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1. This standard has been approved by the Department of Defense and is published to
establish environmental test methods for equipment.

2. Use of this standard by activities, departments, and agencies of the Department of
Defense shall be mandatory effective on date of issue.

3. Recommended corrections, additions, or deletions should be addressed to:

Commander, Systems Engineering Group

Attn:SEG, (SEPS)

Wright-Patterson AFTB, Ohio 45433
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ENVIRONMENTAL TEST METHODS

1. SCOPE

1.1 Purpnse. This standard establishes
uniform environmental test methnds for
determining the resistance of equipment to
the effects of natural and induced environ.
ments peculiar to military operations. The

test methods contained herein are intended:

(a)

..
(b)

?.

To specify environmental condi-
tions obtainable in the laboratory,
such that if an item is exposed

to these conditions and continues
to operate in a satisfactory man-
ner, a high degree of confidence
will have been established that
tbe item could survive the field
environment during its expected
service life. Tbe tests described
herein are not to be interpreted
as an exact and conclusive re-
presentation of actual service

operation.

To describe in one standard (1)
all of the test methods of a sim-
ilar character which appeared in
the various joint or single service
specifications, (2) those newly-
developed test methods which are
feasible for use by more than one

service, and (3), the recognized
extreme environments, particu-
larly temperatures, barometic
pressures, etx., at which equip-
ment will be tested under some

of the presently standardized test-
ing procedures. By so consolidat-

ing, these methods may be kept
uniform and thus result in con-
servation of equipment, man-
houra, and testing facilities. In
achieving these objectives, it is
necessary to make each of the
general test methods adaptable
to a broad range of equipment.

(c) To standardize environmental tesh.
in order to obtain, as much as
possible, reproducible test results.

,

‘\- 1

1.2 Application of test methods. Test

methnds contained in this standard apply
broadly to all items of equipment and gen-
erally represent the extreme conditions
which usually constitute the minimum ac-
ceptable conditions. WHEN IT IS. KNOWN
THAT THE EQUIPMENT WILL EN-

COUNTER CONDITIONS MORE SEVERE
OR LESS SEVERE THAN THE ENVI-
RONMENTAL LEVELS STATED HERE-
IN, THE TEST MAY BE MODIFIED BY
THE EQUIPMENT SPECIFICATION.

1.3 Numbering system. The test methods
are numbered seqwsmtially as they are in-

troduced into this standard with the first
method being number 500.

1.4 Revision of standard. Any general re-
vision of this standard which results in a

revision of sections l,2,0r3 will be indicated
bya revision letter after this standard num-
ber, together with the date of the revision.

1.5 Revision of test m&thods. Any revision
of test methods is indicated by a decimal
following the method number. For example, ~
the original number assigned to the first test
method is 500; the first revision of that
method ia 500.1, the second revision is 500.2,
etc.

1.6 Method of reference. Test methods
contained herein shall be referenced byspeci.
f ying:

(a) This stindard number.

(b) Method number.

(c) Procedure number and the details
as specified in thesummary para-
graph.

2. REFERENCED DOCUMENTS

2.1 The following documents, of the issue
in effect on date of invitation for bids or
request for proposal, form a part of this
standard to the extent specified herein:

1

$
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SPECIFICATIONS

MILITARY

MIL-S-901 — Shock Tests, H.I.
(High - Impact),

Shipboard Machin-
ery, Equipment and
Systems, Require-
ments for

MIL-E-2036 — Enclosure for Electric
and Electronic
Equipment, Naval

Shiphoard

MIL-G-5572 — Gasoline, Aviation,
Grades 80/87, 100/-
130, 115/145

MILX-9435 — Chamber, Explosion-
Proof Testing

MIL-C-45662 — Calibration of Stand-

ards

STANDARDS

MILITARY

MH-STD-167 — Mechanical Vibra-
tions of Shipboard
Equipment

(Copies of specifications, skmdards, drawings, and
publications required by suppliers in connection with
zpecific procurement fumtiom should be obtained
from the prwuring activity or as directed by the con-
tracting officer.)

2.2 Other publications. The following docu-
ments form a part of this standard to the
extent specified herein. Unless otherwise in-

Temperature 23° & 10° C

Relative humidity 50 percent *

Atmospheric pressure 725 >~~m” “f

dicated, the issue in effect on dste of in-
vitation for bids or request for proposal shall
apply :

AMERICAN GEOPHYSICSUNION

“The Relation of Raindrop Size to In-
tensity” - Laws and Parsons, Trans-
actions of the American Geophysics

Union, Part H, PPS 452-459, — 1943. ‘

(Copies of tbe akmvepublication may b+ obtained
from the American Geophysics Union, 1145 - 19th
Street, N.W., Washington, D. C. 20036.)

UNITED STATES OF AMERICA STANDASDS
INSTITUTE

Acoustical Terminology (Including Me-
chanical Shock and Vibration) Sl.l-
1960

(Copies of tbe ab+ve publication may be obtained
from the Unitid States of American Standards Imti-
tute, 10 East 40th Street, New York, N. Y. 10016.) ~

U.S. COMMITTEE ON EXTENSION TO THE
STANDARDATMOSPHERE

U.S. Standard Atmosphere, 1962

(Copies of the above publication may be obtained
from the Superintendent of Documents, Government
Printing Office, Washington, D. C. 20402.)

3. GENERAL REQUIREMENTS

3.1 Test conditions. Unless otherwise spec-
ified herein, or in the equipment specifica-
tion, a’1 measurements and tests shall be
made at standard ambient conditions. Stand-

ard ambient conditions are:

(73° & 18° F)

30 percent

20 in. of mer cury)
mercury (28.5 ~4:5

2
L....
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When these conditions must be closely controlled, the following shall be maintained:

Temperature 23° & 1.4° C (73° + 2.5° F)

Relative humidity 50 percent * 5 percent

Atmospheric prea~”re 725 +50 mm. of mercury (28.5 ~~’~ ‘n” ‘f ‘ercury)
–75

3.1.1 Measurements of test conditions. All
measurements of test conditions shall be
made with instruments of the accuracy speci-
fied in 3.1.3.

3.1.2 ‘i”okh-ante of test conditions. Unless
otherwise specified, tolerance of test condi-
tions shall be u follows:

(a) Tolerances for use with test cham-
ber:

(1) Air temperature at the control
sensor: 51.4° C (2.5” F).
Temperature gradient across
the cress-sectional area occu-
pied by the test item shall not
exceed 0.3° C (0.5” F) per
foot in any direction.

(2) Pressure: When measured by
devices such as manometers,
*5 percent or *1.5 mm. (0.059
inches) of mercury, whichever
provides the greatest accuracy.
When measured by devices such
as ion gages, *10 percent to
10— 5 Torr.

(3) Relative humidity at the control
sensor: =5 percent.

(b) Other tolerances:

(1) Vibration amplitude: Sinusoidal,

&10 percent.

(2) Vibration frequency: &2 percent,

ora ]/i CPS below 20 cps.

(3) Acceleration: ti10 percent.

3.1.3 A ccur-acy of test apparatus. The ac-
curacy of instruments and test equipment

used to control or monitor the test para-
meters, whether located at a Government
testing laboratory or at the contractor’s
plant shall be verified periodically (at least
every 12 months, preferably once every 6
months, unless contractor procedures pre-
pared to satisfy the requirements of MIL-C-
45662 for calibration cycle of specific instru-
ments spscify otherwise) to the satisfaction
of the procuring activity. All instruments
and test equipment used in conducting the
tests specified herein shall:

(a) Conform to laboratory standards
whose calibration is traceable to
the prime standards at the U.S.
Bureau of Standards.

(b) Have an accuracy of at least one-
third the toleranm for the vari-
able to be measured. In the event
of conflict between this accuracy
and a requirement for accuracy
in any one of the test methods
of this standard, the :atter shall
govern.

(c) Be appropriate for measuring the
test parameters.

3.1.4 Stabilization.. of test temperature.
Unless otherwise specified, temperature sta-
bilization will have been attained when the
temperature of the part of the test item con-
sidered to have the longest thermal lag does
not change more than 2.0° C (3.6° F) per
hour.

3
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3.1.5 Reference conditions. The equivalent
pressure corresponding to altitude can be
obtained from U.S. Standard Atmosphere,
1962.

3.2 Performance of test.

3.2.1 Pretest performance record. Prior to
proceeding with any of the test methods, the
test item shall be operated under standard
ambient conditions (see 3.1) and a record

made of all data necessary to determine
compliance with required performance. These
data shall provide the criteria for checking

satisfactory performance of the test item
either during, or at the conclusion of the test,
or both, as required. Certification by signa-
ture and date block is required as specified
in 3.4.

3.2.2 Installation of testitern in test fwi-
Iity. The test item shall be installed in the
test facility in a manner that will simulate
service usage, making connections and at.
taching instrumentation as necessary. Plugs,
covers, and inspection plates not used in

operation, but used in servicing shall remain
in place. When mechanical or electrical con-
nections are not used, the connections nor-
mally protected in service shall be adequately
covered. For tests where temperature values
are controlled, the test chamber shall be at
standard ambient conditions when the test
item is installed. The test item shall then be
operated to determine that no malfunction
or damage was caused due to faulty installa.
tion or handling. Tbe requirement for opera-
tion following installation of the test item
in the test facility is applicable only when

operation is required during or immediately
following exposure to the specified test.

3.2.3 Performance check dun”ng test.
When operation of the test item is required
during the test exposure, tbe operation and
performance checks shall be of sufficient
duration or shall be repeated at appropriate
interva!s to insure a record of comprehensive
comparative data for comparison with data

recorded under standard ambient conditions
specified in 3.2.1.

3.2.4 Visual inspection and failure criteti.
When specified herein, tbe test item shall be
visually inspected and a record made of any
damage or deterioration resulting from tbe
test. If a test chamber is used for the test,
perform a visual inspection of tbe test item
within the chamber at test conditions, when
possible. Upon completion of the test, visual-
ly inspect the test item again after the
test item has been returned to standard
ambient conditions. Deterioration, corrosion,
or change in tolerance limits of any internal

or external parts which could in any manner
prevent the test item from meeting opera-
tional service or maintenance requirements
shall provide reason to consider the test item
as having failed to withstand the conditions
of the test.

3.3 Test facilities and apparatus. Test fa- ,.,.
cilities, chambers, and apparatus used in ~
conducting the tests contained in this stand-
ard shall be capable cf meeting tbe conditions
required.

3.3.1 Test chamber.

3.3.1.1 Volume of test ckamber. The vol-
ume of the test chamber shall be such that
the bulk of the item under test wiil not in-
terfere with the generation and maintenance
of test conditions.

3.3.1.2 Heat source. The heat source of the
test faci Iity shall be so located that radiant
heat will not fall directly on the test item,
excep: where application of radiant heat is
one cf tbe test conditions.

3.3.1.3 L ocztion of temperature sensors.
Unless ctherwise specified, thermocouples or
equivalent temperature sensors utilized to
determine or control the specified chamber
temperature shall be centrally located within
tbe test chamber where possib e, or in the
return air stream and shall be baffled, or

4
k.... .:

I
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otherwise protected against direct impinge-
ment of supply air and against radiation
effects.

3.4 Test data. Test data shall include com-
plete identification of all test equipment and
accessories. The data shill include the actual
test sequence used and ambient test condi.
tions recorded periodically during the test
period. The test record shall contain a sign.
ature and date block for certification of the
test data by the test engineer.

MIL–STD-81 OB
15 June 1967

4. TEST SEQUENCE

4.1 The selection of environmental test
methods should be based on a consideration
of the environments which the equipment
will experience. When more than one method
has been selected, a sequence of testing
should be specified. Table I provides advisory
information on the applicability of the vari-
ous test methods and recommended test
sequences.

5

,.
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5. TEST METHODS

5.1 Individual methods for environmental
testing follow.

Custodi am:

Army-EL

Navy—AS

Air Form-n

Preparing activity:

Air Force-n

Proiect No. MISC-0290

Reviewer activities:

Army—EL, MI, MU, ME, AV, GL

Navy—AS, SH, OS, YD

Air Force--n

8
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METHOD 500

ALTITUDE

1. Purpose. The altitude test is conducted
to determine the effects of reduced pressure
on equipment. Damaging effects of low pres-
sure include leakage of gases or fluids from
gasket-sealed enclosures and rupture of pres-
surized containers. Under low pressure con-
ditions, low density materials change their
physical and chemical properties. Damage
due to low pressure may be augmented or
accelerated by the contraction, embrittle-
ment, and fluid congealing induced by low

temperature. Erratic operation or malfunc-
tion of equipment may res”]t from arcing
or corona. Greatly decreased efficiency of
convection and conduction as heat transfer
mechanisms under low pressure conditions
is encountered. This test method is composed
of two procedures:

1.1 Procedure I is applicable to equipment
of group I in section 4, table I, for the pur-
pose of determining the ability of such equip-
ment to withstand the reduced pressure en-
countered during shipment by air and for
satisfacto~ operation under those pressure
conditions found at high ground elevations.

.i ‘

I

I

1.2 Procedure II is applicable to equipment
of group II in section 4, table I, for the
purpose of determining the ability of equip-
ment to operate satisfactorily during and
fOl]owing exposure to both reduced pres.wre
and temperature conditions e“co”ntered d“r.
ing flight.

2., Apparatus. Temperature-altitude cham-
ber or altitude chamber for procedure I and
temperature-altitude chamber for procedure
11.

3. Procedures.

3.1 Procedure L

500-1

Step I—Place the test item in the test
chamber in accordance with
section 3, paragraph 3.2.2, and
maintain standard ambient
temperature during the entire
test.

Step 2—Reduce the chamber internal
pressure to 87.5 mm of Hg
(3.44 in. of Hg or 50,000 ft.
above sea leveI ). The rate of
pressure change may bs the

maximum attainable by the
chamber. Maintain the cham-
ber pressure for a period of
not less than 1 hour.

Step 3—Increase the chamber pressure ‘
to 523 mm of Hg (20.6 in. of
Hg or 10,000 ft. above sea
level) and then operate the test
item and compare the results
with the data obtained in ac-

cordance “with section 3, para-
graph 3.2.1.

Step 4—With the test item not operat- :
ing, return the chamber to
standard ambient conditions.

Step 5—Opera@ the test item and com-
pare the data obtained with the
data obtained in accordance
with section 3, paragraph 3,2.1.

Step 6-Inspect the test item as speci-
fied in section 3, paragraph
3.2.4.

3.2 Procedure II.

Step l—Place the test item in the test
ch-arnber in accordance with
section 3, paragraph 3.2.2.

Step 2—Reduce the chamber internal
temperature to –54° C (–65”
F), unless otherwise specified,
and maintain until th? test
item is stabilized.

METHOD 500
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Step 3—Reduce the chamber internal
pressure (The rate of pressure
change may he the maximum
obtainable by the chamber) to
the lowest pressure condition
for which the test item is de-
signed to operate while main-

taining the specified tempera-
ture.

Step 4—Maintain the above pressure
and temperature for a period

of not less than 1 hour.

Step 5-At the conclusion of the time
period and while at the same
pressure and temperature, op-
erate the test item and compare
the data with the data obtained
in accordance with section 3,
paragraph 3.2.1.

Step 6-With the test item still operat-
ing, increase the chamber in-
ternal pressure and tempera-
ture to standard ambient con-
ditions, stabilize and compare
the results with the data ob-
tained in accordance with sec-
tion 3, paragraph 3.2.1. During
this period, special attention
shall he given to electrical and
electronic test items for erratic

(
operation or malfunction rs-
sulting from arcing or corona.

Step 7—Inspect the test item as speci-
fied in ssction 3, paragraph
3.2.4.

Note: The rate of temperature change (steps 2
and 6) may b+ the maximum attainable by the chmn.
her, but shall not exceed 10° C (lS- F) per minute.

4. Summary. The following details shall
he specified in the equipment specification:

(a) Procedure number.

(b) Pretest data required (section 3,
paragraph 3.2.1 ).

(c) For procedure ,11 (in addition to
(a) and (b) ).

(1) Temperature, if other than
—54° C (—65° F) (Step 2). .... .

(2) Pressure (step 3). 1,

(d) Length’ of time required for opera-

tion and measurements.

(e) Rate of pressure change, when re-
quired.

“1

(......,
ME1’HOD 500 500-2

i .._
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METHOD 501

HIGH TEMPERATURE

1. Purpose. The high temperature test is

conducted to determine the resistance of
equipment to elevated temperatures that may

be encountered during service life either in
storage (without protective packaging) or
under service conditions. In equipment, high
temperature conditions may cause the per-
manent set of packings and gaskets. Binding
of parts may alao result in items of complex
construction due to differential expansion of
dissimilar metala. Rubber, plastic, and ply-
wood may tend to discolor, crack, bulge,
check or craze. Closure and sealing strips
may partially melt and adhere to contacting
parts.

1.1 Procedure I is intended to approximate

the exposure of equipment to a high tempera-
ture storage condition for a period of time

i“ prior to operation.

1.2 Procedure II is intended to approxi-
mate the cyclic temperature stresses that
equipment is exposed to during storage and
operation.

2. Apparatus. Temperature chamber.

3. Procedures.

3.1 Procedure I.

Step l—Place the test item in the test
chamhsr in accordance with
section 3, paragraph 3.2.2.

Step 2-Raise the internal chamber
temperature to 71° C (160” F)
or as specified in the equipment
specification.

Step 3—Maintain the internal chamber
temperature for a period of not
less than 48 hours while insur-

(-

I

ing the relative humidity is
not in excess of 15 percent.

Step 4—Adjust the internal chamber
temperature to the highest
operating temperature under
which the test item is designed

to operate and maintain until
temperature stabilization of
the test item is reached.

Step 5-Operate the test item until the
item is stabilized or as specified
in the equipment specification,
and compare the results with
the data obtained in accordance
with section 3, paragraph 3.2.1. .

Step 6-Return the test item, non-oper-
ating to standard ambient con-
dition and stabilize.

Step 7—Operate the test item and com-
pare the results with the data
obtained in accordance with
section 3, paragraph 3.2.1.

Step &Inspect the test item as speci- ~
fied in section 3, paragraph
3.2.4.

Note: The rate of temperature change (steps 2, 4,
and 6) may be the maximum attainable by the &ham-
ber, but ‘shall not exceed 10. C (18° F) per minute.

3.2 Procedure II. (See note at end of pro-
cedure.)

Step l—Place the test item in the teat

c~mher in accordance with
section 3, paragraph 3.2.2.

Step 2—Raise the internal chamber
temperature to 49” C ( 120”
F).

Step 3—Maintain internal chamber
temperature for 6 hours at
49° C (120° F).

Step 4—Raise the internal chamber
temperature to 68° C (154”

L. 501-1 METHOD 501
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F) within a time period of 1
hour and then maintain at

that temperature for 4 addi-
tional hours.

Step 6-Lower the internal chamber
temperature to 49° C (120”
F) within a time period of 1
hour.

Step 6-Repeat steps 3, 4, and 5. two
additional times (making a
totsl of three 12-hour cycles).

Step 7—Adjust the internal chamber
temperature to the highest op-
erating temperature under

which the test item is designed

to operate and maintain until
temperature stabilization of
the test item is reached.

Step S-Operate the test item until the
item is stabilized or as speci-
fied in the equipment specifi-
cation and compare the results
with the data obtained in ac-
cordance with section 3, para-
graph 3.2.1.

Step 9-Return the test item, nonoper-
ating, to standard ambient
conditions and stabilize.

Step IO—Operate the test item and
compare the results with the
data obtained in accordance
with section 3, paragraph
3.2.1.

Step n-Inspect the test item as speci-

fied in section 3, paragraph
3.2.4.

Note: The rate of temperature chance (steps 2, 4,
5, 7, and 9) shall be 20” & 4. C (36” F) per hour.

4. Summary. The following details shall

be specified in the equipment specification:

(a) Procedure number.

(b) For procedu~ I:

(1) Pretest data required (section
3, paragraph 3.2.1).

(2) Internal chamber temperature
desired, if other than 710 C
(160° F) (step 2).

(3) Highest operating temperature
under which the test item is
designed to operate (step 4).

(4) Length of time required for oP-

eration and measurements.

(c) F~r procedure II:

(1) Pretest data required (section
3, paragraph 3.2.1).

(2) Highest operating temperature
under which the test item is
designed to operate (step 7).

(3) Length of time required for
operation and measurements.

METHOD 501 501-2
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METHOD 502

LOW TEMPERATURE

1. Purpose. The low temperature test is
conducted to determine the effects of low
temperature on equipment during storage
(without protective packaging) or service
use. Differential contraction of metal parts,
loss of resiliency of packings and gasketa,
and congealing of Iuhricants are a few of the
difficulties associated with low temperatures.

2. Apparatus. Temperature chamber.

3. Procedures,

3.1 Procedure I.

Step l—Place the test item in the test
chamber in accordance with(“
section 3, paragraph 3.2.2.

Step 2-Lower the internal chamber
temperature to the storage tem-

perature specified in the equip-
ment specification and maintain
for the time specified.

Step 3—Inspect the test item in accord-
ance with section 3, paragraph
3.2.4.

Step 4—Adjust the internal chamher
temperature to the lowest tem-

perature under which the test
item ia designed to operate and
maintain until temperature
stabilization of the test item is
reached.

Step Wperate the test item and com-
pare the results with the dita
obtained in accordance with
section 3, paragraph 3.2.1.

Step 6--Return the test item, nonoper-
sting, to standard ambient con-
ditions and stabilize.

Step 7—Operate the test item and com-
pare the results with the data
obtained in accordance with
section 3, parsgraph 3.2.1.

Step &Inspect the test item as speci-
fied in section 3, paragraph

3.2.4.

Note: The rate of temperature change (steps 2, 4,
and 6) may b+ the maximum attainable by tbe cham-
ber but shall “ot exceed 10- C (18. F) per minute.

4. Summarv. The following details shall be
specified in the equipment specification:

(a) Pretest data required (section
paragraph 3.2.1).

(b) Storage temperature (step 2).

3,

(c) Lowest operating temperature (step
4).

(d) Chamber air velocity, where the
heat transfer rate from the sur-
face of the teat item is important.

(e) Length of time required for opera-
tion and measurements.

502-1 METHOD 502
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METHOD 503

TEMPERATURE SHOCK

1. Purpose. Thetemperature shock testis
conducted to determine the effects on equip-
ment of sudden changes in temperature of the
surrounding atmosphere. Cracking or rup-
ture of materials due to sudden dimensional
changes by expansion or contraction are the
principal difficulties to be anticipated. These
could occur in service due to rapid altitude
changes during shipments and airdrops.

2. Apparatus. A high temperature cham-
her and a low temperature chamber.

3. Procedures.

3.1, Procedure I.

Step l—The test item shall hc placed
in the high temperature chain-
ber in accordance with section
3, paragraph 3.Z.2 and the in-
ternal chamber temperature
raised to’71° C (160° F), and
maintained for a period of not
less than 4 hours.

