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Shock and
Vibration
Testing of
Electronic
Equipment

LT. CDR. G. L. MACLANE, U.S.N.R., BUSHIPS

M The problem of building electronic equipme:?t su‘ﬂi.
ciently strong to stand up under the shock and vnbrat;.on
of naval service has been accentuated by the extensive
use of such equipment and the many and varied service
conditions encountered. In the files of the Electronics
Division there are volumes of reports on equipment
failures ascribable to shock and vibration, The follow-
ing are typical:

From a CA: "FD regulated rectifier. Tubes are
sheared off and jump out of their sockets each time the
guns are fired. On one occasion the whole internal

assembly jumped completely out of its box.”

From « DD: "One main radio jack box was shattered
and wires leading to it were snapped off. Inside the
TBL itself, in a protected location, output leads were
broken at terminals by the shock of gunfire. Glass
meter windows in TBL and TBK were shattered during
one heavy bombardment.”

The medinm-weight shock-testing machine at Westing-

honuse. When released, the banimer starts downward,

then swings upwards to strike the anvil plate from
beneath.

From a DE: "SL equipment. The operators on the
DE-type ships complain of unusual vibration of the
equipment making it difficult for them to read the
screen,”

From a BB: "TDY equipment. After firing the main
battery subsequent to the new installation, the antenna
reflector had ripped loose from its mounting bracket and
was jammed inside the housing. During the same firing
the port transmitter antenna was also damaged, the syn-
chro gear-train being jammed and the synchros jarred
loose from their seats.”

All these casualties resulted from own ship’s action,
not from any action of the enemy. An obvious remedy
is to locate equipment where the shock and vibration is
not severe, and this is done wherever possible. How-
ever, it is the responsibility of the Electronics Division
to supply equipment which is inherently shock proof,
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and can stand up when installed in locations most con-
venient for use.

To this end it is necessary that we be able to subject
equipments which are proposed for fleet use to tests
which duplicate the shock and vibration damage en-
countered in service. The efforts of mechanical en-
gineers of a number of service and industrial labora-
tories have been devoted to the problem of setting up
suitable tests and of building equipment which will pass
the tests. The Taylor Model Basin and the Naval Re-
search Laboratory have made extensive field surveys of
the shock and vibration characteristics of typical war-
ships. Engineers of the Bureau of Ships, working with
these groups and with the research laboratories of the
major suppliers of electronic equipment, have designed
test machines and set up specifications which insure
equipment of a high degree of reliability. A constant
check is made on damage reports from the fleet to de-
termine what types of damage are encountered and
whether the tests should be modified to duplicate that
damage.

Analysis of the data obtained on field shock tests
shows that shock motion may occur in an enormous
number of ways. There is no such thing as “simP_le
shock,” nor is there any simple way to measure it.
There are certain general features, however, which can
be described. Damaging shock is a motion charact.er-
ized by a sudden start or stop, followed by a decaying
complex vibration. The extent of the motion and the
nature of the vibration depend on what causes the shock
and on the particular structure involved.

TESTING MACHINES

A shock-test machine, then, must reproduce e e
sential characteristics of shipboard shock, and in tl:le
laboratory must duplicate failures known to occur in
service. Navy type high-impact test machines have been
built to do just that, and several years of experience en-
ables us to say that they duplicate service damage in a
satisfactory manner.

The light-weight machine will handle loads up to
400 pounds. Its two hammers and swinging anvil plate
make it possible to strike blows from three directions.
The hammers weigh 400 pounds and have a maximum
fall of five feet. The medium-weight machine can han-
dle equipment weighing up to approximately 5000
pounds. Its 3000-pound hammer strikes a blow from
the bottom of the anvil plate.  Standard machines of
these types are available in several naval laboratories
and navy yards, as well as in the plants of many manu-

tacturers.

