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The bulk of the standard remains devoted to test methods. Individual methods have been revised to encourage accurate
determmation of the environmental stresses that an equipment will encounter during its service life. Guidance for
accelerated or aggravated testing during the design process is included in some cases. Each test method has been divided
into two sections: Section I provides guidance for choosing and tailoring a particular test procedure, Section II includes
step-by-step test procedures. In some methods, not only the test values, but also the sequence of steps is tailorable.
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5.1.1 Tolerances for test conditions, Unless otherwise specified, tolerances for
test conditions shall be as follows:

a. Temperature, The test item shall be totally surrounded by an envelope of
air (except at necessary support points). The cemperacure of the cest section
measuremenc syscem and the i

t

C
Qv
o,
c
(a4
[a
o
-
w
[y
o
<
1
[
[o])
©
o
€
e
-
0
=
[
7]}

-
>

t o
L

b. Pressure +5% (4200 Pa).

c. Humidity. Relative humidity at the chamber control sensor shall be +5
percent RH of the measured value.
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Sinusoidal: +10 percent
Random: See method 514.4

e. Vibration frequency. Vibration frequency shall be measured with an
accuracy of +2 percent, or *1/2 Hz below 25 Hz.
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f. Acceleration.. Acceleration (g’'s) shall
.-
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g. Time. Elapsed time shall be measured with an accuracy of +1 percent.

h. Air velocity. Air velocity shall be within 10 percent of the specified

5.1.2 Accuracy of test instrumentation calibration The accuracy of instruments
and test equipment used to control or monitor the test parameters shall be
verified prior to and following each test and then calibrated in predetermined
intervals and shall meet the requirements of MIL-STD-45662 to the satisfaction of
the Drocuring activity. All instruments and test equipment used in conducting the
tests specified herein shall:

a. Be calibrated to laboratory standards whose calibration is traceable to
the National Standards via primary standards.

- R , - I P R, 2 .3 al _ PO L a1 _ PP v _ - A

ave an accuracy of at least one ird the tolerance for the variable 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 latter shall govern.

5.1.3 Stabilization of test temperature

5.1.3.1 Test item operating. Unless otherwise specified, temperature
stabilization is attained when the temperature of the operating part of the test
item considered to have the longest thermal lag is changing no more than 2.0°C
(3.6°F) per hour.
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5.1.3.2 Test item nonoperating. Unless otherwise specified, temperature
stabilization is attained when the temperature of the operating part of the test
item considered to have the longest thermal lag reaches a temperature within test
tolerances gf the nominal test temperature, except that any critical component
(e.g., batt electrolyte for engine starting test) will be within 1°C (1.8°F).

Structural or passxve members are not normally considered for stabilization
purposes. When changing temperatures, for many test items, the temperature of the
chamber air may be adjusted beyond the test condition limits to reduce
stabilization time, provided the extended temperature does not induce response
temperature in a critical component or area of the test item beyond the test
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5.1.4 Test sequence. Experience has shown definite adva antages to performing
certain tests immedia tely before, in combination with, or immediately following
other tests. Where these advantages have been identified, guidance has been put

in I-3c of the test methods and shall be followed. Other sequences and
combination consistent with 1.2 and 4.2.1 of General Requirements may be used with
the permission of the acquisition agency.
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5.1.6 Test conditions, Whenever practical, specific test levels, ranges, rates,
and durations shall be derived from measurements made on actual or appropriately
similar equipment (see 4.3). When specific measured data are not available, the
test characteristics shall be tailored using the guidance found in section 5.

5.2 General test performance guidance

5.2.1 Pretest performance record. Before testing, the test item should be
operated at standard ambient conditions (see 4.4) to obtain and record data
determining compliance with the requirements document(s) and for comparison with

data obtained before, during, and after the environmental test(s). The
identification and environmental test history of the specific test item(s) should
be documented for failure analysis purposes. The pre-test record shall include
(as applicable):

a. The functional parameters to be monitored during and after the test if
not specified in the equipment specification or requirements document. This shall
include acceptable functional limited (with permissible degradation) when
operation of the test item is required.

b Additional evaluation criteria (in addition to 5.2.7)

5.2.2 Installation of test item in test facility. Unless otherwise specified,
the test item shall be installed in the test facility in a manner that will
simulate service usage, with connections made and instrumentation attached as

12
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1-1 PURPOSE. Low-pressure (altitude) chamber tests are performed to determine if
materiel can withstand, and operate in, a low-pressure environment, and withstand
rapid pressure changes.

1-2 ENVIRONMENTAL EFFECTS. Examples of some problems that could occur as a result of
exposure to reduced pressure are:

a. Leakage of gases or fluids from gasket-sealed inclosures.
b. Rupture or explosion of sealed containers.

c. Change in physical and chemical properties of low-density materials

d. Erratic operation or malfunction of equipment resulting from arcing or

corona.
e. Overheating of equipment due to reduced heat transfer.
f. Evaporation of lubricants.

g. Erratic starting and combustion of engines.

1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this document should be used
to determine the appropriate tests and test variables.
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a. Application, This method is intended to be used for the following
applications:

(1) Air shipment of materiel in cargo aircraft.

(2) Equipment designed for installation or operation at high ground
elevations.

(3) Explosive (rapid) decompression due to aircraft damage .
b. Restrictions, This methed is not intended to be

installed in and operated in aircraft, missiles that fly at h
above 4,570m (15,000 ft)), external stores, or space vehicles.
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¢. Sequence. (See General Requirements, 5.1.4.) This method is considered to
be the least damaging of those included in this document for most types of equipment
and therefore may be one of the first to be conducted. Other testing may contribute

significantly to the effects of low pressure (see I-2) on the test item and may have
to be conducted before this method. For example:

(1) Low-temperature and high-temperature testing may affect seals.
(2) Dynamic tests may affect the structural integrity of the test item.

d. Test variations. Before conducting the tests, determine any required
variations of the test procedures(s). The choices for varying the test procedure(s)
are extremely limited. The primary variations involve the test altitude, altitude
change rate, and test duration, as outlined in 1-3.2. Other environmental
combinations, such as low temperature and low pressure, are not addressed in this
method but may be considered.

1-3.1 Choice of test procedure(s)

a. Operational purpose of the test items. From the requirement document(s),
determine the functions to be performed by the equipment in a low-pressure environment
and any limiting conditions.

b. Test objectives. The primary objectives of the low-pressure (altitude) test

av o Aar {omaa ¢
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(1) The test item can be stored and operated at high ground elevation sites.

500.3-2
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(2) The test item can be transported by air in its normal shipping/storage
configuration,

(3) The test item can survive a rapid decompression and, if not, to
determine if it will damage the aircraft or present a hazard to personnel.

c. Selection of the test procedure(s), Three test procedures are included
within this method: storage, operation, and rapid decompression. Based on the test
data requirements, determine which of the test procedures or combination of procedures
is applicable. Consideration should be given to temperature-altitude effects as
appropriate.

(1) Procedure 1 - Storage. Procedure I is appropriate if the test item is
to be stored at high ground elevations or transported in its shipping/storage
configuration.

(2) Procedure 11 - Operation, Procedure II is used to determine the
performance of the test item under low-pressure conditions and can be preceded by
procedure 1, procedure 111, or both, 1If there are no low-pressure storage, rapid or
explosive decompression requirements, this procedure can stand alone.

(3) Procedure I11 - Rapid decompression, Procedure III is used to determine
if a rapid decrease in pressure of the surrounding environment will cause a test item
reaction that would endanger nearby personnel or the aircraft in which it is being
transported. After the rapid decompression test, a potential safety problem could
exist that is not obvious. Caution should be exercised during the post-test
operational check. This procedure can be preceded by either the storage or ‘
operational test.

FS W
Liie

1-3.2 Choice of related test conditions, After the test procedure(s) is chosen,
test altitude(s), altitude change (climb/descent) rate, duration of exposure, test
item configuration, and any additional appropriate guidelines must be determined.

a. Test altitude, Base determination of the specific test altitudes on the

anticipated deployment or flight profile of the test item. If not available, use the
following guidance to determine the test altitude:

(1) World ground areas, The highest elevation currently contemplated for

ground military operations (equipment operating and nonoperating) is 4,5/0m (15,000
ft), 57 kPa (8.3 psia) (reference a).

(2) Transport aircraft cargo compartment pressure conditions. Table

cnn 7_1 vawrdidaae +ha ming +
500.3-1 provides the minimum cargoc compartment pressures for variocus aircraft used te

transport cargo. These pressures can occur as a result of failure of the automatic
pressurization system. Redundant systems prevent rapid loss of pressure unless
explosive decompression occurs. Testing to the 4,570m (15,000 ft) equivalent altitude
will assure that the equipment shipped by air will successfully withstand the
low-pressure environment.

METHOD 500.3
500.3-3




MIL-STD-810E
1 September 1993

Table 500.3-1. Minimum cargo compartment pressures.

Alrcraft Minimum Cargo Equivalent Alctitude
Compartment Pressure (Reference c)
(psia) (kPa) (ft) (m)
C-130 8.29 57.2 15,000 4,570
C-141 8.63 59.5 14,000 4,270
C-5a 8.81 60.7 13,500 4,110
DC-8/707/DC-9-80 8.29 57.2 15,000 4,570
DC-10/747/KC-10 8.29 57.2 15,000 4,570
L-1011/767 8.29 57.2 15,000 4,570
C-160 Transall 8.63 59.5 14,000 4,270
VC-10 11.49 79.2 6,492 1,980
A-300/C 10.71 73.8 8,000 2,400
{(3) HMaximum flight altitude for explosive decompression testing: 12,200m

\J) o 11 1 ltitu X
(40,000 ft) (18.84 kPa) When it {s known that other altitudes will be encountered,
test the equipment for the known elevation.

b. Altitude change rate. If a specific rate of altitude change (climb/descent
rate) is not known or specified in the requirements document, the following guidance
is offered: 1In general, and with the exception of the explosive decompression test,
the rate of altitude change should not exceed 10 m/s (2,000 ft/min) unless justified
by the anticipated deployment platform. In a full military power takeoff, military
transport aircraft normally have an average altitude change rate of 7.6 m/s (1,500
ft/min). The value of 10 m/s will also be used for ground deployment tests (for
standardization proposes) unless otherwise specified.

c. Rapid decompression rate, There are several conditions for which the rapid

rate of decompression may vary. These include:

(1) Massive damage to the aircraft, but the aircraft survives and
decompression is virtually instantaneous.

(Z) Relatively small holes caused by foreign objects through which
decompression could occur at a slower rate than in (1) above.

METHOD 500.3
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(3) Relatively gradual loss of pressure due to loosening of aircraft
structure.

Explosive decompression (c(1l)) should be accomplished within 0.1 second. Rapid
decompression (c(2)) and (c(3)) should not take more than 60 seconds.

d. Test duration. For procedure 1, the test duration should be representative
of the anticipated service environment, but a test duration of at least one hour is
considered adequate for most equipment. Procedures II and III do not require extended
periods at the test pressure once it has been reached and any required functions are
performed.

e. Test temperature. Although testing at standard ambient temperature is
common, using low temperatures associated with various altitudes may provide more
realistic results.

f. Test item configuration. Configure the test item in a manner that is
characteristic of its normal configuration, i.e., operational for high ground
elevation simulation, in its shipping/storage container for air transport, etc.

g. Additional guid es. Review the egquipment specifications and

h B, .~
eilin i1C
requirements documents. Apply any additional guidelines necessary.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Failure criteria. Failure criteria for procedures I and II are as described in
General Requirements, 5.2.7. For procedure III, the test item fails only if rapid
decompression causes a hazard to the aircraft or to the personnel; the test item need
not show satisfactory post-test performance unless otherwise specified.

1-4.2 Summary of test information required, The following information is required in
the test plan for adequate conduct of the test of section II:
a. Test procedure.
b. Test altitude(s).
c. Altitude change rates.
d. Test duration.
e. Test temperature (if other than standard ambient). I
f. Test item configuration. i
g. Additional guidelines used. |

METHOD 500.3
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METHOD 500.3
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SECTION 11

11-1 APPARATUS
11-1.1 Test facility. The required apparatus consists of a chamber or cabinet and
micard V2 masnr o mteiimae tatine mnamakhla AF madomtadmicme armd mantdoitatiale mamitarioms hn
uuﬂlllﬂl_y dildLiruwcnuitacivil LOPKIULC Vi Wailitailli I6 allu Loliva JuuuaL.y WVHIA LWL Llla “iuic
specific conditions of low pressure and temperature. For procedure IITI, the facility
shall be capable of providing decompression in the prescribed time period

11-1.2 Controls

a. Unless otherwise specified, the altitude change rate shall not exceed 10 m/s
(2,000 ft/min).

b. Continuous recordines of chamher pressure shall he taken if required,

c. Readout charts should be capable of being read with a resolution within two
percent of full scale.

1II-1.3 Test interruption. (See General Requirements, 5.2Z.4) To achieve the desired
effects, the test item must be subjected to the low-pressure (altitude) environment
without interruption

a. Undertest interruptions. Any occurrence that causes the test section
pressure to deviate more than 10 percent of the measured value toward ambient
atmospheric conditions shall be followed by a repeat of the entire test.

b. Overtest interruptions, Any occurrence that results in a pressure decrease
of more thaﬁ 10 percent of the measured value below that cited by the regquirements
document should be followed by a complete physical examination and operational check
(where possible). Any evidence of deterioration should result in a retest

Reinitiation of the entire test with a new test item is allowed. If no deterioration
is detected, the entire test shall be repeated.

11-2 PREPARATION FOR TEST
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a. Which test procedures are required.
b. The low-pressure and temperature operation and storage requirements.
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11-2.2 Pretest standard ambient checkout, All i{tems require a pretest checkout at
standard ambient conditions to provide baseline data. Conduct the checkout as

Step 1. Prepare the test item in its operational configuration in accordance with
General Requirements, 5.2.2.

Step Z. Record the standard ambient conditions

-~ P Ry g, Py 4 ) WP - 2 prapy = = —_—— - s L Y _
Step 3. Conduct as complete of a visual examination of the test item as possible,
and document the results,

Step 4. Conduct an operational checkout in accordance with the test plan.

Step 5. Record the results for compliance with General Requirements, 5.2.1.
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II-3.1 Procedure 1 - Storage

Step 1. Adjust the test item’s configuration to that required for storage or

Step 2. With the test item in the chamber, adjust the chamber temperature (if
required) to that specified in the test plan Adjust the air pressure (at the rate
specified) to the required test altitude.

Step 3. Maintain the conditions for a minimum of one hour unless otherwise
specified in the test plan.

Step 4. Adjust the chamber air pressure and temperature to standard ambient
atmospheric conditions at a rate not to exceed that specified in the test plan

Sten 5. Conduct a complete visual examination and an operational checkout of the
test item in accordance with test plan, and document the results.

Step 6. Compare these data with the pretest data.

Step 7. If an operational test is required, proceed to step 1 of procedure 1I; if
a rapid decompression test is required, proceed to step 1 of procedure III.

METHOD 500.3
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Step 1. Adjust the test item to its operational configuration.
Step 2. Adjust the chamber temperature as required and then adjust the air I

pressure to the required equivalent operational altitude at a rate not to exceed that ‘

specified

Step

test item

in the test plan. i

3. Conduct an operational checkout of the test item in accordance with the

and document the results.

4. Adjust the chamber air pressure and temperature to standard ambient ]

¢ conditions at the rate specified in the test plan. I
&

5. Conduct a complete visual examination and an operational checkout of the

in accordance with the approved test plan, and document the results.

6. Compare these data with the pretest data
7. 1f a2 rapid decompression test is required, proceed to step 1 of
I11T1.

11-3.3 Procedure JI] - Rapid decompression

Step 1. Adjust the test item configuration to that required for storage or
transit.

Step 2. With the test item in the chamber, reduce the chamber air pressure at
the rate specified in the test plan to the maximum equivalent altitude of the
anticipated aircraft

Step 3. Reduce the pressure to an equivalent altitude of 12,200m (40,000 ft)
(18.8 kPa), or as otherwise specified in the test plan, as quickly as possible but in
not more than 15 seconds. Maintain this stabilized reduced pressure for at least 10
minutes.

Step 4. Adjust the chamber air pressure tc standard ambient atmeospheric
conditione at the rate specified in the test plan

Step 5. Conduct a complete visual examination of the test item, and document the
results. NOTE: Be alert for potential safety problems.

Step 6. Conduct an operational checkout of the test item in accordance with the
test plan.

Step 7. Document the results.

Cton R Comnaras theca data wit the nrotect data

Step 8. Compare these data with the pretest data

METHOD 500.3
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Step 9. Proceed to step 1 of procedure II if an operational test is required
following this procedure

=iaa PLLUTRIT.

11-4 INFORMATION TO BE RECORDED. Test data shall be recorded as specified in General
Requirements, 5.2, and shall include the following:

a. Test item identification (manufacturer, serial number, etc.)
b. Previous test methods to which the specific test item has been subjected.
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of each operational check and visual examination (and photographs, if

(1) Pretest.
(2) During test.

(3) Post-test.

o
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me-Versus-pressure aata.

e. Test temperature and standard ambient conditions.

f. Initial failure analysis.

‘ETHOD 500.3

500.3-10



MIL-STD-810E
1 September 1993

METHOD 501.3
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SECTION I

I-1 PURPOSE, High temperature chamber tests are performed to determine if materiel
can be stored and operated under hot climatic conditions without experiencing physical
damage or deterioration in performance.

I-2 ENVIRONMENTAL EFFECTS, High temperatures may temporarily or permanently impair
the performance of the test item by changing the physical properties or dimensions of
the material(s) composing it. Examples of some other problems that could occur as the
result of high temperature exposure are as follow. The list is not intended to be

all-inclusive.
a. Parts binding from differential expansion of dissimilar materials.

b. Lubricants becoming less viscous; joints losing lubrication by outward flow
of lubricants.

¢ Materials changing in dimension, either totally or selectively.

4Q LS dallgailg 401 CalTiie R, 25332 HYRE24

d. Packing, gaskets, seals, bearings and shafts distorting, binding, and failing
causing mechanical or integrity failures. )

e. Gaskets displaying permanent set.
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h. Electronic circuit stability varying with differences in temperature
gradients and differential expansion of dissimilar materials.
METHOD 501.3
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j. Altering of operating/release margins of relays and magnetic or thermally
activated devices.

k. Shortened operating lifetime.

bl .

1. Solid propellants or grains separating.

~—

n. Accelerated burning of explosives or propellants.

o. Expansion of cast explosives within their cases.

p. Melting and exuding of explosives.
§. Discsol fon, cracking or crazing of organic materials

I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this document should be used
to determine the appropriate tests and test variables.

a Application, This method is used when the test item is lIikely to be deployed
in areas where climatic conditions will induce high temperatures within the test item.
These procedures will be used when it is judged that the test item performance can be
verified by chamber exposure to controlled air temperatures and that the high
temperature effects have not been identified during other tests (e.g., temperature-

altitude, solar radiation).

b. Test objectives. The primary objectives of the high temperature tests are to
determine if:

71\ [ of NP - = da— 2 YY PP 27 VU [N [N R S P B
(i) ine test 1tem wWill oOpeérate witnodoutl degradgation in, Or aiter storage 1n,
2 climate which induces high temperatures within the test itex.

(2) The test item can be operated and handled without affecting its
integrity.

(3) The test item is safe during and following high temperature exposure.

c. Restrictions, This method is not applicable for:
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{i) cvaiuatlion ol eguipment 1n & nign temperature enviromment wnere solar
radiation contributes to differential heating or actinic {photochemical) effects For
such an environment, use method 505 3.

METHOD 501.3
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(2) Identification of time-dependent performance degradation which occurs
during long-term storage in or exposure to high temperatures. (Such testing would
require extended test exposures.) Selection of test durations and conditions for such

extended exposure would have to be based upon a specific test program requirement and
consideration given to natural environmental testing.

(3) Equipment to be installed where the influence of altitude or cooling air
may be significant.

d. Sequence. (See General Requirements, 5.1.4) The high-temperature test is
usually scheduled early in the test sequence before initial dynamic transportation
tests. Although not written for such, this test may be used in conjunction with shock i
and vibration tests to evaluate the effect of dynamic events (i.e., shipping,
handling, shock) on hot materiels. This test may contribute significantly to the

results of low pressure testing of seals.

e. Test varjations. This method provides a choice of two subtests: Procedures
I (Storage) and 11 (Operation).

(1) The test procedure selection is based upon:
(a) The operational purpose of the test item.

(b) The natural exposure circumstances.

(¢) The test data required to determine whether the operational purpose
of the test item has been met.

(2) The related test conditions that may be used during the test are
determined by:

(a) The anticipated temperature and humidity ranges of the geographical
deployment area.

(b) Test item response temperature(s) (critical component
temperature).?

(c) The anticipated duration of exposure at the deployment area.

ICritical components of the test item directly affect the functioning of
equipment. The temperatures that these components experience are of prime concern,
regardless of the ambient conditions or skin temperature of the test item. The
response temperature(s) is the result of the exposure which is achieved from the
temperature cycle, duration, and thermal/physical properties of the equipment.
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(d) Test item configuration (operational and storage).

1-3.1 Choice of test procedure

I-3.1.1 The operational purpose of the test item, From the requirements document,
determine the function to be performed by the test item in, or following exposure to,
a high-temperature environment.

I-3.1.2 Natural exposure circumstances., From the requirements document, determine
what high temperature climatic exposure the test item is likely to experience during
the storage and operational phases of its life cycle. Also consider whether the item
will be:

a. Under cover in an enclosure.

b. Directly exposed to sunlight.

c. Exposed to reflected solar radiation.
d. Stacked.

e. Wind ventilated.

f. Above or on the Earth's surface.

1-3.1.3 Selection of test procedures(s), Two test procedures are included within
this method: storage and operation. Determine the procedure(s) to be used.

1-3.1.3.1 Procedure I - Storage., Procedure I is used to determine how storage at
high temperatures affects the test item's safety and performance. This test procedure
includes exposure to high temperatures (and low humidity where applicable) that may be
encountered in the test item's storage situation. The test conditions and duration
can be established from field measurements or can be derived from information provided
within this procedure. There are two climatic regions (figure 5a, section 5) where
high storage temperatures are typically encountered: Hot Dry and Basic Hot. 1In each
of these climatic regions, the maximum response temperature of the test item may be
higher than the maximum ambient air temperature because the heating from solar
radiation is greater on material than it is on the free atmosphere. The storage
situation must be considered with respect to:

a. Exposure to solar radiation: Is this exposure directly on the test item,
shipping container, protective package shelter, etc.?

METHOD 501.3
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Table 501.3-1. High temperature cvcles, climatic category - Hot?
Ambient Air Conditions Induced Conditions
Time of - . R -

- Tamnavratiira Dalarf{wua Tamnavratitra Dalativua

Day ICWPCLC\.HL‘; NG AB WAV AGWPCLGHULU MG iB LA TS

°C  °F Humidity °C  °F Humidity
(%) x)
0100 35 95 6 35 95 6
0200 34 S4 7 34 84 7
0300 34 93 7 34 94 7
0400 33 92 8 33 92 7
0500 33 91 8 33 92 7
0600 32 90 8 33 91 7
0700 33 91 8 36 97 S
0800 35 95 6 40 104 4
0900 38 101 6 44 111 4
1000 41 106 5 51 124 3
1100 43 110 4 56 133 2
1200 44 112 4 63 145 2
1300 47 116 3 69 156 1
1400 48 118 3 70 158 1
1500 48 119 3 71 160 1
1600 49 120 3 70 158 1
1700 48 119 3 67 153 1
1800 48 118 3 63 145 2
1500 46 114 3 55 131 2
2000 42 108 4 48 118 3
2100 41 105 S 41 103 S
2200 a9 102 6 39 103 6
2300 38 100 6 37 99 6
2400 37 98 6 35 95 6

. . . (o] (o)
NOTE: Data originally recorded in F and converted to C. Hence, table

data conversion may not be consistent.
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Table 501.3-11.

High temperature cvcles,

Ambient Air Conditions Induced Conditions
Time of —
Day Temperature Relative Temperature Relative
°¢ °F Humidity °C  °F Humidity
(%) (%)
0100 33 91 36 33 951 36
0200 32 90 38 32 90 38
0300 32 90 41 32 90 41
0400 31 88 44 31 88 44
0500 30 86 44 30 86 44
0600 30 86 44 31 88 43
0700 31 88 4] 34 93 32
0800 34 93 34 38 101 30
03800 37 89 29 42 107 23
1000 39 102 24 45 113 17
1100 41 106 21 51 124 14
1200 42 107 18 57 134 8
1300 43 109 16 61 142 6
1400 43 110 15 63 145 6
1500 43 110 14 63 145 5
1600 43 110 14 62 144 6
1700 43 109 14 60 140 6
1800 42 107 15 57 134 6
1900 40 104 17 50 122 10
2000 38 100 20 44 111 14
2100 36 97 22 38 101 19
2200 35 95 25 35 95 25
2300 34 93 28 34 93 28
2400 33 91 33 33 91 33
NOTE: Data originally recorded in °r and converted to oC. Hence, table

data conversion may not be consistent.

METHOD 501.3
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Table 501.3-111 Summary of high temperature diurnal cycle ranges*
]
Category Location Anbient Air Induced * "
;!
Hot (Al) Northern Africa, Middle 32°C - 49°C 33°c - 71°C
East, Pakistan and (90°F-120°F) (91°F-160°F)
India, southwestern
United States and
northern Mexico
Basic Hot Many parts of the 30°C - 43°C 30°C - 63°C
(A2) world, extending (86°F-110°F) (86°F-145°F) l
outwara 1irom the not
category of the United
States, Mexico, Africa,
Asia, Australia,
uthern Africa, South
America, southern Spain
and southwest Asia

¢ The exact diurnal cycles for temperature and humidity are given in tables 501.3-1
and 501.3-1II1.
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equipment=made env1ronmencal factors.

(1) Storage test: The test temperatures for storage test exposures should
include cyclic conditions that are derived from the natural diurnal cycles. The
cycles provided in tables 501.3-1 and 501.3-11 and information in I- 3.2a(3) are the

extreme meteorological and induced diurnal cycles for major world areas. The
temperature extremes given are based on a frequency of one percent of the hours during
the most severe month in the most severe part of the area encompassed by the climatic
region of interest. The map in General Requirements, figure 5, shows the boundaries
of the areas of concern. The chamber air temperature and humidity conditions can be

derived or calculated from the analysis of the storage situation (I~3.1.3.1) and the
cycles provided in tables 501.3-1 and 501.3-I1I and in 1-3.2a(3). The values given in
the tables represent the conditions of air within the storage place or adjacent to the
test item. Derivation of the actual test temperatures must consider the thermal path
to the test item, type of heat transfer, mass of the test item in relation to the mass
of the surrounding air, and other empirical and thermal properties of the test item.

(2) Operational test: The chamber air temperature for the operational test
can be derived from an analysis similar to that performed for the storage test
Consideration of all of the probable exposure situations must be based on the

501.3-9
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operational purpose of the test item. Again, the major contributing factor to be
considered is the effect of solar heating on the exposed materiel and the expected
response of the test item to the conditions. The heating mechanism or thermal path
affecting the test jitem as a whole or its critical component(s) must be determined.

If the thermal path is a form of convective heat transfer free of the effects of solar
radiation, then the ambient conditions of tables 501.3-1 and 501.3-11 and of I-3.2a(3)
could be used to derive the chamber air temperature and humidity test conditions/
cycles. Operational testing should occur with the test item experiencing the maximum

response to the established exposure. This exposure can be accomplished by operating
the test item dn’rfno the temperature cycling period Such oneration would alco

== el -1 LTI O LY O R IR S A PR A A $ Cree

provide 1nformat10n on the operatlonal ability of the test item experiencing a limited
internal thermal gradient. Equipment for which the operational testing cannot be
accommodated with cycling conditions shall be exposed to constant temperature. The
temperature level used for this exposure would be the extreme value measured or
obtained from field measurements or obtained from the response of the test item when
exposed to the temperature cycles derived from tables 501.3-1 and 501.3-11 and from
1-3.2a(3). When the test item or its critical components are configured so that their

temperature cannot be monitored, the estimate of the value must be based upon thermal

path, mass, and other properties of the test item. Figure 501.3-1 may be used as a

guide.

c. Duration of exposure. Determine the test duration. The duration of
high-temperature exposure may be as significant as the temperature itself. Because
procedures I and II expose the test items to cyclic temperatures, the number of cycles
is critical. (Cycles are 24-hour periods unless otherwise specified.)

(1) Storage. The number of cycles required is that which will satisfy the
design requirements. Since little ig known about how to time-compress this test, the
number of cycles for the storage test is set at a minimum of seven to coincide with

the one percent frequency of concurrence of the hours of extreme temperatures during
the most severe month in an average year at the most severe location. (The maximum
temperature occurs for approximately one hour in each cycle.) When considering
extended storage, critical test items, or test items determined to be very sensitive
to high temperature, the number of cycles should be increased to assure that the
design requirements are met.

imimiim nuimhar AF Auvala
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test is three. This number should be sufficient for the test item to reach its
maximum response temperature. A maximum of seven cycles is suggested when repeated
temperature response is difficult to obtain.

1]
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d. Test item configuration. Determine the test item configuration. The
anticipated configuration(s) of the test item during storage and operation should be
used during the test. As a minimum, the following configurations should be
considered:

METHOD 501.3
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1-4.3 Summary of test information required. The following information is required in
the test plan for the adequate conduct of the tests of section II:

a. Test procedure.
b. Critical components, if applicable.
c. Location of temperature sensors.

d. Test temperature(s) or temperature cycle and how the temperatures were
derived.

e. Test duration.
f. Test item configuration.
g. Relative humidity control requirements (if necessary).
h. Additional guidelines.
I-5. REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for Extreme
Climatic Conditions. 1 August 1979.

b. MIL-STD-210, Climatic Information to Determine Design and Test
Requirements For Military Systems and Equipments. 9 January 1987.

¢. Synopsis of Background Material for MIL-STD-210B, Climatic Extremes for
Military Equipment. Bedford, MA: Air Force Cambridge Research Laboratories, 24

January 1974. DTIC number AD-780-508.

d. UK Ordnance Board Proceeding 4189, 13 September 1977 (Draft STANAG 2895).

e. NATO STANAG 2895, Extreme Climatic Conditions and Derived Conditions for Use
in Defining Design/Test Criteria for NATO Forces Materiel.

METHOD 501.3
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HIGH TEMPERATURE
SECTION 11
IT-1 APPARATUS
I1-1.1 Test facility
a. The required apparatus consists of a chamber or cabinet together with
auxiliary instrumentation capable of maintaining and continuocusly monitoring the
required conditions of high temperature (and humidity, where required) throughout an
envelope of air surrounding the test item(s). (See General Requirements, 5.1.1)

b. Air velocity in the vicinity of the test item shall not exceed 1.7 m/s (325
ft/min) unless justified by the test item platform environment to prevent unrealistic
heat transfer in the test item.

3 a o ac o ameava —a masciITaMmAS e chald
< Continuous recordings of chamber and test item temperature measurements shall
be taken if required.

I1-1.2 Controls

a. Temperature. Unless otherwise specified in the test plan, if any action

other than test item operation (such as opening the chamber door) results in a
significant change of the test item temperature (more than 2°C (3.6°F)) or chamber air
temperature, the test item will be restabilized at the required temperature before the
test continues. If the operational check is not completed within 15 minutes,
reestablish test item temperature/RH conditions before continuing.

b. Unless otherwise specified, the rate of temperature change shall not exceed
3°C (6°F) per minute.

II-1.3 Test interruption. (See General Requirements, 5.2.4)

(1) Cycling. If a cyclic high temperature test is being conducted when an
unscheduled interruption occurs that causes the test conditions to fall out of
| allowable tolerances toward standard ambient temperatures, the test must be restarted
at the end of the last successfully completed cycle.

(2) Steady state. If a steady state (noncyclic) test is being conducted
and an unscheduled interruption occurs that causes the test conditions to fall out of
allowable tolerances toward standard ambient conditions, the test item shall be
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METHOD 502.3

LOW TEMPERATURE
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SECTION 1

1-1 PURPOSE. Low temperature chamber tests are performed to determine if materiel can
be stored, manipulated, and operated under pertinent low temperature conditions
without experiencing physical damage or deterioration in performance

I-2 ENVIRONMENTAL EFFECTS. Low temperatures have adverse effects on almost all basic
materiel. As a result, exposure of test items to low temperatures may either
temporarily or permanently impair the operation of the test item by changing the
physical properties of the materia al(s) composing it. Therefore

low temperature tests

1
must be considered whenever the test item will be exposed to temperatures below
standard ambient. Examples of some problems that could occur as the result of

exposure to cold are:
a. Hardening and embrittlement of materials.

b. Binding of parts from differential contraction of dissimilar materials and
the different rates of expansion of different parts in response to temperature
transients.

oss of lubrication and lubricant flow due to increased viscosity.

(2}

d. Changes in electronic components (resistors, capacitors, etc.).

METHOD 502.3
502.3-1
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e. Changes in performance of transformers and electromechanical components.
f. Stiffening of shock mounts.
g. Cracking of explosive solid pellets or grains, such as ammonium nitrate.

h. Cracking and crazing, embrittlement, change in impact strength, and reduced
strength.

f. Static fatigue of restrained glass.
j. Condensation and freezing of water.

k. Decrease in dexterity, hearing, and vision of personnel wearing protective
clothing.

1. Change of burning rates.

1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this document should be used
to determine the appropriate tests and test variables.

a. Application. This method is used when the test item is likely to be deployed
in a low temperature environment during its life cycle and the effects of low
temperature have not been determined during other tests (such as a temperature-
altitude test).

b. Restrictions, This method is not intended for testing equipment to be
installed in and operated in aircraft, since such equipment would usually be tested
according to method 520.

c. Sequence. (See General Requirements, 5.1.4) Because this test (except for
the physical manipulation procedure) is less likely to permanently damage the test
item, it is normally scheduled early in the test sequence. This test may
significantly alter the performance of seals during the low pressure testing of 500.3.

d. Test variations, This method is composed of three low temperature subtests:
Procedures I (Storage), II (Operation), and III (Manipulation). Before the tests are
conducted, a choice of one or more test procedures must be made.

(1) The choice of test procedure(s) depends on the likelihood of the test
item being:
(a) Operated1 at low temperatures.

!0peration is the excitation of the test item with a minimum of contact by personnel.
It does not exclude handling (manipulation).

METHOD 502.3
502.3-2
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(b) Stored at low temperatures.

-
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(2) The test conditions that are used during the test are determined by:
(a) The expected temperature at the deployment location.

(b) The expected duration at the deployment location.

a. Operational purpose of the test item, From the requirements documents,
determine the functions to be performed by the equipment in a low temperature
environment and any limiting conditions, such as storage.

b. Test objectives, The primary objectives of the low temperature test are to

determine if:

(1) The test item can meet the performance specifications after storage or
during operation in a cold environment.

(2) The test item can be operated safely during or following low temperature

exposure.

equ irements.

c. Selection of the test procedure(s), Three test procedures are included

within method 502.3: storage, operation, and manipulation. Based on the test data
requirements, determine which test procedure, combination, or sequence of procedures

is applicable. 1In most cases, all three procedures should be applied.

(1) Procedure I - Storage, Procedure I is appropriate if the test item is
likely to be stored at low temperatures during its service life. Procedure 1 is used
when it is necessary to determine how low temperature storage affects the test item’s
safety or performance.

(2) Procedure 11 - Operation. Procedure II is used to determine the

performance of the test item at low temperatures and can be preceded by procedure I,
procedure III, or both. If the test item is to be stored at low temperatures before

METHOD 502.3

: .

AVED YV o B

NI MLIN

nr.iwr



MIL-STD-810E
1 September 1993

use, procedure 1 s conducted before procedure 1I. If a manipulation test {is

required, procedure IIl can precede the operational test. If the test item {s not
intended to be stored at low temperature or manipulated before use, procedure 1I is

conducted directly.

(3) Procedure II1 - manipulatjon, Procedure III is used to determine the
ease with which the test item can be set up and disassembled by personnel wearing
heavy, cold-weather clothing. Storage testing, operational testing, or both can
precede the manipulation test if required.

T 2 » Py SR IO T et I SR AL L
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choose the‘test temperatures, test duration, test item configuration, and any
additional appropriate conditions.

a. Test temperature, The specific test temperatures are preferably selected
from the requirements documents. If this information is not available, determination
of test temperature(s) should be based on the world areas in which the test item will
be used, plus any additional considerations. Although the natural low temperature
environment is normally cyclic, in most instances it {s acceptable to use a constant
iow temperature test. Only in those instances where design assessment suggests that
exposure to varying low temperatures may be important are the appropriate cold cycles
from MIL-STD-210C recommended. The information below provides guidance for choosing
the test temperatures for:

- Selected regions.
- Worldwide use without extended storage.®
- Worldwide use with extended storage periods.

(1) Selected regions Table 502.3-1 and the map in General Requirements,
figure 5b, can be used to determine the test temperature when the test item is to be
used at enpcxflc reo{onc o'n'lv The air temperature extremes shown in table 502 3-1

are based on a one percent frequency of occurrence of the hours during the most severe
month at the most severe location within the geographical area encompassed by the
climatic region, except for severe cold, which is based on a 20 percent probability of
occurrence. The values shown represent the range of the diurnal cycle. For this
method, the lowest value in each range i{s usually considered.

(2) Worldwide use, When the test item is to be stored or operated
throughout the world, temperature selection must include not only consideration of the
cbhnatliiea anlA hist alea AF eha Framinmauy Af o aferanm AYA AnnAlerd A Menlaon Fevnmisamasy
auvdVviIiuLT VvVviu, VUL Giov Vi “uc LLC\‘UC‘I\—] UL a ELVCII \-U‘.u \-UIIULLLVII ViiLEo D> LLCL‘UCII\-)’
is considered, it is possible to create an overtest condition. In terms of frequency,
the probability-of-occurrence values shown below refer to the percent of total hours,

in the most extreme month and area in the world, during which the given temperature

’Extended storage is defined as storage for 2 years or longer.

METHOD 502.3
502.3-4
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Summary of low temperature diurnal cycle ranges
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Severe Cold (C3)

................. guous US
Southern Canada

High-latitude coasts
(e.g., southern coast
of Alaska

High elevations in

1 Tarderad
iower i1atituges

Northern Canada

Alaska (excluding the
interior

Greenland (excluding
the "cold pole®™)

.

Northern Scandinavia

Northern Asia (some

High Elevations
(Northern and Southern
Hemispheres)

Alps

Himalayas

Andes

Interior of Alaska
Yukon (Canada)
Interior of the
Northern Islands
Greenland ice cap
Northern Asia

Temperature
Climatic Region Location - .
Ambient Air Induced
Mild Cold (CO) Coastal areas of -6°C to -19°C -10°C to -21°C
western Europe under (21°F to -2°F) (14°F to -6°F)
prevailing maritime
influence, southeast
Australia, lowlands
of New Zealand
Basic Cold (C1l) Most of Europe -21°C to -31°C -25°C to -33°C
Northern contiounue US (- °F to -24°F) (-13°F to '27°F>

-37°C to -46°C
(-35°F to -51°F)

-51°C
(-60°F)

-37°C to -46°C
(-35°F to -51°F)

-51°C ‘
(-60°F)

3 see reference a.

502.3-5
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is equaled or surpassed. For example, the 20 percent probability of occurrence
of a temperature of -51°C means that -51°C or lower temperatures may be expected
to occur 20 percent of the hours during the most extreme cold area of the world
(excluding Antarctica).

Low Temperature Probabjiity of Occurrence
-51°c*  (-60°F) 20%
-54°C (-65°F) 10%
-57°C (-71°F) 5%
-61°C (-78°F) 1x

The 20 percent probability of occurrence is used for most applications with
normal development cost considerations; however, other values may be chosen to
satisfy specific applications or test requirements.

{(3) Worldwide use with extended storage periods, If materiel is to be
stored for extended periods (years) without shelter or protection in areas that
experience very low temperatures, such as the "cold pole" of northeast Siberia
or central Greenland, there is an increased chance that the test item may
experience much lower temperatures (approaching -65°C (-85°F) or less). Such
prolonged exposure to extreme low temperatures can affect the safety of items
such as munitions, life support equipment, etc.

b. Duration of exposure to low temperatures, The period of time that the
temperature exposure exists may be a factor.

(1) Nonhazardous or non-safety-related (non-life-support type)

equipment, Most materiel in this category (in a nonoperating mode), with the

deterioration following temperature stabilization of the test item at low
temperatures. Following temperature stabilization of the test item, a storage
period of four hours will be used for this materiel if no other value is
available.

(2) Explosives, munitions, organic plastics, etc, These items may
continue to deteriorate following temperature stabilization; consequently, it is
necessary to test them at low temperatures for long periods of time. A minimum
storage period of 72 hours following temperature stabilization of the test item
is recommended, since extreme temperatures have existed for at least that length
of time.

Corresponds to Severe Cold condition.