Step 2--At the conclusion of this time
period, the test item shall be
transferred, within 6 minutes,
to a cold chamber with an
internal chamber temperature

of —54” C (—65° F), (When
authorized by the procuring
activity, large or heavy test
items shall bc transferred
from one chamber. to tbe
other in the minimum prac-
tical time. )

Step 3—The test item shall he exposed
to this temperature for a
period of not less than 4
hours.

Step 4-At the conclusion of this time
period, the test item shall,

within 5 minutes, be returned
to tbe high temperature cham-
ber maintained at 71” C (160°
F).

Step 6-The .@st item shall be exposed
to this temperature for a pe-
riod of not less than 4 hours.
(The test may, for conven-
ience purposea, be interrupted
during this step if desired.
This is accomplished by re-
turning the test item to am-

bient conditions after an
exposure at Klgh temperature
of 1 hour minimum. To con-
tinue the following steps, it
is required that step 1 first be
repeated.)

Step GRepeat steps 2 through 5.

Step 7—Repeat steps 2 and 3.

Step 3-Return the test item tu stand-
ard ambient conditions and
stabilize.

Step 9—Operate the test item and
compare the resu~ta with the
data obtained in accordance
with section 3, paragraph
3.2.1

Step 10—Inspect the test item as spe-
cified in section 3, paragraph
3.2.4.

4. Summary. The following details shall
be specified in the equipment specification.

(a) Pretest data required (section 3,
paragraph 3.2.1).

I
50.?-1 MEXHOD 503
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METHOD 504

TEMPERATURE-ALTITUDE

1. Purpose. The temperature-altitude test
is intended primarily for electronic equip-

ment installed in aircraft capable of opera-
tion from sea level to 100,000 feet. Before

applying this test to other types of equip.
ment, the test conditions and pr~edures

specified in this test method should be care-
fully analyzed for applicability. Equipment
installed in space vehicles, satellites, etc.
should be tested in accordance with Method
517 of this standard. The temperature-alti-

tude test is conducted to determine the ability
of equipment to operate satisfactorily under
simultaneously applied varying conditions of
low pressure and high/low temperature. De-

leterious effects to be anticipated include
leakage of gases or fluids from sealed en-

closures, rupture of pressurized containers,
congealing of lubricants, cracking or rupture
of materials due to contraction or expansion,

short circuiting of electrical wiring and other
damaging effects which might be expected

from exposure to any of the above environ-
ments singly. In addition, equipmeut depend-
ent on a convection type cooling system may
be affected due to the reducticn of efficiency
of heat dissipation in less denss air.

2. Apparatus. Temperature-altitude cham-
ber.

3. Procedures.

3.1 Environmental conditions. The test
procedures specified herein are designed to
determine that equipment will operate satis-
factorily under the environmental conditions
outlined in table 504-1. The equipment class
number, as ,used in this method, is deter-
mined by the required altitude operating
range and the required sea level continuous
operating temperature.

3.2 Procedure I. The test item shall he
placed in the test chamber in accordance

with section 3,
connections and

paragraph 3.2.2, making
attachimz instrumentation

as necessary. In general, the testing schedule
outlined in table 504-11 shall be followed.
However, each step in table 504-11 represents
a condition which the test item may encount-
er in service, therefore, each step may he ap-
plied independently.of the others. For operat-
ing conditions other than those specified in
table ,504-1, the alternate temperature-alti-
tude conditions in figures 504-1, 504-2, 504-3,

or 504-4 shall be used. When changing cham-
ber conditions from those required for one
step to those required for any other step, in
the sequence given in table 504-11 or in any
sequence, the rates of temperature and pres-
sure changes may he the maximum attainable
by the chamber, but these rates shall not
exceed 1“ C (1.8” F) per second and 0.5
inch of mercury per second. Pressures for
altitudes are contained in U.S. Standard
Atmosphere, 1962.

Step l—With the test item nonoperat-
ing, adjust the test chamber
condltiona to those specified
for step 1 in table 504-11. The
test item temperature shall be
stabilized and maintained for
at least 2 hours. Where it is
possible without changing the
temperature condition, a vis-
ual inspection of the test item
shall be made to determine
whether or not deterioration
which would impair future
operation has occurred.

S~P %With the test item nonoperat-
ing, adjust the test chamber

conditions to those specified
in step 2 in table 504-11. After
the test item temperature has
stabilized, the test item shall
be turned on at the lowest

504-1 METHOD 504
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specified input voltage. The

test item shall operate satis-
factorily within the specified
warmup time. The test item
shall then he turned off and
restabilized at the tempera-

ture specified for step 2 in
table 504-11. The operation
shall be repeated 2 more times
(see notes (a) and (b). The
chamher temperature shall be

maintained at the tempera-
ture specified for step 2 in
table 504.11.

Note (a): Satisfac~.ry operation within the zPeci-
fied warmup time shall be determined by checking to
see if the visual or aural presentations or other per-
formance characteristics appear normal.

Note (b); All characteristics which are likely tn be
affected by low temperatures shall be checked first.
Should the time required to check the test item ex-
ceed 15 minutes beyond the warmup time, the test,
item shall a=ai” be stabilized at the temperature
specified for step 2 in table 504–11 and the opera-
tiomd check continued.

Step 3—With the test item nonoperat-
ing, permit the test item to
stabilize at the temperature
specified in step 3 of table
504-11. The test item shall
then be turned on and the
altitude adjusted to that spe-
cified. Upon reaching the
specified altitude, an opera-

tional and performance check
shall be made at the highest
specified input voltage and
the result recorded.

Step &With the test item nonoperat-
ing, adjust the chamber con-
ditions to those specified for

steP” 4 in tihle 50.LII. After
test item temperature has
stabilized, the test chamber
door shall be opened and frost
permitted to form on the test
item. The door shall remain
open long enough for the frost

I

METHOD 504 504-2

to melt but not long enough
to allow the moisture to evap-
orate. (See note (c) ). The
chamher door shall be closed
and the test item turned on
at the highest specified input
voltage to see if it operates
satisfactorily within the spe-

cified warmup time. The test
item shall be turned on and
off at least three times. (See
notes (a) and (d). )

Note (c): Whm the chmnber door is opened it is
intended that frost will form: however, should the
relative humidity of the air be such that frost will
not form, an artificial meam shall be used to provide
the relative humidity necessary to have frost form.

Note (d): After completion of tbe cold test (steps
1, 2, 3, and 4), and prior to starting the high tem-
perature tests, a reference run shall be made i“ ac.
cordance with section 3, paragraph 3.2.1. The refer-
ence run shall be made at the highest specified input
voltages and data obtained compared with that of
tbe reference run made prior tn Step 1.

Step 5—With the test item nonoperat-
ing, adjust the chamber con-
ditions to those specified for
step 5 in tati.e 50LII. The
chamber temperature shall be
stabilized and maintained for
at least 16 hours.. At the cox]-
clusion of this period the test
item shall, when, practicable,

be visually inspected to de-
termine the extent of any
deterioration.

Step &With the test item nonoperat-
ing, adjust the chamber con-
ditions to those specified for
step 6 in tab!e 50411. After
the test item temperature has
stabilized, turn the test item
on at the highest specified in.
put voltage and permit it to
operate continuously for 4
hours. Thermocouple readings
of the test item shall be re-
corded every 30 minutes. At

‘\. _.,.
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the end of the specified period
of operation, and still at the

spscified chamber conditions,
continue to operate the test
item until it has been checked
for satisfactory operation and
results recorded.

Step 7yWith the test item nonoperat-
ing, adjust the chamber con-

ditions to those specified for
step 1 in table 504-11. After
the test item temperature has

stabilized, the test item shall
be operated for 30 minutes at
the highest specified input
voltage four times. Each of
the four periods of operation

shall be followed by a 15-
minute off period. The test
item shall be checked for
satisfactory operation during
each period of operation and
results recorded. The thermo-

.
couple readings of the test
item shall be recorded every
10 minutes.

Step LL-With the test item nonoperat-
ing, adjust the chamber con-

ditions to those specified for
step 8 in table 50411. After
the test item temperature has
been stabilized, the test item
shall be operated for 10 min-
utes at the highest specified
input voltage four times.
Each of the four periods of
operation shall be followed by
a 15-minute off period. The
test item shall be checked for
satisfactory operation during
each period of operation and
the results recorded. Thermo-
couple readings of the test
item shall be recorded at the
beginning and end of each op.
crating period.

Step 9-With the test item nonoperat.

i~, adjust the chamber tem-

/
perature to that specified for

\,,ij..-’
5rr4-3
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step 9 of table 504-11. The
test item temperature shall
then be stabilized. The test
item shall then be turned on

at tbe highest spwified input
voltage and the altitude shall
be adjusted to that specified.
Following altitude and test
item temperature stabiliza-

tion, tbe test item shall be
operated at the highest speci-
fied input. voltage for 4 hours.
Thermocouple readings of the

test item shall be recorded
every 30 minutes. At the end

of the specified operating pe-
riod, continue to operate the
test item until the equipment
has been checked for satis-
factory operation and results

recorded.

Step 10—With the test item nonoperat-
ing, adjust the chamber tem-
perature to that specified for
step 10 in table 50411. After
the test item temperature has
stabilized, operate the test
item for 30 minutes at the
highest specified input voltage
four times. Each of the four
periods of operation shall be
followed by a 15-minute off

periud. The test item shall be
checked for satisfactory op-

eration during each period
of operation and results re-
corded. Thermocouple read-
ings of the test item shall be

recorded for every 10 minutes
of operation.

Step 1l—With the test item norioperst.
ing, adjust the chamber tem-
perature to that specified for
step 11 in table 504-11. Fol-
lowing chamber temperature
adjustment, the test item
shall he turned on and the
alt:tude adjust:d to that spe-
cified. Aftsr the chamber con-

METHOD 504
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ditions have stabilized, permit
the test item to operate at the
highest specitied input voltage
for 4 hours. Thermocouple
readings of the test item shall
be recorded every 30 minutes.
At the end of the specified

operating period, continue to
operate the test item at the
specified conditions until an
operational and performance

check is made and the results
recorded.

Step 12—With the test item nonoperat.

ing, stabilize the chamber and
test item to those conditions
specified for step 12 in table
504-11. After test item tem-

perature has stabilized, oper-
ate the test item for 30
minutes at the highest speci-
fied input voltage four times.
Each of the four periods of
toleration shall be followed
by a 15-minute off period.
The test item shall be checked

for satisfactory operation
during each period of opera-
tion and results recorded.
Thermocouple readings of the
test item shall be recorded for
every 10minute9 of operation.

Step 13—With the test item nonoperak

METMOD 504

‘1

“1 . . . .

ing, stabilize the test time to
those conditions specified for

step 13 in table 504-11. Fol-
lowing stabilization, the test
item shall be operated for 10
minutes at the highest spwi-
fied input voltage four times.
Each of the four periods of
operation shall’be followed by
a 15-minute off period. The
test item shall be checked for
satisfactory operation and
thermocouple readings of the
teat item recorded at the be.
ginning and end of each
operating pericd

Step 14—With the test item operating,
adjust the chamber condi-

tions tO standard ambient
conditions. When tbe chamber
conditions have stabilized, an
operational and performance
check shall be made on the
test item and results com-
pared with the data obtained

in section 3, paragraph 3.2.1.

Note (e): In order to eipedite the stabilization of
test item temperatures, chamber temperatures other
than those listed in table 504–11 may be ~sed.

Note (f): The steps listed herein include cetiin
essential test points cm tbe operational requirement
curves of figures 504–1 through 504.4. These curves
define the required temperature-altitude operational
envelopes for the applicable classes of equipment. In
addition to the essential test points listed any com-
bination of conditions, in any sequence, within tbe
design limitation .mvelopes as defined by the class of
equipment or as rnodifmf by the equipment specifica-
tion, may be cbosm as additional operational test

(points.

Note (9): Following those steps where an increase
in temperature at low pressure is specified, tbe pres-
sure may be increased to ambient before rais.i”g the
temperature a“d then returned to the specified .lti-
tude following temperature stabilization.

Note (h): The following guidelines are provided
for consideration when determining location of
thermal sensors used tmmonitor the test items:

(1) Temperature at several points inside each
major unit. The number and location of the
ppints to represent m nearly as possible the
avera=e ambient temperature inside tbe
unit.

(2) Contact temperature on the mass i“ each ma-
jor unit.

(3) Contact temperature on tbe part (s) where
the highest surface temperature is ex-
pected.

(4) Contact temwrature cm the part(s) whose
temperature is likely to limit equipment
performance. /,

Downloaded from https://www.everyspec.com



:,, ,,

., .
MIL–STO-81 OB
15 June 1967

..:
g.,

4. Summary. The following details shall (b) Length of time requir~ fOr OPera-

be specified in the equipment specification: tion and measurements

(a) Pretest data reauired (section 3, (c) Input valtige limits.,
paragraph 3.2.i) (d) Equipment class

TABLE 504–1. TenlpeYattLrErange f.r van”oua equipment clau8e8

i Equipment‘mode I

No.‘q”ipm’~
1

lB

2

3

4

ta I 1 x I I I
.O w,.”

50,000 ft. x —62ta 85° C

x
Sealevel

—54ta 55° C

to .x 55to 71” c

30,000 ft. x —62tn 85° C

x — 40 to 55” c
Sea level

to x 55ta 71” c

15,000ft. x —54ta 85° C

x
Sea level

—54ta 71° C

to x 71to 95” c

70,000 ft. x —62tn 95-C

Sea level
to x — 54b 95° c

100,000ft. x
(95. c

95to 125”C

continuous x 125to 150”C

sea level
operation )

x — 62 to 125” C

Sea level
b x — 54 to 125”C

100,000ft. x
(125- C

125to 150- C

continuous x 150to 260”C

sea level
operation )

x — 62 to 150” C

TEq. ip,nent .Iassm ., wed in thk ,e, ),mthed s,. ~tablkhfd for i]!.,, ra,i.g Ih, equi,menf OIXr.ti”g nmk VS. the t.r”P-=~ r.-
.Uihide relationship and am ..1 intended to be .. Jw..s to c.wipm.ni c.tegork used ekwhem i. this standard.
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NOTES:

1. Curve A—Design and test requirements for cont!n.ous operation of electronic equipment designed t.
operate at 95° C at sea level.

2. Curve B—Design and test requirements for intermittent .Per.tion of electronic equipment designed t.
operate continuously at95. C at sea level.

3. Curve C—Design and test requirements for short time operation of electronic equipment designed to
operate continuously at 95. C at sea level.

.,. (\_,,,
~lGURE504–3. operational requirements for class s mmospace .I<ctwnic equipment. Tempemtum us. altitude.

504-9 METHOD 504
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NOTES:

1. Curve A—Designand test requirements for continuous operation of electronic equipment designed to
operate at 125- C at sea level.

2. Cmve B—Design and test requiremmts for intermittent operation of electronic equfPment d=ikmed ~
operate continuously at 125- C at sea level.

3. Curve C—Design a“d test requirements for short time operation of electronic equipment designed to
operate continuously at 125- C at sea level.

““,’“’i._.:.......

FIGURE504-4. Operatimm.1 requirements for class 4 aemspaze .Iectwnic equipment. Temperature vs. altitude.
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SUNSHINE

METHOD 505

1. Purpose. The sunshine test is conducted
to determine the effect of solar radiation
energy on equipment in the earth’s atmos-
phere. For the purpose of this test, only the
terrestrial portion of the solar spectrum is

considered. The limits and energy levels spe-
cified herein provide the simulated effects of
natural sunshine. The ultraviolet portion
simulates natural sunshine in a genera! way
and is considered to be representative of
irradiation in most geographical locations.

Sunshine causes heating of equipment and
photo-degradation, such as fading of fabric
colors, checking of painta, and deterioration

of natural rubber and plastics. The sunshine
tests are applicable to equipment which may
be exposed to solar radiation during service

or unsheltered storage at the earth’s surface
or in the lower atmosphere,

2. Apparatus. Solar radiation chamber.

2.1 Chamber. The test chamber volume

shall be a minimum of ten times that of the
volume of the envelope volume of the test

item. The chamber’s simulated solar radia-
tion source area shall be a’ minimum of 125
percent of the horizontal area projection of
the test item.

2.2 Solar radiation source. For the pur-
poses of this test, the following spectral dis-
tribution of solar radiation ia acceptable: 50

to 72 wa.tts/ft.2 of infrared (of wavelengths
above 7,800 angstrom units), 4 to 7 watts/
ft.z of ultraviolet (of wavelengths below
3,800 angstrom units), and the balance vis-
ible. The radiation source shall be located at
least 30 inches away from any outer surface

of the test item. (Lamp vendor’s spectral
distribution curves may be used in establish.

ing the spectral distribution within the above
specified limits. U.S. Bureau of Standards
traceability of this vendor data is waived. )

2.2.1 Lamps. Tests which are conducted
for degradation and deterioration of ma-

terials, as well as heat build-up within the
teat item, may use one of the following ac-
ceptable radiation sources: (1) Mercury
vapor lamps (internal reflector type only ),
(2) combination of incandescent spot lamps
(including infrared filters) together with

tubular type mercury vapOr lamPs with ex-
ternal reflector, (3) combination of incan-
descent spot lamps (including infrared
filters) together with mercury vapor lamps
with internal reflectors (with filters as re-

quired), (4) carbon arc lamps with suitable
reflectors, or (5) mercury-xenon arc lamps
with suitable reflectors (with filters as

required ).

2.2.2 Tests which are conducted only for
heat build-up within the test item may use
infrared lamps of the incandescent type nr
ether radiant heating source approved by the
procuring activity.

3. Procedures.

3.1 Procedure I. Accelerated steady state,
aular radiation test, nonoperating. The test
item shall be placed in the test chamber in
accordance with section 3, paragraph 3.2.2,
snd exposed. to radiant energy at the rate
of 100 to 120 watts per square foot or as
specified in the equipment specification. The

period of the test shall not be less than 48
hours, during which time the chamber tsm-
perature shad bc maintained at 45” +3” C
(113” F). At the conclusion of the exposure
period, an 3 with the chamber temperature
maintained as specified, the test item shall be
operated and the results ccmpared with the

data obtained in accordance with section 3,
paragraph 3.2.1. The test item shall then be
returned to room temperature and inspected
in accordance with section 3, paragraph 3.2.4.

505-1 METHOD 505
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,, 3.2 Procedure II. Simulated cycling tem-
perature and solar radiation test, operating.
The test item shall be placed in the test
chamher in accordance with section 3, para-
graph 3.3.2, and a performance pretest shall
be conducted as specified in section 3, para-
graph 3.2.1. The test item shall then be

exposed to five continuous 24-hour cycles of
controlled simulated solar radiation and dry

‘S
. ,,.... bulb temperature as indicated in figure 505–1

or as specified in the equipment specification.
Tolerances for control of radiation shall be
&10 watts/ft.z. Tolerances for air tempera-

ture control shall be 33° C. Standard ambient
conditions shall be maintained within the
test chamber at tbe beginning and end of
each test cycle except that the chamber rela-
tive humidity (uncontrolled) shall be a maxi-
mum of 40 percent (equivalent to 50 grains

moisture/lb. dry air) at standard ambient
temperature. Tbe air velocity in the chamber

shall be maintained witbin 3 to 6 knots (300
to 600 ft./rein.). At the conclusion of the
last exposure, the test item shall be removed

from the chamber and operated and the re-

su!ts compared with the data obtained in the

pretest in accordance with section 3, para.

graph 3.2.1. Tbe test item shall then be ie-

turned to room ambient and inspected in

accordance with section 3, paragraph 3.2.4.

Note: The test item may or may not be operated
during the test at the option of the equipment
specification.

4. Summary. The following details shall
be specified in the equipment spccitication:

(a) Pretest data required (section 3,
paragraph 3.2.1).

(b) Procedure number.

(c) Temperature and solar radiation
intensity, if other than given in
procedure I or procedure II.

(d) Indicate purpose of test (degrada-

tion and deterioration, or heat
build-up, or both).

(e) Indicate the operation and inspec-
tion required of the test item or (
to be performed (if any) on the ‘.
test item duririg the test cycles,
including the start and duration
of each indicated operation or in-

spection of the test item.

i MErHOD 505
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RAIN

METHOD 506

1. Purpose. The rain test is conducted to
determine the etfeetiveness of protective
covers or cases to shield equipment from
rain. This test is applicable to equipment
which may be exposed to rain under service
conditions. Where a requirement exista for
determining the effects of rain erosion on
radomes, nose cones, etc., a rocket sled test
facility or other such facility should be con-
sidered. Since any test procedure evolved
would be contingent on requirements pecu.
liar to the test item and the facility em.
ployed, a standardized test procedure for
rain erosion is not included in this test
method.

2. Apparatus. Rain chamber with wind
source.

2.1 Chamber. The rain chamber shall have
the capability of producing falling rain and
a facility for producing wind blowing at the
rates specified herein. Tbe chamber tempera-
ture shall be uncontrolled, except as regu-
lated by water introduced as rain, through-
out the test period. The rain shall be pro-
duced by a water distribution device of such
design that tbe water is emitted in the form
of droplets having a diameter range between
1 and 4 millimeters. The temperature of the,
water shall be betwesn 11° and 35° C (52°
and 95” F). The watsr distribution shall be

such that, with the wind source turned off,
the rain is dispersed over the test area within
the limits specified below. The wind source

shall be so positioned with respect to the
equipment that it will cause the rain to beat
directly and uniformly against one side of
the equipment. The wind source shall bs
capable of producing horizontal wind veloci-
ties up to 40 miles per hour. The wind veloc.
ity shall be measured at the position of the
test item, prior to placement of the item in

the chamber. No rust or corrosive contam-
inants shall be imposed on the test item by
the test facility.

( (The recommended method of measur-

ing raindrop size is the flour pellet method
as referenced in “The Relation of Raindrop
Size to Intensity” by Laws and Parsons,

Transactions of the American Geophysics

Union., Part II, PPS 452 to 459,-1943.) )

3. Procedures.

3.1 Procedure I. The test item shall be -
placed in the chamber in its normal operat-
ing position in accordance with section 3,
paragraph 3.2.2. The test item shall be ex-
posed to a simulated rain at a rate of 5 +1
inches per hour for 10 minutes. The rati of
rainfall shall then be raised to 12 &1 inches

per hour and held at this rats for 5 minutss.
The rate shall then be reduced to 5 *1 inches
per hour for tbe next 15 minutes. Starting
5 minutes after the initiation of the rain, the
wind source shall be turned on and adjustsd

to produce a horizontal wind velocity of 40
miles per hour (3,500 feet per minute). The .
wind source shall be turned off. Note: If
specified in the equipment specification, the
equipment shall be operated during the
last 10 minutes of the 30-minute rain.
Each of the sides of the test item that could

be exposed to blown rain shall be subjected
to the rain for a period of not less than 30
minutes, for a total test duration of not less
than 2 hours. At the conclusion of the test
period, the test item shall be removed from’
the test chamber, operated, and the results
compared with those obtained in accordance
with section 3, paragraph 3.2.1. The protec-
tive cover or case shall, where possible, then
be removed and the test item inspected for
compliance with section 3, paragraph 3.2.4,

506-1 METHOD 506
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with particular attention to “evidence of wa- (a) Pretest data required (section 3,

ter penetration, such as free water, swelling paragraph 3.2.1).

of material, or other deterioration. (h) Whether equipment is to oP-

erate during rain and length of

4. Summary. The following details shall time required for operation and

he specified in the equipment specification: measurements.