When tests are made, the equipment under fest is

attached to the anvil plate by means of mounting adap-
tors which simulate the resiliency of a ship. The dis-
tance of hammer travel and the number of blows de-
pend upon the machine used and the weight of the
equipment being tested.

A number of instruments are used to obtain test in-
formation—strain gages, accelerometers, and travel re-
corders are typical. But the most useful device for find-
ing out how damage occurs is the high-speed motion
picture camera. Pictures can be taken at a rate as high
as 800 frames per second. (Ordinary movies are taken
at a rate of 24 per second.) When these high-speed
movies are projected at normal speeds, engineers can
see clearly just how their designs can be improved.

PROCEDURE

A shock test on a piece of large equipment is inter-
esting to watch. Cover plates and doors are taken off
the cabinet so that the components can be seen. Power-
ful Hollywood-type lamps provide illumination for the
movie cameras. Test engineers adjust elaborate measur-
ing equipment. When everything is ready, the hammer
is released and the blow is struck. The test is over in a
fraction of a second. The equipment is then carefully
examined. What broke? Why did it break? How shall
the equipment be modified so that the same failures will
not occur in service? The answers are frequently very
easy. Tubes usually break because they sway in their
sockets and collide with other components. Wires snap
off because no slack was provided. The tests always
show ways in which the equipment can be improved,
and these improvements are made in the production
models.

Complete and detailed damage reports from the fleet
are invaluable in that they make it possible to obtain
close correlation between shock casualties in the fleet and
test results in the laboratory. The SC and SA radar
antennas were reported to be failing from shock. High-
impact shock tests duplicated the failures and showed a
means to prevent them. Tests on the FD regulated
rectifier mentioned earlier duplicated the failures in the
fleet. On the other hand, tests on the SG antenna
showed it to be practically indestructible-—in line with
its excellent service record.

The Mark 13 radar was reported in the July issue of
the ELECTRON to have withstood the shock of firing
over 1500 rounds of 16” and 5 without failure of any
kind. High-impact shock tests were made extensively
throughout the development of this equipment.

The shock program is not limited to the testing of
complete equipments. Careful studies have been made
of the design and application of shock mounts. The
problem of finding satisfactory synthetic rubber has been

solved. An extensive program of tube improvement has
been underway. We now have some types of electron
tubes that will withstand the full five-foot blow of the
shock machine without damage.

INSTALLATION

There are a number of older equipments in service
which are not as reliable under shock as modern designs.
Modification Lits are available for some of these. For
others, minor changes in installation and construction
will help materially. Hints on installation are as fol-
lows:

1. Do not attach equipment to bulkheads exposed to
gunblast.

2. Provide flexibility between the foundation and tl}e
equipment. Whenever possible, the recommendations
of “Shock Mounts for Naval Shipboard Service” NAV-
SHIPS 250-600 should be followed. If this cannot be
done, equipment should be attached to the ship by
means of mild steel straps which will bend under shock.
A clearance of at least one inch should be allowed
around the equipment if this method is employed. DF)
not use shock mounts which are too_soft or permit
metal-to-metal bottoming. ~ Properly shock-mounted
equipment is quite stiff to the touch.

3. Provide ample slack in all cables attached to flex-

ibly mounted apparatus.

4. Make sure that apparatus is firmly secured to its
supports, and that desks and tables are firmly secured
to the ship.

.

It is usually more difficult to modify equipment in-
ternally. When possible, the following steps are help-
ful:

1. Clamp tubes to prevent ejection from sockets and
collision with other components.

2. Provide a lock or tie to prevent fuses and resistors
from jumping out of their clips.

3. Provide stronger hold-down bolts for heavy com-
ponents.

4. Lengthen leads so that flexing of the chassis will
not snap them off.

5. Use shock-proof tubes in critical sockets. These
can be identified by the “W in the type designation.

VIBRATION

Parallel to the problem of shock is that of vibration.
Shock damage is sudden and obvious; vibration damage
occurs over a long period. Screws loosen, tubes work

- weight shock-testing machine at N.R.L. The

&8 ment under test is shown at A, mounted on fixture
eqil ’f’ hich i1 attached to the anvil plate. B and C are the
D, # 400-pound horizontal and vertical hammers.

out of sockets, and finally the equipment is inoperative
for N0 obvious reason—it just doesn't work.