502.3-6
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(1) The expected exposure temperatures.

(2) The test item’s logistic configuration.

(3) The test { ‘s deployment configuration
(4) The test item's extreme storage temperatures.

(5) Additional guidelines as appropriate.

I1-3.1 Choice of test variations

a. Operational purpose of the test item. From the requirements documents,
determine the function to be performed by the equipment and the deployment or
deployment location which could result in exposure to sudden changes in ambient
temperature

b. Test objectives. The primary objectives of the temperature shock test are to
determine if:

A TN e - e 2 e - cn e afes 2o L e o s s e e o Aafeaw seremmas -—
(1) Ine Test 1Tem ¢an s$atlsSIy 1LlS periormance requirements dit€rl e€xpousure
to sudden changes in temperature of the surrounding atmosphere

(2) The test item can be safely operated following exposure to the sudden
changes in temperature of the surrounding atmosphere.

c. Selection of the test variations. Several exposure situations are addressed
within this method: aircraft flight exposure, air delivery - desert, and ground

transfer or air delivery - arctic. Based on the anticipated deployment, determine
which test variation is applicable. The most extreme exposure range should determine
the test conditions, but test levels may be extended to detect design flaws

(1) Aircraft flight exposure. This is appropriate if the test item is to
be exposed to desert or tropical ground heat and, a few minutes later, exposed to the
extreme low temperatures associated with high altitude.

(2) Air delivery - desert. Th
delivered over desert terrain from unhea

m heated storage, maintenance, or
n cold regions.

(4) Engineering design. This is used to detect marginal design or
workmanship practices.

1-3.2 Choice of related test conditions. After choosing the test exposure variation,
select the test temperatures, test durations, test item configuration, and any
additional appropriate variables. Values other than those suggested may be used if
realistic

METHOD 503.3
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a. Test temperatures, The test temperatures are preferably selected from field
data or from the requirements documents. If this information is not available, the
test temperatures can be determined from the anticipated deployment application or
world areas in which the test item will be deployed, or from the most extreme
nonoperating temperature requirements.

(1) Deployment application (aircraft flight exposure), The thermal
stresses that equipment will experience during exposure to this operational
environment are dependent upon the ambient conditfons, flight conditions, and
performance of the onboard environmental control systems.

(a) The temperature and humidity at various altitudes can be found in
MIL-STD-210.

(b) Table 503.3-1 shows temperatures typical at ground level in hot
climates. The temperatures shown are based on frequency of occurrence and correspond
to a l-percent frequency of occurrence at or close to the geographical boundary
between the category of interest and the next-more-severe category. The probability
of occurrence increases as the distance from this line into the category area
increases. Table 503.3-1I and figure 5a (General Requirements) can be used to
determine test temperatures for the anticipated deployment locations.

(2) Alr delivery/air drop, The test conditions for this exposure are based
upon the conditions that will probably exist in the cargo compartment of the aircraft
and on the ground at the point of impact. The lower temperature extreme should assume
an unheated, unpressurized aircraft cargo compartment with the aircraft at an altitude
of 8 kilometers (26,200 ft). This is the limiting altitude for cargo aircraft because
of oxygen pressure requirements when the aircraft cargo compartment is unpressurized
immediately before airdrop operations. The temperature at this altitude over a desert
can be found in MIL-STD-210. The high temperature surface extremes should be
determined according to 1-3.2a, from tables 503.3-1 and 503.3-1I, or from method
501.3.

(3) GCround transfer/air delivery - arctic, The conditions developed for
heated enclosures located in cold regions are 21°C (70°F) and 25 percent relative
humidity. These conditions were selected to roughly correspond to normal heating
practices in the Arctic and on aircraft. Selection of the outside ambient conditions
should be based upon the climatic categories or areas listed in table 503.3-111.

METHOD 503.3
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TABLE 503.3-1. Diurnal cycle of temperature fog
high temperature climatic categories
Hot-dry Basic hot
Time of Day
Ambient Induced Ambient Induced

Temperature Temperature Temperature Temperature

oc OF OC OF OC DF OC OF
0100 35 g5 35 95 33 91 33 51
0200 34 94 35 94 32 90 32 91
0300 34 93 34 94 32 90 32 90
0400 33 92 33 92 31 88 31 88
0500 33 91 33 92 30 86 30 86
0600 32 90 33 91 30 86 31 88
0700 33 91 36 97 31 88 34 93
0800 35 95 40 104 34 93 38 101
0900 38 101 44 111 37 99 42 107
1000 41 106 51 124 39 102 45 113
1100 43 110 56 133 41 106 51 124
1200 44 112 63 145 42 107 57 134
1300 47 116 69 156 43 109 61 142
1400 48 118 70 158 43 110 63 145
1500 48 119 71 160 43 110 63 145
1600 49 120 70 158 43 110 62 144
1700 48 119 67 153 43 109 60 140
1800 48 118 63 145 42 107 57 134
1900 46 114 55 131 40 104 50 122
2000 42 108 48 118 38 100 44 111
2100 41 105 4l 105 35 97 38 101
2200 39 102 39 103 34 95 35 95
2300 38 100 37 99 34 93 34 93
2400 37 98 35 95 33 91 33 91

NOTE: Data originally recorded in OF and converted to °C. Hence, table

data conversion may not be consistent.

503.3-5

METHOD 503.3



MIL-STD-810E
1 Sentamhay 10aQ17
4« SEPLEOMOCr 41055
Table 503.3-1I. High temperature geographical climatic categories,
Climatic Conditions
Category1 Location?
Operational Induced
Hot Dry (Al) Northern Africs, 32°C - 49°C 33°C - 71°C
Middle East, Pakistan, (90°F - 120°F) (91°F - 160°F)
India, southwestern United 8 to 32 RH 7 to 1% RH
States and northern Mexico.
Basic Hot (A2) Extending outward from the hot- 30°C - 43°C 30°C - 63°C
dry category of the United (86°F - 110°F) (86°F - 145°F)
States, Hexico, Africa, Asia, 44 to 14% RH 44 to ST RH
and ineludineg Auctyralia
GliINs LIIMLUULIIE nua\,LdLLa,
southern Africa, South America,
southern Spain and southwest
Asia

!See Table 503.3-1 for the diurnal temperature/humidity cycles of these
climatic categories.

2See General Requirements, figure 5a, for locations.
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503.3-1I11. Low temperature geographical climatic categories,

Climatic Conditions

Category Location® Operational Induced

“oastal areas of -6°C to -19°C -10°C to -21°C
Western Europe under (21°F to -2°F) (14°F to -6°F)
prevailing maritime
influence, southeast
Australia, lowlands of

New Zealand.
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Cl) northern contiguous US (-6°F to -24°F) (-13°F to -
southern Canada,
High-latitude coasts,
e.g., southern coats
of Alaska

High elevations in
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lorther Canada, -37°C to -46°C -37°C to -46°C

Alaska (excluding the (-35°F to -51°F) (-35°F to -51°F)
interior),

Greenland (excluding the
"cold pole”), northern

Scandinavia, northern

n o
Hemispheres): Alps,
Himalayas, and Andes

Severe Cold Interior of Alaska -51°C -51°C

(C3) Yukon (Canada), (-60°F) (-60°F)
interior of the
Northern Islands,

Creenland ice cap,

northern Asia

' See General Requirements, figure 5b, for locations.

METHOD 503.
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(4) Engineering design, The test conditions should reflect the extreme
anticipated storage conditions.
b. Test jtem temperatures., The information in I1-3.2a is intended to describe

the air temperatures to which equipment will be exposed during various types of
operations. Determination of the actual equipment temperatures will be based on
time of expected exposure and type of exposure. Actual onboard aircraft equipment
temperatures can be calculated during a thermodynamic analysis as in method 520,

estimated based upon expected flight durations, or assumed to be in equilibrium with
the surrounding air conditions Actual response temperatures achieved when
equipment is exposed to the 1ima ic conditions of the various ground climatic

categories could be obtained from the test results of high and low temperature
exposure (methods 501.3, 502.3, and 505.3) for either the operational or storage
configuration. The latter assumption must take into account the induced effects of
solar radiation during storage and transit in various climates.

c. Extreme high temperature exposure, An item is likely to experience the
highest heating during storage in the sun in the Hot Dry and Rasic Hot climates,
Therefore. transitions from hot to cold will be conducted with the test item
stabilized at its high storage temperature. Transitions from cold to hot will be
conducted with the high temperature facility air temperature at the maximum storage

temperature of the appropriate cycle. Immediately following this transfer, the

> ALl ATS rYeaiss <y

high- temperature facility will be cycled through the appropriate diurnal cycle
feakla EN2 2 _ T\ Feome oha handemmdonr ~€ oha hatier oo sohd abl olic e foiirm of o o mmemmend:ea
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ic exnerienced until the tect item response temperaturs ig reached, Other tests
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d. Duration of exposure, The objective of this test is to determine the
effect of rapid temperature changes on the test item. Therefore, the test item must
be exposed to the temperature extremes for a duration equal to either the actual
operation (i.e., actual flight time) or to that required to achieve temperature

atrahiTimatrdam
QLauviliicavivil

e. Test item configuration. The configuration of the test {tem strongly
affects test results. Therefore, the anticipated configuration of the item during
storage, shipment, or use should be used during the test. As a minimum, the
following configurations should be considered:

(1) 1In a shipping/storage container or transit case.

79\
\&«)
(3) Deployed (realistically or with restraints).
(4) Modified with kits for special applications.

(5) Packaged for airdrop.
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f. Relatjve humidity, The relative humidity (RH) during portions of this test
could be a factor in the resistance of the test item to temperature shock. Equipment
wirh a hich moicture content could bhe affected hv freezine of the maoicture, In most

-5 molcture content could be atfected by freezin & =T as -

cases, the RH may be uncontrolled, but specific RH values may be required when RH must
be taken into consideration.

I-4 SPECIAL CONSIDERATIONS

-

lure criteria of General Requirements, 5.2.7, apply.

n v _ s e . . vy »

-4.1 Failure analysis, he fail

(o]

I-4.2 Test conditions, The test conditions as presented in this procedure are

intended to be in general agreement with other extremes described in this document.
The primary purpose in establlshing these levels is to provide realistic conditions
for the traverse between the two temperature extremes. Thus, the temperatures at
which the item is stabilized before transfer must be the most realistic, or possibly

the most extreme, that would be encountered during the specific operation.

T _ /. k] Cismmmawsr af tanet dafanemem-tdac wames {doend Tha A1l aiednn denfFavematbdmaa da wamisd ewa A S e
L%, SUMMATY Or TeST 1NIOTmaCion TEeQuiTEs, i€ LOLLIOWILITE 1NiIoTrmation 15 required in
the tegt nlan for adeauate conduet of the recte of gection 11
the test plan Ior acdequate conduct oI the tegts ol gection 12

a. Test item configuration.

b. Test temperature extremes.
c. Duration of exposure at each temperature.
d. Test item response temperature (from

e. The high temperature cycle, the test item response temperature, and the
initial temperature for the temperature cycling.

f. Additional guidelines.
I-5 REFERENCES

a. AR 70-38, Research. Development. Test and Evaluation of Materiel
for Extreme Climatic Conditions, dated 1 August 1979.

b. MIL-STD-210, Climatic Information to Determine Design and Test
Requirements for Military Systems and Equipment, dated 9 January 1987.

¢. Synopsis of Background Material for MIL-STD-2i0B., Climatic Extremes
for Hilitarv Eq uipment Bedford, MA: Air Force Cambridge Research Laboratories, 24
Tanuarv 1974, DTIC mber AD-780-508.
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SECTION 11
II-1 APPARATUS
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a. The required apparatus consists of two chambers or cabinets in which the test
conditions can be established and maintained. Unless otherwise specified, the
chambers must be equipped so that, after transfer of the test item, the test
conditions within the chamber can be stabilized within five minutes. Materiel
handling equipment may be necessary for transfer of the test item between chambers.

1 b ol T R N N I S T o T I T e F AR ] £

v, ine cnampers shndil ve eyuippea 1ln dauxXllildly 1nsitrumentaction capabilie ol
maintaining and continuously monitoring the test conditions throughout an envelope of
air surrounding the test item(s). (General Requirements, 5.1.1a.)

I1-1.2 Controls

a. Temperature, Unless otherwise specified in the test plan, if any action
other than test item operation (such as opening of the chamber door, except at
transfer time) results in a significant change (more than 2°C (3.6°F)) of the test

]

item temperature or chamber air temperature the tegt i{item wil

o

a ¢
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required temperature before continuation.

b. Air velocity., Air velocity in the vicinity of the test item shall not exceed
1.7 m/s (325 ft/min) to provide standard testing conditions, unless justified by the
test item platform environment.

¢. Transfer time, Transfer the test item between the two environments \nlgn and
low temperatures) as rapidly as possible but in no more than five minutes (unless the
test item is large and requires handling equipment)

I1-1.3 Test interruption (General Requirements, 5.2.4).

a. Undertest interruption, If, before the temperature change, an unscheduled
test interruption occurs that causes the test conditions to exceed allowable
tolerances toward standard ambient cemperacures the test must be reinitiated at the
point of iuuerrup;;uu and the test item reestablished at the test condition. If the
interruption occurs during the transfer, the test item must be reestablished at the

1rev10us temperature and then transferred.

YETHOD 503.3
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b. Qve
exposure of
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followed by a ¢

n required by the equipment specifi
c

e @

r @

a em
................... ontinuation of testing. This i{s especially true where a
safety problem could exist, such as with munitions. If a problem is discovered, the
preferable course of action is to stop the test and start over with a new test item.
I1f this is not done and test item failure occurs during the remainder of the test, the
test results could be invalid due to the overtest condition. If no problem is
discovered, reestablish preinterruption conditions and continue from the point where
the test tolerances were exceeded.

11-2 PREPA

11-2.1 Preliminary steps, Before initiating any testing, from the test plan:
a. Determine the test temperature levels.
b. Determine the test item configuration.
c. Determine the erational requirements.

d. Estimate the time required at each temperature. (Install temperature
sensors if necessary.)

11-2.2 Pretest standard ambient checkout, All test items require a pretest checkout
at standard ambient conditions so that baseline data can be established. Munitions
and other items, where applicable, shall also be examined by nondestructive

examination methods. Conduct the checkout as follows:

LSt PRS- A n me LOllduce L Li1EC

Step 1. Stabilize the test item at standard ambient conditions (General
Requirements, 5.1a).

Step 2. Conduct a complete visual examination of the test item with special
attention to stress areas such as corners of molded areas and interfaces between
different materials.

Step 3. Document the results.

Step 4. Prepare the test item in accordance with General Requirements, 5.2.2,
and required test item configuration.

Step 5. Conduct an operational checkout in accordance with the approved test
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pliance with General Requirements, 5.2.1.
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I1-3 PROCEDURE. The following procedure provides the basis for collecting the
necessary information concerning the test item in a severe temperature shock
environment: The procedure is written to start with the low temperature. (However,
it is permissible to start with high temperature, and alternate between the two

Step 1. With the test item in the chamber, adjust the chamber air temperature
to the low temperature extreme specified in the test plan. Maintain this temperature
for one hour or until the test item has been stabilized, whichever is longer.

Step 2. Transfer the test item to the high temperature environment (as
specified in the test plan) in no more than five minutes. Chamber control shall be

such that after insertion of the test item, the chamber temperature shall be withi
thn ceamt€flad ence oY o mmma PR - S S B ~ N -l .. L& _ £ .1 . R PO
Lie Specllled LeSt Lolerduce dillel 4 peEILOU O1 NOL more ivnan J4 oL Lne EXPOSUIQ ctime
Cycle the chamber through the appropriate diurnal cycle until the test item response
temperature (from the test plan) has been reached. Maintain this temperature until
the test item has stabilized (See General Requirements, 5.1.3)

Step 3. Transfer the test item to the low temperature environment as above, and
stabilize at that temperature.

AYATE . TL L _ a L o o [ . DA, 2 2 A o a 3 h A a P - A S | 1 = PO =1 - - 2 o
NV 11 tne tesl procedaure 1S 1nterruptea gue 1O wWOrK scnedauiles, etc., tne testT 1tem
can be left at the test temperature or returned to standard ambient conditions for the
time required. Before continuing the test. the test item must be restabilized at the
temperature of the last successfully completed period before the interruption (see I1-
1.3)

Step 4. Repeat steps 2 and 3.

Step 5. Repeat step 4.

Step 6. Return the test item to controlled ambient conditions {(General
Requirements, 5.1b) and stabilize,

Step 7. Operate and inspect the test item and obtain results in accordance with
General Requirements, 5.2.6. Compare these data with the pretest data.

II-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.).
b. Previous test methods to which the test item has been subjected.

{ETHOD 503.3
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(1) The choice of test procedure is based on the following:
(a) The anticipated exposure circumstances

(b) The expected problem areas within the test item.
(c) The duration of exposure to solar radiation.

The related test conditions that are used during the test are

(a) The anticipated areas of deployment.

(b) The test item configuration.

a. Operational purpose of the test item, From the requirements documents,
determine the function(s) to be performed by the test item during or after exposure to
direct solar radiation

b. Test objectives, The primary objectives of the test are to determine if:

(1) The test item can satisfy its operational requirements during and after
exXposure to solar radiation.

(2) The physical degradation which occurs during exposure produces adverse
effects on the test item. Based on this information and the purpose of the test item,
determine what test data are necessary to evaluate the required performance of the

test item during and after exposure to solar radiation.

c. Selection of the test procedure, Two test procedures are included with this
method. Based on the test data requirements, determine which of the test procedures
is applicable

(1) Procedure I - Cvcling for heat effects This test

nroer
eat effects. Thi proc
the test item 1s expected to withstand the heat from exoosure in the o

exposure. The solar radiation test (as opposed to the high temperature test, method
501.3) should be used when the test item could be affected (see 1-2) by differential

heating or when the heating caused by solar radiation is unknown. After the induced
temperature and temperature effects have been determined to be comparable to the
temperature and temperature effects that could be produced by method 501.3 (high
temperature), the latter could (for economic reasons) be substituted for this solar

radiation test.

METHOD 505.3

505.3-3



MIL-STD-810E
1 September 1993

(2) Procedure 11 - Steady state for prolonged actinic effects, This
procedure is used when the principal concern is the possibility that long periods of
exposure to sunshine will result in detrimental actinic effects. Because actinic
effects do not usually occur unless the exposure is prolonged, it is inefficient to
use the cycling test of procedure I, which could conceivably take months to conduct.

The approach, therefore, is to use an accelerated test whi reduce the
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ocedure successfully 1is maintalnln g en test 1tem
rom exceeding temperatures that would be attained under natural conditions (such as
the cycling test simulates), so that there will not be an exaggerated test which
unfairly penalizes the test item. However, there should not be enough cooling air to
produce unrealistic cooling. Since the actinic effects are highly dependent upon the
solar radiation spectrum (as well as intensity and duration), the spectrum must be as

close as possible to that of natural sunlight.

rnnnﬂnrn cucceccefully ig maintainine en

1-3.2 Choice of related test conditions, Having chosen the test procedure, it is
necessary to choose the cycle, test duration, test item configuration, relative
humidity, and any additional appropriate conditions.

i e o A am o -

a. Diurnal cycle, For Procedure I, two high temperature diurnal cycl
provided in table 505.3-1 with the same solar radiation conditions for both. The
first cycle (Hot Dry) has a peak temperature of 49°C (120°F) and 1120 W/Ill2 (355
Btu/ft?/hr) and represents the hottest conditions exceeded not more than one percent
of the hours in the most extreme month at the most severe locations in those portions
of the earth under consideration. This cycle is used when there is a requirement for

the test item to perform satisfactorily worldwide. The second cycle (Basic Hot) is

es are

less severe and peaks at an air temperature of 43°C (110°F) and a solar radiation
intensity of 1120 W/m?. This cycle is used when there is a requirement for the test
item to perform without degradation in many geographical areas of the world that
extend outward from the "Hot Dry" regions as described in Table 501.3-I11I of the High
Temperature Method. This cycle is also used when special precautions are taken to

provide protection against the sun in hot, dry areas (such as with munitions).

b. Test duration

(1) Procedure I. The test item shall be exposed to continuous 24-hour
cycles of controlled simulated solar radiation and dry bulb temperature as indicated
in table 505.3-1 or as specified in the requirements documents. The number of cycles
performed shall be either the minimum necessary to produce the peak response
temperature of the test item's critical component(s) (within 2°C (3.6°F) of the peak
response temperature achieved during the previous 24-hour cycle) or three

wn
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continuous cycles, whichever is longer. It is suggested that, for most applications,

the maximum test duration should be seven cycles. The data in Table 505.3-1 should be |
applied directly if chamber control allows. Otherwise, a step approach as shown in |
Figure 505.3-1 may be used with no less than the number of increments shown, and the I
amount of radiation for each step shall be equally divided between zero and 1120 |

watts/mz.

—smi D

(Z) Procedure
approximately 2.5 as far the to BY
Eight hours of exposure to 1120 W/m? (355 Btu/ft?/h), as in the steady-state test, is
equal to 24 hours of the cycling test (20 hours of light and 4 hours of no light per |
cycle). A duration of ten 24-hour cycles is suggested for equipment which is l
occasionally used outdoors, such as portable test items, etc. For equipment
continuously exposed to outdoor conditions, a test duration of 56 cycles or longer is

suggested. Increasing the irradiance above the specified level is not recommended

11, Procedure I1 will give an acceleration factor of
as ergy received item is concerne

- A
i cu Uy LIIC test item is concerned.

om

because of the danger of overheating, and there is presently no indication that
attempting to accelerate the test im this way gives results that correlate with
equipment response under natural seclar radiation conditions

TABLE 505.3-1. Temperature/solar radiation diurnal cycles!®

Hot-Dry Basic Hot Solar Radiation
Time °¢ °F °C °F W/m? Btu/ft?/hr
0000 37 98 33 91 0 0
0300 34 93 32 90 0 0
0600 32 90 30 86 S5 18
0900 kY. 101 37 99 730 231
1200 44 112 42 107 1120 355
1500 48 119 43 110 915 291
1600 49 120 43 110 730 231
1800 48 118 42 107 270 85
2100 41 105 36 97 0 0
2400 37 58 33 51 0 0
Max 49 120 43 110 1120 355
Min 32 90 30 86 0 0

NOTE: Data originally recorded in OF and converted to OC. Hence, table

1 data conversion may not be consistent.
Selection of temperature conditions depends on the requirements document(s) and the

condition to which the particular item will be subjected during normal usage.

505.3-5
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c. Configuration, The test item configuration should be the same as its
configuration during deployment exposure to solar radiation. The orientation of the
test item relative to the direction of radiation will have a significant impact on the
heating effects, as will its mounting (on supports or on a substrate of specified
properties, e.g., a layer of concrete of specified thickness or a sand bed of certain
reflectivity).

d. Additional guidance, Review the requirements document(s). Apply any
additional guidelines appropriate.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Failure analysis (See General Requirements, 5.2.7.)

a. Procedure I, Both at peak temperature and after return to standard ambient
conditions, the performance characteristics of the test item will not be altered to
the extent that the test item does not meet its requirements. Actinic effects that do
not affect performance, durability, or required characteristics will be recorded as
observations only.

b. Procedure 11, The performance and characteristics (such as color or other
surface conditions) of the test item will not be altered to the extent that the test
item does not meet requirements. All actinic effects, regardless of whether or not
they affect performance, durability, or required characteristics, will be recorded

The fading of colors could result in higher heating levels within the test item.

1-4.2 Summary of test information required. The following information is required in
the test plan for adequate conduct of the tests of section II.

- R Y S mm oA avdan At A
a. 1est item coni xguxatiu i and orientation
b. Test procedure.

c¢. Location of temperature sensors.

d. Number of cycles.

e. Appropriate diurnal cycle (for procedure I).

f. Spectral radiation of the source.

g. Test item preparation (see II-1.2B).

h. Test item operational requirements (see 11-3.1, step 2).

i. Additional guidelines.

505.3-8
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d. Calibration of chamber, Because of the variety of permissible lamps and
chamber designs, it is particularly important that the chamber be calibrated to assure

that the proper levels of radiant infrared energy are impacting the test area when
heat alone is of concern and that the proper intensity and spectral distribution of
solar radiation are impacting the test area when actinic effects are of concern. Over
the area covered by the test item, the radiation intensity must be within #10X. As

lamps age, their spectral output changes. To ensure that solar radiation chambers

meet established specifications, a check on spectral distribution, intensity, and
uniformity shall be performed at intervals not exceeding 500 hours of operation to
ensure that the facilities continue to meet established specifications. This value is
based on the manufacturer’s guarantee for minimum bulb life.

11-1.3 Test interruptions (See General Requirements, 5.2.4.)

a. Undertest interruptions

(1) Procedures I and II, The test rationale is based on the total
cumulative effect of the solar environment. Any undertest interruption should be
followed by restabilization at the specified conditioning and continuation of the test
from the point of the interruption.

Vs Y Deomnmadicewa Y TE men $ntmornsicomtd mon Aammzsees afe 12 hAatsvrer nemAdA 2N minmiirans

(<) rrotceuule 1 iL aul LIILCLLUPLLUU oCcCurs arter U HIVUL DS alil LV udtiuees
of the last cycle of procedure I, the test shall be considered complete. (At least 92
percent of the test would have been completed, and the probability of a failure is low

during the remaining reduced levels of temperature and solar radiation.)

b. Overtest interruption, Any overtest conditions must be followed by a
thorough examination and checkout of the test item to verify the effect of the
overtest. Since any failure following continuation of testing will be difficult to

_____ — PN S e PO PP PN ha 1o~

defend as unrelated to the over test, a new test 1item should be used.

11-2. PREPARATION FOR TEST

I1-2.1 Preliminary steps, Before initiating any testing, determine from the test
plan:

a. Which test procedures are required.

1N Th A~
v iliic

c. Other variables, such as number of cycles, etc.

I1-2.2 Pretest standard ambient checkout, All items require a pretest standard
ambient checkout to provide baseline data. Conduct the checkout as follows:

METHOD 505.3
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Step 1. Place the test item in the chamber and stabilize it at standard
ambient conditions (General Requirements, 5.la).

Step 2. Conduct a visual examination of the test item with special attention
re areas, such as corners of molided cases.

Step 4. Prepare the test item in accordance with General Requirements, 5.2.2,
I and required test item operational configuration (I-3.2c), with the temperature
sensors necessary to determine test item response.

Step 5. Conduct an operational checkout in accordance with the approved test

Pt

"
=}

©

Step 6. Record results for compliance with General Requirements, 5.2.6.
Step 7. 1If the test item operates satisfactorily, place it in its test

configuration (if other than operational). If not, resolve the problem and restart

at step 1. Position the test item in accordance with the following and proceed to

the first test as specified in the test pian.

1 a. As near the center of the test chamber as practical and so that the
surface of the item is not closer than 0.3m (1 ft) to any wall or 0.76m (30 in.) to
the radiation source when the source is adjusted to the closest position it will

| assume during the test.

b Oriented, within realistic limits, to expose its most vulnerable parts
to the solar radiation, unless a prescribed orientation sequence is to be followed.
i c. Separated from other items that are being tested simultaneously, to
! ensure that there is no mutual shading or blocking of airflow.

I1-3 PROCEDURES. The following test procedures, alone or in combination, provide
the basis for evaluating the performance of the test item in a solar radiation
environment.

METHOD 505.3
505.3-14
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c. Sequence. (See General Requirements, 5.1.4.) This method is applicable at
any stage in the test program, but its effectiveness as a test method is maximized if

it is performed after the dynamic tests.
The leakage test (method 512.3) is normally considered to be more severe than the rain
test for determining the penetrability of the test item. Equipment that passes the

i xposure to the rain test if its configuration is

~
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unchanged and the effects of penetration are the main concern.
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d. Test variation. This method is comprised of three rain-related test
procedures. Before the test is conducted, a determination must be made of which test
procedures and test conditions are appropriate. Determination of related test
conditions that are used during the test are based on:

(1) The test item configuration.

(2) The operational purpose of the test item.

I-3.1 Choice of test procedure(s)

[ 04 5

a. Test objectives. The primary objectives
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(1) Rain can penetrate the enclosure of the test item while it is in its
operational or storage configuration.

(2) The test item can meet its performance specifications during and after

exposure to rain.
(3) R al deter

ioration of the test item

(4) The rain and collected rainwater removal systems are effective.

b. Selection of the test procedure. Three test procedures are included within
method 506.3: blowing rain, drip, and watertightness. Select the procedure that
presents the most severe exposure anticipated for the test item.

(1) Procedure I - Blowing rain. Procedure I is applicable for equipment
which will be deployed out-of-doors and which will be unprotected from blowing rain.
The accompanying wind velocity can vary from almost calm to extremely high. Test
items which cannot be adequately tested with this procedure because of their large

size should be considered for testing under procedure III.

appropriate when equipment is

alling water from condensation or

(2) Procedure I1 - Drip. Procedure II is
‘mally protecte rai ut b to f

aallanga Fram siemen

1 o
i€arap®c 110l UPPCL >
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(3) Procedure III - Watertightness, Procedure 111 should be considered
when large (shelter-size) equipment is to be rgst;gd and a blowing-rain facility is not
available or practical. This procedure is not intended to simulate natural rainfall
but will provide a high degree of confidence in the watertightness of a piece of

equipment.

)
"

1-3.2 Choice of related test conditions, Variables under each test procedure include
the test item configuration, rainfall rate, wind velocity, test item exposure
surfaces, water pressure, and any additional appropriate guidelines in accordance with
the requirements document.

a. Test item configuration, The test item should be tested in all the
configurations in which it can be placed during its life cycle. As a minimum, the
following configurations should be considered:

Tom = ..L ___________ e m e maa mam deamm o L e ~
11

’1) 1 & SI pp;us/auuxdgc container or transit case.

(2) Protected or not protected.
(3) In its operational configuration.
(4) Modified with kits for special applications.

b. Rainfall rate. The rainfall rate used in procedure I may be tailored to the
anticipated deployment locale and duration Although various rainfall intensities

1¢e iavecdle aullalt 10l aSallididaa AT ALaAlS

have been measured in areas of heavy rainfall, a minimum rate of 10cm/hr (4 in/h) is
recomeended, since it is not an uncommon occurrence and would provide a reasonable
degree of confidence in the test item. Further information may be obtained from MIL-
STD-210C.

Table 506.3-1 Deleted.

c. Droplet size. Nominal drop-size spectra exist for instantaneous rainfall
rates but, according to MIL-STD-210, for the long-term rainfall rates they are
meaningless since rates are made up of many different instantaneous rates possessing

506.3-4
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different spectra. For these tests, droplet sizes should be predominantly in the
range of approximately 0.5mm in diameter! (which is considered to be mist or drizzle
rather than rain (reference e.)), to 4.5mm in diameter (reference {.).

d. Wind velocity, High rainfall intensities accompanied by winds of 18 m/s (40
mph) are not uncommon during storms. Unless otherwise specified or when steady state
conditions are specified, this velocity is recommended. Gusts in excess of 18m/s cay
be required in the test plan. Where facility limitations preclude the use of wind,

Procedure 111 may be used.

e. Test item exposure surface, Wind-driven rain will usually have more of an
effect on vertical surfaces than on horizontal surfaces, and vice versa for vertical
or near-vertical rai ain could fall or be driven must
Lo cecomcmonand o ¢ha te

beé exposea to tne

f. Water pressure, Procedure 1II relies on pressurized water. The pressure may
be varied according to the requirements documents, but a minimum value of 377 kPa (40
psig) nozzle pressure is given as a guideline based on past experience. This value
will produce water droplets traveling at approximately 64 km/h (40 mph) when a nozzle |
as specified in II-1.le is used. i

MAaLT LS.

I-4 SPECIAL CONSIDERATIONS

I-4.1 Failure analysis

s efyv *ha
tis j Lie

I1-4.1.1 Operational requirements, em to sat
arefully, and relatecd

i
requirements of the equipment specificat
information must be considered, such a

aniaLLlUSLAL DS CLloABElERE uel

a. Degradation allowed in the performance characteristics because of rainfall
exposure.

b. Necessity for special kits for special operating procedures.

anfa

- er ~E
c. daleLy VL

for its nonexposure to water, determine if one of the following is applicable:

1-4.1.2 Water penetration, Based on the individual test item and the requirements

a. Unconditional fajilure, Any evidence of water penetration into the test item
enclosure following the rain test shall be considered a failure.

lobservations show that there are no drops of less than roughly O.5mm diameter

Avre S ey

auring intense

METHOD 506.3
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b. Acceptable water penetration, Water penetration of not more than 4 cm” per
28,000 cm® (1 ft3) of test item enclosure? shall be acceptable, provided the following

PO

PRSI ¥ : —
ConaiLLions die mee.,

(1) There is no immediate effect of the water on the operation of the test
item.

(2) The test item in its operational configuration (transit/storage case open
or removed) shall successfully complete the induced temperature/humidity procedure of

method 507.3 for the geographical area in which it is designed to be deployed.

1-4.2 Temperature. Experience has shown that a temperature differential between the
test item and the rainwater can affect the results of a rain test. For nominally
sealed items, increasing the test item temperature to about 10°C higher than the rain

temperature at the beginning of each exposure period to produce subsequently a
negative pressure inside the test item will provide a more reliable verification of
its watertightness.

I-4.3 Summary of test
the test plan for adequa

on required. The following information is required in
ct of the tests of section II:

W]

Test procedure(s).

b. Test item configuration.

c. Rainfall rate.

d. Test item preheat temperature.

e. Exposure surfaces/durations.

f. Wind velocity.

i. Additional guidelines.

2This quantity of water (4cm®) is approximately the quantity required to raise
the relative humidity of 1 ft3 of air at standard ambient conditions (50% RH at 21°C)

to saturation at 49°C. The 49°C value is realistic for equipment exposed to higher
temperatures and solar radiation effects.

METHOD 506.3
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METHOD 506.3
RAIN
SECTION II

II-1 APPARATUS
IT-1.1 Test-facilicy

a. For procedure I, the rain facility shall have the capability of producing

alling rain accompanied by wind blowing at the rate specified herein. The facility

temperacure shall be uncontrolled, except as regulated by water introduced as rain.

The rain shall be

Dr
L4

oduced by a water distribution device of such design that the

water is emitted in the form of droplets having a diameter range predominantly between

2 and 4.5 millimeters (I-3.2c).

The rain shall be dispersed completely over the test

item when accompanied by the prescribed wind.

velocity shall be measured at the position
test item in the facility.
test item by the test facility.

d. For procedure II,
than 28 (+3,

25.4 mm pattern (but without coalescence of the drips into a stream),

figure 506.3-1. The drip area of the dispe
entire top surface of the test item.

T VL adlViLES o

hall be capable of
to and exceedlng 18 m/s (40mi/h). The wind
of the test item before placement of the

No rust or corrosive contaminants shall be imposed on the

fluorescein may be added to the rainwater to aid

the test setup should provide a volume of water greater
-0) L/m?/h (0.7 gal/ft?/h) dripping from a dispenser with drip holes on a

as shown in
nser should be large enough to cover the

e. For procedure III, the nozzles used should produce a square spray pattern or
other overlapping pattern (for maximum surface coverage) and droplet size
predominantly in the 2 to 4.5 mm range at approximately 375 kPa (40 psig) At least
one nozzle should be used for each 6 ft? of surface area and should be positioned 19
+1 in. from the test surface.?

I1-1.2 Controls

a. For procedures I and II, verify the rainfall rate immediately before each
test.

b. For procedure I, verify the air velocity immediately before each test.

3From references f and g

METHOD 506.3
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c. For procedure 111, the nozzle spray pattern and pressure shall be verified
>efore each test.

d. Unless otherwise specified, water used for rain tests can be from local water
rces

[I-1.3 Test interruption. (General Requirements, 5.2.4)

a. Undertest interruption, Interruption of a rain test is unlikely to generate
iny adverse effects. Normally continue the test from the point of interruption.

iI-2 PREPARATION_ FOR TEST
rr.2 1 Praliminary ctane Rofare iniriatine anv teectino Aetermine from the toct
[1-2.1 Preliminary steps Before initiating any testing, determine from the test
’lan:

a. Which test procedures are required.

b. The rainfall rate and wind velocity for procedure I.

. [s o0 S a1 L - = - 2 Y _ - — 1 _ _ LY _ - -l _ PR S [ | -——

C ine otner variliapies appxlcauxe LO uLne esile pLroceaure
[1-2;2 Pretest standard ambient checkout All tesc items require a pretest standard

Step 1. Stabilize the test item at standard ambient conditions per General
lequirements, 5.la, in the test chamber, if applicable.

Step 2. Conduct a complete visual examination of the test item
JOTE : A coaline tanine ranlline ater chall hae neced evrent ac reauired i rthe
0TE: No sealing, taping, caulking, etc., shall be used except as required in the
test item drawings

Step 3. Document the results,

Step 4. Prepare the test item in accordance with General Requirements, 5.2.2,
ind required test item configuration.

C o

e &
oLTp J.

Step 6. Record the results for compliance with General Requirements, 5.2.6.

Step 7. If the test item operates satisfactorily, proceed to II-3. If not,
resolve the problems and restart at step 1.

!I-3. PROCEDURES. The following test procedures provide the basis for collecting the
ece on concerning the test item’s watertightness. Proceed to the first

R B e
1€d 11 uwn

[+

test p iLan.
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HUMIDITY
Page
SECTION I

i-1 PURPOSE . . 507.3-1
i-2 ENVIRONMENTAL EFFECTS . . . . 507.3-1
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS e e e 507.3-2
1-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . .. 507.3-10
I-5 REFERENCES 507.3-11

SECTION II
11-1 APPARATUS . 507.3-12
ii-2 PREPARATION FOR TEST 507.3-14
I11-3 PROCEDURES . . . 507.3-14
11-4 INFORMATION TO BE RECORDED 507.3-16
SECTION I

I-1 PURPOSE. The humidity tests are performed to determine the resistance of
materiel to the effects of a warm, humid atmosphere.
1-2 [ENVIRONMENTAL EFFECTS. Moisture can cause physical and chemical deteriorati
materiel to include surface effects sugh as corrosion, and biolegic growth; chang
material properties due to moisture penetration, and electrical or mechanical

performance effects

due to condensatlon. Typxcal problems that can result from

exposure to a warm, humid environment include:

a.

b.

Swelling of materials due to moisture absorption.
Loss of physical strength.
Changes in mechanical properties.

Degradation of electrical and thermal properties in insulating materials.

Electrical shorts due to condensation.
Binding of moving parts due to corresion or fouling of lubricants
Oxidation and/or galvanic corrosion of metals.
Loss of plasticity.
Accelerated chemical reactions.
METHOD 507
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k. Deterioration of electrical components.

1. Degradation of image transmission through glass or plastic optical elements.

n. Accelerated biological activity.
o. Deterioration of hygroscopic materials.

I1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this document should be used
to determine the appropriate tests and test variables.

a. Application, This method applies to equipment which is likely to be stored
r deployed in a warm, humid environment, or an environment in which condensation is
ly to occur, and exposure in the natural environment is not practical because of
al, cost or schedule considerations. These conditions can occur year-round in

anacanally in mid_.latirinda ara
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tions of changes in pressure, temperature and relative humidity.
b. Restrictions. This method may not reproduce all of the humidity effects

associated with the natural environment. Therefore, it is preferable to test
equipment at appropriate natural sites whenever practical. Specifically, this method

does not address condensation resulting from changes of pressure and temperature for
airbornme or ground equipment; condensation resulting from black-body radiation (e.g.,
night sky effects); synergistic effects of humidity or condensation combined with
biological and chemical contaminants, or liquid water trapped within equipment or
packages and retained for significant periods.

¢. Sequence. (See General Requirements, 5.1.4.) The test procedures of this
nethod are potentially damaging. The position of this method in the sequence of a
test item’s life cycle is illustrated in General Requirements, figure 2. The humidity

test should follow the initial logistic dynamic exposure of the test item (after
arriwval at its irmnitial naint Af Aicamharbkarian) TP ie oanarally imannranriata ¢
arrival its initial peint of disembarkaticn). is generally inappropriate ¢t
conduct this test on the same test sample used for salt fog or fungus tests

d. Test variations. The most important ways the test can vary are in duration,
temperature-humidity cycles, and ventilation.

[-3.1 Choice of test procedure(s). This method consists of three procedures.

re 1 - Natural. Procedure I simulates natural environmental cycles
on test items which are open to the environment or frequently

507.3-2
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b. Procedure II - Induced. Procedure II simulates unventilated conditions that
may occur during storage or transit and is appropriate for sealed items or items
enclosed in sealed items. For the purpose of this test, a sealed item is one that
could have a relatively high internal level of humidity and lacks continuous or
frequent ventilation. It does not include hermetically sealed items. The internal
humidity may be caused by these or other mechanisms:

(1) Entrapped, highly humid air.
(2) Presence of free water.
(3) Penetration of moisture through test item seals.

(4) Release of water or water vapor from hygroscopic material within the

Cem.