., ‘L-/
~
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METHOD 507

HUMIDITY

1. Purpose. The humidity testis applicable
to all equipment and is conducted to deter-
mine the resistance of equipment to the
effects of exposure to a warm, highly humid
atmosphere such as is encountered in trop-

ical areas. This is an accelerated environ-
mental test, accomplished by the continuous
exposure of the equipment to high relative
humidity at an elevated, temperature. These
conditions impose a vapor pressure on the
equipment under test which constitutes the
major force behind the moisture migration
and penetration. Corrosion is one of the
principal effects of humidity. Hydroscopic
materials are sensitive ta moisture and may
deteriorate rapidly under humid conditions.
Absorption of moisture by many materials
results in swelling, which destroys their
functional utility and causes loss of physical
strength and changes in other” important
mechanical properties. Insulating materials
which absorb moisture may suffer degrada-

tion of their electrical and thermal prop.
erties.

2. Apparatus. Humidity-temperature cham-
ber and associated equipment.

2.1 Chamber. The chamber and accessor-
ies shall be constructed and arranged in such
a manner as to avoid condensate dripping
on the test item, The chamber shall be trap.
vented to the atmosphere to prevent the

buildup of total pressure. Relative humidity
shall be determined from the dry bulb-wet
bulb thermometer comparison method or an
equivalent method approved by the procur-
ing activity. When readout charts are used,
they shall be capable of being read with a
resolution within 0.6° C (1° F). When tbe
wet bulb control method is used, the wet bulb

and tank shall be cleaned and a new. wick
installed at least every 30 days. Tbe air velo-
.city flowing across the wet bulb shall be not

less than 900 feet per minute. Provisions
shall be made for controlling the flow of air
throughout the internal tsst chamber area
where the velocity of air shall not exceed
150 feet per minute. Steam, or distilled, de-
mineralized, or deionized water having a PH
value between 6.0 and 7.2 at 23° C (73” F)

sha!l be used to obtain tbe specified humidity.
No rust or corrosive contaminants shall be

imposed on the test item by the test facility.

3. Procedures.

3.1 Procedure I.

Step. l—Place the test item in the test
chamber in accordance with
section 3, paragraph 3.2.2.

Prior to starting the test, the
internal chamber temperature
shall be at standard ambient
with uncontrolled humidity.

Step >Gradual”y raise internal cham-
ber temperature to 71° .C (160°
F) and the relative ljumidity
to 95 percent over a period of
2 hours.

Step 3—Maintain condition of step 2
for not leas than 6 hours.

Step 4—Maintain 85 percent, or great-
er, relative humidity and re-
duce internal chamber temper-
ature in 16 hours to 28” *IO”
C (82° F).

Step &Repeat steps 2, 3, and 4 for
10 cycles (not Iesa than 240
hours). Figure 507-1 is an out-

line of the humidity cycle for
this procedure.

Step 6—Ren~ove the test item from
chamber and a“low the test
item to return to 28” *1O” C
(82” F).

501-1 METHOD 507
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Step 7—Operate the test item and com-

pare results with the data ob-

tained in accordance with sec-
tion 3, paragraph 3.2.1. Prior

to measurements excess mOis-
ture may be removsd from the
exterior surfaces of the test
item by turning the test item
upside down or by wiping ex-
ternal surfaces only.

Step 8-Inspect tbe test item in accor-
dance with section 3, para-
graph 3.2.4 within 1 hour.

3.2 Procsdure II.

Step l—Place the test item in the teat

chamber in accordance with
section 3, paragraph 3.2.2.

Step 2--Dry the test item at 54° C

(129” F) for 24 hours.

Step 3—Condition the test item at 23°

C (73° F) and 50 &10 percent
relative humidity for 24 houra.

Step &Take initial measurements in

accordance with section 3, para-
graph 3.2.1.

Note: The test item may be readjusted or re-
aligned, as necessary, t-a meet specification requirem-
ents. No further realignment or readjustment shall
be permitted thro”=ho”t the Cest period, other than
with accessible controls employed for operaticm of
the test item. No repair or replacement of parts
shall be permitted. Equipment shall only be operated
when specified test measurements arc being per-
formed.

Step 5-Raise the internal chamber

temperature to 30” C (86° F).

Step 6-Subject the test item to 5 con-
tinuous 48-hour cycles in ac-
cordance with figure 507-2.
Take measurements in accor-
dance with section 3, para-
graph 3.2.3 at the periods speci-
fied in the equipment specifica-
tion. Prior to measurements,
accumulated moisture may be
removed by turning the teat

item upside down or shaking.

Wiping ia not permitted. (Cer-
tain operating procedures re-
quire an effective precondition-
ing of the teat item environ-
ment prior to operation. When
this occurs, the period of meas-
urement shill be kept as short
as possible. )

Step 7—After completion of step 6 cycl-
ing, condition the test item for
24 hours at 23” C (73” F) and
50 &10 percent relative humi-
dity.

Step 8-Operate the test item, adjusting
for optimum performance only

as permitted in step 4 note, and
compare with data obtained in
step 4.”

Step 9—Inspect the test item in accor-
dance with section 3, paragraph

3.2.4 within an hour.

3.3 “Procsdure HI. For sealsd equipment
(other than hermetic seaIed).

Step 1

Step 2

Step 3

step 4

Note : The

—Place the test item in the test
chamber ‘in accordance with
section 3, paragraph 3.2.2.

—Dry the test item at 54° C
(129° F) for 24 hours.

—Condition the test item at 23”
C (73” F) and 50 +10 per-
cent reiative humidity for 24

hours.

—Take initial measurements in
accordance with section 3,
paragraph 3.2.1.

test item may be. realimed or read-
justed as necessary tn meet specification require-
ments. No further realignment or readjustment shall
be pemittid throughout the test period other than
with accessible controls employed for operation of
the test item. No repair or replacement of parts shaD
be permitted. Equipment shall not be operated except
when specified test measurements are being per-
formed.

METHOD 507 507-2
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Step 5

Step 6

Step 7

Step 8

,.,

i.:,_,.:

—Raise the internal chamber
temperature to 30° C (86° F).

-Subject the test item to 5 con-

tinuous 48-hour cycles in ac-
cordance with figure 507-2.

,Take measurements in accor-
dance with section 3, para-
graph 3.2.3 at the periods
spscified in the equipment
specification. Prior to meas-

urements, accumulated mois.
ture may be removed by turn-
ing the test item upside down

or shaking. Wiping is not per-
mitted. (Certain operating
procedures require an effec-
tive preconditioning of the
test item environment prior to
operation. When this occurs,

the period of measurement
shall be kept as short as pos-
sible. )

—After completion of the step
6 cycling, open the test itcm
and ~emove the chassis from
its enclosure, in the test cham-

ber.

—Maintiin the internal test
chamber temperature at 30°
C (86” F) with the relative
humidity at 94 *4 percent
for 480 hours. During the last
5 hours of exposure, take
measurements as specified in

the equipment specification.
Additional measurements may
be made at the end of each 24-
hour period, if so specified
in the equipment specification.

Prior to measurement, accu.
mulated moisture may be re-
movsd by turning the tc~t
item upside down or shaking.
Wiping is not permitted. If
removal of the test chassis
from ita enclosure will, of its-
elf, adversely affect the
eration of the test item,

0P-
the

Step 9

MIL-STD-81 OB
15 June 1967

test item may be replaced in
ita enclosure for measure-
ments

—After completion of the 480-
hour test, condition the test
item at 23” C (7’3” F) and 50

+10 percent relative humidity
for 24 hours.

Sbm 10—Adjust the test item to opti-
mum performance only as
permitted in the step 4 note.

Step n-Operate the test item, and
compare results with the data
obtained in step 4.

Step 12—Inspect the test item in ac-
cordance with section 3, para-
graph 3.2.4 within 1 hour.

3.4 Procedure IV.

Step l—Place the test item in the tsst

chamber in accordance with
section 3, paragraph 3.2.2.

Step ZDry the test item at a tempera-
ture of not less than 40” C
(104° F) nor more than 50”
C (122° F) for not less than 2
hours.

Step &Condition the test item at 25°
*5” C (77” F) and 50 percent
relative humidity for 24 hours.

Step &Take initial measurements as
specified in the equipment spec-
ification in accordance with
section 3, paragraph 3.2.1.

Note: The test item may be readjusted or ‘realigned
as necessaw to conform t.a the equipment specifica-
tion requirements. No further realignment or read-
justment shall be permitted throughout the test
period other than with acc-sible controls, extirnal
to the test item, employed for operation of the test
item. If repairs, replacement of Parts, or adjustments
other than by the accessible ext==rnal controls are
made at any time prior to completion of tbe measure-
ments required at the end of the fifth cycle, all 6 of
tbe 24 hour cycles shall be repeated. Repairs include
any change to the test item that is not made by use of
the accessible c.mtrols external to the test item. The
tast item shall only be operatad when specified t+t
measurements are being performed.

5074 METHOD 507
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Step 5-Subject the test item to five 24-
hour cycles in accordance with
figure 507-3. A 24-hour cycle
consists of 16 hours at 60” *5”

C ( 140° F) and approximately
8 hours at 30° &5° C (86” F)
(includes transition times). A
relative humidity shall be main-
tained at 95 percent, or greater,
at both temperatures. Each
transition time between 30°

&5° C (86° F) and 60° &5” C
(140” F) shall be not greater

-.:, than 1-1/2 hours. The relative
humidity during each transi-

tion need not be controlled. Ap-
proximately 2 hours after stab-
ilization during the high temp-
erature and low temperature
portions of the first or second
cycle, a sampling of the atmos-
phere in the chamber shall be
m“ade to determine that the

conditions of temperature and
relative humidity are uniform

throughout the chamber.

Measurements as specified in the equipment
specification shall be made during the second
cycle at 60° *5” C (140” F) immediately

..:,:: prior to decreasing to 30” &5° C (86° F).

The test item shall only be energized a suf-
ficient time to allow the required warm-up

.,;
and measurements specified in the equipment

,.
specification.

Step 6-After completion of the fifth
cycle with the test item in the
chamher and the chamber at

30° *5” C (86° F) and a rela.
tive humidity of not less than
95 percent, take measurement
specified in the equipment spec-
ification (no repair, realign-
ment, readjustment or replace-
ment of parts shall be made,

except as specified herein).

Step 7—Condition the test item at 25°
&5° C (77° F) and 50 *5 per-

cent relative humidity for. not
less than 12 hours nor more

than 24 hours.

Step 8-While at 25” +5° C (77” F)
and 50 percent relative humi-
dity, take measurements as
specified in the equipment

specification.

Step 9—Inspect test item to detect evi-
dence of physical degradation

(such as corrosion of metal
parts, distortion of plastic

parts, and insufficient lubrica-
tion of moving parts. )

3.5 Procedure V.

Step l—Place the test item in the test
chamber in accordance with

section 3, paragraph 3.2.2.

Step 2-Gradually raise the internal ~
chamber temperature to 40.5”
C (105” F) and 95 percent rel-
ative humidity in 2 hours.

Step 3—Take initial measurements in
accordance with section 3,
paragr~ph 3.2.1.

Note: The test item may be readjusted or realigned
as necessary to meet specification requirements. No
further readjustment or realignment shall be per-
mitted throughout the test period other than with
accessible controls employed for operation of the test
item. No repair or replacement of parts shall be per-
mittid. Equipment shall only he operated whm speci-
fied test measurements m’e. being performed.

Step 4—Maintain the internal chamber
temperature at 40.5° C (105”
F) and the relative humidity
at 90 percent for 16 hours.

Step 5—Gradualiy decrease the inter-
nal chamber temperature to
21” C (70° F) and increase the
relative humidity
cent in 2 hours.

METHOD 507 507-4
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Step 6—Maintain the internal chamber
temperature at 21” C (70° F)
and the relative humidity at
95 percent for 4 ,hours.

Step 7—Repeat steps “4 through 6 for
20 cycles (480 hours). Take

measurement as specified in
the equipment specification.
Prior to measurements, accu-
mulated moisture may be re-

moved by turning the test item
‘upside down or shaking. Wip-
ing is not permitted.

Step 8—After completion of step 7 CYCI.
ing, operate the test item ad-

justing for optimum perform-
ance only as permitted in step

3 note, and compare results
with data obtained in step 3.

Step 9—Inspect the test item in accord-
ance with section 3, paragraph
3.2.4 within an hour.

4. Summary. The following details shall
be specified in the equipment specification:

MIL-STD-8108
15 June 1967

(a) Procedure number

(b) Pretest data required (section 3,

(c)

(d)

(e)

(f)

paragraph 3.2.1 )

Periods at which measurements are
to be taken.

Method for determining purity of

water if a more precise methOd is
desired. (An alternate to pH crit-
eria is to perform a conductivity
measurement. The maximum ac-
ceptable value would be that resist-
ance which is equivalent to 3.5 parta
per million total ionized solids).

If test item must be expossd to ex-
treme temperature prior to t-t
(procedure I)

Number of cycles if other than 20
(procedure V, step 7)

5074 METHOD 507
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RELATIVE HUMIDITY

- 95$

- — CYCLE 1 ~

I
TIME (HR)

1. METHOD 507

/ ““
~’ CYCLE 2 — ~ CYCLE 3 —

028 24 48 ’72

CONTINUE FOR 10 CYCIRS (240 HR)

Fmxw 607–1.Humidi@! cgcle for Procedure I.
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NOTES:

1.

2.

3.

4.

5.

Tolerance during temperature change shall not & greater than ? 3“ C (5” F).

Relative humidity shall he maintained at 94 & 4 percent at all times.

Rate of temperature change hctwem 30. and 65” C shall not & less than 8“ C per hour.

The measured increase i“ temperature from 20” C tn 30” C shall not he less than 10” C.

Test measurements shall he taken only at the period sp.mified i“ the applicable equipment or system
specification.

FIGURE 507-2. Humtiity .IIcle - Pro.edwes 11 and III.
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METHOD 508

FUNGUS

1. Purpose. The fungus test is used to de-
termine the resistance of equipment to fungi
and to determine if such equipment is ad-
versely affected by fungi under conditions

favorable for their development, namely high
humidity, warm atmosphere, and presence of
inorganic salts

Typical materials which will support and
are damaged by fungi are:

Cotton

Ww?d

Linen

Cellulose nitrate

Regenerated cellulose

Leather

Paper and cardhard

Cork

Hair and felt-s

Natural rubber

Plastic materials contai”irm linen, cottzm or
wwd flour as a filler

Vinyl films containing fungus susceptible
plasticizers

Formulations of elastomers containing fun.
cm susceptible catalysts, plasticizers or
fillers

2. Apparatus. The aparatus required to
conduct this teat consists of chambers or
cabinets together with auxilia~ instrumen-
tation capable of maintaining the specified
condition of temperature and humidity. Pro-
visions shall be made to prevent condensation
from dripping on the test item. There shall
be free circulation of air around the test
item and the surface area of fixtures sup-

porting the test item shall be kept to a
minimum.

3. Procedures.

3.1 Procedure I.

3.1.1 Preparation of mineral-sails solution.
The solution shall contain the following:

Potassiwn dihydrogen
orthophosphate [KILF’O.) ................0.7 g

Potassium monohydr.gen
orthophosphste (K, HPO, ) .............. 0.’7 g

M&gnesium sulfate
(MgSO, . 7H,0) ................ .. . . ... ... 0.7 g

Ammonium nitrati (NH.NOJ . . 1.0 g

Scdium chloride (NaCl) .. .. . . ......... .. 0.005 g

Ferrous sulfate (FeSO. “ 7H@) 0.002 g

Zinc sulfate (ZnSO. “ ‘AH@) ............. 0.002 g

Manga.nons sulfati
(M” SO, - ‘7H,0) ................................ 0.001 g

Distilled water ........................................ 1000 ml

Sterilize the mineral salts solution by auto-
claving at 121” C (250° F) for 20 minutes.
Adjust the pH of the solution by the addition -
of 0.01 normal solution of NaOH so that
after sterilization the pH is betwen 6.0 and
6.5. Prepare sufficient salts solution for the
required tests.

3.1.1.1 Pun”ty of reagents. Reagent grade
chemicals shall be used in all tests. Unless
otherwise specified, it is intended that all
reagents shall conform to the specifications
of the Committee on Analytical Reagents of
the American Chemical Society, where such

specifications are available.

3.1.1.2 Pur;ty of water. Unless otherwist
specified, references to water shall be under-
stood to mean distilled water or water of
equal purity.

3.1.2 Preparation of mixed spore suspens-
ion. The following test fungi shall be used:

k<;,.,
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Fund

A spergiUta nioer

A spwgilltu flavtw

A spe,gitk w.rsicotor

Peni.illiwn funictilomtm

Chaetmnium globoaum

A7CC
No. ,

9642

9643

11730

9644

6205

NI.ABS
No.x

386

380

432

391

459

, American TYTC Culture Cblledkm, 12301 P.rkl.wn Drive,
Rmknll., Maryland 20852
, Pim,-fig R~carch Division, U,S. Amy N.tick I,nbnratwics,
Natick. Msssacl,usetk 01760

Maintain cultures of these fungi separately

on an appropriate medium such as potato
dextrose agar. However, the culture of
Ckmtomiwn globosum shall be cultured on
strips of filter paper on the surface of min-
eral — salts agar. (Mineral salta agar is
identical tu mineral salts solution described
in 3.1.1, but contains in addition 15.0 g of
agar per liter. ) The stock cultures may be

kept for not more than 4 months at 6 -+4° C
(43” F). Use subcultures incubated at 29° C
(84” F) for 7 ta 20 days in preparing the
spore suspension.

Prepare a spore suspension of each of the
five fungi by pouring into one subculture of
each fungus a sterile IO-ml portion of water
or of a sterile solution containing 0.05 g per
liter of a nontoxic wetting agent such as
sodium dioctyl sulfosuccinate. Use a sterile
platinum or. nichrome inoculating wire to
scrape gently the surface growth from the
culture of the test organism. Pour the spore
charge into a sterile 125-ml glass-stoppered
Erlenmeyer flask containing 45 ml. of sterile
water and 10 to 15 solid glass beads, 5 mm.
in diameter. Shake the flask vigorously to
liberate the spores from the fruiting bodies
and to break the spore clumps.

Filter the shaken suspension through a
thin layer of sterile glass WOO] in a glass
funnel into a sterile flask in order to remove
myceIial fragments.

Centrifuge the tiitered spore suspension
aseptically, and discard tbe supernatant

METHOD 508 50%2
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liquid. Resuspend the residue in 50 ml. of
sterile water and centrifuge.

Wash the spores obtained from each of
the fungi in this manner three times. Dilute

the final washed residue with sterile mineral-
salta solution in such a manner that the re-
sultant spore suspension shall contain
1,000,000 &200,000 spores per ml. as de-
termined with a counting chamber. (

Repeat this operation for each organism
used in the test and blend equal volumes of
the resultant spore suspension to obtain the
fiiral mixed spore suspension.

The spore suspension may be prepared
fresh each day or may be held at 6“ &4° C
(43° F) for not more than 4 days.

3.1.3 Viabikty of irwculum control. With
each daily group of tests place each of three
pieces of sterilized filter paper, 1 in. square,
on hardened mineral-salts agar in separate ,‘””
Petri dishes. Inoculate these with tbe spore :
suspension by spraying the suspension from
a sterilized atomizerl so that the entire sur-
face is moistened with the spure suspension.
Incubate these at 29” C (84” F) at a relative
humidity not less than 85 percent and ex-
amine them after 14 days’ incubation. There
shall be copious growth on all three of the
filter paper control specimeim,. Absence of
such growth requires repetition of the test.

, D.Vilbu, N.. 154 .tmnizer ., ewivalmt has bcm found
,a,.,r.ctory for this p“lpose.

3.I.4 COntroZ itern.s. In addition to the

viability of inocuhlm control, a number of
known susceptible substrates shall be inocu-
lated along with, the test item to insure that

proper conditions are present in the incuba-
tion chamber to promote fungus growth. Thc
control items shall include three pieces each
of preservative free vegetable tanned leather
and protein-glue bonded cork.

3.1.5 Inocufntion of test and control items.
(a) Mount the test and control items on

‘~,..

. . . .

.
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suitable fixtures or suspended
from hangers.

(b) Precondition the chamber and its
contents at 29° C ( 84° F) and
95 percent R.H. for at leaat 4

hours.

(c) Inoculate the test and control items
with tbe mixed fungus spore sus-

pension (3.1.2) by spraying it on
the test and control items in the
form of a fine mist from a previ-
ously sterilized atomizer or nebu-
lizer until they are thoroughly
wet with the spray. Incubation is
to be started immediately follow-
ing the inoculation.

3.1.6 Incabatiom

(a)

(b)

Maintain the test chamber at 29” C
(84° F) and 95 percent R.H.
(minimum) during the life of the
test. Keep the test chamber closed
during the incubation period ex-
cept during inspection or for ad-
dition of other teat items.

After 14 days, inspect the control
items. They should show an abun-
dant growth of fungus. If the

MIL–STD-81 OB
15 June 1967

control items do not show an

abundant growth, the entire test
shall be repeated.

(c) If the control items show satisfac-
tory fungus growth, continue tbe
test for a period of 28 days from
the time of inoculation or as
specified in the equipment speci-
fication.

&Criteria for passing test. At the end
of the incubation period, the test item shall
be removed from the test chamber and in-
spected in accordance with section 3, para-
graph 3.2.4. If so specified in the squipment
Specification, the test item shall be operated
and the results compared with thoss obtained
in accordance with section 3, paragraph 3.2.1.

4. Summary. The foilowing details shall be
designated in the equipment specification:

(a) Pretest data required (section 3,
paragraph 3.2.1).

(b) Test period if other than 28 days

(see 3.1.6 (c) ).

(c) Whether test item shall be oper-

ated (see 3.1.7).

Sos-a METHOD 50S
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METHOD 509

SALT FOG

j

!

I

1. Purpose. The salt fog test is conducted
to determine the resistance of equipment to
the effects of a salt atmosphere. Damage to
be expected from exposure to salt fog is
primarily corrosion of metals, although in

some instances salt deposits may result in
clogging or binding of moving parts. In order
to accelerate this test and thereby reduce
testing time, the specified concentration of
moisture and salt is greater than is found in
service. Tbe test is applicable to any equip-
ment exposed to salt fog conditions in ser-
vice.

1.1 Application. This test should be ap
plied only after full recognition of its de-
ficiencies and limitations which are as fol-
lows :

1.1.1 Deficiencies.

(a) The successful withstanding of this
test does not guarantee that the test
item will prove satisfactory under
all corrosive conditions.

(b) The salt fog used in this test does
not truly duplicate the effects of a
marine atmosphere.

