.V.M., but this iuvoives obtainingthe
constants for each individual meter und
carrying out a2 tedious and lengthy gruphical
reconstruction, In practice, %' ,:re cne
requires to know the results of crie shot
before carvtrying on with the next end
where a {rrge number of meters would be in
uge, it is not feasible.

It is possible that having obtained the
uncorrected record andknowing the constants
of a meter, it might be feasible to obtain
the true angwer quickly by ecme mcchanical
means. This is bEeing investigated.

Yet another problem which aroses was the
question of measuring the motion of the
shell plating. Ji was not possible te

i
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mount a standard velocity meter in the
ordinary way, as the weight of the lnstrument
would have materially affected themotic: of
plaze. The method usedwus sicply to remove
the search coil from a meter and mount it
on the plate. The magnet was reversed in
the meter body and the body attached to a
robust channel iron framework which was
rigidly sttached between the two frumes
shich bounded the plate under investigation.
Mjustment was provided so that the seerch
coll could be centered in the magnet gap.
Thua the load on the miate was reduced to &
matter of 2 few cunces instead of the full
3S pounds of the whoie meter. This device

worked quite satisfactorily, although great
care had to be taken in centering the

search coil in the magnet. There was
considerable wastags in search coil
formers, as damage was caused when they
were tilted (due to the directions of
motion of the plate) instead of moving
axially in the magnet gap..

The question now arises of the future
developments expected in instrument
technique. It is considered that the
magnetic principle of the velocity meter
is atiil the most relisble method of
recsrding in quantity.

The instrument as it stands haz the
following disadvantages: It is too
heavy, records faithfully for toc small
& dispiacement for a number of cases, is
subject to spring error, end requires &
supply to energize the magnet. In the near
future and without interfering with triais
progress, it is hoped to redesign the meter
to remedy some rather chvious crudities in
the design.

The framework 2f the reter wili be
made in szome of the light alluvs which are
now sveilable, This should brinj, consider-
eble weight saving and thereby permit
dezigning for a larger displacement without
any weight increase. The elecctromagnet, it
is hoped, can be replaced by & permanent
mugnet {n one of the modern magnetic
materials (““Ticonal” or “Alnicd’)whichwill
retain their magnetism even when subjected
to repeated shocks. This would simplify

— e e —
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considerably the operstion of numbera of
meters. If at ail possible, the natural
frequency of the magne: on its suipenszion
will be reduced,but it is not considered
that much improvenent can be sxpacted in
this dirertion.

Finally, I wil] ssy = few words sbout
a new method of recording which is, as yet,
in its embryo stages and is completely un-
tried. As far as is known, the principle
has not been used bzfore.

The main components of the circuit will
be s square wave generating circuit followed
by a simple integrating device. The
recording head will cenzlist of a lightly
zuspended mass which is constrained to move
between two spring cortacts. The purpose
of the contacts iz two-fold: To provide a
bias which will trigger the square wave
generator and to give a pulze of energy to
the moving mass to send it towards the
opposite contact, where a sinilar cycle
will take place. In the uncisturbed state,

adjustiment will be made so that the time
intervais are equal in each direction. Thus
& uniform square wave will he produced.

This, on being integrated, will give s
triangular wove. 1{ the base of the
instrument is w«ttached to an object which
is given a shock motion., the time teken
for the mass tou move between contacts will
by modified by the motion of the base, and
successive helf cycles of the square wave
will not be equal. Thus, instead of the
integrated wave returning to zero st
each cycle, it will be displaced and &
trace; consisting of a series of trisgulsr
steps, will be produced.

The important factor sppears to be
that the time interval for undisturbed
motion should be reasonsbly farge coopsared
with the time changes expercted from ths
motion. The advantage sppears to bLe
accuracy of recording, irrespective of the
dicplacement irposed. Little more can be
said sabout this item at present.

DISCUSSION

D. E. MARLOFE, NOL: I would like to ask
what theperiodical impuise or carrier frequency
‘oscillation for the new recording head for the
square wave instrument is supposad to be.

J. PAUSEY, R.N.S.S: That will depend
upon what ls to be measured. If you want to
measure whipping, you will be able tn use
very low frequency. If the messurement is
going to be shock motion, it may not be pos-
sible to use the instrument, as 2 much
higher carrier frequency will be necessary.
At precgent, this work 1s in the embryo stage.

J. P. WALSH, NRL: What has bezn your
experience with wire strain gages on shipboard
trials?

J. PAUSEY: From my own experience, it wus
very difficuit to use these gsges on ts:get
ships. We have found that we could get ther
to work ir, the ladoratory but could mot use
them on the ships. It is a problem to make
them adherzs to the plate. In additicn, it is
not easy to tell when they sre properly
attached. We found that they break down
very 2a2sily under ship trial conditions and
that the output from the straln gages is
comparetively low. It is difficuit to get
reproducible results.

D. E. %EISS, NAC: I wonder if Mr. Pausey
could amplify on the preference for the

velocity type of pickup rather than the
accelerometer or displacament type?

v ewaam
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J. PAUSEY: We found that, in the first
plaze, if you consider displacement and
asccelesation in ships, you must werk over
quite wide renges. Displaceoments may vary
from .001 inch up to geveral inches.
Accelerations may range (in the case of
whipping) from 2 or 3 g to several hundred
g, and it is difficult to get these two
ends of the scale on one record. With
veloclty, you are working in =2 smaller
range. The low end ..ay be down %0 1 foot
per second, but you seldom get more than
20 feet per second. It is possible to
ge: all the velocity-time curve on one
record without the low-or high-freguency
corponents being lost. ¥We do find that
from velocity records we can obtain
acceleration from the initixl siope of
the curve, which is the inportent accele-
ration as regards shock. There is the
denger, in using =zn accelerometer, that
it measures the higher frequensy vibrations
associated with a very small dispiscement,
which is not particularly important
from our shock record galnt of view.

M. L. HFNOCH, BuShips: 1In a recent
copy of « repcrt on the thirty-ninth
meeting of che Adriralty Shock Committee,
I read that you ar - Tueking messirements
on masts. A statem-~t wss made about
using accelerometers for that purpose.
The matter was under consideration at
that time. Have any instruments been
worked on for making the meesursments?

J. PAUSEY: I don't remember the report.

J. E. SHAW, K.N.S.S: For some future
trials, we are planning to make measure-
ments on motions of masts. I believe there
were statements in there about considering
the use of accelerometers for the measure-
ments, but the matter was not completely
iooked into at that rime.

M. L. HENOCH: Additional consideration
{s to be given the matter, then,and
definite instrumentations worked out?

Nc definite instru-
mentation has yet been decided upon. The
point you read was in connection with
masses on deck or on the masts, which were

j. E. SHAW:

to simulate radar geer. There you get
ar; excursfon in space of seversl inches,
and the ordinsry type of velocity meter
would ot cope with thst, as it bottozs
sfter a nutter of a few inches. Con-
sideration is being given to different
zmethoeds of recording. At the tine,
accelercoxtere were the only answer, but
so far we have not decided what we will
use

J- PAUSEY: That particular trial has
not started yet. It is =till in the
planning stages.

I. VIGNESS, NRL: In using multi-
cenductor csbies to carry signals from the
test ship to the laboratory ship, do you
have any cross-telk or interference be-
tween channels for either low-impedance
sources or high- impedance sources?

J. PAUSEY: We have not used wire strain
geges except with individual cables.

J. 7. MJIER, BIL: How longz does the
velocity pulse last? How lung before it
comes back to zero?

J. PAUSEY: You can record the velozity
ove: & period of seconds, but the important
initial effect probably tckes piace well
within 20 millisecends.

J. T. MULLER:
sharply or slowly?

How does it return--

J. PAUSEY: Generally spesking, there
are two forms of shock waves. One of them
approximetes a cosine curve with a sharp
rise and then a damped wave returning to
zero. It {s difficult to say when l¢ does
retura to zero, because there ls motion
ot the muss in the velocity meter due to
its own springs. For the purposes of
shock, it is that initial part of the
record which is the important part.
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J. T. MULLER: Can you glve some
ides of the length of tima it takes to
resch the naximm vefocity?