The Propellers cause most of shipbeard vibration.
The frequency is one sixtieth of the product of the tail
ol 5Peecl and the number of blades. Frequencies from
about 3 to 25 cycles per second may be encountered
depending on the type and speed of the vessel. The
amplitudes may vary from a negligible thousandth of
an inch or s0, up to 20 or 30 thousandths.

Unfortunately, some equipments have been supplied
to the fleet which are equipped with rubber mounts that
become resonant in this frequency range. If there is an
appreciable disturbance, the resulting equipment vibra-
tion. may be quite large, to the annoyance of the opera-
tors and the deterioration of the equipment. The only
practicable means of correcting this condition, when it
exists, is to replace the mounts with stiffer ones, and if
there is still considerable rocking motion, to install
head-braces which support the equipment at the top.
Present vibration test specifications reject equipment
which is resonant in the range of shipboard vibration
frequencies.
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Typical arrangement of jigs and gauges for shock-testing
equipment with the medinm-weight shock-lesting
machine.

Unlike the shock test, the vibration test takes a long
time—a total of 9 hours. With the large amplitudes
used on test, defects in construction or design are imme-
diately apparent. Fortunately, the problems of vibration
measurement are not so difficult as those of shock meas-
urement. But vibration-test machines are more difficult
to design and construct than shock-test machines. Only
recently, through the efforts of the Naval Research Lab-
oratory, the Bureau of Ships, and one of the large com-
mercial laboratories, have satisfactory machines become
available. These latest test machines provide frequencies
of 3 to 60 cycles per second, have automatic amplitude
control, and provide vibration in both horizontal and
vertical directions.

While very considerable progress has been made in
establishing satisfactory performance standards and ma-
chines for shock and vibration tests, there is still much
to be done. Recognizing this need, the Naval Research
Laboratory established the Shock and Vibration Divi-
sion a year ago. Progress has been rapid since the estab-
lishment of this group. The Division has outgrown its
quarters several times so that there is now being con-
structed a new laboratory building. It will house the
most modern equipment for the study of shock and vi-

bration problems and the improvement of naval equip-
ment.

The shock and vibration tests given to equipment
prior to its acceptance by the Navy are significant only
if they help us design equipment which will perform
satisfactorily when installed aboard ship.

The final and really significant test is the test of
battle. We in the Burcau know how the equipment
stands up in battle only by the reports from the fleet.
It is of greatest importance that reports of damage to
equipment be made to the Electronics Division when-
ever practicable. The more detail there is in these re-
ports the better—cause of the shock, location of guns,
location of equipment, analysis of damage. Reports of
vibration trouble should state, if possible, the fre-
quency of the forcing vibration, the location of the
equipment, how it is supported, and whether the vibra-
tion of the equipment is greater than the vibration of
the ship. A photographic report can speak volumes.
Information on successful remedial measures is also
valuable.

With adequate reports from the fleet the Bureau fre-
quently is able to make helpful suggestions immedi-
ately. And these reports enable the Burcau to modify
its test specifications to insure that weaknesses in exist-
ing equipment are not duplicated in equipment which
is now being designeﬂ.

NOW RESTRICTED

B The publication “Radar System Fundamentals”
(Navships 900,017) has been reclassified from confi-
dential to restricted. This book is widely distributed
throughout the flect and all holders are requested to
mark their copies accordingly. The new classification

will simplify the handling and use of the publication,
so pass the word around.

KEEPING YOUR MARK 22 DRY

M Field reports have indicated that water often dam-
ages the Mark 22 transmitter-recciver unit, mounted
topside on the director. This is usually caused by the
cover not being tight against the gasket.