(c) It is highly doubtful that a direct
relationship exists between salt-fog -

locations can be gained by this test
provided the correlation of field
service test data with laboratory
tests shows that such a relationship
does exist, as in the case of alum-

inum alloys. Such correlation tests
are also necessary to show the de-
gree of acceleration, if any, pro-
duced by the laboratory test. )

1.1.2 Limitations,

(a) The salt fog test is acceptable for
evaluating the uniformity (i.e.,
thickness and degree of porosity)

of protective coatings, metallic and
nonmetallic, of different lots of the

.%me product, once some standard
level of performance has been es-
tablished. (When used to check the
porosity of metallic coatings, the
test is more dependable when ap-
plied to coatings which are cathodic
rather than’ anodic toward the basic
metal. )

(b) This test can also be used to detect
t-he presence of free iron contamin-
ating the surface of another metal
by inspection of the corrosion pro-
ducts.

corrosion and corrosion due to other 2. Apparatus. The apparatus used in the
media. salt fog test shall inc:ude the following:

(d) This test is generally unreliable (a)
for comparing the corrosion resist-
ance of different materials or coat-
ing conditions, or for predicting (b)
their comparative service life.
(Some idea of the service life of
different samples of the same, or
closely related metals, or of protec- (C)
tive coating-base meta] combina-
tions exposed to marine or seacoast

L,.. 509-1

Exposure chamber with racks. for
supporting test items.

Salt solution reservoir with means
for maintaining an adequate level
of solution.

Means for atomizing salt solution,
including suitable nozzles and com-
pressed air supply.

M~HOD 509
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(d) Chamber
trol.

,,

.

heating means and con-

(e) Means for humidifying the air at a
temperature above the chamber
temperature.

2.1 Chamber. The chamber and all acces-

sories shall be made of material that will
not affect the corrosiveness of the fog, e.g.,
glass, hard rubber, plastic, or kiln dried

wood other than plywood. In addition, all

park which come in contact with tat items
shall be of materials that will not cause
electrolytic corrosion. The chamber and ac-

cessories shall be constructed and arranged
so that there is no direct impingement of
the fog or dripping of tbe condensate on the
test items, that the fog circulates freely
about all test items to the same degree, and
that no liquid which has come in contact with
the test items returns to the salt-solution
reservoir. The chamber shall be properly
vented to prevent pressure build-up and allow
uniform distribution of salt fog. The dis-
charge end of the vent shall be protected
from strong drafts which can create strong
air currents in the test chamber.

2.2 Atomizers. The atomizers used shall
be of such design and construction as to
produce a finely divided, wet, dense fog.
Atomizing nozz!es shall he made of material

that is nonreactive to tbe salt solution.

2.3 Air Supply. The compressed air enter-
ing the atomizers shall be essentially free
from all impurities, such as oil and dirt.
Means shall be provided tn humidify and
warm the compressed air as required to meet
the operating conditions. The air pressure
shall be suitable to produce a finely dividsd
dense fog with the atomizer or atomizers
used. To insure against clogging the atom.
izers by salt deposition, the air should have
a relative humidity of at least 85 percent at
the point of re!ease from the nozzle. A satis-
factory method is to pass the air in very fine
bubbles through a tower containing heated

water which should be automatically main-

tained at a constant level. The temperature
of the water should be at least 35° C (95° F).
The permissible water temperature increases
with increasing volume of air and with de-

creasing heat insulation of the chamber and
the chamber’s surroundings. However, the
temperature should not exceed a value above
which an excess of moisture is introduced
into the chamber (for examPle 43° C (1090
F) at an air pressure of 12 psi) or a value
which makes it impossible tO m~t the ~-

quirements for operating temperature.

2.4 Preparation of saft solution. The salt
used shall be sodium chloride containing on
the dry basis not m6re than 0.1 percent sod-
ium iodide and not more than 0.2 percent of
total impurities. Unless otherwise specified,
a 5 &I percent solution shall be prepared by

dissolving 5 parts by weight of salt in 95
parts by weight of distilled water. The sohl-
tion shall ba adjusted to and maintained at
a specific gravity between the limitx shown .----
on figure 509-1 by utilizing the measured {
temperature and density of the salt solution. ‘ -

2.4.1 Adjustment of PH. The PH of the
salt so;ution shall be so maintained that the
solution atomized at 35°. C (95” F) and col-
lected by the method specified in 3.1.3 will

be in the pH range of 6.5 to 7.2. Only dilute
C.P. hydrochloric acid or C.P. sodium hy-
droxide shall be used to adjust the PH. The

PH measurement shall be made electronre-
trically, using a gliss electrode with a sat.-
urated potassium chloride bridge, or by a
calorimetric method, such as bromothymol
blue, providsd the results are equivalent to
those obtained with tbe electrometric method.
The pH shall be measured when preparing
each new batxh of solution and as specified
in 3.1.4.

.2.5 FiIler. A filter fabricated of noncorro-
sive materia!s similar to that shown in figure
509-2 sha,l be provided in the supply line
and immersed in the salt solution reservoir
in a manner such ax that illustrated in figure
509-3.

METHOD 509 50s-2 \
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3.3 Procedures.

3. I Procedure.

3.1.1 Y’ermper-@we. The test shall be con-
ducted with a temperature in the exposure
zone maintained at 35” C (95” F). Sati+
factory methods for controlling the tempera-
tureaccurately are by housing the apparatus
in a properly controlled constant tempera-
ture room, by thoroughly insulating the ap-
paratus and preheating the air to the proper

temperature prior to atomization, or by
jacketing the apparatus and controlling the
temperature of the water or of the air used
in tbe jacket. The use of immersion heaters
within the chamber for the purpose of main-
taining the temperature within the exposure
zone is prohibited.

3.1.2 Ato?nization. Suitable atomization
has been obtained in chambera having a
volume of less than 12 cubic feet with the
following conditions:

(a) Nozzle pressure shall be as low as

(b)

(c)

practicable to produce fog at the

required rate.

Orifices between 0.02 and 0.03 inch
in diameter.

Atomization of approximately 3
quarts of salt solution per 10 cubic
feet of chamber volume per 24
hours.

When using large size chambers having a
volume considerably in excess of 12 cubic
feet, the conditions specified may require
modification to meet the requirements for
operating conditions.

3.1.3 Placement of salt fog collection re-

ceptacles. The salt fog conditions maintained
in all parts of the exposure zone shall bc
such that a clean fog collecting receptacle
placed at any point in the exposure zone will
collect from 0.5 to 3 milliliters of solution

MIL–STD-8 10B
1S June 1967

per hour for each 80 square centimeters of
horizontal collwting area (10 centimeters
diameter) based on an average test of at

least 16 hours. A minimum of two recept-
acles shall be used, one placed nearest to any
nozzle and one farthest from al) nozzles. Re-
ceptacles shall be placed so that they are not
shieded by test items and so no drops of
so!ution from test items or other sources
will be collected.

3.1.4 Mca.nmement of salt solutiOn. The
solution, collected in the manner specified in

3.1.3 shall have the sodium chloride content
and p,H specified in 2.4 when measured at a

temperature of 35° C (95° F). The salt solu-
tion from all collection receptacles used can
be combined to provide that quantity re-
quired for the measurements specified.

3.1.4.1 Measurement of sodium chbwzife
content. The solution, maintained at the spe-
cified temperature, can be measured in a
graduate of approximately 2.5 centimeters
inside diameter. A small laboratory type
hydrometer will be required for measure-
ment within this volume.

3.1.4.2 Measurement of PH. The PH ehall
be measured as specified in 2.4.

3.1.4.3 Tim of mea.rurenwnts. The meas-

urement of both sodium chloride and pH
ehall be made at the following specified
times:

(a) For salt fog chambers in contin-
uous use, the measurements shall be
made following each test.

(b) For salt fog chambers that are used
infrequently, a 24-hour test run
shall be accomplished followed by
the measurements. The test item
shall not be exposed to this test run.

3.1.5 Preparation of test item. The test
U,em shzll bs given a minimum of handling,
particularly on the significant surfaces, and
shall be prepared for test immediately lx.

509-.9 METHOD 509
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fore exposure. Unless otherwise specified, rm-
coated metallic or metallic coated devices
shall be thoroughly cleaned of oil, dirt, and
grease as necessary until the surface is free
from water break. The cleaning methods
shall not include the use of corrosive solvents
nor solvents which deposit either corrosive
or protective films, nor the use of abrasives
other than a paste of pure magnesium oxide.

,.,.. Test items having an organic coating shall
not he solvent cleaned. Those portions of test
items which come in contact with the support
and, unless otherwise specified in the case of
ccated devices or samples, cut edges and
surfaces not required to be coated, shall be
protected with a suitable coating of wax or

similar substance impervious to moisture.

3.1.6 Performance of test. The test item
shall be placed in the test chamber in ac-
cordance with section 3, paragraph 3.2.2, and
exposed to the salt fog for a period of 48
hours or as specified in the equipment speci-
fication. At the end of the exposure period,
the test item shall be operated and the re-
sults compared with the data obtained in ac-
cordance with section 3, paragraph 3.2.1.
The test item shall be inspected for corro-
sion in accordance with section 3, paragraph
3.2.4. If necessary to aid in examination, a
gentle wash in running water not warmer: ,~, ‘::::
than 38° C (100° F) may be used. The test
item shall then be stored in an ambient at.

mosphere for 48 hours or as spwified in the

equipment specification for drying. At the
end of the drying period, tbe test item shall
be again operated and the results compared
with the data obtained in accordance with

section 3, paragraph 3.2.1. The test item
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4. Summary. The following details shall be
designated in the equipment specification:

(a)

(b)

(c)

(d)

(e)

(f)

Pretest data required (section 3,
paragraph 3.2.1).

Applicable salt solution,
than 5 percent is desired.

Special mounting details,
cable (see 3.1.5).

if other

if appli-

Sa]t fog exposure period if other
than 48 hours (see 3.1.6).

Drying period if other than 48
hours (see 3.1.6).

Inspection and operation after 24 ‘
hours of salt fog exposure where
buildup of salt deposits are critical
to the proper operation of the teat
item.

METHOD 509 509-4

Downloaded from https://www.everyspec.com



.,,
,..

,.,~

MIL–STO-81 OB
15 June 1967

; (:. .’.::
.....

“’“’“.”-1“
,.

TEMPERATURE (~)

TEMPEIULTURl (“C)

.;

FIGURE609-1. Variatiom of specific gmvit.v of ml! (N.zC1) .wlution with fempcratme

50%s METHOD 509

Downloaded from https://www.everyspec.com



MIL-STO-81 Oe
15 June 1967

TO NOZZLES r GLM3S CIOTH
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FIGURE509–2. Salt mluti.n filter
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DUST

1. Purpose. The dust test is used during
the development, test, and evaluation of
squipment to ascertain their ability to resist

the effects of a dry dust (tine sand) laden
atmosphere. This test simulates the effect of
sharp edged dust (fine sand) particles, up to
150 microns in size, which may penetrate
into cracks, crevices, bearings, and joints,

and cause a variety of damage such as foul-
ing moving parta, making relays inoperative,
forming electrically conductive bridges with
resulting “shorts” and acting as a nucleus
for the collection of water vapor, and hence
a source of possible corrosion and malfunc-
tion of equipment. ‘I%is test is applicable to
all mechanical, electrical, electronic, electro-
chemical, and electromechanical devices for
which exposure to the effects of a dry dust
(fine sand) laden atmosphere is anticipated.

2. Appar~tus. The test facility shall con-

sist Of a chamber and accessories ta control
dust concentration, velocity, temperature,

and humidity of dust laden air. In order to
provide dequate circulation of the dust laden

1
air, no more than 50 percent of the cross-

sectio al area (normal to air flow) and 30
percen~~f the volume of the chamber shall

be occupl,ed by the test item (s). The chamber
shall be provided with a suitable means of
maintaining and verifying the dust concen-
tration in circulation. A minimum acceptable
means for doing this is by use of a properly
calibrated smoke meter and standard light
source. The dust laden air shall be introduced
into the test space in such a manner “as to
allow it to become approximately laminar
in flow ixfors it strikes the test item.

2.1 Dust requirements. The dust used in

this test shall be a fine sand (97-99$7. by
weight SiOz) of angular structure, and shall
have the following size distribution as de-

termined by weight, using the U.S. Standard
Sieve Series.

(a)

(b)

100 percent of this dust shall pass
through a 100-mesh scrccn.

98 & z percent of the dust shall

pass through a 140-mesh screen.

(c) 90 & 2 percent of the dust shall
pass through a 200-mesh screen.

(d) 75 & 2 percent of the dust shall
pass through a 325-mesh screen.

“140-mesh silica flour” as produced by the
‘Fenton Foundry Supply Company, Dayton,
Ohio, and Ottawa Silica Company, Ottawa,
Illinois, or equal, is satisfactory for use in
the performance of these tests.

3. Procedures.

3.1 Procedure I. Place the test item in the
chamber, positioned as near the center of the
chambsr as practicable, in accordance with
section 3, paragraph 3.2.2. If more than one
item is being tested, there shall be a minimum
clearance of 4 inches between surfaces of
test items or any other material or object
capable of furnishing protection. Also, no
surface of the tsat item shall be closer than
4 inches from any wall of the test chamber.
Orient the item so as to expose the most
critical or vulnerable parts to the dust stream.
The test item orientation may be changed
during the teat if so required by the ~q”ip.
ment specification.

Step l-Set the chamber controis to
maintain an internal chamber
temperature of 23° C (73” F)
and a relstive humidity of less
than 22 percent. Adjust the air

~,,
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velocity to 1,750 +250 feet per

minute. Adjust the dust feeder
to control the dust concentra-
tion at 0.3 &O.2 gins. per cubic
foot. With test item nonoperat-
ing, maintain these conditions
for 6 hours.

Step 2—Stop the dust feed and reduce
the air velocity to 300 AZOO
feet per minute. Raise the in-
ternal chamber air temperature
to 63° C (145° F) and adjust
humidity control to maintain a
relative humidity of less than
10 percent. Hold these condi-
tions overnight (approximately
16 hours).

Step 3—While holding chamber temper-
ature at 63° C (145° F) adjust
the air velocity to 1,750 &250
fpm. Adjust the dust feeder to
control the dust concentration
at 0.3 &O.2 gins. per cubic foot.
With the test item nonoperat-
ing, maintain these conditions
for 6 ~ours.

Step 4—Tur~ off all chamber controls
and allow the test item to re-
tu’m to standard ambient con-
ditions. Remove acctimu]at.ed
dust from the test item by
brushing, wiping, or shaking,
care being taken to avoid in-
troduction of additional dust
into the test item. Under no
circumstances, shall dust be re-
moved by either air blast or
vacuum cleaning.

METHOD 510
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Step 5—Operate the test item and com-
pare the results with data ob-
tained in accordance with sec-
tion 3, paragraph 3.2.1.

Step 6-Inspect the test item as speci-
fied in section 3, paragraph

3.2.4. In the performance of
this inspection, test items con-
taining bearings, grease seals,
lubricants, etc., shall be cale-
fully examined for the presence
of dust deposits.

Not.: The test specimen may be operating during
either or both of the 6.hour test periods (step 1 or 3)
if so required by the equipment specification.

4. Summary. The following details shall be

specified in the equipment specification:

(a) Pretest data required (section 3,
paragraph 3.2.1).

(b) Change in orientation during test,
if required.

(c) Whether equipment is to operate
during test and length of time
required for operation and meas-
urement.

(d) Whether the second 6-hour t?at at
63° C (145” F) shall be per-
formed immediately after reach-
ing stabilization in step 2.

,,

,’
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EXPLOSIVE ATMOSPHERE

1. Purpose. Theexplosive atmosphere tist
is conducted to determine the ability of
equipment to operate in the presence of an
explosive atmosphere without creating an
explosion or to contain an explosion cwcur-

ring inside the equipment. Since equipments
operate in ever changing potentially explos-

ive atmospheres, the equipments, when being
laboratory tested, must operate in the pres-
ence of the optimum fuel-air mixture which
requires the least amount of energy for
ignition. The equipment igniting energy may
be produced electrically, thermally, or chem-

ically.

1.1 Procedure I. This procedure is intend-
ed for determining the explosion producing
characteristics of equipment not hermetical-
ly sealed and not contained in cases designed
to prevent flame and explosion propagation.
Ground equipment used in or near vehicles
shall also be tested in accordance with this
procedure, except that the specified altitude
survey need be conducted only to 10,000 feet.

1.2 Pracedure II. This procedure is intend-
ed for determining the explosion and flame
arresting characteristics of equipment cases
designed for that purpose.

1.3 Procedure 111. This procedure is in-
tended for determining the explosion and
flame arresting characteristics of equipment
caaes for shipboard application.

Z. Apparatus (Pracedur~ I, II). An ex-
plosion-proof test chamber equal tO that

specified in MIL-C-9435 shall be used.

2.1 Fuel. Unless otherwise specified, the
fuel used shall be gasoline, grade 100/130
conforming to MIL-G-5572.

2.1.1 Calzukztion of fuetiir-vap~ ratiO.
An illustration of the procedure for calculat-
ing the weight of 100/130 octane gascdine

rsquired to prnduce the desired 13-tO-l air-
vapor ratio, the following sample problem is
presented:

Required information:

(a) Chamber air temperature during
test: 27° C (80” F).

(b) Fuel temperature: 24” C (75” F).

(c) Specific gravity of fuel at 16° C ~
(60” F) :0.704.

(d) Test altitude: 20,000 feet (P =
6.75 lbs./in.’).

(e) Air-vapor ratio (desired) :13 to 1.

Step 1—Employing the fo’lowing equa-
tion, calculate the apparent air-
vapor ratio:

AV (desired) 13
AAV = -— - 29.68

P

“()

6.75
1.04 — -0.04

‘()

1.04 — -0.04

14.1$96 14.696

where: P= Pressure equivalent of altitude,
lbs/in.9

A“AV = Apparent air-vapor ratio
At or above 10,000 feet altitude, with

=. Desired air-vapor ratio

,.,,,:,, (. ‘v

chamber air temperature above 16° C (61°

511-1 METHOD 511
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F) and at AV ratio of 5 or greater, air-vapor Step 2—Since AV = AF, use figure
ratio = air-fuel ratio (AF) for 100/130 511-1 to determine weight of
octane fuel. Since the conditions of the ex-
plosion test under consideration will always

air (WA) and divide by AAV

be well above these values AV will eaual AF to obtain uncorrected weight

in all cases. of fuel required (W,”).

WA 3.455
wFL=—. — = 0.116 lbs, fuel weight (uncorrected).

29.6S 29.68

Figure 511-1 pertains to a specific test
chamber and shall not be used for all test
facilities. It is utilized herein for illustration
of the method of employment only. Each test

chamber must have its own chamber volume
chart.

Step 3—Knowing fuel temperatures and
specific gravity at 16” C (61”

F) use figure 511-2 to deter-
mine specific gravity at given
temperature.

Step 4—Using figure 511-3, obtain cor-
rection factor K for the speci-

fic gravity determined during
step 3. Apply factor to obtain
weight of fuel corrected (Wm).

Wm. = KW,. = 1.01 x 0.116 = 0.117 lbs, fuel weight (corrected).

The equipment used to vaporize the fuel
for use in the explosion-proof test should be
so designed that a small quantity of air and
fuel vapor will be heated together to a tem-
perature such that the fuel vapor will not
condense as it is drawn from the vaporizer
into the chamber.

—
~. Procedures.

3.1 Procedure L

3.1.1 Preparation for test.

(a) The test item shall be instal’ed in
the test chamber in accordance with

section 3, paragraph 3.2.2, and in
such a manner that normal electri-
cal operation is possible and me-
chanical controls may be operated
through the pressure seals from the
exterior of the chamber. External
covers of the test item shall be re-
moved or loosened to facilitate the
penetration of the explosive mix-

METHOD 511 511-2

(b)

(c)

ture. Large test items may be tested

one or more units at a time ~~

by extending electrical connections

through the cable port to the bal-
ante of the associated equipment

located externally.

The test item shall be operated to
determine that it is functioning
properly and to observe the location
of any sparking or high tempera-
ture components which may con-
stitute potential explosion hazards.

Mechanical loads on drive assem-

blies and servomechanica] and elec-
trical loads on switches and relays
may be simulated when necessary
if proper precaution is given to

duplicating the normal load in res-
pect to torque, voltage, current, in-
ductive reactance, etc. In al. in-
stances, it shall be considered pre-
ferable to operate the test item as
it normally functions in the system

during service use.
(,

. .
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3.1.2 Performance of test. The test shall
be conducted as follows at simu!ated test
altitudes of ground level to 5,oOO feet, 10,000
feet (10,000 feet maximum for ground equip-

ment), 20,000 feet, 30,000 feet, 40,000 feet,
and 50,000 feet. (Pressures for altitudes are

given in the U.S. Standard Atmosphere,
1962).

Step l—The test chamber shal) be

sealed and the ambient temper.
ature within shall be raised to
71” ~ 3° C (160” F), or to
the maximum temperature to
which the test item is designed
to operate (if lower than 710 C
or 160” F). The temperature

of the test item and the cham-
ber walls shall be permitted to
rise to within 11° C (20° F) of
that of the chamber ambient
air, prior to introduction of the
explosive mixture.

Step 2—The intema[ test chamber pres-
sure shall be reduced sufficient-
ly to simulate an altitude ap-
proximately 10,000 feet above
the desired test altitude. The
weight of fuel necessary to pro-
duce an air-vapor ratio of 13
to 1 at the desired test altitude
shall be determined from con-
sideration of chamber volume,
fuel temperature and specific
gravity, chamber air and wall

temperature, test altitude, etc.
(See 3.1.) A time of 3 & 1
minutes shall & al]owed for
introduction and vaporization
of the fuel. Air shall be ad-
mitted into the. chamber until
a simulated altitude of 5,000
feet almve the test altitude is
attained.

Step 3~peration of the test item shall
at this time be commenced, aO
making and breaking electrical
contacts being actuated. If

.- high temperature components

are present, a warmup time of
15 minutes shall b+ permitted.
If no explosion results, air
shall be admitted into the
chamber so as to steadily re-
duce the altitude down past the
desired test altitude to an ele-
vation 5,000 feet below that al-

titude but not to exceed a pres-
sure of 1 atmosphere. The op-
eration of the test item shall
be continuous throughout this
period of altitude reduction

and all making and breaking
electrical contacts shall be oP-

erated as frequently as deemed
practicable.

Ste~ 4—If by the time the simulated al-
titude has been reduced to
5,oOO feet below the test alti- .
tude, no explosion has occurred
as a result of operation of the
test item, the potential explo-
siveness of the air-vapor mix-
ture shall be verified by ignit-
ing a sample of the mixture
with a spark gap or glow plug.
At pressure altitudea of 20,000 ~
feet, or higher, the attainment “
of ignition at any altitude shallb esufficient evidence that the
mixture was ignitable even
though ignition was not ob-
tained at some other point in
the vicinity of the test altitude.
At any altitude below 20,000.
feet, the mixture sample shall
ignite immediately at the point
within 3,000 feet of the test
altitude. If the air-vapor mix-
ture is not found to bc explo-
sive, the test shall be cimsid:
ered void and the entire proce-
dure repeated.

I
3.1.3 Failure criteria. If the item causea I

explosion at any of the test altitudes, it shall
be considered to have failed the test and no
further trials need be attempted.