J. PAUSEY: It varies, on differen?
parts of the ship, from 2 to 3 =illiseconds
up to about 10 miiliseconds and, in soze
exceptional cases, 20 =illiseconds.

J- E. SHAW: Az I understand it, you
want to know how cquickly these excitations
are da=ped cut in different parts of the
shock. The graph (Figure 13) represents
velocity ageinst time. On the hull or shell
plating disturtances are ds=ped out after
& very few cycles. There is a very rapid
rise (sometimes under 1 millisecond)
followed by a more or fess darped oscilia-
tion. T¥When dealing with the ltem of
nachinery on the hull, as Mr. Pausey

eenticned we got a curve resebling a deeped
gine wave, the time of rise being snything
between 2 millizeconds and sbout 7 or 8
miiliseconds depending upon a number of
factors such as how the machinery was
rounted, thickness of plating, etec. Then,
going on to the bulkheads, the rise was
still slower until, when working with the
decks, one can get anything us to about
20 milliseconds before reaching maximum

VELOCITY

13

vslue of velocity. The characteristics on
the aschinery. the bulkheads, and on the
decks are generally dacped out after
sbout 10 te 20 cycle:z.

S. P. THOMPSON, NR.: Referring to the
errorz engendered by making the resonant
frequency of a seismic instrument higher
then is ususl, it wuld seem that, since s
mechanical systss of thet type is snalogous
to a tuned circuit, it should be possible
10 teke a circuit and, by suitably arrenging
its parameters (including those determining
demping), to useit as a calculating mechine
to straighten out both the amplitudes and
the phases of the velocity mater record.
Have theBritish considered this proposition
at all?

J. PHUSEY: We have considered metnods
of correction by electrizal and mechanical
zeans, but we haven't arrived at the angwer
%e want yet.

D. C. KENNARD, AC: You mentioned that
you use cathode-ray recorders in measuring
shock. Have you tried the magnetic
galvanometer recorder?

J. PAUSEY: No. VWe have stuck solely
to cathode-ray oscillogrophs.

I’} ,’/‘
B
=

4
- r / \\;
- | <

cmv— HULL

..... MACHINERY
2TO70R8ms ——— =~ = ATHWARTSHIP

he—— ——n1

€ 20 ms

Figure 13




RO Vi B0t S <
. N peavt 3

A}

Let

APPENDIX

S = position of the meter housing
£4= position of supported mass (m)
k = constant of the spring

a = viscous constant of syster

e = output voltsge of the meter

. The e¢quation of motion is given by

the relation

P » (]
=Xy= k(S - X4) * o(S - X1). or

Xy = K(5 - X)) + &5 - Xp) e}

The voltage generated in the coil is given by

e = K(S - Xl) (2)

7are K ic = proportionality censtat.

The varisble x: can be eliminated between
equations (1) and (2) giving,

S =‘é(é 0-3; e ‘-E;f e dt), or

3 xd(d v 2ce + 0,2 [ e dt) (3)

where ¢ ls the damping factcr and @y is the

undamped resonsnt frequency of the system when

the case is still.

If equation (3) is integrated once, it follows

that

é='§(ct2cfedt‘wo2f_|redt) (4)
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Thus, a voltsge ¢’ squai to the sbsolute
velocity of the instrument can De obtained,
orovided

st '+(c cchodt *aoszodt)
where X' is mrerically equal to K

Obvicusly, ¢' can be gmersted by coubining
the obsirved voltage ¢ with ths proper pro-

portions of its first and secvnd integral.
iIf ¢ is very smail, this term can be

neglected. If a steady-state sotion
exists, then e »= E sin (ot + &) and the
cutput voltage of the correcting n2tworks
is

R T (ot + &) (1 - %),
) 4 )

(5)

1))
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SIMILARITIES AND DIFFERENCES IN INSTRUMENTATION
FOR ORDNANCE FIELD TESTS

By

D, E. Mariowe, NOL

I have been ssked to cczpare the in-
stzumentation cf ordnance fleld triels with
the irstrumentation of ship dacage trisls,
such 23 Mr. Psusey has described.

First, as to the simiisrities: Our
intetest in the effacts of 2xplosions on
ships has becn entirely an interest in
economy. [o the ordnsnce engineer a ship
iz simply one class of target, and all
tesgets are obiects to be destroyed with
cthe maximum economy of explosives. We
have been 1::zely content, therefore, to
obtdr “t2 advice of our ship clesignere as
to the respanse of ship structures to
thése impulaive explosive losis and have
l1imited our participation in ship damage
trials to studies of the phenomena asso-
ciated with the explosion in water and,
in partizular, to thh modifications to the
theory which would be required to account
for the discontinuity in the fluid mediim
presented by the prezence of an air-backed
hull. In orler to obtain fieid dats on
this snd other points, we have obtained sn
ex-patroi craft (the EPCS 1413) and heve
specinlly equipped her for the zccurate
measurement of pressure-time data from
large underwater explosions in the open
sea. Figure 1 shows the 1413 tied %o her
dock at the Navel Gun Fsctory. She serves
23 a floating recording station very com-
pacsble to the ENSLEIGH described by Mr.

Pausey. Figure 2 shows her recording room
with six osciilogrephic racosding stations
equipped with high-speed, rotating-drum
cameras. You cmt see thst except for
slight differencer in design, the 1413 and
and the ENSLEIGH serve slmost identical
purposes.

How, a3 to the differences in instru-
mentetion: Most ocdnance field triale
require instruments and techaiques which
differ quite radically from those juat
described. 1 have mentiivned in a previous
paper (published in Shock and Vibration
Bulletin No. S) that ordnance shock probiems
are charscterized by the long duration of
the shock, and I indicated at that time
th=t thege shocks must be endured for
distsnces of S to 100 feet. Thisg char-
acteristic of onxinance shocks renders the
use of velocity meters quite impractical,
end we have concentrated, therefore, upon
the development of accelerometers brsed
upon the measurement of either the elastlic
or plastic strain of some portion of the
vehicie being tested. In most cases, of
couvrse, it has been most convenient to
build a special strain indicating instru-
ment for use in the vehicle. At virious
times, we have exploited the innumerable
forms of crusher gages, and we have used
pieroelectric, resigtance wire, and
capacitance gages as weli--the choice be-
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tveen them ususlily belng dictated by the
requ’rement of the trensmissior end/or the
recording system.

In all such measu-ements, it hes been
found necessary ‘to study the theoretical
aspects of the messurements very carefully,
for 2n !lmproper choice of the accelerometer
for a particular measurement can render the
experiment worthless. In particular,
accelerometer measurements are susceptible
to variations in calibration techniques.
and we have expeied great care in the
checking of one accelerometer against
mmother i:: order to z!im'nate, as much as
possiblz, the various sources of error.
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Flgure 3 show. six types nf accelerometer
principles which are based on either the
plastic or elastic deformation of a
recerding element Theses devices are
1imited to recording peak acceleraticns
ard, even then, must be very carefully
used inorder to obtain reliable indication.
Fig. 2 Recordird Room Figure 4 shows four accelerometers rlso
beused upon the elaatic deformaticn of the
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Fig., 3 Accelerometer Principles (Peak
Recording Types)

indicating slement, but which, by re-
cording the veriation of strain with time,
give a contimwous recording of acceleration.

it must be recognired, however, that
thiie problemof recording of duta in ordnance
field trials is, st times, a very difficult
one. tor those measurements in which we
find it possible to meinirin a cable
connection with the vehicls being teated,
we nave developed lightwelght, compact,
versatiles equipment in the form of a six-
trace cathode-ray oscillogreph which is of
sufficiently small bulk that it can be
handled in the field by two men. Figure §
shows a schematic outline of the relatica
of the various parts within the oscillo-
graph, and Figure 6 shows a somewhat
exploded view of one of the early models.
1t will be seen that this instrument is
idenily suited to the recording of phenomena
which vary with time in fleld triale,
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Fig. 5 NOL S-Trace CRO Type IB Layout
of Main Frame

However, in many of our measurements,
w2 ars unable to maintsain a cable connection
to the vehicle. 7o grovide for such cases,
we have developed a line of compact, self-
contained, internal recorders which are
mounted inside the vehicle and which
must be designed to record the electrical
impulae from the detection instrument
faithfully, even though the recoidss itsslf
is undergoing the shocks. This is of course,
a problem which is never conmplotely solved,
and the balance beiwzen signai snc nolse is
always a delicate one.

