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The original object of this test was to cermine the component's actuatien
characteristics during vibration. Foliawing an unexpected condition whereby
the units were found to actuate at a lower but not a higher level of vibra-
tion, the test was expanded to explore this pretties, to test to the original
intent and to determine the effect of rends vibration on unit function.

Authorization for  Test

This teat was requested by Division 1332 in a Work Order Authorization dated
May 10, 1962. Mt. W. E. Boyd was the consultant. The material for test was
received May 28, 1962.

Summary

Testing perfortaedunderthis work order has shown that the MC-1441 Inertial
Switch has.two critical conditions as regards the actuation during vibra-
tion phenomenon. Apparently a critical vibration input of close to 308
exists, above and below which the percentage of actuating units is bass.

Actuation percentage is also an apparent function of temperature, with peak
percentage of actuation occurring somewhere between 35 °F and -15°F.

Random vibration levels of 0.2082/cps cause an increase in actuation time
of a nominsl 50%, as determined under the conditions of this test.

Functional Measurements and Methods UNCLASSIFIED 

Vibration Machines MO. 4 and No. 7 were used to perform the vibration tests.

Thyratron Chatter Testers lies. 8'1-19 and 811-37 were used to monitor switch
conditions during the vibration, tees.
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The M Random Vibration Console with a Ptak-Notch Analyzer was used to
control V. X. No. 7 during the component functiotel tests.

The Wyle Servo-Temperature Conditioning Unit and a CO2 temperature ehroecl
were weed to eupply the teeperature environment needed with V. M. No. 4.

A Brown Temperature Recorder s S-56679, was used to monitor component
temperature during the tests.

Inertial Devices Test Console az. 2 and Visicorder Oecillograph 5-95582
were used to control and monitor the compoments during the functional testa:.

Testing as performed in eccordence with SC-4452L(M), except that side
acceleration was not monitored.

Procedure and Results

Nineteen XMC-1441 Inertial Switches from Phase II production were subjetted
to a sinusoidal vibration test to determine if the components would acteate
during a vibration environment. Testing was dame at room temperature at
various vibration inputs.

Twelve of the above units were subjected to another sinusoidal test except
that the input was held constant (with a few exeeptions) and the teeperature
varied from room to -65°F.

Sim of the above units, modified by removal of the return springs, were given
a random vibration test, and tested functionally using the earth's gravitte-
tion as the actuating accelerotion.

The components tested were, in general, standard Phase II medels utilizing
the increased travel flapper orifice. This design was found, during earlier
temperature vibration testing, to be superior.

Throughout all testing covered in this report the components were mounted on
the vibration machines with the resetting mechanism down (gravity aiding
actuation). Vibration was uniformly applied parallel to the unit sensitive
axis.

The first test of nineteen units was performed on Vibration Machine No. 7.
Three test fimpOres were used to expedite the test, with each fixture
monitored separately for input acceleration. The fixtures were mounted
adjacent to one another. During the teat one fixture input was controlled,
and the monitor on the other two showed that the three inputs did not very
more than 10%.
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The components were cycled from 50 cps to 400 cps, except as noted in
Table I, at a rate of 4 min/octave. This frequency range has been shown,
by earlier testing, to be the most severe in effect on the component. The
test teupereture was monitored with a thermocouple moented on one of the
test fixtures, es close to the component as possible. During the testgmg
the component reset circuits Lure vonitored far openn, and the actuate
circuits were monitored far chatter and for closure.

The ccmponents were first aubjeeeed to one full cycle at an input accelera-
tion of 45g. During the test only one compoeent, Serial Ob. MR-0113-22,
actuated with an input acceleration. of 45g.

le an effort to determine the minimum actuate level of the component which
actuated at 45g input, the unit and two others were tested with an input
acceleration of 30g. All three components actuated at 30g input. The ease
three coaponents were tested with input aeoeierations of 20g, 15g and L0e.
Of the three compenentstested one compeeent, Serial No. BBR-0113-E2,
actuated at 20g and 15g only.

Because of the performance of the three components at 30g, the remaining
components were retested at an input acceleration of 30g. Six of the nine-
teen comp:merits actuated with an input acceleration of 30g.

Of the six components hich were tested at an input acceleration of 20g,
only two components actuated. Of the tie componeuts which were tested at
an input acceleration of 15g, only one component actuated. None of the six
components actuated with an input acceleration of 10g.