(-
Q, . .
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. . . . . . . . . . ,.-.

Downloaded from https://www.everyspec.com



MIL-STD–81OB
., ’,.:,’, 15 June 1967,, .

3.2 Procedure 11.

3.2.1 P?_WU71ZtiO?lfor test.

(a) Preparation of test item case or
item enclosure. When necessary, the
test item case or item enclosures
shall be prepared for explosion-
proof testing by drilling and tap-
ping openings in the case or en-
closure for inlet and outlet hose

connections to the fuel va~r air
mixture circulation system and for
mounting a spark gap device. The
cxwe volume shall not be altered by
more than & 5 percent by any mod-
ification to facilitate the introduc-
tion of explosive vapor.

(b) Hose instaUation. When insertin.z

I

(c)

(d)

a hose from a blower, adequate
precaution shall be taken to pre-
vent ignition of the ambient mix-
ture by backfire or the release of
pressure through the supply hose.

Spark gap device. A spark gap de-
vice for igniting the explosive mix-
ture within the case or enclosure
shall be provided. The case or en-
closure may be drilled and tapped
for the spark gap device or the
spark gap device may be mounted
internally.

The case or enclosure with either
the test item or a model of the test
item of the same volume and con-
figuration in position within the
case or enclosure shall be installed
in the explosion chamber as speci-
fled in section 3, paragraph ‘3.2.2.

3.2.2 Performatie of test. The test shall

be accomplished three times at altitudes be-
tween ground level and 5,000 feet as follows:

Step 1—The chamber shall be seakd

and the internal pressure re-
duced sufficiently to simulate

METHOD 511 511-4

\

an altitude between ground

level and 5,000 feet. The am-
bient chamber temperature

shall be at least 25° C (77o F).
An explosive mixture within
the chamber shall be obtained

by following the procedure set
forth in Procedures I.

Step 2—The internal case ignition
source shall be energized in or-
der to cause an explosion with-
in the case. The oc~urrence of
an explosion within tbe case

may be detected by use of a
thermocouple inserted in the

case and connected to a sensi-

tive galvanometir outaide the
test chamber. If ignition of the
mixture within the case does
not occur immediately, the test
shall be considered void and
shall be repeated with a new
explosive charge.

Step 3—At least five internal case ex- ~”
plosions shall be accomplished “’ .1,.
at the test altitude selected. If
the case tested is small (not
in excess of one-fiftieth of the
teat chamber volume) and if
the reaction within the case

upon ignition is of an explosive
nature without continued burni-
ng of the mixture as it circu-
lates into the case, more than

one internal case explosion, but
not more than five, may b? pro-
duced without recharging the
entire chamber. Ample time
shall be allowed between in-
ternal case explosions for re-
placement of burnt gases with
fresh explosi>,e mixture, within
the case. If the internal ras.>
explosions produced did not

cause a main chamber explo-

sion, the explosiveness of the

fuel-air mixture in the main

chamber shall be verified. If

the air-vapor mixture in th~ ~

(.
L,.”

. . . . . .
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main chamher is not found to
be explosive, the test shall be
considered void and the entire
procedure repeated.

3.2.3 Failure criteria. If the internal case
explosion causes a main chamber explosion,
the tat item shall b considered to have

failed the test and no further trials need he
,. attempted.

3.3 Procedure III. Procedure III shall be in
accordance with the explosive proof test pro-
cedure of MIL-E-2036.

MIL-STD-61OB
15 June 1967

4. Summary. The following detills shall be
specified in the equipment specification:

(a) Pretest dats required (section 3,
paragraph 3.2.1 ).

(b) Procedurs numbsr.

(c) Mechanical and electrical load (Pro-
cedure I, 3.1.1(c)).

(d) Chamber temperature condition, if
lower than 71° C (160° F). (Pro-
cedure 1, stip 1).

611-5 METROD 511

.

Downloaded from https://www.everyspec.com



B
Eli

s

FIGURE 511–1. Weioht of air charge m. temperature.
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METHOD 512

LEAKAGE (IMMERSION)

1. Purpose. The purpose of this test is to
determine the ability of the equipment to be
immersed in fluid, without kmkage of the

fluid into the enclosure. Procedure I is a
gross leakage teat. Procedure H is conducted

to determine the integrity of hermetic seals.

2. Apparatus:

Procedure I.
cessoriea

Procedure II.
accessories

3. Procedures.

3.1 Procedure I.

Water container and ac-

Heated oil container and

3.1.1 Prepamztiom Where applicable, open
and close (or remove and replace) doore and
covers three times immediately before tests.

3.L2 Test conditions. The temperature of
the water ehall be 18° 55° C (64° F) and
the temperature of the test item shall be 27°
+3° C (49” F) above the temperature of the
water used for the test. The water container
shall be of sufficient capacity so that the
immersion of the test item wili not raise the
temperature of the water more than 3° C

(5” F).

3.1.3 Performance of test. Immerse the
test item (covers closed on field transported
items) in the water so that the uppermost
point of the test item is 36 :; inches below
the surface of the water. The test item shall
remain immersed for 120 +5 minutes. Upon
completion of the test period, remove the
test item from the water and wipe the ex-
terior surfaces of the test item dry. Open

the test item and examine the interior and
contents for evidence of leakage.

3.1.4 Faihme ctitsria. If there is any evi-
dence of water leakage, tbe test item failed
the test.

3.2 Procedure IL “

3.2.1 Test conditions. The temperature of
the oil shall be 128 *3” C (262” F) and the
temperature of the test item shall be 23 &3°
C (73” F). The oil container and oil heating
device shall be of sufficient capacity to main-
tain the oil at 128 &3° C. (262° F) when
the test item is immersed. The oil used shall
be clear mineral oil having a universal Say-
bolt viscosity of 175 to 190 seconds when
tested at38” C (100° F).

3.2.2 Perforrruzmce of test. The test item
shall be completely immersed in the oil with
the critical side or side of special interest in
a horizontal plane facing up. If the test item
has no critical side, it shall be immersed with
its major axis in a horizontal position. The

test item shall b+ lowered into the oil until
the uppermost portion of the enclosure or
seal (s) are submerged to 2 &1 inches below
the surface of the oil and left in that position
for 60 *5 seconds.

Not.: Caution should be used in conducting this
test as the oil is above the boiling point of water
(and other common fluids). Do not perform this test
on items that may have water (or other lower boil-
ing point fluids) entrapped in cracks, crevasses or
around seals as the boiling fluid can spatter the hot
oil, causing serious burns. Also, use care in conduct-
ing this test on items that might outgzm or be dam-
aged by the hot. oil such as fuzes, cartridges, or
timers with temperature-sensitive explosives or lubri-
cants.

Upon completion of the specified time period,
the test item shall be removed from the oil,
cleaned with a suitable degreaser, and al-

512-1 METHOD 512
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lowed to dry thoroughly before further tests

are performed.

3.2.3 Failure critm-ia. Any observed leak-
age during the immersion, as evidenced by

a continuous stream of bubbles emanating
from the test item, will be considered criteria
for failure.

4. Summary. The following details shall bs
specified in the equipment specification:

(a) Pretest data, if required (sectiou
3, paragraph 3.2.1).

(b) Procedure number.

(c) Operational requirements, if de-

sired, including Iengtb of time for
operstion and measurements.

(d) Condition (transit or operational)
of equipment (see 3.1.3).

{“’
,.,,.. .

,:

“.1 ME1’550D 512 512-2
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METHOD 513

ACCELERATION

L Purpose. The acceleration test is to de-
termine structural soundness and satisfac-
tory performance of equipment in an environ-
ment of steady state acceleration other than
gravity. Procedure I is the structural test
and Procedure H is the operational test.

2. Apparatua. Either of two facilities may
be utilized for acceleration tests: a centri-
fuge, or a track and rocket sled facility. A

centrifuge of adequate size is recommended
for all structural and most operational tests
because of the convenience and ease of con-
trol. However, the performance of space
oriented equipments, such as gyros, space
control platforms, etc., are difficult to test
on a centrifuge, even when a counter-rotat-
ing fixture is employed. A rocket sled run is
advantageous where strictly linear accelera-
tion ia required.

3. Procedures. The test item shall be sub-
jected to both the structural and the opera-
tional test, unless otherwise specified by the
equipment specification.

3.1 Mounting of teat item. Normally the
location of the test item on the centrifuge,
‘with reference to the G level established for
the test, shall be determined from a measure-
ment taken from the center of the centrifuge
to the geometric center of the test item.
Should any point of the test item nearest
the center of the centrifuge experience less
than 90 percent of the specified G level, the
test item shall be moved outward on the
radius of the centrifuge or the speed of ro-
tation shall be increased until not less than
90 percent of the specified G level is ob-
tained. Caution: If the furthest end of the
test it-cm experiences more than 110 percent
of tbe desired G level at the geometric center
(while tbe nearest end experiences 90 per-
cent or under) then the test item may he

tested using a lower speed and a larger
radius centrifuge arm.

3.2 Procedure I structural test. The test
item shall & installed on the acceleration aP-

paratus in accordance with section 3, para-
graph 3.2.2, by its normal mounting means.
The test item shall ‘he nonoperating during
the test. Tbe G level to bs applied to the test
item is contingent on two factors: the for-
ward acceleration level (A) of the vehicle,

and the orientation of the test item within
the vehicle.

3.2.1 G level of vehicle known, orientation
of test item known. When tbe forward accel-
eration level (A) of the vehicle is known
and the orientation of the test item in the
vehicle is known, the teat level shall be de-
termined as follows: “

DIRECTION OF MOTION (See figure 513-1.)

Fore 1.5 x A = G test level
Aft 0.5 x A = G test level

UP 0.75 x A = G test level
Down 2.25 x A = G test level
Lateral 1.0 x A = G test level

Where: A = Tbe highest pessible forward
acceleration assumed, calcu-
lated, or measured.

3.2.2 G level of vehicle known, on”entation
of test itern unknown. When the G level of
tbe vehicle is known, and the orientation of
the test item is unknown, the test level should
be determined as follows:

2.25 X A = G test level

3.2.3 G kvel of vehicle unknown, orienta-
tion of test item known. When the forward
accderation level (A) of the vehicle is not
known, and orientation of the test item in
the vehicle is known, the test level shall bs
within tbe ranges ehown in table 513-1 for
tbc applicable vehicle category.
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TABLE 613–1. G Icveld for structural teat

Dhction
Vehicle catez.my

Fore AH UP Dmvn Ln,elal
—.

Aircraft and helicopters 9.0 3.0 4.5 13.6 6.0

Manned aerospace vehicles 9.0 b 3.0 b 4.5 tn 13.5 to 6,0 to

18.0 6.0 9,0 27.0 12.0

Air launched missiles 13.5 to 4.5 to 7.0 b 20.0 ta 4,5 b

45.0 15.0 23.0 . 23.0 30.0

Liquid 9.0 to 3.0 to — — 6.0 to

Ground boosters 18.0 6.0 12.0

lamched
missiles Solid 9.0 to 3.0 to — — 6.0 to

boosters 45.0 15.0 30.0

1

3.2.4 G level of vehicle unknown, orienta- tes. The G level to be applied to the test item

tion of test item unkmowm. When both the is contingent on two factors; the forward ac-
forward acceleration level (A) of the ve-

hicle and the orientation of the test item in
the vehicle are unknown, the test level shall
be within the highest range shown in table
513-I for the applicable vehicle category.

3.2.5 Performance of test. The G level de-
termined for the test shall be applied along
at least three mutually perpendicular axes
in two opposite directions along each axis.
The test time duration in each direction shall

be at least one minute following centrifuge
stabilization. A test time of 1 minute is usu-
ally sufficient to determine structural sound-
ness, however, the test time may be increased.
At the conclusion of the test the test item

shall be operated and the results compared
with the data obtained in accordance with
section 3, paragraph 3.2.1. The test item shall
then be inspected as specified in section 3?
paragraph 3.2.4.

3.3 Procedure II operational test. The test
item shall be installed on the acceleration ap-
paratus in accordance with section 3, para-
flraph 3.2.2, by its normal mounting means.
‘ihe test item shall be operating during the

celebration level (A) of the vehicle, and the
orientation of the test item within the ve-
hicle.

3.3.1 G level of vehicle known, orientation
of test item known. When the forward accel-
eration level (A) of the vehicle is known and
the orientation of the test item in the vehicle
is known, the test level shall b? determined
as follows:

DIRECTION OF MOTION

Fore 1.1 x A = G test level

Aft 0.33 x A = G test level

up 0.5 x A = G test level

Down 1.5 x A = G test level

Lab..] 0.66 x A = G test level

Where A = The highest possible forward
acceleration assumed, calcu-
lated or measured.

3.3.2 G level of vekicle known, orimtation
of test item unknown. When the G level of
the vehicle is known and the orientation of

METHOD 513 513-2 k.
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the test item in the vehicle is unknown, the
test level shall be determined as follows:

1.5 X A - G test level

3.3.3 G level of vehicle unknown, orienta-

MIL-STD-81 OB
15 June 1967

tion of test itcm knowm. When the forward

acceleration level (A) of the vehicle is not
known, and the orientation of the test item
in the vehicle is known, the test level shall be
within the ranges shown on table 513-11 for
the applicable vehicle category.

TABLE513-11, G 1...18 for operational test

Di.cc&m
Vehicle C,,WOIY

Fore Aft UP Do. L.terd

Aircraft and helicopters 6.0 2.0 3.0 9.0 4.0
——

Manned aerospace vehicles 6,0 ta 2.0 to .3.0 to 9.0 to 4.0 to
12.0 4.0 6.0 18.0 8.0

Air laumhed missiles 9.0 h 3.0 to 4.6 r-n 13.5 to 6.0 b’
30.0 10.0 15.0 45.0 20.0

—— ..1 ‘

Liquid 6.0 to 2.0 tn —.— 4,0 m

(hmnd boosters ! 12.0 4.0

4

i+.o

launched
rnissilc=s Solid 6.0 ti 2.0 to — — 4.0 to

boosters 30.0 10.0 20,0

3.3.4 G level of vehicle unknown, otient.a-
tion of test item unknown. When both the
forward acceleration level (A) of the ve-
hicle and the orientation of the kst item in
the vehicle are unknown, the test level shall
be within the ranges in the “fore” direction
shown in table 513-11 for the applicable ve-
hicle category.

3.3.5 Performance of test. The G level de-
termined for the test shall be applied along
at least three mutually perpendicular axes in
two opposite directions along each axis. The
test time duration in each direction shall be
at least 1 minute following centrifuge stabil-
ization. A test time of 1 minute is usually

sufficient to determine proper operation;
however, the test time may be increased. The
test item shall be operated before, during,
and at the conclusion of each test, and the

513-3

results compared with the data obtained in
accordance with section 3, paragraph 3.2.1.
The test item shall then he inspected as spec-
ified in section 3, paragraph 3.2.4.

4. Summary. The following details shall be
specified in the equipment specification:

(a)

(b)

(c)

(d)

Procedure number if both proce-
dures are not required (see S).

Protest data required [section 3,
paragraph 3.2.1).

Test level and test time (see 3.2 and
3.3).

Length of time required for opera-
tion and measurements.

METHOD 513
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METHOD 514

VIBRATON
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1. Purpose. The vibration test is conduct-
ed to determine if the equipment is con-

structed ta withstand expected dynamic vi-
brational stresses and the performance

degradations or malfunctions will not hs pro-
duced by the simulated service vibration en-
vironment. The testa specified herein are
established for equipment to be used in a
variety of military applications. The vibra-
tion test selection chart, table 514-1, provides

a convenient means of selecting test proced-
ures for these various military applications.
The table is divided into two major sections.
The section, captioned “Equipment cate-
gory”, refers to the equipment to be tested.
The second section, captioned “Procedure
Number”, specifies the tests to be imposed on

the equipment.

2. Apparatus. Vibration equipment.

3. General.

3.1 Equipment category. For purposes of

this test method, equipment is categorized
according to the vehicle in which it will be
installed or accordine to other conditions as
follows :

CATEGORY

(a) Aircraft (including
helicopters)

(b) Aircraft (excluding
helicopters)

(c) Helicopters

(d) Airlaunched vehicle

(e) Ground launched vehicle

(f) Ground vehicles

(1?)

(b)

(i)

Shipment by common carrier,
land, or air

Ground equipment (excluding
category (f))

Shipboard equipment or when
a ship is the common carrier

3.2 Selection of teat procedures. One of
the following test procedures shall be se-
lected from table 51&I and specified in the
equipment specification:

3.2.1 Aircraft/helicopter, air launched ve-
hicle, or ground launched vehicle equipment

mounted without vibration isolators; proced- -.

ure I (parts 1, 2, and 3), II, or V, respec-

tively.

3.2.2 Aircraft/helicopter, air launched ve-
hicle or ground launched vehicle equipment

mounted with vibration ”isolators; procedure
I, III or VI, respectively.

3.2.3 Aircraft/helicopter, air launched ve-
hicle or ground launched vehicle equipment
normally using vibration isolators, but tested
without vibration isolators; procedure I (part
4), IV or VII, respectively.

3.2.4 Equipment mounted in ground vehi-
cles; procedure I (parts 1, 2,. and 3), VIII Or
IX. Procedure I is a general procedure to be
used when the vehicle (in which the equip-
ment is to be mounted) or ita mileage sched-

ule is not known. Procedure VIII is to be
used for more realistic tasting when the ve-
hicle is known. Prccedure IX is used in addi-
tion to procedures I and VIII when the equip-
ment might not always be installed but may
be carried in a vehicle.

3.2.5 Equipment shipped by common car-
rier (land or air), either tied down or loose
cargo; procedure X or XI, respectively.

“‘...:. 514-1 METHOD 514
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3.2.6 Ground equipment, excluding ground
vehicles; procedures X or XI. Procedure X is

generally used for tied down ground equip-
ment and procedure XI is used in addition to
procedure X when ground equipment might
be subject to rough handling.

3.2.7 Shipbuard and amphibious equip.
ment, or when a ship is the common carrier,
procedure XII.

3.3 Number of tests. All tests listed beside
the applicable procedure number in table
514-1 shall be performed. For example, re-
ferring to table 514-I for testing equipment
in category (d) when procedure III is ae-
Iected, there are four parts with four differ-
ent teat levels indicated by the test curves.
The tests indicated by (x) in all four parts

shall be performed to evaluate equipment in-
stalled in an air launched vehicle for both the
captive and flight phaas.

3.4 Sslsction of test curvaa. Test curves
by equipment category are given in figures
514-1 through 51L6. In some instances, sev-
eral curves are shown for one equipment
category. A curve shall be selected and speci-
fied in the equipment specification after mak-
ing a detailed analysis of the expected vibra-
tion environment within the particular ve-
hicle involved. A primary consideration is
the equipment location with respect to pre-
dominant vibration sources such as high in-
tensity noise of jet and rocket exhausts,
aerodynamic excitation including atmos-
pheric wind and turbulence, and unbalance of
rotating parts. Additional factors to be con-
sidered shall include attenuation or amplifi-
cation and filtering by structural members.

Suggested vibration test curves for missiles
according to missile thrust to weight ratios
and equipment locations are provided in table
514-111. .

3.5 Test identification. The equipment
specification shall identify which tests are
imposed on the equipment by specifying a
selected procedure and curve. Table 514-I is

arranged to accommodate this identification.
For examp!e, when the specification calls for
the following:

Example No. 1

Procedure 1

Curve D (parts 1,2, and 3)

Curve A (part 4)

Referring to table 514-1, the above identifi-
cation specifies a reaon”ance search (part 1),
a resonance dwell (part 2), and a sinusoidal
vibration cycling (part 3) and parta 1, 2, and
3 repeated with vibration isolators removed
for part 4. Test to the level of curve D from
figure 5141 within the time schedule I of
table 514-11 for parts 2 and 3. Part 4 is per-
formed to the test level of curve A from fig-
ure 514–1 within the time schedule H of table
51411.

Example No. 2

Procedure II

Curves C, P, AF

Referring to table 514-1 and since all tests
shown for any one procedure in a category
must be performed, the above identification
specifies for part 1, a resonance search, a
resonance dwell, and a sinusoidal vibration
cycling. Test to the level of curve C from fig-

ure 514-1 within the time schedule V of table
514-11. These tests are followed by part 2,
a sinusoidal cycling test to the level of curve
P from figure 51&3, within the time sched-
ule II of table 514-11, followed by part 3, a
random test to the level of curve AF from

figure 5144 within the time schedule II of
table 514-11.

4. Test procedures. Test procedures con-
sist of all the tests to the right of the test

procedure number indicated by an “x” in
the applicable colume of table 514-1 with the
duration of the test designated by a Roman

.
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numeral referring to table 514-11. The vibra-
tion environment specified by the curve shall
be applied to each of the three mutually per-

pendicular axes of the test item. The entire
sequence of tests may be accomplished for
any one axis before changing to the next axis.
Unless otherwise specified, for one axis be-
fore changing to the next axis. Unless other-
wise specified, for raonance and sinusoidal
vibration cycling tests of items weighing
more than 50 pounds, the vibratory accelera-
tions shall be reduced by +1 g for each 10
pound increment of weight over 50 pounds.

However, the vibratory acceleration shall in
no case be leas than 50 percent of the speci-
fied curve level. When a test item perform-
ance test is required during a vibration text
and the duration of the performance test is
greater than the duration of the vibration
test, the performance test shall be abbrevi-
ated accordingly.

4.1 Procedure L

4.1.1. Part 1, resonance search. The test
item shall be installed in accordance with sec-

tion 3, paragraph 3.2.2, and attached by its
normal mounting means directly to the vibra-
tion exciter table, or by means of a rigid fix-
ture capable of transmitting the vibration
conditions specified herein. Whenever pos-

sible, the test load shall be distributed uni-
formly on the vibration exciter table in order
to minimize effects of unbalanced loads.

Resonant modes of the equipment shall be
determined by varying the frequency of ap-
plied vibration slowly through the specified
range at reduced input amplitudes. Individ-
ual resonance searches shall be conducted
with vibration applied along each of the
three mutually perpendicular axis of the
equipment.

4.1.2 Part 2, resonance dwell. Unless oth-
erwise specified, tbe test item shall be operat-
ing during the test so that functional effects
caused by internal resonances may be ob-
served. The test item shall be vibrated along

MIL-SlW8 10B
1S June 1967

each axis at the most severe resonant fre-

quencies according to the time schedule I of
table 514-11 and according to the applicable
double amplitudes or accelerations of the
specified curve from figure 514-1, 514-2, or

514-5. If more than four significant reso-
nances have been found for any one axis,

the four most severe resonances shall be
chosen for the test. If a change in the reso-
nant frequency occurs during the test, imme-
diately the frequency shall be adjusted to

maintain the resonance condition. At the con-
clusion of the test, the teat item shall be oper-
ated and the results compared with the data
obtained in accordance with section 3, para-
graph 3.2.1. The test item shall then be in-
spected in accordance with section 3,\para-
graph 3.2.4.