('V
w
[V

c¢. Procedure III - Aggravated, Procedure III exposes the test item to combined
high temperature and humidity levels more severe than those that occur in documented
service scenarios. Its advantage is that it produces results quickly, i.e., it may
generally exhibit humidity effects sooner than in either the natural or induced
procedures; its disadvantage is that the effects may not accurately represent those
that will be encountered in actual service. Care should be taken in interpreting the

test results.

1-3.2 Choice of related test conditions, Related test conditions depend on the
climate, duration, and test item configuration during shxppi g, storage, and
deployment. The variables common to all three procedures are the temperature-humidity
cycles, duration, and configuration. These are discussed below. Requirements
documents may impose or imply additional test conditions. The worst-case conditions

should form the basis for selecting the test and test conditions to use.

- Toct ttammnavatiira.hiimiA{ ¢+ Tha enan{€fin Fact Framnarvratruura_himmidiry valiiae ava
a. aC€SC CEMPpEracUTC-NUNIGICY, ine SpeCiiil t&5C talpelatulc-aunidicy, Vaaiucs are
selected, preferably, from the requirements documents. TIf this information is not

avallable, determlnaclon of the test temperature-humidity values for procedures I and
II can be based on the world geographical areas in which the test item will be used
plus any additional considerations. Table 507.3-1 includes the temperature and
relative humidity conditions for three geographical categories where high relative
humidity conditions may be of concern, and two related categories of induced

st et m——

conditions. Figures 507.3-1 and 507.3-2 are approximations of cycles and are to be
used if chamber control of table 507.3-1 cycles is difficult to achieve. The curves
are constructed with consideration of chamber limitations. A description of each

category follows.

7

(1) Hot-humid, Severe (high) dewpoint conditions occur 10 to 15 times a
year along a very narrow coastal strip, probably less than 5 miles wide, bordering
bodies of water with high surface temperatures, specifically the Persian Gulf and the
Red Sea. Most of the year these same areas experience hot-dry conditions. Due to the
relatively small area in which these conditions occur, most types of equipment need

METHOD 507.3
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TABLE 507.3-1. High humidity diurnal categories. 1/

Natural Induced

: . Hot- : High Humidity +  Hot : Cyelic :
J Humd + Constant v Cyclic v Humid v High Humidity

Time {Cycle 1) (Cycle 2) : (Cycle 3) | (Cycle 4) : (Cyecle 5) :
| i Temp RH | Temp RH @ Temp RH | Temp RH ! Temp RH |
: ¢ °F % % S ©°c % + 9 ©c %  OF °¢ %: ©°% ©°% x !
1 0000 : 88 31 88 ' 100</: BO 27 100 : 85 35 63 ! 91 33 68 i
» 0100 ¢ 88 3] 88 H 100 : 80 27 100 : 95 35 67 | 91 33 69 |
» 0200 © 88 31 88 : 100 ; 70 28 100 ! Q4 34 72 ¢ e 32 70 ¢
: 0300 ! 88 31 a8 : 100 79 26 100 @ 94 34 75 ! 90 32 Tl
v 0400 ! 88 31 88 : 100 | 79 26 100 : 93 34 77 88 31 72
» 0500 ¢ 88 31 88 HE 100 . 78 26 100 . 92 33 79 ! 86 30 74 !
¢ 0600 ¢ 90 32 85 Vo 100 78 26 100 : 91 33 80 ! 88 31 7%
! 0700 ¢ 93 34 80 . 98 : 8l 27 94 . 97 36 70 93 34 64
i 0800 ¢ &6 36 76 R g7 | 84 29 88 | 104 40 54 ! 101 38 54
y 0900 ¢ 98 37 73 PO 3 s . 87 31 g2 11 44 42 | 107 42 43
v 1000 ! 100 38 69 A 9% 89 32 79 1 124 51 31 ! 113 45 36 |
¢ 1100 | 102 39 65 - 95 1 92 33 77 + 135 57T 24 | 124 51 29 |
1200 ¢ 104 40 62 R ) 95 | 94 34 75 1 144 62 17 134 §7 22
¢ 1300 : 105 41 59 H E‘ﬁ 95 | 94 34 74 | 151 66 16 : 142 61 21
¢ 1400 @ 105 41 59 VB 95 | 95 35 74 | 156 69 15 ! 145 63 20
+ 1500 ¢ 105 41 59 - 95 1 65 35 74 | 160 71 14 ! 145 63 19 !
¢ 1600 ' 105 41 5§ PS5 g5 | 83 34 76 . 156 88 16 . 144 €62 20 |
1700 ¢ 102 39 68 I Qs ; o2 31 79 ¢ 181 66 18 ! 140 60 21 !
¢ 1800 ¢ 99 37 69 R E 95 | 90 32 82 ! 145 63 21 ! 134 57 22
¢ 1900 ¢ 97 36 73 : g ~ g7 | 88 31 81 | 136 58 29 ! 122 S0 32
v 2000 7 94 34 79 = 98 | 85 29 91 | 122 S0 41 ¢ 111 44 43 |
¢ 2100 ¢ 91 33 85 : 100 83 28 95 | 105 41 53 ! 101 38 54 .
12200 ¢ 90 32 85 : 100 : 82 128 96 . 103 39 58 g5 35 59 ¢
{2300 ¢ B89 32 88 : 100 ! 81 27 100 : 99 37 62 . 93 34 63

2/ For chamber control purpose, 100% RH implies as close to 100% as possible but not
less than 95%.

NOTE: Data originally recorded in ©F and converted to ©C. Hence, table data
conversion may not be consistent.
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not be designed to withstand this environment.

(2) Constant high humidity, Constant high humidity is found most often in
tropical areas, although it occurs briefly or seasonally in the midlatitudes. The

radiation exposure Tropical exposure in a tactical configuration or mode is likely
to occur under a jungle canopy. Exposed materiel {s likely to be constantly wet or
damp for many days at a time. World areas where these conditions occur are the Congo

and Amazon Basins, the jungles of Central America, Southeast Asia (including the East
Indies), the north and east coasts of Australia, the east coast of Madagascar, and the
Caribbean Islands. The conditions can exist for 25 to 30 days each month in the most
humid areas of the tropics. The most significant variation of this cycle is its

frequency of occurrence. In equatorial areas, it occurs monthly, year round. The
frequency decreases as the distance from the equator increases. The midlatitudes can
A2 el e eovyara 1 avs a month for two to three months a year

s 4@ jeae.

experlence cnese LUHULLLUHb sS5everdal uuy; a montn 1I0r TWC TC N

(3) Cyclic high humidity, Cyclic high humidity conditions are found in the
open in tropical areas where solar radlation is a factor. In these areas, exposed
items are subject to alternate wetting and drying, but the frequency and duration of

occurrence are essentially the same as in the constant high humidity areas.

In addition to these three categories of natural high humidity conditio
two cycles for induced conditions:

(4) Induced hot-humid. This condition exists when equipment in the hot
humid category receives heat from solar radiation with little or no cooling air.

(5) Induced variable-high humidity.,. This condition exists when equipment
in the variable high humidity category receives heat from solar radiation with little
or no cooling air.

b. Test duration, The number of temperature-humidity cycles (total test time)
is critical in achieving the purpose of the test. It is preferable to use the number
of cycles given in the requirements documents for the materiel. The durations

provided in Table 507.3-II are, in most cases, far less than necessary to provide an
annual comparison.

NOTE: Any degradation that could contribute to failure of the test item during mo
extensive exposure periods or during exposure to other deployment environments, s
as shock and vibration shall be documented. Further, testing shall be extended for a

Laciiv

duration (dete:ioration rate becomes asymptotic).

(1) Tests emploving procedure I - Natural

(a) Hazardous test items, Hazardous test items are those in which any

METHOD 507.3
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unknown physical deterioration sustained during testing could ultimately result in
damage to materiel or injury or death to personnel when the test item is used.
Hazardous test items will generally require longer test durations than nonhazardous
test items to establish confidence in the test results. Twice the normal test

PP S R . R R Y P LY. €N TY ~arm Y o 21\ Py - o o~ mem s
duration is recommended (see table 507.3-1II, cycles 1 through 3). Each test can be
terminated prematurely after the quick-loock level has been reached if the materiel has
failed the visual or functional checkout.

(b) Nonhazardous test items. Nonhazardous test items should be
exposed from 10 to 60 cycles of conditioning, depending upon the geographical area to
which the materiel will be exposed (see table 507.3-1II, cycles 1 through 3). Each
test can be terminated prematurely after the quick-look level has been reached if it
is determined that the test item has already failed the test and further testing is
Iutilile.

NATURAL INDUCED
Hazardous Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5
Items

Normal 20 120 g0 30 30
Test Duration 1/

Quick Look 1/ 7 15 12 7 7
Non-Hazardous Items

Normal 10 60 45 15 15
Test Duration 1/

Quick Look 1/ 5 15 12 7 7

l/ Onprar1nn21 checks are reaqg
M

red at least once every five days, but more frequency
s.

uire
checks are recommended for early detection of potential problem

(2) Tests employing procedure 11 - Induced
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the results can be anal zed w1th a hlgh degree of confidence. Conse
test items should be exposed to extended periods (double the normal perlods) of

conditioning, depending upon the geographical category to which the materiel will be
exposed (see table 507.3-1I, cycles 4 and 5). Each test can be terminated after the
quick-look level has been reached if the materiel has failed the visual or functional
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checkout or if deterioration is obvious.

(b) Nonhazardous test ftems, Induced conditions are much more severe

than natural conditions and potential problems associated with high temperature/high

humidity will thus be revealed sooner, and the results can be analyzed, in most cases,
with a high degree of confidence. Nonhazardous test items should be exposed to test
durations as specified in table 507.3-1II, cycles 4 and 5, depending upon the
geographical category to which the material will be exposed. Each test can be
terminated after the quick-look level has been reached if it has been determined that
the test item has already failed the test and additional testing is futile, or if
deterioration is obvious.

(3) Tests employing procedure III Aggravated, Based on past experience,
a minimum of 10 cycles is recommended to reveal potential test item problems. For the
test items incorporating seals to protect moisture-sensitive materials, e.g.,
pyrotechnics, longer test durations may be required.

(4) Quick-look, After a relatively short period of testing has elapsed,
the test item may be given a visual inspection and operational checkout, and a
decision may be made to continue or stop the test. The time after which a quick look
can be made is different for each test cycle and is specified in table 507.3-1I.

Termination at this time (or at any time before complec1on of the specified test
durations) should be considered if a failure or "no-test"™ 1is accepted. A complete
test cycle is still required but is not recommended on the same test item

c. Test item configurations, During performance of the temperature-humidity
procedures of this method, the test item will be configured as specified below or as
specifically outlined in the requirements documents. Test item configuration must be
selected to reproduce, as closely as technically possible, the configuration that the

test item would assume when worst-case situations are usually used.

(1) In its assigned shipping/storage container
(23
(2) Out of its shipping/storage container but not set up in its deployment

(3) In its operational mode (realistically or with restraints, such as with
openings that are normally covered).

d. Additional guidelines, Review the requirements documents. Apply any
additional guidelines necessary.

i i — I\ v
1-4.1 Failure analysis, The failure of a test item to meet the requirements of the
equipment specifications must be analyzed carefully, and related information must be

507.3-10
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a. Degradation allowed in operating characteristics when the test item is
exposed to the test levels of temperature and humidity.

b. Necessity for the use of special operating procedures or special kits during
exposure to the test levels of temperature and humidity.

c. Detericration of any kind in any area of the test item must be completely
described and evaluated as a potential failure or failure mode.

NOTE: The failure mechanism of this test combines the effects of both high
temperature and high relative humidity.

1-4.2 _Summary of test information required. The foliowing information is required in

the test plan

for adequate conduct of the tests of Section II.

a. Test item configuration and orientation.

b. Test procedure and category.

c. Test cycle parameters.

d. Test item temperatures and relative humidities
e Test duration.

f. Any sealed areas to be opened during testing.

g. Additional guidelines.
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a. AR 70-38, Research, Development, Test and Evaluation of Materiel
for Extreme Climatic Conditions, 1 August 1979.

b. MIL-STD-210, Climatic Information to Determine Design and Test
Requirements for Military Equipment. 9 January 1987.

~ Curmnmaic A€ Banbeoraiiend Matavrial Faee MTT _CTNR.21ND APl imarda
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Extremec for Military Equipment. Bedford, MA: Air Force Cambridge Research
Laboratories, 24 January 1974. DTIC number AD-780-508

d. STANAG 2895, Climatic Environmental Conditions Affecting
the Desipn of Materiel for Use of NATO Forces.
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METHOD 507.3
HUMIDITY
SECTION I1I
II-1 APPARATUS

I1-1.1 Test facility

a. The required apparatus consists of a chamber or cabinet, and auxiliary
instrumentation capable of maintaining and continuously monitoring the required
conditions of temperature, and relative humidity throughout an envelope of air
surrounding the test item(s). (See General Requirements, 5.1.1)

b. Unless otherwise specified, the test volume of the chamber or cabinet and the
accessories contained therein shall be constructed and arranged in such a manner as to
prevent condensate from dripping on the test item(s). The test volume shall be vented
to the atmosphere to prevent the buildup of total pressure and prevent contamination
from entering. Relative humidity shall be determined by employing either solid-state
sensors whose calibration is not affected by water condensation or by an equivalent
method, such as fast-reacting wet-bulb/dry-bulb sensors or dewpoint indicators.
Sensors that are sensitive to condensation, such as the lithium chloride type, are not
recommended for tests with high relative humidity levels. A data collection system
separate from the chamber controllers shall be employed to measure test volume
conditions. A recording device shall be mandatory for the data collection system. If
charts are used, the charts shall be readable to within +0.6°C. If the wet-wick
control method is approved for use, the wet bulb and tank shall be cleaned and a new
wick installed before each test and at least every 30 days. Water used in wet-wick
systems shall be of the same quality as that used to produce the humidity. Water
bottle, wick, sensor, and other components making up relative humidity measuring
systems shall, when physically possible, be visually examined at least once every 24
hours during the test. The velocity of air flowing across the wet-bulb sensor shall
be not less than 4.¢ meters per second (900 feet per minute), and the wet wick shall
be on the suction side of the fan to eliminate the effect of fan heat. The flow of
air anywhere within the envelope of air surrounding the test item shall be maintained
between 0.5 and 1.7 meters per second (98 to 335 ft/rin).

c¢. Relative humidity within the envelope of air surrounding the test item shall
be created by steam or water injection. Water used in either method shall be
distilled, demineralized, or deionized and have a resistivity of not less than 250,000
ohm centimeters at 25°C. 1Its quality shall be determined at periodic intervals (not
to exceed 15 days) to ensure its acceptance. If water injection is used to humidify
the envelope of air, the water shall be temperature conditioned before its injection
to prevent upset of the test conditions and shall not be injected directly into the
test section. Condensation developed within the chamber test volume during the test,
shall be drained from the test volume and discarded.

METHOD 507.3
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Step 4.

Repeat steps 2 and 3 for the number of cycles indicated
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11 unless otherwise directed by the requirements documents.

Step 5.
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Step 9.

Step

At the end of the required number of cycles,
humidity conditions to standard ambient conditions and maintain for at le

Conduct a

Document the results.

complete visual examinat

adjust the

tion of the test item.

mr

temp
east

Conduct an operational checkout of the test item in accordance with the

plan.

Document the results.

Compare these data with the pretest data.

Procedure 11 - Induced

Insert the test item into the chamber.

Adjust the chamber

[OX-P W §

Cycle the chamber air temperature and RH with time as shown in the

’
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e mm mm e S o A o
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temperature and relative humidity to those shown in
of table 507.3-1 for time 0000.

M
<)

Repeat step 4 for the number of items indicated in table 507.3-II for
the appropriate cycle unless other guidance is provided by the test plan.

Adjust the chamber

cr
[ ]}
<»

- —— Y _
coupile

Document the result

m

Put the test item in its normal operating configuration.

isus

Conduct a complete operational checkout of the test item.

to controlled ambient conditions and maintain for 24
the test {tem.

METHOD 507.3



MIL-STD-810E
14 1111v 10040
ALt JUVL L7027
Step 11. Document the results.

Step 12. Compare these data with the pretest data.

I1-3.3 Procedure III - Aggravated (See figure 507.3-3).

item in accordance with General Requirements, 5.2.2,
rd u_mviep rharlrant

iv vaiToeavVau.,

Step 2. Gradually raise the internal chamber temperature to 60°C (140°F) and the
relative humidity to 95X +5X over a period of two hours.

Step 3. Maintain the conditions of step 2 for not less than six hours.

Ceann L Maldetadom QCY Ao ~sevnatar walatiwwa hitmidietwr amd »adiinas tha {ntareal
QLCP - . llGLll\—ﬂLll QA UL 5 aLcl LCLG\.LVC i LUL\_] allu L TuuLc Lile dllbLT LIl
chamber temperature in eight hours to 30°C (86°F) and 95% #5% relative humidity.

Step 5. Maintain the 30°C (86°F) and 95% +5% relative humidity for an additional
eight hours.

Step 6. Repeat steps 2,3,4, and 5 for a total of 10 cycles (not less than 240

=
hours).

th

Step 7. Near the end of the fi

Y the e f
and 952 relatlve humidity, operate the tes
accordance with General Requirements.

oW

tenth cyecles, while still at 30°C (86°F)

item and obtain and record results in

an

"t

II-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.).

c. Results of each performance check (pre-, during, and post-test) and visual
examination (and photographs, if applicable).

d. Length of time required for each performance check.
e. Procedure and test levels used.
f. Exposure durations.

g. Time versus temperature and humidity.

wm
o
~J
(8}
)
[
[¢))



MIL-STD-810E
1 September 1993

a. Application., Since microbial deterioration is a function of temperature and
humidity and is an inseparable condition of hot-humid tropics and midlatitudes, it must
be considered in the design of all standard, general-purpose materiel (reference a).
This method is used when an item is to be tested to determine if fungal growth will occur
and, if so, how it will affect the use of the test item.

NOTE: Although the basic (documented) resistance of materials to fungal growth is
helpful in the design of new equipment, the combination of materials, the physical
structure of combined materials, and the possible contamination of resistant materials
during manufacture necessitate laboratory or 12-18 months of natural environment tests
to verify the resistance of the assembled materiel to fungal growth.

b. Restrictions. This test is designed to economically obtain data on the
susceptibility of materiel. It should not be used for testing of basic materials since
various other test procedures, including soil burial, pure culture, mixed culture, and
plate testing, are available.

c. Sequence. (See General Requirements, 5.1.4.) This method should not be
conducted after a salt fog test (method 509.3) or a sand and dust test (method 510.3).
A heavy concentration of salt may affect the germinating fungal growth, and sand and dust
can provide nutrients, thus leading to a false indication of the biosusceptiblity of the
test item.

d. Test varjations. In addition to an optional operational test at the end of the
fungus test, test variables include duration of test and test item configuration.

I-3.1 Test objectives, The primary objectives of the fungus test are to determine:

a. If fungi will grow on the test item (see II-3.1.2a for the types of fungi).
b. How rapidly fungi will grow on the test item.
c. How any fungal growth affects the test item.
d. To what extent the fungus will affect the mission of the test item.
e. If the test item can be stored effectively in a field environment.
f. 1If the test item is safe for use following fungal growth.
g. If there are simple reversal processes, e.g., wiping off fungal growth.
I1-3.2 Choice of related test conditions, Once a determination has been made as to

whether or not an operational requirement exists, the next decision must concern test
duration and test item configuration.

a. Test duration. Twenty-eight days is the minimum test period to allow for fungal
germination, breakdown of carbon molecules, and degradation of material. Since indirect

METHOD 508.4
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:ffects and pnyslcal interference are not likely to occur in the relatively short time
‘rame of the fungus test, extension of the exposure period up to 84 days should be
onsidered if a greater degree of certainty (less risk) is required in determining the
‘xistence or effect of fungal growth

b. Test item configuration, The test item configuration is an important
‘actor. Even though equipment is to be protected by a container, the container could
eak and entrap moisture. As a minimum, the following testing configurations should be
‘onsidered:

~
—
N
-

ts normal shi

-
[N

(2) Under realistic storage or use conditions.

(3) With restraints (such as with openings that are normally covered).

c. Addl ional guidelines Review the equipment specifications and requirements
t ents. ply any additional guidelines necessary.

-3.3 Choice of test fungi: Five species of test fungi are listed in II-3.1.2a. These
'rganisms were selected because of their ability to degrade materials, their worldwide
listribution, and their stability. They must be used in all Method 508.4 tests. Other
pecies that can be used to supplement the basic five species may be found in STANAG
.370%, Allied Environmental Conditions and Test Publications 300, Method 308, Mould
irowth.

a. Because the test item is not sterile before testing, other microorganisms will
e present on the surfaces. When the test item is inoculated with the five test fungi,
oth these and the other organisms will compete for available nutrients. It is not
urprising to see organisms other than the test fungi growing on the test item at the end
f the test.

b. Additional species of fungi may be added to those required in this test method.
owever, if additional fungi are used, their selection shall be based on prior knowledge
f specific material deterioration. For example, Aureobasidium pullulans can be employed

ecause of its known specificity for degrading paints.

-4 SPECIAL CONSIDERATIONS

-4.1 Failure analysis

a. Any fungi on the test item must be analyzed to determine if the growth is on the
est item material(s) or on contaminants.

b. Any fungal growth on the test item material(s), whether from the inoculum or
ther sources, must be evaluated by qualified personnel for:

(1) The extent of growth on the component(s) supporting growth. Table 508.4-1

ETHOD 508.4
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can be used as a gulde for this evaluation.

(2) The immediate effect that the growth has on the physical characteristics
~Af tha tact+t S +tam
vai Lo LTOoOL A
TABLE 508.4-1. Evaluation scheme for visible effects.!
Amount of Grade Organic Substrates
Nyvatth
ViVvwLL
None 0 Substrate is devoid of microbial growth,
Trace 1 Scattered, sparse or very restricted microbial
growth
Slight 2 Intermittent infestations or loosely spread
microbial colonies on substrate surface. Includes
continuous filament growth extending over the
entire surface, but the underlying surfaces are
still visible.
Moo nta 2 Ciihatnmtial namaiiznt AF miavakhial seaceel Ciihatevmta
rfivuclilialce <2 JULSLallbtial alvVulll Vil uilivvial ELUWLIJ. JuUuUsStLialice
may exhibit visible structural change.
Massive microbial growth. Substrate decomposed or
Severe 4 rapidly deteriorating.
(3) The long-range effect that the growth could have on the test item.
£ 4.\ ™. crmam s €A sl A1 N £ itmead e /NN ciimmaasr e S s el ... -l
(<) ifne Speclllc maiterlidi(s) (nuLlLient(s)) supporiing tae growti.
c. Disturbance of any fungal growth must be kept to a minimum during the
operational checkout.
d. Human factors effects must be evaluated.
I-4.2 Miscellaneous
a Thic method iec decionae ta nravida antimal Alimatisa Aranditiane and 211 AFf +ha
(=30 dilio WO LUHUUY 140 VUTOLAERIITUY LY pPLUVIULT VUpLilial Lilddiatis LUVNIMILIVIID alluv aldld Vi uic
basic inorganic minerals needed for growth of the fungal species used in the test. The
'This scheme should be used as a guide, but exceptions may occur that require a more
specific description.
METHOD 508.4
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to the inoculum if required (see 1-3.13)

b. This test must be performed by trained personnel at laboratories specially
equipped for microbiological work.

c. The presence of moisture is essential for spore germination and growth.
Generally, germination and growth will start when the relative humidity of the ambient
air exceeds 70X%. Development will become progressively more rapid as the humidity rises
above this value, reaching a maximum in the 90 to 100X relative humidity range,

d. Control items specified in II-3 are designed to:

(1) Verify the viability of the fungal spores used in the inoculum.

AN -1

79\ Establis PO B W R Y S I U, e meeasd e
(<) LSLtaou1l11sil L€ sSultdvuolll L Llie
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growth.

1-4.3 Summary of test information required. The following information is required in
the test plan for the adequate conduct of the tests of section II:

a. Test item configuration.

1 N MTact Aceatri e
V. ATOSL uUUulLlalLlivil

¢c. Optional pre- and post-test operational requirements.

d. Additional guidelines.

a R 7N.11R acaavre ng\rg1 ANnmMmant Toct and Fuvaluatrian ~F
(= AN VT UU, ATOoTa@irlLil, wovTaAUPLITIIL, 4COLV Qi LvaiuaLavii Ul
Materiel for Extreme Climatic Conditions. 1 August 1979.

b. MIL-STD-210, Climatic Information to Determine Desipn and Test
Requirements for Military Equipment. 9 January 1987.

c. NATO STANAG 4370, Environmental Testing, 1991.
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METHOD 508 .4

I-1 APPARATUS

m_11 Tact farility
. Ad A ALY

a.  The required apparatus consists of chambers or cabinets, together with auxliary instrumentation capable of
maintaiung and morutoring the specific conditions of temperature and humudity, that comply with General
Regquirements, 5.1.1 and 5.1.2.

b. The chamber and accessones shall be constructed and arranged in such a manner as to prevent condensation
from dripping on the test item.

¢. The chamber shail be vented to the atmosphere to prevent the buwidup of pressure.
1.2 Controls

a.  Relative humidity shall be determined by employing either solid-state sensors whose calibration is not affected
by water condensation or by an approved equivalent method such as fast-reacting wet-bulb/dry-bulb sensors. Lithium
chlonde sensors are not recommended because of their sensitivity to water.

(1) When the wet-bulb control method is used, the wet-bulb assembly shall be cleaned and anew wick installed
for each test.

(2) The air velocity across the wet bulb shall not be less than 4.6 meters per second (900 feet per munute).

£\ Tha ot arndde: ki lh cocmcamcs abhall mat bha tsmctallad i tha disnbhacan cida afamci lanal fam arhlaciiae cioaden
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b, Provisions shall be made for controlling the flow of airthroughout the internal test chamber space so that the air

velocity shall be between 0.5 and 1.7 meters per second (98 to 335 ft/min).

c. Freecirculation of air around the test item shall be maintained, and the contact area of fixtures supporting the test
item shall be kept to a minumum. (See General Requirements, 5.2.2)

METHOD 508 4
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d. Unless otherwise specified, the test chamber temperature and relative humidity
shall be recorded continuously.

e. Readout charts shall be readable to within +0.6°C (+1°F).
f. The desired humidity shall be generated by using steam or water having a
resistivity of not less than 250,000 ohm centimeters at 25°C.

(1) Steam shall not be injected directly into the test chamber working space
where it may have an adverse effect on the test item and microbial activity.

(2) Rust or corrosive contaminants shall not be imposed on the test item by the
test facility.

momn Aathawtsion camans
€55 ULII:L\VJ..:C apcx,x

"‘h

A
.,

1 :
i ie

B- Un

(1) All reagents shall conform to the specifications of the Committee on

Analytical Reagents of the American Chemical Society, where such specifications are
available.

(2) References to water shall be understood to mean distilled water or water
of equal purity.

I1-1.3 Test interruption. Every case of an interrupted test shall be examined
individually in accordance with General Requirements, 5.2.4. Any deviation from this
policy shall be explained in the test report. The fungus test, unlike other
environmental tests, involves living organisms. If the test is interrupted, the fact
that live organisms are involved must be considered.

P TL Lo b memenn T e mmmtieo FPRVR ey IS e

a. If tne interruption occurs du"“‘é the first seven days cf the test, the test
should be restarted from the beginning with 2 new test item or a cleaned test item to
ensure a "standard test" is conducted

b. If the interruption occurs late in the test, examine the test item for evidence
of fungal growth. If the test item is biosusceptible, there is no need for a retest.
If there is no evidence of fungal growth, follow the guidance given below.

(1) Lowered temperature. A lowering of the test chamber temperature generally
will retard fungal growth, If there is no evidence of mycological deterioration and the
relative humi_iCy has been maintained, reestablish the test conditions and continue the
test from the point where the temperature fell below the prescribed tolerances.

(2) Elevated temperature. Elevated temperatures may have a drastic effect on
fungal growth. A complete reinitiation of the test is required if:

508.4-8
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(a) The temperature exceeds 40°C (104°F),
(b) The temperature exceeds 31°C (88°F) for four hours or more, or
(c) There is evidence of deterioration of the fungal colonies on the

control strips.

Otherwise, reestablish test conditions and continue the test from the point of
interruption
(3) Lowered humidity. A complete reinitiation of the test is required if:
(a) The relative humidity drops below 50X, or
(b) The relative humidity drops below 70X for four hours or more, or
/-~ \ Mnwn o awttiAacman ~F Aotacvdava i ~F +hha Fiirnoa AnlAamiae An tha
\L[ ill€el e id cevidelncce OL uciLelL 1urLaclivll UL LIl LUIIEGL CUlLViilT O Vil wiic
cantral ctr nc
control strips
Otherwise, reestablish test conditions and continue the test from the point of
interruption.

c. Cleaning.
Any cleanxng required must be

may be used.
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Although it is preferable to use a new test item,

Before initiating any

test item configuration(s).

other test variations.
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eckout as follows:
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the same test item
conducted as least 72 hours before
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test item and the controls will be

testing, determine from the test plan:

All test items require a pretest checkout to provide baseline
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Step 1. Prepare the test item {

5.2.2, and the required test item con

plan.
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Step 2. Conduct a complete visual examination of the test item with
special attention to discolored areas, imperfections, or the existence of any
other conditions that could be conducive to fungal growth.

Step 3. Document the results of step 2.
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Step 5. Record results for compliance with General Requirements, 4.5.1.1.

I1-3 PROCEDURES

11-3.1 Test preparation
11-3.1.1 Preparation of mineral salts solution

a. Using clean apparatus, prepare the mineral salts solution to contain
the following:

Potassium dihydrogen orthophosphate (KH,PO,) 0.7g
Potassium monohydrogen orthophosphate (K,HPO,) 0.7¢g
Magnesium sulphate heptahydrate (MgSO, 7H,0). . . . . . . . . . . 0.7g
Ammonium nitrate (NHNO;) . . . . . . . . . . . . o0 o o 1.0g
Sodium chloride (NaCl). . . . . . . . . . « « « « « « <« « o« .. . 0.005
Ferrous sulfate heptahydrate (FeSO, 7H,0) 0.002g
Zinc sulf;cg heptahydrate (ZnSO,"7H,0). . . . . . . . . . . . . . . 0.002g
Manganous sulfate monohydrate (MnSO,'H,0) . . . . . . . . . . . .. 0.001g
Distilled water . . . . . . . . « « +« « « 4 « « « « « « o« . . . . 1000ml
b. Measure the pH of the mineral salts solution. If it is not between 6.0
and 6.5, discard it and prepare a proper solution.

METHOD 508.4
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NOTE - PRECAUTIONS: Although the exact strains of fungi specified for this test
are not normally considered to present a serious hazard to humans, certain people
may develop allergies or other reactions. Therefore, standing operating
procedures (SOPs) for safety should be employed. Also, the tests should be
conducted by personnel trained in microbiological techniques.

TABLE 508.4-11. Test fungi.

Fungus Sources Identified No.
Fungi —
USDA? ATCC? |
Aspergillus niger QM 386 ATCC 9642
Aspergillus flavus QM 380 ATCC 9643
Aspergillus versicolor QM 432 ATCC 11730
Penicillium funiculosum QM 474 ATCC 11797
Chaetomium globosum QM 459 ATCC 6205

b. Maintain pure cultures of these fungi separately on an appropriate medium
such as potato dextrose agar, but culture Chaetomium globosum on strips of filter

~amm T mura 1234 ~n o e
paper overiaia on the surface of mineral salts agar.

c. Prepare mineral salts agar by dissolving 15.0g of agar in a liter of the
mineral salts solution described in II-3.1.1. NOTE: Do not keep the stock

cultures for more than four months at 6° +#4°%C (43° +7°F) after that time prepare
subcultures and use them for the new stocks.

2 US Department of Agriculture (SEA/FR) l
Northern Regional Research Center
ARS Culture Collection
1815 North University Street
Peoria, Illinois 61604 |
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3 American Type Culture Collection
12301 Parklawn Drive l
Rockville, Maryland 20852

508.4-11
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d. Verify the purity of fungus cultures before the test.

e. Incubate subcultures used for preparing new stock cultures or the spore
suspension at 30° +1.4°C (86° +2.5°F) for 14 to 21 days.

f. Prepare a spore suspension of each of the five fungi by pouring into one
subculture of each fungus 10 ml of an aqueous solution containing 0.05g per liter

_____ e omAl AL ) Y Facsinnlinmara endium laurvl
A -

of a nontoxic wettlng agent such as sodlum dioctyl sulfosuccinate or sodium ia

1 €
Suiiate.

g. Use a rounded glass rod to gently scrape the surface growth from the
culture of the test organisms.

h. Pour the spore charge into a 125 ml capped Erlenmeyer flask containing 45
ml of water and 50 to 75 solid glass beads, 5 mm in diameter.

i. Shake the flask vigorously to liberate the spores from the fruiting
bodies and to break the spore clumps.

j. Filter the dispersed fungal spore suspension into a flask though a 6 mm
layer of glass wool contained in a glass funnel.

..... - 2.1 __A___-_.._ P

NOTE: This process should remove large mycelial fragments and clumps of

agar.

k. Centrifuge the filtered spore suspension and discard the supernatant
liquid
quid

1. Resuspend the residue in 50 ml of water and centrifuge. Wash the spores
obtained from each of the fungi in this manner three times.

m Diiute the final washed residue with mineral-salts solution in such a
manner that the resultant spore suspension shall contain 1,000,000 +200,000 spores
e

n. Repeat this operation for each organism used in the test.
o. Perform a viability check for each organism in accordance with II-3.1.3a.

p. Blend equal volumes of the resultant spore suspension to obtain the final

mixed spore suspension.

NOTE: The spore suspension may be prepared fresh. If not freshly prepared, it
should be held at 6° +4°C (43° +7°F) for not more than seven days.

11-3.1.3 Control items. Two types of control tests are required. Using the
procedure of 11-3.1.3a, verify the viability of the spore suspension and its
preparation. By the procedure of II-3.1.3b, verify the suitability of the chamber

environment.

METHOD 508.4
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(1) Before preparing the composite spore suspension, inoculate sterile

potato dextrose agar plates with 0.2 to 0.3 ml of the spore suspension of each of the
individual fungal specifies.

(2) Distribute the inoculum over the entire surface of the plate.

(4) After the incubation period, check the fungal growth.

NOTE: The absence of copious growth of any of the test organisms over the entire
surface in each container will invalidate the results of any tests using these

spores.

b. Test chamber environment

(1) Prepare the following solution:
(a) 10.0g glycerol.

(b) 0.1g potassium dihydrogen orthophosphate (KH,PO,).

fa) N Yo ammanium wite
\Cy V.l AuOhniium Tiivgk

(d) 0.025g magnesium sulfate heptahydrate (MgSO, 7H,0). I
(e) 0.05g yeast extract.

(f) Distilled water to a total volume of 100 ml.

(h) HC1 and NaOH to adjust the final solution pH to 5.3.

(2) Dip cotton strips conforming to NATO STANAG 4370, AECTP 300, Method
308, into the above solution. After dipping, remove the excess liquid from the i
strips and hang them to dry before placing them in the chamber and inoculating.

/7 Uierhin O-ka n‘nam"\a? n1 Aans +ha errine \vnvf“na]‘\r n]ncn ™ and hranlarine
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the test items so that the test strips and test items experience the same test
environment. The length of the strips shall be at least the height of the test item.

(4) These strips are installed and inoculated along with the test item to
ensure that proper conditions are present in the incubation chamber to promote funrgal I
growth.

METHOD 508.4
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II-3.2 Test performance

I1-3.2.1 Preparation for incubation

a. Assure that the condition of the items subjected to testing is similar to their
condition as delivered by the manufacturer or customer for use, or as otherwise
specified. Any cleaning of the test item shall be accomplished at least 72 hours before
the beginning of the fungus test.

b. Install the test item in the chamber or cabinet on suitable fixtures or
suspended from hangers.

¢. Hold the test item in the operating chamber (at 24° to 31°C (75° to 88°F) and 95
LEY DU\ £rnsw ne Voot €hiie hAaiiewn {rmemads ateanlee Mafaswa $omass YTraed am
:Jh nﬂ/ LdOL aL dCadL L0ouUulL HuulLr > il culaclLceca [ 94 AdUViC LUULULGLLUI

d. Inoculate the test item and the cotton fabric chamber control items with the
nixed fungal spore suspension by spraying the suspension on the control items and on and
into the test item(s) (if not permanently or hermetically sealed) in the form of a fine
nist from an atomizer or nebulizer. Personnel with appropriate knowledge of the test
item should be available to aid in exposing its interior surfaces for inoculation.

\]nTF ITn enravine tha tact and ~antral {rame wir ramnAaecirfa enArYa cucnancian ralta ~ara
S AL 4ii SpPLi@yiiig LT LOOUL QL LULHLIVUL. L1LCis Wit CUMWPUSLILT SpPUIT SUuSpliisaivii, wanc Lalc
to cover all external and internal surfaces which are exposed during use or maintenance

If the surfaces are nonwetting, spray until drops begin to form on them.

03]

e. Replace covers of the test items without tightening the fasteners (so that air
tan penetrate).
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[1-3.2.2 1Incubation of the test item

a. Incubate the test items for the duration specified at a relative humidity of 95
t5% and an air temperature of 30° +1°C (86° +2°F).

508 .4-14
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growth o

on the control cotton strips to verify that

b. After seven days, inspect the 1 on
the environmental ¢ d1t1ons in the chamber are suitable for growth. At this time, at
least 90 percent of the part of the surface area of each test strip located at the level

of the test item should be covered by fungi. If it is not,

repeat the entire test with

the adjustments of the chamber required to produce conditions suitable for growth. Leave

the control strips in the chamber for the duration of the test.

¢. 1f the cotton strips show satisfactory fungal growth after seven days, continue
the test for the required geried from the time of inoculation as specified in the test
plan. If ghere is a decrease in fungal growth on the cotton strips at the end of the
test as compared to the 7-day results the test is invalid.
11-3.2.3 Inspection. At the end of the incubation period, inspect the test item
immediately. If possible, inspect the item within the chamber. If the inspection is
conducted outside of the chamber and is not completed in eight hours, return the test
item to the test chamber or to a similar humid environment for a minimum of 12 hours.

Except for hermetically sealed equipment,
the interior and exterior of the test item.
including information listed in 11-4, as applicable.

NOTE: Data shall be used for comparison with the data obtained in II
11-3.3 Operation/usage (to be conducted only if reguired). If oper
item is required (e.g., electrical equipment), conduct the operation
specified in 1I-3.2.3. Data shall be recorded for comparison with

obtained in I1I-3.1.

-3.1.
ation of the te
in the neried

open the equipment enclosure and examine both
Record the results of the inspection,

Personnel with appropriate knowledge of the test item should be

available to aid in exposing its interior surfaces for inspection and in making operation

and use decisions.

I11-4 INFORMATION TO BE RECORDED,

a. Test item identification (manufacturer, serial number, etc.).

b. Presence of evidence of fungal growth at the 7-day check and at the end of the
test.

c. Location of fungi. :

d. narrative description of growth, including colors, areas covered, growth
patterns, density of growth, and thickness of growth (and photographs, if necessary).

e. Test period.

f. Effect of fungi on performance or use:

wn
w
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(1) As received from chamber.
(2) After removal of fungus, if appropriate.
g. Test conditions.
h. Condition of test item at time of test.
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from specified test conditions:
(1) Temperature.

(2) Humidity.

(3) Time.

(4) Air velocity.

(5) Other.
j. Whether the test items arrive directly from the manufacturer.
k. Test item history {previous tests).

1. Physiological or aesthetic considerations.
m. Types of fungi used.

n. Results of performance checks:

Pretest.

71
\iy

(2) Post-test.

508.4-16
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d. Test variations, Before conducting this test, determine any required v_riecigns
of the test procedure. The choices for varying the test procedure are primarily limited
to the test duration, cycling of exposure and drying periods, salt concentration, and

test item configuration. as outlined in I-3.2.

1-3.1 Chojce of test procedure, Procedure I should be used only as a screenlng test.
Its primary value lies in testing coacings and finishes on materiel. I

short period of time, the procedure can be used to locate potential pr oblem areas,

P N P PP < I S S 3_ _ 2 __ £ __.- e el mo wmmiaVl e Lemm meremaass wa & A male
quau.cy controi gericiléencies, uves.ig rraws, ecc,, Ulacl resSust 1LIolm EXpUiSuUlLiE LU a Sair
atmosphere.

1-3.2 Choice of related test conditions

Concentrations exceeding 202 are not uncommon, but a 5 #12

a. Salt concentration,
solution is recommended, since this has proven to have the most significant effect on
material.

b. Test item configuration, The configuration of the test item during the exposure
pericd of the salt fog test is an important factor in determining the effect of the
environment on the test item Unless otherwise directed, the test item shall be

configured as it would be during its storager §hipment, or use. The following represent
the most likely configurations that military equipment would assume when exposed to salt
fog. '

(1) In a shipping/storage container or transit case.