Typical of these instruments i3 one
showr in Figure 7. This is a cellulose-
tape recording accelerometer in which
the acceleration-time curve is engraved
upon & celiulose tape by a cantilevered
mass and scribe., This instrument {a
somexhat insensitive and of feirly low
frequency respcnse, but it has been
developed to the point where the spring-
driven drum will maintsin a continuous
speed throughout the acceieration period;
hence, the device as a whole is cspable of
giving usable records for many spplications.

Fig, 6 Early Model Oscillograph

Next, we have Figure 8, which shows
the complete assembly of a three channul
oscillographic recorder. It is designed
to be self-contained, do that the entire
unit can be placed in a mine case or
bomb for the purpnse of measuring accelera-
tions on impact with the water surface.
There are three crystal accelerometer
elements which feed » 2iznal to an oscillo-
graphic camera, the whole being powered
from the battery box.

Figure 9 shows 2 schematic diagram of
the recording cameraof the previous set-up,

SPRING ORIVEN TAPE
TAKE-UP DRUM

CANTILEYERED
MASS & SCRIBE

TAPE GUIDE

CAK*® ILEVERED
MASS 8 SGRIBE

Fig. 7 NOL 3.Directionn! Tape Recording
Accolerometer
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Fig. 10 Preliminary Telemctering Equipment
for Measuring Parachute

It will be seen that the optical distences
are largely obtained from mirrors and
that the cathode-ray tube, 2g mounted,
must take the full strength of the
acceleration without causing deviations
in the cathode-ray beam. This has been
accong:lished with a fair degreeof success.
The cathode-ray tubes have been specially
strengthened with added internal elements
and, &s a whele, the device is capsbie
of recording an acceleration-time pattern
without serious noise levels at accele-
rstions below about 300 g.

In spite of the success with which
internal recorders have boen used, the
Laboretory is not completely satisfied with
this spproach, and in many cases, since
these instruments and recorders are not
sdequate to the situation, we make use of
one other very powerful tool. The com-
binatien of detecting instruments in the
vehicle, dats transmission by tele-
metering techniques, and recording at a
grovnd station has solved so many of our

difficulties in recent months that we are
leosning more and more hesvily upen it,

A fairly recent e:mglenz the meagure-
mant of the opening load in parachutes when
launched from aircraft st high speed.
Figure 10 shows the rear end of a mine case
with 1ts telemetering equipment installed
and the antenna encirecling the instrument
compar tment, wnile Figure 11 showa sensitive
elements mounted in eech of the shroud
lines of the parschute just before it
is packed into i{ts case. Upon opening,
these elements respond to the strain in the
pgarachute skroud lines, and the data are
transmitted by a frequency-modulated
t{eiemetering system to a recording station
on the ground where the signal is de-
moduiated and recorded.

Those of you who have used telemetering
methods will readily recognize thegrezat ad-
vantages that can be obtairn:d in the
ingtrumentation of field trials by the use
of these technigues. Let me now point
out a new field of usefuln.ss which we
have successfully exploited in recent
months. We are now ueing telemetering
tecuniques in the fiz2ld in trials of
underwater srdnance. During the conduct
of recent taats at Hiwazsee Dam, a fresh-
water lake in the Tennessee Valley, we have
telemetered deta from an antisubmarine
weapon and have observed the time sequence
of «vents during the passage of the weapon
from air into water und into the proximity
of its intended target. There is every
reason to beljeve, at the present time,
that our dependence on the vagaries of
internel recorders is reaching an end.

Figure 12 is a reproductior of one of the
truces from tihis underwater telemetering
equipment, You will notice the various
stages of behavior of the weapon lrom
launching to impact with the recovery net,
end for comparison purposes, thers is
presented an osciilogreph trace showing
the signel output of the detection device
during each of those stuages.

To summarige: Where the ordnance
engineer cen maintain cable connections




with the device belng tasted, the
techniques used are quite similiar to
those of ship demage trials. The major
difference lies in our reguirement for
acceierometers rether then for velocity
meters, and this, in turn, is enforced by
the fonz duration shocks encountered by
ordnance s81.d by the small space in which
recording instruments can be placed.

However, when cable contact wath
the vehicle cannot be maintained, we
fhiave in the past depended heavily upon
the use of internsl recocders and have
=apended subgstantial effort in thelr develop-
ment. At the fresent time our smphasis is
shifting rapidly to the uge of telemetering
methods. These have alreedy proved
practical and useful for triais of air-
borue we.pons and recent developments
indicate that 2qual success may be ob-
tained for underwater trials as well,
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Fig, 11 Elements Nounted in Parachute
Shroud Linex

DISCUSSION

J. PAUSEY, R.N.5.S: I am interested in
the possibilities of telemetering and feel
that we may have to use something of the
same technique in some of our trials., I
think it will become necessary. The
question of self-recording instruments alaa
is of great interest to me. I would like
to ask Mr. Marlowe one question about the
instrument which used the crystal pile.
Do you get sufficient output fre. that
accelerometer direct?

D. E. MARICWE, NOL: Yes, the output of
the crystal was spplied directly to the
plates of the C.R.O, There was no intez-
medlate smplification.

J. PAUSEY: It must have been quite a
large output.

D. E. MARLOWE: It was a1 falr-sized
crystal stack. The overail size of the
instrument was almoat two inches on &
side.

J. PAUSEY: Mr . Marlowe, would you say
you are dolng any work on telemetering in
salt wate:?

D. E. MARLOWE: I though? I had slipped
by that point fast enough 30 no one would
notice tt. In due honesty, I felt it was
necessary to mention the fact that we
were working in & fresh water lake. Atten-
uation in salt water is up by a factor of
300. We are seriously considering the
possibility that, for the ranges that are
necessary for that sort of work, tele-
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metering in salt vater may be possible.
There zre two possibilities. One is to
increase by this factor of 30G, or more,
the pover output of these sutminiature tube
circuits (there have been gsome signs that
this may be done). The other is that we
have a dim.idea (for which, unfortunately,
Maxwell’s equations don’t offer too much
hope) that we cen beat the game by the use
of pulze or pulse coded techniques. Whether
the incresase of energy that wme can put
into the water by pulsing will be suffi-

cient to take care of the fact thet the
pulse is of higher frequency than the

basic signal, we don’t know, but perkes
by use of pulse coded techniques, we can
make some progress in that direction.

. XLRIN, NRL:
water a factor?

D.E. MARIOYE: No. VWe are fortunate
in having & quiet iske In which to work.
We can string s large antenna azrangement.
In this particular instance, at no time is
the weepen at s distance greater than 190
yards from the neareat mntcins, so that the
transmisnliz;, ususily takes place over lzes
then 100 yards.
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CONTRASTING PROCEDURES FOR AIRCRAFT
By
Chriztian G, Weeber, NAXEC, KAES

GENERAL

In general, the requirements ond
procedures for instiumenting sircraft
structures and equipment in performing
laboratory and flight test investigsations
aco governed, to s great 2xtent, by zeveral
factors peculiar to the field of aircraft
engineering. The factors of weight and
cozpactness in aircraft construction icpose
vetry definite limitations on the size and
weight of equipment which can be utilized
for test purposes. In addition, the light-
ness and flexibility of sircraft structures
necessitates the use of pick-up units whose
sizec and mass will not have e significant
effect upon the measurement of such structurel
characteristics as strain, deflection,
scceleration, etc. For flight test work,
ter: eguipment must be rugged and rejiable
and function satisfactorily under conditions
resulting from wids fluctuations in atmos-
pheric temperatures and pressures, engine
and serodynamic disturbances or v.brations,
rapid variations in frequency and magni tude
of applied ‘‘g '’ forces,and changing
attitudes of the aircraft. Test equipment
must alxo he capable of withstacding the
impact force- and accelerations experienced
during catapult and arreated landing
cperaticns. Since aircraft structures sare
designed within very close margins of
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safety, it is essentis]l that test egquipment
snd instruments possess a high degree
of sccurscy particularly where laboratory
or flight tests are being conducted in
‘“ step ' fashion under conditicns of in-
creasing saverity.