4.1.3 Part .3, uibration cyclirzg. Unless .
otherwise specified, the test item shall be op-
erating throughout the vibration cycling test.
The frequency of applied vibration shall be
cycled at a logarithmic rate between the fre-
quency limits and at the vibratory accelera-
tion levels of the specified curve from figure
514–1, 514-2, or 514-5. Logarithmic cycling
rates shall be in accordance with figure .
514-8 and the time schedule I of table 514-11.
A linear cycling rate may be substituted for
logarithmic cycling when performed in ac-
cordance with 5.2. During, and at the con-

CIusion of the test, the operation of the tast
item shall be compared with the data ob-

tained in accordance with acction 3, para-
graph 3.2.1, and shall meet the requirements
of the equipment specification. The test item
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.1.4 Par-t 4,. vibration iso!ated equipment
w~th isolators removed. The test item shall be
mounted directly to the vibration table with
external vibration isolators removed but in-
cluding any other required holding devices.
Tbe test item shall then be tested in accord- 1
ante with parts 1, 2, and 3. except that the
test level shall be the lower g level specified
and the time schedule II of table 514-11.

514-s METHoD 514
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4.2 Procedure II.

4.2.1 Part 1. Proceed the same as in pro-
cedure I, parts 1, 2, and 3, except that the
test level shall be in accordance with curve

C, D, H or J from figure 514-1 and time
schedule V’of table 514-11.

4.2.2 Part 2. Proceed the same as in pro-
cedure I, part 3, except that the test level
shall be in accordance with curve P, Q, R,

and S from figure 514-3 and time schedule 11
of table 514-IL

4.2.3 Part 3, random. Random vibration
(controlled and analyzed according to 5.3)
shall be applied according to one specified
curve of AF through AK from figure 51&4
and time schedule II of table 51411. Unless
otherwise specified, during, and at the con-
clusion of the test, the operation of the tsst
item shall be compared with the data ob-
tained in accordance with section 3, para-
graph 3.2.1, and shall meet the requirements
of the equipment specification. The test item

shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.3 Procedure 111.

4.3.1 Part 1. Test items of equipment nor-
,.

really provided with vibration isolators shall
be first tested with the isolators in place the
same as in prucedure I, parts 1, 2, and 3, ex-
cept that the test level shall be in accordance
with curve C, D, H, or J from figure 5141

and time schedule V of table 514-11.

4.3.2 Part 2. The isolators shall then be
removed, the test item rigidly mounted and
the resonance and sinusoidal vibration cy-
cling tests repeated as in prccedure I, parts
1, 2, and 3, except that the test level shall be
in accordance with curve A, B, or K from
figure 514-1 and time schedule II of table
514-11.

4.3.3 Part .?. The vibration isolators shall
be replaced and the test continued using pro-

cedure 1, part 3, except that the test level
shall be in accordance with curve P, Q, R, or

S from figure 514–3 and time schedule 11 of
table 514–11.

4.3.4 Part 4, random. Again with isolators
in place, random vibration, (contrOlied and
analyzed according to 5.3) shall be applied to
the test item according to one specified curve
of AF through AK from figure 514-4 and
time schedule II or table 514-11. Unless
otherwise specified, during, and at the con-
clusion of the test, the operation of the test
item shall be compared with the data ob
tained in accordance with section 3, para-
graph 3.2.1, and shall meet the requirements
of the equipment specification. The test item
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.4 Procedure IV.

4.4.1 Part 1. Proceed the same as in pro-
cedures 1, parts 1, 2, and 3, except that the
test level shall be in accordance with curve
A, B, or K from figure 514–1 and time
schedule V of table 514–11.

4.4.2 Part 2. Proceed the same as in pro-

cedure I, part 3, except that the test level
shall be in accordance with curve N from
figure 514-3 and time schedule 11 of table
514–11.

4.4.3 Part .?, random Random vibration
(controlled and analyzed according to 5.3)
shall be applied according to curve AE fmm
figure 514-4 and time schedule 11 of table
514-11. Unless otherwise specified, during,
and at the conclusion of the test, the opera-
tion of the test item shall be compared with
the data obtained in accordance with section
3, paragraph 3.2.1, and shall meet the re-
quirements of the equipment specification.
The test item shall then b inspected in ac-
cordance with section 3, paragraph 3.2.4.

4.5 Procedure V.

METHOD 514 Slti
‘s, ....

I

i.-... . . . -. . .

Downloaded from https://www.everyspec.com



4.5.1 Part 1. Proceed the same as in prc-

cedure I, part 3, except that the test level
shall be in accordance with one curve of P
through U from figure 514+ and time sched-

ule II of tab!e 514–11.

4.5.2 Part .2, random. Random vibration
(controlled and analyzed according to 5.3)
shall be applied according to one specified
curve of AE through AP from figure 5144
and time schedule II of table 51 4–II. Unless
otherwise specified, during, and at the con-
clusion of the test, the operation of the test
item shall be compared with the data ob-

tained in accordance with section 3, para-
graph 3.2.1, and shall meet the requirements
nf the equipment specification. The test item
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.6 Procedure VI.

4.6.1 Part 1. Equipment normally prc-
! , vialed with vibration isolators shall be first

tested with the isolators in place. Proceed
the same as in procedure I, part 3, except
that the test level shall be in accordance with
one curve of P through U from figure 5143
and time schedule II of table 514–11.

4.6.2 Part 2. The isolators shall then bc
removed, the equipment rigidly mounted, and
tested again in accordance with procedure I,
part 3, except the test level shall be in ac-
cordance with curve N from figure 514–3 and
time schedule 11 of table 514–11.

4.6.3 Part 3, random The vibration isola-
tors shall be replaced and random vibration
(controlled and analyzed according to 5.3)
shall be applied according to one specified
curve of AE through AP from figure 5144
and time schedule II of table 514–11. Unless
otherwise specified, during, and at the con-
clusion of the test, the operation of the test
item shall bc compared with the data ob-
tained in accordance with r,ectio” 3, para.

,.- ~~ zraph 3.2.1, and shall meet the requirements

I ! of the equipment specification. The test item
\ .,

MIL-STD–8 108 .1
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shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.7 Procedure VII.

4.7.1 Part 1. Proceed the same as in pro-
cedure I, part 3, except that the test level

shall be in accordance with curve N from
figure 514-3 and time schedule II of table
514–11.

4.7.2 Part .2, random. Random vibration

(controlled and analyzed according to 5.3)
shall be applied according to one specified
curve AE from figure 514-t and time sched-
ule II of table 514-11, Unless otherwise speci-
fied, during, and at the conclusion of the test,
the operation of the test item shall be corn-
pared with the data obtained in accordance
with section 3, paragraph 3.2.1, and shall .
meet the requirements of the equipment

specification. The test item shall then be in-
spected in accordance with section 3, para-
graph 3.2.4.

4.8 Procedure VIII. ” Proceed the same as
in procedure I, parts 1, 2, 3, using curve V,
W, or Y from figure 514-5 and time schedule ~
111of table 514–11.

4.9 Procedure IX.

4.9.1 Part 1, vibration (resonance search).

4.9.1.1 Test conditions. The test item shall
b? secured to a vibration table that can be
controlled within 10 percent of the specified
amplitude. Mounting method shall be such
that the vibration within the test item can
be observed and ineasured. To facilitate this
observation and measurement, sub-assemblies
may be tested separately, provided they are
secured to the table in a manner similar to
that used to mount them in the test item.

4.9.1.2 Performance of test. The shock-
mounts (if any) of the test item shall be I

b!ockcd. The test item shall be vibrated Suc-

cessively in three mutually perpendicular di-
rections over a frequency range of 10 to 55

k>”
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cycles per second. The total excursion of the

applied vibration shall not be less than 0.030
inch. In each of the three directions, the fre-

quency shall be changed in steps of 1 cycle
per second and maintained for at least 10
seconds. Vibration amplitudes shall b-c meas-
ured by optical or any other means, provided
that the vibration of the test item is not af-
fected by tbe measurement.

4.9.1.3 Failure criteria. The equipment
shall have no resonance in the frequency
range of 10 to 55 cycles per second that ex-
ceed twice the amplitude of the applied vibra-
tion. This applies for equipment designed to
operate with or without shock mounts.

4.9.2 Part .2, bounce, vehicu far.

4.9.2.1 Apparatus. A package tester of
suitable capacity for testing military cqrrip-
ment as made by L.A.B. Corporation, Skane-
ateles, New York, or equal.

4.9.2.2 Test conditions.

(a) Cover the test bcd of the package
tester with a panel of 1/2-inch ply-
wood, with the grain parallel to the
drive chain. Secure the plywood
with sixpenny nails, with top of
heads flush with, or slightly below,
the surface. Space nails at 6-inch
intervals around all four edges. If
the distance between either pair of
fencca is greater than 24 inches,
the plywood shall also be nailed at
3-inch intervals in a 6-inch square
at the center of the test area.

(b) Using suitable wooden fences, con-
strain the vehicular, or simulated,
adapter plate to a horizontal mo-

tiOn of not more thari 2 inches in
any lateral direction. Fences shall

be a distance from the test item
more than sufficient to insure that
the test item will not rebound from
fence to fence. Additional barriers

METHOD 514 514-6

may be used to safeguard person-

nel.

4.9.2.3 Perfornrmwe of test.

Step l—Secure the test item to the ve-
hicular, or simulated, adapter
plate in accordance with sec-
tion 3, paragraph 3.2.2, and
place on the package tcater
within the constraints out-
lined in 4.9.2.2 (b). If the test
item weighs over 200 pounds,
a simulated adapter plate shall
be used.

Step 2—Attach an accelerometer as

close as possible to the point
of test item attachment, to re-
cord the shock transmitted to
the test item.

Step 3—Adjust the package tester,
shafts in phase and table op-
erating in a vertical linear mO-
tion, to a speed such that the :
average value of the random
acceleration @ks shall be 7.5
& 2.5 g’s. Measure this input
with an accurate measuring or
recording system incorporating
a 100 cycles per second low pass

filter. Due to the random na-
ture of tbe input, pulses
greater than 10 g’s can be ex-
pected to occur, however, if
they are infrequent, they need
not be used in calculating the
average. In no case shall the
speed of the package tester ex-
ceed 285 revolutions per min-
ute. Conduct the test for a
total of 3 hours. At the end of
each 3/4-hour period, rotite
the adapter plate and test item
90 degrees, each time in the
same direction.

Step 4—At the end of the 3-hour period,
operate the test item and com-
pare the results with the data
outlined in accordance with

.\.
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section 3, paragraph 3.2.1.
Then inspect the test item as
specified in section 3, para-

graph 3.2.4.

4.10 Procedure X. Proceed the same as in
procedure 1, parts 1, 2, and 3, except that the

test level shall he in accordance with curve
AB, or curves AA and AQ from figure 514-6
and time schedule IV of table 514-11.

4.11 Procedure XI.

4.11.1 Part 1. Proceed the same as in part
1 of procedure 1X.

4.11.2 Par-t .2. Bounce, loose cargo.

4.11.2.1 Purpose. To determine that the
equipment, as prepared for field use, shall he
capable of withstanding the vibrations norm.
ally induced during transportation as loose
cargo. Equipment in this class is normally
transported in a shipping case, transit case,

or combination case.

4.11.2.2 Apparatus. A package tester of
suitable capacity for testing military equip-
ment as made by L.A.B. Corporation, Skane-
ateles, New York, or equal.

4.11.2.3 Test conditions. The test bed of
the package tester shall be covered with a
panel of 1/2-inch plywood, with the grain
parallel to the drive chain. The plywood shall
be secured with sixpenny nails, with top of
heads flush with or slightly below the sur-
face. Nails shall be spaced at 6-inch intervals
around all four edges. If the distance between
either pair of fences is greater than 24
inches, the plywood shall also be nailed
at 3-inch intervals in a 6-inch square at the
center of the test area. Using suitable wood-
en fences, constrain the test item to a hori-
zontal motion of not more than 2 inches in
a direction parallel to the axes of the shafts
of the package tester, and in a direction
perpendicular to the axes of the shafts, a
dkance more than sufficient to insure the

MIL-STO-31OB
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test item will not rebound from fence to
fence.

4.11.2.4 Pe*fomnarwe of test. The test item,
as secured in its shipping case, transit case,

or combination case, or as otherwise prepared
for field transportation, shall be placed on the
package tester within the constraints out-
lined above. The package tester shall be oper-
ated in the synchronous mode with the shafts
in phase. (In this mode any point on the bed

of the tester will mo?e in a circular path in a
vertical plane perpendicular to the axes of the
shafts, ) The tester shall be operated at a
speed of 284 rpm &2 rpm for a total of 3
hours. At the end of each 1~-hour period,
turn the test item to rest on a different face,
so that at the end of the 3-hour period the
test item will have rested on each of its six
faces (top, bottom, sides and ends). At the .
end of the 3-hour period, the test item shall
be operated and the results compared with
the data obtained in accordance with section
3, paragraph 3.2.1. The test item shall then
be inspected as specified in section 3, para-
graph 3.2.4. The package tester shall be
operated in the vertical linear mode (straight
up and down in the vertical plane) instead
of in the synchronous mode when one of the
following conditions occurs:

(a)

(b)

Bouncing of the test item is very
severe and presents a hazard to per-
sonnel.

Forward and rear oscillations can-
not be reduced. When operated in
the vertical linear mode, wooden
fences shall be placed on all four
sides of the test item to constrain
its motion to not more than 2 inchm
in either direction.

4.12 Procedure XII. For shipboard and
amphibious equipment or when a ship is the
common carrier, the vibration test shall bc
in accordance with Type I of MIL-STD-167.

5. Test detaiIs and techniques.

514-7 METHOD 514
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5.1 Combined sinusoidal cycling and ran-
dom vibration test. The sinusoidal cycling
random vibration test may becomb]ned when
the test apparatus permits. The sinusoidal
vibration test curve acceleration level (speci-
fied in peak g) shall be converted to rms G.
The acceleration level to be used for the
combined test shall then be determined by
squaring both test curve acceleration levels,
adding them, and then taking the square root
of the sum. The combined test level may then
be achieved by obtaining the lower of the
two separate levels first, then advancing the

gain control for the other separate level until
the overall combined test level is achieved.
All other test parameters shall be the same
m the separate test instructions.

5.2 Substitution of linear cycling for logar-

ithmic cycling. When linear cycling rate is
used, the total frequency range shall be div-
ided into logarithmic frequency bands of

equal cycling time intervals. The linear cycl-
ing rate for each band is then determined

by dividing each bandwidth in cps by the
time in minutes for each band. The logarith-
mic frequency bands may be readily deter-
mined from figure 514-8. The frequency
bands and linear cycling rates shown in table
514-IV shall be used for the 2 to 500 CPS
and 5. to 2,000 cps frequency ranges. For test
frequency ranges of 100 cps or less, no cor-
rection of the linear cycling rate is required.

5.3 Control and analysis of random vibra-
tion. The instantaneous random vibration ac.
celebration peaks may be limited to 3 times the
rms acceleration level. Resonant modes of
the moving mass (vibration exciter moving
element, fixture and either the test item or
substitute equivalent mass) shall. be equal-
ized or compensated for within the frequency
range of the test curve. The applied vibra-
tion spectrum shall normally be within the
tolerances of + 40, --30 percent between the
frequencies of 50 and 1,000 CPS, and within
+ 100, —50 percent between 1,000 and 2,000
CPS. For a power spectral density analysis of
the test spectrum, these tolerances may be

expresse6 at +1.5 db and 53 db, respec-
tively. Tolerance levels in terms of db are
defined as:

(G,) ‘/CpS

db = 10 log or
( G,) 2/cps

G,
db = 20 log —

Go

Where (G, ) 2/~ps = acceleration power
spectral density, and

G, = G rms (measured over the ana-
lyzer effective bandwidth).

Tbe term G. defines the specified level.

A wave analyzer shall be used to assure the

specified equalization tolerances. The follow-
ing wave analyzer characteristics shall be
required for each test:

(a) Filter bandwidths = B = 25 CPS
max. below 1000 cps and 1/3 oc-
tave max. above 1000 CPS

(b) Sweep rate = R = B’/32 cps/sec.
max.

(c) Integrator time constant = 1 sec-
ond minimum

5.4 Sinusoidal vibration input control. The
vibratory acceleration levels or double ampli-

tudes of the specified test curve shall be
maintained at the test item mounting points..
When the input vibration is measured at
more than one control point, the minimum in-
put vibration shall normally bs that of the
specified curve. For massive test itsms, fix-
tures, large force exciters or multiple vibra-

tion exciters, it is recommended that the
input control level be an average of at least
tbl-ee or more inputs. Unless otherwise spe-
cified, the transverse motion at the input
monitoring point (s) shall he limited to 100

METHOD 514 514-8
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percent of the input motion. It should be 6. Summary. The following detiilsshallb
noted that cross talk limitation of small specified in the equipment specification:

equipment (20 pounds or less) can usually
be achieved. For larger equipment such cross (a)
talk limitation may not he possible.

(b)
5.5 Trarrsducer mounting. Theinputmon-

itoring transducer(s) shall be rigidly at-

tached to and located on or near the attach- (c)
mentpoint or points of the test item.

(d). .
5.6 Combined temperature-vibration test.

Tests shall reconducted under room ambient .“”
conditions unless the equipment specification (e)
requires a high or low temperature vibration
test, in which cssethe temperature extremes
and time duration shill he aaspecitied in the (f)
equipment specification.

Procedure number (see 3.2).

Pretest data required (sed.iun 3,
paragraph 3.2.1).

Curve selection (see 3.4).

Nmroperation of equipment during
test, if desired.

Limitation of transverse motirm if
other than 100 percent (see 5.4).

Temperature extremes and test time
duration (ace 5.6).

;,.

,.) -
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Tim.
schedule

1

H

111

IV

Numb=
of

o

1

2

3

4

Dwell 30

min. at

each

resonance

o

1

2

3

4

Dwell 10

min. at

each

resonance

o

1

2

3

4

0

1

2

3

Time *t
,Cson.”ce
pa axis

—

% hr.

1 hr.

1% hr.

2 hr.

—

10 min.

20 min.

30 min.

40 min.

—

Dwell 1/6

of cycling

time at

each

resonance

(30 min.

max. )

.,

—

% hr.

1 hr.

1% hr.

Cmling
time
w=~

3 hr.

2% hr.

2 hr.

1% hr.

1 hr.

30 min.

20 min/1000

miles as

determined

from vehicle

mileage chart

or equipment

specification

— see table

614V

45 min.

(Note 1)

. .

514-1s

,..

10 min.

S<OC+5
cm

16 min.

(Note 1)

16 min.

15 min.

(Note 1)

15 min.

(Note 1)

METHOD 514
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Time
,chedul,

lV
(Cont.)

v

Resormncc dwell

TABLE514-11. Time table (continued)

Numhcr
of

,e,o”..cea

4

Dwell 30

min. at

each

resonance

(see

Note 2)

o

1

2

3

4

Dwell 30

min. at

each

resonance

Time et
resonance
P- -is

2 hr.

% hr.

1 hr.

1% hr.

2 hr.

2 hr.

1% hr.

1 hr.

% hr.

o

Random
time
w, .,1,

Sweep time

5-SO*5
w

15 rein::

——
.Vofe 1: Sweep the . . . b. :,s low as 18 minut<, if test frquencics z. 1.,.<, than 5 c,, (see &!ures 514-5 md 514-6).

20 mi]

.Volc 2: When tcsti.z to curve AQ of Ewrr 514-6, the 30 rn;nulc dwell thne shall be bmkm into six 5-m?.ule vihr:bt:,,ns with fin<
2.minute shut down intervals.

I

Vibration test Cmrve
Am,r... th~,, ~0

Vehicle Equipment Incalion

w.
weizht ratio w

Sinusoidal Random I>y“.11!.1,. ,..,:0”

f%. 514-3
@hrustin w.nds

FiE. 5144

s AK 20/1 m greater

Air R AJ 5/1 thru 20/1
Booster

laumhed —
(flight Q AH 5/1 or Icss
phase)

Q AG 15/1 or greater

P

All except booster

AF Less than 16/1

METHOD 514 514-14 .
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TABLE 514-111. Swggcstcd vibnat.io. id CKw..s(hmmchcd vchidcs) (Continued)

vibration,,s, curves
vehicle APPIOXth~,t to

m.
Ewhxmnt location

Sinusoidd Random
wight ratio or by w-hide section

Fig. 5144
thrust ?“Pounds

Fig. 5144

Por Q . AE, AF or AG ALL— All except booster

Ground
Qor R AH, AJ or AK 250,000 lb. or less

launched
Ror S AK, AL or AM 250,000 lb. -500,000 lb. By individual

booster stage

Tor U AM, AN or AP Over 500,000 lb. -

Total frequency
range

2-500 CPS

5-2000 CPS

TABLE514–IV. Linenr CMcliiw rates

Freq”<”cY band

2ti5

5 to 22,5

22.5 to 100

100 to 500

5 to 22.6

22,5 to 100

100 to 500

500 to 2000

Sweep time
,. minutes

1.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

TABLE 514-V. Mileage schedule

C[a,,;fi..tion

Trailers, wmit~ ailem, end dollies:,.
A

B
:.

c

Wheeled uehi.4e8:

D

E

F

G

Trailers, semitrailers and dollies .......................................................

Linen. cycling
,.1. (Cw,”i”)

2

7

31

160

7

31

160

600

To(d

... .. .. . .. 6,000

514–15 METHOD 514
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H

I

J

Tracked vehicle8 :

K

L

M

N

o

P

Q

R

cum

A

B

c

D

E

F

G
through

L

M

z

A, B

c

D

H
through

K

METHOD 514

I

1. . ___,

8,400

5,000

36,000

5,000

6,000

6,oOO

6,000

5,000

700

200

60

Equipment installed on vibration isolated panels and racks when the panel or rack is
not available for test and when specified in Table 514–I for aircraft application.

Equipmentin@l@don vi~a~i.. i$+tedPanels.ndr..kswhenthepanelor rackis
not .Yailahle for test and when specified i“ Table 514–1 for helicopter application.

Equipmentin fOrward half of fuselage or equipme?t in wing areas Of aircraft with
engines at rear of fuselage.

Equipment in rear half of fuselage or equipment in wimg areas of aircraft with wing
mounted engines or other locations not specifically mentioned for other cu~es.

Equipmentl-tedin theengine .Omp.rtmenf or d.n.
Equipment mounted directly o“ aircraft engim,

Same as A and C through F where higher frequencies are anticipated.

Equipmentdesimedfor heIicOpter application.

Equipment designed for both helicopter and airplane application

Air launched vchi.le (captive phase)

Same as for aircraft.

Equipment in vehicle attached tn wing of aircraft with engine i“ rem of f“stlage.

Equipment in vehicle carried i. aircraft fuselage or attached ~ wing in aircraft with
wing nvm. ted engines.

Same as A, C, and D where higher frequencies are anticipated.

514-16 ‘L. .

,.. . .
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1

1

I
1

,, I
... ,

wp/-R2g““-TIONm
I

I

I
I

I

1 I
I

I

I

I

I

I

I

I
I
I

I !I!i!
Illi I Iil

1111
II;!
111,
Ill,
1111

I Ill
I [11
I Ill
I Ill
I Ill
I IllIii!