(2) Outside of its shipping/storage container but provided with an effective
environmental contrel system that partly excludes the salt fog environment

(3) Outside of its shipping/storage container and set up in its normal

operating mode.

(4) Modified with kits for special application or to compensate for mating
components that are normally present but are not used for this specific test.
¢. Duration, A minimum exposure period of 48 hours is recommended, followed by a
AR _hAanr Aruvineg nari{iand Tha avnacnira narind mav ha lanerhanad ta nravide a hicher deoree
48-hour drying pericd. The exposure period may be lengthened to provide a higher degree
of confidence in the ability of the materials involved to withstand a corrosive
environment.

d. Cycling, Experience has shown that alternating 24-hour periods of salt fog
exposure and standard ambient (drying) conditions for a minimum of four 24-hour periods
(2 wet and 2 dry), provides a more realistic exposure and a higher damage potential than
does continuous exposure to a salt atmosphere. The number of cycles may be increased to
provide a higher degree of confidence in the ability of the materials involved to

est bl abnend m mmveamdera aemerd e
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1-4 SPECIAL CONSIDERATIONS

I-4.1 Fajlure criteria, In addition to the failure criteria of General Requirements,
5.2.7, the following must be considered. Any corrosion must be analyzed for its
immediate or potential effect on the proper functioning of the test item. Satisfactory

operation following this test is not the sole criterion for pass/fail.

4.2 Summary of test information required, The fo
et r the adequate conduct of the test

lowing information is required in
section II.

1
of
a. Test duration,

b. Test item configuration.

c. Cyclic conditions (if required).

d.
e. Additional guidelines.

I-5 REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel
for Extreme Climatic Conditions, 1 August 1979.

L1 in s
ilitary Systems and Equipment. 9 January 1987,

10, Climatic Information to Determir
1

c. Army Materiel Command Pamphlet AMCP-706-116, Engineering Design
Handbook, Environmental Factors.




MIL-STD-810E

1 September 1993
METHOD 509.3

SALT FOG

Annmvl\sv v -
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IT-1 APPARATUS

11-1.1 Test facility, The apparatus used in performing the salt fog test in this
method shall include:

a. A test chamber with:

79\ O e e am 2 e mmmten Al a0l A mancmmtmemiiatrad ana thae elhaer 22l 1Y e A EfE ..
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the characteristics of the calt fog mist. All narte of the tect chamber and the
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supporting racks that come into contact with the test item shall be constructed of

material or will be buffered with material that will not cause electrolytic corrosion.
Condensation shall not be allowed to drip on the test item. No liquid that comes in
contact with either the exposure chamber or the test item shall return to the salt
solution reservoir. The exposure chamber shall be properly vented to prevent pressure

buildup.

l')\ Tha ranahi{litryvy ra madintadin tomnaeraturse in tha swnocura 2ana atr 158°C
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1% 7 14 %
(95°F) . Qatiqfactorv methods for controlling the temperature accurately are by

housing the apparatus in a properly controlled constant-temperature room, by
thoroughly insulating the apparatus and preheating the air to the proper temperature
before the atomization, or by jacketing the apparatus and controlling the temperature
of the water or the air used in the jacket. The use of immersion heaters within the
chamber exposure area for the purpose of maintaining the temperature within the
exposure zone is prohibited.

b A salt solution reservoir made of material that is nonreactive with the salt

solution, e.g., glass, hard rubber, or plastic.

c. A means for injecting the salt solution into the test chamber. Caution must
be exercised to prevent clogging of the nozzles from salt buildup. Atomizers used
shall be of such design and construction as to produce a finely divided, wet, dense

e o o e PV 4

ng. ALomliiﬁg nozzles and the pxpxug system shall be made of material that is
nonreactive to the salt solution. Suitable atomization has been obtained in chambers
s than ;3QQ3 (12 f§3) under the followinv conditions:

having a volume of le:

N
n

(1) Nozzle pressure as low as practical to produce fog at the required rate.

(2) Orifices between 0.5 and 0.76 mm (0.02 and 0.03 inches) in diameter.

(3) Atomization of approximately 2.8 liters of salt solution per 0.28m* (10
€30 € Aalochasw wealiima naw 24 haiiva
i ] A Cilalmvci VU iulc P‘:l. L% 11UuUL S
When chambers with a volume considerably in excess of 0 34m3 (12 ft3), are used the
conditions specified may require modification

NOTE: A filter fabricated of noncorrosive materials similar to that shown in figure

METHOD 509.3
509.3-5



MTIL-STD-R10E

ceaasT o a (s P O V) =

1 September 1993

509.3-1 shall be provided in the supply line and immersed in the salt solution reservoir
as illustrated in figure 509.3-2.

d. A ninimum of 2 salt fog collection receptacles. One is to be at the perimeter
of the test item nearest to the nozzle, and the cther also at the perimeter of the test
item but at the farthest point from the nozzle., 1If multiple nozzles are used, the same
principles apply. Receptacles shall be placed so that they are not shielded by the test

Y-

item and will not collect drops of solution from the test item or other sources.

I1-1.2 Controls

g -~y
on, tn
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rature at

a. Before injection into the test sect
within +6°C (+10°F) of the test section tempe

T1..82 11
iductl all
me of injection.
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b. All water used during the salt fog tests shall be from steam or distilled,
demineralized, or deionized water, and have a pH between 6.5 and 7.2 at 25°C, or have a
resistivity of not less than 250,000 ohm centimeters at 25°C.

c. Tes ction air circulation: Air velocity in test chambers shall be minimal
i1y zero).
d. The oil and dirt-free compressed air used to produce the atomized solution shall
be preheated (to offset the cooling effects of expansion to atmospheric pressure) and

pre-humidified such that the temperature is 35 % 1°C and the relative humidity is in
excess of 85X at the nozzle (see table 1).

Table 509.3-1I. Tempera ture and pressure requirements for

Gp LGL L‘ (==
Air Pressure (kPa) 83 96 110 124
Preheat temperature (°C) 46 47 48 49
(before atomizing)
AT arss SEveEssass o/

I1-1.3 Test interruptions. (See General Requirements, 5.2.4)

a. Undertest interruptions., If an unscheduled test interruption occurs that causes
the test conditions to exceed allowable tolerances toward standard ambient conditions,
the test item should be given a complete visual examination, and a technical evaluation
should be made of the impact of the interruption on the test results. The test must be

2 e A 2o 3

PR Py - ) SN - am woctakhilioaa Y an
peint of interruption ana tne test item restabilized at the test
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@

b. Overtest interruptions, If an unscheduled test interruption occurs that causes
the test conditions * exceed allowable tolerances away from standard ambient conditions,
the test condition: ould be stabilized to within tolerances and held at that level
until a complete visual examination and technical evaluation can be made to determine the

METHOD 509.3
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GLASS CLOTH
DIAPHRAGM

TO NOZZLES
A

FILTER-GLASS WOOL CLOTH
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impact of the interruption on test results. If the visual examination or technical
evaluation results in a conclusion that the test interruption did not adversely affect
the final test results, or i{f the effects of the i{nterruption can be ndllified with
confidence. pre- 1nterruntion conditions should be reestablished and the test continued

from the point where the test tolerances were exceeded.

I1-2 PREPARATION FOR TEST

e Before initiating any testing, determine the required test

I1-2.1 Preparation of salt solution, The salt used for this test shall be sodium
chloride containing (on a dry basis ) not more than 0.1 percent sodium iodide and not
more than 0.5 percent total impurities. Unless otherwise specified, a 5 #1 percent
solution shall be prepared by dissolving 5 parts by weight of salt in 95 parts by weight
of water. The solution shall be adjusted to, and maintained at, a specific gravity

’
gure 09.5-3) by using the measured temperature and density of the sait soiution
- -
S

i
Turdian Tha nl
AULAVIL,. lllc P‘l

alt solution, as collected as fallout in the exposure chamber, shall be
malntained between 6.5 and 7.2 with the solution temperature at +35°C (+95°F). Only
diluted chemically pure hydrochloric acid or chemically pure sodium hydroxide shall be
ised to adjust the pH. The pH measurement shall be made electrometrically or
colorimetrically.
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Darameters to those required for the test. Maxntain these conditions for at least one
24-hour period or until proper operation and salt fog collection can be verified.
Continuously monitor all test parameters to verify that the test chamber is operating
>roperly.

[I-2.4 Pretest standard ambient checkout, All items require a pretest checkout at room
imbient conditions to provide baseline data Conduct the checkout as follows
ch 1 Prepare the test item in its required configuration in accordance with

equirements, 5.ﬁ.2.
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Step 2. Record the room ambient conditions.

Step 3. Conduct a complete visual examination of the test item with attention to:
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b. Areas where dissimilar metals are in contact.

c. Electrical and electronic components - especially those having closely
spaced, unpainted, or exposed circuitry.

{ETHOD 509.3
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d. Metallic surfaces
e Enclosed volumes where condensation has occurred or may occur.

f. Components or surfaces provided with coatings or surface treatments for
corrosion protection.

g. Cathodic protection systems; mechanical systems subject to malfunction
clogged or coated with salt deposits.

e
rh

h. Electrical and thermal insulators.

NOTE: Partial or complete disassembly of the test item should be considered if a
complete visual examination is required. Care must be taken not to damage any
protective coatings, etc.

Step 4. Document the results. (Use photographs, if necessary.)
Step 5. Conduct an operational checkout in accordance with the approved test

plan.
Step 6. Record the results for compliance with General Requirement, 5.2.1.

P

Step 7. If the test item meets General Requirements, the approved test plan, or
ocedur

other applicable documents, proceed to step 1 of the test procedure below. I1f not,
resolve any problems and restart the pretest standard ambient checkout at the most
reasonable step above.

11-2.5 Preparation of the test jtem,

a. The test item shall be given a minimum of handling, particularly on the
significant surfaces, and will be prepared for test immediately before exposure.
Unless otherwise specified, test items shall be free of surface contamination such as
0oil, grease, or dirt, which could cause a water break. The cleaning met thods shall not
include the of corrosive solvents, solvents which deposit either corrosive or

dilciuuc i

Ad0SAVE SLaiveEliliLe =01VveEellLa v L

10
protective films, or abrasives other than a paste of pure magnesium oxide.

b. Configure the test item as specified in the test plan.

c. Insert the test item into the test chamber (General Requirements, 5.2.2).

Step 2. Continuously atomize a salt solution of a composition as given in II- 2.2

METHOD 509.3
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into the test chamber for a period of 48 hours or as specified in the test plan.! During
the entire exposure period, the salt fog fallout rate and pH of the faliout solution
shall be measured at least at 24-hour intervals.? Fallout shall be between 0.5 and 3
ml/80cm?/hr.

Step 3. Store the test item in a standard ambient atmosphere for 48 hours, or as
specified in the equipment specification, for drying.

Step 4. At the end of the drying period, unless otherwise specified, the test item
shall be operated and the results documented for comparison with the pretest data.

Step 5. The test item shall be visually in
given in II-2.4. If necessary to aid in exami

T

warmer than 38°C (100°F) may be used.

ected in accordance with the guidelin
agig , a pentle wash in ru _n{n water

..Qt

I1-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.).
b. Previous test methods to which the test item was subjected.

c¢. Results of each visual examination and performance checkout performed on the
test item.

d. Areas of the test item visually and functionally examined and an explanation of
their inclusion.

e. Areas of the test item not v visually and functionally examined and an explanation

of their exclusion.
f. Test chamber operational information (interruptions, time schedule, etc.).

g. Test variables:

~
'—‘
N
w
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rt
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ct

(2) Salt solution fallout rate (ml/cm?/hr).
(3) Resistivity of initial water and type of water.

h. Preliminary failure analysis.

...........

2 More frequent intervals are recommended. If fallout quantity requirements
are not met, that interval must be repeated.

METHOD 509.3
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1-3.2 Choice of related test conditions. After choosing the test procedure, choose
the values of the test variables and decide whether or not the test item is to

the test. The specific test conditions to be used in these tests

d on field data \ucuc&al chuircwents, 4 1‘ I1f fie
e

st conditions should preferably be selected fro

ra are nat
va ie uve

ements documents If this 1nformat10n is not available, the following may be

a. Temperature. Unless otherwise specified, these tests should be conducted at
the operating or storage temperature obtained from the temperature response of the
test item from method 501.3

b. Relative humidity, High levels of relative humidity may cause caking of
dust particles. Consequently, the test chamber RH should not exceed 30%.

c. Air velocity

(1) Blowing dust. The air velocities used in the blowing dust (small

particle) test procedure include a minimum air velocity to maintain test conditions
(1.5 m/s or 300 fr/min) and a higher air velocity typical of desert winds (8.9 m/s or
1750 ft/min) that shall be used for most tests. Other air velocities may be used,
but test chamber limitations must be considered. Excessively high air velocities may

lessen the caking or clogging caused by lower air velocities.

Blowing sand. An air velocity in the range of 18 to 29 m/s (3540 to
or most blowing sand appllcatlons ! Winds of 18 m/s that

s sen 7/
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d. Sand and dust composition

(1) The small-particle (blowing dust) procedure may be conducted with
either of the following dust compositions, by weight.

(a) Red china clay is common throughout much of the world and
contains:
Solubilities < 2%, PH between 6 and 8 5
Ferric oxide (Fe,03) 10 +5%
Aluminum oxide (A1,0,) 20 +10%

! From MIL-STD-210

METHOD 510.
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! (b) Silica flour has been widely used in dust testing and contains 97
to 99 percent (by weight) silicon dioxide (S10,). The following size distribution

| applies to both red china clay and silica flour:

100 percent shall pass through a 100 mesh screen.

98 +2 percent

75 +2 percent

(2)

shall

ek 211
Sitall

shall

Unless otherwise specified,
particle test is silica sand and (at least 95X by weight Si0,).

pass

a

]

140

[2YaYe)
LVV

325

mesh screen.

mesh screen.

the sand suggested to be used in the large

The amount 1.0% +0.5%

of the sand shall be retained by a 20 mesh screen (850um), 1.7% +0.5X% by a 30 mesh

screen (590um), 14.8X +1X by a 40 mesh screen (420um), 37.0% #1X by a 50 mesh screen
(297um), 28.6X% #1X by & 70 mesh screenm (210um), 12.7% +1%¥ by a 100 mesh screen

(149um), and 5.2% +12 shall pass a 100 mesh screen. The sand shall be of subangular
structure with a mean Krumbein number (roundness factor) equal to 0.2 and a hardness

factor of 7 mohs.
e. Sand and dust concentrations

(1) The dust concentration for the Dlowlng dust test Snall be maintained at
10.6 +7g/m (0.3 4#0.2 g/ft?) unless otherwise specified This figure is not

wrilieallalC 2118 Lol DCLallste ©2 wavaliiis

The sand concentrations? shall be as follows unless otherwise specified.

(2)

(a) For materiel likely to be used close to aircraft (such as
helicopters) operating over unpaved surfaces: 2.2 to #0.5g/m’ (0.0623 +0.015 g/ft?).

(b) For materiel never used or never exposed in close to operating
aircraft, but which may be found near operating surface vehicles 1.1 +0.25g/m*
(0.033 10.0075 g/fe?)

(c) For materiel that will be subjected only to natural conditions:
0.177g/m® (0.0050 g/ft%).

f Test item configuration, The configuration of the test item must reproduce
as closely as technically possible, the configuration that it would assume during
storage or use, such as:

2 see reference a.

METHOD 510.3
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(1) In a shipping/storage container or transit case.
(2) Protected or not protected.

(3) Deployed realistically or with restraints, such as with openings that
are normally covered.

g. Orientation, The test item should be so oriented with respect to the blowing
sand that the most vulnerable surface(s) faces the blowing sand. The test item may be
reoriented at 90-minute intervals.

h. Durations

(1) For blowing sand tests, 90 minutes per face is considered to be a
minimum (see 1-3.2g).

(2) For blowing dust tests, six hours at 23°C (73°F) and six hours at the
high storage or operating temperature are required. Additionally, sufficient time
must be allowed at the low air velocity to stabilize the test item at the higher
temperature.

NOTE: The period of time that the test item is exposed to the environmental
conditions may be as significant as the conditions themselves. The length of time
spent at the extreme conditions of each procedure should be at least long enough to
ensure stabilization of the test item at the specified conditions. l

i. Operation during test, Operation of the test item during the test period
should be based on the use requirements of the specific test item. For example,
environmental control equipment would be operated while exposed to extreme ambient
environments, whereas certain other test items, although exposed to severe l
environments, might be operated only in an environmentally controlled shelter. If
operation of the test item during the test is required by the requirements document,
the test plan shall contain a schedule describing the time periods of operation, the
settings of controls, and the types and amounts of stresses to be placed on the test
item during testing. This schedule shall contain at least one 10-minute period of
continuous operation of the test item during the last hour of the test.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Failure analysis, The failure of a test item to meet the requirements of the
equipment specification must be analyzed, and related information must be considered,

such as:

a. Degradation allowed in operating characteristics while at the extreme
conditions.

METHOD 510.3
510.3-5
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c. The test item shall be considered to have failed the dust (fine sand)
test when:

(1) Dust has penetrated the test item in sufficient quantity to cause
binding or blocking of moving parts, nonoperation of contacts or relays,
formation of electrically conductive bridges with resulting shorts, clogging, or
the accumulation of dust which will act as a nucleus for the collection of water

vapor.

(2) The performance results obtained in accordance with the test plan
are not within the tolerance limits established.

d. The test item shall be considered to have failed the large-particle

test when:

(1) Abrasion of the test item exceeds the amount described in its
requirements document.

he test item does not perform safely or operate adequately as

T
. eemmas [ R, o Aamii— o -
LS lcyulircweines uvcuumene.

lli
NOTE: The test plan shall contain procedures for determining the test item's
degradation due to abrasion. These procedures shall describe parameters (such
as amount of wear or loss of weight) or observable attributes (such as change of
shape) which, if not within specified limits, are indications that the test item
has failed because of abrasion effects. The permissible tolerances of the
parameters and attributes shall be provided.

1-4.2 Summary of test information required, The following information is
required in the test plan for adequate conduct of the tests of section II.

a. Test procedure.
b. Test temperature.

c. Relative humidity.

e. Sand or dust composition.
f. Sand or dust concentration.

g. Test item configuration.

w
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i. Test item orientation and time of exposure per orientation.

j. Duration.

P

Additional guidelines.

T1-8§ REFEFRENCECS
i=J 139 oY o F G N AVF V]

a. MIL-STD-210, Climatic Information to Determine Design and Test

Requirements for Mllitagy Systems and Equipment,

b. Synopsis of Background Material for MIL-STD-210, Climatic
Air Force Cambridge Research
Laboratories, January 1974, DTIC number AD-780-508.

Extremes for Military-Equipment., Bedford, MA:

¢. Industrial Ventilation, A Manu fR

9 January 1987.
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METHOD 510.3

SECTION 1I
SAND AND DUST

II-1 APPARATUS

I1-1.1 Test facility
I17-1 1 1 Rlawine duct
I7-1.1.1 BRlowing dust

a. The test facility shall consist of a chamber and accessories to control dust
concentration, velocity, temperature, and humidity of dust-laden air. In order to
provide adequate circulation of the dust-laden air, no more than 50 percent of the
cross-sectional area (normal to a ow) and 30 percent of the volume of ¢t
chamber shall be occupied by

rexr

Ao ~F .——.{-\o-n:n-'nn ArmA ve

u-lcdllb UL waliiitaailill lls aliu i P C
acceptable means for doing this is by use of a p
standard light source. The dust-laden air shall be introduced into the test space in
such a manner as to allow the air to become approximately laminar in flow before it
strikes the test item.

ir
t t
fu{ng
1 S

WARNING NOTE: ilica flour may present a health hazard. When using silica flour,
assure that the chamber is functioning properly and not leaking; if a failure of
containment is noted and people might have been exposed air samples should be
obtained and compared to the current threshold limit values of the American

Conference of Government and Industrial Hygienists. Chamber repair and/or other
appropriate action should be taken before continuing use of the chamber. Care should
be taken during all steps where exposure of people to the silica dust is possible.

24711\
cQii).

0
(V8]

a. The required apparatus consists of a chamber or cabinet, together with
necessary air conditioning and circulation equipment with its auxiliary control
instrumentation, sand storage and moving equipment, and sand concentration measuring

T

equipment, capable of maintaining and continuously monitoring the required condi

throughout an envelope of air surrounding the test item(s). (See General
Requirements, 5.1.1.) Figures 510.3-1 and 510.3-2 are schematic diagrams of typical
facilities for this test

b. A data collection system, separate from the chamber controllers, shall be
employed to measure test space conditions. Readout charts shall be readable to
within at least 0.6°C (1°F).
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c¢. Dehumidification, heating, and cooling of chamber test volume air for
control of test conditions shall be achlieved by methods that do not alter the
chemical composition of the air, sand, dust or water vapor within the chamber test

volume air.
d. Test facility desi

(1) The vibratory or screw type sand feeder shall be controlled to emit the
sand at the specified concentrations. The feeder shall be located in such a manner
as to ensure that the sand is uniformly in suspension in the air stream when it
strikes the test item, to simulate the same effects as in the field.
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(2) Because of the extremely abrasive characteristics of blowing sand at
high velocity, it is not recommended that the sand be recirculated through the fan or
air conditioning equipment. Instead, it should be separated from the air downstream
from the test chamber in a sand separator collected in a separate receiver, and
reintroduced into the sand tank or hopper. The fan should recirculate only the
sand-free conditioning air.

NOTE: The sand collected in the separator may be reused for other tests if, after
analysis, it still conforms to the requirements of I1-3.2d(2) of this method.

I1-1.2 Controls

a. Test parameters, Unless otherwise specified in the requirements document,
ameavratiswn amd walatdera hicend dd ey mmnmmissmmas mnAda Al em tnmtbdeme ka1l W
LCuchLdLULC alld jejlaltlive IIW.III.U.LLy WCGDULCWCIILb uaue UUL Lll5 LES LLlls Slldall ULE

continuous if measurements are in analog form, or at intervals of one every 15
minutes or less if measurements are in digital form. All instrumentation used with
the test chamber shall be capable of meeting the accuracies, tolerances, etc., of
General Requirements, 5.1.1 and 5.1.2. Any significant change of the test item
temperature or chamber conditions shall result in the test item being reestablished
at the required environmental conditions before continuation.

ve
fe
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t o
c. Test variables, The test variables (temperature, air velocity, and dust

concentration) shall be continuously monitored during the test. Humidity shall be
verified just before or during each test.

510.3-11
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11-1.3 Test interruption, (See General Requirements, 5.2.4).
The abrasion, penetration, and collection of
are not affecte b interruption. The test

the point of interruption.

more extreme

N
tions should

b. Overtest 1ntetruptiog, Any interruption that results in
= a - em I £3

exposure of the test item than requlreu Dy the equxpment. specirica

be followed by a complete physical examination and operational check (where
possible) before continuation of testing. If a problem is encountered, the test
should be reinitiated with a new test {tem.
11-2 PREPARATION FOR TEST
11-2.1 Preliminary steps, Before starting any test:

a. Determine from the test plan which test procedure is required.

b. Determine from the test plan the test variables to be used.

c. Operate the test chamber without the test item to make sure it is

working properly.

11-2.2 Pretest standard ambient checkout, All test items require a pretest
checkout at standard ambient conditions to provide baseline data. Conduct the
pretest checkout as follows:

Step 1. Position the test item in the test chamber as near the center of
the test sections as practicable. The test item shall have a minimum clearance
of 15 cm (6 inches) from any wall of the test chamber and from any other test
item (if more than one item is being tested). Orient the test item so as to
expose the most critical or vulnerable parts

NOTE: The orientation of the test item may be changed during the test if
required by the test plan.

Prepare the test item in its operational configuration
5.2.2.

Step 2.
accordance with General Requirements,

Step 3. Stabilize the test item at standard ambient conditions (Ceneral
Requirements, 5 l1a).
Step 4. Conduct a complete visual examination of the test item with

ecial attention to sealed areas and minute openings.

METHOD 510.3
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METHOD 511.3
EXPLOSIVE ATMOSPHERE
PAGE

SECTION 1
I-1 PURPOSE 511.3-1
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I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS 511.3-1

I-4 SPECIAL CONSIDERATIONS 511.3-4
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SECTION 1

I-1 PURPOSE, This test is performed to demonstrate the ability of equipment to
operate in flammable atmospheres without causing an explosion, or to prove that a
flame reaction occurring within an encased equipment will be contained and will not

propagate outside the test item.

I1-2 [ENVIRONMENTAL EFFECTS, Low levels of energy discharge or electrical arc from
devices as simple as pocket transistor radios can ignite mixtures of fuel vapor an
air. A "hot spot” on the surface of a hermetically sealed, apparently inert
equipment case can ignite fuel vapor and air mixtures. Fuel vapors in compartments
can be ignited by a low energy discharge like a spark from a shorted flashlight cell,

switch contacts, etc.

n
=%

NOTE: The tailoring process as descri

used to determine the appropriate tests and tesc variables.
a. Application, This method applies to all military items designed for use in

or near flight vehicles, ground vehicles, or equipment used to maintain fuel- -handling

or fuel-using vehicles.

b. Restrictions,
(1) This test utilizes an explosive mixture that has a relatively low flash
point which may not be indicative of some actual fuel-air mixtures

(2) The explosive atmosphere test is a conservative test. If the test item
does not ignite the test fuel-air mixture, there is a low probability that the item

METHOD 511.
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will ignite fuel vapor mixtures that can occur in actual use. Conversely, the
ignition of the test fuel-air mixture by the test item does not mean that the test item
will always ignite fuel vapors that occur in actual deployment.

c. Sequence, It is recommended that the items used in this test first undergo
vibration and/or temperature testing. Vibration and temperature stresses may reduce
the effectiveness of seals, thus producing flammable atmosphere sensitivities not
observable on untested items

d. Test variations. The test variables are temperature, pressure, humidity, test
item configuration, and fuel-vapor mixture.

I-3.1 Choice of test procedures

73110

1.1 Proce ble atmosphere This procedure is

u e i a osphere, This pr d
applicable to all types of sealed and unsealed equipment. This test evaluates the
ability of the test item to be operated in a fuel vapor-laden environment without

igniting the environment.

T - Faun
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1-3.1.2 Procedure II - Explosion containment, This procedure is used to determine the
ability of the test item’'s case or other enclosures to contain an explosion or flame
that is a result of an internal equipment malfunctien

1-3.2 Choice of test conditions. The explosive atmosphere test is a conservative test
that may be used as an indicator of a potential problem. If the test item does not
ignite the test fuel-air mixture, there is a low probability that the item will ignite
fuel vapor mixtures that can occur in actual use. Conversely, the ignition of the test

fuel-air mixture by the test item does not mean that the test item will always ignite
fuel vapors that occur in actual deployment.

1-3.2.1 Fuel for test, The fuel recommended for explosive atmosphere testing shall be
the single-component hydrocarbon n-hexane (i.e., no al hexane). This fuel is used
because its ignition properties for flammable atmosphere testing are equal to or better
than the similar properties of both 100/130 octane aviation gasoline and JP-4 jet
engine fuel. Optimum m1xtures of N- hexane and alr w111 ignite from hot-spot
temperatures as low as 222.8°C (433°F) -4 jet engine fuel-air mixtures
require at least a 229.4°C (&Ang) or autoignition and 100/130 octane
aviation gasoline and air requires 440.6°C (825°F) for hot-spot ignition. Minimum spark
opt m

energy inputs for ignition of ixtures are essentially the

CuTig) 40 gt as o

same for n-hexane and for 100/130 octane av1at10n gasoline. Much higher minimum spark
energy input is required to ignite JP-4 jet engine fuel and air mixtures.

1-3.2.2 Fuel vapor mixture. The fuel vapor mixture used in the explosive atmosphere
test shall be homogeneous.

1-3.2.3 Test temperature. The fuel vapor mixture is heated to the highest ambient air
temperature at which the test item is required to operate during actual deployment

METHOD 511.3
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Heating the ambient air to this temperature gives the fuel vapor/air mixture its
greatest likelihood for ignition. All testing should be done at this maximum air
temperature. For forced-air-cooled equipment, the test temperature shall be the

P £

highest temperature at which equipment performance can be evaluated in the absence of
cooling air.

1-3.2.4 Quantity of fuel. Unless otherwise specified, the fuel used shall be n-
hexane, either reagent grade or 95 percent. The 95 percent n—hexane fuel actually is

nearly 100 percent hexane, because the remaining 5 percent consists of hexane isomers.
Fuel weight calculated to total 3.8 percent by volume of the test atmosphere represents
1.8 stoichiometric equivalents of n-hexane in air, giving a mixture needing only
minimum energy for ignition.

(1) Chamber air temperature during the test.
(2) Fuel temperature.
(3) Specific gravity of n-hexane (see figure 511.3-1).

6100 meters (20,000 feet). Atmospheric pressure

wme

(5) Net volume of the test chamber: free volume less test item displacement
expressed in liters or cubic feet.

b. Calculation of the volume of liquid n-hexane fuel for each test altitude:

( ) In mnkr\' un

~ .
i W Ld 4w Wil -’.S.

e

1
i

Volume of 95 percent n-hexane (ml) =

1\1

0) | (net chamber voi (liters)) x (chamber pressure {(pascais))
(chamber temp (K)) x (specific gravity of n-hexane) |

(2.74x 1

~
N
~—
[
3
tn
23

Volume of 95 percent n-hexane (ml) =

(96.38 l (net chamber vol (ft*)) x (chamber pressure (psia)) ] ’
" | (chamber 1emp (R)) x (specific gravity of n-hexane)| [

METHOD 511.3
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FIGURE 511. 31. Specific gravity of n-hexane.

511.3-4



MIL-STD-810E
1 September 1993

1-3.2.5 Effect of humidity on flammable atmosphere, Hurmudity is always present in an explosive atmosphere test. The

effect of hurudity upon the fuel-air mixture percent composition need not be considered in the test if the ambient air
dewpointis 10°C (50°F) or less because this concentration of water vapor only increases the n-hexane fuel concentration
from 3.82 percent 10 3.85 percent of the test atmosphere. If the atmosphenic pressure 1s cycled from 1525 meters (50001t.)
above the test level to 1525 meters below (a 34percent change in pressure), the volume of n-hexane will decrease from
4.61 percent to 3.08 percent. Thus decrease will compensate for the fuel enrichment effect that results from water vapor
dilution of the test air supply.

[
= =1 7 P W AY
Vel (€.8., Slupooaraj,

1000m of sea board), testing at a facility within 1000m of sea level is recommended
1-3.2.7 Definutions. For the purpose of this document, the following definitions apply

a Testalutude The nominal simulated height(s) above sea level at which the test item will be tested, i.¢., the
maximum altitude identified in paragraph 2.3.6, and all altitudes below it in tncrements of 3000m.
b. Simulated alttude. Any height other than the test altitude that is produced in the test chamber.
124 CPECIALI CONCINER ATION

I-41  Testinterruption. If there is an unscheduled test interruption, the chamber shall be returned to ground level and
purged to remove the flammable atmosphere. The test shall be reinitiated from the point of interruption using the same

test item.

1-42  Qvertest. Any interruption in the test that results ina more extreme exposure of the test item than required by the
equipment specification should be followed by a complete physical inspection of the test item and an operational check
priof to continuation of test. An engineenng judgment shall be made whether to continue testing with the specific item
given the overtest, 10 obtain a new item, or to consider the test completed.

124 3 Failura analyese Al fm}.u-
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I1-4.4 Failure criteria

b. Procedure II - Propagation of flame to, or ignition of, a flammable
atmosphere surrounding the test item when the test atmosphere within the enclosure or
case of the test item is intentionally ignited constitutes failure of the test.

ing information is required in the
I s

rmation required. The follow
of the tests ction I

uct or tne tests OI Sec

ol

1\
-3
(1]
n
(a3
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[
ot
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n

b. Test temperatures.

c. Fuel volume and/or weight.

- PSR Sy

[«9
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a. Haskin, W.L, Explosion-Proof Testing Techniques. 1963. ASD-TDR-62-1081.
DTIC number AD-400-483.

b. Zabetakis, M.G., .A.L. Furno, and G.W. Jones. Minimum Spontaneous Ignition
MAameAarabicen s -~£ f‘A..J-..... TRhRTan $cn Ad e N Tadiiaesi1 P | !.‘ ---------- el mtww L& 71084
JCIUVCLGLUI.CD UL \JUlHUUbLLULCD ikl All , diluusLilial allu lsl.uccn. LIIE \.;ucuu.at.-x] v \4d 77/,

2173-2178.

c. Washburn, E.W., ed. International Critical Tables of Numerical
Data, Chemistry, and Technology, K Vol. II1. New York: National Research
Council/McGraw-Hill, 1928, pp27-29.

d. Kuchta, J.M. Summary of Ignition Properties of Jet Fuels and
Other Aircraft Combustible Fluids. 1975. AFAPL-TR-75-70, pp9-14. DTIC number AD-
A021-320.

e. ASTM E 380-79. Standard for Metric Practice.

METHOD 511.3

511.3-6



I1-1 APPARATUS.
shall be used.

11-1.1 Fuel, U
least 95 percent

I1-2 PREPARATION FOR TEST,
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A test chamber capable of producing the required test conditions

1a
ic

1

i
nu
r

General Requirements, 5.2.2.

11-2.1

Step

m
manne
o

MiVailiEa Tavvvaavoa W

A
(o3

Procedure I - Operation in explosive atmosphere

1. The test item shall be installed in the test chamber in such a
t normal electrical operation is nossible and mechanical controls may be

perated through the pressure seals from the exterior of the chamber.

Appendix A describes one type of chamber that may be used.

The test item shall be prepared in accordance with

External

covers of the test item shall be removed or loosened to facilitate the penetration

of the explosive

mixture.

Large test items may be tested one or more units at a

time by extending electrical connections through the cable port to the remainder

of the associated equipment located externally.

Qo N
oLEp <L,

properly and to observe the location of any sparkin

o alalT)l WA Acmawa
ldpuicue suall ve uvpelra

components which could cause an explosion.

Step 3.

*~ -
L -

A
o

o~
vo

3 eTol ot
i

gh temperature

. 1
T ANnIne
AvViiinig

Mechanical loads on drive assemblies and servomechanical and

electrical loads on switches and relays may be simulated when necessary if proper

precaution is given to duplicating the
current, inductive reactance, etc. 1In al
n

PR S S

al -
Lne eguilpment as

Step 4.
test item.

Step 5.
chamber walls.

Step 1.

a2 9 Demandiswma TT =
& . & IiVvcuule i1 [

fa —mme V1Yo L. PR R,
1T normaily runceidmns

[

) It
1 Lue

normal load in respect to torque, voltage,
1 instances,

CO operate

A thermocouple shall be placed on the most massive component of the

At least two thermocouples shall be placed on the inside of the test
These thermocouples (from steps 4 and 5) should be instrumented
for monitoring outside the test chamber when the chamber is sealed.

The equipment, or a model of the equipment of the same volume and

configuration, shall be placed within the case and the case installed in the
explosion chamber.

w
[

[

(O8]

~J
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a2Lep <« ridake provision Lo CilrculaLe e Luel-all WlALULE 1NL0 Lne Case velng
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proper fuel-air mixture. For equipment not using forced-air cooling, it is necessary
to drill the case for insertion of a hose from a blower. Take adequate precautions to

prevent ignition of the ambient mixture by backfire or release of pressure through the
supply hose. Any modification to facilitate the introduction of ignitable vapor shall
not alter the case internal volume by more than #5X.

Step 3. Provide a positive means

~ M h mnman masr ma AdwdV1T1Tad Awv +ame
case., Lllc casce ulﬂ] e uUlliliTcTu UL Lﬂpy
tion

mountad {nrprnn11v Pointe of {cn{ r e
holes or flame arresting devices, and as many of such
installed within the case as there are vent holes or flame arresting devices. Where
the design of equipment makes this impractical, use as many points of ignition as are
practical.

e
anv vent
1y ven

be

Step 4. A thermocouple inserted into the case and attache
galvanometer outside the test chamber may be used to detect exp

Step 5. Ensure that the air within the test chamber has a water vapor dewpoint
lower than 10°C (50°F).

Step 6. If the site atmospheric pressure at the test location is less than 633mm
vy _ — =Y . __f e e e = mi=? o~ ALl A _a oL oL e e PR IO 4 B PG § PN Vo RO, 2 Y ...
ng, mdKe provisions 1O pressurilze Lile Lest chiaduber L0 dL lied>i Vooumm nig LVIOUWIU level
Aracciivas vafarvad ta 4n TT_ 2 2 ctan & chall Aanefetr AfF nracecunirae fram A1 A 8NNmMmm
yl.caaua.c) ACAiTCLLTWU -V 4ll 4 4 o . e Pbcy e SIIG A4 LVIIDOAD W A piLreoosurive aALVIM VIT W W VLM
Hg, inclusive

Step 7. Perform steps 4 and 5 of II-2.1.

I1I1-3 PROCEDURES

Step 2. Seal the chamber with the test item mounted inside.

Step 3. Ralse the ambient temperature of air inside the chamber to that
determined in I-3.2.3. Wait until the temperatures of the test item and test chamber
inner walls come to within 11°C of the chamber ambient air temperature.

Cran 4L Addwnicer rthe ~rhamhar af{y nrocciira o cimilara rthae froct altritunda nlue 2000

Step 4. Adjust the chamber air pressure to simulate the test altitude plus 2000
meters, as given in 1-3.2.6, to allow for introducing, vaporizing and mixing the fuel
with the air.

tep 5. Slowly introduce the required quantity of n-hexane into the test chamber
as determined by I1-3.2.4.

METHOD 511.3
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Step 6. Ciiculate the test almosphere and continue to reduce the simulated chamber altitude for ai leasi ihree
; y 1al an a Aaval Aremsnme ~Af o = OiMiogEneous mixiire
minutes to allow for complete vaponzation of fuel and the developmeni of a homogeneous mixiure.

Step7. At1000m above the test altitude, operate the test item. Operationshallb
step 9. Make and break electnical contacts as frequently as reasonably possible.

Step8 Slowly decrease the simulated chamber altitude by bleeding air into the chamber Change the simulated
altitude at a rate no faster than 100 meters per minute.

Step 9. Stopthe aititude change at 1000 meters below test altitude or at ground level, whichever is reached first.

Step 10. Check the potential explosiveness of the air-vapor mixture by ttemptng to ignite a sample of the

e by a spark-gap or glow plug 1gnition source having sufficient energy a ar
n does not occur, return the chamber to ambient atmospheric pressure, purge the chamber of the fuel vapor, and

remmate the test at the most recent test altitude.

to1
(O3]

'B

Step 11.

a Ifthe simulated alutude reached in Step 9 is 3000 meters or greater above site level, continue testing at the
next test alutude whichis defined as 3000 meters below the just-completed test altitude. Repeat Steps 5-11 using the new
test altitude.

b, Ifthesimulated altitude reached in Step 9 is below 3000m, repeat Ste

altitude, and then go to Step 12.

Step 12. Document test results per I1-4.

St
—
[}
W)
(]

Step 2. Seal the chamber with the test item inside.

Step 3. Raise the ambient air temperature inside the chamber.

Step 4 Wait until the temperatures of the test item and test chamber inner walls come to within 11°C (20°F) |

of the chamber ambient air temperature.

Step 5. Change the chamber air pressure to 2000 meters of simulated altitude above the site ambient pressure
(1e., ground level)
A e ’

Step 6. Slowly introduce the requred quantity of n-hexane into the test chamber to obtain optimum

fuel-vapor/air mixture at site ambient pressure or as given in 1-3.2 4b for n-hexane.

Step 7. Circulate the test atmosphere and continue to reduce the simulated chamber altitude for at least three
minutes to allow for complete vaporization of fuel and the development of a homogeneous mixture within the test item
and within the test chamber.

"t may be necessary to perform Step 4 first if insufficient alutude remains for fuel introduction

5113-9
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Step 8 Slowly decrease the simulated chamber altitude to retum the pressure altitude to site ambient pressure
(1e., ground level).

Step9. Energize the internal case ignution source and confirm the occurrence of anexplosion within the test item
using the installed thennocouple. 1f no explosion occurs, purge the chamber and the test item of all air/fuel vapor and
return to step 2.

Step 10. If the explosion inside the test item’s case did not propagate to the fuel/air mixture outside the test item:

a. Repeat steps 5 through 10 four times if the test item's case is not in excess of 0.02 times the chamber
volume;

b. If the test item volume 1s equal to or greater than 0.02 imes the chamber volume, purge the chamber and
test item of air/fuel vapor and repeat steps 2 through 10 four times.

Step 11. Check the potential explosiveness of the air/fuel vapor mixture by attempting to ignite a sample of the
mixture by a spark or glow plug 1f chamber sample does not 1gnite, purge the chamber of all air/fuel vapor mixture, and
repeat the entire test from step 2.