In performing catapult and srrested
landing tests, structursi flight tests,
and vibration and drop tests on full-scale
aircraft end dynamic tests of aircraft
equipment, it is generally necessary that
a variety of physical quantities be mrasured
and recorded simultanecusly in order thet
a conplete analysis can be made of the
operation or test performed. Although =2
rumber of instruments are evailable for
use in aircraft testing, the instrument
most commonly utilized for obtaining test
data is the variable resistance strsin
guge as used in the conventional bridge
circuit with associared amplifying equip-
ment and multi-galvsnometer recording
oscillographs. Because of its size and
weight and corresponding smail effect
upon the characteristica of the structures
or instruments to which it has been spplied
or adapted, the strain gage haz been
employed f~r a wide veriety of uses in
dynamic testz of aircraft for the measure-
ment of acceleration, velocity, displacement,
temparature, pressure, and other quantities.
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In all test work, care =ust be exercised
that the Zages have been properly bonded
and adequstely protected sgainst damege.
At the ti=e laborstory cslibreticis sre
conducted ca instru—ented aircrafe, shunt
resistance calibrations sre also =eds
on the 2est recordiag equip=ent. This
calibrates all cosponents of the =essuring
syate= except the gages. These resistance
cslibrations can be very readily repeated,
et any time during the course of s test
progra= ard correctisns =ade, if necessary,
for sny chsnges in re2cording equip=ent
characteristics since the originai labors-
tory celibration. This feature is psrticu-
1srly icportant in test work extending
over a long period, since sito=atic resistance
calibrstions can be nade im=mediately
before and sfter esch flight =aneuver or
test performed, thereby permitting a close
check on equigrment calibration and elirinat-
ing the necessity cf repeating laboratory
calibrations on the complete sizcraft at
frequent intervals.

An atterpt will be made to show some
of the techniques snd procedures utilized
in the instrumentsation and test of full-
scale sircraft and sircra’t equipment by
describing briefly a few typical dynamic
tests performed. With the possible exception
of crash landing inveatigations, it ehould
be noted that in compsrison with shock
tests of marine vessels the dynamic pheno-
mens measured during sircraft tests
generally occurs over a greater time
period; roughly, from .05 to 0.2 of
a second or longer.

AIRCRAFT DROP TESTS

During carrier svaluation tests of a
twin-engined MNavy fighter, the wing center
sections of seven out eof eight airplanes
brought aboard were dsmsged durirg lending
impsct. The majority of the landings made
were unsymmetrical, i.e , either the nose
gesr or one main gear initially contacted
the deck. Figure | shows the moet severe
failure which occurred during these iandings.
A preliminary investigation of the csuse of
these failurzs indicated thet the landing
gear reactions combined with the vertical

inertis forces cf the projecting engine
=m3s irpcred excessive tortional losds oca
the wing structure.

To investigete and deter=ine the
cause of the failures more conpletely,
this modei sizplane was sudbjected te a
series of instrumented drop tests in the
laboratory. The test set-up ix shown
on Figure 2.

Strain gzges were zmounced on the
upper snd lower surfaces of each wing
panel near the root to obtain dats on
the =sgnitude of the torsionsl losds
izposed on tl~ wing structure during the
dsop tests. Gages were elso plezced on
each engine mount structure to deterxzine
the magnitude of the torsionsl iosada
imposed on the wing by the verticasl
inertis forces of the engine mass. The
gagc instslletions were celibrated by
spplying known vertical loads to cach
engine propeliler shsft and calculating
the tctsl torsionsl loads applied to
the wing structure. The calibration loads
were kalanced by the reactions on the
airplene landing gear. Dynsmic reaction
platforma were installed under esch lending
wheel to obtasin date on the vertical
losd-time history of each gear during
the drop tests. Each of these triangular-
shaped loading platfcrms weighs about
1006 pounds and is supported Ly three
tubular stesel pedesteis on which strain
gaf,es have been mounted. The gagex are
wired in such a menner that they responi
only to colurm loads on ths pedestals or
loads applicd normal to the platform
surfsce, In addition to the foregoing
instrusentaticn, NAES strain-gage sccelero-
meters (beam tyne) heving anatural frequency
of 23 cps were located at the c.g. and
in the empennage of the airplane.

During the investigation, the airplane
was subjected to a series of drop tests of
increasing severity simculating both
symmetricul and unsymmetrical lending
conditions., In tho latter stages of the
tests, the airplane was dropped :in such
an attitude that one main gear r2ceived
the initial landing impact, the nose gear
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and other zain gear subsesquently contscting
in ttat order. During thesze tests, a2
shown in Figure 1, esch larding wheel was
prespun so as to have & peripheral speed
of S0 mph upon impsct in dorder to cizulste
the sctusl! Jdrsg loads imposed on the
gear during lending.

Figure 3 shows a typical oscillogran
of the data recorded during these drop
tests and Figure 4 shows the duplication
of the carrisz failure obtained in the
l1aboratory.

EJECTION SEAT TESTS

In the deaign &nd development of 2
piiot’s ejecticn seat and pecsonnel
catspult for emergency escape from high-
spesd aircraft, extensive grouand and
flight tests have been conducted. The
110-foot ejection seat teat tower located
at the NAMC has bsen used principally for
the development and test of n suitable
powder charge catspult, for the mrasurement
of ejection loads and accelerationa, and
for the inveatigation of human tolerances
to various magnitudes and rstes of sppli-
catloi. of forces experienced during ejection.

A 40-inch telescoping slumirzem catspult
weighing 8 pounds end containing a powder
cartridge is stteched to the sest back
end to the base of the tcwer strucivre
between the guide rails.: Upon Zetonstion

of the cartridge ty the occupant, the
energy released by thbz burning powder
irparts sn ejection veiocity tothe seat-man
masze of 60 fps in 0.2 second over s

46-inch catspult stroke. The maxinmunm
accelerstion deveioped during ejection
ranges from 16 to 19 g's.
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Figure 3

Figure 5 shows the instru=entation
used on the subject during the perfaizmance
cf tover tests. Stathamstrain-gage acce .ero-
meters having a natural frequenzy of 500
cps end 0.7 critical dmeping ar: mcunted
cn the subjects head, shoulder, ani hip.
A gimilar scceleromater is mounted on
the seat structure. No anmplifiezs are
used with these saccelerometers, the
outputs being recorded directiy by s

Figure 4

consolidated oscillograph equipped with
high-ssnsitivity galvanoeeters.

The ejection velocity is determined
by meant of & fixed coil located on the
sida of the 2est structure. The zoil
peJses over atatjonary Alnico magnets
spsced 2t 2-inch intervals along the
tower track. The current induced in the
coil by each sizcessive magnet momentarily
deflects the gaivanometer element causing
a ‘“blip’” in the ozcillograph recording
trace. Having time and distance, the
velocities can be readily computed.