~ ,2 ~hgo,04
5 14 20 23 33 500

1 Ill

FREQUENCY(CPS)

/ FIGURE 51&l. Vibration test CU?+M8 (8inmoidnl) si?craft and helicopter, and air Iaumhed vehicle (captive

i. phase) equipment with nta.imum frequencv of 500 .P%.
-.
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1

.10

-J
ACCELERATIONLEVEIJ+:6 (~K )

I

I
I

I
1. lg
I .0

I

I
I
I
I

I
I
I
I

/

I
I
I

I

I

I

I

I

I

i
I
I
i Ii!

I
I
I
I
I
I
I
I
I
I
I
I

I I I I I Ill ,
5 ti 23 33 52 7A 90 10b 2

FREQUENCY ( CPS)

)

FIGURE 514-2. Vibm! ion tc.t curves (sinusoidal) .ir..a!t uml o iv 1. II?ICIICII..hi.lc (CUPti.. phase) cqz,iP.lc.t
with wzaztm,<m Jrcqxcncy of 2,OOO.P8.

METHOD 514 514-18
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ACCELERAITONLEVEE - (PEAK)

FOR APPLICATTCNOF TESTCURVESSEE
TABLE51A-111.

II II
1!
I
I
I
I
I
I
1
I
I
I
I
i
I
I
I
I
I
I
1
c

I
I
I

I

I

I

I

I
I
I

I
I
I
I

I

I
I
I
I
,n

I
I
I
I
I
I
I
I

i

I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
1.
I
I
I

I

I

I

I
I
I
I

1111
1111
1111
1111
111!
1111
1111
1111

I
I
I

I

I

I

I

I

I

11111 \

/ A“.,. -. “-”,, ,.- —,,—” -.

FRBJJENCY(CH)

FIGURE 514&3. Vibration teat vurzm (sinusoid.zl), air [.tmchcd vchiclo (flight pbasc) mld ground la.n.h.d
,. vehicle (flight phase) equipment.
\- ,
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RANDOMVIBRATIONTEST CURVEENVELOPE

‘i
REQUIREDCURVESHAPE, CURVEAE THRUAP

\

I

I~ I
I

I I
I I
I I

50 100
PREQUENCY (CPS) l’m 2’w0

‘TEST ACCEL.ERATICNPWER OVERALL
CURWE SPECTRALDENSITY RMSG

MmmlUM

AE 0.02 5.3

AF 0.04 7.L

AG 0.06 9.3

AH 0.1 11.9

AJ 0.2 16.9
AK 0.3 20.7

AL 0.4 23.9
AM 0.6 29.3

NOTE:

OwRAm i ‘= (r”’ f’:i’ $i.r +~;=~~$N~=-
SPECTiALDENSITY,IN @/CPS UNITS.

FIGURE 514-4. Vibnztion 1.s1 curves (mndom), air lzunched vehicles (flight phase) and grotmd launched
vehicles (flight uha.se) equipment. ‘~.

METHOD 514 514–20
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FI I 11”0
I
Ill

I
ill

l!!

Ill

CURVE W - TRACKVEHICIJ;;S

ALL CURVESSILILLBE EZ3!I?NDF3‘IO
2 CPS WHEN EQYIF34ENTRESiXWNC~
UNDER 5 CPS ARE EXPECTED.

/.
(. ~...._./
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I

,

.:..

ACCEIERATIIXIEVE15~ g (m)

CURVE AA - SH~K MOUNTED ITFl@ CYCLItJ
CURVE AB - HARD MCXJNTEDITEMS

CURVE AQ - SHOCK MOUNTED ITEMS,
RESONANCE DWELL

I
ALL cURVES SHALL BE ExTENDED TO
2 CPS WHEN EQUIPMXNT RESONANCES
UNDER 5 CPS ARE EXPECTED.

I

I
I
I
I
I

;
I
I
I
I
I

I

I

I

\

iil

Ill

Ill

1,

I
[:,

I I II I 1 I
2.7 5 10 17 27 52 5C0

FWQUENCY (CPS)
FIGURE 514–6. Vibvation test cmvuea (sinusoidal) growtd equipment and equipment tranapovted by common

earn.er (land or air) tied down.
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,..

lQO 150 2C0 250 3C0 35C .4(:.

TEST ITEMWIIGHT (PCIJNDS)

(’” “
FIGURE514–7. Cut-of fr.qutwcu vs. weight. Equipment .hippcd by co.umm carrier. gromm! #q?<iprncnt and

cquipmen( installed in ground uchicl.s.

‘>..
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,. ...:.. .

1 ?. S4 5 67 8 ● to 11 w.

TIME (MI= )

FJCURE 514J3. Logarithmic cycling rates: For cvcliny tc.~s of 1.ss than 5170 CPS mazimunt frequency, the
fr.qu.n.v rang. shall be .v.[.d J.garithmi.alrv from 5 CPS ~0 ~nmz<mum in 7.5 minutes f07 the tOtal cvc(ina

time specified.
‘.., -
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METHOD 515

ACOUSTICAL NOISE

1. Purpose. The acoustical noise test is
conducted to determine the effects on equip-
ment of acoustic sound fields that are char-
acteristic of aircraft, missil; and other high

performance vehicles. In general, equipments
located in areas where noise levels are 130 dB
overall or less will not require testing to noise
environments. The acoustic noise test is not
intended to be a substitute for the conven-

tional sinusoidal or random vibration test
when specified in the equipment specification.

2.Apparatus. A reverberation type test
chamber, suitably formed and proportioned
to produce, as close as possible, a diffuse

sound field, the sound energy density of
which is very nearly uniform throughout the

enclosure. A pentagonal chamber’ configura-
tion is recommended. Acute angles of ad-
jacent ;hamber walls shall bc avoided wher-
ever possible. Acoustical generation repro-
duction and measuring equipment suitable
to accomplish these tests.

3.Procedure.

3.1Definitions and terms. A comprehen-
sive list of standard terminology is contained
in United States of America Standards In:
stitute document S 1.1-1960, titled ‘(Acousti-
cal Terminology (Including Mechanical Shock
and Vibration) .“

3.2 Criteria for application. Some equip
ments are insensitive to acoustic stimulation
even at very high levels. Other equipments
may respond in a manner that will modify or
disrupt the equipment function. In extreme
cases mechanical failure may result. Equi~
menta that are sensitive to vibration are
usually sensitive to sound field expuxure. For
this reason a suitable vibration test is often
a good indicator of acoustic sensitivity. How-
ever, it is posible that high frequency reson-

515-1

antes of some rsaponding equipment ele-

ments may he overlooked during the vibra-
tion teat due to the high frequency limitations
of the shaker and vibration attenuation of
tbe test jig and the equipment under test.
The following criteria are presented as a
guide for the initial determination of equip-

ment sensitivity tu acoustic stimuli. Such
criteria cannot hs “considered as the single
determining factur. The final decision,
whether or not to test, must be supplemented

by such additional factors as a description
of tbe characteristics and duration of the
sound field, the location of the equipment
within the vehicle structure, and a consider-
ation of special mounting means or protec-
tive enclosures employed for the equipment.

3.3Assessment of equipment. Of impor-
tance is the fact that some equipments may
possess both sensitive and insensitive prop-
erticx, and that in some equipment it may hc
difficult to assess the properties themselves.
With this understanding, the general criteria
for evaluating the incipient acoustic sensi-
tivities of equipments are contained in the
following paragraphs.

3.3.1 Irr.wn.sitive properties. Equipments
with insensitive properties are those having
small surface areas, high mass to volume
ratios, and high internal damping. Examples

are as follows:

(a)

(b)

(c)

(d)

High density modules, particularly
the solid or encapsulated type.

Modules or packages with solid
state elements mounted on small
constrained or damped printed cir-
cuit boarda or matricw.

Maxs-like valves, hydraulic servo
controls, auxiliary power unit
pumps, etc.

Equipments surrounded by heavy

METHOD 515
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. .

metallic castings, particularly those

that are potted or are encased with-

in the casting by attenuating media.

3.3.2 .Scnsit. ivc properties. Equipments
with sensitive properties are those normally
classified as being microphonics and those
haI,ing large compliant areas of exposure,
low mass to area ratios and low internal
damping. Examples are as follows:

(a)

(b)

Equipment containing microphonics
elements with high frequency re-
sonances such as electron tubes,

wave guides, klystrons, magnet-
rons, piezoelectric components, a“d
relays attached to thin plate sur-
faces.

Equipments containing or consist-
ing of exposed diaphragmatic ele-
ments such as pressure sensitive

transducers, valves, switches, m.
lays, and flat spiral antenna units.

3.4 Selection of test intensity. The noise
levels and duration of exposure are divided
into four intensity categories as listed in
table 515-1. The categories are in order of
increasing severity (overall sound pressure
level ) from A through D. The category
should be se!ected as appropriate for the
expected acoustic level. N’ormally category
(A) will cover the majority of applications
in jet aircraft. In some cases where the
location of the equipment is very close to
the. noise source (within several feet) or
within the 45 degree cone of the jet, and if
the intervening partitions are Of thin ~hel]-,,
like walls, testing to the intensity of category
(B) may be required. Categories (C) and
(D) represent the intense sound fields gen-
erated by large rocket thrust vehicles. Cate-
gory (C) is recommended for equipment
locations forward of the booster compart-
ment extending to the forward or nose cone

regions. category (D) is re~O~~ended fOr

locations in the booster compartment near
ihe thrust source and may include instrument

pods externally mounted on the booster sides.

TABLE 515–1. Sound test mh.dulc

YTea.,,,.11sound Pr=s.re Expmum tine
led (dw)

140 30 minutes

150 30 minutes

160 30 minutes

165 30 minutes

, /cm,.

3.5 Procedure I.

3.5.1 Test item mounting. The test item
shall be suspended in the test chamber by
means of soft suspension cords such as soft
springs or elastic cord in accordance with
section 3, paragraph 3.2.2. The natural fre-
quency of all modes of suspension shall be
less than 25 CPS. The test item shall be ex-
posed on every surface to the sound field by
centrally locating it in tbe test chamber. The

kt item volume should be n“o more than 10
percent of the test chamber volume. When
the test chamber is a rectanguloid, no major
surface of the test item shall be installed
parallel to a chamber wall.

3.5.2 Performance of test.

Step l—The sound pressure field shall
be measured without the test
item mounted in the test cham-
ber. Measurements shall be
made by using a microphone
(more than one if desired) to
define the sound field within
the test volume (central 10%

of the chamber volume). The
overall sound pressure level de-
sired or selected from table
515-1 shall then be introduced
into the test chamber and ad-
justed to conform with the
octave band spectrum specified
in figure 515-1 or 51>22. The

METHOD 515 515-2 .. .
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average sound pressure distri-

bution (overall level) should be
uniform within —2 to +4 dB
of the desired value.

, USCof F.wc 51=1 or 51.5-2 i, dqcndmt on test equiPme”t
avdlflbility.

Step 2—The test item. shall be placed
in the chamber as specified in

3.5. At least three microphones
shall be monitored. They shall
be located in proximity to each

major dissimilar test item sur-
face, at least 18 inches from
the test item surface or one-
half the distance to the neareat
chamber wall, whichever is less.

The average overall sound pressure distri-
bution around the test item should be uni-
form within —2 to +4 dB of the desired

value. Test times shall be as specified in table
515-1. The operation of the test item shall be
monitored when and as specified in the equip-
ment specification.
when measurements are made during or
following the test, they shall be compared
with the data obtained in acordance with
section 3, paragraph 3.2.1. At the conclusion

/
..._ “

of the test the test item shall be inspected
in accordance with section 3, paragraph
3.2.4. In the event the test item malfunctions
during the test, but performs satisfactorily
afterwards, a single frequency sound or vib-
ration test should be performed to determine

whether the malfunction can be dupliwted.
In the application of a single frequency

sound, the sound pressure field shall be meas-
ured as specified in procedure I, step 2. A
single frequency sound or vibration thres-
hold at which a similar malfunction is ob-

served should be recorded and compared with
the results obtained from the continuous
spectrum tests.

4. Summary. The following’details shall be
specified

(a)

(b)

(c)

515-3

in the equipment specification:

Pretest data required (section 3,
paragraph 3.2.1).

Teat category (see 3.4).

Whether operation during the test
is required, and if and how the
operation is to be monitored.

METHOD 515
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METHOD 516

SHOCK

1. Purpose. The shock tsst is conducted to
determine that structural integrity and per-
formance of equipment are.satisfactory with
respect to the mechanical shock environment

expected in handling, transportation, and
service use.

2. Apparatus.

2.1 Shock machine. The shock machine
utilized for procedures I, III, and IV shall
be capable of producing the specified input
shock pulse shown in figure 516-1 or 516-2.
The shock machine may be free fall, resilient
rebound, nonresilient, hydraulic, compressed
gas, or other.

2.1.1 Shock machine calib?’ation. The act-
ual test item, a rejected item, or a rigid
dummy mass shsll be used te calibrate the

shock machine for conformance with tbe
specified wave shape. When a rigid dummy
mass is used, it shall have the same center
of gravity and the same mass as that of the
test item and shall be installed in a manner

similar to that of the test item. (When a
rigid dummy mass or rejected item is used
for calibration, the wa~,eform during the
actual test may be somewhat different from
that observed during calibration. ) The cali-
brating load shall then be removed and the
shock test performed on tbe actual test item.
Provided all conditions remain the same,
other than the substitution of the test item
for the calibrating load, the test shall be con-

sidered to meet the requirements of the speci-
fied waveform. (It is recommended that the
actual test wsveform be recorded for later
use in a failure analysis if the test item
fails.)

2.2 Instrumentation. The instrumentation
used to measure the input shock pulse, in
crder to meet the tolerance requirements of

the test procedure, shall have the character-
istics specified in the following paragraphs.

2.2.1 Frequency response. The frequency

response of the complete measuring system,
from the accelerometer through the readout
instrument, shall be as specified by figure

516-3. Particular care shall be exercised in
the selection of each individual instrument
of the shock measuring instrumentation sys-
tem in order to assure compatibility with the
prescribed frequency response tolerance.

2.2.2 Acceleromet+?r, piezoitectr% When a
piezodectric accelerometer is employed as
the shock sensor, the fundamental resonant
frequency of the accelerometer shall be great-

er than 14,000 cps (resonant frequencies of
30 kc or higher are recommended). For suit-
able low frequency response the accelero-
meter and load (cathode follower, amplifier,
or other load) shall hav’e the following char-
acteristics:

RC > 0.2

Where R = Load resistance (ohms)

C = Accelerometer, capacitance
plus shunt capacitance of
cable and load (farads)

2.2.3 Accelerometer, strain gage. A strain
gage accelerometer may be used, provided
the undamped natural frequency is equal to
or greater than 1,500 cps with damping ap-
proximately 0.64 to 0.70 of critical.

2.2.4 Accelerometer calibration. The ac-

celerometer shall be calibrated against a
standard transducer or by optical meane.

2.2.5 Accelerometer mounting. The nloni-
tw. ing accelerometer shall be rigidly attach-

ed to the test item support fixture at or near
the attachment point (s) of the test item.

51s-1 METHOD 516
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3. Procedures.

3.1 Shock pulse. Theshock pulses shall be
as shown in figure 516-1 or 516-2 (whichever

is specified in the equipment specification).
All points of the acceleration waveform ob-
tained shall lie within the area enclosed by
the tolerance limit lines. In. general, it is
recommended that the saw tooth shock pulse

he used, since its broad frequency spectrum
tends to excite all resonant frequencies.

3.2 Mounting of test item. The test item
shall he rigidly attached tothe shock machine
table for procedures I, III, and IV, in ac-

cordance with section 3, paragraph 3.2.2.
Wherever possible, the test load shall be dis-
tributed uniformly on the test platform in

order to minimize the effects of unbalanced
loads.

3.3 Procedure I. Basic design test. This
procedure shall be used for shock testing

equipment assemblies (mechanical, electrical,
hydraulic, electronic, etc. ) of medium size,
including items which mount on vibration
isolators and equipment racks. Three shocks
in each direction shall be applied along the
three mutually perpendicular axes of the test
item (total of 18 shocks). If the test item
is normally mounted on vibration isolators,

the isolators shall he functional during the
test. The shock pulse shape shall be in ac-
cordance with either fiWre’ 516-l or 516-2,
of amplitude aor band time duration cord,

as specified in the equipment specification.

The test item shall be operating during the
test if required by the equipment spccifira-
tion. At the conclusion of the test, the test
item shall be operatsd and the results com-
pared with the data obtained in accordance

with section 3, paragraph 3.2.1. The test
item shall then be inspected as specified in
section 3, paragraph 3.2.4.

3.4 Procedure II. Transit drop test.

3.4.1 Pw-pose. The.equipment, initatrans-

it or combination case as prepared for field
use, shall be capable of withstanding the
shocks normally induced by loading and un-
loading of equipment.

3.4.2 Test coruZitions. The test item shall
be in its transit or combination case. For

equipment 1,000 pounds or less, the floor or
barrier receiving the impact shall beef solid
wood, 2-inch thick fir backed by concrete or

arigid steel frame. Forequipment over l,OOO
pounds, the floog. or barrier shall be concrete ,, ‘.
or its equivalent.

3.4.3 Perfomnanceo ftest.S ubjectthet@t ‘“’
item to the number and heights of drop as
required in table 516-I.Upon completion of

the test, the test item shall be operated and
the results compared with the data obtaind
in accordance with section 3, paragraph
3.2.1. The test item shall then be inspected as
specified in section 3, paragraph 3.2.4.

TABLE51&I. Tramitdmp test (Fo.edxre II)

[
w+, .f t-t it-. w=! dim=mi.n.
imludhg case (tid=e)

Under 100 rmunds Under 36
man-packed and

man-portable
36 and over

—

100 to 2oiJ Under 36
pounds, inclusive

36 and over

Over 200 to Under 36
1,000 pounds,

imlusive 36 fn 60

Over 60

Note

A

A

A

A

A

B

B

METHOD 516 516-2

,.

Heightal
dmP(~. )

——
46

30

30

24

24

26

24
_—

No. d &vP

Drop on each face,
edge, and corner.

Total of 26 drops.

Drop on
each corner.

Total of 8 drops.
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TABLX 5161. Trana-icdrop teat (procedure II) (Continued)

Weigh,.1 tcsliwn,
including ..s,

Over 1,000
pounds

‘: ‘: =
.NokA. Drnp shall be made from s quick-release h.mk. m pe.d.lum ~ter as made by the L.A.B. Corpemtio., Skmtatelcs, Ncw York,

o. equal The test item shfl L-t oriented for the mm?, drop ,0 that the sidm .,, al s“ awl. cd 45 dqre=s.

No<. B, With the log-t d;m.nsi.m P-%11.1 to the floor. the Uan$it or .omhinatim ease, with thr test item within, shd bc mpporicd at
the mrncr d one end by s block 5 inchc! in height, end .! the other corner of the mm. end by . block 12 inch= in height.
?h OFpitc end of the cam shall then be raked to Um SPc&fi=d hci~hi al the lowest ur,supyfied mm., and allowed to fall
freely.

!. Nof. C. With the rmmal transit position and. the l-w,, .iirm.>ior. +. that position parallel to the fl.mr. the uam;t m combination case.
tith Uw t-t item within, sh.1] be subjected to the edgewise and mr.erwise drop test as fOIIOWS:

1, Edmwue drop 1.s. 0.. edge d &< base of the test item shall b< suPPmlcd m! a sill 5 to 6 inch= in height. l%, op~$ite
edge shall b+ raised b the specified height and allowed 10 {.11 freely. The test slmll be applied once to each C@ of the baa.
O! the t=t item ( total C4fow drops).

2. Cmnenuise drw ted. One c.xnez cd the base of Uw test item shall k mppoticd on e blcck q.proximatdy 5 inches in heizht.
A block nominally 12 inchei i. heisht shall k pla=d under the other comer of the sr.nm end. The opposite end of the test
item shall be raked to the sp&6ed h.fght at the lowest .ns.pporlcd corner and allowed 10 fdl freely. This 1?s1$hall be sP-
P1&d .“., to each of two diagonally opposite mm,” of the base ( total of two drops). When the !xomrt;ons nf width and
height d the test item are #.eh u to cause instability i. the emncrwke drm test, .-dgewue drop+ shall be substituted. 1. such
instance two more c&-cwke drov O. each end lhdl be ccmducied ( total of {our drw).

.?

!“

3.5 Procedure HI. Crash safety teat. This
test is conducted to determine the structural
integrity of equipment mounting means. The
test item or dummy load shall be attached
by its normal points of attachment. The test
item or dummy load shall be subjected tu two
shocks in each direction along the three
mutually perpendicular axes of the equip-
ment (total of 12 shocks). The shock pulse

shape shall be in accordance with either fig-
ure 516-1 or 51G2, of amplitude a or b and
time duration c or d, as spwified in equip.
mcnt specification. There shall be no failure
of the mounting attachment and the test
item or dummy load shall remain in place
and not create a hazard. However, bending
and distortion shall be permitted.

3.6 Procedure IV. High intensity test. This
procedure shall be used where high accelera-
tion, short time duration shock excitation m..
suits from handling, stage ignition, separa-
tion, re-entry, and high velocity aerodynamic
buffeting experienced by missi:es and high

P:rfO~ance weaPOn systems. This test shall
be utili:ed for testing such items as small,
bgh density electronic eq”ipme”ts a“d other

items of small sizr mount~d without shock
and vibrat’on isolators. Two shocks shall bs

applied to the test item in each direction
along each of the three mutually perpendi-
cular axes (total of 12 shocks). The shock
pulse shape shall b? in accordance with either
figure 516-1 or 516-2, of amplitude a or b and
time duration c or d, as specified in equip-
ment specification. The test item shall be
operating during the test if reql!irfd by the
equipment specification. At the conclusion of
the test, the test item shall be operated and
the results compared with the data obtained
in accordance with section 3, paragraph

3.2.1. The test item shall then be inspected
as sp:cified in section 3, paragraph 3.2.4.

3.7 Procedure V. Bench handling test. This
test is conducted to determine the ability of
c~u”pment to withstand the shock encounter-
ed during servicing. The chassis and front
panel ass:mbly shall be removed from it$
cnclosur.n, as for servicing, and placed in a
suitable position for servicing on a horizon-

tal, solid wooden bencb top at least 1-%
inches thick. The test shsll be performed, as
follows, in a manner simulating shocks liable
to occur during servicing:

}. ‘. _.:..-,,-
516-3 METHOD 5113

.,
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Step l—Using one edge as a pivot, lift
the opposite edge of the chassis
until one of the following con-
ditions occurs (whichever oc-
curs first) :

(a)

(b)

(c)

The chassis forms an an-
gle of 45 degrees with the

horizontal bench top.

Tbe lifted edge of the

chassis has been raised 4
inches above the horizon-
tal bench top.

The lifted edge of the
chassis is just below tbe

point of perfect balance.

Let the chassis drop back freely to the hori-
zontal bench top. Repeat, using other practi-
cal edges of the same horizontal face as pivot
points, for a total of four drops.