Step 12. Document the test results.
I1-4 INFORMATION TO BE RECORDED
a Testitem identification (manufacturer, serial number, etc.).
b. Test procedure number.
¢. Chamber pressure and temperatures at each test point (simulated altitude)
d For Procedure I1, the locations of glow plugs or spark gaps installed inside test items.
e. For Procedure II, the energy requirement for the glow plug or spark gaps for operaton.
f The quantity of fuel required at each test point.

g. The off/on cycling rate for the test equipment.

METHOD 5113
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b. Extreme caution must be exercised when using the test item handles,
protrusions, etc., to pull the test item under the water. This could produce
unrealistic stress and leakage into the test item.

I-4.3 Summary of test information required. The following information is required in
the test plan for adequate conduct of the tests of section II:

a. Test procedure number.

b. Physical size of the test item (to determine test facility requirements).

(e}

d. Test item configuration.

e. Conditioning temperature and duration.

h

Covering/immersion depth.

'L ]
§

h. Additional guidelines.

I1-5 REFERENCES

a. MIL-S-55286, Shelter, Electrical Equipment §-280( )}/G
b MTI..S.5§884) CShelter Flartriral Fauninmant CS.280N7 /0
..... 55541, Sheltey Flectrical Eguipment $-250{ /G

METHOD 512.3
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SECTION I

1-1 APPARATUS
1-1.1 Test-facility

a The required test apparatus should include a water container that can achieve acovering depth of 1m (3.3 ft)
(or other required depths) of water over the uppermost point of the test 1tem and maintain the test item at that depth. Also
required 1s a chamber or cabinet capable of heaung the test item to the required temperature.

d to the water to aid in locating and analyzing water
leaks.

11-1.2 Controls
a The temperature of the water shall be 18° +10°C (64° +18°F).
b. The temperature of the test item shall be 27° +2°C (49° +4°F) above the temperature of the water.
¢. The temperature of the water shall not change more than 3°C (5°F) throughout the duration of the test.

3 Testunterruption (See General Requirements. 5.2 4)

a um:ncaum:mmuqm An nterruption that results in less se vere conditions than specified should be treated

as a “notest”. The test item should be dried and stabilized at standard ambient conditions and the entire test procedure
repeated from the beginning. Any failure discovered duning an undertest condition should be treated as a failure.

b. Ovenest interruptions  Any interruption that results in more severe conditions than specified should be
followed by a coleete exammanon of the test item and an operational check (where ngss;b!g) before continuation of

II-2 PREPARATION FOR TEST

11-2.1 Preliminary steps Before initiating any testing. determine from the test plan:

a The immersion depth and time and. if applicable, the preheat temperature and duration.

METHOD 5123
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TABLE 513.4-1. Suggested G levels for Procedure I - Structural test

]
" Test Level
Forward
Acceleration Direction of Vehicle Acceleration
q Vehicle A See Figure 513.4-1
Category ing's 1/
® =7 Lateral
Fore Aft Up Down
Left Right
Aircraft 2/, 3/ 2.0 1.5A | 4.5A | 6.75A12.25A 3.0A 3.0a
Helicopters &/ 4.0 4.0 10.5 4.5 6.0 6.0
Manned Aerospace 6.0 to 12.0 1.5A 0.5A |} 2.25A{ 0.75A 1.0A 1.0a
Vehicles S/
Wing/ 7.5A 7.5A 5.0 | 4.5A 5.6A 5.6A
Aircraft || Sponson 2.0
Stores Mounted
Fuselage 2.0 5.25A | 6.0A | 6.75A | 4.1A 2.25A | 2.25A
Ground-Launched &/, 8/ 1.2A | 0.5A | 1.2a" | 1.2Aa"{ 1.2a’ 2/
Missiles 1/ 1/ 1/

1/

S

g

N

N
~

X

Levels in this column should be used when forward acceleration is unknown.
When the forward acceleration of the vehicle is known, that value shall be
used for A.

For carrier-based aircraft, the minimum value to be used for A is &, representing
a basic condition associated with catapult launches.

For attack and fighter aircraft, add pitch, yaw, and roll accelerations as
applicable.

For helicopters, forward acceleration is unrelated to acceleration in other
directions. Test levels are based on current and near future helicopter
design requirements.

When forward acceleration is not known, the high value of the acceleration
range should be used.

A is derived from the thrust curve data for maxi um firing temperature.

Where A' is the maximum maneuver acceleratio

In some cases, the maximum maneuver acceleraclg. and the maximum longitudinal
acceleration will occur at the same time. When this occurs, the test item

should be tested with the appropriate factors using the orientation and
levels for the maximum (vectorial) acceleration.

METHOD 513.4
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TABLE 513.4-11. Suggested G levels for Procedure Il - Operational test.

T

est Level

: Direction of Vehicle Acceleration
Forward : (See Figure 513.4-1)

'
.
.
L]
t
.
.
.
.

: Vehicle Acceleration

H Category . A : : H H ‘Lateral :
: . ! in g's 1/ { Fore | Aft ! Up ¢ Down

: : : H : H i Left | Right |
¢ Aircraft 2/, 3/ 2.0 P 1.0A | 3.0A | 454 ! 1.5A | 204 | 2.0A :
. Helicopters : 4/ i 2.0 1 2.0 {1 7.0 {1 3.0 ‘4.0 14 0 :
i Manned Aerospace ! 6.0 to 12.0 ! ' ' : : T :
i Vehicles : 5/ {' 1.0 ! O.33A: 1.5A | 0.5A | 0.66A: 0.66A '
' ! wing ' ' ' ' : ' : :
: { Sponson | 2.0 i 5.0 1 5.04 | 6,04 ! 3.254 ; 3.75A ! 3.75A
i\ Aircraft! Mounted ! : ' : : ' ' H
¢ Stores

: ¢ Fuselage! i : : : : : :
H ! Mounted ! 2.0 1 3.5A ! 4.0A ! 454 | 2.7A | 1.5A ! 1.5A !
i Ground-Launched i &/, 8/ i 1.1A i 0.33A i 1.1A" i 1.1A" i 1.1A" | 1.1A" |
! Missiles ' ; ' 7 1 7/ v 7/ 7 '

1/ Levels in thig colum should be used when forward acceleration is unknown. When
the forward acceleration of the vehicle is known, that value shall be used
for A.

2/ For carrier-based aircraft, the minimum value to be used for A is 4, representing
a bagic condition associated with catapuit iaunches.

S/ For attack and fighter aircraft, add pitch, yaw, and roll accelerations as
arvmnlisnahla
applicable.

4/ For helicopters, forward acceleration ig unrelated to acceleration in other
directions. Test levels are based on current and near future helicopter design
requirements.

5/ When forward acceleration is not known, the high value of the acceleration range
should be used.

6/ A is derived from the thrust curve data for maximum firing temperature.

7/ Wwhere A' is the maximus maneuver acceleration

8/ 1In some cases, the saximumm maneuver acceleration and the maximm longitudinal
acceleration will ocoum at the gsame time. When thig occurg, the test item ghould
be tested with the appropriate Iactors uging the orientation and levels for the
maximm (vectorial) acceleration.

METHOD 513.4



I-3.7 Fighter and attack aircraft, The test levels as determined from tables
513.4- 1 and 513.4-11 are based on accelerations at the center of gravity (CG) of
the host vehicle. For fighter and attack aircraft, the test levels in general
must be increased for equipment that is located away from the vehicle CG to
account for loads induced by roll and pitch change maneuvers. Roll impacts the up
and down and lateral left and lateral righc acceleration loads. Pitch change

impacts the up and down and fore and aft acceleration loads.

I-3.7.1 Roll maneuver loads, up and down test direction, For wing mounted
equ ip ment, the test levels for Procedure I (Structural Test) are the up and down
level
is co

in table 513.4-1. AN,, the additional load induced by roll,
s

Where: d = lateral distance of equipment from aircraft CG in meters
= absolute value of maximum roll acceleration in rad/s? (if

unknown, use 9 = 20 raa/s )

.
-

o
|

For structural test levels, multiply the accelerations by a factor of 1.5.

For Procedure II1 (Operational Test), the test levels are the up and down levels as
determined in table 513.4-II plus AN,.

1-3.7.2 Roll maneuver loads, lateral left a atera ht directio For wing
mounted equipment, the test levels for Proced ire I {Structural Tést) are the
lateral left and lateral right levels as determined in table 513.4-I. AN, the i
load induced by roll, is computed as follows: i
d 2
AN, = £ (¢) I
© I
Where: d = 1lateral distance of equipment from aircraft CG in meters
¢ = absolute value of maximum roll velocity, rad/s (if unknown, use
¢ = 5 rad/s)
g = 9.80 m/s?

For structural test levels, multiply the accelerations by a factor of 1.5. |

For Procedure I1 (Operational Test), the test levels are the lateral left and
lateral right test levels as determined in table 513.4-I1 or AN/, whichever is the
higher.

METRHOD S13.4
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1-3.7.3 Pitch change maneuver load, up and down test directions, For fuselage
mounted equipment, the test levels for Procedure 1 (Structural Test) are the up and

ar
down acceleration levels as determined in table 513.4-1. AN,, the additional load
induced by pitch change, is computed as follows:

d e
AN, = =
* g
|4
tThara A _ frva av afr Adctarmmra AfF anidrnmant Fram AN {on matava
(XA S = A% AVAC VA - % Yiowvalive VA c!iu.n.yulclu. ALVIM WV 4AlLll WT VT LD
¢ = maximum pitch acceleration in rad/s? (if unknown, use
¢ = S rad/s?)
g = 9.80 m/s?

For structural test levels, multiply the accelerations by a factor of 1.5.
For Procedure II (Operational test), the test levels are the up and down levels as

AAAAAAAA L1 £12 1 L 4 S~ ANy
UELEImlI)eO ux taovlé J15.4-11 pLus an,

_Q
mounted equipment. The test levels for Procedure I (Structural Test) are th fore and
aft levels as determined from table 513.4-1. A4N,, the load induced by pitch change,
is computed as follows:

aae

;02
ANy = (¢)”

oo IO

Where: d = fore or aft distance of equipment from the aircraft CG in meters
¢ = maximum pltch velocity in rad/s (if unknown, use ¢ =-2.5 rad/s)
g

- 9.80 m/s®

For structural test levels, multiply the accelerations by a factor of 1.5.
For Procedure II (Operational Test), the test levels are the fore and aft test levels

____________ 1 €11 IA TT - e AN PR 2 .. w2 _1
as determined from table 513.4-1I1 ot aAN;, whichever is high
1-3.7.9 Yaw maneuver loads lateral left and richt directions For wine-mounted

HA ' AP S - 1 N Y- 2 - 1P S AN P P - Sip T =YL TS

equipment, the test levels for Procedure I (Structural Test) are the lateral left and
lateral right levels as determined in table 513.4-1. AN,, the load induced by yaw,
is computed as follows:

L d o0
AN, = g (%)
Where d = lateral dicstance of equipment from aircreft CC in meters
(A
v = absolute value of maximum yaw acceleration in rad/sec2 (if

unknown, use V - 3 rad/s?)
g = 9.80 m/s?

For structural test levels, multiply the accelerations by a factor of 1.5,

For Procedure II (Operational Test), the test levels are lateral right test levels as
determined in table 513.4-11 or ANy, whichever is the higher.
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-3.7.6 Yaw maneuver loads fore and aft test directions, For fuselage-mounted
equipment, the test levels for Procedure I (Structural Test) are the fore and aft
levels as determined from table 513.4-1. AN,, the load induced by yaw change, is |
computed as follows: |

sy, - 2 (¥)2 I
&
Where: d =~ fore and aft distance of equipment from aircraft CG in meters
¥ = absolute value of maximum yaw velocity in rad/sec (if unknown, |

use v = 4 rad/s)
g = 9.80 m/s?

For structural test levels, multiply the accelerations by a factor of 1.5. i
For Procedure 11 (Operation Test), the test levels are fore and aft test levels as
determined from table 513.4-11 or AN_, whichever is higher. !

I-4 SPECTAL CONSIDERATIONS

1-4.1 Test interruption, If an unscheduled interruption occurs while the test item
is at a specitied test level, the test should resume at that test level. The total I
t duration should be the sum of the times at the test level prior to and following j

1-4.2 QOver-acceleration, If the test item is subjected to acceleration loads in
excess of the level specified for the test, the test must be stopped and the test

item inspected and functionally tested. Based on the inspection and functional test,
an engineering decision should be made as to whether testing should be resumed with
the same test item or with a new test item. I

Y.4 Cirmvrr ovmann maoasiivyamantes - denmacme da mattontenad awm {anlaenema 'S T
&7 I quz DEG\-C HITCAQOUL TWTIILD ., 4d a P.LC\-C UL CHULPWCIIL 49 WUMLIILTU VIl LoViaLvio, Lie
test should be run with the equipment mounted on the isolators and the sway space
should be measured to determine potential interference with adjacent equipment. l

I-4.4 Acceleration simulation, Careful assessment of the function and
characteristics of the test item has to be made in selecting the apparatus on which
the acceleration tests are to be performed due to the differences in the manner in
vhich acceleration loads are produced There are two types of apparatus that are

..... 3

PlpEp— - —— VY S Vo e —Y
commonty u:cu LHC LEHLILLU&B HHU a ancn/xocnet.-powered slea comolnatlon

1-4.4.1 Centrifuge, The centrifuge generates acceleration loads by rotation about a
fixed axis. The direction of acceleration is always radially toward the center of
rotation of the centrifuge, whereas the direction of the load induced by acceleration
is always radially away from the axis of rotation. When mounted directly on the test
arm, the test item experiences both rotational and translational motion. The

direction of the acceleration and the load induced is constant with respect to the

METHOD 513.4
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peed, but the test item rotates 360 degrees for

test item for a given rotational

s ¥ T o=V =D Lt

each revolution of the arm Cert.ain centrituges have counter-rotating fixtures
mounted on the test arm to correct for rotation of the test item With this
arrangement, the test item maintains a fixed direction with respect to space, but the
direction of the acceleration and the induced load rotates 360 degrees around the
specimen for each revolution of the arm Another characterisgtic is that the
acceleration and induced load are in direct proportion Lo the distance {rom the
center of rotation. This necessitates the selection of a centrifuge of adequate size
g0 that the portions of the test item nearest to and furthest from the center of
rotation are subjected to not less than 90 percent or more than 110 percent,
respectively, of the specified test level.

M

1-4.4.2 Track/rocket-powered sled. The track/rocket-powered sled arrangement

generates linear acceleration in the direction of the sied acceleration. The test
item mounted on the sled is uniformly subjected toc the same acceleration level as
the sled °v1,:>='“ences. The _ccele ation test level and the time duration at the

the rocket charge. The sled track generally will produce a significant vxbratxon
environment due to track roughness. Typically this vibration is significantly
more severe than the normal service use environment. Careful attention to the
attachment design may be needed to isolate the test item from this vibration
environment. In performing Procedure Il tests, the support equipment necessary to
operate the tast item is mounted on the sled and travergeg the ¢track with the tecst
item This requires the use of self-contained power units and a remote control
system to operat.e the test item while traversing the track. Telemetering or
ruggedized instrumentation is required to measure the performance of the test item

while it is exposed to the test load.

r, V.J. 'i'he_Evolution of USAF Environmental Testing. October 1965.
97. DITC number AD-625-543.

METHOD 513 .4

513.4-10



NYIA Hudsues DY) JO PAQ Ay OF 1AM UM SINE JEIUOLIOY O Ayl UL PaN 10 PINIOKY St YIiym 0dae) BTN SIUTRIIEI Vs
"MNYIA LOdsurs) Y)Y JO Pay Yyl ud PAadid UIYM PILINIIE 10 PINIVY ‘P DU S Youya odse) -TITEI ITOOTT 4§
MYIA LIodsues) YL JO PAQG Y O 1IIUSIS Yim ST 21440 (J€ (N PIYIOY 40 P A]2aNIIS K1 YNYm Ose) DTIETPINOIT (
*SIs2) vonesqu e a3 Ajdde g~} uondas Jo suoaosd Ay, T
‘ Souodaied wawdinba  se 01 passsjas osty T
yuawdinba pinejosi-uoneiqip 'q 13,
6veE-l 1 YW |y e Auauy wnwiup 01
JeIdiEm ey
gre- | 33410 10 sdiys w papersul Juawdinby auuell "6
‘SIAMYIA PIYIEL) pue sidpies
Lyg-t ] ‘SIDNYIA PajAaym ul pIjjelsul wawdinby Ao punosr) g
‘s3a1dodsay
9re-l 1 U0 pauued Ajeusalnd SIS0 PIIQUIIS'Y $310)§ ewsMy DL
yesone 13 uo paused
cre-t 1 Aleusaina sa301S UL pajjeisul Juawdinb3g $210)S; feUIIINT ‘@(
(g apssiu aanded duipnput) yeadse
[ 2 2 Bl Al 13{ uo pInued S1eUIIND SII0IS PIIQUIISS'Y $2101S; (eUSNNG ‘W[
€re-l 1 ‘suidodyay w pajeisus wawdinbg indodyap ‘9
‘pauueuwiun pue
Ty (-l 1 pauutw “yridne 13af Ul pajeisu wIwdinby yenRuy W ¢
‘pouuewun pue pauvuew saiuidud suiqumy | sauidua auiqiny pue uonwiqIA
1'y€-] 1 uo pue Yeaue sajadoad w pajjersus luawdinbgy yeday s3jj3dosy 'y | paanpuj-uonedrddy
/S -olied paurensaiun se /y uodsues]
ceC-t 1 s3Myaa punosd uo paused wawdinby odie) aso0| ¢
‘Funsa) Jareys 0) JAnNEUIAE ue ST WSS uodsues]
Te€-1 ] JapILL) pue ‘ueA ‘sidjays ddse] Asap Alquassy alie} T
uoneIqIA
. paonpul-odie)
1'¢¢-1 1 /T 081wl paindas se panred wawdinbg | uonevodsues] nseg | juoneunodsues )
JT Satipiingy SIMP3IvIg QOIS xoI3Te;y wrEmg
¥$a31 3]

JT TSUTISTES WHWIOHATS JONIgiA  1-p'plS 37GVL

(4}
<7
~7

L)

w



MIL-3TD-810E
14 JULY 1989

An 1tem zhould be tested to a calegory when the 1tem 18 either:
a. Intended for use within that category as a mission requirement, or

b. Expected to spend a significant portion of 1ts service life within that
category as a consequence of 1ts deployment, storage or use.

An item will probably be tested to more than one category. For exanple,

equipment installed in et aircraft is covered by categories ] (Basic
Transportation) and S (Jet Aircraft/Tactical Missiles) and may be tested in
b ol

I-3.1.1 Comparison of environments prior to test

I-3.1.1.1 More_than one_applicat:on_environment. If an item is expected
to encounter more than one vibration environment as a consequence of its
intended use, the environments should be compared. 1f any of them would

apply similar stress levels or simular bandwidths, the most severe category
test should be applied as representative
1-3.1.1.2 Transportation and application_environments. If the transportation

vibration levels are more severe than the application-induced vibration levels,

as 1s often true for ground-based and some shipboard equipment, both transportation
and platiorm vibration tests should be performed. This is because the
transportation test is performed with the equipment nonoperating and the

h]affnhm tect 1 merformeAd wun

1 a th tha amitvmmand aeawa § e e
aBd Ve Vian WTS UV A4S pEIIAVINTIREW Wi Wi 4

viic C\.‘UJ}'“:IIH vper Gbllls

If the application vaibration levels are more severe than the transportation
levels, further analysis must be performed to compare the fatigue potential of
both environments over the life cycle. If the platformenvironment is still
found tco be more severe, the transportation test can be deleted.

[-3.2 Choice of related test conditions. Guidance for setting test values is given
below with the discussion of each vibration environment category. The provisions of

o
section I-4 apply for each test designated under this method.

A test for restrained cargo 1s not included 1n the categories below Such a
test may be devised by using field measurements to tailor the most appropriate
procedure.

—
@
w
3

I-3.3.1 Category 1 - Basic transportation

1-3.3.1.1 Application. All equipment shipped as secured cargo by land, sea or air
will encounter this environment,

514.4-4
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Port Corps Forward Using
Staging 375 miles Storage 125 miles Supply 16 miles Unit 10 miles
Area  (-=------- > Area O > Point  (~eoc-eee- ) (eememmececccae- >
(PSA) (CSA) (FSP) H

H H 1

; ; i

' ' H

: Trucks, Semitrajilers ' Two-Wheeled ! ‘I\d—ﬂnnlod,

G e Sesmsrscscsecocccencncncrcnnn > Trailers i Tratlers or

: ¢ (memreeceneeoa > i MB48 Cargo

' ' « Carpier

FIGURE 814 4-6

1-3.3.2 ategor - e embl ) o rt.
I-3.3.2.1 Applijcatjion. in some cases, it mmy not be practical or efficient to test

large shelters or systems on a shaker. In such cases, transportation conditions may
be similated using the actual transport vehicle as the vibration exciter. The
sagsgemblage may congist of equipment mounted in a truck or trailer, or equipment
mounted in a shelter which is then mounted on a truck, trailer, or dolly =et The
exposure consists of traversing the trangport vehicle over a prepared test course
until the test item has received exposure representative of anticipated deployment
scenarios.

The assembiage shall be mounted into the transport vehicle for which it was designed
in its deployment configuration. If the assemblage iz to be contained in a shelter,
it shall be installed within the shelter in the deployment configuration.

?

The shel ter should be mounted and secured on the transport vehicle(m) that is norm) ly
used for the shelter under actual transport. Provide instrumentation to DeAgINe

the vertical axis acceleration times history on the shelter floor and at any other
locationg of concern.

514.4-12
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1-3.3.2.2 Test level. The vibration levels and intensities received by the
test item during this test are based upon the course profile and vehicle speeds as

specified in procedure 1I. Various road surfaces are to be used, each traversed
-t memmads sl d Al eed 1Y '\—AAIIRI\ rha Ancdirad wihevariAarm {rntronead e Ty ancnarr wvahincrnla
al apccua WAL Wlldd PLUUULT LHT UTDOULLTU Vivialiavii dliviiodvy LGS PUL L Veilldw 4w
speeds are limited either by the vehicle’'s safe onerating speed over a specific
course profile or by the speed limit set for the specific course.

1-3.3.2.3 Test duration. The test duration shall be as specified in procedure II
or until the test item has received the exposure representative of the anticipated
deployment scenarios, whichever is longer.

T_2 2 12 I'ed
d-2.2.2 v

I-3.3.3.1 Application. This test is intended to simulate the unrestrained
collision of the test item with the bed and sides of the transport vehicle as well
as with other cargo. The loose cargo enviromment includes conditions experienced
by packaged and unpackaged items transported as unsecured cargo on a vehicle
traversing irregular surfaces. The cargo has the freedom to bounce. scuff, or
COLLlOe w1cn other items OI cafgo oT w1cn cne SIOES Ol Lne VBULCLG This
environment is simulated in the laboratory by imparting motion to the test item
and allewing it to collide with restraints established within the test setup. The
test conditions for this environment are established, to a large extent, by the
equipment used to impart the motion, and the arrangement of the restraints as
described in procedure 111. This test has few tailoring options and the selection
of the test equipment must be based upon the desired end result.

y_2r 2 2 9 Tooe+s Toeweal o Tha handa masrsmmae - ~fF tha had AF +tha tact ansinmant whava
d°J.2.2 4 ATEDSL ACveElS., PRl vas>Jie wmvveluciic vl LT wvocu vl CiicT [ 53 - C\.‘\J.Lylllcll\— WIICL ©
the test item ig placed is a 2. 54-cm diameter orbital path at 5 Hz, such as can be
obtained on a standard package tester operating in the synchronous mode. (In this

mode any point on the bed of the package tester will move in a circular path in a
vertical plane perpendicular to the axes of the shafts.)

1-3.3.3.3 Test conditions. The test conditions for this procedure are based on
References 56 and 57). The former study

the results of two methodology studies (

Antnewrmiomnd ek e antionn AfF manalbianad dtame A o manbana tantav fe:m a Atvarsla
ucLciruilieuy viiiatid ESLLiE VUl pPaAalRARCU 1iTlud VUil a patinagtc Leositel i a \-LL\-ULCL
synchronous mede with a plywood-covered bed at 300 rpm provides a reasonable
simulation of the loose cargo transportation environment. A test duration of 20

minutes represents a scenario of 240 km (all three axes simultaneously) of truck
transportation (which encompasses the severity and duration of the two-wheeled
trailer and tracked vehicle environments), over the various road profiles found in
the transport scenario from the Corps storage area to a using unit (see figure
514.4-6). The latter study determined that testing of circular cross-section

items and unpackaged equipment on a package tester with a steel-covered bed and in
the same mode and speed as for packaged items, provides a reascnable simulation of
the loose cargo transportation environment for those items. The test duration of

20 minutes again represents 240km as for the packaged items

METHOD 514.4
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1-3.4 Operational environments

1.2 £ 1
A - .. A

1-3.4.1.1 Background information. Service vibration frequency spectra for
equipment installed in propeller aircraft consist of a broadband background with
superimposed narrow band spikes. The background spectrum results from various
random sources (see 1-3.4.2) with many periodic (not pure sinusoidal) components
due to the rotating elements (engines, gearboxes, shafts, etc.) associated with
turboprops. The spikes are produced by the passage of pressure fields rotating

with the propeller blades. These occur in relatively narrow bands centered on the
propeller passage frequency (number of blades multiplied by the propeller rpm) and
harmonics

The spectrum for equipment mounted directly on turbine engines is similar to the
propeller aircraft spectrum except the primary spike frequency is the rotational
speed of the rotor(s).

Most current propeller aircraft and many turbine engines are constant-speed
machines. This means that rpm is held constant and power changes are made through
fuel flow changes and variable-pitch blades, vanes, and propellers. These
machines produce the fixed frequency spikes of figure 514.4-7. These spikes have
an associated bandwidth because there is minor rpm drift and because the vibration
is not pure sinusoidal (I- 4.5).

ic r prop 1gines will not be

ed machines. All reciprocating engines and many turblne englnes are
not constant- speed. Also modern turbofan engines usually have two and sometimes
three mechanically independent rotors operating at different speeds. The spectra
of figure 514.4-7 must be modified if used for these.

These vibratio vironments can be approximated in the laboratory by the source
dwell test déséribed in 1-4.2.2. Many vibration problems in this type of
environment are associated with the coincidence of equipment vibration modes and
the excitation spikes. The notches between spikes are used in intelligent design

as safe regions for critical vibration modes. Thus source dwell tests minimize
the likelihood that equipment will be overstressed at non-representative
conditions and that reasonable design provisions will not be subverted.

1-3.4.1.2 Test level. Whenever possible, flight vibration measurements should be
used to develop vibration criteria for laboratory tests. In the absence of flight
measurements, the test levels of table 514.4-1I can be used with the spectra of
figure 514.4-7. The turboprop levels are based on data from various C-130 and P-3
aircraft measurements and are fairly representative of the environments of these

aircraft. The decline of spike acceleration spectral density with frequency is
based on relatively recent data analyzed in a spectral density format. Engine
levels are based on data measured on several current Air Force aircraft engines.

METHOD 514 .4
514 .4-14
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1-3.4.2.2 Test levels. In the absence of satisfactory measurements of field
environments, functional test levels approximating jet-noise-induced and flow-
induced vibration may be derived from table 514.4-111 and figure 514.4-8. Use the
envelope of the worst case aerodynamic and worst case jet noise induced vibrations.

1-3.4.2.3 Test duration. Test durations should be developed from field data and/or
intended usage. The guidance of I-3.4.9, 1-4.3, 1-4.6, and 1-4.7 applies.

I-3.4.3 Category 6 - Helicopter installed.

1-3.4.3.1 Background information, Helicopter vibration is characterized by
dominant sinusoids superimposed on a broadband random background as depicted in
figure 514.4-9. These sinusoids are generated by the rotating components of the
helicopter, primarily the main rotor, but which also include the tail rotor,
engine(s), drive shafts and gear meshing. The normal operating speeds of these
components are generally constant, varying less than five percent. However, recent
designs have taken advantage of variable rotor speed control which generates a
pseudo steady state rotor speed at values between 95% to 110X of the nominal 100%
rotor speed, thus complicating the component design and test process as all steady
state rotor speeds, pseudo or otherwise, must be accounted for. The broadband
random background is attributed to fuselage aerodynamics.

The relative amplitudes of the sinusoids differ throughout the helicopter structure.
The vibration environment at the location of the test item is dependent on its
proximity to the vibration excitation source, as well as on the structure and
geometry of the helicopter. Thus, the need for measured data is especially acute.

A clear requirement for helicopter component design is the avoidance of coincidence
of the installed components’ resonant frequencies with the helicopter excitation
frequencies at the installed component aircraft location. It is important to note
that, in general, helicopter excitation frequencies and amplitudes are different for
each helicopter type. A typical laboratory vibration will include four (&)
sinusoids superimposed on a broadband random background. For fuselage-mounted
components, refer to I1-3.4.3.2 through I1-3.4.3.4. For components mounted on
engines, refer to I-3.4.1. For components exposed to gunfire vibration, the
requirements of Method 519 shall be additionally imposed.

METHOD 514 .4
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TABLE 514.4-111. Broadband Vibration test values for jet aircraft equipment,
Criteria

Aerodynamically induced vibration (figure 514.4-8) 1/

Functional test level 3/

U . K/
- e\

\2
[ 7

q
Jet engine noise induced vibration (figure 514.4-8) 1/

Functional test level 2/, 3/, 4/, 5, &/

es N e 2 v' 72

s 2 2a NP sy PN [ K
Wo = (U.48 (cos™@)/K)|{D. (VC/A) + De(Ve/A) 7}

»

(=

o

>

= 1.18 x 10°} for cockpit panel equipment and equipment attached to
structure in compartments adjacent to external surfaces that are
smooth, free from discontinuities. (K = 2.7 x 10°® if q is in

1b/ft?)

= 6.11 x 10! for equipment attached to structure in compartments ad-
jacent to or immediately aft of external surfaces having discontin-
uities (cavities, chines, blade antennas, speed brakes, etc.) and
equipment in wings, pylons, stabilizers, and fuselage aft of trail-

ing edge wing root.

(K =14 x 10°® if q is in 1b/ft )
- 57.46 kN/m? (1200 1b/ft

is less.

= engine core exhaust diameter, meters (feet). (For engines without
fans, use maximum exhaust diameter).

- engine fan exhaust diameter, meters (feet).

-~ minimum distance between center of engine aft exhaust plane and the
center of gravity of inmstalled equipment, meters (feet)

= engine core exhaust velocity, meters per sec (feet per sec). (For
engines without fans, use maximum exhaust velocity without after-
burner)

- engine fan exhaust velocity, meters per second (feet per sec).
- angle between R line and engine exhaust axis, aft-vectored, degrees.

= 1850 if engine exhaust velocities are in feet/sec.

- 564 if engine velocities are in meters/sec.

oo
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TABLE 514.4-111. Broadband Vibration test values for jet ajrcraft equipment.

Continued
NOTES
s se aerodynamic and jet engine induced vibration should be

orst case r ic a
dentified and enveloped.
1f the aircraft has more than one engine, W, shall be the sum of the
individually computed values for each engine.

To account for the effect of equipment inertia on vibration levels, W, may
be multiplied by a mass loading factor, M, based on equipment weight in
kilograms (pounds). This does not apply to equipment which is on
isolators

- 10(0.6 - Kg/60) .
Mf = 1070.6 - 0.0075 1b)

Values of M, are restricted to the range 0.25 to 1.0.

For engines with afterburner, use W,, which is four times larger than
W, computes using maximum V. and V, without afterburner.

panel equipment, reduce the 0.04 G2/Hz value of figure

For instrument
514.4-8 by 3 dB and reduce the calculated value W, by 6 dB for functional
testing. Endurance is 0.04 g?/Hz.

METHOD 514 .4
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EQUIPMENT LOCATION W, W, F,
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Figure 514.4-9. Vibration spectrum for equipment mounted on helicopters.
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1-3.4.3.2 Test frequencies. For laboratory test purposes, the aircraft can
be divided into three zones as depicted in Figure 514.4-10. For components
located in the vertical projection of the main rotor, the laboratory test
frequencies are the fundamental rotational frequency of the main rotor (1P),
and the harmonics of 1P muitiplied by the number of blades in the main rotor
system (n). For components located in the horizontal projection of the tail

tory test frequencies are the fundamental rotationsal
f tail rotor (1T), and the harmonics of 1T multiplied by the
number of blades in the tail rotor system (m). Thus, laboratory test
frequencies (labeled F,, F,, F; and F,) for a component located in the vertical

projection of the main rotor are determined as:

F, = 1P
F, = nP
Fy = 2nP
F, = 3nP

A similar calculation is made for components located in the horizontal
projection of the tail rotor. The fundamental main and tail rotor frequencies
and the number of rotor blades are defined for various helicopter types in

Table 514.4-V. All equipment located on or in close proximity to the drive
_____ Py - = PR Sy PRy | . PURy Jras =L L =t .. 1 3 - -l _ = ma s et s Lo 2 Py
chun SUucClHi as gear DOXeS 4dIld drive snaiils SNnoulad use Lne source Irequencles oL
that drive train component (i.e., gear mesh frequencies, shaft rotational
speeds, etc.). These drive train source frequencies are also aircraft-

specific.

1-3.4.3.3 Test amplitudes. The test amplitudes are labeled A;, A,, A; and A,
and are associated with excitation frequencies F,, F,, F; and F,. Whenever

possible, the test amplitudes for equipment installed on helicopters should be
derived from aircraft measured values at the component installation location
These measured amplitudes are then amplified to derive a component test
duration equivalent to the life of the component. The time-scaling is

delineated in 1-3.4.3.4. However, when measured data are not available the
frequency-dependent amplitudes can be determined from Figures 514.4-9 and
514.4-10, and from Tables 514.4-1IV and 514.4-V. These default amplitudes are
an attempt at enveloping potential worst-case environments; they do not
represent environments under which vibration sensitive equipment should be
expected to perform. However, the components are expected to survive and

L]

s eem ~ o ~ meanl EFlaned e o L ma Y P 3 ) S P o h
function to specification at the completion of the test. Consequently,
performance vibration amplitudes should be tailored to particular
applications.

I-3.4.3.4 Test duratijon. Utilizing the default test amplitudes delineated in
1-3.4.3.3, the test duration shall be four (4) hours of excitation for each of
three (3) mutually perpendicular axes for a total test time of twelve (12)
hours per component. If a test amplitude other than the default amplitude is
used, the test

w
Pt
&
&~
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W
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duration shall be scaled as foliows:
/ AT \ -6

tf =40 KAD)

where tr = actual test time per axis

Anp = default test amplitude
At = actual test amplitude

¢
«

The longest resultant t determined from the various combinations of the frequency-dependent A/Ap ratios
shall be utilized.

TABLE 514.4-1V. Default test peak amplitudes for equipment on helicopters.

Y

Equipment Location Source Frequency (F,) Peak Amplitude (A,)
Range (H2) atFy (g's)
Generai (1) 3-10 0.7/(10.7-Fx)
10-25 0.1 *F,
25-40 25
40-50 6.5-0.1 *F,
50-500 1.5
Instrument Panel (1) 3-10 C.7K10.7-Fy)
10-25 0.07 *F,
25-40 1.75
40-50 4.55-0.07 * F,
50-500 1.05
External Stores (1) 3-10 0.7/(10.7-F,)
10-25 0.15 * F,
25-40 3.75
40-50 9.75-0.15 * F,
50-500 2.25
On/Near Drive Systems’ 5-50 0.1 *F,
Elements (2) 50-2000 5.0+ 0.01 * F,
NOTES:
(N Fx = Excitation frequency, x = 1,2, 3 or 4

F; = Fundamental excitation frequency (Rotor rotational speed)
F, = nF; or mF, (Blade passage frequency)

F3 = 2nF; or 2mF, (Blade passage frequency)

F4 = 3nF, or 3mF; (Blade passage frequency)

where n (or m) = number of main (or tail) rotor blades (Table 514.4-V)

Upon determining values of Fy, through F4 (Figure 514.4-9). select the appropriate excitation frequency
range for each to determine the peak amplitudes.

), F2. F3. F4 must be determined from drive train areas for the particuiar helicopter. NOTE (1) is then
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1-3.4.4 (Category 7A - Assembled external stores., jet aircraft. Assembled jet
aircraft stores will encounter three distinct vibration environments: captive flight,
buffet maneuver, and free flight.

1-3.4.4.1 Captive fiight, Extensive measurement programs have shown that the
vibration experienced by an externally carried store on a jet aircraft arises from
three distinct sources:

a. Aerodynamic boundary layer turbulence.
b. Buffet maneuvers.

¢. Alrcraft-induced vibration.

- momemmesal  mbamesa e S gy

aircralt and mountin

location on the aircraft. Instead, vibratory excitation is mostly influenced by store
shape, mounting configuration and dynamic pressure. This source of vibration is
distributed along the entire surface of the store and is difficult to simulate by
point input of vibration, such as from a vibration shaker, unless the store is
relatively stiff. Therefore, an acoustic test (Method 515) is recommended for this
environment.

TABLE 514 .4-V, Fundamental source frequencies (F,).
HELICOPTER | MAIN ROTOR 1P (Hz) | TAIL ROTOR 1T (Hz) n (Blades) m (Blades)
AH-1 5.4 27.7 2 2
AH-6J 7.8 47.5 5 2
AH-64 4.8 23.4 4 4
CH-47D 3.75 i/ 3
MH- 6H 7.8 47.5 5 2
OH-6A 8.1 51.8 4 2
OH-58A/C 5.9 43.8 2 2
OH-58D 6.6 39.7 4 2
UH-1 5.4 27.7 2 2
UH-60 4.3 19.8 4 4

1/ The CH-47D has two (2) main rotors and no tail rotor.

METHOD 514.4
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ed store vibration spectrum comes from
t maneuvers. Alrcraft-induced vibration
t

______ as = st oo PR = RN S PR s E £v = - - -
generally is present during the entire captive flight phase for a store. 1Its
frequency range is covered by the response threshold spectrum shown in figure
514 .4-11

I1-3.4.4.2 Buffet maneuver. Recent flight test programs on the F-16 and F-15 with
various externally carried stores have shown intense vibrations assocliated with

buffet maneuvers. Other similar aircraft, such as F-14, F-18, or next generation
fighters, have the potential to produce intense vibrations during high-performance

maneuvers. The buffet maneuver envelope is generally bounded by speeds of 0.8 to 0.9
|V AN -2 =Y ad .3 ~ L& 2 . 1N 2N e 70 [+ WA o WP, an QNN Lo AN oL

flaClt &anag ajloirtuages or o5 to 1V leomecers (¥,04V LO JOL,0VUV IU). AlTtn gn Cne
vibration levels during high-performance maneuvers are very intense, they generally
do not last for more than 10 seconds, reaching their peak in less than a second and
rapidly deteriorating in 5 to 10 seconds. For the purpose of establishing test

durations, a commonly used assumption is that an aircraft store may experience as
much as 30 seconds of maneuver buffet vibration for each hour of captive-carriage
flight.

Buffet maneuver vibration energy is concentrated in the low frequency range,
typically between 20 to 100 Hz, dominated by the store’s structural characteristics
Depending upon the store location on the aircraft and configuration on the rack,
pylon and aircraft, additional distinct responses may be predominant in the store

response due to compliance of the pylon interface. Due to these factors, vibration

levels should be derived from in-flight vibration measurement. The maneuver buffet

and aerodynamic vibration tests may be combined or performed separately if necessary
to duplicate both rigid body and bending modes.

1-3.4.4.3 Free flight. For stores that are deployed by separation from the aircraft
(free flight) such as bombs and missiles, a free-flight functional test s
recommended when the free-flight vibration amplitude is greater than the
captive-flight levels. In general, if the free-flight dynamic pressure is greater
than the captive-flight levels, it can be assumed that the associated vibration level

will also be higher. 1In this case, if weasured free-flight data do not exist, the
factors A; and A, from table 514.4-VI should be set equal to one. The value of q
should be the maximum value attainable during free flight. The duration of this
functional test, per axis, should equal the maximum free-flight time expected at
maximum vibration levels.