A cruiser reports that stack gas had so corroded the
cover fastenings that they could no longer hold the
cover down sufficiently tight to prevent the entrance of
water. To remedy this situation, the sailmaker rigged
up a canvas cover for the whole transmitter-receiver
unit. Apparently the heat radiation characteristics are
not sufficiently altered to cause any damage. Tuning is
greatly facilitated by drilling holes in the cover so that
it is unnecessary to remove it in order to tune the gear.
The cover also eliminates the trouble of drift, often
caused by the wind cooling the local beating oscillator.

—Western Electric

UP
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Keeping
Your Amplidyne

B One method of training radar antennas or sound pro-
jectors is by the use of amplidync systems. These sys-
tems employ an amplidyne generator, sometimes re-
ferred to as “The short circuit in harness.” However,
keeping this short circuit correctly harnessed is not
always easy. Proper lubrication and cleanliness of rotat-
ing machinery are of prime importance, and due to the
relatively high currents involved, the commutator and
brushes should be given special attention.

INSPECTION OF BRUSHES:

Brushes should be inspected at fifty-hour intervals.
By removing the spring and sliding the brush back and
forth in the holder, any stickiness or roughness can be
felt. This trouble is often caused by a small amount of
grease or a chip from the brush collecting between the
brush and its holder when cleaning is neglected. If an
inspection reveals chipped or broken brushes a replace-
ment should be made, or when, as a result of normal
wear, brushes become so short that they should be re-
placed with new brushes.

REPLACEMENT AND FITTING
OF NEW BRUSHES:

Normally, brushes are replaced from the equipment
spare parts. These brushes are slightly smaller in cross
section than the holder, to allow for expansion due to
heat when the generator is running. This fact should be
kept in mind if spares are not available and it becomes
necessary to cut down a larger brush made for some
other equipment.

Some brushes have one end concaved to fit a par-
ticular sized commutator, while others arc made with
square ends. In either case, it is necessary to fit the
Iyrush to the commutator. This can be done with a piece
of fine sandpaper (Grade 00 or 000). After the brush
is in the holder and the spring tension applied, slip a
strip of standpaper between the brush and the commuta-
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tor with the rough side toward the brush. By moving the
sandpaper back and forth as though to shine the com-
mutator with the smooth side, the correct fit may be
attained. Another method is to hold the paper to the
commutator and move the armature back and forth. The
space available in the particular installation being worked
on will determine which method is easier. All carbon
dust should be removed from the unit after this opera-
tion.

BRUSH TENSION:

The tension on brushes should be maintained at about
115 pounds per square inch of brush cross sectional area
unless otherwise specified by the manufacturer. EciL_]al
tension should be applied to all brushes in order to in-
sure correct contact resistance. Light tension will result
in sparking and erratic operation, and heavy tension will
cause excessive wear of the brushes.

CARE OF THE AMPLIDYNE
COMMUTATOR:

A commutator in good condition will have
bronze color and be very smooth. Carbon deposits from
the brushes, if present, may be removed by the use of
carbon tetrachloride on a lint-free cloth. A very slight
roughness of the commutator may be corrected by rub-
bing with an ordinary piece of sandstone. If this is oot
available, a piece of fine sandpaper over a block of wood
will suffice. If the commutator is pitted, grooved. not
round, or otherwise in bad condition, it will have to be
centered in a lathe and turned down a few thousandths
of an inch. Under no circamstances should files of
emery cloth be used on the commutator.

In the amplidyne generator, good insulation bEtWC'-'Cﬂ
the commutator segments is essential. The insulation
material most commonly used is mica, which is harder
than the commutator bars themselves. Consequently,
after the bars have worn down slightly the mica may
protrude, Causing arcing, This protruding mica must be
cut down to the level of the commutator bars, Of €Ven
slightly lower. This process is known as undercutting

a dull

the commutator, and unless the help of someone skilled
in this work is employed, considerable damage to the
commutator may result. These jobs are ordinarily given
to repair ships, which have the necessary tools and
trained personnel.