A woasurement of the internal pressures
developed in the catapult during ejection
is obtnined by means of ttrain gages mounted
circunferentially on a copper-beryllium
tube having one end closed and connected
td the catapult chamber through a smeller
diameter tube. The tube is packed with
eilicone grease so that the initial volume
of the catapult will not be mignificantly
altered. The grease also insuliates the
grges from the high internal cetapult
temperatures developed during ejection,
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A typical oscillogra= obtained during
tests on the ejection sest tower jis shown
oa Figure 6. °

Figures 7 and 8 show the instruzented
durry used for flight ejection tests. Three
NAES bonded strain-gage scceleroxeters
{ses> type) having ¢ natural frequency of
25 cpr» snd s * 20 g range sre mounted
along the vercical, {fore snd afe, snd
Jateral cxes of the dum=y. A Heilend
cype 401R oscillegraph equipped with
high-a=snsitivity, Type A galvaaozetess
snd & powrr supply =272 =ounted in tke
chest cavity cf the du=—y. The oscillo-
gragh is stazted by remote control i-mediately
before ejection and scceleration records
are obtzined on the ieat and dursy during
the full ejection sequence, including
the operation of the szat parachutes.
A self-contained. 3-cosponent, wechanically
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recording sccelerozeter having a natural
frequency of 46 cps and s renge of 130 g
is now undergoing evaluation tests for use
in future diewy instrumentation.
IMPACT TESTS

Ia the development and test of apilot’s
seat cepeble of sustaining 40 g fore-and-afe
crash landing loads, occurring in a time
period of .08 seconds from isnsct to peak,
dynaeic tests were conducted in a drop test
machine. The seat and 200-pound duvaxy
were mounted face downward ir s rigid
jig attached to the drop test car. The car
was dropped on g wooden bleck 0 x 20 inches
in cross section, on top of which varsious
grades and thicknesses of rubber pads had
been placed to give the desired sccelera-
tion-time lording on the seat. The tes
set-up is shown in Figure 9.

Figure &
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During these tests, tension links on
which stzain gages had been mounted were
inserted in the lsp and shoulder straps
to determine the magnitude and distri-
bution of the loads in the harness.
Stathas sccelerometers, 140 g, were mounted
st the c.g. of the test car snd the dumry.
In some of the tests, Buresu of Standards
dynsrometer rings were inserted in series
with the harness strain gage links. When
subjected to tension loads these l-inch
digmeter rings are permanently elongsted.
By measuring the minor dismeter of the
elongated rings, the maxisum tension load
can be deternmired ficm a calibration curve
based on static and dynamic laboratory
tests. As compered with the strain gage
data, however, the maxirum harness loads
determined from the dynamometer rings
were consistently lowes. Indications are
that the eiongetion of the ring actually
isgs the apglied tznsion fcrce,par-
ticularly at high rates of lced build-up.
In addition, there seems to be some erratic
efastic recovery of the rings following
removai of the load.

Figure 9
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Figure 10 shows an oscillogram obtained
during these tests.
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DISCUSSION

E. RKLEIN, NRL: ¥e have discussed
simjlarities and differences of three
mein types of instruments which were
used in field operation--the velocity
meter (which is an especislly suitable
instrument in ships), the accelerometer
for ordnance, and the wire strain gage
faor aircraft.

G. CHERTOCK, DIMB: I would like to
ask about the Buresu of Standards rings
What do they measure--accelersation or
force--and how is it applied?

C. G. WEERER, NAMC, NAES: The rings
measure the maximum force developed in
the seat belting during impact tests. They
sre inserted in series with the belting.
These rings are initialiy circular., Under
load, they are permanently elongated,
and by conducting previous laboratory
crlibrations on similar rings and measur-
ing the minimum diameter after various
loads have been spplied and relaxed, the
spproximate magnitude of the loading can
be determined. There is some difference,
however, in maximum loads measured in this
manner, due to apparent differences in
the static and dynamic calibraticns of
the rings with respect to the rate of
load spplication.

G. CHIRTOCK: What is the material of
the rings? -

C. G. WEEBER: I think the rings are
made of SAE 4130 steel.

A. E. McPHERSON, N3S: They are mede
of SAE X4130 magnaflux quality, and the
quality control is quite difficult and
expensive. The theory is th it the static
and dynemic calibration shosld be the
same, which we have found to be a0 up
to a rate of loading where .02 of &
second was required for rescliing peak
load., Above that point we do«'t know,
but it aeems reasonable that we could
g0 to even higher rates of loeding.

W. E. BAKER, LOS ALAMOS SCIENTIFIC
TLABORATORY, SANDIA BASE BRANCH: What
type of recording oscillograph have
you found most satisfactory?

C. G. YEEBER: In snswering 1 believe
I will call upon Mr. Weiss, who is pri-
marily our instrument men,

D E. WEISS, NAMC, NAES: Three types
of moving couil galvsnometer cameras widely
used in the aircraft industcy are ones
manufactured by ¥:1ljam Miller Company,
Consolidated Engineering, and Heiland
Research Corporation. Each hat advantsges
and disadvantages., Milier and Consolidated
cameras are usually made with galvenometers
numbering from ebout 6 to 36 units in
one canera. The Miller oscillogrsaph has
a much better optical system; the resolution
of their recording trace i- much finer.
In genecal, it is much more suitable for
field use than the Consolidated, although
not entirely so. Consolidated has available
a greater and more useful variety of
galvanometers; they make very rensitive
galvanometers with a natural freguency of
150 cycles per second, enabling use, with
no amplifiers, at appiied frequencies as
high as 100 cycles per second. These
galvanometers are used with DC bridges.
The Heiland Research Corporation manu-
factures a relatively inexpensive, compact
six-galvanometer camera. This unit has
about the smallest volume per channel
but records on paper which is only two
inches wide and i3 devoid of such re-.
finements at automatic record numbering
and remote control facilities. There is
no way of selecting one over the other--all
are gnod in some respects and deficient
in others,

E. KLEIN: In the next Bulletin (No., 8)
which is mainly on instrumentation, many

o/ these instruments, including rings,
rnre degcribed.
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K. W. JOENSON, AMC: What type of
recorders do you use in fighter sircreft?

C. G. WEEBER: On fightar type ais-
planes, we have used Miller, Consolidated,
and Reiland oscillographs. There is a
special problem in instrumentation on
fighter type planes--the F4U is z typical
exsmple. In thet case, all of the radio
equipment was removed, and our equipment
was mounted behind the pilot's seat., That,
as s general rufe, is the only available
space for installing equipment (in the sft
section of the fuselage). The installation
of test squipment very often presents
difficulties in trying to achieve & spaci-
fied o5 satisfactory c.g. location on the
airplane for {light tests.

0. D. TERRFLL, NOTS: Have you investi-
gatad the direct effect of shock or
ac. leration upon the various typea of
galyancueters?

D. E. WEISS: Galvanometers used
during our tests are checked statically
that is, the recording oscillegraph is
placed on all six faces, thus imposing
8 1.g load on the galvanometer elements
along three axes. If the effects of this
static load do not exceed, roughly, .01-
inch maximum deflection of the trace, they
are considered satisfactory. In flight
tests we usually zpply the output of
fixed resistances directly to the galvanc-
meters and thus determinas the response of
the gaivanometer to the mechanical shock.
Usuaily, by selecting galvanometers on the
basis of these two tests, we can find those
which will a0t introduce very serious
errors. By ‘' sericus 2rrors” I mean that
if full scale deflection of the galvano-
meter is of the order of 2 inches, we
would not permit galvanomater trace
deflections of more than about .08 or .06
inch under severe shock--these deflections

being measurad with no electrical signal,
or with a coastant electrical signal
applied to the galvanometers., The galvano-
metert which we purchase we usually select
individually from a Ict. The criterion fer
this sclection is that the deflection of
the galvanometer trace not exceed .01
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inch per g, which is evaluated statically
and not dynamically. The galvsnometers
do not perform as well aa that under
shotk tests.

¥We do give very serious attention to
the effect of shock on galvanometers. Scome
time ago a test was carried out by one
of our contractors. The extraneous of fects
upon the galvanometers were about 75
percent of the peak rzadings which were
obtained during the test. By isolating
the galvanometers, these results were
verified.

J. PAUSEY, R.N.S.S: VWe tried to use
struin gages on the CAMERON, but we
found considerabie trouble with them in
the field. Do you use them to a large
cxtent in aircraft in flight, or do you
have laboratory conditions for most of
your tests? Do you have any tips in
techniques?