Because of the poor performaace of the components at roan temperature, it
was decided to perform a postemortem on the components before continaing to
low temperature testing. Upon disassembly and inspection it was found that
the components were full of small particles which had come from the internal
parts of the units. This portion of the test ens terminated until the unite
could be cleaned and the worn or damaged parts repaired.

All data taken in this portion of the test are recorded in Table I.

Twelve of the units, with nickel plated parts, were returned for temperature
vibration testieg. Test setup, this time on Vibration Machine No. 4, was
almeat identical to the previous test, with all the temperature conditioning,
manitoring and control equipment added. The ease test data was recorded.

•
Four test teaperat ures, 76% 35°, -15 ° and -65' (all el), and a vibration
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input level of 15g were choeen. The coepouents were cycled as before,
except as noted in Table IL A few check runs were made at levels othew
than lSg and these are recorded in Table II.

One unit, BB11-0115-E2, ectelted at 35 °F and lSg input. Fully open rezet
circuits were more cc a. At 76°F one unit showed opens; at 33 °F three
were open; at -15 °F eight ware open, end at .-65 °F five were open. Mena
data indicate that a critical temperature exists somewhere between 35 °P
and -15°F.

The unit vhich actuated at 15g was also tested at inputs of 10g, 12g and
14g. Actuation occurred at 14g and open reset circuits were present at
al/ three levels.

Three units were tested at -&5 °F at levels of 25g and 30g. All three
showed open circuits, and one S/ BBIZ-i:"ez4-E2, actuated at both levels.

All data eaken in this portion of the test are recorded in Table IL

Six unite were subjected to a combined linear acceleration, rendom vibra-
tion test at room temperature to check the effect of vibration on unit
function.

restive, was performed on Vibration Machine No. 7 using a single fixture.
Three lassie of power spectral density were used, and the bandwidth wne
20 cps to 2000 cps. Equalization over the test frequency range vas held
toat3db.

Tbe componente were modified by removal of the return spring. The units
were held in the reset peeition by the fixture menet until such time as
actuation 223 desired. The earth's gravitation supplied the linear
acceleration needed for actuation.

From 1 to 3 runs were made with no vibration, at ylbiration levels of
0.05g2/cps, 0.1082/cps and 0.20g2/cps and again with no vibration.
Component actuatiaa timee were obtained by monitoring with the Vieicorder.

Two sets of data were taken. One with the components sealed at an oil
temperature of 175 °F and eue with a temperature of 120 °F. All data
recorded during this portion of the test are listed in Table III.

In general, the higher the vibration level, the greater the effect on
ccmgceent actuation. The effect was greatest an the lower fill tempera-
ture unite. Actuation time increased a nominal 50% at 0.208 2/cpe for the
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120°F fill temperature tests. No permanent effect was noted, as the no
vibration runs before and after vibration were essentially identical.

Table 0 in this report contains a list of test notes applicable to
Tables I and II.

C. G. SLX - 73211

M. 1.. SBANBOS - 7321-1
CGS:7321-1:kv

Enclosures: Tables 0 through III

Copy to:
J. M. Wiesen, 1442
D. S. Bliss, 2344
W. T. Price, 2541

Attn: R. T. Jankowski
L. E. Snodgrass, 2561
C. L. Johnson, 7523
S. H. Copeland, 7321

-ambit. 	 Sneltzer, 3421-3



TABLE 0 T-21602

THE FOLLOWING NOTES APPLY TO THE TESTS AND TEST DATA LISTED IN TABLES I AND II.

NOTE 1:
',.

CYCLING RANGE 50CPS TO 400CPS AT A RATE OF . 4 MIN/OCTAVE.

NOTE 2: CYCLING RANGE 50CPS TO 200CPS AT A RATE OF / MIN/OCTAVE.

NOTE 3: ACTUATE CIRCUIT CHATTER IN LOWER TEST FREQUENCIES.
_ 	 .

NOTE 4: CYCLING RANGE 35CPS TO 280CPS AT A RATE OF 4 MIN/OCTAVE.

NOTE 5: CYCLING RANGE 4OCPS TO 320CPS AT A RAT& OF 4 MIN/OCTAVE.

NOTE 6: CYCLING RANGE 40CPS TO 280CPS TO 35CPS AT A RATE OF 4 MIN/OCTAVE. 	 -
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