When armatures are stored, they should be wrapped
n a piece of cloth or protective material to prevent
damage to the commutator and other parts,

OVERHAUL OF AMPLIDYNE UNITS:

After approximately one thousand hours of operation
the amplidyne generator should be given g complete
overhaul as outlined in the instruction bogk, This
overhaul involves complete disassembly, cleaning, and
replacement of defective parts.

EFFECTS OF DUST ON THE GENERATOR:

On windings, dust acts as a layer of heat insulation,
interfering with proper ventilation. On slip rings and
commutators, dust acts as an abrasive, and once jnside
bearings it can be as harmful as sandpaper to their
highly polished surfaces. Wherever dust collects in the
casing and windings it acts as a sponge to soak up oil,
grease, fumes, etc. Carbon tetrachloride ang a low
pressure air hose can be used to remove this collection.

LUBRICATION:

Specified lubricants in the correct amounts are the
“lifeblood” of the amplidyne, but stray oil and grease
ere poison to the unit. The manufacturers’ ubricant or
the Navy Specification Designation lubricant, whichever
is in spare parts or specified in the instruction book,
should be used. The frequency of lubrication as given
in the instruction book is figured on the basis of normal
operating time. If your equipment is run almost con-
tinuously, lubrication should be somewhat more fre-
quent. It is well to keep in mind, however, that over-
lubrication is worse than underlubrication, due to the
excess heat created. The best advice that can be given

on this subject is: Use good judgment, Navy and manu-

facturers’ information, and a regular schedule for main-
tenance.

HARMONIC SUPPRESSOR FOR TDQ

B Harmonic frequencies radiated by the antenna sys-
tem of Model TDQ Transmitters are likely to interfere
with other equipments on the same ship, or even on
nearby ships. A small filter has therefore been developed
to suppress these harmonics. Known as TDQ Field
Change No. 2, the filter is coupled into the transmission
line quite simply by means of cable connectors and ac-
cessories furnished with the kit. The filter consists of
three low-pass =-sections designed to attenuate all fre-
quencies above about 171 Mc. Ships having early
equipments which were received without this filter may
obtain them by requisition from supply activities at
NYNYK, RADOAK, or FRAY-32. A number of filters
was obtained under contract NXss-29644 for this pur-
pose. Detailed installation instructions appear in C.E.
M.B. Supplement No. 2.

Cross-sectional view of the filter wunit.

LINEARITY CONTROL
ADJUSTMENT

B When the VI trigger delay line is installed in an
SG system, the sweeps on the indicator are delayed so
that the zero marker is not completely visible on the
A-scope, and the range offset cannot be run back to this
marker. With this condition it becomes impossible to
properly adjust the 15,000 yard lincarity control,
R-9109, at zero yards.

If it becomes necessary to adjust or check the setting
of this linearity control, the zero range maker can be
made visible by adjusting the trigger delay line for
zero delay. Adjustment of the control can then be
made in accordance with SG Field Change No. 35.
After the completion of this adjustment the trigger
delay line should be reconnected to its original ter-

minals.

MARK 13 LONG-RANGE LINE

M It has been found that every 6SN7 will not function
properly as a long-range line generator. The circuit

. change shown below has the effect of reducing the

steady current through R-5 and the primary of T-1,

6 3LONG RANGE
% LINE GEN.

Circuit changes for increased long-range line brilliance.
Added wives are shown heavy, and dashed lines indicate
wires removed.
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resulting in an increased amplitude of the range line.
This change has been incorporated in production be-
ginning with serial #21. Equipments now in the field
are authorized to be changed in the following manner:
Remove the wire which connects terminal 1 of T-1
to the junction of C-15 and R-8. Ground terminal 1
of T-1. Disconnect wire from pin #6 of V-3 and dis-
card R-14. Run a new connection from this pin to the
junction of R-15 and C-8.