C. G. WEEBER: Probably the best and
only check on the strain gage itself is
that great care must be e¢xercised when
the gage is applied to the structure,
snd I bolieve Mr. Weiss has conducted a
series of tests in the laboratory where
different bonding methods have been
investigated. The following was the proce-
dure of mpplying gages to the external
structure of a zesplane, which is probably
the most severe condition that you will
encounter, In this case, the gsges were
cemented to thestructure with Duco
cement and &!llawed to dry for 24 hours.
"“nen the gage area was coated heavily with
detrosene wax and 2-inch-wide strips of
sirplene fabric were wrapped around the
structure and then heaviiy doped and
allowed to dry., This was repeated two
or three timea. Also, a coating of Neoprene
cement was put on the gages and subjected
to heating and drying by infrared lamp.
Finaily, a metellic cover was placed
around the structure. We use strain gages
quite extensively in aircraft testing,
and great care must be exercised in
applying them; but they have becn reliable.
In this particular instsnce, where the
eirplane was subjected to rough water




landings, the gages are still satiasfactory
sfter five monthe of testing.

D, E. WEISS: Such elaborate pre-
cautions sre not always necesssry. The
case dercribed by Mz. Waeber is a rsther
extreme one in which the gage was external
to *he seapisne..a rather difficult set
of conditions. In ordinary f£iight
tests, it is usually sufficient merely to
cover the gage area with Petcosene *‘A
wax, Our tests usually attend over a rathsr
long period of time. Our flight test
programs are rareiy coxpleted in less than
three months. V» hrve every reasen to
believe that the pags is satisfaztory,

sg attestsd io by load calibrations of
the structures beicre and aster field tests.

F. F. VANE, DTMB: We have applied
strain gages to ships, particularly below
the water line on structural members and
on shafts. There are two main difficulties.
One is to be sure that the surface is
clean and dry. ¥2 have used grinding
whesls, etc. to get the surface flat
and clean and have even used hair dryers
tc make sure the area was dry snd not tco
cold. Then we used Duco cement. Qages
instailed in that fazgion have stayed put
for periods ¢’ zonths st a time.




ERRNG S «m&

ERIEF RESUME OF
RECENT BRITISH SHOCK TRIALS IN SHIPS

By

J. E. Shaw, R.N.S.S.

This paper deals wit' the musn resulte and conclusions from shock trials carzied
out recently on ships, in:ltding the broad character istics of shock on items through-
The max imum sever itjes of shoc recorded on
the trials are tabulated, and the Jesign requirements for shock resisitance of machinery
and equipment are discussed, The extant to which earlisr theories have beer justified
and the gars in present information on shock in ships are outlined,

out the surface ship and the submarine,

INTRCDUCT ION

It is the aim of British designers of
naval equipment to design their gear to
withstand shock in shins up to the point
of uncontrcllable flooding in the section
of the ship in which the gear is situated,
either by making the equipment in-
herently astrong enough to withstand the
maximum shock forces and movements without
damage or by mounting on flexible supperts,

To further this end and to increase
our basic knowledge on the nature and
severity nf shock in different classes
of ship, up to the point of uncontrollable
flooding, experiments are envisaged which
will eventually cover the range of ships
from submurine to battleship.

So far shock trials have been completed
against the following ships.

(1) The destroyers CAMERON and
AMBUSCADE - the latter to extend
our knowledge of shock severities
in destroyers up to the point
of uncontrollable flooding and
to check the broad conclusions
formulated in the CAMERON report.
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(2) The submarine PROTEUS when sur-
faced, and REPEAT JOB 9 (the
section of an A class submarine)

both on the surface and when
submerged.

(3) The cruiser EMERALD.

It has been our practice in shock in
ships trials to instal!l and record the
movements of special castings or forgings
designed to have great ridigity, in order
to obtain the bodily movements of the
mass unobscured by local vibrations on
the portion of the items where the
meagsuring instruments are situated.

The accelerations derived from such
records multiplied by the mass should
give forces exerted by the supports on the
items and by the item on the supports.

Thesc masses serve a threefold purpose:

(1) To determine the bodily movement
of ohjects;

(2) To form a reference for comparing
shock characteristics in different
classes of ship;

{3) To assiat in calibrating shock
testing machines.
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In sddition to records taken on masses,

records have been taken of the movements of
machinery items and guns.

DESIRIYERS

Ay *he CAMFRON results influenced our
instrumencition for later trials, it ie
probablv opportune to raiterate some of
the broad corzlusions frem the CAMERON
trial before proceedingy to discuss the
later ones.

Figure 1 shows the shock characteristics
on the hull framing end plating as recorded
by niezoelectric accelerometers. High-
freauency accelerations amounting to
sevciral thousand g can be seen on the
records for the shell plating. Figure 2
skows the shock characteristics on o
bulkhesd immediately above the positions
where the huli records were taken. It
wil! b seen that the high-freguency
accelerations are severely attenuate:d and
dn not excced the medium- frequency acceie-
rations. This was also found for items
of machinery .

Figure 3 gives typical shock character-
isvics on the shel!l plating recorded by
vetoclty meter, snd Flgures 4 and 5 typical
characveristics of shock on a bulkhead. on
& 1-ton casting repissenting a mechinery
item, and on e¢n item of machinary.
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Fig. 2 Typical Accelerometer Records. 390
Pounds Amatol Fired 200 Feet from Ship's
'Side, 50 Feet Deep,

As no large high- frequency accel-
erations were recorded on CAMERON except
on the hull structure, the evidence_from
these trials indicated that directly trans-
mitted stress waves set up by underwater
explosicns werc of insufficient intensity
to cause failures except in very brittle
materials. Fallures were caused, in
general either by relative motion betuveen
independent components 1eading to mechanisms
failing, opening and closing of contacts,
etc., or to relative motion between dif-
ferent parts of the same item, resulting
in excessive strain at points where there
were large bending moments and thus
causiprg either psrmanent distortion or
the parts wh:n the material was ductile or
fracture of parte when the material was
brittie. *

Thus velocity meters were chosen
as our main instrument for recording the
characteristics of shock, as we could
obtain more readily from velocity time
records informetion on the damaging
characteriatics of shock (i.e., accel-
erations associated with displacement,
maximum velocities, etc.) than by using
accelerometers .

In addition to the characteristics
recorded by the velocity meter, ftems in
the ship will be subjected to forces
caused by the bodily movement of the ship
as a w~le and by ths vertical oacillation

S T
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of the ziiip as a free-fro= beam. Although
the scczierations frog this cause are low,
the displacements are high (several inches)
ancd such movements can resuit in fallure
to certain cissses of apparatus (e.g.,
gVro- compass suspe~sions) unless mountings
are designed to protect against thege low
frequency (2-3 cps) high-displacement
oscillations.

The second destroyer to be used for
controllied shock trials from noncontact
uniderwater explosionc was AMBUSCADE
This ship was an A class destroyer built
in 1928 and had a length of 322 feet,
beam of 31 feet, and a displacement of
1700 tons in her trisl condition (drauzht
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Fig. 4 Typical Velocity-Time Records on a
Buflkhead in CAMERON., 1000 Pounds Amatol,
200 Feet Outb’'d,, 100 Feet Deep.

10 feet 8 inches forward, 10 faet 3 inches
aft). Similar dimensions for CAMERON
were length, 314 feet; beam, 31 feet;
displacement, 1000 tons during trials
(draught 8 feet 2 inches).

Both AMBUSCADE and CAMERON hed framing
1 foot 9 inches apart, but the AMPBUSCAIE
frames were somewhat stiffer than those
on CAMERON, while the shell plating on
CAMERCON wss, in general, thicker than
on AMBUSCADE.

Two stations in AMBUSCADE were chosen
to fire against, one just forward of the
break of the fo'castie aud one juat abaft

. MILLISECONDS
-] 5 10

Fig. 3 Typical Velocity-Time Records on
She 1] Plat ing on CAMERON. 300 Pounds Amatol,
30 Feet Outh’d,, 100 Feet Deep.

the after engine-room bulkhead, and instru-
ment positions were arranged accordingly.
In all, there were 49 instrument positions
for recording the movements of masses on
the huil, on bulkhead, on decks, and on
machinery items and guns.