1-3.6.4.4 Test levels., The test levels and spectra for the three vibration
environments, captive flight, free flight and buffet  can be selected from table
514 .4-V] and figures 514.4-11, 12, and 13. The use of these tables and figures is

suggested only when there is an absence of satisfactory flight measurements. Due to
normal mounting orientation of external stores and the corresponding low vibration

levels in the longitudinal axis, the store excitation shall be applied only in the

vertical and lateral axes.
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TABLE 514.4-VI. Vibratjon criteria for external stores carried on airplanes,
Parametric Equations for Figures 514.4-11 and 514.4-14
Eq (1) 1/, 9/, 10/: Wy, = (5)(10)"3(N/3T)Y*(A,;) (B,) (C;) (D,) (E;) g2/Hz
Eq (2) 1/, &/, 8/, 9/, 10/: W, = (H)(Q/P)Z(N/3TWI"(A2)(BZ)(Cz)(Dz)(Ez)gz/HZ
Eq (3) 2/. ;/’ .6_/: fl - (C)105(t/R2)Hz
Ena (LY 927 2/. € = ¥ 4 1NNN U~
l_\.‘ \=) &/ ’ i/ . Lz &1 R 4AVVUV 14
Eq (5) 5/, 1/: £, - £, + 100 Hz
Location, Configuration, Special Adjustments
Factor
A, A,
Single stores 1 1
Stores carried side by side 1 2
Stores carried behind other stores 2 4
B, B,
Aft half of air fired missiles 1 4
Aft half of air other stores 1 2
Forward half of all stores 1 1
C C,
Blunt nosed stores, 11/
Single and side by side 2 4
Behind other stores 1 2
All other stores 1 1
Free fall munitions with non-integral finned
sheet metal tail cones 8 16
Air fired missiles 1 1
All other stores 4 4
E, E,
Firebombs (jelly filled) 172 1/4
All other stores 1 1

wn
—
(V%)
—

METHOD 514.4



N

MIL-STD-810E

1 September

Representative parameter values to be used for captive flight when specific parameters

are not available.

(a4
!

Representative Parameter Values
Store Max q p N T/ £, f,
Type kN/M? (1b/ft?) | kg/m® (1b/ft®) | Endurance | Endurance | (Hz) (Hz)
Missile, air to ground 76.61 (1600) 1602 I (100) 3 None 500 1500
Missile, air to sir 76.61 (1600) 1602 (100) 100 1 $00 1500
Instrument pod 86.18 (1800) 801 (30) 300 i 500 1500
Dispenser (reusabls) 57.46 (1200) 801 (50) 50 1 200 1200
Demolition bomb 57.46 (1200) 1922 (120) 3 None 125 2000
Fire bomb 57.46 {1200) 641 | (a0 3 None 100 1100

—-—‘-—————.—._—_—————__——_————__—

DEFINITIONS
maximum captive flight dynamic pressure in kN/m2 (1bs/ft?). (Note 1)

average store weight density in kg/m® (1bs/ft®) (total weight / total
volume)
store average skin

<00Cal SVl avVoldge Ssxall Lal 24} s 1S =

one-half the average of the major and minor diameters - meter (inches)
for a store with an elliptical cross-section (for cylindrical sections
use local geometry; for conical sections use smallest f; calculated
using geometry within one foot of equipment mounting point; for cast

irregular shaped cross-section, R shall be one-half the longest in-
scribed chord; for monocoque irregular cross-section, f; = 300 Hz)
— ]
NOTES
1. For endurance test, q = 57.46 kN/m? (1200 1b/ft?) or maximum q, which-
ever is less.
2. Free fall stores with tail fins, use f, = 125 Hz: f, = Cx(t/R%)x10° +
1000 H=z.
3. For general-use fuzes which can be used in several stores: wuse W, =
0.04g?/Hz: W, = 0.15 g?/Hz; f, = 100 Hz: £, = 1000 Hz.
4. Acceptance range for parameter values: 641<p<2403kg/m® (40<p<1501b/ft?)
0.001<C(t/R)%0.02
or if calculated values fall outside these limits, use these limit
values.
5. For circular and elliptical cross-sections, f, = 500 Hz for all other
cross-sections
METHOD 514 .4
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TABLE 514.4-VI  (Continued)

6. C = 1 where t&R are in inches
C = 2.54 x 1072 where t&R are in meters

7. 1f £2>1200 Hz is calculated, use 2000 Hz.
8. H = 5.597 if q is in kN/m?; H = 5 x 1073 £f q is in 1b/ft?

9. N = Maximum number of anticipated service missions fot>store or

equipment. (N23)

10. T=

-

est time per axis, hours (T21)

11. Blunt nosed refers to configurations with separated aerodynanmic flow

at or just aft of the store nose. Optical flats, corners, sharp edges, bluffs,
and open cavities are potential sources of separatlon Any nose other than
smooth, rounded and gently tapered is suspect. The engineers responsible fo

store aerodynamics design and performance should make this determination.
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FIGURE 514.4-14 Sugpested vibration test levels for equipment
{nstalled in external stores carried on jet aircraft.
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1-3.4.4.5 Test duration, The test duration should be developed from flight
measurements, flight characteristics, and flight durations. If these data are not
available, then test durations can be obtained from the information given in I-4.3,
1-4.6 and 1-4.7.

1-3.4.5 Category 7B - Equipment installed in externally carried stores.

1-3.4.5.1 Background information. Equipment installed within an externally carried
store will experience a broad-band vibration spectrum that depends chiefly on the
captive-carry response of the store. Vibration testing, whenever possible, should
be based on in-flight measurements. If satisfactory flight measurements are not
available, functional tests may be derived from figure 514.4-14 and table 514.4-VI.
Note that the test levels for equipment installed in stores are the same as the
response test levels of assembled stores. The response of the store is the input
vibration to an item installed in the store. If buffet-maneuver and free-flight
conditions can occur for the store into which the equipment will be installed,
vibration test spectra need to be developed for each condition.

I-3.4.5.2 Test levels. If sufficient measured data do not exist, use figure
514.4-14 and refer to I1-3.4.4. Vibration testing of equipment to be installed in
externally carried jet aircraft stores should be input-controlled testing (see I-
4.2.6).

1-3.4.5.3 Test duration. Refer to I-4.3, 1-4.6, and 1-4.7 for test duration and
endurance test criteria.

I-3.4.6 Catepgory 7C - Assembled external stores, helicopters.

1-3.4.6.1 Background information. Complex periodic waveforms characterize the
service vibration environment encountered by assembled stores externally carried on
helicopters. Unlike stores carried on fixed-wing aircraft, externally mounted
helicopter stores receive little aerodynamic excitation, particularly when compared
with the rotor-induced vibration. Thus, most of the vibratory energy reaches the
equipment through the attachment points between the aircraft and the store. Some
excitation, however, is added along the entire store structure due to periodic
rotor- induced pressure fluctuations. The result is a complex response, unique to
the particular aircraft-store configuration. Therefore, realistic testing depends
almost totally upon the use of in-flight vibration measurements. This environment
is simulated by exposing the test item to a low-level broadband random spectrum with
discrete vibration peaks at the frequencies and first three fundamentals of the
aircraft main rotor (source dwell testing - see 1-4.2.2).

1-3.4.6.2 Test level. As stated above, because of the strong dependency of the
vibration level on the aircraft-store combination, the use of measured data taken on
the store itself is recommended for setting the levels. The resulting test spectrum
shall include exposure based upon the source dwell concepts of 1-4.2.2. The
suggested vibration conditions from table 514.4-1V and figure 514.4-9 can be used
for initial testing prior to acquisition of field data.

METHOD 514.4
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1-3.4.6.3 Test _duration. The test duration shall be developed from flight test
data. Exposure periods shall be developed by constructing a life cycle based on the
measured i 11gnt environment, equipment iife Y‘EQ'UIFEHEnbb and aircraft mission
profiles. If flight test data are not available, test durations can be selected from
information provided in 1-4.2.7, 1-4.3, 1-4.6 and 1-4.7.

1-3.4.7 Category 8 - Ground mobile.

1-3.4.7.1 Background information. The ground mobile environment consists largely of
broadband random vibration resulting from the interaction of vehicle suspension and
structures with road and surface discontinuities. The nature of the terrain, vehicle
speed, vehicle dynamic characteristics, and suspension locading all affect vibration
responses.

In general, the vibration spectrum of wheeled vehicles and trailers is predominantly
random, with peakes and notches, considerably higher and lower than the mean level, at
varfous discrete frequency bands. There ig presently no analytical model of this
environment suitable for generalized test application. This environment can be
simulated by a wide-band random vibration test similar to the minimum integrity
spectrum for aircraft as given in 1-3.4.9. The use of a smooth spectrum similar to
figure 514.4-16 generally will produce an overtest at some partis of the irequency
spectrun  The spectra of 1-3.3.1 and figure 514.4-4 are typical of wheeled vehicles
and trailers and again could produce unrealistic test conditions for installed
equipment. When these curves are used, consideration must be given to the structure's
response at the location where the eguipment is installed. as it relates to the major
structural members supporting the cargo bed.

The track-laying vehicle environment (figure 514.4-5) is characterized by the strong
influence of the track-laying pattern. The movement of the vehicle, its suspension
system, and road discontinuities produce a broadband random excitation which is
further extended or excited at frequencies associated wi th the track pattern. This
environment is best simulated by superimposing narrowband random over a broadband

random base.

1-3.4.7.2 Test levels. As discussed above, generalized test levels for wheeled
vehicles and two-wheeled tracks have not been developed which would be applicable to a
specific case. The information, levels and curves presented in 1-3.3.1 and ]1-3.4.9
must be adapted for a specific test item Whenever possible and justified by the
program requirements, the actual vibration environments should be measured before

testing the equipment and the resuits used to formulate a more accurate sSpectrum shape
and level.

METHOD 514.4
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Numerous test levels have been developed for tracked vehicles. The spectra given n
table 514.4-AlV represent the environment for ammunmon in the Wegmann huli

cm b £ _ AL . ARA A4 At bimsal sl TL_--_I . emdiimn tl et A A
faCk 10T tNeé Vi 1A 1 Mmain patue tank. inisfack was IUUIIU lU }J Tfogude tine lllU)l SCvVEIC
vihratinn anvirannmant af anvaftho racrkecin thattank CSimilarliv tahlia §14 A_A\/ ic
VIDIQUIUVIT THIVHIOUHITIIITIIL VYT il VIl LIIT 1aLno 1t WVIaL Lanin. Jl!llllall’, NQWUIC JI17."vy MV 1O
the spectrum for the hull .racé of the M1 tank which produces the most severe
vibration environment of any of the 105-mm racks in the M1 or M60 series of tanks

Tables 514.4-AVI through AXI are the spectra for ammunition and various other
items of installed equipment at various locations in the M109 self-propelled
how1tzer Slmllarly, tables 514.4-AXIl through 514.5-AXV present the spectra for

items of instalied equipment at various |ocauons on the M110 seif-propeiied
Ihmciasidmnne \libcnd e —-.a-&--\ fme rimviomise lnradimensr o~ +h A h 112 armmnrad mareAarnaaal
HnOwWILLET. VIDIallun Ypreiua 1ol lelUU) lULd llUll) U LT VI T 10 glTlliivicy pTrovtinicl
carrier are given in tables 514.4-AXV! and 414 4-AXX. Forinstalled equipmentin the

turret and l_J'“ areas of the M60A3 tank, the vibratioi e
tables 514. 4-AXXI and 514 .4-AXXI respectuvelv The simulate
are presented in Table 514.4-AXXIIl, Annex A, page 514.4-A88.
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I1-3.4.7.3 Testduration. The test duration must be related to the te t ltem sservnce
scenario. ApprOpnate test ourauons are given ini-3.3.1 and
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I-3.4.8 Cateqory 9 - Shipboard vibration.

1-3.4.8.1 Background information. Equipment installed in ships will receive vibration
stresses resulting from natural environmental inputs to the ship’s superstructure,
and iocal unit transmussmulmes (amplmcatlons) wnthm the equipment and its

. : P T cmee bmals
mounting structure. Vibration testing of smpooaro equmenl shouid address both
thalacanle ~f amusicanmmaamtal iomem e 4o \nA Ol-\n c .r Ant s~k A r\mnn{/ml\..n‘inn
uie iIeve > i CIIVHUIIIHBIILGI lllpUl) ainG une sus pllUlllLy (O] cqu pincnuvinouiiuny
resgnancesto ! innut frannonnp(

L] TIsT I\ & \\J |lvu\ ll\-\1u\-‘l5 -

Shipboard vibration spectra have a random component induced by the variability of
cruising speeds, sea states, maneuvers, etc., and a periodic component imposed by
propeller shaft rotation and hull resonance. Equipment mounted on masts (such as
antennas) can be expected to receive higher input than equipment mounted on the
hull or deck.
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In order to verify structural integrity and the conpatibility or equipment/

mounting resonance {requencies with shipboard input frequencies, a sinusoidal
vibration test should be conducted in accordance with MIL-STD-167 for Type !
(Environment Vibration). In the event that actual shipboard vibration data
recorded on candidate vesselx show levels or frequency ranges different from
thogse for MIL-STD-167, Type I. the test levels should be tailored to envelope
the highest values for each {requency, with appropriate consideration given to

tha fatigia 11 fa Af tha amiinmant
A% ‘—'.aw L N A e A -‘-.r““.l'l

1-3.4.8.3 Test duration The test durations for shipboard applications should be
based upon the anticipated deployment scenarios. For tests which utilize the
test levels from figure 514.4-15, the test duration should be two hours along

sach of three orthogonal axes.
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3.49.1 Background informatiop. Vibration levels of Figures 514 4-16 and 514.4-17 and the durations of Table
514 4-VII are nol based on apphcauon envxronmems Rather cxpenencc has shown that equipment which withstands
t ield use and that equipment tested to lower levels does not. These

o 1 ant ran withotand Aanaratian
€ [tasonaov:e assurance Liat Squipmicni Can wiuisaana Uycnuuu
t

o be apnhpd directly to the

pl e
equipment (hard moumed) and not through vnbrau on lsolanon dewces Mxmmum mtcgnty ts generally should be
apphed to the following equipment in addibon to other applicable vibration tests (Table 514 4 )

5»

a [tems tested on vibration isoiation devices (I-4.8).
b. Items tested hard-mounted to levels and durations less stringent than the applicable minimum integrity test (1-4.7).

c. Items nottested to any of the other vibration environments of Table 514.4-1. A secured cargotest (I-3.3.1) may alsobe
prudent since all equipment 1s subject to transportation environments.

These exposures are based on typlcal" electronic boxes. When boxes or assemblies are too large, unnecessanly high
loads are induced inm Ounuuz, and chassis structures while luguct uoquc iIcy vibrations experienced at subassemblies are
toclow. In z.hcse cases the minimum integrity !cs‘ should be apphied to subassemblies. The maximum weightof anitemor
subassembly should be approximately 36 kilograms (80 pounds)

Care should be used with delicate equipment. Thus test should not be applied when the levels are felt to be too high for the
equipment. Rather, provisions should be made to ensure the equipment is adequately protected from vibration and shock
dunng all phases of the environmental iife cycle.

1-3.49.2 Testlevel. The test levels shown in Figures 514.4-16 and 514.4-17 are for general use and for helicopter
equipment, respectively.

1-3.49.3 Test duratiop. The suggested test durations are provided in tabie 514 4-VII.

"
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I-4.2.5 Test axes. Unless otherwise stated in specific procedures, test items shall
be excited along three orthogonal axes. Excitation shall either be directed along
each axis, one axis at a time or applied along two or three of the axes
simultaneously.

1-4.2.6 Input control versus response-defined control. Input control is the
traditional approach to vibration testing. Ideally, this form of testing should
represent the input from a carrying platform into equipment on the platform. It
should not be used when the equipment mass-loading could significantly alter the
platform behavior or when the actual service excitation is applied to all parts of the

structure simultaneously (i.e., aerodynamic turbulence) rather than through a few
distinct attachment points.

Response-defined testing uses an essentially undefined input and instead tries

to achieve an equipment structural response representative of that anticipated
or measured in service. This approach is especially appropriate when service
vibratlon measurements exlst and close correlation between laboratory and

1-4.2.7 Test durations. Test durations should be chosen along with test
levels to accomplish the test purpose. Guidance is included in the individual
- 1 2

L

e
est technique discussions of I-3, 1-4.3, and 1-4.6.

Usually vibration criteria are written in terms of total time at a given level
and are implemented as a continuous exposure. However, service exposure is

usually made up of a series of discrete or short-term events. Thus, continuous
application of vibration could result in unrealistic structural, isolator, or
other heat buildup effects. Vibration should be applied for short periods

representative of service ondltlons Vibration-on periods should be alternated
with vibration-off periods of sufficient length to allow heat to dissipate. Examples
of intermittent vibration events requiring such treatment are gunfire and aircraft
maneuver buffet

I1-4.3 Endurance versus functional testing. Functional tests (See 1-4.6.3.1) are

intended to demonstrate that the equipment will function satisfactorily in the service
environment. Thus, functional test levels normally are the maximum levels expected in

normal use whlch full function of the equipment is required. Where partial or
degraded funct;cnlﬁg is permitted under particular environmental extremes, an
additional functional test should be accomplished accordingly. In cases where the
relationship between vibration stress level and equipment’s de egree of performance is
uncertain, functional testing at lower levels should be considered.

Endurance testing (See 1-4.6.3.2) is conducted to demonstrate that the equipment has a
structural and functional life which is compatible with the system/subsystem life
requirements. An endurance env1ronment is one in which the equipment is not required
performance specifications. No damage is allowed while it is operating

t uni rpaifed performance when the endurance environment is

[
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Endurance testing does not establish fatigue life (See 1-4.6.3.2). This is because:

(a) The test item is tested for the amount of stress anticipated for one
lifetime but not necessarily to destruction, and

chieve
reasonable maintenance. The determination of the item’'s useful life r
combined environments test (method 520.1) where all relevant envxronments are varled
realistically and a sufficient number of samples are tested to failure. A test item
which has survived an endurance test is not necessarily used up; however, the risk of

Rather endurance testing assures that the required life can be a

failure in further use is higher than that of a new unit. So the test unit should
not be used for a true life test, a reliability demonstration, or a safety-critical
annlicat*op Other uses are acceptable if the increased risk of failure is

I-4.4 Mechanical impedance effects. Allowance should be made for mechanical
impedance effects whenever the benefits of increased realism are worth the time,
effort, and cost required for implementation.

Equipment structures dynamically influence their own response to an external forcing
function. At structural natural frequencies where the response stresses are high,
the structure will load the adjacent supporting structures (i.e., notch the

acceleration spectral density at these frequenc1es). The magnitude of loading
effects is related to the relative impedance of the equipment structure and support
structures. As a rule of thumb, the resonant element exhibits a loading force in
proportion to its dynamic weight multiplied by the corresponding amplification
factor.

Mechanical impedance effects can be accounted for in establishing vibration t

ation te
spectra. The depths of notches are determined by measurement or by calculation.
Ref 54 gives guidance in this matter.

1-4.5 Determination of bandwidth for source dwell testing. Test spectra
representative of this type of testing are presented in figures 514.4-7 and 514.4-9.

- _L_ )

ndwidths should be based on measured data if possible.

cr
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I1-4.6 Test phases.

1-4.6.1 Engineering development testing. Engineering development testing

is used to uncover design and construction deficiencies as quickly as possible and to
evaluate subsequent cerrective actions. It should begin as early as practical in the
development phase and continue as the design matures. The ultimate purpose is to

assure that developed equlpment is compatible with the platform environment and that
qualification testing does not reveal that more development work needs to be done.
The tests have a variety of objectives. Therefore, considerable freedom can be taken

in selecting test vibration levels, excitation, trequency ranges and durations.
Typical programs may include resonant search accomplished by exposing the item to low-
level sweep sine input over the frequency range of concern. Sine dwells are then used

to obtain mode shapes. Fast Fourier transform analyses of random inputs can also be
used to accomplish thls Mode shape and frequency determinations are necessary for
verifying structural dynamic models and for discovering platform/equipment
compatibility problems. Once mode shapes as well as module frequencies have been

identified, the test item may be exposed to dwell, swept-sinusoidal or random

excitation testing. The vibration intensity of this testing is selected to accomplish
specific test objectives. The level may be lower than the field environment to avoid
excessive damage to a prototype, higher to verify the test item’s structural
integrity, or raised in steps to evaluate performance variations and obtain failure

data.

1-4.6.2 Environmental worthiness. Worthiness testing is performed to verify
that prototype or test versions of equipment are adequate for use in a system or

subsystem test. Levels and durations should be selected to provide confidence that
the equipment will perform well enough to support the test program with an acceptable
level of maintenance. In cases where safety is a factor, the test must be adequate to

assure safe operation or possible failsafe operation. Levels are usually typical
operating levels unless safety is involved; then maximum operating levels are
necessary. Durations are either long enough to check equipment function or an
arbitrary short time (5-10 minutes), whichever is greater.

t production
W wwohaut tha
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1-4.6.3.1 Functional tests. Functional test levels are normally the maximum service
levels. When there is significant non-linearity, testing at lower levels should be
considered. When separate functional and endurance tests are required, the functional

test duration should be split with one half accomplished before the endurance test
and one half after the endurance test (in each axis). The duration of each half

METHOD 514.4
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should be sufficient to fully verify equipment function or one half hour (1 hour per
axis), whichever is greater. This arrangement has proven to be a good way of
adequately verifyiny that equipment survives endurance testing in all respects.

1-4.6.3.2 Endurance tests In the past, endurance test duration was normally set at
one hour per axis. Test levels were established by raising functional levels to
accourt for equivalent fatigue damage (see 1.4-7). Another approach was to assume that

if enough stress cycles were accumulated without failure, that this demonstrated the
stresses were below the material endurance level. The necessary number of stress
cycles was usually assumed to be 1*10°. The test was run at the maximum vibration
level (functional level) for a time equivalent to 10° cycles at the lowest natural
frequency of the equipment.

Each of these approaches has serious shortcomings The first requires testing at

Each of th approaches has serious shortcomin gs. The first requires
vibration levels well above those seen in service. This ignores nonlinearity “with
vibration amplitude of material properties, joint friction, isolator performance, heat
buildup, etc. The second ignores the fact that many materials (particularly those
typical of electrical/electronic devices) do not exhibit endurance limits and that 108
stress cycles may not be sufficient for those that do.

Based on the above, the following approach is recommended. Use the simplified fatigue

relationship to determine the time at maximum service levels (functional levels) which

is equivalent to a vibration lifetime (levels vary throughout each mission). Use the

equivalent time as the functional test duration, thereby combining functional and

endurance tests. There may be cases when this test duration is too long to be

compatible with program restraints. In these cases, use as long a test duration as is
=1

practlcal and use the Iatxgue rexatlonsnlp to define the test level.

In all cases, the combined functional and endurance test severity should be equivalent
to (by 1-4.7 relationship) or exceed the applicable minimum integrity test severity

across the test frequency range.

1-4.7 Fatigue relationship. The following relationship may be used to
determine the required test times at functional levels to satisfy endurance

requ1rements or when necessary to develop the ratio between functional and endurance

LEVELS.
W 1
w T
\™MJ) e
where W = Vibration levels (acceleration spectral density)
T = Time (hours)
M - Material constant (slope of log/log random s/N curve)

Thic relationship is a simplified expression of linear fatigue damage accumulation for
typical materials used in electronic equipment. More sophisticated analysis techniques
can be used when warranted. A value of 4.0 for M is commonly used; other values may be
appropriate. (Note: 1f this equation is used for sine calculation, W represents peak
goand M = 6 in peneral case.)
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1-4.8 Vjibration {solatjon devices. Vibration isolators (shock mounts), isolated
equipment shelves, and other devices designed to protect equipment from piatform or
shipping environments use low-frequency resonance to attenuate high-frequency

nn nr‘nnnnfa
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frequency separation between isolation resonant fr !
frequencies, and sway space (clearance around {solated el ments) to avoid impacts of
the isolated elements with surrounding equipment and structure.
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All military equipment should have a minimum level of ruggedness even if it will be
protected by isolation in its applica:ion environment. To assure that these

requirements are met, sway amplitude and isolation characteristics (transmissibility
versus frequency) should be measured during all vibration tests. These parameters
should be measured at each test level. This is necessary because isolation devices

are nonlinear. This is also true when sub-elements are isolated within equipment
items. Further, all isolated equipment should pass the Minimum Integrity Test

(1.3.4.9).

1-4.5 Test setu Unless otherwise specified in the individual test description

Ll omanmedae T_2A\N\ ehn tomne e 2l al1Y hn st alaid ae el L el e marm o hee oo oL
\dCLLaviLl A~ D), thaé Test ilenm snasr. ve attacneda to Lije vaiplrauvion CXCiILEL U‘y means oL
a rigid fixture capable of tranemitting the vibration conditions specified. The
fixture should input vibration to racks, panels, and/or vibration isolators to

simulate as accurately as possible the vibration transmitted to the test item in
service. However, all equipment items protected from vibration by these means should
also pass the minimum test requirements of I-3.4.9 with the test item hard-mounted to
the fixture.

Y.4 10 Fratidemmant Anavratrdan iwiemes a1) Aot Fanem {omdiimnd wlheoatdrncm admeel aed awma PSS Wy
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test item should be functioning and its performance should be measured and recorded,
if it would normally be operating under these conditions in service. Performance to

full specification requirements should be required during all functional tests.
Measurement of performance level attained should be required when endurance levels
are higher than functional levels (1-4.6.3).

1-4.11 Failure definition, During qualification testing, the equipment shall not
suffer permanent deformation or fracture, no fixed part or assembly shall loosen, no
moving or movable part of an assembly shall become free or sluggish in operstien, no

22 SRV IT &

movable part or control shall shift in setting, position, or adjustment, and
equipment performance shall meet specification requirements while exposed to
functional levels and following endurance tests. Any deviation from the above shall
constitute a failure.

For tests other than qualification tests, success and/or failure criteria shall be
prepared which reflects the purpose of the tests. For exam ple & step stress test
might be conducted to find the level at which a mechanism fails to operate properly

The test would be deemed successful when this level is found.

METHOD 514.4



1-4.12 Qualification test completion. A qualification test is complete when all

elements of the test item pass a complete test. When a failure occurs the test shall
be stopped. The failure shall be analyzed and repaired The test shall then

continue until all fixes have been exposed to a compxece test. Each element is
considered qualified when it has been EXpGSGd to a \.UI.IIPLCLG test. \{ual;ficd elements
which fail prior to test completion are not considered failures but will be repaired
to allow test completion.

1-4.13 Summary of test information required. The following information is required
in the test plan to adequately conduct the tests of section II.

[ (P

iest procea dure.

o

b. Test item configuration.
c. Operational requirements.
d. Test levels and durations.
e. Test set-up description.

f. Accelerometer location and calibration.
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11-1.1.2.2 Swept frequency systems. Swept frequency analysis systems must have the
following characteristics:

a. Constant bandwidth

(1) Filter bandwidth as follows:

B 25 Hz, maximum between 20 and 200 Hz

B S0 Hz, maximum between 200 and 1,000 Hz

"

B = 100 Hz, maximum between 1,000 and 2,000 Hz

(2) Analyzer averaging time = T = 2 RC = 1 second, maximm,
where T = True averaging time and RC = analyzer time constant.

(3) Analysig sweep rate (linear) = R = _B_or
4RC

§2 (Hz/second) maximum, whichever is smaller.
8

b. Constant percentage bandwidth_analyzer

(1) Filter bandwidth = pf_. = one-tenth of center

frequency maximum (0.1f.), where p = percentage
and f. = analyzer center frequency.

(2) Analyzer averaging time = T = 50 minimum
Pl

(3) Analysis sweep rate (logarithmic) = R = p{ﬁ
4

or (pfc)z(Hz/second) maximum, whichever is
8 smaller.

II-1.2 Test _set up
I1-1.2.1 Procedure 1

11-1.2.1.1 Category 1 - Basic transportation. Mount the test item on the vibration
equipment using restraints and tie downs typical of those used in actual transport.

METHOD 514.4
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I1-1.2.1.2 (Category 4 - Propeller Aircraft The test item shall be installed in a
vibration fixture which simulates the actual application configuration. To the

extent practical, the vibration test setup should incorporate actual mounting and
installation provisions from the carrying aircraft. Fixture designs which utilize

the maximum amount of platform structure possible will allow the best item to respond
to the laboratory excitation in a manner more closely duplicating its response in the
actual field environment.

I1-1.2.1.3 Category 5 - Jet aircraft, (See 11-1.2.1.2)

I1-1.2.1.4 (Category 6 - Helicopter. The test item shall be attached to the
vibration exciter by means of a fixture capable of transmltting the vibration
conditions specified. The fixture shall be designed by utilizing actual racks,
panels or platform structures of the helicopter to minimize the introduction of
unrepresentative response within the test item

11-1.2.1.5 Category 7A - Assembled external stores, jet aircraft.

II-1.2.1.5.1 Fixtures. Suspend the store from a structural support by means of its
normal mounting lugs, hooks and sway braces simulating the operational mounting
configuration. Include launcher or mounting rails where applicable. Rigid body
store suspension modes shall be between 5 and 20 Hz except that the highest rigid
body mode shall be no higher than one half the lowest test frequency In some
instances in the past stores have been hard mounted to large shakers. This has
proven to be inadequate and should not be attempted.

Vibration shall be transmitted to the store by means of a rod or other suitable
mounting devices running from vibration shakers to the surface of the store. The tie
points on the store surface shall be relatively hard and structurally supported by
the store internal structure or supported by an external fixture (usually a ring

around the local store diameter) attached to the store. Separate driving points will
be required to drive the verical and lateral axes. Separate driving points at each
end in each axis are also recommended although aligning a single driving point in
each axis with the store aerodynamic center has also been successful.

11-1.2.1.5.2 Accelerometers. Accelerometers to monitor the vibratory response of the
store should be mounted on two relatively hard points or rings within the store, one
in the nose section and one in the aft section. For stores such as bombs with
nonintegral tail cones, the aft-section mounting point should be in the aftmo

section of the main body of the store. At each mounting point or ring, two
accelerometers should be mounted--one in the vertical and one in the lateral plan.
(Longitudinal direction is along the axis of the store; the vertical direction is
defined as perpendicular to the longitudinal axis and contained in a plane passing
through the mounting lugs).
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11-1.2.1.6 (See
11.1.2.1.2)
11-1.2.1.7 Category 7C - Assembled external stores, helicopters, Testing shall

be accomplished in three mutually perpendicular axes with the mounting lugs in
the up position. The test item should be attached to the fixture by its normal
mounting means (e.g., suspension lugs for the 2.75 inch FFAR launcher). The
vibration fixture shall utilize, if feasible, actual aircraft components for

< st

-~ 18 -4 IS ™ - *--
aCTOomMpiiISniInE Tinis (Tesc attachment.

11-1.2.1.8 Category 8 - Ground mobile. The test item shall be attached to the
vibration generator directly or with a fixture, and securely held by its normal

means of attachment. The fixture shall incorporate actual service structures as

much as possible to minimize unrealistic response characteristics during test

exposure. Any connection to the test item, such as cables. pipes, wires, and the

li'xe, shall be arrangea so that it lmposes restraints and mass similar to those
present when the equipment is installed in the operational configuration.
Excitation shall be applied through the three orthogonal axes of the test item.

-------------------- =2 et Lt

11-1.2.1.9 Category 9 - Shipboard., Equipment should be mounted in its normal
configuration with normal shock/vibration isolator mounts used throughout the

.10 egory 10 - Minimum integrity., Th
- -~ ~Yd abhhad { ~nataAd -
< “ piriouce 4 - ‘;u
ion exposure shall be accomplished with the test 1tem secured to the
with the isolation removed. The items shall be tested in each of three

orthogonal axes.
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11-1.2.3 Procedure I1] - Category 3 -loose cargo transport

11-1.2.3.1 Package test, The test setup uses a package tester as depicted in

ac
fixture/exciter. Items which are mounted on vibration isolators should be tested

figure 514.4-19. The fixturing required is as shown and will not secure the item

to the bed of the package tester. A vertical impact wall and sideboards as
depicted in figure 514.4-19 shall be installed to contain the test items on the

~ ~—
bed of the package tester. The fence opposite the vertical impact wall is not
intended as an impact surface, but is used to restrain the test item from leav
the tester. The distance to this restraining fence should be sufficient to

prevent constant impact, but still prevent one or more of multiple test items
from "walking” away from the others. The height of the test enclosure
(sideboards, impact wall and restraining force) should be at least 5 cm higher
than the height of the test item to prevent unrealistic impacting of the test
item on the top of the enclosure.
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11-1.2.3.2 TJest bed, For testing packaged items, t
shall be covered with a pane1 of 1/2-inch plywood,

grain parallel to the drive chain. (Marine plywood
more durable.) The n‘l\mnnd chall be secured with bolts o

wr
J W Yuiavaiw . AT PayRUUL Sii=aa

1
ps of heads slizhtlv below the surface. The bolts or nails shall be spaced at

sufficient intervals around all four edges and through the center area to prevent
"oilcanning” of the plywood.

For testing of unpackaged items, the test bed of the package tester shall be covered
with a steel piate, 5 to 10mm thick. The place shall be secured to the bed of the
......... eta honda heler halawr ttha et rfa e The bolte

pacxage tester with bolts nuvxug tne neaas aLL&u;;y veiow the suriace, s
shall be spaced at sufficient intervals around all four edges and through the center
area to prevent "oil canning"” of the plate,.
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1I-2 PREPARATION FOR TEST

11-2.1 General preparation

Step 1. Perform life cycle analysis described in section 4 of this standard
Step 2. Identify test categories which are applicable and pertinent from
the life cycle analysis.
Step 3. Determine test conditions for each applicable and pertinent category.
Step 4. Select appropriate test apparatus, data collection and analysis
equipment
Step 5. Prepare the test item in accordance with General Requirements, paragraph
4 and as specified for the test category.
Step 6. Examine the test item for physical defects, and document the results.
Step 7. Conduct an operational check and document the results.
Step 8. Proceed to the required test procedure if no problems are found;
otherwise, correct the problems and restart with step 6 above.
11-2.2 Procedure - Loose cargo ansport

a. Packaged items. Using suitable wooden sideboards, the test item shall be
constrained to a horizontal motion of 5cm (free space) in a direction parallel to the
axes of the shafts e than sufficient to ensure the test item(s) will
-d
A

.e., the distance between sideboards shall

such that there are 2.5cn space on either side If more than one
similar 1tem 1s tested simultaneously, 2.5cm of additional free space per additional
item should be used between sideboards; the initial spacing should have 2.5cm between
test items and 2.5cm to each sideboard. The total free space should not exceed the
length of the longest horizontal axis of the test item (to prevent test item
rotation). Multiple similar test items shall not be separated by sideboards unless
specified in the requirements documents.
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b. Circular cross-section items. The test area on the package tester (see Figure
514.4-19) shall be square in shape. The following formula shall be used to determine

the test area dimensions:
x = 0.767 * L * (N)*
where:
x = length of each side of the test area
L = length of the test item
N = number of test items if N>3
F al cf N3, x21.51

ae
UMTD Vi Y oy,

c. Other unpackaged test items. If the packaged item is square or rectangular in
shape, use the fencing arrangement for packaged items as detailed above.

IT-3 PROCEDURES

Yyr_12 1
idl1-0.1 I[OCEOUIE i

Step 1. Complete steps 1 through 8, paragraph 11-2.1.
Step 2. Inspect the test item to establish pretest criteria and physical condition.

3. Verify the test ite
Step 4. Mount the test item on the vibration equipment as required by the applicable
paragraph of 1I1-1.2.1.

Step 5. Expose the test item to the test level and duration as determined from I-3.3

or I-3.4 and I1-3.1.2. The test item shall be operated as if it were in operational
usage. (See 1-4.10, 1-4.11 and 1-4.12.)

Sten 6. In 1

- r ~ . - -

ition See I-4.11)

te
condition

Step 7. Repeat steps 2 through 6 (see 1-4.6) for each axis (see 1-4.2.5) and each

Step 8. Document the test results in accordance with 1I-4.

11-3.1.2.1 (Category 7A Assembled external stores, jet aircraft

Step 1. Apply broadband vibration to the store using an input spectrum shape of
the store-mounted forward accelerometer response spectrum from I-3.4.4. The input level
should be 6 dB down from the calculated response level of the forward accelerometer.

Cec. N D Y O S T - SO P NP R UL U N Py .o . ot
Dtep L. 1oenC11y Tnose IrequenCLES at wiicn tne store-mountea acceierometers, 1n the
Al ewantdacm aAf a1l nd cedbhaantldmc ~Avana A thn arnemllad omeet sedbhated nce hee £ AN mee o m s ae
ulrrecuLioll vl uppl.l.cu vViolalivll, TALrcU LI applicu lilpul vivbiraoion Uy O Ub Ol gleaLEI
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Step 3. Peak or notch the applied input spectrum until both the forward-and
aft-mounted accelerometers in the d1rection of applled vibration at
their respective frequenci
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locatlons are found where both ends of the
excited to their respective test levels.

NOTE: The off-axis accelerometer response (those accelerometers 90 degrees to the
applied vibration) should be examined. For each frequency where the response of a
off-axis accelerometer is above in-axis response levels, the following actions are

suggested. For each of these frequencies, calculate the ratic of required to
observed levels for each accelerometer which was in the direction of vibratien
(in- axis) and those perpendicular (off-axis) accelerometers which have excessive

levels. Average these ratios for each frequency. The input vibration spectrum
may then be adjusted so that at each of these frequencies, their respective
average value is equal to unity.

11-3.2 Procedure 11 - large assembly transport.

Step 1. Complete steps 1 through 5, 1I-2.1.

Step 2. Inspect test item to establish pretest criteria and physical
condition.

Step 3. Verify the test item’s functionality.

Step 4. Place the shelter on the transport vehicle(s) that is normally

used to transport vehicle

Step 5. The shelter shall be secured in its normal manner to the transport
vehicle.

Step 6. Install instrumentation in the shelter to measure the vertical axis
mmmnlavatlano hlatawer e +ha cshalerae £lanse
dilTlicliallivll liidDLUL vl LT DUIT A LCTL 4 dUVUVUL

Step 8. The trailer/shelter combination shall be driven five times over the
following sections of the course at specified speeds:

NOTE: The speeds will be utilized as specified unless the speed poses an
unsafe driving condition, in which case the maximum safe operating speed will be
utilized

METHOD 514.4
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(a) Coarse washboard (6-inch waves spaced 72 inches apart) -5 MPH
(b) Belgian block - 20 MPH
(¢) Radial washboard (2-inch to 4-inch waves) - 15 MPH
(d) 2-inch washboard - 10 MPH
(e) 3-inch spaced bump - 20 MPH

Step 9. Inspect the shelter/test item and compare to pre-test criteria and
physical condition. (see I1-4.11, 1-4.12)

tep 10. Verify the test item’'s functionality. (see I-4.11, 1-4.12)

Step 11. Document the test in accordance with II-4.

I1-3.3 Procedure 111 - loose cargo transport.

11-3.3.1 General information

a. Configuration. The test item(s) is placed on the appropriately-covered
bed of the package tester in the required configuration or as otherwise prepared
for loose-cargo field transportation. The test item shall not be operated during
this test unless specified in the requirements document

b. Orientation. The orientation of the packaged test item should represent
its most likely shipping orientation. If this cannot be determined, place the
test item on the test bed with the longest axis of the test item parallel to the

long axis (throw axis) of the package tester. Any changes to the orientation of
the test item due to the movement of the package tester shall not be corrected
Circular cross-sectioned items shall be placed on the package tester in a random

24
manner. Unpackaged, non-circular cross-sectioned items shall follow the placement
guidelines for packaged items.

c. Cautions. Since proper rotation of the table should cause the test item
ORI . L

to rebound against the impact wall, any item not doing so should be rotated 180°
in the horizontal plane in an attempt to change any movement caused by test item

Welﬂht distrlbutlon There is no need to n1f‘hY the in Altiul Flacement of Cierla
cross-sectioned items because they will roll and spin. No test will be scarted on
an area of plywood on which the top ply is damaged or worn through, or on steel

plate which is severely damaged or worn through.

II-3.3.2 Detailed procedure
Cm

Amenlatas ctnenes I . TT_ O 1
unuylctc steps 1 througn 5, I11-2.1.

Step 2. Inspect test item to establish pre-test criteria and
condition.

METHOD 514 .4
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APPENDIX A
GROUND VEHICLE RESPONSE VIBRATION DATA

Appendix A provides measured vibration data from military vehicles as indicated on
the individual tables.

Table 5)4.4-Al represents the cargo environment at the floor of a composite of two-
wheeled trailers, the 1/4-ton, M416 and the 1-1/2 ton, MIOSA2. The data include
differing vehicle load conditions traversing over specially designed courses ranging
from paved highway to offroad conditions at various vehicle speeds. As seen, in
figure 514.4-1V the spectrum is characterized by broadband random with peaks and
notches at various discrete frequency bands. The break points of the peaks and
notches are given for establishing the spectrum shape. Two-wheeled trailers of
significantly different s:ze and design may provide substantially different input to
the cargo loaded on the bed than given in table S51i4.4-Al and spectra should be
adjusted accordingly.

Table 514.4-Al] represents the cargo environment at the cargo bed of a composite of
tactical wheeled vehicles, the 5-ton MB813 and MBl4 trucks, M36 2-1/2 ton truck, CUCV
MiO08 1-1/4 ton truck, and the 12-ton MiZ7 semi-trailer. The data include differing
vehicle loading conditions traversing over specially designed courses ranging from
paved highway to offroad conditions at various vehicle speeds. Again the spectrum is
broadband random with peaks and notches at various discrete frequency bands. Break
points are provided for establishing the spectrum shape. Tactical wheeled vehicles
of significantly different size and design provide substantially different input to
the cargo loaded on the bed than given in table 514.4-All and spectra should be
adjusted accordingly.