Step 2—Repeat step 1, with the test
item resting on other faces un-
til it has been dropped for a
total of four times on sach face
on which the test item could be

placed practicably during ser-
vicing. The test item shall not
be operating during the test. At
the conclusion of the test, the
test item shall be operated and
the results compared with the
data obtained in accordance
with section 3, paragraph 3.2.1.
The test item shall then bc in-
spected as specified in section
3, paragraph 3.2.4.

3.8 Procedure VI. Rail impact test. This
test is performed to determine the effect that
impact, due to shipping and other types of
transportation, will have on equipment. If

an item can be shipped in two orientations, it
shall be impacted once in each direction of
each orientation at speeds of 8, 9, and 10
miles per hour (total of 12 impacts). If an
tem can be shipped only in one orientation,

METHOD 516 516-4

it shall be impacted twice in each direction

of each orientation at speeds of 8, 9, and 10
miles per bour (total of 12 impacts).

3.8.1 Amar’atus. The following equipment
will be necessary to perform this test:

(a)

(b)

(c)

(d)

Three ordinaW railroad cars, only

one of which is a tlat car, with
standard draft gear couplings.

A prime mover for moving the cars.

A calibrated means to determine the

speed at time of impact within &5
percent.

Accelerometers and associated cir-
cuitryto measuretbe impact shOck,

if required by the equipment speci-
fication.

3.8.2 Performance of test.

(a)

(b)

(c)

(d)

Two cars will act as buffer cars ~

and b+ located ona level section of
track. The air brakes shall be set
in the emergency application posi-
tion on both cara. The total buffer
load excluding car weights shall be
140,000 pounds minimum.
The test item shall be mounted on
the end of the test car (flat) in

direct contact with the floor and
adequately blocked and secured to
prevent any longitudinal, vertical,

or lateral movement. Metal band-
ing, or wire, of sufficient size or
strength shall be used to provide
additional tiedown strength. Posi-
tions of the equipment with respect
to the’test car and whetheror not
packaging is necessary shall be
specified in the equipment specifica-
tion.

Impact the test car (flat) into the
two loaded cars.

Impacts shall be made in progrc~-

\.. ..

(

,. i.
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sive steps with impacts at 8, 9, and
10 miles per hour. The speed just
prior to impact shall bc msasured

by electronic or electriml means
having an accuracy of +5 percent.

3.9 Related shock teats.

3.9.1 Missile impact. A test for simulating
missile impact, hard landings, etc., may be
performed by employing a rocket sled test
facility with a suitible impact barrier.

3.9.2 Hardsites. Equipment located in or

at missile hardsites usually demands special
tests, however, for some zones special adapfi

ations of conventional shock machines ran

be used. For the critiral zones, shock tubes,
explosion chambers, hydraulic actuators, etc.,

can be used.

3.9.3 High impact. Unless otherwise speci-
fied, ballistic shock testa and high impact
tests shall be conducted in accordance with

MIW901.

3.9.4 Shipboard equipment. Shock testa
for shipboard
in accordance

equipment shall be conducted
with MIJAS-901.

MIL-STD-8108
15 June 1967

3.10 Combined temperature-shock test.
Tests shall be conducted under room ambient
conditions unless the equipment specification
requires a high or low temperature shock teat
in which case the temperature extremes shall

be as specified in the equipment specification.

4. Summary.

The following details shall be specified in
the equipment specification:

(a)

(b)

(c)

(d)

(e)

(f)

Pretest data required (section 3,

paragraph 3.2.1).

Procedure number.

Shock pulse selection, specify shape,
peak value, and duration.

Temperature extremes (see 3.10).

Filter (s) used shall be identified.

Whether operation during the test

is required, and if and how the
operation is to be monitored.

516-5 METHOD 516
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IDF.ALSAW’MOTB
PULSE

I%ERANCE LINITS

‘“
/

0.15 P /
P

0.05 P

+

BXF LINE

“T05P 1=

. . I ./ -0.15 P II -0.’2 P

.PPAKVALUi.(P)g’s NoMINAL DURA~on (D? ~j (‘Yt

FLIGHTVEHICLE GROUND FLIGHT vFJIICLE GROUND

PROCEOURI TEST EQUIPMENT (a) EQUIFMENT (b) EQuIPMENT (C) EQUIFl@NT<(d)

I BASIC DESIGli 20 L!o 11 18

III CRASH SAF~ 40 75 11 11

IV HIGH INTENSITY 100 100 6 11

mOTE: SHOCK PARAMETERS (a) AND (C): BXCO!.O.EliDEoFOR EQUIPMENT NOT SHOCK MOWED AND
WEIGSING LESS THAI 300 POUNIS.

TSE 0SCILIJYXL4MSHALL INCLUDEA TIME ASOUT 3D UXG wTS A P~SE ~CATED AF~OX~~Ly IN
THE CENTES. THE PEAK ACCELERATIONMAGNITUDE OF THE SAhTOOTH PULSE IS P AND ITS DURATION
IS D. ANY )+F.ASUBELOACCELERATION PUIi3EWHICH CAN BE CONTAINRD BETWEEN T~ BRO~ LINS
BoUNDARIES IS ACCEPTABLE. THE MSASUNED VEIDCITY CSANGE (WHICH MAY BE OBTAINED BY INTF.G -
TION OF THE ACCELERATION PULSE) SHALL BE WITHIN THE LIKi?TSOF vi M-l vi, -E U .’IS2s

VELOCITY CHANGE ASSOCIATES WITS THE IDEAL PUWE wSICS SQUALS 0.5 DP. ~ INTEG~T N ~
.DETEWNE VELGCCTY CHANGE SHALL EXTEND FROM 0.~D BEFORE TSE PULSE ‘IOO.m B~oNo

TirE PULSE,

FIGURE 516-1. Termimzl.peak sawtooth chock pulse con,6guration and its tole.an.e limits.

hlFWfIOD 516 516-6

r
-----
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I

TOLESANCELIUITS - / —%
1.15 A

W /
,/’ “

,’ \u

\ .“ ~AR-—. 0.85 A

J

‘\ -;? g: ~s~~
S1SS J?AVETRANSLATED /,”
DOWJWPJI0.15 A l.”

//
—IDEAL SINE WAVS

__J:

i

“\ ~L_

\
~.2 A

O“; :3QZH

7/

\ RBF LINE

‘ 3– -~.

L

ZERG
0.05 A

‘— -0.2 A –— -0.2 A

30CEOURE TEST

I BASIC DESIGN

III CRASH Lmw’IT

IV HIGH INTENSITi

ITS: SHOCK PAF.AMtmERs(t

PEAK vALi

FLIGHT VEHICLE
EQUIPMENT (a)

15

30

100

Am (c): FG3c

(A) 6’S k’ot.tTNALDuRATION (D) MS \

GROUND FLIGHT VEHICLE GROUND
EQUIR.5N’I(b) SQUIPMZWT (c) EQUIFWZNT (d)/

ti
-DBD FOR EQUIPMENT SHOCK MOUNTEC OR WEIGHIN

300 POUNDSOR MOP.S.

THE OSCILLIXXAM SRALL INCLUDE A TIME ABOUT 3D LONG WITH A PULSE I.QCATSDAPPROXIMATELY iIJ
THE C3WTEF. TfE ACCELSBATION AMPLITUDE OF THE ID2,ALSALT SINE PULSE IS A AND ITS DUSATJO#
IS D. ANY MEASURED ACCELESA’FIONPULSE WSICH CAN BE CONTAINED B2TWEEH THE BROKEN LINT
BO~AS12S IS ACCEPTABLE. THE MEABUBJiDV31LDCITYCHANGE (i’UICHMAY BE OBTAINFD BY INTEGRA-
TION OF TICSACCELERATION PULSE) SHALL BE WITHIN THX L13.UTSVi *O.1 Vi -E Vi IS THE
V2Z.OCITY-CHANGEASSOCIATED WITS THE IDFAL PULSE WRICH lQUALS 2 AD/ti. THE INTBGP.ATIOX
TO DETERhTNE VELOCITY CHANGE SHALL EXTESD FROM O.~D BEFOB2 THE POISE TO O.lD BSYOND TKE
PULSE.

FIGURZ516–2. Hal/ sine shock pulse con$gumtiow and its tolerance limit...

516-7

,,.

I

.1

I
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This tentative test method hcw been approved bu the D.parl-
ment of the Air Force. It is optional jor use by all activities.

METHOD T517

SPACE SIMULATION

1. Purp&e. The tests described in this
test method are intended for the evaluation
of space vehicle components, space vehicle
subsystems and complete space vehicles in-
cluding installed equipment.

The space simulation test is conducted to
determine whether space vehicles such ~

satellites, external instrumentation packages,
spacecraft, and space stations with associated
equipment can withstind the deleterious ef-
fects of very low pressures, low tempera-
tures, and solar radiation. Ordinarily, this
test will require establishing realistic tem-
perature distributions across and through the
test item. Aerodynamic heating is not usu-
ally considered a part of this test but may be
partially simulated, if so specified, by the
application of heat.

2. Apparatus. This section deals with gen-

eral performance requirements of several ap-

paratus items used in space simulation test-
ing. Performance requirements for a specific

test would be called out in the equipment
specification.

2.1 Thermal vacuum chamber. The test
chamber shall be capable of providing a
vacuum of at least 10-5 Torr. with the test
item installed. Provisions shall be made for
black-coated cryogenic shrouds capable of
near liquid nitrogen temperatures (—195° C
or 78° K) and of sufficient area and shape to
prevent the test item from “seeing” warm
~bamber walls.

2.2 Solar simulator. The simulator shall

be capable of providing radiant energy corre-

sponding to that of the sun in space. The to-
tal solar energy shall be equal to tbe applica-
ble value of table 517–1, columr. 2, and varia-
tions of this intensity with time shall be kept
to &z.5 percent or less. At all points in tbe

test plane, the intensity shall not devia~ by
more than &2.5 percent from the average,
measured by a sensor of area 0.1 ft.~ or
I/1,000 of the irradiated area, whichever is

smaller. To insure uniformity in depth, the
field angle of the simulated sun shall not ex-
ceed 4 degrees, except in special cases, and
should be less than 2 degrees, if possible. As
it is likely that the spectrum of the simulated
radiation will differ in certain wavelength

regions from the spectrum of the true solar
rad’ation, which is listed in table 517–11, the

total effective absorptance of the surface of
the test item shall not differ by morp than
&2.5 percent from the total solar absorpt-
ance value if simrificant test item tempera-
ture errors are ~ be avoided.

TABLE 517–1. A vt?vage radiation chanxlem”stics

517-1

m“ct

Earth

Mars

V.. us

Earth,s
Mm.

of plan. ts

Incident
,Olal

radiation
i.,..,ity
( ~.-f
,q. ft. )

130.0

56.2

245.0

130,0

,.

PI*.,I
,17ee,ivity
( alhcd.)

0,36

0.146

0.67

0.012

Planet
thermal
.adiatim
{w,mf
S,. ft. )

20.7

12.0

20.3

30.1

mane!
lam.

(*K)

250

226

249

284

hlETHOD 517
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TABLE 517-11. Solar eleclrornapnetic
energv distribution

Ws.,tlen@h bati
(..ptmma)

(Note 1)

1,800-2,500

2,500-3,300

3,300-6,000

5,000-7,000

7,000-9,000

9,000-11,000

11,000-15,000

16,000-30,000

P-t of
total er,,rm

-

0.3

2.8

20.0

26.0

17.0

11.0

12.0

11.0

AUmv.ble
Vui.tio. d
h.nd e.ew

*16%

*1O%

*1O%

*1O%

*10 %

*1O%

*1O%

+10%

N.Jc. 1. Due to the aat involve-i and difficulties i. .tiul.tion.
the ..=.3 for sinmhtin. I& 1,80C-!2.50WA$mvdmrth bar-d d-add
b+ carefully a.dyzd.

2.3 Heat flux simulator. The thermal ef-
fects of the space environment upcm a space-
craft may be simulated using radiant energy
sources entirely in the infrared (heat) por-
tion of the spectrum under either of the fol-
lowing conditions:

(a) If a piece of equipment is shielded
from direct view of sun and
planets

(b) If a spacecraft or a pisce of equip-
ment which is directly viewed by

the sun and planets is configured
such that a thermal source will
supply the same heating effect as
a source simulating the spectrum
and collimation of the sun would.
This would be applicable for an
equipment (a) with a uniform

external finish (a/f), (b) with
no sensitive parts mounted in
deep crevices, where the collima-
tion of the radiation would be im-
portant, or (c) where the rota-
tional motion in space would be
such as to result in effectively
uniform solar/planet illumination

METHOD 517 517-2

sufficient to cancel the effects of
crevices and non-uniform alt
surface finishes.

If the ahove conditions are met, and the

decision is made to perform the simulation
with a heat flux source test, the temperature

of each heat flux source which irradiates the
spacecraft may be established from the fol-
lowing equation:

a-

.Tt~=(S+e)+w
t

where,

.= Boltzman’s constant ,= 5.669 x
10-s watts meterz deg. K) q

T. = Temperature of shrOud (heat
source) in degrees K

.= Absorptivity of the spacecraft
surface irradiated. This is tbe ra- ,

tio of the incident energy with
spectral characteristics of the
sun’s radiation which would he
absorbed by the surface to the in-
cident energy of the same spectral
and i n t e n s i t y characteristic
which would be absorbed by a
true black body surface.

$ = Pmissivity of the spacecraft sur-
face irradiated at the temperature
T.. This is the same as the ratio
of the emissive power of the
spacecraft surface at the tempera-
ture T. and the emissive power of

the black body at the same tem-
perature.

S = Intensity of the sun’s radiation
being simulated in watts meterz.

e = Intensi$y of $~e planet albedo be-
ing simulated in watts meterz.

w = Intensity of the planet thermal

radiation being simulated in watts
meterz.

I

l._.. .. . . . .- ..... ... .... . .

Downloaded from https://www.everyspec.com



MIL-STO-8 10B
15 June 1967

The heat flux sources may consist of iso-
thermal shrouds maintained at the tempera-
tures as computed from the preceding equa-
tion. The shrouds should have the emissivity

characteristics of a true black body for the
temperature as computed from the equation
to be correct.

Those surfaces of tbe spacecraft which
... ,,, . . , would not be irradiated either by the sun or

planet radiation but would normally “see”

black space should vi~w “black” chamber
shrouds maintained near the temperature of
liquid nitrogen (—195° or 78” K).

The above is intended to serve only as a
guide for establishing temperatures to be

employed in space thermal-vacuum tisting.
The exact temperature must be computed
considering specific spacecraft geometric and
surface characteristics, and thermal vacuum
test equipment configuration. These proper

,. simulation temperature would be stated in
the specific space thermal-vacuum test pro-
cedure.. .

3. Preparation for test. In preparing the
environmental and flight program for a test,
typical information needed would be as fol-
lows :

(a)

(b)

(c)

(d)

(e)

(f)

Need for simulating planet/moon
radiation/albedo.

Rotational modes and attitude ori-
entation, as applicable.

Programming solar radiation in ac-
cordance with the mission (con-
sidering the day and night orbit-
ing periods).

Equipment operation duty cycles.

Duration of test.

Method for monitoring test item
during tesL

(g)

(h)

(i)

(j)

(k)

(1)

Operating parametem to be moni-

tored.

Allowable deviation fmm specified
tolerances.

Coupling of radio frequency out-
puts to dummy loads.

Substitution of rechargeable bat-
t@ries for the vehicle’s primary
power source.

Emission of fuels and oxidizers.

Statement of reliability and failure

I

criteria.

(m) Other applicable requirements.

3.1 Test discipline.

3.1.1 Sokw simulation. Tbe test item shall
be subjected to a pressure of lWJ Torr. or
lower in order to eliminate heat transfer
from the vehicle to its surroundings by con-
vection. The test item shall also “see” black
coated chamber walls maintained at —195” C ,1
(78° K) in order to simulate the heat sink of
space. Simulated solar radiation shall be ap-
plied to the test item in the direction corre-
sponding to that of the sun in space. The total

solar energy shall be equa[ to the applicable
value of table 517–1, column 2, and variations

of this intensity with time shall be kept to
+2.5 percent or less. At all points in the test

plane, the intensity shall not deviate by more
than *2.5 percent from the average, meas-
ured by a sensor of area 0.1 ft.z or 1/1,000
of the irradiated area, whichever is smaller.
To insure uniformity in depth, the field angle
of the simulated sun shall not exceed 4 de-
grees, except in special cases, and should bc
less than 2 degrees, if possible. As it is likely
that the spectrum of the simulated radiation

Iwill differ markedly in certain wavelength
regions from the spectrum of the true solar
radiation, which is listed in table 517-11, the
total effective atmorptancc of the surface of

517-3 M~HoD 517
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the text item shall not differ by more than
&2.5 percent from the total solar absorptance
value. If photovoltaic devices and concent-

rator devices are to be tested, much tighter

.- tolerances are required on uniformity and
field angle.

3.1.1.1 The?mal eflecty Planet/moon ra-
dintion/a.lbedo. When the mission of the test
itern is such that the flight path will lie suf-
ficiently near a planet or moon for a time

period long enough that the temperature of
any part of the test item may vary by more
than 10“ C from the temperature it would
have if no planet or moon were present, simu-
lation of the planet/moon radiation/albsdo

should be attempted in addition b direct so-
lar radiation.

The minimum acceptable test requirements
for simulating the effects of planet/moon
radiation/albedo entail simulation of the

maximum and minimum incident energy con-
ditions to be expected in the given orbit. The
secondary radiation flux must be adjusted for
the actual orbital altitude.

In general, as the space vehicle may exhibit

appreciable thermal lag, the albedo and ther-
mal radiation flux should be programmed to
follow the incident energy variations that
will be met along the actual orbital path.

Note: Speficication of temperature tolerances is
meaningless unless the user is willin’g to pay the dol-

! lar. cost in terms of facility equipment and ,sophisti-
mti.m.

3.1.2 Tirrw. When the intended mission
time of the test item is such that the test
item will be exposed to low pressure condi-
tions for periods in excess of 24 hours, the
test chamber shall bs maintained at a pres-
sure of at least 1 x 10-s Torr. for the approxi-
mate duration of the mission. Test items with
intended flight times of less than 24 hours
shall be exposed to low pressure for a time
equal to or longer than the actual intended
flight time. A pressure of 1 x 10-8 Torr. or

lower shall bs employed where changes in
physical properties of materials, outgassing,
cold welding, etc., are of concern. A pressure

level of 1 x 10-:0 Torr. or lower shall be em-
ployed for friction experiments in space.

METHOD 517 517-4

4. Procedure-performance of test. The

test item shall be placed in the test cham-
ber in accordance with section 3, para-
graph 3.2.2. The temperature control sur-
faces of the test item shall not directly face
any abnormal heat source. Any operational
performance check shall be accomplished in

accordance with section 3, paragraph 3.2.1.
All equipment shall be operated (excluding
any propulsion system ) and measurements
made as specified in tbe vehicle or equipment
specification. The test chambsr shall then be
reduced to that pressure determined through
compliance with paragraph 2.1.2 of this test
method and the chamber walls cooled to
—195” C (78” K). Thermal energy corrsa-

ponding to the applicable value and manner
of exposure determined through compliance
with 2.1.1 shall then be applied to the test
item. The normal rotational mode of the test
item along with other requirements and con-

ditions shall then be established and main-
tained throughout the test. Measurement
made during the test shall be compared with
the data obtained in accordance with section
3, paragraph 3.2.1. At the conclusion of the
test, the test chamber shall be returned to
standard ambient conditions and stabilized
and the test item inspected in accordance
with section 3, paragraph 3.2.4.

5. Summary. The following details shall be
specified in the equipment specification:

i.__. ___..... . . ,.,

(a)

(b)

(c)

Pretest data required (section 3,
paragraph 3.2.1).

All information necessary for the
completion of 3 (a) through 3 (m).

Length of time required for lmeas-
urements.

/,,”
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I
‘..
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METHOD 518

TEMPERATURE-HUMIDITY-ALT~UDE

1. Purpose. The temperature-humidity-al-
titude test is conducted to determine the ef-
fects of cycling between 10* temperature/lOw
pressure and high temperaturefiigh humid-

ity as may be obtained in service by flying
equipment betw,een extreme environments.

2. Apparatus. Temperature-huidity-alti-
tude chamber. No rust or corrosive contamin-

ants shall be imposed on the test item by the
test facility.

.-‘ L.-’

3. Procedure I.

Step l—Place the test item in the test
chamber in accordance with
section 3, paragraph 3.2.2.

Step 2—Reduce the chamber tempera-
ture to –54° C (–65° F)
within 2 hours.

Step 3—Reduce the chamber pressure
at a rate of 1,000 to 1,500 ft./
min. to 50,000 feet altitude
while maintaining the speci-
fied —54° C (—65” F) tem-
perature. The time from the
start to the completion of step

3 shall be 21A hours.

“ Step 4—Within 30 minutes, raise the
chamber pressure to standard
ambient pressure, return the
chamber temperature to stand-
ard ambient temperature, and
then, raise the chamber humi-
dity to 95 percent RH.

Step 5—Maintain temperature and
humidity conditions for 21/z
hours.

Step &During the next 30 minutes,
increase the temperature to
65” C (149” F) and maintain
humidity at 95 percent RH.

Step 7—Maintain
humidity
hours.

temperature and
conditions for 6

Step 6-During the next 8 hours, re-
duce the chamber temperature

at a uniform rate to standard
ambient temperature while
maintaining humidity at 95
percent RH.

Step 9—Maintiin standard ambient
temperature at 95 percent RH
humidity for 2 hours.

Note: Steps 2 through 9 constitute one cycle a~
showncmfigure618-1.

Step 10—Repeat steps2 through 9 three
more times.

Step n-Return to standard ambient
conditions.

Step 12—Reduce the chamber tempera-
ture to –54° C (–65” F)
within 2 hours.

Step 13—Reduce the chamber pressure
at a. rate of 1,000 to 1,500 ft./
min. to 50,000 feet altitude
while maintaining the speci-
fied —54° C ( –65° F) tem-
perature. The time from the

start to the completion of step
13 shall be 2+4 hours.

Step 14—Within 30 minutes, return the
chamber to standard ambient
conditioirs.’( Do not add humi-
dity.)

Step 15—After stabilization of the test
item, operate the item and
compare the results with the
data obtained in accordance
with section 3, paragraph
3.2.1. During this period,
special attention shall be giv-
en to electrical and electronic
test items for erratic Opera-

518-1 METHOD 518
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tion or malfunction resulting
from arcing or corona effects.

Step 16-Inspect the test item in acrmr-
dance with section 3, para-
graph 3.2.4.

,,.--,.
!’ “. J

4. Summary. The following details shall be
specified in the equipment specification:

(a) Pretest data raquired (section 3,
paragraph 3.2.1.).

------,,
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A. GIVE PARAGRAPHNUNBi73ANUWORDING.

B. RECONNENDATICNSFOR CORRECTINGlltEDEFICIENCIES.

2. COlOfSNTS~ AM SFECIFICATICNRSQUIRXNENTCCWSIDERSDTcO sIGID.
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