Figure 6 gives a general laycut of some
of the principal instrument positions in
AMBUSCADE, the positions at which charges
were fired, and the charge weights.
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Fig, 5 Typical Velocity-Time Records on
Machinery Items on Seatinds Built Up from
the Ship's Framing., 300 Pounds Amstol, 98
Foet Outb’d., 64 Feet Deep,
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In sddition to the main shock tests, =
number of minor shots (33 pounds Torpex)
were detonated at a distance of 140 feet
from the hull and at a2 depth of 130 feet
in an attempt to increase our knowledge
on the dynamic properties of mild steel
cast steel, D.W. steel, high tensiie brass,
and Admizalty gun metal at the rates of
loading experienced due to shock in ships.

For this experiment, a mass of 900
pounds was secured to its senting by two
similar specimens of the metal under
observation, in lieu of holding-down bolts.
A velocity meter was mounted on the mass,
arid it was hoped that the forces on the
specimens could be determined from the
decelerations of the mass. Figure 7
gives a sketch of the arrangements.

The shock forces were not purely
vertical, and the horizontal component
tended to distort the specimens and introduce
additional friction, which to some extent
complicated the results.

INSTRUMENT

Thia experiment did, however, confim
the indications in the CAMERON report
that under the rates and duration of
loading caused by shock in ships, the
yieid points of mi1d steel, cast stee!l,
end D.¥. steel were considerably increased
and that for stresses somewhat above the
static U.T.S, little permanent zet was
recorded , For the high tenslile brass and
Admiralty gun metal, little increase in the
vield point or U.T.S. was recorded.

For design purposes, the permissible
stresses for the materials could be
increased as follows:

Mild steel frcm 16 to 20 tons psi
Cast uteel from 16 to 18 tons psi
D.W. Stecel from 184 to 24 tonspsi

Characteristics of Shock

The characteristics of shock on
AMBUSEADE, recorded by electromagnetic
velocity meters on masses on the ships
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framing or masses- on bulkheads and on
decks, are glven in Figures 8 and ¢ for
shot A.3 (180 pcunds Torpex detonated
137 feet from the ships hull at an angle
of 30°) 75 feet deep. yw 0.12

D

Figure 8 gives the vertical components.
The maximum velocity for these components
generally occurred &t the first peak
(as found in CAMERON), and this component
generally decays without exhibiting any
fower frequency components.

Figure 9 gives the vertical. athwart-
ships and fore and aft components for No.
50 bulkhead and shows the relative severities
of these components.

The maximum veloclities for these
horlzontal components rarely occur at the
first peak.

For comperison, some of the velocity-
time traces obtained on the CAMERON trisls
are given in Figure 10 (depth of shot, 50
feet).

There are three mein points of dif-
ference between the broad characteristics
obtained on CAMERON and those obtained
on AMBUSCADE:

(1) The time to maximum velocity of
masses on the hull and on bulkheads in
AMBUSCADE was much greeter than that
recorded in CAMERON. This can be ex-
plained to some extent by the shell olating
bn AMBUSCADE being thinnc¢r and more
heavily loaded than on CAMERON.

(2) The decelerations on masses re-
pregsenting machinery items on the hull
were a higher pércentage of the accele-
rations than on CAMERCN and, in some cases,
were sctually grester than the accele-
ratins. The decelerations, as shown in the
CAMERON report are influenced to some
aextent by the stiffness of the ship's sectior

rather than the stiffness of the shell
plating; and, as the freming in AMBUSCADE
was much stiffer than that on CAMERON, it is
suggested tnat this is at lesst partly
responsible for the change in the broad
characteristics of shock.

VELOCITY METER— l

900 LBS Mass— i

RETAINING

SHIP'S FRAMING BovLTs
A
A
{2 oFF)
2 - INCH
REDUCED
Ev

tock Nu‘r\

DEXINE WASHER~_

BRASS SLEEVE —

Fig, 7 HNS ANBUSCADE. Dyramic Tests. (A,
B) Dctails of Test Piecgs, (C) Datails of
Retaining Belts.

(37 The frequency of osciliatfon of
massea on the decks of AMBUSCADE was some-
what higher than those recorded on CAGIRON.
This was due to the generally stiffer
construction of the decks as a whoie.
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‘The charactzriatics of shock ere of
importance when considering flexibie mount-
ings for machinery or equipment. If
machinery or equipment is attached to
structures which give the assembly a low
natural frequency, flexible mountinge are
unnecessary snd, indeed, mey eren do harmm
unless carefully dzsigned to prevent
bo ttoming.

Bhock Severity in Destroyers

As a result of the CAMERON trisls, it
was found that the most severe component
of shock from roncontact underwater
explosions was the vertical one, and that
the vertical shock characteristics
(maximum velocity, initial mean accele-
ration, and first peak of displacement) had
a sensibly linear relationship with
¥ ¥ sin 6 where W = equivalent charge

D
weight of Amatol explosive in pounds
end 8 and D defined, as in Figure 11, up
to the peint where plastic deformation of
the hull occurs. Thic sensibly linear
relationship in the elastic range with
}/W sin 8 which we csll the shozk factor

D
was verified on AMBUSCADE, and typlical
plots are given in Figures 12 ta 14,
which show the relationship between this
perameter and the maximum velocitles,
initial mean accelerationsz, and first
peuk of displacement for casting on the
hull, on bulkheads, and on decks.

The spproximate formulae develcped in
the CAMERON report for estimating the
maximm values of velocity and acceleration
for machinery itema and items on bulkheads
held to within 10 percent for items in
ANBUSCATE, but it must be remembered that
both these ships were built on the trans-
verse framing system, and the more modern
longitudinal system may appreciably affect
the application of the CAMERON formulae.

The firal shot against ANBUSCALE was a
1280 pound Torpex Mk. XI depth charge
detonated 36 .5 feet from the ship's hull
just abaft the engine room and at a depth

of 25 feet. ;/g . 0.45
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The maximum values of shock severity
are given In Table I and compsred with the
maximum severities of shock in CAMERON.

The tsble indicates that the shock
severity in AMBUSCADE, except on the
A=zcks, did not exceed that recorded on the
CAMERON trial.

SUBMARINES

Theo m ture and s=2verity of shock in
submarines duc to noncontact underwater
explosions was werasured in shock trials
againet the submarine PROTEUS when surfaced
and against REPEAT JOB 9 (the central
portion of an A class submarine) both sur-
faced and submerged. It was not possible
to carry out trials against PROTEUS when
submerged, as there were no 1ifting craft
avallable to raise this size of submarine
sheuld compartments {lood after a shot.
REPEAT JOB 9 gave a link between shock
characteristica in surfaced and submerged
conditions.

PROTEUS wese a PARTHIAN class submarine
1aid down in 1%27 and had the feollowing
dimensions:

Standard

displacement - 1475 tons
Surface

displacement - - 1767 tons
Submerged

displacement - 2040 tons
Displacement during

shock y-ials - 188G tons
Length (extreme) - 289 ft. 2 in.
Breadth (extreme) - 29 ft, 10 in.
Prezsure hull

plating - 35 1bs.psf
Freme spacing - 1 ft, 9 in.

No. 2 and No. 3 bsttery groups were
removed from the submarine prior to the
shock trials,in addition to the 4-inch gun,
gun platform snd mounting; all smmunition;
store, mchors, and cable anchor; propellers;
tinings &nd loose fittings; and 10 tons
of ballast stored in No, 2 battery tank.
In thiz way it is possible, with all
tanks full, to hsve the submarine in its
“eimmed down " condition for trials
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‘The characteristics of shock ere of
importance when considering flexibie mount-
ings for machinery or equipment. 1If
machlnery or equipment is attached to
structures which give the assembly a low
nstural frequency, flexibls mountinge erve
unnecessary and, indeed, mey eten do harm
uniess carefully d2signed to prevent
bottoming.