GCA SPARE PARTS

B The procedure for obtaining spare parts for
AN/MPN-1A equipments is not fully understood by
all activities using the gear. Since the equipment has
no airborne components, all procurement should be re-
ferred to the Electronics Officer of the cognizant main-
tenance yard or fleet maintenance activity. This is in
accord with Chapter 67, BuShips Manual.

Stock spare parts for AN/MPN-1A equipments have
been distributed to the following activities for further
distribution by the Electronics Officer: (1) CONSERON
10 Repr. B (Roger 2); (2) Supply Officer for Radio,
Radio Supply Branch, NSD Oakland, Calif.; (3) Sup-
ply Officer for Radio, Charleston, S. C.

Then he said, T here must be radar equipment around
here . . . I feel a strong impulse!”

P DRIVER MOTOR

B Numerous reports from the field have indicated the
need for an improved speed control of the SF/SF-1 PPI
drive motor. The following method is approved by the
Bureau of Ships as an interim measure,-and a field-
change kit will be shipped to all installations in the near
future:

(a) Connect the field of B-401 as a series motof.

(b) ‘Connect a 2000-ohm 15-watt wire-wound re-
sistor in parallel with the field.

FIELD

R-562A ‘ R-562C

R-5628B

(c) Connect both a 250-ohm 10-watt wire-wound re-
sistor and a 1500-ohm 25-watt variable potentiometer
(if available) in series. This combination should then
be connected in parallel with the armature as shown in
the figure.

“This circuit has sufficient range to vary the speed of
the sweep from approximately 5 to 15 r.p.m., and will
therefore compensate for the mechanical wear of the
gears and bearings in the PPI rotating assembly.

YG FREQUENCY DRIFT

B Reports received by BuShips indicate that frequency
drift in YG transmitters is causing difficult reception in
some instances. This is probably due to maladjustment
in initial tuning, The normal frequency drift can be
overcome by tuning the transmitter to the precise fre-
quency with the wave meter supplied with the equip-
ment. When the receiver has been pretuned to the YG
transmitter signal it cannot be returned or adjusted by
the pilot. Therefore, if the model YG transmitter is
not tuned precisely to the initial frequency any subse-
quent frequency deviation will cause weak reception Of
no reception at all. Extreme care should he taken when
tuning the YG beacons, and the frequency checked
periodically.

PROGRESS
B Helium for radiosonde balloons now costs less that
two cents a cubic foot, compared with g2500 only 23
years ago.

—Electronits

R
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B A portable test set capable of meas-
uring the overall performance of IFF
Mark 3 euipments is nOW available in the
Fleet. This tester was initially designed
by the Radio Matériel School, Bellevue,
D. C.. and later a contract for 5600 sets
was l’et to the Hickok Electrical Instru-
ment Company and the Air King Prod-

ucts Company. This equipment is on the:

allowance list of all DE’s, DD’'s and

larger ships, and approximately 700

equipments have been shipped.

The TS-182/UP is designed to per-
form the following tests:
1. Check transpondor or interrogator re-
ceiver sensitivity and stability.
2. Check transpondor or interrogator
transmitter power output.
3. Check coding of transpondor.

4. Check tmnspondor output pulse shape
and width.

5. Determine roughly frequency range
of transpondor.

6. Check operation of transpondor sup-
pressor.

7. Check waveforms at various points
throughout IFF equipment.

The TS-182/UP is shipped from the
factory with an instruction book classi-
fied restricted. This book describes the
test set, its operation and maintenance.
However, it does not provide detailed
procedures for its usc with the IFF equip-
ments. This information has been com-
piled by the Radio Matéricl School into
a confidential pamphlet entitled "Servic-
ing IFF Mark 3 Equipment with the
Model TS-182/UP Test Set” (NAV-
SHIPS 900,104), which is now being
published by the Bureau.

IFF tester
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