Table 514.4-Al1] represents the environment at the floor of the M548 tracked vehicle
The data utilized for establishing these spectra were derived from measurements of
the vehicle operating at various speeds over specially design courses ranging from
paved highway to offroad conditions. This environment contains a low level of
broadband random upon which is superimposed narrowband random discrete frequency
bands. The broadband random base is from the basic movement of the vehicle,
suspension system and road discontinuities. The narrowband random excitation is

associated with the track-laying pattern and road surface.

Tables 514.4-AIV through 514.4-AXXI] represent the environments of several combat
vehicles (M1Al tank, Ml tank, M109 self propelled howitzer, M110 self propel led
howitzer, M113 armored personnel carrier and MG0A3 tank).

In Tables 514.4-AT1] through 514.4-A¥XII, the term “test phase” is defined as the
vibration environment at one or more vehicle speeds. The test phases are used to
insure that there is no overlap of vehicle speeds within a given phase.

METHOD 514.4
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TABLE S514.4-Al.

Vert:cal Axas

B

O o ps o ot
CAONRNWO OO,

ot
— O Wb N
—_— N N OO

136
147
185

oY 1]
“H\J &

310

v

360
500

PSD_VALUE

PSD

154

w

D200 00

B S e

s wid'sa

Test

dom vibration_progr

ta

or_secured cargo

transportation, composite two-wheeled trajler.

uration per axis:

Transverse Axis

5 0.0474
6 0.0303
7 0.0761
13 0.0130
18 0.033%
16 0.0137
.21 0.0120
23 0.0268
25 0.0090
28 0.0090
30 0.0137
34 0.0055
37 0.0081
46 0.0039
51 0.0068
55 0.0042
158 0.0029
235 0.0013
257 0.0027
317 0.0016
326 0.0057
343 0.0009
384 0.0018
410 0.0008
462 0.0020
500 0.0007
RMS = 1.27

514 .4-A66

32 minutes per 3

21
ilies

~
a

ngitudinal is

8 0.0538
(] 0.0%538
8 C.1102
13 0.0140
16 0.0303
20 0.0130
23 0.0378
27 0.007%
30 0.0200
33 0.0068
2% 0.0019
121 0.0214
146 0.0450
153 0.0236
158 0.0549
164 0.0261
185 0.0577
Jl4 0.0015
353 0.0006
g8 0.0009
444 0.0027
500 0.0014
RMS = 2.41
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Test duration per axis: 40 minutes per 500 miles

Vertical Axis Transverse Axis Longitudinal Axis
FREQ FSD VALUE FREQ ESD VALUE FREQ PSD VALUE
5 0.2308 S 0.1373 5 0.0605

8 0.7041 9 0.0900 6 0.0577
12 0.0527 12 0.0902 8 0.0455
16 0.0300 14 0.0427 12 0.0351
20 0.0235 16 0.0496 15 0.0241
22 0.0109 i8 0.0229 16 0.0350
24 0.0109 119 0.0008 19 0.0092
26 0.0154 146 0.0013 25 0.0159
69 0.0018 166 0.0009 37 0.0041
79 0.0048 201 0.0009 41 0.0060
87 0.0028 273 0.0053 49 0.0017
123 0.0063 298 0.0021 105 0.0006
161 0.0043 371 0.0104 125 0.0004
209 0.0057 382 0.0019 143 0.0013
224 0.0150 402 0.0077 187 0.0013
247 0.0031 422 0.0027 219 0.0028
278 0.0139 500 0.0016 221 0.0068
293 0.0037 247 0.0325
357 0.0028 RMS = 1.61 249 0.0098
375 0.0052 270 0.0026
500 0.0011 293 0.0094
336 0.0120

RMS = 2.21 353 0.0247
379 0.0085

431 0.0224

433 0.0092

500 0.0014

RMS = 1.96
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TADILC €1/ /Z _AVVTITY T d..———l-.i.. - l—--a‘lled e_ul_m__~
AN A A S % Sl 2 ¥ 1 ¥, W OF OF SN * k U EL 2 ‘!!2& L H *E E!!k‘
MODE OF TRANSPORT TABLE TRANSPORT DISTANCE TEST DURATION
km (miles) (minuteg»per
axis’)

M1Al Tank (ammunition hull rack) AlvV 8000 (5000) 225
Ml Tank (ammunition hull rack) AV 8000 (5000) 225
M109A3 Self-propelled Howitzer

(ammunition bustie rack) AV1 7000 (4250) 191.25
M109A3 Self-propelled Howitzer

(ammunition deck rack) AVII 7000 (4250) 191.25
M109A3 Self-propelled Howitzer

(ammunition on sponson) AVIII 7000 (4250) 191.25
H10SA3 Self-propelled Howitzer

nnnnnn 113 ~Ahavead ATV INNN 1.9 NN\ 1017 2¢

\PLVP:LLLIIE \—llﬂLbc, onan TR AV A \"LJ\J} 474 .40
M109A3 Howitzer, SP, 155mm

Turret AX 9600 (6000) 270

Walls AX1 9600 (6000) 270
M110A2 Howitzer, SP, 8-inch

Trunnion AXI1 5600 (6000) 270

Deck AXIII 9600 (8000) 270

Gun mount AXTIV 9600 (6000) 270

Driver compartment AXV 9600 (6000) 270
M113Al Armored Personnel Carrier

Sponsons AXV1] 9600 (6000) 270

Top AXVII 9600 (6000) 270

Deck AXVIII 9600 (6000) 270

Walls AXIX 9600 (6000) 270

Frnoina Anmnartrmant A QANN ANNNDN 270

Engine compartment AXY Q500 (£000) 270
M60A3

Turret AXX1 9600 (6000) 270

‘Hull B AXXII | 9600 (6000) | 270

* The test durations for each of three axes are based on 45 minutes of laboratory
vibration being equivalent to 1600km (1000 mi) of vehicle transport.

METHOD 514 .4
514.4-A88
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ACOUSTIC NOISE

PAGE

SECTION 1
I-1 PURPOSE 515.4-1
I-2 ENVIRONMENTAL EFFECTS . 515.4-1
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . 515.4-1
I-4 SPECIAL CONSIDERATIONS 15.4-10
I-5 REFERENCES . 515.4-10
SECTION 11
I1I-1 APPARATUS . 515.4-15
11-2 PREPARATION FOR TEST . 515.4-15
I1-3 PROCEDURES . . 515.4-16
11-4 INFORMATION TO BE RECORDED . 515.4-18

I-1 PURPOSE. The acoustic noise test is conducted to measure how well a piece of
equipment will withstand or operate in intense acoustic noise fields. The acoustic
noise test complements tests for structure-borne vibrations (method 514).

(/]i

I1-2. ENVIRONMENTAL EFFECT Acoustic noise can produce vibration in equipment

similar to that produced by mechanically transmitted vibration. In an acoustic noise
field, pressure fluctuations impinge directly on the equipment. The attenuation
effects of mechanical transmission are missing and the response of the equipment can
be significantly greater. Further, components which are effectively isolated from
mechanical transmission will be excited directly. Examples of acoustically induced

problems:
a. Failure of microelectronic component lead wires.
b. Chafing of wires.
c. Cracking of printed circuit boards.
d. Malfunction/failure of waveguides, Klystron tubes.
e. Vibration of optical elements.

1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this document should be

ng
o
used to determine the appropriate tests and test variables.

METHOD 515.4
515.4-1
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a. Application, The acoustic noise test applies to any equipment operated or
stored in the intense acoustic noise fields that occur in or near aircraft, missiles,

and large machinery such as pumps and generators. In particular, it applles to:

(1) Internally-carried airborne equipment.

(2) Assembled externally-carried stores

Acoustic testing is performed if the operational acoustic level exceeds 135 dB or
vibration testing is impractical.

Restrictlons This method is not applicable to space and water vehicles or
nor 1s it applicable to items which, because of their

e Examnles of such egquipment are

Qaiup s Ssulil Cywapaciic &

c i is Ex
igh ratios of mass-to-area and high internal

(1) High density modules, particularly if they are encapsulated and

(2) Equipment that is surrounded by a heavy metal case, particularly if the
equipment is potted.
A practical guideline is that acoustic tests are not required if equipment is exposed

to broadband random noise at a sound pressure level less than 130 dB (ref 20 pPa)
overall, and if its exposure in every one-Hertz band is less than 100 dB (ref 20
pPa).

c. Sequence. Acoustic testing may be performed anywhere in the test process.
The accumulated effects of acoustic stress may affect equipment performance under
other environmental conditions, such as temperature, altitude, humidity, or EMI/EMC.
When it is desired to evaluate the cumulative environmental effects of acoustic noise
(I1-2) and other environments, a single test item should be exposed to all
environmental conditions, with acoustic noise testing performed first.

d. Test variations.

(1) Test procedures. This method is composed of four procedures: the

environmental worthiness test, the qualification test, the mission profile test, and
the cavity resonance test,

(2) Test conditions. Within each procedure, values must be assigned to
the following variables:

METHOD 515.4
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est duration cshould he determined ac

test duration by

1-3.2.3 Test duration, For

described in 1-3.2.3‘1. For
referring to table 515.4.1.

[}
0 -
o
[« W d
c
o]
(4]
7]
Q
[13
ct
[¢]
la]
B
pe
o]
(14
t
:3'
(14

1-3.2.3.1. Dynamic pressure histogram. For airborne equipment, the test mission
proiiie should be based on the dynamic pressure histogram. Test cycle duration
should equal the average duration of the missions used to develop the histogram. The

norrantaoca Af rime spent at parkh Auvrnamis nraoceiiva RWhonAd Tawal e tha taoectr Aavala chantlA
r\-s\-\.—lnbub\.’ ~ A (SN L= DPCI [ % L+ 3 cauvii u]lu:un;\— PLCDD\JL wValivs AT VT LA All “ilc “CoL \v]\—Lc QDiIVU LW
be in proportion to the relative contribution of the same level to the histogram.

The test cycle, therefore, resembles a service mission with varying test levels as a

function of time. The test cycle is then repeated until the desired number of
"missions" has been accumulated.

Each mission profile should be expressed in a ynamlc pressure versus time profile
otk thaen Mool ol o o3 A e LY [ S PPN T
rdaine€r conan nacn numoer and dlLlLUUC prolrliles. LIXE u_yndnu(, plressure plULlLC LUL edcClil
mission is analyzed to develop & histogram of mission time spent at various ranges of
dynamic pressure. This is accomplished as follows:

Using the highest measured value of dynamic pressure (regardless of mission) as Q..
sum all of the mission time for which dynamic pressures were within five percent of

Quax- Then, sum all of the mission time for which dynamlc pressures were between 0.95
Quax @nd 0.90 Quuy. Continue this process of summing mission time for five percent
inrromonte Af Aunamis mraceciira wntrdil al11 ynlisne A€ mancnitvrad Awremamia nrameciira ara

Abiv A CiMCIIWO AV s e illaiuid . PLCDDULC Uiivd 4 [- ey asuc o A Yy aould (¥ (¥ llaill i . PLCQO\JLG [-¥ 9=
included

For test purposes, the pressure levels can be determined using the midpoint dymamic
pressure value of the appropriate five percent dynamic pressure band. This value
will be assumed to be constant for the amount of flight time within this band.
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shown on figure 515.4-1 an
octave band.

1-3.2.5 Acoustic source. The fluctuating pressure environment experienced in service
is a complex combination of progressive wave and reverberant acoustic fields.

Because of practical limitations, equipment testing is generally accomplished in
reverherant 'Izhnrarnrv facilitiec 1f an annronriate ‘I:hnrnrnry facﬂltv ic not

LTI 2LV alllY Aol i aatalo. Qi1 SPPpalpiiaitT ASOUISL

available, a jet engine may be able to provide the reguired acoustic field.

1-3.2.5.1 Reverberant testing. This technique is used when the pressure fluctuation
source is distributed. Such a source is turbulent boundary layer flow along a
vehicle’'s skin. Reverberant testing is also used for equipment located in closed
spaces inside a vehicle exposed to strong localized acoustic sources.

METHOD 515.4
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1-3.2.5.2 Progressive w ting, This technique is used to simulate a
strong localized acoustic source. The acoustic energy sweeps over the test item
like ripples spresding on water. This test environment is appropriate for
externally-carried components on all types of vehicles which are directly
xposed to localized acoustic sources such as rocket or jet engines. A

re;erberant test environment can be used to approximate a progressive wave
environment but the level should be adjusted to account for the difference in
vibration efficiency of the two types of fields.

1-3.2.5.3 (Cavity resonance testing, It is recommended that sinusoidal acoustic
energy be used in the cavity resonance test.

I1-4.1 Acceptable measured data, Measured operational or flight test data can
be in either of two forms: (1) acoustic pressure levels, or (2) vibration
response of the test {item in the field environment. For either form of the

data, the data shall be analyzed using a constant percentage bandwidth no
greater than one-third octave with a minimum of 50 statistical degrees of
freedom. The data shall be over a frequency range of at least 20 to 2,000 Hz
and, preferably, to 10,000 Hz.

I-4.1.1 Acoustic operational or flight test data, The levels and spectra
measured in flight cannot be used directly as the test conditions for the flight
conditions under which they were measured. Recognizing that aercacoustic noise

is more efficient than reverberant or progressive wave acoustic noise at
frequencies below the first structural resonance and less efficient above the
first resonance, the flight test measurements must be adjusted. The parametric
relationships specified in tables 515.4-1I and 515.4-TI1 can be used to
extrapolate to other operational or flight conditions

1-4.1.2 Vibration operational or flight test data, Vibration can be used
indirectly to establish acoustic test levels. The test item is instrumented
with accelerometers mounted identically as those used in operational or flight
testing. The acoustic test levels and spectra are varied until the reproduced
vibration matches the prevlousxy measured operational or flight test data within

Method 514.4 tolerances for random vibration. This acoustic test environment
can be considered as the operational or flight environment. The parametric
relationships specified in tables 515.4-II and 515.4-1II can be used to
extrapolate to other conditions

1-4.2 Test interruption, In the event of an unprogrammed test interruption,
the cause of the interruption should be analyzed to determine the likelihood
that environmental stress conditions present at the interruption could occur in
service. The test should be resumed at the point of interruption using the same
specific test item. If the test item has been damaged, it may be necessary to
start the test over using a new test item.
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TABLE 515.4-11 Suggested acoustic test levels for
assembled externally-carried aircraft-stores.

Functional test

LY/, 5/, 6/, 1/ = 20 Log (q;) + 11 Log (X) + 7 Log (l-cos B) + G+HdB

Ll/, 5/, 8/, 1/, = 20 Log (qp/qy) + 2.5 Log (N/3T) + functional level dB

£.2/, 3/ = 600 Log (X/R) + C

Definitions
q; = captive flight dynamic pressure (lbs/fr?)g 1800
q; = 1200 psf or maximum captive flight dynamic pressure (whichever is

lower) (lbs/ft?)
= maximum number of anticipated service missions (minimum N = 3)
£/ = local radius of store in inches

x

X - distance from nose of store along axis of store in inches

T = test time in hours (minimum T = 1 hour unless otherwise specified)

C = -200 locations within one D of either aft end of store or aftward of

re-entrant angle:; 400 all other locations

D¢/ = maximum store diameter in inches

B = local nose cone angle at equals 1/TanB = (R/X) (Figure 515.4-3)

G = 72 unless measured data shows otherwise

E = 96 unless measured data shows otherwise

F = 84 unless measured data shows otherwise

H = 0 for 0.85 < M > 0.95; -3 dB for all other values of M

M = Mach number
Representative parametric values to be used for captive flight when specific
parameters are not available
. - I . Local Nose ! : .
: ¢ N Endur: Cone Angle q : fo Nose : f Middle fq AFT
: Store Type ' ance ! Degrees ¢ max | Section . Section Section
. Air-tc-Air Missile v 100 39 ;1800 1 800 1000 H 300
" Air-to-Ground Missile: 3 : 12 ¢ 1600 1 BOO 630 €20
" Instrument FPod v 500 69 v 1800 500 T 1000 Lo
. Reusable Dispenser . 50 : 11 ¢ 1200 630 1000 400
. Demolition Bomb : 3 : 24 v 1200 500 v 1000 630

Flat Nose Store ' ) 90 V1200 0 400 . 630 1=
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NOTES

1. Raise computed Lo level by 3 dB for a store carried 1n a TER cluster rack; by 6
dB for a MER cluster rack.

2 ii calcuiated {f_ 18 above 2.000 Hz use upper frequency limuit o
PP q y

calculated f  1s below 200 Hz use 200 Hz.
3. Round off f_ upwards to a one-third octave band center frequency.

4. For stores which do not have circular cross-sections the radius used in the
formulas shall be the radius of the circle which circumscribes the cross-section of

the store. o

w
n

Functional test

L, = 20 Log (qy) - 6 Log (X) + E + H

Endurance test

N

L = 20 Loe (o
20 g g

L, Lo ) - 6 Log (X) + E «

5 Log (N/3T) + H

6. For long cylindrical section, > 2D, use for locations more than one D aftward
into the cylindrical section:

Functional test
Lo = 20 Log (q;) + F + H

Endurance test

L, = 20 Log (qy) + F + 2.5 Log (N/3T) + H

°
7. For changing radius section either aft of a long cylindrical section or when X
100 on a flat nose store, redefine X so that X = 1 at beginning of this section:
Functional test
L, - 20 Log (q)) + 11 Log (X) + F +«+ H
Endurance test
Lo = 20 Log {qp) + 11 Log Xy + F+ 2.5 Log (N/2T) ¢+ H

METHCD 515 .4
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METHOD 515 .4
ACOUSTIC NOISE

SECTION ii
I1-1 APPARATUS Acoustic noise tests can be performed using a reverberant test chamber of sufficient power and size.
A reverberant test chamber shouid have a voiume at jeast ten times the test item volume. With the chamber empty, the
distnbution of overaii sound pressure ieveis shouid be uniform to within -2 and +4 dB of the desired vaiue. if no test
chamber is avaiiabie, the nose fieid behund a jei engine can be used for acousiic noise iesiing, provided desired unuformiiy
of test environment can be achlcvcd The spectmm and overall lcvel should be measured and the lest item placedin a

A
this approach is not always suitable for qualification testmg

11-1.1 Controls. The acoustic test facility shall be able to produce acoustic noise at the desired levels and frequency range.
Frequencies outside the desired frequency range may be inadvertently produced by the acoustic test facility but do not
need to be controlled. The acoustic environment shall be within the tolerances for the particular test procedure.

Step 2. Determine overall acoustic test levels, durations, and spectra shapes to be produced dunng testing

Step 3. Prepare test item in accordance with General Requirements, 5.2.2. The item shall be in the operational
configuration.

Ctarn A NMannttactitam FRarDracaduira TV aatactan? Cuernand the tact itam hu maane afenrnnae araarde 1€a

dl‘r}"‘ PRSIV STRINAUR I ST VYUY BAS ) By Wy AV S LS 1V I A=y ) "BU w Dl\ry . wJIUD I WG VoLV Y arvai o Vi -)‘Jl lllbo ViVWINLD. J a
mAanntine etmicrtiirs ic remirad haotweon the enft ericnencinn anA ¢ tact item N1 tn hnlAd the enft cnienencinn rare miict he
mounting structure 1s requireg between the soft suspension ang the test item or to hold the soft suspension, care must de
exercisedto assure that no spunous acoustic or vibratory inputs are introduced. The natural frequency of suspension shall
be less than 25 Hz. The test item shall be exposed on every surface to the sound field by centrally locating it in the test
chamber The lgsl volume shall be no more than 10 percent of the test chamber volume. When the test chamber is

rectangular. no major susrface of the test item shall be installed parallel to the chamber wall.

METHOD 515.4
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Step 5. For testing of assembled externally-carried stores, go to step 6
Precitdnm at lanct thvas misrvarhAanoe A manciivyae tha cAatsmAd nyrocecwnwra FfialA Thaca
4 Vo ALAVIL abu ATao . CIILTCCT meLUPllUIICB LU uaicasuic LT SUULIU }JLCDD\JLC AdTC AN, AliCoo
microphones shall be located in proximity to each major dissimilar test item surface,
at least 45 cm (18 inches) from the test item surface or one-half the distance to the

nearest chamber wall, whichever is less with theiehamber empty. The average overall
sound pressure distribution around the test item shall be measured and be uniform
within -2 and +4 dB of the desired value.

-~ Ve as @ - - - N LN ) . - -~ - — : _ b [N
Step 6. Microphone placement Establish three reference planes perpendicular
e eln Va2 e A2 Yl _ o2l n o Al e b e 2l omm e e =S el ~mmm W1 E o
LO Lui1le LO!lgLLUanaL d4X15 Ol Lne 5L0I€ at posiitions one-sixun, vne-uailr, anu
Fi\yn,sixrke Anf *hae Taneth Af tha etara T oaarh nf theocea roforance nlansec noncition
FOy e 4 - il VA “ilc LCllsbll A il - LA S = FR Y Ca\i} A il oo ACACACiIIVS r‘unl\—e' rv-'A\-Qv--
three microphones around the store, 120° apart Each microphone shall be within 45

3 t 1 4
cm (18 inches) of the store surface, but no further from the store than one-half the
distance between the store and the nearest baffle.

Spectrum control. The response of the microphones in each reference plane shall be

averaged to give an average noise spectrum for each reference plane. The average
______ U £ = = PO _ LYY Lo L TR B W S W M 2D A L AD
nOlSE spectrum Ior eacn rererence p an sSnail oDe snapec CO De wlinin - 2 4D 414 TU JUuD
1mlace nthoarwica ectataAd
MilACO O VeniiCA W LOGC P LeavoLw.

Step 7. Go to the appropriate test procedure.
I11-3 PROCEDURE
I1-3.1 Procedure I-- Environmental worthiness-test

Craem 1 Massomt tha tact Jetam - ¢k tact Ahamhar and nacitian tha

JLGP i Fivutic Liic LEDSL 4dLTcll 4Ll ol LEDSL Liiauivcl anuy puUdSivivil Lvue
instrumentation as given in II-2

Step 2. Expose the test item to the required acoustic levels and spectra for
the specified amount of time as in I-3.2.3. The test item shall not be energized

during step 2.

Step 3. Check the test item for loose parts, chafed wires, and any other
obvious diameter. Correct or repair before proceeding to Step &4

Step 4. Energize the test item Check the test item functions for proper
operation. Correct or repair any damage

Step 5. Expose the test item to the required acoustic noise for the specified
amount of time with the test item functioning as if it were in actual operation or
flight.

Step 6. Check the test item for loose parts, chafed wires, and any other

515.4-16
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Step 8. Document the test as in I1I1-4.

TT_.2 9 Dermomn o As s TT Nisald €l mantdnce Toos
11-2.4C rroccuul c dd = YuallilillLatlUll 1E€S5

Step 1. Mount test item as given in II-2.
Step 2. Position instrumentation as specified in II-2.

Step 3. Operate the test item as if it were in operational or flight usage
while being exposed to acoustic levels in Step 4.

ose test item to functional test levels as in I1-3.2.

Step 5. Expose test item to endurance levels as in I-3.2a.

Step 6. Check test item for function in accordance with General Requirements,

Step 7. If test item is not a store, go to Step 10.

Step 8. If a free flight test is required, expose test item to acoustic levels
as specified in 1-3.2.2.a and check in Step 9.

Step 9. Operate store through free flight performance requirements.

[ o Py 1N | o W -l o A - - F . hdhd 2z,
Step 10. Document the test as in II-4
11-3.3 Procedure 111 - Mission profile tests

Step 1. Using the guidance of 1I-2, mount the test item in the test chamber.

Step 2. Position instrumentation as given in I1I1-2.

Parmmaema &b o e oo s+~ &b 2ol A -
LAPOSE L€ LesSL lielw Lo Lile wis>ion pivu

w
ct
']
©
w

Step 4. During the mission profile test, perform functional checks on the test
item as required by General Requirements, 5.0.

Step 5. Conduct the mission profile for desired number of missions.

Step 6. During Step 5 testing, operate the test item as given in General
nt

p 7. Document the test as in I1-4.

METHOD 515.4
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11-3.4 Procedure IV - Cavity resonance test

Step 1. Conduct the pretest inspection (reference lI1-2).

Sten 2. Ql\cnnhd the tect 1tam 1n he cha ar €n that Anluy ¢ha ~Aavitias t~ hae

= - e S emwr R e s e wasn Ve w W A WRIeU LX) waile A ICMIBISG & -\ wiiaa v Wit & ’ wiitc wAvY A VA S v/ e
tested are subnected to direct impingement of acoustic energy. Protect other
surfaces of the item so that sound pressure levels are at least 20 dB lower.

Protection devices shall not damp test item vibrations.

tep 3. Position a microphone in the cavity to be tested. The microphone
shall face outward so that 1ts face can be seen when looking down into the cavity.

7

Step 4. Perform resonance dwells at significant cavity resonances. The
response cf the microphone mounted in Step 3 shall be + 3dB of the levels required by
I1-3.2.2a. Resonance dwells can be dorne individually or 51mu1taneously. Verity

functioning of test i1tem during acoustic exposure.

Step 5. Conduct the post-test inspection.

Sten & Doacumen givan in T1-
otep O. vocumer as given in l.i-4.

I1-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.).

b. Prior history of the test item.

c In spegg;g_ an d test procedures including inspection reau;reggnts, test

LES L r ...................

criteria, i1nstrumentation, data requirements, and failure criter

d. List of test equipment including noise generators, measurement and data
analysis equipment, mounts, and {ixtures.

f. Log of all actions from pretest through post-test inspection.

g. Recorded data.

h. Analyses of all failures, malfunctions, and test incidents.

METHOD 515.4
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b. Restriction. This test procedure will not be required along any axis
for which a sufficientiy severe random vibration test procedure is required,
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ange of natural freauencies The qualitv factor, Q, (dam ing magnificacion
factor or transmissibility at resonance) to be employed is ten, which is
equivalent to five percent of critical viscous damping. The three-sigma shock
response spectrum for the random test is given as a function of natural

frequency of the sdof system by

f) is acceleration spectral density (ASD) at

(
frequency f (reference a). A comparison of the shock response levels found in
figure 516.4-1 with ASD levels is found in figure 516.4-2.

c. Test conditions

PEIRN ~ i & ame v - PO o R = P U Py

(1) Shock spectrum and transient duration. The shock response
spectrum and the effective transient duration shall be derived from
measurements of the test item’s functional environment, or from dynamically
scaled measurements of a similar environment, if available.

(a) Measured data avajlable, The shock response spectrum

required for the test will be determined from reduction of the environmental
acceleration spectra. The spectra will be a composite of spectra for positive
and negative directions, sometimes called maximax spectra. The analyses will
1
1

be performed for Q = G at a sequence of natural frequencies at intervals of
1/6 octave or smaller to span at least 5 to 20,000 Hz. VWhen a sufficient
number of representative shock spectra are available, an appropriate
statistical basis should be employed to determine the required test spectrum
Nonparametric statistical techniques are covered in reference e. Parametric

statistics can be employed if the data can be shown to satisfactorily fit an
assumed underlying probability distribution. (For example, in MIL-STD-1540

the test levels are based upon a maximum predicted environment defined to be
equal to or greater than the 95th percentile value at least 50 percent of the

time. When a normal or lognormal distribution can be justified, appendix
516.4A provides a method for estimating such a test level.)

When insufficient data are available for statistical analysis, an increase
over the maximum of the available spectral data should be used to establish

the required test spectrum to account for variability of the environment and
uncertainty in any predictive methods employed. The degree of increase is
based upon engineering judgment and should be supported by a rationale for

that judgment.
METHOD 516
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TEST PEAK CROSS OVER
PROCEDURE ACCELERATION Te FREQUENCY
Functional Test
For Flight Equipment 20 g's 6-9 ms 45 H2
Functional Test
For Ground Equipment b g's -9 ms &S H2
Crash Hazard Test
For Flight Equipment 40 g's 6-9 ms 45 Hz |
Crash Razard Test
For Ground Equipment 75 g's 3.5-5 ms 80 Hz

METHOD 516 .4

Teat ahock response spnectrum far ues
Af measured data is not available.
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.3TD ! JD ~4.
TEST PEAK VALUE (A;) g's NOMINAL DURATION (T,) ms
Fragilicy 10 to SO
h
Packaged shock 30 2«‘ (2;)
—__A.
NOTE: The time history display shall include a time about 3T, long with a
pulse located approximately in the center. The peak acceleration magnitude of
the trapezoidal pulse is A, and its duration is T;. The measured acceleration

pulse shall be contained between the broken line boundaries and the measured
velocity change (which may be obtained by integration of the acceleration
pulse) and shall be within ten percent of the ideal pulse which approximately
equals 0.5 A, g (2Tp-Tz-Ty). The integration to determine velocity change
shall extend from 0.4T; before the pulse to 0.1T, after the pulse. Rise (Ty)
and fall (Ty) times shall be less than or equal to 0.1Tp.

FIGURE 516.4-5. Trapezoidal shock pulse configuration and its

tolerance limite
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The shock machine is set to a maximum acceleration level (A;) below the anticipated
failure level. The approximate pulse duration is determined as follows (see
figure 516.4-5):

VeA, g (0.9 tp) (Ty and Ty assumed to be 0.1 Tp)
V=20.5 (g) Ay (2Tp-Tp-Tg) (T and Ty are known)

If an initial value for A, does not exist, 15 g's may be used. If no damage
occurs, then A, will be increased incrementally while the maximum test item
velocity change is held constant until damage to the test {tem occurs. This will
be established as the test item’'s critical acceleration fragility level.

d. Rationale, Test levels used in this procedure represent the correlation
of the best information currently available from research and experience. If more
applicable test level data become available, they should be used (reference d).

I-3.6 Procedure IV - Transit drop

a. Application, Procedure IV is intended for equipment in its transit or
combination case as prepared for field use (carried to a combat situation by man,
truck, rail, etc.). It is used to determine if the test item is capable of
withstanding the shocks normally induced by loading and unloading of equipment.

b. Restrictjons, Procedure IV is not intended for shocks encountered in a
normal logistic shipping environment as experienced by shipping containers.

c. Test conditions. Test levels for this test are shown in table 516.4-11.
The test item shall be tested in the same configuration that is used in a combat
situation. For test items under 45 Kg (100 pounds), the 26-drop requirement may
be divided among up to five copies of the same test item if desired, in any
combination. Toppling of the item following impact will occur in the field and,
therefore, toppling of the test item following its initial f{mpact should not be
restrained as long as the test item does not leave the required drop surface.

d. Rationale, Levels for this test were set by considering how a field
equipment item might commonly be dropped. (For example, a light equipment item
might be carried by one man chest high; thus, it could drop 122cm.) Field data
have shown that a typical piece of man-portable equipment will be dropped from
heights up to 122cm (48 inches) an average of four to six times during its life
cycle. The 26-drop requirement exists to ensure that each vulnerable position
(faces, edges, and corners) of a typical test item receives an impact.

1-3.7 Procedure V - Crash hazard

a. Applications. Procedure V i{s for equipment mounted in an air or ground
vehicle that could break loose from its mounts and present a hazard to vehicle
occupants. It is intended to verify the structural integrity of equipment mounts
during simulated crash conditions.

METHOD 516.4
516.4-12
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Transit drop test,

|

Weight of Test Largest Notes | Height of Drop Number of Drops
Item & Case Dimension
Under 45.4kg Under 9lcm A 122cm (48 in.) | Drop on each face, edge
(100 1bs) (36 inches) and corner; total of 26
Manpacked or 01 drops D/
man-portable 91cm & over A 76cm (30 in.)
45.4 - 90.8kg Under 9lcm A Técm
(100-200 1bs)
inclusive 9lcn & over A 6lecm (24 in.)
oo he Under 9lcm A 6lcm Drop on each cormer; total
zZég-ZEEBBIbs) 91-152cm B 6lcm ot elght drops
inclusive (36'60 inches)

Cver 152cm B 6lcm

c Drop on each bottom edge.
Over 454kg No limit 46cm (18 in.) | Drop on bottom face or
skids; total of five drops
NOTES:

A.

Drops shall be made from a quick-release hook or drop tester.

be so oriented that, upon impact, a line from the struck corner or edge to the center
of gravity of the case and contents is perpendicular to the impact surface.

B.

The test item shall

With the longest dimension parallel to the floor, the transit or combination case,

with the test item within, shall be supported at the corner of one end by a block l3cm

(five inches) in

C. While in the

1 2 ) . _ k] e -
height, and at t
in héight. ine

at the lowest un

normal transit position,
the edgewise drop test as follows (if the
shall be so oriented that the two longest

wn

the case and contents shall be subjectéd to
normal transit position is unknown, the case
dimensions are parallel to the floor):

o

(2

f the case sh

all
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b. Restrictions. Procedure V is not intended for equipment transported as
cargo. (For cargo, use method 514.4)

c. Test conditions. Use figure 518.4-1 as the test spectrum for the axis of
+tace mmartriAad thad dha ~CPlaombdera mbaaml, diiccdaem M Fal Vo maboiomoe £ cead A =i V12 maa o
Lo L, proviged Lna Wik €iieCuive SNOCK Quravion JE idiids VEWwCEll LU AaliU Y Tl il 113eCOonas
for flight equinment and betuwen 3185 and 50 millicsaconde for srotind aotiinmant Te

LR Y L4 TMEepiiaiiv v Vo VITVCWil wew Saia VeV ik A A AW TWVINGAOD A\ QI VWL THYWLpuUKiIV a s
shock spectrum analysis capabilities are not available, figure 516.4-4 may be usged as
an alternative to figure 516.4-1

d. Rationale. An aircraft crash level of 40 g's is based on the fact that,
during a survivable crash, localized g levels can approach 40 g's. Ground
transportation vehicles are designed with a higher safety factor and, therefore, can
sustain a much higher g level: thus, the higher test leve].

—t
(@]

.8 Procedure VI - Bench handl

a. Applications. Procedure VI should be used for equipment that may experience
bench or bench-type maintenance. It is used to determune the ability of the test item
to withstand the usual level of shock encountered during typical bench maintenance or
repair.

) o) catrirtinanc Pracadimeae VI cehmiild nat ke 11gad 14 1¢ ~arn ha damanetrnadad ¢hat
L AV W W ‘\-—_\:‘VIIJ- 4 ) Ve Tl © v 4 il N A 4 ) - »we Ndno T N4 + 4 P & L4 LATIHIAIIODO VI A VE W wilGA v
the :h-cks from the transit drop test are of a higher level. It is considered
appropriate for mediumto-liarge test i1tems that have a maximum dimension greater than
approxnmatelv 23 cm (nipe inches). (Smal]l items will be tested to higher levels
during transit drop.)
¢. Test conditions. The test item shall be raised at one edge four inches above
.« . s i - Ye) Y ie .
a solid woocen bench top or until the chassis forms an angle of 45 with the bench top
PR | -—— d o & Py S N YT ORpN e wmmm e ad sidhe & mmln o oer aea « Y oomm (420 Y-S W RSy 4 men i b ) N -d
Or wivyl pU nuv 01 vaiance 1§ Teacn C, whiocnever 1§ less \iile pernicinn vop I v U alu
least 4.25 cm [1.675 inches) thick.) A series of drops shall be performed in
accordance with 1I1-3.6

d. Rationale. The heights used during this test were set by examining the
typical drops that are commonly made by bench technicians and assemdbly line
personnel.

cation. Procedure VII is intended for equipment to be subjected to
shock !rom exoloszve devices. The shock can be characterlzed as an oscillatory
transient, with signif{icant frequency content from 100 to 10,000 Hz, which decays to a
few percent of 1ts maximum acceleration in 5 to 15 milliseconds (reference b). The
shock response spectrum often exceeds several thousand g's at frequencies above 1,000
Hz (for Q = 10). Thzs procedure also applies to situations which may yield shocks of
comparable se uch as atmospher1c re- entry or water entry of missiies and high-
1 > L

velocity aero

‘D
X
J
J
I~

METHOD 516.4
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and (2) if the test spectrum requirement above the frequency range specified for the random vibration or functional shock

L) .

equipment does not tend to exhibit shock failures below a response spectrum velocity of 250 cm/sec (100 in./se

c. Test conditions. Field measured data or data obtained from a similar environment using appropnate dynamic

scaling (reference b, vol, V1), will be used to define the shock test response spectrum requirement along each of three

orthogonal axes. Measured data will be converted into test requirements in accordance with the guidelines outlined for

-~ -

. 2 .

z

the functional test conditions, i-3.3, with two exceptions:

1

ways be required to determine the test response spectrum.

2

2

awill al

d. Rationale This procedure generally conforms to requirements for pyrotechnic shock testing in MIL-STD-1540

requirements.

1-3.10

a. Purpose of test. Procedure VIIis intendedto test equipment that will be transported by rail; to determine the effect
of normal railroad car impacts that occur during rail shipment, and to verify the structural integrity of the test item and the

adequacy of the iedown system and the iedown procedures. All test items shall be tested at their maximum gross weight

(fully loaded) rating unless otherwise specified in the transportability requirements for the item.

b. Restrnctions. Procedure VIII is not intended for the separate testing of small, individually packaged pieces of

equipment that would normally be shipped (and tested) when mounted on a pallet.

METHOD 516 4
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c. Test conditions, This test is conducted by mounting the test item on a rail
car in its rail shipment configuration and then performing a series of at least four

impacts. The first three impacts shall be at 6.4, 9.7 and 13 km/h (4, 6 and 8 mph),
respectively, in the same direction. The fourth shall be conducted at 13 km/h in the
reverse direction. All four impacts shall have a tolerance of +0.8, -0.0 km/h. If
the test commodity can be shipped in two orientations (such as lengthwise and

crosswise on the rail car), the four impacts shall be repeated for each orientation.

data
ence.

d. Rationale. Data for the rail impact test were derived from statistic
on the frequency of impacts with relationship to speed and frequency of concu
Brakes are set on the buffer car to provide a more conservative test.

cal
rr

e. Failure analysis. A test item shall be classified as not having survived
the rail impact test and will be deemed a test failure if any item that is attached
to or included as an integral part of the test item breaks free, loosens or shows any
sign of permanent deformation beyond specification tolerances. A test item that
passes this procedure should be capable of rail transport without damage to the item

or tiedowns.

I-3.11 Procedure IX - Catapult launch/arrested landing.

a. Application. This procedure is intended for equipment mounted in or on
fixed-wing aircraft that are subjected to catapult launches and arrested landings.

b. Restrictions, None.

c. Test conditions. Whenever possible, test conditions shall be derived from
measured data on applicable carrying aircraft (see General Requirements, 4.3, Use of
Field/Fleet Data), since shock responses can be affected by local influences such as
wing and fuselage bending modes, pylon interfaces, and structural damping.

However, if acceptable field-derived data are not available, the following guidance
is offered in which a sinusoidal burst is used to simulate each catapult or launch
event,

”~~
-t
~—r

Wave shape - damped sine wave

(2) Wave frequency - determined by structural analysis of specific
aircraft and location fundamental mode

(3) Burst amplitude - same as above
(4) Wave damping (quality factor) - Q = 20

(5) Axis - vertical, longitudinal

(6) Number of bursts - determined by the specific application (for
example, 30 bursts, each followed by a 10 second
rest period)

METHOD 516.4
516.4-16
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METHOD 516.4

I1-1 APPARATUS

11-1.1 Apparatus I, Apparatus 1 is used for procedures I, 11, I11, V, VII, AND IX.

o amem S o Py 1

< =0

’*'r*

types. Procedure VII may requlre pyrotechnxc devices to simulate field conditions.
Procedures II and III require test apparatus capable of producing relatively large

displacement.

Calibration. The shock apparatus will be calibrated for conformance with

ied test requirement from the selected procedure. Two consecutive shock
to a calibration load shall be nrnduced which SatleV the test

e
1§ T & calldration 10ac shall roddced willcll sd4tisl

1-1.1.2
the specifi
P cati
o tilo

n
| 4
n

[o VNS

I1I-1.1.3 Controls. The instrumentation used to measure shock pulses or shock
acceleration spectra shall have the following characteristics.

™
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)
)
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(1) Transverse sensitivity of less than or equal to 5%.

(2) An amplitude linearity within 10% from 5X to 100X of the peak
acceleration amplitude required for testing.

‘V' T MLIATIALY A STIAT S A
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(4) For procedure VII: A flat frequency response within +10X across the
frequency 20 Hz to the highest frequency specified in I-3.9.

b. Analysis system

(1) Will not alias more than a 5 percent measurement error into the
frequency band of interest. (20 Hz to 10 KHz typically.)

(2) 1I1f filters are used to meet the

D
r
linear phase-shift characteristics shall be used.

METHOD 516.4

516.4-19
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(3) Wicth filter (if used), shall have a pass band within one dB across the
freouenrv rgpbp specified for the acc lerometer (See 17-1.1.3 )

SO SpTtLaldTU AVL LT

C. égparatus

(1) The shock apparatus shall be capable of producing a transient that
ceeds the required spectral or pulse amplitude. For comparability or

meets or ex
repeatability, the shock response spectrum of the transient should not exceed the
test condition by more than 3.5 dB for procedures I, V and IX and 6.0 dB for
procedure VII (dB = 20 log A/A,).