Bhock Severity in Destroyers

As a result of the CAMERON trisls, it
was found that the most severe component
of shock from rmoncontact underwater
explosions was the vertical one, and that
the vertical shoeck characteristics
{maximum velocity, initisl mean accele-
ration, snd first peak of displacement) had
a’lennibly linear relationship with
¥ ¥ sin 6 where W = equivalent charge

D
weight of Amatol explosive in pounds
and 6 and D defined, as in Figure 11, uwp
to the peint where plastic deformation of
the hull occurs. Thic sensibly linear
relationship in the elastic range with
V' sin 8 which we call the shosk factor

D
was verified on AMBUSCADE, and typical
plots are given in Figures 12 to 14,
which show the relationship between this
peramzter and the maximum velocitles,
initial mean accelersations, and first
pesk of displacement for casting on the
hull, on bulkheads, and on decks.

The spproximate formulae develcped in
the CAMERON report for estimating the
maximm values of velocity and acceleration
for machinery items and items on bulkheads
held to within 10 percent for items in
ANBUSCADE, but it must be remembered that
both these ships were built on the trans-
verse framing system, and the more modern
longitudinal system may appreciably affect
the appllilcation of the CAMERON formulae.

The final shot against ANBUSCATE was a
130 pound Torpex Mk. XI depth charge
detonated 36 5 feet from the ship's hull
just abaft the engine room and at a depth

of 25 feet, Vg = 0.45%
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The maximum values of shock severity
are given in Tsbie I and compared with the
maximum severities of shock In CAMERON.

The table indicates that the shock
severity in AMBUSCADE, except on the
decks, did not exceed that recorded on the
CAMERON trial.

SUBMARINES

The m ture and s=sverity of shock in
submarines due to noncontact underwater
explosions was vweesured in shock trials
againet the submarine PROTEUS when surfasced
and against REPEAT JOB 9 (the central
portion of an A class submarine) both sur-
faced and submerged. It was not possible
to carry out trials against PEOTEUS when
submerged, as there were no lifting creft
availasble to raise this size of submarine
should compartments flood after a shot.
REPEAT JOB 9 gave a link between shock
characteristics in surfaced and submerged
conditjons.

PROTEUS wee a PARTHIAN class sulmarine
12id down in 1527 and had the fellowing
dimensions:

Standard

displacement - 1475 tons
Surface

displacement - - 1767 tone
Submerged

displacement - 2040 tons
Displacement during

shock r:-ials - 188G tons
Length (extreme) - 288 ft. 2 in.

Breadth (extreme) - 29 ft. 10 in.
Pressure hull

plating -
Freme spacing -

35 lbs.psf
1 £ft, 9 in.

No. 2 and No. 3 bsttery groups were
removed from the submarine prior to the
shock trials,in addition to the 4-inch gun,
gun platform snd mounting; all ammunition;
store, mchlors, and cable anchor; propellezs;
tinings &nd loose fit¢ings; and 10 tons
of ballast stored in No. 2 battery tank.
In thie way it 1la possible, with all
tanks full, to hsve the submarine in its
“trimmed down " condition for trials
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Fig. 13 HMS AMBUSCADE. Plots for Vertical Components of Shock,
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TABLE I
CONPARISON OF MNMAXIKUN SHOCK SEVERITIES
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CAMERON AMBUSCADE
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{(draught 16 fest 10 inches) and to have
a reserve of bucyancy by blowing the
tanks., Arrangaments were made so that
Nos. 4 and S main bellast tanks could be
blown (by H.2. air) from the bridge in
order to recover reserve buoyancy before
ontering the sulmarine.

Nec. 90 bulkhesd was chosen as the
unain station to fire againat, with a faw
shots sgainst stations 130 and 137.

A l-ton casting wes instslied at
station 92/93 on the starboard side and a
%-ton casting secured overhead at station
86/87. Both wers fitted with velocity
moters for recording the vertica! and
a*hwartship components of the shock motion.

Instruments were fitted to the pressure
hull plating and framing, the main engine,
main moter, switchboard, to various {tems
of suxilisry mechinerv, and to mild steef
dummy cells in a small battery tank. The
general layout of instruments and the
charge positions in the plane of 90
bulkhead are shown in Figure 15. Relative
displacement indicators, rescnance meters

o

45

and copper crusher units were !iberslly used
to back up the readings of the velocity
mters.

The first series of explosions, using
the hedgehog (33-pound Torpex) charge,
were made to determine the angle at which
the optimum shock effects occurred on
equipment in a surfaced submarine as a
res.\t of dropping depth charges at a
given horizontal distance from the vessel.

The remalning and more severe shots,
which included charges of 315-pound Torpex
330-pound Minol, 43S-pound Minol, and
2000-pound Amatol, were chosen to determine
the vulnerability of the various items of
equipment and the effsct of varying the
weight and composition of the charge.

Characteristics of Shock

The charscteristics of shock recorded
on the pressure hull plating and framing
and on the varicus machinery items and
casting are given in Figures 15 to 19.

Figure 16 gives the velocity- time
sig. _ture for sheli plating and framing

[
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Fig, 15 H¥S/M PROTEUS. (A) Instrument Positions; (B) Charge Positions.
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Fig. 16 HMS/W PROTELS. Velocity-Time
Characteristics (D in Fig, 15). 33 Pounds
Torpex Fired 48 Feet from Pressure Hull,

VERTICAL

VELOCITY.
2

Fifsec.

of

at stations 73-75inNo. 3 battery tank from
& 33-pound Torpex charge detonated 48 feet
from the pressure hull at station 90 and
at & depth of 28 feet.

The signature 11VF2 gives the record
on Frame 74, IIVN gives the signature of

the pressure hull plating between Frames
74 and 75, and 11RVN gives the relative
velocity between plating and framing at
stations 73-74. The relative velocity
meter had only the weight of the coil
assembly secured to the plating (the
weight of the magnet system, etc., being
borne by the two adjacent frames) and,
in consequence, the velocity recorded on the
plating was very much higher than thet re-
cordad by the standard veiocity meter, which
weighs approximately 35 pounds.

Figure 17 shows the shock signature
on the shell plating below the 1l-ton casting
at station 92793 and the vertical components
of the shock characteriastics on this
casting and on the ¥%-ton casting overhead
at station 86/87, all recorded by the
standard type of velocity meter.

33 LBS. TORPEX  FIRED
48 FEET FROM PRressurt Hutt

MiLLISECONDS

. Fig. 17 HWS/N FROTEUS, Velecity-Time Churacter istics. (1) Shell Plating Normal
(A in ¥ig. 15); (2) !-Ton Kass on Tank Top (B in Fig. 15); (3) %2 .Ton Mass on Framing

Overhead (C in Fig, 153,
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It will be seen that the maximum
velocity on this pressire hull piating,
although slightly nearer the explosion,
was lesgs than that recorded on the pressure
hul! plating in No.3 tattery tank. The
heavy thickness of pleting mede this
possible in conjunction with the increcsed
loading on the frames in this part of the
sutmarine (engine room).

The shock signature on the two castings
showed no pronounced high- frequency oscii-
lution, and the athwartship componencs
{Figure 18) were very much lower than
the vertical ones.

Figure 19 shows the shock signature
for the main motor and main engine shot
vertically below keel 59 feet deep.

The main engine records indicate that
the position chosen for the velocity meters
sras not ideal, as local vibrations appear
to mask the record of thz main bodily

movement of the machine.
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In 2adition to these characteriatics,
there is the low-frequency oscillation
caused by whipping. No relisble whipping
records were obtained on this trial
but it is hoved in future experiments to
record the whipping of submarines caused
by noncontact underwater explosions.

Shock Severity

It was found that with the submarine
surfaced and charges dropped at a given
horizontal distance from the axis of the
submarine, the greatest shock =ffect is
produced if the charge expfodes on : plane
making en angle of 27° - 30° with the
horizoental at the axis of the submarine.

The values of maximum velocity and
initicl mean acceleration recorded on items
of machinery and 2quipment for a given value
of shock factor were conaiderably lower
than those recorded on destroyers, but
the submavise, with ita stiffer and thicker
pressure huil, can withstand a very much
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