I1-1.2 Apparatus 11. The drop tester used to conduct procedure IV (Transit Drop)
tests shall be capable of producing the required impacts to the test item(s).

I1-1.2.1 est facility. Drops for equipment mass up to 454 Kg (1000 pounds) and
having its largest dimension less than 91 cm (36 inches) shall be made from a quick-
release hook, or drop tester. The floor or barrier receiving the impact shall be of
two-inch plywood backed by concrete For equipment over 454 Kg, the floor or barrier
shall be concrete.

11-1.2.2 Controls. Controls shall be adequate to assure that testing is conducted
as specified in table 516.4-11.

I11-1.3 Apparatus II]. The platform used for performing procedure VI tests (bench
handling) shall be a solid wood bench top at least 4.25 cm (1.675 inches) thick.

I1-1.4 Apparatus IV

II-1.4.1 Test facility. The following equipment will be necessary to perform the
rail impact test (procedure VIII).

a. Two ordinary railroad cars, equipped with a draft gear coupling that will be
used during shipment.

b. A prime mover for moving the cars.

11-1.4.2 Controls, The following are minimum test control requirements.

a. A calibrated means to determine that the speed at the time of impact is 6.4
9.7 and 13 Km/hr (4, 6 and 8 mph) within #5%

b. Accelerometers and associated circuitry to measure the impact, shock, and
equipment response, if these measurements are specified.

516.4-20
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YY 2 2 Deemmam Assamrn TTT o nmnowd 1 L ear
11-5.5 rIoCequre riz1 - rTEEi1ialYy
Step 1. Install the test item on the shock apparatus using a fixture similar in

shape and conflguration to the shock attenuation system which will support the test
item in its shipping container. (The fixture should be as rigid as possible to
prevent distortion of the shock pulse imparted to the test item.)

Step 2. Select the design drop height from I-3.5c.

Cac- 2 Adl..ae thn abhannls c;mcavatiin ea abhtnde o movdemiim tant {tam sealaad o

DLCP 2 ﬂuJubL LI DILIVLR dPPﬂLﬂLUB LV vvLailll a UWaA LMW LCO LW A LTl VC&U\-LL]
change obtained from measured data or as given in table 516.4-1. If maximum test
item velocity change values are required for design drop heights other than those

AV = 2,@gh)
YL o ATY P S O S b [P S, I Py £ 2 SaN f mscomem o b man oL
wnere Oav = maxXximug LesSL lieldl velultlly tlialge, /s (Ll s>) (dullia L i1ovil vl
{imnart valaritry and rahaund valnecitrv)
impact Ve.iOlCllily ant reodunC veioClly,
h = design drop height, cm (in)
g - 980.6 cm/s? (386 in/s?)

The drop height of the shock test apparatus will not necessarily be the same as the
design drop height.

Step 4. Set the shock test apparatus to obtain a maximum acceleration (A,) and
- antemadam el s Sewnd wralaanadew Alacmen haVlaw ¢ha aemtdaimatrad Fadliivn Tawal AF eha ¢tane
waliltalll uc LﬁquLLCU VC.LUL-J.LJ \.uausc VT JlUW LT alivai LPCL@\J LAl iduWLiT ACVCL UL LIIT WvCouL
item. If no information is available on anticipated failure level, set the shock
test apparatus to obtain a maximum acceleration level of 15 g’s. Pulse durations can

be determined using the following relationship:

gAm (O.QTD)
. - « . ~e car 2 &

Step >. rFeriorm one shoCk tTest uslng pulse shown 1n rigure 516.4-O

Cenm L Parmsmitema tha vanavdad shanls it lan ¢6a ha Aanveadan tha Aaclivad mavdmiim

SoLEP ©. cXamine tné 1TeCOrded sSnOCK puise to ve Certdain vae Ge51Tel maximuum
arnalararinan (A Y and vwalarity ~rhaneo wors nhtasinod Moathnde for determininc mavimm
agce.ieration (fAgp/ anc velcclily change were ¢olalinec, nethods Ior determining maxipun
acceleration and velocity change are given in step 3.

Step 7. Examine or functionally test the test item to determine if damage due
to shock has occurred.

Step 8. If no damage has occurred, set the shock test apparatus for a higher
maximum acceleration (Ag) ievel while maintaining drop height (and thus velocity
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Step 9 For all faces, repeat steps 5, 6, 7, and 8 with incrementally
int‘rpnc'lno maximum acceleration (A ) until test item damage occurs. The maximum

g m
accelerat1on prior to which damages occur is taken to be the shock-fragility level
for the test item in the direction tested.

I11-3.4 Procedure IV - Transit drop

Step 1. Install the test item in its transit or combination case as prepared
for field use

Step 2 From 1-3.6, determine the height of the drops to be performed, the
number of drops per test item, and the drop surface

Step 3. Perform the required drops using the apparatus of I1-1.2. The drops
should be in accordance with table 516.4-11. It is suggested that the test item be
visually and/or operationally checked perlodlcally during the drop test to simplify

1 N

Step 5. Following completion of the required drops, visually examine the test

Document the results for comparison with data obtained in 11-2.2, step

[0S
[75]
“
(1]
o
o

Step 7. Conduct an operational checkout in accordance with the approved test

Step 8. Document the results for comparison with data obtained in II-2.2, step

5.

11-3.5 Procedure V - Crash hazard

NOTE: 1If calibration of the test apparatus is required, perform steps 1 and 2 of
11-3.1 first.

Step 1. Secure the test item mount to the shock apparatus by its normal
mounting means. The test item shall be a representative equipment item or a
mechanically equivalent mockup. If a mockup is used, it will represent the same
hazard potential, mass, center of mass, and mass moments about the attachment points
as the item simulated.

METHOD 516.4
516.4-24
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TABLE 519 &4-11. Typical gun Configurations associated with sircraft classes,
Gun Firing Rate Rounds
Aircraft/POD (Quantity) Location (Rnds/Min) Capacity
A-4 MK12 (2) Wing Roots 1000 100/gun
A-7D M61A1 (1) Nose, Left Side | 4000 & 6000 1020
A-10 CAU-8/A (1) Nose 2100 & 4200 1175
A-37 GAU-2B/A (1) Nose 6000 1500
AH-1 M97E1/E2, Chin Turret 730 +50 750
M197 (1)
AH-1 GPU-2A Store Station 750/1500 300
M197 (1) Gun Pod
AH-1 M-18 Store Station 3000/6000 1500
M134/GPU-2B (1) Gun Pod
UH-60 XM-144 Pintle Mount 550 ea. 200/gun
M-60 (2) Windows
AH-64 Mi39 Chin Turret 625 +25 1200
M230 (1)
UK-1 M23 Pintle Mount 550 550
M-60 Gun (2) (Door Gun)
OH-6 M27 Side Mount 200074000 2000
M134/GAU-2B (1)
MH-60 G.E.M134 (2) Pintle-Windows 200074000 2000/gun
MH-47 G.E. Pintle-Door 2000/4000 4000/gun
M134 (2) Window
CH47 M24 Pintle DOUL/ 550 ea. 200/3’\13
M-60 Gun (2) Window (approx)
AH-6G 1IESP
M134 (2) Plank- 1000/4000 1400 ea
AN/M-2 (2) Rear comp'’t 750 +50 250 ea
OHS58D Contract Fab Store 750 450 500
AN/M2 (1) Station (L.H)
F-4 M61Al (1) Nose 4000 & 6000 638
F-5E M39 (2) Nose 3000 300/gun
F-5F M39 (1) Nose 3000 140
F-14 M61Al1 (1) Nose, Left Side | 4000 & 6000 676
F-15 M61Al (1) Right Wing Root } 4000 & 6000 940
F-16 M61Al1 (1) Left Wing Root 6000 510
F-18 M61Al1 (1) Nose, Top 4000 & 6000 570
Center
F-111 M61A1 (1) Underside of 5000 2084
Fuselage
GEPOD 30 GE430 (1) POD 2400 350
(GAU-8/4)
Suu-11/A GAU-2B/A (1) POD 3000 & 6000 1500
Suu-12/A AN-M3 (1) POD 1200 750
SUU-16/A M61A1 (1) POD 6000 1200
SUU-23/A GAU-4/A (1) POD 6000 1200
METHOD 519.4
519 .4-9




TABLE 519.4-111.

Gun specifications,

Gun Caliber Blast Energy, Rate of
Gun E Fire-spm
(mm) (in) (J)*
GAU-2B/A/M-134 7.62 .30 6,700 1.5k, 2k, 4k, 6k
M60 7.62 .30 6,700 550
GAU-4/A 20 .79 74,600 6000
24 7.62 .30 6,700 600-+800
GAU-8/A 30 1.18 307,500 2100, 4200
M230 30 1.18 101,000 625 +25
AN-M3 12.7 .50 26,000 1000-1200
AN-M2 12.7 .50 26,000 500-600
M3 (NAVY) 20 .79 83,000
XM218 12.7 .50 26,000 700-800
MK24 (NAVY) 20 .79 80,500
M30 (USAF) 20 .79 74,600 1400-1500
M61A1 (AF/NAVY) 20 .79 74,600 3000, 4000, 6000
MK11 (NAVY) 20 .79 86,500 4200
MK12 (NAVY) 20 .79 86,500
*joules (J) x 0.7 foot-pounds
METHOD 519.4
519.4-10
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300 sorties. The maximum gunfire time per sortie can be determined from table 519.4-
11 by dividing total rounds per aircraft by the firing rate. When a gun has more
than one firing rate, the test should be run using both firing rates, with test time
at each firing rate based on the expected proportion of time at each firing rate in

service.

The guns carried by an aircraft are generally fired in short bursts that last a few
seconds and testing should be performed accordingly. For example, vibration should
be applied for two seconds followed by an eight- to ten-second rest period during
which no vibration is applied. This two-second-on/eight-to-ten-second-off cycle is
repeated until the total vibration time equals that determined for the aircraft type.
This cycling will prevent the occurrence of unrealistic failure modes due to
vibration isolator overheating in continuous vibration. Intermittent vibration can
readily be achieved by several means including interrupting the shaker input signal
and storing acceleration time history inputs on magnetic disc or tape.

I-4 SPECIAL CONSIDERATIONS

I1-4.1 Test interruptions. In the event of the occurrence of an unprogrammed test
interruption, the test shall be initiated from the point of interruption using the

same specific test item.

1-4.2 Overtest. Any interruption in the test that results in a more extreme
exposure of the test item than required by the equipment specification should be
followed by a complete physical inspection of the test item and an operational check
prior to continuation of test. An engineering judgment shall be made whether to
continue testing with the overtested item, to obtain a new item, or to consider the
test completed.

1-4.3 Failure analysis. All incidents where the test items do not meet the
equipment operating requirements shall be analyzed to determine the cause and impact
of such occurrences. Corrective actions shall be proposed or implemented to meet
performance requirements.

1-4.4 Spectrum generation techniques

I-4.4.1 Pulse method. Gunfire vibration testing is done using pulses repeated at
the gunfire rate. The generated spectra should have discrete acceleration magnitudes
whose frequencies (f) correspond to the expression f = nf;; where f; is the basic
gunfire rate and n = 1, 2, 3, . . . K. The last integer (K) is that value of n for
which nf, is nearest to the maximum test frequency of 2000 Hz. The pulse test
spectrum shall be defined by an envelope that outlines the amplitudes determined from
the prediction method given in I-3.2.1.2 or measured data.

1-4.4.2 Broadband random method. Gunfire vibration testing can be done using a
properly shaped broadband random vibration spectrum. It is characterized by
broadband random vibration with four vibration peaks that occur at the first three
harmonics and the fundamental frequency of the firing rate of the onboard guns.

METHOD 519.4
519.4-15
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broadband random vibration is beyond the ab:ilitv of most availabl bration
contreollers. A way of working around this problem 1s to enter into the vibration
controller the desired broadband random spectrum with its strong vibration peaks. At
those frequencies which have the intense vibration peaks, sine waves can be
electronically added to the input to the vibration shaker amplifier. The amplitude of
these sine waves should be such that the vibration levels produced at those
frequencies 1s slightly less than the desired spectrum level. The vibration

controller can make the final ad)ustment to achieve the needed test level. This
mothead 2a) 1l Arux +‘-\a dimfina toect tA ha AAane 1n a2 ~lacald 1onn wn ¢h AarmmAnly avaslahkhla
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laboratory test equipment.
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1-3.1.3 Procedure 111 - Qualification test, The qualification test is a formal test
intended to demonstrate compliance with contract requirements. Generally,
qualification testing is an accelerated test that emphasizes the most significant

f Procedure 1 of this test method for

environmental stress conditions. The use o

qualification is not recommended. The qualification test shall include the maximum
amplitude of each stress and any unique combinations of stress types that were found
to be important in the engineering development testing of the test item

1-3.2 Choice of related test conditions.

1-3.2.1 Procedure 1 - Engineering development test

, flight or operational support test,
els, durations and rates of chanve

f"H

-3.2.
o deter
The more benign portions of the test profile can be eliminated for an engineering
development test. Likewise the amplitude of environmental stresses can be increased
to accelerate the occurrence of failures. Depending upon available facilities,
environmental stresses may be tested in combination or singly.

1.1 Use the analysis outlined in I-3.2.2
erm ev

ine realistic environmental stress le

GiaS 4 QIAACHILEL svices

1-3.2.1.2 1t is recommended that a Procedure II test of short duration be done when
the test item is fairly mature and its design stable. This would test the accuracy
of the prejudgments made as to which environmental stresses are benign.

1-3.2.2 Procedure 11 - Flight-operational support test., The combined environment

test combines the environmental stresses of temperature, vibration, humidity, and, if

required, altitude and cooling airflow in a manner occurring in actual deployment.

Mission profiles are used as the basis for formulating the environmental stresses.
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or

1 the combined environment test sxmul tes those environmental
cur for the majority of the deployment life. Depending upon available

env1ronmental stresses may be tested in combination or singly.

1

1-3.2.2.1 Environmental conditions for test. This section describes the step-by-
step approach in the measurement, prediction, and choice of forcing functions for a

combined environment test. Figure 520-1 is a flow diagram for generating a test
profile, as described throughout this section

1-3.2.2.2 Test cycle formulation. A test cycle is defined as a unit of time where
several mission profiles are simulated under different atmospheric conditions. A
test cycle shall consist of at least three atmospheric segments of the sequence,
composed as follows: cold and dry, warm and moist, and hot and dry. Within each

atmospheric segment of the test cycle, several different mission profiles may be
ctemcs) m cotsmm merafdYa da AafFlennd e o Mo ssrmbianar aled et da tima khiaraee than
Sliluiacteu., H llllbbLUl pioliliice 15 dUelllitcu a> a liacl numoer- ﬂLLLLUUC Luue IILDLUL] Clall
an aircraft can fly. For example, a fighter aircraft may predominantly fly three
different missions: air superiority, ground support, and interdiction; therefore,
this aircraft has three mission profiles. Each mission profile is div1ded into

flight phases, such as takeoff, cruise, combat, low-level penetration, etc. (figure
520.1-2). During a test cycle, temperature, vibration, humidity, and cooling airflow

shall be varied.
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Altitude simulation may be considered for a test item that {s hermetically sealed,
uses pressurized cooling paths to transfer heat, has components that contain a
vacuum, has voltages of sufficient potential to arc in the presence of rarefied air,
long range missions, or for other appropriate cases. Cooling airflow is required for
all test items that use supplementary airflow in the aircraft.

1-3.2.2.3 Mission profile selection. The first step in constructing a combined
environment test is to select the mission profiles to be used, An individual
aircraft is designed to operate within a specified flight envelone (Mach

number/altitude regime) and to fly spec1f1c mission proflles. Generally, an aircraft
can fly many different missions, such as training, air superiority, interdiction,
ground support, etc. In addition, aircraft are flown under specialized conditions
that simulate a high-threat combat environment. These wartime skill exercises, such
as Red Flag, are designed to train operational squadrons under realistic wartime

Usually, not all the missions flown by the aircraft need to be included in the test
cycle. It is possible to identify two or three of the most highly utilized mission
profiles that, as a group, reasonably approximate the aggregate effect of all the
missions flown by the aircraft. This will adequately simulate the routine deployment
life. 1In addition, the utilization of wartime skill exercises as part of the mission

3 = o Aamisd e < aA ~emle mmen AL L Lo PR P ) P
profile will stress the equipment under simulated combat conditions 10 seiect tne
mission profiles to be used, the following appreoach is recommended.

a. Identify all aircraft missions and the utilization rate of each mission of
the aircraft in which the equipment is to be installed. This information may be
obtained from the operational commands or the flight manual used by aircraft crews.
For aircraft under development, the design flight envelopes, design mission profiles,
and the design utilization rate of each mission shall be used when actual flight data
are not available.

b. Determine the missions that comprise a majority (if possible, 80 percent of
total flown) of the total routine, daily mission utilization. To do this, examine
the utilization rates for all mission profiles of the aircraft and rank them in order
from highest to lowest. Then, take the mission profiles that comprise the majority
utilization rate and use these as mission profiles for combined environment testing.
Missions with similar functions and flight characteristics can be lumped together to
minimize the number of profiles to be generated. Table 520.1-1 shows an example

distribution of missions.

¢. In order to simulate the high-threat environment, missions flown under the
wartime skill exercises shall be separately identified. These data may be obtained
from the operational command or provided by the procuring agency.

Once these data have been obtained, two separate test cycles can be constructed

..... AL e e o T 2 9 o] 2 ~_ _ ~ o _ a - Y PRI S el _._ LY _ 2 A 4 2 Lo T | b 1 W
atiuliulng Lo 1-0.2.£4.0. vune Lest CcyCcle using uliie m1sSs1lon piolilies 1n 1-J3.4.£4.0D wWlll
be developed to simulate routine usage and another test cycle using the mission
profiles in 1-3.2.2.3c will be developed to simulate usage under combat or

combat-training conditions.

METHOD 520.1
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SECTION 11

11-1 APPARATUS. The combined environment test chamber(s) shall be capable of
producing the required combinations of temperature, altitude, humidity, random
vibration, and cooling air mass flow. All instrumentation shall be able to meet the
accuracy specified in section 5 of General Requirements.

procedure shall be implemented.
onment test or a series of single and
appropriate environmental combinations tests. Select which of the following steps
are appropriate for the environmental stresses being included in the test of
interest.

st
ir

ividual equipment

Step 1. For vibratio ting u
ed to random vibration in either the alrcraft vertical
s [e]

n ie
test item(s) should be subjecte
or lateral axis, whichever see
disclosure. If neither axis seems to offer a distant beneflt, the test axis may be
selected to suit facility convenience. When practical, diagonal vector vibration
(vibration applied diagonally at a test item corner through its center of mass,
rather than along a single orthogonal axis) may be applied to provide pulti- axis

excitation using a single test setup. For Procedure III, conduct vibration test in

accordance with method 514.4.

Step 2. For tests that do not include vibration, mount test items in their
normal orientation with the ground plane when the carrying aircraft is parked on the

ground.

Step 3. For Procedures I and II, mount at least two vibration pickups to
measure the vibration environment for each test item. Follow practices for the
r

accelerometer mounting, out ig, and data ana
method 514 of this standard.

Step 4. For test items that require supplemental cooling air, measure mass flow
rate, humidity, and temperature. Mount instrumentation so that these values are
known as close as possible to where the air enters the test item(s).

Step 5. Bay air conditions around the equipment shall be measured as specified
in General Requirements, 5.3.2. The air temperature around the equipment under test
shall be used to control this environmental stress

Step 6. Mount humidity sensor to measure bay air humidity. A single-point
measurement is adequate as long as the measurement point is not shielded from the
bulk conditions around the test item.

METHOD 520.1
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11-3 PROCEDURES

11-3.1 Procedure ] - Engineering development

ot sébam
ToOUv 1 vl

[ &
(@]

3
.
™
w
O
b o)

Step 3. Start test and test to conditions specified in test plan developed
as outlined in I-3.2.1.

Step 4. Conduct test and monitor performance of test item against failure
criteria.

Step 5. Continue tes
Sten 6
Step 6.
Step 7. Document malfunctions per 11-4 and I-4.3.

Step 8. Continue test until a suitable number of hours of environmental
exposure have been achieved (see I-3.3a).

Cétmem O » ~at 'Y 1 ¢k \ i
Step $. Repeat steps ! through 8 for each single stress or combination of
stresses umtil all the gtresses have been combined.

Step 10. Document entire test per 11-4.

I11-3.2 Procedure 1] - Flight/operational support test.

Step 1. Mount test item in accordance with II-

o] CArn€inm ¢
i LOniadm o

Step 3. Start test cycle with a cold-day park simulation and continue the
sequence as shown in table 520.1-1IV.

Step 4. Monitor test item performance throughout environmental exposure.

Step 5. Continue test until a test item maliunction occurs.

Step §. Analyze and document malfunctlion per I1I-4 and I-4.3.
Step 7. Continue test umtil a suitable number of hours of environmental

exposure have occurred on at least one specimen (see I-3. 3b) .

Step 8. Document entire test per II-

()]
[ ]
[
-
]
[,
o
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11-3.3 Procedure III - Qualification test

Step 1. Mount the test item and instrumentation per I1I1-2.
Step 2. Start the test cycle developed from 1-3.2.3.

Step 3. Function the test item while being exposed to environmental stresses in
4
Step 4. Expose the test item to the number of test cycles decided on per

Step 5. Check the test item for functioning in accordance with General
Requirements 5.2.

Qe £ Dacn o -~ ~ -~ 1 Tasmas o ) E £omen mmale - L ) Sy P S RN oo el 2 D e e d e e

Step © Répeat steps 1 througn 5 Ior eacn oI the singiée Or compined environment
tests specified in 1-3.2.3 unless they were conducted as one test that combines all
the environments

Step 7. Document test results as given in II-4.

IT1-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.).

b. Pretest, during test, and post-test performance data according to General
Requirements, and the individual test specification and/or test plan.

c. Test cycle, including environmental conditions applied.
d. Test time history of each failure occurrence.
e. Nature of failure, including environmental effects

f. DC ripple voltage, as applied during the mission simulation portion of each
test cycle.

g. AC voltage variation, as conducted during the mission-simulation portion of
each test cycle.

h Tvne location and orientation of ctracc-me
n. ivpe, tion ©f stress-me

i. Description and calibrations status of data recording and analysis
equipment.

(V]
N
D
[
'
N
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). Voltage modulation, as applied during the mission-simulation portion of each
test cycle.

k. Frequency modulation, as applied during the mission-simulation portion of
each test cycle.

1. Electrical stress 1nduced by mission-related transients within the electrical
system.

m. Prior test history of test item.

n. Corrective action proposed.

METHOD 520.1
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ncluded in thie metbod is considered suitable for most test items, Since natural

located out-of-doors on land, the
same test is applicable for all such equipment. Unless specifically measured data for
the anticipated situation are available, the following ice thicknesses are recommended:

o pe
[ T
s

(1) 6mm - represents general conditions, light loading.
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37mm - represents heavy ground loading and marine mast loading.

(4) 75mm - represents extremely heavy ground loading and marine deck loading.

I-3.2 C(Choice of related test conditions, The test variables are configuration,
temperature, rain rate, rain delivery method, droplet size, and wind velocity. The
values chosen for the variables are primarily dependent on the intended use of the test

item, and the level of cpvar1rv decired

a. Configuration and orientation. The following factors are to be considered:

(1) All equipment will receive icing on all sides and on top.

RS [ o UG . P U A T S R W S __

(<) Lquipment musSt Deé 1n tné Conliguration tnat 1t woula De 1in wnen
t"nn’t\‘v Tf ranuirad Anvnlicaata tacte mav ha narfarmad im tha chinmine ar Aannteida
Cepac J" . 44 ITCyuaiel, GUpirilace tesSes ida ce peridrmed 1N e sSalpping O OULSLIGS
storage configuration.

(3) Some equipment covered with ice will be expected to operate immediately
without first undergoing deicing procedures; other equipment would not be expected to
operate until some form of deicing has taken place (e.g., clearing windshields).

77N Tmr secmmereY 22217 2 mennTVore o mmmblmeefoem ~f oba L.i2Ve 2o £ s mmemmero %

() 1CEC L€UHUVAal Wlll 1IIVOILIVE a ColbliiaLluil Ul Lige vulliuL-1lll lce~jcuvval
cvetam tacethery with avnadiont maane whies ~rnnild he osvnartad o ha amnlaved hvy militarve
System logelner wWiln eXpecient means wWiRlCh Coull De eXpectec Te B¢ empicyec DYy mlaitary
personnel in the field

b. Test temperature. Test temperatures are recommended in the test procedure
that may be used to produce the required environmental conditions. If extremes other
than those shown are known, they should be used instead of the recommended values.

c. Rain delivery rate, The rain delivery rates identified in the test procedure
arya hacad An Aata uwead Fav avasr{iaiie tactrine T _Ba anmd k) nena vatoe nva AanedAdavrad
> — [SE =y A=) o) Vil CACE & U T PRV ES PLCVLUUD \-CDLLIIS \J. -3 aiig U} AllCOTC AGLVCO alLc wWiio AVT A TCTWU
representative of the spectrum encompassing both typical and worst-case conditions.

Rain delivery rates are furnished as suggestions only. The objective is to produce a
clear, uniform coating of glaze ice. Variations in delivery rate that produce uniform
coatings of glaze ice are acceptable.

d. Rain-delivery method, Rain delivery in the form of a uniform spray can be
achieved by any of the arrangements described below:

Ng Spray
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the test item.

by using wind or manual method.
(3) A single, handheld nozzle directing the spray over the surfaces of the test item.

f any particular significance; however, fine spray

cJ

1S su ecst'cd) may ('t))e necessary to produce the icing.
1-4 SPECIAL CONSIDERATIONS
1-4.1 Failure analysis. (See General Requirements, 5.2.7)

a. The test item shall be considered to have failed the test if:

(1) For equipment that must operate without ice removal, the performance of the test item has

been degraded below that specified in the requirements document.
(2) For equipment that can await ice rem
been degraded below the s
|

........... e = be - e o

pecified requirements afier
€

(1) Degradation allowed in operating characteristics following the freezing rain conditions.
(2) Necessity for special kits or special operating procedures.

1-4.2 Summary of test information required. The following information must be provided in the test plan

for the adequate conduct of the tests of Section II:
a. Test item configuration.

b. Test temperature conditions.

Cu
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METHOD 521.1
ICING/FREEZING RAIN
SECTION 11
I1-1 APPARATUS

i A2iNiA A W

I1-1.1 Test facilitd

a. The required apparatus consists of a chamber or cabinet with auxiliary
equipment which has the ability to establish and maintain the test conditions
specified. The chamber must be equipped so that test conditions within the chamber

load
reclu
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puddles in the chamber. The chamber shall be equippe
capable of maintaining and continuously monitoring the test conditions. (See

General Requirements, 5.1.2)

El O

The thickness of the ice and the temperatu
the important parameters. The precise methods for
e

equipment are not important. (See I1-3.2d)

I1-1.2 Controls. Before each test, critical parameters shall be verified. A spray
pattern wide enough to guarantee uniform impingement for all test wind velocities
shall be assured. Suggested techniques for spray calibration (i1f specified or
considered essential) can be found in reference I-5j. Unless otherwise specified in

the equipment specifications {(or other documents), if any action other than test
item operation {such as opening the chamber door) results in a significant change in
the test item or chamber air temperature (more than 2°C (3.6°F)), the test item will
be restabilized at the required temperature before continuation. If the operational
check is not completed within 15 minutes, reestablish the test item temperature

conditions before continuing.

I1-1.3 Test interruption, (See General Requirements, 5.2.4)

a. Undertest interruption Interruption of a freezing rain test is unlikely
to generate any adverse effects and normally the test shall be continued from the
point of interruption once the test conditions have been reestablished.

b. Overtest interruption. Any interruption that results in more extreme
exposure of the test item than required by the requirements document or equipment
specification should be followed bv a complete operational and physical check. If
no problems are encountered, the test item shall be restored to its pretest
condition and the test reinitiated.

I1-2 PREPARATION FOR TEST

I1-2.1 Preliminary steps. Before initiating any testing:

METHOD 521.1
521.1-6
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(1) Pretest.
(2) During test.
{(3) Post-test.
Length of time required for each performance check.
Status of the test item for each visual examination.
Defects noted during visual examinations.
Clothing and special equipment used to set up or disassembie the test item.
Test temperatures.
Duration of each exposure.

Appropriate anthropometric measurements of personnel performing

Initial analysis of any failure.

Ice thickness.

METHOD 521.1
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METHOD 523.1
VIBRO-ACOUSTIC, TEMPERATURE

SECTION
I-1 PURPOSE .o . 523.1-1
I-2 ENVIRONMENTAL EFFECTS 523.1-1
I-3 GUIDELINES FOR DETERMINING

TEST PROCEDURES AND TEST CONDITIONS. 523.1-3

I-4 SPECIAL CONSIDERATIONS . 523.1-11
I-5 REFERENCES 523.1-11

SECTION 11
II-1 APPARATUS . 523.1-14
I1-2 PREPARATION FOR TEST . 523.1-16
i1-3 PROCEDURES . . . . 523.1-19
II-4 INFORMATION TC BE RECORDED 523.1-19
I-1 PURPOSE

I-1.1 Objective. This method seeks to reproduce the combined temperature,
vibration, and other operating stresses as needed, that an externally-carried
aircraft store will experience during in-service flights.

1-2 ENVI

I-2.1 Observable effects, Possible effects of a combination of vibration, acoustic,
and high temperature stresses include all those effects which each of these factors
can cause separately (see methods 501, 514, 515). Also, the combined environments
may interact to give effects which are not predictable from the results of single-
environment tests, but which do occur in actual service use.

1-2.2 Effect mechani

1-2.2.1 Relative importance. All environmental stresses do not contribute equally
to deterioration of store reliability. Analysis of service failures caused by
aircraft environmental stress (reference b) has identified the four most significant
stresses causing aircraft equipment failures. These are operation, temperature,
vibration and moisture. Other environmental stresses may produce failure modes in a
given type of store and should be investigated for their possible relation to service
failures.

1-2.2.2 Temperature, The source of the heat that causes reliability problems in
electronic components of aircraft stores will generally be an external surface. This
heat in combination with the heat generated within the electronics causes decreased
operating life or Mean-Time-to-Failure (MTTF). Another stress aspect of the
temperature environment is rapid temperature change (thermal shock). A thermal shock
r transient registered at the outside surface of the store does not appear as a
shock to components somewhat thermally isolated within. Internal components
experience thermal shock when the unit is turned on and quickly warms up to operating
temperature.

!“
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The temperature of the external surface of the store tends to become that of the
boundary layer air, due to high convective heat transfer at flight speeds. Boundary
layer air temperature is primarily a function of flight speed and altitude. An
expression relating this temperature to flight conditions is:

c=Ta |1+ ;(k-¥3n2

Where:

T, - adiabatic recovery temperature (Kelvin)
********** vin) as a
r = recovery factor

k = ratio of specific heats (1.4 for air)

M = Mach number

Mhan tha cavevracadam wiechiom ¢ha heaalbbaras thn navadwurmamda hanelams Fonene 2 a mermliiced
wOEN Tihn& EXpressidn withaln tne orackets, ae€ acivuytniami Hucaciuyg iracivl, 1S5S evaiuaiLcd
for atmospheric air brought to rest by friction along a2 store with a cylindrical
surface, it reduces to a function of aircraft velocitv alone. The equation for a

store with a cylindrical surface is:
T, =T, (1+ 0.174 M%)

Higher Hach number flights tend to occur at higher, thus colder, altitudes and there
is a corresponding tendency for the velocity-dependent heating effect to cancel the
re i

effect of decreasine tempnerature with altitude, When the ahbhove exn on ¢

.................. 6 STepTaLaSvmaiT Wasa L o Waawae Sapae avis ao

evaluated for normal mission profiles, flown in a standard atmosphere, 90X of the
time the skin temperature will be within the temperature band -15°C to 35°C.

gE

Temperature patterns at points deep within the store will depart considerably from

the corresponding skin temperature patterns, due to thermal lag in conduction from

the skin and internal heating sources such as electrical or electronic components. A
e AVl L Al . e e o L e A e oYY el e T e e

Lll(‘_'lulﬂl moue L UL Llle S§LOre can oe SCIICIBLCU to LHLLULHLC LllLe[nﬂL LempeIaLure
patterns.

An additional thermal parameter needed to satisfy mission conditions is that of
climatic departure from the standard atmosphere, which depends on the global and
seasonal variations of atmospheric temperatures (the T, in the T, formula above).

1-2.2.3 Vibration, Experimental evidence has shown that captive flight vibrations
are due largely to aero-acoustic loads (reference 3). This acoustic forcing
function, typically consisting of broad-band random noise, is modified as it is
transmitted through the store structure to the component. When there is sufficient

METHOD 523.1
523.1-2
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transmicssion of frnmmnr-ipc caucino reconances of the unit aor its components or

structural mechanisms, a vibration failure can occur. Environmental testing, using a
reverberant acoustic chamber, tries to duplicate the directional, spatial and
spectral distributions of vibration expected throughout the store during captive
flight.

nificant source of aero-acoustic loads

o eaea) i nmnn Fenmirimana 1an
dl—bb Ull il LtviLaa Suriace LiTcyucuLvics

The inrnncirv of the turbulent

The turbulent boundary layer is the mo

S
) N cmare emerm s memd Al d o £v1:
veLause LL LD dLWd_y§ Plcbcllb uuz..l.us idi2

1

of electronic comnonente and etructura

on fligﬂt d}namic pressure, q, a function of flight speed and alti%ude:

kP, M2
q D ———
2
Where:
q = dynamic pressure (pounds per sq. ft.)
k = ratio of specific heats (1.4 for air)

P, = ambient pressure as a function of altitude (pounds per sq. ft.)

Store vibration also includes lower frequencies (usually less than 100 Hz)
mechanically transmitted from the aircraft through the store’'s support mechanism.
Low frequency vibration is discussed in I-3.4.2.

1-2.2.4 Operating stress, Operating stresses are usually estimated because the
service conditions {(e.g., on-time/off-time, aircraft power fluctuations) are seldom
measured and recorded. This stress cannot be omitted unless the store has no
operating mode while carried on aircraft

1-2.2.5 Moisture. In combined environments testing, moisture often condenses on the
test item during transitions from low to high temperatures. 1Its presence, although
uncontrolled, is useful as a test condition to indicate leakage or sensitivity to
moisture. Where humidity or corrosion problems are expected, separate tests are
advised.

NOTE: The tailoring process as described in section 4 of this document should be
used to determine the appropriate tests and test variables.

a. Application, This method applies to reliability-related testing of
externally carried aircraft stores (tabie 523.1-1).

523.1-3
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MIL-STD-810E
1 September 1993
METHOD 523.1 -
VIBRO-ACOUSTIC, TEMPERATURE
SECTION 11
1T-1 APPARATUS
11-1.1 GENERAL.. The facility must include a large acoustical noise test chamber

capable of approximately a 155 dB intensity level and associated air-conditioning
equipment to provide controlled, fixed air temperatures and rapid temperature
changes (4°C per minute) in the range -40°C to +85°C. Mechanical or hydraulic

shakers capable of stressing the store(s) under test may also be required. Adequate
instrumentation for controlling, monitoring, calibrating and recording the
environment variables will be needed.

I1-1.2 Test chamber. Chamber shape and dimensions shall provide for diffusion and
uniform distribution of the acoustic field, and support reverberation of acoustic
frequencies of 150 Hz and above Ports must be provided for introduction of the

p.-
3
oo
(ol
=3
(14
0
8
o
p-a-

I1I1-1.3 Vibration equipment. A suitable acoustic energy field shall be provided by
an acoustic power source controlled to reproduce the acoustic mission profile.
Typical apparatus consists of a constant-pressure compressed air source such as a

v thae e
viiav. A9

&~

y ) } ir modulator
is excited electrically by an amplified audio signal. Con51derab1e acoustic power
is needed to reach required levels, often 10 to 30 KW; multiple modulator-horn units
may be necessary to reach desired intensities.

reoinrnrnr1ng compressor with pressure rngu‘l ator f°°d1rg

g
m'~<

ect
shakers oA ~
s

conditioned air and acoustic energy, su 1 an
using a rod and collar arrangement to conduct the vi raci on from the shaker(s).

| Procedure VI of method 514.4 will furnish some guidelines for this procedure. A
possible arrangement is diagrammed in figure 523.1-7

METHOD 523.1
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e. Failure analysis, Indicate how failures are to be analyzed, classified and
reported. For example, failures can be classified by cause (suspected stress),

subsystem or unit involved, effect on store operation, or responsibllity (i.e., bad
component or material, poor workmanship, inadequate inspection, deficient design,

f. Mission profile. Information must be supplied that will allow the mission
Y U B T vanmasvYe Allaseand Lo oL o2 Y e _a e [4 o T P I Y PR YT R IR
proriie to Deé properily charted I10r lne particuldr test 1iLedm. ine neeaea 1niorumacivl
may be provided through the referencing of relevant documents or by inclusion in the
test plan. The information should include:

(1) The particular environments that are to be controlled. Temperature
and acoustic energy environments are always used. Shaker vibration and/or shock
stresses are optional additions.

(2) Data on all operational missions using the test item in the aircraft
captive-carry mode. Needed information includes types of aircraft used, length of
missions, aircraft flight paths and pat;:ernsi aircraft velocities in different
operational modes, theater of expected use and percent-of-time estimates for the
various categories

(3) Climatic and atmospheric data. World-wide seasonal altitude-versus-

temperature tables or charts are needed.
o
g. ! u

h. Test data, List specific performance and environmental parameters to be
recorded before, during, or after a test cycie and whether recordings should be
continuous or made at stated intervals, Explain how data are to be handled and
specify recording methods. 1If analy51s is requ1red methods should be referenced.

[ ’ R U -

1 raw test data should be sorte
-~ 1 -
a [

i. Test reporting. State how results are to be reported and whether
conclusions and recommendations are to be included.

j. TIest procedures. Critical operations should be pointed out and
requirements for step-by-step procedures stated (see 1I-3).

11-2.2 Safety program plan. A safety program plan shall be prepared which shall
incorporate all safetv nolicies., practices and reculations amnlicable to the
incorpora all safety policies, practices and regulations applicable to t}
preparation and conduct of the test Safety policies and directives of the facility

conducting the test, contractual safety requirements where applicable, safety
precautions applying to the stores under test, and special hazards involved with the
test apparatus shall be treated. The plan shall require that operating procedures
prepared for this test method shall be even-sequenced and contain suitable warnings

MeoTUuNnD
rig i nvy

w
—
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to, and precautions to be taken by, operators wherever and whenever potenual hazards exist. MIL-STD-882,
Requirements for System Safety Program For Systems and Associated Subsystems and Equipment, shall be
used as a guide for preparation of the Safety Program Plan. After approval by proper authority, the Safety
Program Plan shall be strictly followed during preparation and conduct of this test method.

11-2.3 Comnosite mission test cvele
SRS Seedcanip v AALINMENAL 2L e f wax

I1-2.3.1 Testcycle. A test cycle consists of a single simulated composite mission. A climatic set is a fixed
number of test cycles (usually 61015, ascalled outinthetest plan) in whichthe temperature profileis offset by
a fixed temperature difference predetermined for each test cycle of the set. A complete Composite Mission
Combined Environments Test consists of a number (usually five or more) of repeated climatic sets of test
cycles.

1I-2.3.2 Environment profile charts. For each of the conwolled environments, prepare a chart plotting
stimulus level versus time that best represem.s the COITlpOSlLC rmussion. Each chart should be based on a
standard atmosphere and the tme period for the composite mission. These plots define the basic environment
profiles that constitute a singie test cycie and provide the patterns for controliing the environmental test
apparatus. Methods for generating composite mission environmental profiles are discussed in I-2.3.

11-2.3.3 Chimatic offset table. Prepare a table or chart indicating the temperature offsets applying to
consecutive testcycles ina chimatic set of about 6 to 15 cycles (referto figure 523.1-5). The offsets are chosen
so that one climatic set will represent the predicted mixture of climates expected in operational missions. This

process is discussed in1-3.4.1.

[1-2.3.4 Combined environments control directions. Provide directions for adjusting each of the controlled
environments throughout each complete climatic set of test cycles. Levels are obtained from the composite
mission environment profile with the temperature pattern for each cycle of the climatic set offset according to

plan. These directions should not be finalized until test setup is completed (see 11-2.4).

11-2.4 Test setup

I1-2.4.1 General. Using instrumented (but not necessarily operable) stores, assemble test items and
environmental apparatus, with accompanying instrumentation and controls, into the planned configurauon.
After sensor calibrations, test each environment separately to check ability 1o reach test levels and
rate-of-change requirements. With individual environments checked out. run combined environments
through a test cycle. Correct problems as necessary. The general accuracy and tolerance requirements of

section 5 of this standard shall be followed where applicable.

METHOD 523.1
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